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Pedology D. D.

Beckett and Webster, 1971

,1986



Pennock et al., 1994

Timlin, 1998

Bailcom et al., 2006

36 1961
1958
1995 38 4 46 ha
, 2004
9 18 9 94%
2006 60%

Moore et al. (1993)



2.1

Robinson and Lloyd 1915

Warrik and Nielsen 1980

pH

100%

Fisher von Mises

1971

10%

EC

10 50%



Beckett and Webster,

1971, Warrik and Nielsen, 1980, , 1986, , 2006
, 1997
Webster 1985 Quantitative Spatial Analysis of Soil in the
Field Youden and Mehlich 1937  pH
1600m, 305m, 30.5m, 3.05m pH
Beckett and Webster 1971 0.01ha
10><10m
6000ha
1975
3 4
Geostatistics
kriging Journel and Huijbregts, 1978

regionalized variable



Vauclin et al., 1982 Vauclin et al., 1983

geostatistics Webster, 1985,
Oliver and Webster, 1986 Geostatistics

80 Ciollaro and Romano, 1995,
Mohanty et al., 1991, Wilson and Luxmoore, 1988, , 1996, Kvaerno and Deelstra, 2002,
Nash et al., 1988, Yates et al., 1988 Stenger et al., 2002, Chevallier et al., 2000,
Castrignano et al., 2000, Yanai et al, 2001 Goovaerts and Chiang, 1993

Wilson and
Luxmoore 10m
Im

Chevallier et al

kriging Oliver and Webster 1986
Geostatistics
2.2
2.2.1
5
Webster,
1965



Carson and Kirkby, (1972)

King et al., 1999 Daniels et al., 1985, Kreznor et al., 1989

USLE Wischmeier and Smith, 1978

Tillage erosion Van Oost et al., 2000a
Govers et al.,
1994, Van Oost et al., 2000b  Schumacher et al. (2005)

137
Cs

12ha

Moore and Larson, 1979, Hansen et al.,

1999

Dunne and

Black 1970a,b

, 2000



1983

222

Craig, 1982 Waters 1958

Curtis et al. 1965

Ruhe 1969 Iowa 5
Summit  Shoulder Backslope
Glacial Till Footslope  Toeslope
12 1996
Dalrymple

et al. (1968)
9

Evans (1980) Digital
Elevation Model : DEM 2

Zevenbergen and Thorne 1987 9

Speight 1980 specific catchment area SCA



Moore et al. 1991 DEM

wetness index
Stream power index USLE sediment transport index
Moore et al., 1993,
Park et al., 2001 Schumacher et al., 2005
Bui et al., 1999

Pennock et al. 1987 Park et al., 2001

Park
Dalrymple 9 5
1/4 Footslope
Shoulder
DEM
DEM DEM

Panuska et. al., 1991 , Thompson et.

al. 2001 , Blaszczynski 1997 , Shary et al., 2002

DEM Thompson
et al. 10m, 30m Im,0.lm DEM
A
30m-DEM
10m-DEM
30m-DEM
DEM A

DEM

Hansen et al., 1999



DEM DEM

DEM
223
Cook et al., 1996,
Bergstrom et al., 2001 , 1960, , 2002, Mohanty and Skaggs, 2000
Pennock et al., 1992 Kreznor et al., 1989, Walker et al., 1968, Park et al. ,
2001 Pennock et al., 1994, Miller et al., 1988, Woods and Schuman, 1988, Zhu et
al., 1997, McKenzie and Austin, 1993, , 1983, Moore et al., 1993, Pennock and DeJong,
1987
Zhu et al.
Park et al.
Moore et al
A wetness index
Park et al. wetness index
2.3



Onstard et al., 1985,

al. (1988)

Pennock et al. (1994)

pH

2001

, 2001  Timlin et al. (1998)

Terra et al. 2005

Bailcom et al., 2006

10

, 2006

Miller et

lha



Geostatistics

80

11



1.1 stochastics
m, o
n
mean
_ 1T
RS o)
n o

unbiased variance

standard deviation

(%)

v =2x100
z

skewness; SKEW

-3
SKEW =2-Y"(z, -z)

n o

S—4 n

KURT ==—>(z, -z)'

n o

N

kurtosis; KURT

12

Z1y 22y, v 4 Zp

2.1)

2.2)

coefficient of variation; CV

(2.3)

(2.4)

2.5)



3 3 3
2.5 3
z n confidendce level 1-Ox
z m, confidendce interval
Fot e<m, <ZHl,,— (2.6)
a,p \/; z a,p \/; .
(0] @=n-1 tae 0] t A%
E
N
2.7)

l-a d m, N

2 cv 2
N= (ta,N—l)ZKE_Z_j = (ta,N—l)z(Tj (2.8)

