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Assessment of Environmental Impact on the Severely Soil-Eroded Area
by heavy Rainfall
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The steep-sloped agricultural land was severely damaged by rainfall events during July and August every

year. The objective of this study was to investigate an effects of intensive rainfall to the soil properties of the
steep-sloped agricultural land. Survey sites including the Sacheon myeon area were located in Gangneung,
those were severely damaged from a forest fire in April 2000. Surveys were taken at these sites after two
years of forest fire and severe rainfall events in August 2002, which included an event that poured with 870
mm of rainfall in a day. After this storm, soil erosion, burying, and flooding were observed. Severe soil loss
was found at lower soil-depths, greater slopes, longer slope lengths, and concave landscapes. Soil loss and
land slides were often found at areas with having a coarser textures, higher bulk densities, lower water
holding capacity, and lower rates of soil aggregation. Crop growth stagnation was found at the site of crop
restoration because of low soil fertility and poor drainage caused by the abrupt textural changes. In
conclusion, it is necessary to manage the steep-slope agricultural land based on environmental impact
assessment data of macro morphological and physical characteristics by intensive rainfall.

Key words : Typhoon Rusa, Soil Properties, Rain fall, Abrupt Textural Change, Forest Fire
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Fig. 1. Analysis of rainfall with typhoon Rusa in Gangneung('02. 8. 31).

(Source : Korea Meteorological Administration)



Table 2. Maximum precipitation probability on heavy rain in the different provinces.

