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Evaluation of Watershed Stability by the Forest Environmental
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ABSTRACT

This study was carried out to analyze the characteristics of forest environmental and stream
morphological factors by using the quantification theory( I ) for evaluation of the watershed stability.
Present annual mean sediment yield of erosion control dams were investigated in 167 sites of erosion
control dam constructed during 1986 to 1999 in Gyeongbuk.

The results obtained from this study were summarized as follows; According to the coefficients of
partial correlation, each factor affecting to sediment was shown in order of gravel contents, number
of first streams order, number of total streams, length of total streams, forest type, length of main
stream, parent rock, stand age, soil texture, stream order, slope gradient, soil depth and aspect.
Descriptions of class I were as follow; Igneous rock of parent rock, hardwood stands of forest type,
less than 20 year of stand age, less than 30cm of soil depth, sandy clay loam of soil texture, more
than 41% of gravel contents, south ~east of aspect, 2,501 ~3,500m of length of main stream, 21 ~25
of number of total streams, 5,501 ~10,000m of length of total streams, 3 or more than 4 of stream
order, more than 16 of number of first stream orders and more than 31° of slope gradient. Descriptions
of class II were as follow; Metamorphic rock of parent rock, coniferous stands of forest type, more
than 25 year of stand age, 31 ~40cm of soil depth, silt loam of soil texture, 11~20% of gravel
contents, north~west of aspect, 2,501 ~3,500m of length of main stream, 16 ~20 of number of total
streams, 3,501 ~5,500m of length of total streams, 3 of stream order, 11~ 15 of number of first stream
orders and more than 31° of slope gradient. Descriptions of class III were as follow; Sedimentary
rock of parent rock, mixed stands of forest type, more than 25 year of stand age, more than 5lcm
of soil depth, silty clay loam of soil texture, less than 10% of gravel contents, south ~west of aspect,
less than 500m of length of main stream, less than 5 of number of total streams, less than 1,000m

of length of total streams, less than 1 of stream order, less than 2 of number of first stream orders

-1 -



2 CRERE R

and less than 25° of slope gradient. The prediction method of suitable site for erosion control dam

divided into class I, II, and III for the convenience of use. The score of class I evaluated as a

very unstable area was more than 8.4494. A score of class II was 8.4493 to 6.0452, it was evaluated

as a moderate stable area, and class Il was less than 6.0541, it was evaluated as a very stable area.

Key words : watershed stability, forest environmental factors, stream morphological factors
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Table 1. General descriptions of investigated erosion control dams

Study Constructed year
Total
area 86 87 88 89 90 91 92 93 94 95 96 97 98 99
A 1 1 1 3
B 1 2 1 2 1 1 8
C 1 1 1 1 1 1 1 1 8
D 1 1 1 1 4
E 1 1
F 1 2 1 1 5
G 1 1 2 1 1 1 7
H 1 1 2 1 1 2 8
I 1 1 1 1 1 1 1 1 1 9
J 1 1 1 3
K 1 1 1 1 2 1 3 2 12
L 2 2 1 1 2 2 10
M 1 2 1 1 1 1 1 8
N 1 1
0) 1 1 1 1 1 1 1 7
P 1 1 2
Q 2 1 1 1 2 1 8
R 2 1 1 1 1 1 1 3 1 2 14
S 1 1 2 2 6
T 1 1 1 1 2 5 2 2 4 3 1 23
U 1 1 1 1 4
\4 1 2 2 1 2 1 1 1 2 1 2 16
Total 4 3 3 6 15 12 18 11 15 12 14 25 16 13 167
Note) A : Goryeong, B : Seongju, C : Gimcheon, D : Chilgok, E : Gumi, F : Gunwi, G : Uiseong,
H : Sangju, I : Mungyeong, J : Yecheon, K : Andong, L : Yeongju, M : Bonghwa, N : Uljin,
O : Yeongyang, P : Yeongdok, Q : Cheongsong, R : Pohang, S : Yeongcheon, T : Gyeongju,
U : Gyeongsan, V : Cheongdo
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Fig. 1. The measured method of sediment in erosion control dam.