1.2 geostatistics
z
z
geostatistics
z(x) 3
z(x)=m(x)+&(x)+ & (2.9)
m(x)

13



=
m(x) m h
x x+h 0
E[z(x)—z(x+ h)]=0 (2.10)
h
E [{z(x) —z(x+ h)}z]: E |E{5’(x) —&(x+ h)}z]: 29(h) @.11)
v(h) semivariance
) 1 W 2
H0)= 3y 2 )=} @.12)
x; 2(x) h Xith 2(xisn)
h N(h)
h Lag v (h)
h ha Y (h) Y ()
he range of influence /(o) sill hy
Y () h=0 Y (h)=0
h=0 v(h) nugget
variance
Y(h) h
v (h) pure nugget effect
h v (h) Y (h)
h h
h v (h) 7(h)
Y (h) krigig Xo
Z*(xo) n
7 (xy)=2,2(x, )+ 4, Z(x, )+ ---+ 4, Z(x,) (2.13)
Z(x); i s
2 E{Z(x)} Xi E[Z(x)]=m z(x)

14



Z(x): m+ &’(x)Jr g
=) 0

var [g(x) —e(x+ h)] =2y(h)

Z*(x0) A
E[2(x,)-Z"(x,)]= 0
var [Z(xo)— 7 (x, )]z min.

(2.16)

i=1

(2.15) (2.18)  (2.17)

Var[Z(xO)— 7 (x, ] zz}tl 7(x,,x )+ 22/1 }/(xo,x )

=l j=1

Lagrangian 8]

Z/Ij;/(xi,x_/)+y=}/(xi,x0) i=1,2,....,
J=1

A
Ol
P
7/(x1ax1) 7(x2ax1) }/(xn"xl) 1 |_7(x1>x0)—|
7/(x1ax2) 7(x2’x2) 7(xn’x2) 1 |)/(x2,x0)|
A=| s i el
Hxnx,) r(xpx,) o rx,.x,) 1 |7(xn,xo)|
1 1 1 0] L 1 J
[ 2]
s
Lul ™| 2
L]
"

15

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)



kriging

kriging
1980a
and Webster (1980b)
universal kriging
nugget
2.
2.1
Interfluve
slope Fall face

Colluvial footslope
Channel bed

2-1

Interfluve

Seepage slope

2~4<  Interfluve

Burgess and Webster,

Block kriging  Burgess
Webster and Burgess, 1980 kriging
Geostatistics
Dalymple et al. 1968 9

Seepage slope Convex creep
Transportational midslope

Alluvial toeslope Channel wall

0~1<

16



Convex creep slope
45<
soil creep
Fall face
45= 60=

mass movement

Transportational midslope

20~45< 26~35<

Colluvial footslope

Alluvial toeslope

0~4=

Channel wall

Channel bed

17

Dalymple et al.



(Interfluve) (Seepage slope)

(Convex creep slope)

(Fall face)

(Transportational midslope)

(Colluvial footslope)

(Alluvial toeslope)

(Channel wall)

(Channel bed)

2-1 Dalymple et al. (1968)
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22

Evans (1980) DEM(Digital
Elevation Model) 2
8 2-2 33 Z
XY Z],Zz, ,Zg Z1, 22, v 429 A
Evans 1980 9 2 Zs
z=Ax*+By* +Cxy+Dx+ Ey+ F (2.24)
Zevenbergen and Thorne 1987 9
2.24
4
z=Ax’y* + Bx’y+Cxy’ + Dx’ + Ey* + Fxy+ Gx + Hy + [ (2.25)
25 9
4 3 3 2 2 2
_ 8222’ :8225 zazz,Dza—f,Eza—f,anZ,
ox oy ox~0y OxOy ox oy Ox0y
G=@, H=%, =1z, (2.26)
ox oy
A 1 33 2.25 2.24
2.25
D~H
Dzz4+26_225 Ez22+28_225 Fz_ZI+Z3+Z7_Z"
7 ’ 7 ’ 4
Gri6 24 a2 (2.27)
21 21
z s 1 s X
(S}
SLOPE:%:%coséH%sin@:Gcost9+Hsint9 (2.28)
os Ox oy
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—SLOPE =0 SLOPE
00
G’+H’ (2.29)
ASPECT
5)
arctan| — (2.30)
G
(S CURVATURE z 8 2
2 2 2 2
CURVATURE = a—f = 0 fcos:9+a—fsin6’+ 2 0z sind cos @
os ox oy Ox0y (2.31)

=Dcos’ @+ Esin’ @ +2F sinfcosf
Zs ()
profile curvature; PROFC

2 2
PROFC = DG +EH” +2FGH

2.32
G*+H’ (232
plan curvature; PLANC
2 2
pranc = P+ EGT —aFGH (2.33)
G +H
Laplacian; LAP Sinai et al., 1981; s
1986
&’z 0z )
LAP=—+—5=Vz=PROFC+ PLANC=D+ E (2.34)
ox~ Oy
LAP 232 233

