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Abstract: We conducted a study to identify the relationships between the investigated factors and provide a
methodology and generate data by applying deterioration classes to the Seonjaryeong Forest Trail (4.3 km) in the
Baekdudaegan Ridge. The average trail width (1.7 m) and bare width (1.4 m) were wider than those obtained in the
previous studies. The frequency of trail deterioration was also high. Specific data on deterioration classes were
obtained and evaluated using qualitative criteria. Specific data for heavy class stands at 20.1% in trail grade, 13.3
cm on average, and 16.1 cm in the center of erosion depth, 16.2 cm of CSA, 12.3 kg/cm (20.1 mm) on average and
maximum 39.3 kg/cm (29.6 mm) of soil hardness. We observed a positive correlation between the deterioration class
and trail grade, and the average and maximum soil erosion depths of the hill side were deeper than those of the ridge.
The soil hardness data showed a statistically significant difference in terms of the transect site and calculation method
(kg/cm, mm). Therefore, trail deterioration was observed at the sites having >20% trail grade; thus, continuous
monitoring at fixed sites over time will be required for sustainability. Furthermore, the trail grade should be of the
utmost priority in trail design and management.
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Figure 1. Location of the surveyed forest trail routes in Pyeongchang-gun and Gangneung-si.
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Original land surface

Current tread boundaries

Figure 2. Up: illustration of the CSA method for assessing soil erosion(Wimpey and Marion, 2011).
Down: a view of the measurements being carried out.
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Figure 3. Measuring soil hardness using penentrometer cone(Yamanaka).
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Figure 4. Frequency of the trail and bare width divided into 5
width categories.
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Table 1. Characteristics of the topography, branch number and trail surface material.

Topography Branch number Trail surface material
. . Fre. . . Fre. . . Distance Fre.
Classification No. (%) Classification No. %) Classification (kn) (%)
Hillside 9 429 1 8 800 Soil 385 89.6
Rock 0.04 0.9
Ridge 1 524 2 ! 10.0 Stone stairs 0.20 4.7
Peak 1 48 3 1 10.0 Wooden stairs 0.19 4.3
Pavement 0.02 0.5
Sum 21 100.0 Sum 10 100.0 Sum 430 100.0
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Figure 5. Frequency and length of deterioration class.
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Figure 6. Photograph of the deterioration class of the surveyed routes.
A: non-deterioration, B: light, C: moderate, D: heavy
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Figure 7. Frequency of trail grade(%) of by deterioration class.
Different letters are significantly different at the 5% level.
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Figure 8. Total frequency of trail deterioration type depending
on deterioration class.

Table 3. Frequency and length of trail deterioration of its type and class.

Single deterioration

Composite deterioration

Type Class Heavy Moderate Light Heavy Moderate Light
, Fre.(%) 1.7 0.8 8.1 2.7 6.7 3.4
Deepening Length(km) 0.08 0.04 035 0.11 0.29 0.15
. Fre.(%) 1.9 2.9 2.7 3.8 2.7
Widening Length(km) 0.08 0.12 0.11 0.16 0.11
Fre.(%) - 0.6 18 2.6 1.6
Rock-exposed Length(km) - 0.03 0.08 0.1 0.07
_ Fre.(%) - 0.9 22 - -
Slope erosion Length(km) - 0.04 0.09 - - -
Fre.(%) - - 02 0.9 0.2
Root-exposed Length(km) - - 0.01 0.04 0.01
. Fre.(%) - - 0.6 -
Water erosion Length(km) B B 0.02 B B
ol Fre.(%) 3.60 1.70 13.80 8.00 14.00 7.90
Length(km) 0.16 0.08 0.59 033 0.60 0.34