121

Province District 10 yr 50 yr 100 yr
Seoul(44) 240 347 393
Incheon(44) 218 322 367
Kyeongei Suwon(41) 230 335 380
Icheon(32) 214 308 349
Yangpyeong(32) 236 349 397
Ganghwa(32) 274 401 456
Mean 235 344 390
Gangneung(44) 305 488 567
Songcho(37) 222 312 346
Cheoncheon(39) 203 290 327
Kwangwon Daegwalneung(32) 342 535 618
Wonju(32) 205 296 335
Inje(32) 196 286 324
Hongcheon(32) 201 286 323
Mean 239 356 406
Cheungju(37) 175 252 286
Jecheon(32) 208 303 344
Chungbuk Boeun(32) 230 351 402
Chungju(32) 190 280 318
Chupyeongryeong(43) 171 249 283
Mean 195 287 327
Seosan(37) 192 297 303
Daejeong(36) 194 276 311
Chungan(32) 185 259 291
Chungnam Boryeong(32) 21 330 378
Buyeo(32) 240 362 415
Geumsan(32) 168 226 251
Mean 200 292 325
Cheungju(43) 165 231 259
Gunsan(38) 187 277 316
Buan(32) 160 217 242
Jeonbuk Tmsil(32) 165 231 259
Jeongeup(32) 157 219 245
Namwon(32) 165 226 253
Mean 167 234 262
Gwangju(44) 208 304 345
Yeosu(44) 197 268 299
Mokpo(44) 189 277 314
Suncheon(32) 222 303 338
Jeonnam Haenam(32) 258 394 452
Jangheung(32) 286 428 489
Goheung(32) 285 429 490
Wando(32) 288 432 493
Mean 242 354 403
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Table 2. Maximum precipitation probability on heavy rain in the different provinces.
Province District 10 yr 50 yr 100 yr
Pohang(44) 207 320 368
Daegu(44) 161 235 267
Waulneungdo(32) 144 207 234
Mungyeong(32) 145 194 215
Yeongdeok(32) 189 284 325
Kyeongbuk Uiseong(32) 137 193 219
Gumi(32) 148 211 237
Yeongcheon(32) 146 197 219
Uljin(32) 172 254 290
Bonghwa(17) 222 321 363
Ulsan(44) 220 331 379
Mean 172 250 283
Jinju(35) 211 297 379
Busan(44) 236 346 393
Tongyeong(37) 220 319 361
Geochang(32) 184 259 291
Kyeongnam Hapcheon(32) 205 300 341
Milyeong(32) 196 283 320
Sancheong(32) 263 381 432
Geoje(32) 272 390 441
Nambhae(32) 295 411 464
Mean 231 332 380
Jeju(44) 217 305 343
Teju Seogwipo(44) 239 342 387
Seongsanop(32) 231 323 363
Gosan(17) 194 2717 313
Mean 220 312 352
() is periods of analysing years.
Aste Table 29 Rtk AFES FEFTFS UK /YEY ARG WYstel FAEH B 24
Aol Ha s kAol =2 eIk AR = THsA MY Bavt e AR AzHE
10087 Ae2s FE745Fe] 4F dadd 45 ojgA A7t A¢F AR HFEF 35
2 9go] 618 mm % 567 mm=Z 7P Ekow, gx, F EAste A2 AFEtE AT AsiAdAel
g e "al, Ash g, AR A, Fol, B2 Z Ads Adal] Al tiAs vhds izt A
0] 400 mmW = Eoh 1y 274, A, A olth. webA 1008 HE2F FHELTFOl B =