Speight 1980  specific catchment area SCA

2-3

21



— /./«"«r /&
N e
/(///«-—-J

YL mm/ X
LA §(

1550 5 $a S
NN\

v

N

2-3

22



Carson
and Kirkby, 1972 Kirkby, 1978
USLE Wischmeier and Smith, 1978
Tillage erosion
Van Oost et al., 2000b  Schumacher et al. (2005)
RUSLE
A

Ap
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2.1
200 600
25
-10
6 1,000mm 5
8 10 400mm
80 2.8ha
260 295 15 / 60m 0.25
3 4
3-
1
, 1975
2.2
XY 14
14
7 3-1 1988 8 20
154 4
80cm
, 1997
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HE

) ﬁ//%

3-1

25



154 1

4
pH
-5kPa
72
pH 1N-KCI 125
2.3 ¥7cs
70> 84m
137CS

155 Ap
30
50cm?®
-1.5MPa
CN
2mm
pH
3-1 26 Ap
137CS

Rogowski and Tamura, 1970,

McCallan et al., 1980, De Jong and Kachanoski, 1988, Walling and Quine, 1991,

Andrello et al, 2003
Ge-Li \V4
Ap

13703

26

24

137CS

137CS

Radioactivity Survey Data in Japan



(1971~1980) 1970 1984 3.84

kBgq m™ 1984

137¢s 3.70 kBq m? Sakuma and
Takeuchi, 1988 3.44 kBq m™
137CS
1¥Cs 1963 1997
1963 1¥Cs
137Cs
Inf
Cs; = Cs, x (1— L/100) 3.1
Csi i 137¢s kBqm? Css **Cs 3.44 kBq m™
L % t 1963 25
2.4
Dalrymple
1/1000
5 3-2
INTERFLUVE ; Inf CONVEX CREEP SLOPE ;
Ccs TRANSPORTATIONAL MIDSLOPE ; Tms
COLLUVIAL FOOTSLOPE ; Cfs ALLUVIAL TOESLOPE ; Ats

Inf  Dalrymple
SEEPAGE SLOPE
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Convex Creep Slope : Ccs

Interfluve : Inf
Seepage Slope

Seepage Slope

Transportational
Midslope : Tms

3-2

28

Fall Face

Channel Wall

Channel Bed

Colluvial Footslope : Cfs

Alluvial Toeslope : Ats



2.5

1/1000 20m

7m 7><7m DEM
DEM Digital Elevation Model 3>=<3

Zevenbergen and Thorne 1987

PROFC
PLANC LAP 7m-DEM
PROFC, PLANC, LAP
3x<3

Specific Catchment Areas
Speight,1980

m

2.6

29



F 2.0 1973

Geostatistics

y(h)  kriging
Kriging GS+

Geostatistics for the Environmental Sciences Gamma Design Software

3.
3.1
3-3
0.04m m™
Inf-Ccs-Tms-Cfs-Ats
Ccs Ats Ats
Inf
Tms Cfs Inf Ccs Tms
Cfs Ats 5.6% 19.3% 33.6% 21.8% 19.7% Tms
0.014 0.346 m m*
0.237 mm™*
0.200 m m™ 80%
2-4 0.300 m m™ Inf Ccs Tms
0.100 m m™
Ats Inf Inf
Ats 0.150 m m™ 0.250 mm™* 0.100 m
m-l

0.100 m m™* 0.200 m m*
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3-3

31

Inf




10

3-4

32

20

0.250

0.200

0.150

0.100

0.050

0.000



60%

PROFC Inf
Ccs
0
PLANC Tms
Ats 3-5
0.01 10m 0.10 0.00
Cfs Ats Tms
3.2
3-6 Ap 1¥cs 26 3
3.44 kBq m™ 4.16 kBq m™ 0.8 2.00
kBq m™ 60%
3-7 1.20 kBq
m2 Inf, Ccs
0.16 kBq m™
3.1 Inf 0.16 kBgq m™ 1963 1988 25
Ap 11.5 % Ap
29 mmy*! Inf, Ccs 1.20 kBq m™ 4.8 % 14 mm
y! Tms 2.04 kBg m™2
2.1 % 6.3 mmy* Wischmeir
and Smith (1978) Soil Loss Tolerance Limit 0.6 1.3 mm y™
1.0 Mg m™®
Van Oost et al.,2000b, Schumacher et al.,2005, Papiernik et
al.,2005
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3-5 PLANC

34

0.03

0.02

| -0.01

M -0.02

W -003



45

0O 08 16 24 32 4 48
BlcsEm’E  (kBg/m )