ok
P
9

o
iz
ﬂ =
b
rO
o
D)
i
n?w

57H§ AHE 47119} HA1 17
| €))7t ‘Q%‘E]%*El(data not shown). ©] F-of| A 17}
e SOl 7 =4 ol Qlof ol H7] §
P Ao R dEE, YA Faes oot 44y
= B7]of HRk vp7F EAske Stofl FAdE o] 43
Fol 47le] et AfH o Fasel ek
2o £ 0]9]9] A19A A wA
Uk WA AT 58 WEATIA) 22
WIS} (Wimpey and Marion, 2011), A& A=
A So= weto] Rl neka Axk
HA] o187 Sl ufel of 1 kg 4]
3 Aow wohEd,

hE

~~
,IZZ' ox
= ok
>

)
e
oZ

ol

p

1
MIU
il

Hy

]
—~

o
SR
o) N

mlm

i o »& my
_l\l

N

A

>
2
Ml o

ot~
ol
R
it

ko Fll‘ i

M o B2 rlo fr & do

3
B
N
<)

EFAl2 Hd 129

132 cm, 9F 11.6 cm=
S5 e] et e A GeRtor A el ol o
A e %] OFQFTHTable 4). 527k 9070l 2fo]= Hol
EO I 20 eme} FAlgoA P < .05 52 A}Fo]7} ¢l
Yool B BREHAR0le GRS §9)
4 AP < 007k ARSI, BP0l Ty 3
RuoA 158 i /b A Uekow,
2455 W3} wobgek wH Aol tiek ATe 2 o4
2] o] EokzlAlzlo|o} BEoF Al So] #3he ujolsll

et al.(2010)2 A AP FTA

faba)
rlo

[¢]

OO

F BOR

O

et al.(2012)2 %%t
10 cm 7H2 o8 %A }ﬂ A7} 1
Rugthn wasic slxe
o AR oY AR o

7t B7bsster

BHEFYAFS 146 ar yehtom, 7 162 o,

"(')"
16.0 cii, OF 111 ez 5ol wheh §-202Q) zfo]7}
A THP < 05). EFUA] Fol4 EFUAFS 47

AATES} 738E FA o] A7) 1= Z(Nepal, 2003; Olive
and Marion, 2009)2.2 HIE oL} E A lofA= EOF
A} AR S Whe 4220 AK(321, P < .05)0] Q=

o) IAE
2 F|<o] vhAElA] &k JL710] H|oEE EZ e o
Achd Asidte} &

o Eg B Ao Hd

RAow et dgdatel 2ol7t gl

o] AT T2, & WEEH

ARG ARE WY A0

3o PP Zo]

= 1= O

o] At} wop
Baalgly] tEel Ao ghekwu), ohe

L= S v 4

Lol <=2

. =
Ez] A)
= 1

o=

ﬂ

2 o

Py

#lE

rll o o i ofr 4 B orp

T3 RS Aol g ASR Uepiith T 2
& AL F2 Ay YAgolz LT L FHS

3lal(Jeong et al., 2012; Choi et al., 2014; Nam et al., 2015)
7] wZol =3, A v, ERIAR 55 ZR v