T 210 mmE W2 7P 2 gos FAHIAT o7 ddHe Fde A5 FF A, J@s s
A9E HAger = o AA7Z 10087 JF5¢ AGele JFo+2 Qe Jsithd S ntds)oF 2
SFEATEFS AHADAINAE w0, 7HE Ao g dednt
e X2 AHEOFE i 262 mmE EAEHC H
T A AsEs FaAr A" dEd A AY i rEd £
(F5%9)9 HAF=f FEUFEFS A7 1087 AR AFAGY NFE Fedes =AM
e 7ol 171 mm, 100d7Fe] 7 9-oll = 283 mm=E ofal] Eo] Axstl, WFel Hlal ofFe]
OHE Al vk Bl w2 Holglou, Al I 2ol 2yattth Elvket 30d Hit A
e w9 e, ole dEATEFS 4 AT 79 mmell B3] 1400 mm=z 90 mm7} Bom, F
5738 ApololA ZIQlsteE Ao dAdHErh Yo =, ol JFHIL Atk JIAA YL FE F4X
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Folq Aol ol WASATE 58 A4 AelA
= AZAHel v 79%% Aol Hlekste] 7199
=l BAs A7 e A3 A FHe] dojd Alew
2 Az et
g, 15 Table 45 %84 A4 2 A2 Ado] ot &
] i FEEAS HxEd Aeolrh AP AIA A
&) Foh(Hyun et al, 2007) EFAAe AdAHel vl FHEmst w2y, =g Wrdw Fgol A
e oz BuH or, Barge] BTk £d UL} ¥, 23
BB AQ 2 A2 APARel tiste] B o] FHom, mYPFl By, FAFRIT A
el d 54 2ABIE O ZAHE Table 3] e AoR BAFHAC olF BHE FF&C) A B
o EY A4 AW A2 AYS BA 29d 3 gl Eol FREAFOl 2 EA W5A 9
AgolR, H-4F-ANEE B B AHUE 23 wol Hx BAgo] ¥on R4l MEE HAel
ATk EF A4 AP AT Al v FEEY AT F S YEHHEE old BHS /M EY
o] 412 em2 EI, AAZAES} 08 oM, Al & TR Fom FAAYAN BE AU A
33 m 9 Atk E3F RE f7lE Fo FAdd 9 g Ads Aolth
Table 3. Soil morphological characteristics of soil eroded and vicinity sites.
Features Soil eroded site Vicinity site
Parents materials Coarse granite (Samgag series : Dystrudepts)
Soil catena Dystrudepts - Dystric Fluventic Eutrudepts - Aeric Endoaquepts etc.
Auvailable soil depth(cm) 36.5 71.7
Slope(degree) 525 517
Slope length(m) 425 39.2
Soil color(Munsell) Yellowish brown(10YR 5/4) Very dark grayish brown(10YR 3/2)
Micro morphology Concave+++, Convex++, Linear+ Concave+, Convex+, Linear+
Coverage(%) 79 752
Table 4. Soil physical properties of the soil eroded and vicinity sites.
P bili A ) Dispersion Bulk densi P . Sand al Av. soil moisture
ermeabilif egates ensi orosil any a
Divisions r &4 £eree ratio 3 £ v Y contents
(cmhr™) (%) (Mgm™) (%) (%) (%)
(%) (%)
Eroded site 129.8 15.8 63.9 1.30 50.8 83.7 32 8.2
Vicinity site 76.0 254 52.6 1.14 57.1 733 6.8 12.5
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Aos]o] E¢ko] tist FeEbA o] AFAHOR o] Fo]
71 witolth old 54 Hl Tl AW
AHEA QA HF FAA JFETE A EFF A
Fs A=sy, o]AS EYHAS FAHsE USLE
2yS ol FHI EY IAFH vasAnt
(Table 5). 2ol o3 EF 2 FAZo] dS5FKR