AN




3-7 137Cs
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3.3

3-8
273m 283m
3 4 (16.5,6)
Inf Ccs Ap C
Ap (10YR5/8) (10YR4/4)
Ap
Tms Ap B
Cfs Ats B A Cfs Ats Ap
(10YR4/4) (10YR3/3) Inf Ccs Ap
Cfs Ats 4
A 6,6 A
0.25 m m*
PLANC 0.016
Vv
(7,6)
Ccs
Ccs Ap/C Ap
A Ats
Cfs Cfs
A Ap (10YR3/3) A
PROFC

Cfs Ats
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, 1965

3-9
A/B/C 60cm
Inf, Ccs AlC A
10cm 6.5cm, 8.0cm Tms A/B/BC/C Ats A
Ab A/Ab/BIC A
15cm 35cm Ab
Inf  Cecs B Ap/C Ap
Cfs Ats
Ap A Cfs B 80cm
C Ap/A(B) Tms
Ap/C Ap/B/C
Ap
Ap
3-10
Inf Ccs pH
Cfs Ats
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20

30

40

50

cm

——————
_____

A; 14 17cm

B; 16 20cm

C; 20cm

40

10YR 3/2

10YR 4/3

10YR 4/4
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3.4

A Ap + A
3-1 A 34.0cm 39.7%
12.5 80.0cm
X2 20 35cm 60
700 6000ha
1975 30 34%
0.01 0.30
8ha Miller et. al. 1988
35.6% 39.7%
88ha Park et al. (2001) A
45.7%

Bekkett and Webster 1971 Webster 1985

2.8ha
A
Ap
3-2 53
30
10 pH
0.05ha 1971 5
, 1971 5% 9%
0.44ha 1986
4.4 pF1.5 -pF3.0 29

42



3-1 A

Ccm

34.0 13.50 182.19 1.56 1.34 12.5 80.0 154 39.7

*80cm 1 80cm
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60%

7.1% 9ha ha 13%
11.8% 9ha ha 20%
10
1971
2.50kg kg™
kgt 1.5 kg kg™t
5.9% 5.75
6.50 14%
Ap 3-11
7.1%
4~6%
5
60%
3-12 30mm
C
C
Ap

45

1975

pF1.8 -pF3.0

25 30

Bekkett and Webster

39.0%
14% 3.5 kg
12% pH
32%
3-2
10%
Ap
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3-3

A PH(H,0)  pH(KCI)

-0.3701 0.4567 0.4458  -0.5765 -0.4446  -0.4045 0.3501  -0.6995 -0.7302 0.8850

1%
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Ap

Ap
3.5
A 3-13
3-4 A
Moore et al. 1993
Park et. al. 2001
lS?CS
A
3-5
PLOFC, PLANC
Ap
pH
pH(KCI)

Inf

49

Ap

1995



3-13 A

50

(cm)

80

70

60

50

40
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20
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3-4 A

PROFC PLANC LAP
-0.14 0.37** 0.51** 0.48** 0.38** -0.36**
*%* l%

51



3-5

PROFC

PLANC

LAP

pH(H;0)
pHCKCD)

0.286**
0.215*
-0.398**
-0.236**
0.006
0.151
-0.118
-0.426**
0.368**
0.319**

-0.334**
-0.275**
0.346**
0.277**
0.119
-0.095
0.311*
0.317*
-0.393**
-0.348**

0.378**
0.391**
0.354**

0.169

0.289**

-0.079
0.509**
0.482**
0.617**
0.544**

-0.388**
-0.366**
0.380**
0.237**
0.229*
-0.093
0.459**
0.445**
-0.565**
-0.493**

-0.323**
-0.187*
0.513**
0.288**
0.128
-0.028
0.409**
0.368**
-0.472**
-0.465**

-0.03
-0.196*
-0.099
-0.369**
-0.008
-0.037
-0.326**
-0.298*
0.380**
0.221*

52
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Ats

0.51
PLANC
0.50
A Ap
7Tm-DEM
A 3-6 PLANC
0.352 Moore et. al. 1993
0.503
Wetness Index PROFC Park et al.
2001 0.362
60cm
60cm
Snedecor and Cochran, 1972 0.56
3-6 4
2
0.40 0.42 Moore et. al. 1993
0.48 pH 0.41 0.63

53



3-6

0.3520
538.77 0.40
PROFC -0.49 -0.24
0.04 0.17
166.11
0.4017 0.3816
t
0.0072 0.3850 **4.691 >t(0.01)=2.618
PROFC 30.96 0.2634 **3.467 >t(0.01)=2.619
-5.13 -0.2639 **3.264 >t(0.01)=2.620
0.021 0.1429 1.877 <t(0.05)=1.980
-2.30 0.678 <t(0.05)=1.981
0.4150 0.4054
t
PLANC -211.01 -0.5266 **7 564 >t(0.01)=2.618
27.46 0.3453 **4.960 >t(0.01)=2.618
0.88 0.654 <t(0.05)=1.981
**k 1
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3.6