gk 2218 3 118]$t A7 E(Meadema, 2018; Salesa et al.,

20197} Bagk R0 Yz S5 EPHAZolE HA
Zol 25He ZAHRAN, $2 24 F A 8 4

AR Ao] ot A Frell wre} &

At7F Y= At Park and Wimpey, 2017). Alck7} ol A2 B Aof 3k
WA SR EQFzAZlo]= 2008 19.5 cmof| A F= 8QoR 8 B A, = D)ol sl H4lo]
2009 22.8 cn= 3.3 cm F h_ Ao & Hslgict. Han dojuh, vigoluh Az, Tl Soll 23k A4 nje- A2
Table 4. Soil erosion depth and CSA depending on deterioration class and site of transect. (unit + o)
unit :
Site of transect Class Heavy Moderate Light Average
Left4 11.00 + 4.31 8.57 £ 5.07 - 9.88 + 4.65%
Left3 12.24 + 6.37 9.38 + 4.03 10.09 + 5.19 10.33 + 5.04%
Left2 13.03 + 5.96 11.69 + 5.06 10.07 + 4.74 11.69 + 5.31¢
Leftl” 15.65 + 6.93' 15.10 + 5.04' 11.52 + 5.85° 1420 + 6.01%
Trail Center 16.07 + 6.87 16.69 + 5.12 14.16 + 5.61 15.79 + 5.80°
Right1 13.91 + 6.70 15.80 * 4.65 12.99 + 571 14.49 + 5.63°
Right2 11.70 + 7.66 12.88 + 4.93 10.74 + 6.24 11.97 + 6.11%
Right3 11.29 + 5.98 10.60 + 4.67 9.63 + 4.34 10.61 + 4.97%
Right4 10.10 + 4.58 8.99 + 4.86 - 9.08 * 4.56¢
Average 1332 + 6.67 1322 + 547 11.64 + 5.69 12.86 + 5.91
Minimum 6.12 + 3.54 724 + 3.07 6.29 + 2.54 6.67 + 3.07
Maximum 18.40 + 6.50 17.36 + 4.94 15.08 + 5.91 16.96 + 5.75
CSA(er) 16.22 + 9.09' 16.00 * 6.40' 11.05 * 6.72° 14.61 + 7.56

All values mean + S.D.

Different numbers(column) and letters(row) are significantly different at the 5% level.

* P < .05
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Ao 2 H I3 HKim, 2011; Marion and Wimpey, 2017).
wheba] AR 2 AR of) gt WEkekal A ARl
A AAleE Fla ol tigt a7t Qlojof A-A o
ot Bl 2Ao] 7hsshd, olof whE ARt e oA
3 B 7ol sRssteh ekl AT F(United
Nations World Tourism Organization, 2004)7} H#5FaL QL
= 7P 78R glo] AR ARG~ A EETS
AAsto] FAT WO RARE Foll FHEE AAE A=
A <43 Aol 1o o Bk AlA
WRIE =fo] gt Aom H7Eh

= AR o= A o] Y= Ao UE
Wk ST s R SHEARESE W A7t A
Reom, T, Fektuio] gk dsREAlE Kim(2011),
Park et al.(2010)¢]] Q)3 ® 1% u} Qit) n|=+e] AL =
o, PektlzE 2-8E 7de] Edd AR s H(TSA, Trail
Slope Alignment)S 38 ZAFX|3E(Marion and Wimpey,
2017)& 3E5Fskal §lof Sho = o] 7id=glo] B et
Ao kg,

4) EFAE
EYREE A AEAR 595 A Fol
Zagt §pdo] dAdE ] qlon, B Ao r 537

A110E A1 (2021)

keg/enz 2A8E A3, AH) BF ESAEES 1.1 ke/en
& Uehgen, Adxo] 169 kg/en= 7 A UEg e
o, 7} 12.3 kejem, 2 9.3 kg/em, oF 93 kg/en' 420 2 LJEly}
THTable 5). &G (rollAl= BHP < .05), ZTH(P <
01), YAFTHP < .05)0l4 FAZQ F2/do] A=A
th. =492 TE Are WA 4 FEe #Hie
Al Bt 25.0 kel 7Y A UEbstem, 2 28 &
10] ZFz} 23.6 kg/ere} 23.3 ke/ers 71 5|2 olo] 42
TG F2olA 7P =A vEbeth &4 2] UAE
F} 59} $- 5= Zbzb 153 kg/ene} 12.8 kg/er'= Fof RE
&1, § D= FAACE Fo2Q1 2ol 7} A= A
=7 YA AH Bt 18.8 kg2 UElgon, b
W oo s s Frrt dobd &4 2 4.1 ke,
9 3.6 kg/lem', AFAAPE =} 2.1 kg/en, $ 1.8 kg/en'=2 VFEFS
o} Sl 7 B oF AA Bate] B e SR
P < .000 oA fro)Ado] AR, HAgAE
P < .05 oA FoJ/de] 178 E ek

%7 ESAEE kgarg B8k A7 FoflA] Kim(2011)

Table 5. Soil hardness depending on deterioration class and site of transect.