4 Ads - wa A
& F9HH(ha)s Ue T FEEALS (2) St EEf IR}
(m’fyr/ha)S ©] &3 TH ® F3lHF(Xs - length of main stream) : &
Fokxleg QAHe FEY HolmE
Vm®) = 7‘4]1;— L S R 1/25,000 A @ =204 curvimeterS AF&
(1) ’5:}04 SA st
© Z=3}-d4(Xo : number of total streams) : 1/
™ vt WEH, p: @ FE I (m), 25,000 AFEFeA FIHAFS FAL
b B W dF3(m), 11 AAFAZ (m), 2 AAHAR AF AdH AHE A
e e . sl o) Fahas s
O =3k Z2 o)X, length of total streams) :
FEEAEm) = 248 329 A - 1) 1/25,000 x]sg gl A o Fsho
o 2o &3 Aol(m)= curv1meter% AL8-3le] =A s}
At
2) AFA3HE gl S Q1A AL @ 3 XXy : stream orders) © 1/25,000 A
(1) MEIEtHOIX} R ]7\1 Horton-Strahler(1952)2] HF2] o
DO E (X : parent rock) : 1/50,000 AZ=E o3ty & AR E FAYSES T
o] &3t ZAMA] FHFHY EoS F A ®@ %Z}S}{T(Xlz  number of first stream or -
¢, s, mAdge R FEst EAMSH ders) : 1/25,000 A& T ol A] Horton-Strahler
A (1952)9] WAl Jztel fou d}eHad
@ D(Xs : forest type) : ZAFA] FHAFH FE xA e
AR E AT E FAFRALE Tt A @ A1A A AHX3 : slope gradient) : 1/25,000 A
A5d, FH5Y, Eador FEIAY FE Aol Al P (1955)2] Wb el o &)
© YB(X; : stand age) : YF= H HAEA of SAHF #AC)S AHEsIAH.
E B3ty FHFY -5 e o
59 AP s ZASEA 3. Eﬁl’“ 2t
@ EA(X, tsoil depth) : EGTHS Fal ZEAN] 98e n)E Aog AAEE 13
VNESS A FEESS TEAD) 7H4 22 2 SR EIIANE Rl 9] category

< SAAT

® EA(Xs : soil texture) : ] 74 EAR
1ol Slshel APAAFEGCL), SIAAY
E(SiL), PIAMEASESICLE T3t

® 8 E3F(Xe - gravel contents) : T EA]
Z CEEMROK PE B B PR K PE B2l & 5 5 75 Jm),

1997)S o]&3t] BT M HEH(%)
< ZXAbsSTH

@ APHEFY(X; : aspect) : FIHAS FTAHL
2 HAZAL © 1/25000 APEAFNA 4
Hel HAHYLGWN~E, N~W, S~E, S~W)
o7 FE3A

=

2 F3tal(Table 2), 9]&7]F0] FAH =
EAlZF(annual mean sediment yield)@ W2 7]F
o] A Z+F QA BAE FHEIolE(
TS AHES, FEEANRC 4%

= B2
Alell =
A8k Ao B8-S HUskA

M. #R & EE
1. EM%’—%%WI oist 71 =

(BRI R D
o g 7 Axe] FUHAFE BAS] A%

o



>

T B AP AA ] o7 Febgd Bt

o] JUAE category3}gt ZA I Table 29} 2t}

Table 2. Classification of category for each factor

Category
Factors 1 ) 3 4 5 6
X1 Sedimentary rock Igneous rock Metamorphic rock
X2 Coniferous Hardwood Mixed
X3 <20year 21~24 25year<
X4 <30cm 31~40 41~50 Slem<
Xs SiCL SiL SCL
Xs <10% 11~20 21~30 31~40 41% <
X7 N~E N~W S~E S~W
Xs <500m 501 ~1,000 1,001 ~1,500 1,501~2,500 2,501~3,500 3,50lm<
Xo <5 6~10 11~15 16~20 21~25 26<
X0 <1,000m 1,001 ~2,000 2,001 ~3,500 3,501~5,500 5,501~10,000 10,00lm<
X <1 2 3 4<
X2 <2 3~5 6~10 11<
X3 <25° 26~30 31°<

Table 3. Normalized score of each category and range

Factors Category Score Mean score  Normalized score Range
1 -0.0431 -0.1782

X1 Parent rock 2 0.3456 0.1351 0.2105 0.3887
3 0.0000 -0.1351
1 0.4909 0.0530

X Forest type 2 0.4991 0.4379 0.0612 0.4991
3 0.0000 -0.4379
1 0.3044 0.2138

X3 Stand age 2 0.1434 0.0906 0.0528 0.3044
3 0.0000 -0.0906
1 0.4032 -0.0613
. 2 0.4395 -0.0250