3-7
3-8
Inf Ccs 25cm
40cm Tms
30% Tms 70cm
30cm
Inf Ccs 85% + =30cm
85% - =30cm
3-9
Inf
Ats
3-14
Inf Ccs
Inf Ccs
Ap C

55

pH
Cfs
Cfs Ats
C

10

Ats

Cfs Ats

Cfs Ats
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3-8

Inf Ccs Tms Cfs Ats

14 36 51 27 26
26.04 24_61 32.61 44 .13 43.44
(o) 5.16 4.80 10.12 16.59 13.55
+o 31.20 29.41 42.73 60.72 57.00
- 20.87 19.81 22.49 27.54 29.89
9248.8 4 2312.21 18.50 > 3.45 =F(4,149)(0.01)

18626.9 149 125.01

27875.7 153
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Inf= Cfs,Ats

Ccs= Tms,Cfs,Ats

Tms== Cfs,Ats



3-9

oH(H,0) 2.73 4 0.68 ** 5.914 >3.447=F 4 150,(0.01)
17.34 150 0.12
20.08 154
55.10 4 13.78 ** 22.620 >3.447=F(4 150,(0.01)
91.35 150 0.61
146.45 154
1349506.5 4 337376.6 ** 16.006 >3.447=F 4 150y(0.01)
3161748.4 150 21078.3
4511254.9 154
893.9 4 223.5 ** 25.641 >3.447=F(4 150)(0.01)
1307.4 150 8.7
2201.3 154
0.15 4 0.04 ** 3.787 >3.447=F(4 150y(0.01)
1.45 150 0.01
1.60 154
671.7 4 167.9 1.573 <2.432=F (4 15,(0.05)
16017.6 150  106.8
16689.3 154
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Inf Ces Tmz Cfs Ats
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Inf Ces Tms Cifs Als

= |5 1]

1 AR b B

Tms Cfs Ats
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Inf s

3-14

EE' 10
E_::
tr 5
—
ik
Inf 4 Tms= Cfs Als
S S| T
)] [ =
: be :
u
=
= 1.0
&
g
(1L.80 ] | 1 | 1
Inf Ces Tms Cis Als
ET T

1 1 | 1 1 |
Inf Ces Tms Cfs Als
=7 L
i bR WMATFEERET
HEs WAEY
FEE WMEAFL-EREE
L ] EFLHEAOFEENT ETFOMBIELTEY - ERELERT.
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Inf Ccs

pH

pH(KCI) Inf Ats

Inf  Ccs Ap

Ats

pH

Tms

Tms Ccs Cfs

9.8

Ats

3-10 pH

Ap
10
pH(H,0) Inf Tms
5
pHG6.5
pH
Ap A B
pH
Ats
Cts
Inf Ccs
Cfs  Ats Ap
2 4
1971

10

60

Ats Ats Tms Inf

15%

pH

Inf 2

Inf Ccs

5%
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5% 100

30% 15

155

3.7 Geostatistics

Geostatistics

range

kriging

Geostatistics

Miller et. al. 1988

Y (h)
400><200m

Geostatistics

3 4

Geostatistics
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45 4 7(h) 3-15

pure nugget

m
Yy (h) A
90 y(h)
A 90  y#(h)  nugget 7(h)
nugget 90
DEM 50%
pH
y(h) Lag
Geostatistics vy (h)
Y
(h)
32%
kriging 7(h)

pure nugget effect

3-16 v (h)

punctual kriging Burgess and Webster, 1980a

10.34% 3-17
vy (h) N (h) 80
Webster, 1985 16

Burgess and Webster, 1980a
14m
kriging

vy (h)
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B -225~225
45" 1 22.5~675
A 90":675~1125

Q

o 135" :1125~157.5
300 -
&
250
&
200 ° o 8 @ ,
..................... B e e e L
S )
= ] ™
150 & ™
o | | &
&
100 X
50- a Al <
)] | | T | | |
O 2 4 B a 10 12
Lag (Ah= 7 m)
3-15(1)
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200 60000 -
H
0 A H * 40000 Wt
£ ]
100 H.g Lo Y E y E
Yo B Y £ BE E
B 20000 g e 'é B B
09 g R
0 T T T T T 1 0 T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
0015 15
B HA
A BA A A A
0010 22 = R & 10
H H H H BE BB R ETRE Be
H Y B R H
0005 | B 05
ﬁ H
0.000 T T T T T 1 00 — T T T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
30 -
BE Bg 8 A B 0° -25 25
013 BE A s A E 45° 25 675
A H 20 1 E A
g M " H ®a BE £ H = 675 1125
A Y
Y " 10 4 a M H H B A 135° 1125 1575
B
B PHCH ,0)
it 2 H H
000 — T T T T 0 — T T T T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
lag Ah=7m Lag Ah=7m
3-15(2)
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y(h)=c,+c
¢, = 25.0,