(unit: kg/c)

. Class Heavy ™ Moderate™” Light™ Non-deterioration” Average™
Site of transect
Forest site(Left) 22+1.7 1.9+0.8 1.9+£0.9 26+ 1.8 2.1+ 1.2°
Buffer zone(Left) 43%29 41%24 3.0£1.0 6.7%£55 41£27°
Left5 17.1+8.6 12.7+8.0 13.1+11.0 21.9+ 14.8 15.3+ 9.6™¢
Left4 144£7.7 14.0 +10.4 113+96 21.9+ 13.0 14.2 + 9.4%
Left3 223+11.6 183£11.1 182 £14.1 278+ 173 20.6 £ 12.4%
Left2 249+ 15.4 21.8+14.8 20.0+15.3 347+ 233 23.6+ 15.6°
Bare trail Leftl 24.5+10.7 202+13.2 26.9+14.6 37.5+22.5 25.0+ 13.6"
Rightl” 22.9+15.2? 18.3 £ 14.9? 20.6 +10.4 50.5 % 34.1' 233+ 17.5°
Right2" 24.4+14.2 14.1+8.1° 11.7+522 40.6 + 18.0' 19.7 £ 13.7%
Right3 19.4 £10.1 172+11.5 17.4+12.4 39.0+21.6 19.9 + 13.0°
Right4 15.1£9.1 104 £5.7 104 £9.1 23.1%15.6 13.3+ 9.3
Right5" 16.2+9.4" 9.6 +5.3 7.4+3.5% 23.5+24.1" 12.8 £ 10.0°
Buffer zone(Right) 3.1£14 3.5£2.1 45+2.0 3113 3.6+ 1.8°
Forest site(Right) 2.0+0.9 21+1.2 1.6 £0.7 1.4+09 1.8+ 0.9°
Minimum 13£0.7 12+1.0 1407 0.5+ 02 13+0.8
Maximum”” 39.3 £11.0 30.1 £14.1 30.4 £16.1° 65.7+19.9' 36.7 £ 16.6
Trail average’ 12.3+3.8 9.3 £4.0° 9.3£3.9 169+ 5.6' 11.1£ 4.5
Bare trail average" 20.1 +6.32 15.6 £7.5 15.7+7.82 32.1+ 12.8 18.8+ 8.6

All values mean + S.D.

Different numbers(column) and letters(row) are significantly different at the 5%.

* P < .05 **P<.01, ** P <.001
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84.7 keflen 22 71 5231, HPAZ O & Zhe& vrobd b4
0.8~2.6 kgf/er, AR Q1L AFAAPH-L 0.8 kef/en'® X 31
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7 24.6 kef/em, AFH A 2.7 kef/en'e} 2 AGLATT) AL
3 AE Bk B ATATe o] g 0] WFHE 47
Fool BRI} 7P ki wash AFATHKim,
20119} QAT AR AE Aetabele] FEg 47~
14.0 kg/cm(Research Committee of Japanese Institute of
Landscape Architecture, 2020)0.2 X 73sto)| wlg} 3~6.7
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o8 weE