X4 Soil depth 3 0.5415 0.4645 0.0770 0.5415
4 0.0000 -0.4645
1 -0.5382 -0.2307

Xs Soil texture 2 -0.3359 -0.3075 -0.0284 0.5382
3 0.0000 0.3075
1 -6.8242 -0.7962
2 -6.5238 -0.4958

Xs Gravel contents 3 -5.8446 -6.0280 0.1834 6.8242
4 -3.9006 2.1274
5 0.0000 6.0280
1 0.0837 -0.1208
2 0.2458 0.0413

X7 Aspect 3 04127 0.2045 02082 0.4127
4 0.0000 -0.2045
1 -0.8845 -0.7527
2 -0.8174 -0.6856
Length of 3 0.3380 0.4698

Xs maingstream 4 0.4013 01318 0.5331 1.2858
5 0.2976 0.4294
6 0.0000 0.1318




Table 3. Continued

Factors Category Score Mean score Normalized score Range
1 -1.4051 -0.5891
2 -1.1699 -0.3539
Number of total 3 0.4178 1.2338
X streams 4 1.6411 08160 2.4571 49711
5 3.5660 4.3820
6 0.0000 0.8160
1 2.9279 0.2144
2 3.1344 0.4209
Length of 3 3.2791 0.5656
Xio total streams 4 2.6840 27135 -0.0295 32791
5 1.1930 -1.5205
6 0.0000 -2.7135
1 -1.2839 -0.2240
2 -1.0904 -0.0305
Xi1 Stream order 3 -0.8500 -1.0599 02099 1.2839
4 0.0000 1.0599
1 -1.9817 -0.5000
Number of first 2 -1.6290 -0.1473
Xiz stream orders 3 -0.3457 L4817 1.1360 1.9817
4 0.0000 1.4817
1 -0.3191 -0.2000
Xi3 Slope gradient 2 -0.1101 -0.1191 0.0090 0.3191
3 0.0000 0.1191

Note) R® = 0.8878, Prob > F = 11.34 (P=0.0001)

At 4=(Normalized score)= 2+ AAHE T A GESCLY7E frEEANG tE A
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3. Partial correlation coefficients of each factor
affecting to annual mean sediment yield
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Table 4. Partial correlation analysis between each factor and annual mean sediment yield

Factors Partial correlation coefficients Test of significance Prob>T
X1 Parent rock 0.1764 -2.113 0.0364+*
X,  Forest type 0.1865 2239 0.0267+
X3  Stand age 0.1414 1.683 0.0946
X4 Soil depth 0.0693 0.817 0.4155
Xs  Soil texture 0.1030 1.218 0.2252
X¢  Gravel contents 0.8122 16.417 0.0001*+
X7 Aspect 0.0200 0.224 0.8228
Xs  Length of main stream 0.1772 2.122 0.0356*
Xo  Number of total streams 0.3693 -4.686 0.0001 =
X0  Length of total streams 0.2951 3.641 0.0004++
X1 Stream orders 0.0964 1.144 0.2546
X1z Number of first stream orders 0.3801 4.845 0.0001**
X3  Slope gradient 0.0854 1.010 0.3142

* significant at the 5% level, *+ significant at the 1% level




8 g5 - vhE A

2. A9 83 Hrt £ 7 FAY category™d E@Foll Wt 7} category
7} AAe]  category® T <S=(Table 2)E ¥ EEHF H(B)E St 4 FAo g
16770 ZARA Q9] ZbE QAo WhEAIA @Ak EEE YUee 7 A& categoryE FE g

S FYAE ol atel RAS PYHS I, I, A Table 63 2ok
MFoz B7hg AsE Table 59 2. [ 2AE BAAE A4 9 EARST 24
B do] WM YA ger, A &
Table 5. Prediction score for evaluation of water - Fg=doln, Qe 2084 o3k, EAL 30cm
shed stability by normalized score ol5h2, Ao] vra, EAo] A erol e}
water(s:lizzs s(t)szility Prediction score Nalrl;;l:e(r%(;f FAsHA wEsbA] REshal, g EYG ZHs0)
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Table 6. General condition of each class by the prediction score of watershed stability