3h 1
h)=c,+Ci-—-=
r(h)=c¢, + {Za 23

O<h<a

a<h
c=388.1, a=456

3-16
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3-17 Kiriging
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80
14m 154
Ap
4 3
Inf Ccs Tms Cfs Ats
Inf Ccs Tms
Cfs Ats
0.237 m m* 0.200 m m* 80%
B7cs 11.5 % 29 mm
y-l
Inf Ccs
Ap/C Ap
Cfs Ats Ap/A/B Ap
Ap
A Ap
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Geostatistics

kriging
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1995

11 16%
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Ap



2.1
806m 110~360m 470.4ha
380.0ha
7 8 20 2 3
-5 -1 1200mm 100
8ha
4-1
A B
A 0.26ha 130m><20m 40m 0.25mm?t 15°
B A 0.38ha 190m><20m 30m
0.22mm?t 13°< 1966~1967
1
1970 1982
1 A b Ta-b 1667
7 20cm
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® 170

- 160

150

140

130

120

110

0 100m 200m

[ I I I ]

4-1
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C
5~10cm
2.2
DEM
(30, 7.5)
100cm?®
3
A C
5cm
10cm 2A
A
A
A
4-3

SL 7%

pH(H,O) 5.0~5.5 2
c Us-c 1663 3
Ta-b
2A 32200
1 Spfa; 30cm
A 2001 9 10 2.5m
2.5m
4-2 2001 9 27 28 (-57.5, 2.5) (-30, 2.5)
80cm
5cm 5.1cm
2001 10 25 26 5m
0.2>0.2m A
100cm® 5cm 5.1cm
A/CI2A C
20~30cm
A C
B 2002 6
2.5m-DEM 4-3 B
185m 2.5m 2002 7 3 4
A A
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T
-5

|

T
1510 5 0

65

Y(m)

(2001 9 )

O

(m)

4-2
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o

o
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5 5050 5 o 0505 o N Ol O Mo WM O Mmoo W o MW o wmw o
S S8d099383333888s88E5533%

(w)x

-5 -10

1050

Y(m)

O

(m)

4-3
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2.3

DEM Slope Profile Curvature ;PROFC,
Plan Curvature ;PLANC, Laplacian ;LAP Specific Catchment Areas; SCA
SCA A
B 5
Dalrymple

INTERFLUVE ; Inf
CONVEX CREEP SLOPE ; Ccs TRANSPORTATIONAL
MIDSLOPE ; Tms COLLUVIAL FOOTSLOPE ; Cfs

ALLUVIAL TOESLOPE ; Ats

A Ats B Inf
4
2.4
EC pH(H.0)
C/N
,1983; , 1995; , 1997
100cm?®
-5kPa
-5kPa
EC pH(H,0) C/N 2mm
IN EC
1:5 pH(H20) 1:
25 pH
NC
C/N
137CS
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B X=10m X=140m 2
2.5cm
50cm?® 5cm 2.5cm
Ge-Li V4 80,000
3.
3.1
A B 130 190m A
2.5m-DEM
A 0.269 m m™ 0.016~0.413 m m™*
4-1 0.30 m m*
X=-50~25m 4-4 0.20 m m*
PROFC PLANC -0.05~0.05
85%
4-4 LAP
-0.15~-0.05
0
4-5 Inf
0.20 m m*
0.16~0.25 m m* LAP -0.10
Ccs Cfs 0.20mm™*
Tms 6

7



PROFC PLANC LAPLACIAN
142.8 0.269 -0.0047 -0.0085 -0.0131
115.5 0.0070 0.00165 0.00127 0.00431
10.7 0.084 0.0407 0.0356 0.0657
-0.62 -0.16 2.69 1.90 1.59
-0.20 -0.62 -0.45 -0.71 -0.63
120.2 0.016 -0.1606 -0.1483 -0.2837
160.7 0.413 0.1545 0.0891 0.1670
528 331 329 329 331

PROFC PLANC LAPLACIAN
128.9 0.228 -0.0023 -0.0025 -0.0046
65.3 0.0090 0.00134 0.00204 0.00509
8.1 0.095 0.0366 0.0451 0.0714
-0.27 -0.32 4.24 3.55 2.75
0.98 0.18 0.97 0.89 0.93
120.2 0.032 -0.1182 -0.1245 -0.1952
149.8 0.452 0.1765 0.1794 0.2586
535 225 223 223 225
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0.30mm