Fig. 4. Cross section of soil eroded features after forest fire in
Sacheon Myeon.
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Table 5. Comparisons between an estimate and measured soil losses in different soil erosion classes.

Erosion USLE factors Estimated of soil ~ Measured of soil
classes R K LS C P loss(ton/ha/yr) loss(ton/ha/yr)
I 1550 02 2.03 0.001 1 1 0
ii 1550 0.2 2.03 0.2 1 126 200
m 1550 0.2 18.62 0.5 1 2886 1000
v 1550 02 18.62 0.7 1 4041 1800
v 1550 0.2 37.31 1 1 11566 17500
V : landslide(tentative)
Table 6. Changes of soil morphological characteristics with different soil erosion classes in fired place.
o Soil erosion classes

Division

i I v Vv
Eroded depth(cm) 2 10 18 175
Slope(%) 15-30 30-60 30-60 >60
Coverage(%) 80 50 30 0
Morphology Low hilly Mountain Mountain Mountain
Micro morphology Convex Convex Convex Linear
Kind of plants Bush clover, mapple, oak, wild plant ~ Wild plant, loyal azalea, oak Oak, bush clover, wild plant -
Elevation(m) 128 153 152 282

V : landslide(tentative)
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Fig. 5. Comparison of soil erosion classes before and after forest fire at Sacheon myeon in Gangneung.
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Fig. 6. Cross sections of soil profile at buried site, Jumunjineup, near Shinri stream in Gangneung.
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WA AHE Ecke] FRE o] R AT of stxlo] &3td £ Av =] Ao A AFA
o] & 3stxe] Zgole Abdel S A WA st
7Y S0l mE Mol A AFA AW, A AZ At As) FAA I E HAsE F A=
g FENF HFAEE Fig. 72 UERSITH & 3fojol & Aojrt,
e
el e Hd  BF FAA FsE w2 A
Ao wriek o ahS FolE EAAIS AEEA F
gt A, FYFORE I FAAC] dFEe] &H
TFEAT L a3l FAA L ESEHES A
. : Az 57 HAol B AV A" AR =Hy
C 4y . Fig. 82 284 FEAS 49 el @2
- S EE 5AAE 299 %% ddEce wu
- ST . Aol B FAA QA EY RgEe A
-’_;eongo‘g’; = AAG Fol NEL EGSE AEstE o] vt
Y Sacheon Ao} oA Bz niel o] mjEH EHSS &
ASA AANA e A ARG FANEE #H2Y
T AU o] Ag wiEE RASH dESGS EA]
A gHAH BFEEE7F B Aolvt e EASFH
Fig 7. Basin map of Sacheon myeon, Yeongoé m);eon and TOE AL s Bl Mt 27 A vh
Jumunjin eup in Kangneung. HEd RefFs A8 AA}A G HAg =
I BFmolAe] EFolstetd 545 Table 82 U
g FAA HHG Aol date] s {9 etk M8 FAA 54X AAHA G Hob
el 28d F dE BEYFS £43te Table 79 AE E B F(10~19 cm)dA = FEERFS
VERATE 4 A A HS AE Aol =2 A A Wi, TR o] ¥ HFOoR E)
Ao, A3z HEolom, APHHAE @ Ao olgtetA EALE dotg Ao E FAHUTH
2 BAEAT ey AA 23S ok EA e AFETE st mEE F4AE 54T 0 o
St AP e AAgelE ARFA Gl AR G olol A B 543 BAgle]l TR 2] A E
oA EdF Al tgFe® dojykr] wiiZel el Fs AEASRE ARG, A4 HPoR dHfy
A & W & EAL e o AA B £ eo] 9y Edut Fxste A FFelArt (Fig. 9).
= Azt WA i, mEka sk Aol w@ol oA AFHOE AEAFI dFE VA FES
SAEAJL s FHe FAA AeA wEEA Fojrgls J&g sh=u Table 95 $3F A=Y
ok Ao Ao Als AFAFol REoRE e EF AEAoR 717 AES =E¢Y 545 XA}
SO, s A Auzh v A & olFoiA U a Uebd Zlojth B e BY % AELS A
3, & e Aol A3 Fol Holvl Wil dsE E3 o AE 510 kg 10a oo, HEF o] 48
do 7= Alzke]l AAF A Az H2 o= %2 e AFE EFS AES =olAe 455 kg
ZAE AT £ W H ] vls) s WA o] F7] Wi 102’02 3t JFI¢2 Qe njE 544 29

Table 7. Risk assessments of basin areas according to characteristics of basin and streams in Gangneung.

Applied on rainfall of typhoon Rusa

. Area of basin Area of stream . Water amount of .

Basins Ratio(A/B) . Coverage of stream Grade of risk
(ha, A) (ha, B) basin L
. ) (Million ton)** o
(Millon ton)*

Shinni 6,038 74 81.6 54 0.18 High
Yeongog 16,677 320 521 146 0.44 Medium
Sacheon 11,665 151 37.7 102 0.38 Low
Namdae 14,292 25,441 0.6 124 51 Low
Gunseon 7,806 185 423 68 0.37 Low

Jusu 14,131 197 71.6 123 0.40 Low
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<Normal paddy> <Restored buried paddy after <Restored buried paddy with
eliminated the sand> non-eliminated the sand>

Fig. 8. Cross sections with compared soil profiles among normal and restored buried paddies with non-eliminated the sand.

Table 8. Comparison of soil characteristics between the restored paddy with non eliminated the sand and normal paddy.

Divis Depth pH OM Av.P:0s Ex.cations(cmol kg™) WRD(kPa,%)* PSD(%)*
VOIS emy 15) (ekg)  mgkg) K Ca Mg 33~1500 10~1500 Sand  Clay  TEX.
0-11 6.1 14 91 0.15 24 05 78 15.1 63.0 78 SL
Normal 1127 64 13 102 021 25 0.6 80 137 68.6 77 SL
paddy 2746 69 13 7 0.13 32 0.9 9.1 133 612 117 SL
46+ 6.7 13 8B 0.13 17 05 6.4 103 718 6.4 SL
0-10 7.0 13 143 0.15 32 03 5.1 107 784 40 LS
Restored 1019 68 13 41 0.16 25 03 26 838 83.0 2.1 LS
paddy' 1945 60 15 199 0.15 38 0.7 139 2438 484 9.0
45+ 6.1 13 3 0.09 13 02 37 73 912 12 S

" Restored paddy with non eliminated the sand
t WRD : Water Retaining Difference

¥ PSD : Particle Size Distribution

T TEX. : Texture

Fig. 9. Photos of paddy land restored with bad(left) and good(right) soil dressing source.
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Table 9. Changes of soil properties in rice paddies restored with different soil dressing sources.