Class
Factors
I I I
X:  Parent rock Igneous rock Metamorphic rock Sedimentary rock
X,  Forest type Hardwood Coniferous Mixed
X3  Stand age <20year 21~24year 25year <
X4  Soil depth <30cm 31~40cm S5lem<
X5 Soil texture SCL SiL SiCL
Xe¢  Gravel contents 41% < 11~20% <10%
X7  Aspect S~E N~W S~W
Xs Length of main stream 2,501 ~3,500m 3,50lm < 501 ~1,000m
Xo  Number of total streams 21~25 6~10 <5
Xio  Length of total streams 5,501 ~10,000m 5,501 ~ 10,000m <1,000m
Xi1  Stream orders 4< or 3 2 <1
X2  Number of first streams orders 1< 3~5 <2
X3 Slope gradient 31°< 31°< <25°
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OFA= AHd g4 FAHY e HALA MF A= Atdeo] 71 A H o = FH G
do g, J4e HAFdolH, I8 21~244 Aoz, g EadolH, dHL 253
Aqolgla, EAL 31~40cm, EALS HEZAo] o], EAL 5icm 0|02, 7 93 F
HAGsHA = A= VAR YEGSLE Y AekaFo] s Wi, Yol =i, B4l 2
Elyton, Bkl Mg 11-20%8=A A el FEZAVE 945 e bR By
o AME RS = B ~A(N W)/‘Pjq ojRa, F3  E WS F v AYgoe=w FA XUHEFESF
A2 3,501m o), F3dgw 6~1070, T3 % AFFo Y3t EHAG B9 L LA
Hdol&= 5,501~10,000mz  F--HAAl o= Ao s F AFHES JAT AT AHo]
AZY FFF F&ol st AAMEHY] EG o EAL EYU HEAo] B, A=
A G BEALFEo] SHEHE Zl"i‘OlMt‘r s F AFo] FEdE vALA A GFE(SICL)H o
2t AT AHS o= Ax 7R e 22 EYGU A8 10% ol3, AlHW = P~
A1, A FE 3~57H9513 , AFAAA AR A SWALAE SR F3tx 7S 501~1,000m,
31°017¢ 9 X9oez yehy, giAZdo=z A Fotd e 571 oldh, Fed 4ol 1,000m ©]
FRFGo g 21~24d 9 HFFHo] FH3 IR AAAFAAN EFHA IFES vA =
o, A8 BEA BEAY S AHEAANE AJH §57 FFo] e ot s HRFE 1%
Ao s tha FgE] o, st FE TR, dAREtHdee 27 oldh, AFHZEANE
Table 7. Score table for prediction of watershed stability
Category
1 2 3 4 5 6
X Cate. Sedimentary rock Igneous rock Metamorphic rock
' Score 0 0.3887 0.0431
X Cate. Coniferous Hardwood Mixed
> Score 0.4909 0.4991 0
% Cate. <20year 21~24 25year <
> Score 0.3044 0.1434 0
% Cate. <30cm 31~40 41~50 5lem<
* Score 0.4032 0.4395 0.5415 0
. Cate. SiCL SiL SCL
> Score 0 0.2023 0.5382
i Cate. <10% 11~20 21~30 31~40 41% <
®  Score 0 0.3004 0.9796 2.9236 6.8242
5, Cate. N~E N~W S~E S~W
7 Score 0.0837 0.2458 0.4127 0
. Cate. <500m 501~ 1,000 1,001~1,500 1,501 ~2,500 2,501~3,500 3,501m<
¥ Score 0 0.0671 1.2225 1.2858 1.1821 0.8845
y, Cate. <5 6~10 11~15 16~20 21~25 26<
®  Score 0 0.2352 1.8229 3.0462 49711 1.4051
. Cate. <1,000m 1,001 ~2,000 2,001~3,500  3,501~5,500 5,501~ 10,000 10,001m<
" Score 2.9279 3.1344 3.2791 2.6840 1.1930 0
% Cate. <1 2 3 4<
" Score 0 0.1935 0.4339 1.2839
., Cate. <2 3~5 6~10 1<
2 Score 0 0.3527 1.6360 1.9817
. Cate. <25° 26~30 31°<
B Score 0 0.2090 0.3191
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