Ats
Inf Ccs Tms
Cfs % 7% 67% 17% Tms
B 0.228 m m™* 0.032~0.452 m m™ A
4-6 0.30
m m* X=0~30m X=75m
X=75~165m
0.10 m m* X=140m
A PROFC PLANC -0.05~0.05
86% 80%
X=90m
LAP =+0.03 =+0.20
X=90m
X=75
90m
B 4-7
Inf X=105m LAP -0.10
Ccs X=75~95m X=110m X=160m
Cfs 020 m m*
SCA 50 m*m*
X=167.5~185m  Ats 0.16 mm™
0 Ccs Cfs Ats Tms
Tms  X=72.5m 8 0.20
0 Tms X=100m
X=115~155m X=165m Ccs Tms
Cfs Ats 3% 67% 19% 11% A Tms
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0.55

0.4-=""*. '
0'3__ ......o o 0.as Lo o °. b - T
0.2__ _______ _l_._t_'_.._.__l._._.-_._._._.__._-0.—.0-..————.1——.——__
01__ . L ...... (] .'....
O+ 7771 7T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100110120130140150160170180190
X(m)
0.3
033 LAPLACIAN - .
0.1 .. R
0 ".‘.n.—.r..‘.r."'.— > e —.‘—“. - e - . —.‘..‘.o—”-'.—..— - :."2-" -
0.1 ..
-O-2|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|
0 10 20 30 40 50 60 70 80 90 100110120130140150160170180190
X(m)
1000 SCA i
100 D
10 ..........o..oo..o e®e®e ..""o. ...0.0..0.......o
l|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|
0 10 20 30 40 50 60 70 80 90 100110120130140150160170180190

X(m)

4-6 B
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3.2%cs

Bcs 4-8
12.5cm 2.5cm
e 1,770 Bq m?
2,185 Bqgm?  20% B 2
17.5cm 12.5cm
Bics 3,530 3,960 Bg m? 2
137CS
X=10m 7.5cm  140m 5.0cm
X=10m 20m 0.40
137CS
B
X=10m
X=140m Bcs 430 Bq m* 7.5cm
2.5cm 10m
2.5cm 10m 0
2.5cm B7cs 200 Bq m™ 430 Bq m™
600 Bq m™ 140m
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13.’|:Sﬁ-ﬁg Eqm'3
] 250 500 750 1000 1250 1500 1750 2000 2250
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7
m—ﬁ

15+

140m

204

25
0 250 500 750 1000
D Al T T 1
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7
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204

1000

B meein

204

25-

4-8 B B¥ics
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3.3

4-2
0.09

Ap

0.759m® m™

2A

Tms -30, 2.5
1.17 Mg m?
Inf

510 Inf

8.5%<10"cms*

14 25cm

A Inf(-57.5,2.5) Tms(-30,2.5) Cfs(30,7.5) 4-9
Inf -57.5, 2.5
A 6~11lcm
Ta-b SL 0.67mm*
pH(H,O)  5.75 9.84><102kg kg™
25cm 2A
2.2><10%m s 2
2A
C Us-c
S 15cm
0.509 Mg m?
3 10"~10%cm s
1 Spfa 0.50 A
CL
0.30
Inf B
2C, 80cm A
L pH(H,0)
EC
0.19 Cfs 30,75 Inf, Ccs
1.35Mg m™
2Bg 54~60cm A
AC
A
1.4 0.6

1.5
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(cm)
0
A
6 11
c
21 26
2A
28 32
2B
55 60
2C
80 7
|
Inf
(-57.5,2.5)

(cm)
0
A
5 12
C
20 22
2A
25 28
2B
44 46
2C1
65 68
2C2
80 7
Tms
(-30,2.5)
A

14

22

40

54

87

(cm)

16

AC

25

43

2A

60

2Bg

A; Ta-b
C; Us-c
2A ; Spfai
(-57.5,25)  (-30,2.5) (30, 7.5)
0.087 0.304 0.191
PROFC -0.0025 0.0022 0.0466
PLANC -0.0222 -0.0262 0.0398
LAPLACIAN -0.0246 -0.0240 0.0864




4-2(1) Inf 575,25
EC pH(H,0) C/N

cm mSm™ 10%kgkg™ 10%kgkg™
A 0-6/11 42.40 5.75 9.84 0.68 14.52
C 6/11-21/26 2.48 5.23 1.05 0.08 13.02
2A  21/26-28/32 13.86 4.79 5.62 0.35 16.20
2B 28/32-55/60 11.37 5.15 2.73 0.20 13.76
2C  55/60- 11.43 5.38 1.69 0.14 12.44

*

cm Mgm® 10%kgkg™ 10%kgkg™ 10%kgkg™
A 0-6/11 2.32 74.3 12.3 134 SL
C 6/11-21/26 211 90.2 7.9 1.9 S
2A  21/26-28/32 2.51 49.2 29.8 21.0 CL
2B 28/32-55/60 2.67 74.7 18.1 7.2 SL
2C  55/60- 2.70 76.4 16.7 6.9 SL

cm Mgm’® m’m® m°’m’® m’m’ cms™
A 0-6/11 0.737 0.395 0.671 0.071 2.2%107*
C 6/11-21/26 0.509 0.247 (0.759) 0.250 1.3%<107"
2A  21/26-28/32 0.857 0.426 0.639 0.146 1.0>1072
2B 28/32-55/60 0.922 0.366 0.633 0.129 1.3%<107
2C  55/60- 1.030 0.442 0.587 0.093 1.7>=<107°