ESAEE mE AR A9 A Bt EGAE=
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AP < .05)0] A= UTE 4R e EFH ==
LA O] SoF FEQl 2 1o|A Bt 26.5 m= 7 =4
vepdon, © (3} 2 27} zkzF 26.1 me} 26.0 mE 1
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(& 1, § Dbe FAFCE {9491 Aol 7k
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o8 Z4s AwrE Wobd &4FA £ 15.6 m, $-
14.9 mn, ZFAAFH 2 11.7 mm, = 11.1 mm2 Vepgch 7}
%, oF A3, B9 BE e aolA ESFE == 91A
Zroll P < .000 =<0l A folAdo] 1A= A
<7 BEFAEE m=z HIst A3t =oA Nam et
al.2015)2 A3 9 E UL FY o HE
29 BPZE 50 cn ZF 134 SA4sto] HHgho® 11.5~
142 mmz X 135} Mun et al.(2013)2 AF=H39US
thAte 2 E9FA & A (TAKEMURA, SHM-1, Japan)2 %
ot} 9 ZV7F 33| =X 5F Ay} 25.7~31.1 mmE Xl
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iz

194 mz epgem, Aol 203 mz 7 A UE o Aol S B (S iAol Eet & A4
wom, 7F20.1 mm, = 18.6 mm, 2F 18.7 mm =S 2 UElG} e} vja7F BV Kil et al.(2012)2 11~20 mm
CHTable 6). kefen' ZAMATIL SAFSHA A&7 AH T ulukollA] A2 Algo| UTS}aL, 20~23 m n|ke chaFat
ol BEFE =7 71 = A deb AT fleed Bt A= A o9 $m, 23~27 mn BNk A& Fie] whE
Table 6. Soil hardness depending on deterioration class and site of transect.
(unit: mm)
. Class Heavy ™ Moderate™ Light™ Non-deterioration™” Average™
Site of transect
Forest site(Left) 11.5+42 113+ 2.8 112+ 3.1 12.8 + 4.5 11.7 + 3.4°
Buffer zone(Left) 155438 156 + 4.5 143+23 174 + 85 15.6 + 4.4¢
Left5 249+ 3.0 23.1+ 3.0 22.8+ 3.8 25.8+ 4.4 23.9 + 3.3
Left4 24.0 £ 3.3 229+ 43 215+ 4.6 26.6 + 2.5 232+ 3.9°
Left3 26.0 £ 3.3 249 + 3.8 24.8 £ 3.5 26.8 + 4.7 25.5 + 3.4®
Left2 264 + 3.7 25.6 £ 4.0 254 + 3.5 275+ 5.7 26.0 + 3.7°
Bare trail Leftl 27.0 + 2.5 25.1+ 43 26.9 + 3.5 28.8 + 3.8 26.5 + 3.4°
Rightl 262 + 34 245+ 43 26.0 + 2.6 30.1 +2.9 26.1 £ 3.9°
Right2" 26.6 + 3.3 23.7 + 3.5° 232+ 2.6° 29.7 + 2.5 25.0 + 3.7
Right3 257+ 2.6 245+ 3.9 244 + 3.6 292+ 3.4 25.6 + 3.7°
Right4 242 + 3.1 22.0 + 3.6 213 + 4.1 264 + 3.9 23.1+ 3.7°
Right5® 24.4 + 33" 21.1 + 4.6" 20.0 + 3.22 25.1+ 5.6' 22.7 + 4.5°
Buffer zone(Right) 14.1 £ 3.2 15.1 + 34 16.7 £ 3.1 147 + 3.2 14.9 + 3.2¢
Forest site(Right) 115+ 27 112+ 42 10.0 + 3.1 8.8+ 4.0 11.1 £ 3.4°
Minimum 9.1+3.0 84+ 4.0 93+ 33 47+ 1.5 87+34
Maximum'’ 29.6 + 1.5 278+ 2.7 27.8 + 2.9 319+ 1.0' 292+ 2.8
Trail average 201+ 2.0 18.6 £ 2.5 18.7 £ 2.1 203+ 15 194+ 2.1
Bare trail average" 256+ 1.77 23.7 £ 2.7 23.6 + 2.6° 27.6 £ 2.6' 248+ 25

All values mean + S.D.

Different numbers(column) and letters(row) are significantly different at the 5%.

* P < .05,

#% p < 0], *** P < 001
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