Divisi Texture pH OM Av.P:0s Ex.Cations(cmol kg™ Tiller Rice yield

1vV1S10n .
(Clay%) (1:5) (gg)  (mgkgh Ca K Mg No.) (kg 102"

Paddy 0-11  SL@.8) 54 4 84 52 0.20 1.6

restored with 1136 L(13.8) 54 7 61 24 0.09 0.7 17.4 455

bad one 36+ LS(2.5) 49 8 11 03 0.02 0.1

Paddy 0-14  L(18.8) 6.0 17 60 5.1 023 20

restored with  14.36  SL(8.0) 6.5 19 105 40 0.12 1.0 19.2 510

good one 36+ S(0.2) 6.6 7 45 03 0.01 0.1

Table 10. Cause and countermeasure of the abrupt soil textural change according to the restoration of the buried arable land.

Division Contents

O For un-restored soil buried by heavy rain.

- In case of burying layer mixed sand with gravel, the buried lower part became poorly drained because of different

permeability in the layer of top and lower parts.

Cause of abrupt O For not considering the soil dressing materials.

textural change

because top and lower parts had different permeability.

- With dressing source of coarse material less than 20% clay contents of saprolite, the low layer was poorly drained

% Abrupt textural change disrupted the water movement and did not drain well in whole soil layer, and then it made not

good crop growing.
Count O Breaking the abrupt soil textural change by plowing the deep subsoil and mixing whole soil layers.
ounter
- Need to strongly agitate soil that can mix the layer with abruptly changing soil texture by chisel and so on.
-measure

O Use(more than clay content 20%) of good soil dressing materials.

Table 11. Effects of soil chemical properties by the typhoon Rusa at different locations in Oggye myeon.

¥ Soil organic matter(g kg') Available P:Os(mg kg'')
ear

Nagpungri Sangyeri Namyangri Nagpungri Sangyeri Namyangri
2001 Mean 25+8.93 26+5.00 26+9.86 5243427 59+39.05 81+63.1
(Before Range 63-2 43-13 50-8 267-3 1789 221-5
Rusa) No. 806 130 214 806 130 214
2005 Mean 18+7.36 10£3.78 21+7.77 21+19.36 31+16.58 75+43.96
(After Range 39-5 17-4 36-6 111-1 69-14 188-30
Rusa) No. 96 17 11 96 17 11

Source : Gangneung agricultural technology center.
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Table 12. The caused problems and suggested countermeasures to different damaged types by heavy rain when restoring into the

arable land.
Division Damaged conditions Problem after rehabilitation Management practices
- Inundation during 2-3 - Continuous overflow of rivers even if -Water distribution system with installed the
days in the rice field restored with using the full equipment pumping facilities
Flooded - Accumulated the silt particles for 2-10cm - Overtlow by using the full equipment
area depth - Rotary the area accumulated by silt
particles by tractor
- Conglutination to rice leaf by soils - Management of bank around rice field
- Buried soil with sand and gravels near -Soil dressed with bad materials as lower clay - Soil testing
streams(20-100cm depth) contents soil, saprolite. - Use of good soil dressing materials
Buried -For dressing the bad sources, - Rearrangement of arable land
area soil fertility and crop growth was worse. - Mixed land with dressed soil
- Removed the buried soil, and then dressed
into 10 to 20 cm of soil
- Surface soil erosion, -Planting tree(pinetree, mapple etc.) - Selecting a good cultivar (having good root
Eroded land slide etc. -Worried about soil erosion biomass)
area repetition of lowering pastures - Wall processing on slide point
coverage - Land use change if do not use the arable
land
Fired - Fired all or some part -Worried about 2nd demage by -Covering pasture on surface
area of forest lower coverage first, and then planting the tree
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