*, ISSS

**; ()

*kk



4-2(2) Tms -30, 2.5
EC pH(H,0) C/N
cm mSm™ 10'2kg kg'l 10'2kg kg'l
A 0-5/12 18.28 5.10 8.68 0.78 11.09
C 5/12-20/22 3.47 5.38 0.99 0.07 13.93
2A  20/22-25/28 14.30 5.40 3.84 0.26 14.64
2B 25/28-44/46 14.11 5.44 3.19 0.27 11.83
2C;  65/68- 11.90 5.12 1.02 0.11 9.68
*
cm Mgm™ 102kgkg™ 10%kgkg™  10°%kgkg™
A 0-5/12 2.32 64.6 21.9 13.6 L
C 5/12-20/22 2.09 82.1 135 4.4 SL
2A  20/22-25/28 2.60 43.1 39.3 17.6 CL
2B 25/28-44/46 2.67 80.4 17.0 2.6 SL
2C;  65/68- 2.72 58.5 27.3 14.3 L
cm Mgm®  m’m?® m’m* m’m* cms™
A 0-5/12 0.768 0.518 0.661 0.077 2.8%<107°
C 5/12-20/22 0.550 0.331 (0.738) 0.364 9.9>1072
2A  20/22-25/28 |  1.041 0.486 0.582 0.063 1.5%<10™
2B 25/28-44/46 0.927 0.470 0.629 0.128 2.1x<107°
2C; 65/68- 1.168 0.450 0.532 0.070 1.4%=<10™
*. ISSS
**()
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4-2(3) Cfs 30,75
EC pH(H,0) C/N
cm|  mSm™ 10%kgkg?  10%kgkg™
A 0-14/16 22.30 5.19 12.98 1.28 10.14
AC  14/16-22/25 2.41 6.06 2.20 0.15 15.06
C 22/25-40/43 2.12 5.75 0.60 0.04 15.52
2A  40/43-54/60 12.30 5.44 3.69 0.28 13.24
2Bg  54/60- 8.70 5.54 0.64 0.08 7.69
*
cm Mgm'3 10'2kg kg'l 10'2kgkg'1 10'2kgkg'1
A 0-14/16 2.31 62.1 17.3 20.6 SCL
AC  14/16-22/25 2.33 88.5 1.7 3.8 LS
C 22/25-40/43 1.98 91.2 55 3.3 LS
2A  40/43-54/60 2.64 445 38.6 16.9 CL
2Bg  54/60- 2.71 58.6 32.2 9.3 L
cm|  Mgm? m’m® m’m? m’m® cms™
A 0-14/16 0.495 0.654 0.785 0.096 1.7><107
AC  14/16-22/25
C 22/25-40/43 | 0.493 0.318 (0.752) 0.281 1.9%<107"
2A  40/43-54/60 | 0.735 0.609 0.689 0.105 5 6><10"
2Bg  54/60- 1.350 0.466 0.503 0.038 8.5%<10"’
*: |SSS
**()
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SCL

A
34
4-3 4-4 A B A
11
A 2 B A
100% 30~50% A
C EC 10%
pH(H,O) CIN
3
2.2%<10° 1.7=<10%m s*
B 129% A 300%
4-10 A
-55
200% Warrick and Nielsen, 1980, , 1986,
Lauren et al., 1988, Wilson and Luxmoore, 1988, , 1996  Wilson and Luxmoore 0.5ha
107, 92%
129%
Lauren et al.
1997
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4-3 A
A C EC pH(H,0) C/N
cm cm  mSm? 10kgkg™ 10kgkg™
11.0 14.3 10.7 5.00 7.39 0.65 11.40
12.8 22.7 21.3 0.074 4.59 0.038 0.86
3.6 4.8 4.62 0.27 2.14 0.19 0.93
32.5 33.2 43.1 5.4 29.0 29.7 8.1
2.62 0.69 2.29 -0.50 -0.37 0.36 8.94
1.45 -0.43 1.29 0.36 0.37 0.46 2.14
59 59 70 70 70 70 70
o o o o
10%kgkg”  10%kgkg™® 10%kgkg?  Mgm* m°m* m'm® m’m® cms?

68.7 15.6 15.7 0.751 0.536 0.681 0.109 0.0022 -3.38
55.0 58.2 33.6 0.0096 0.0039 0.0014 0.0019  0.000047 0.73
7.4 7.6 5.8 0.098 0.063 0.038 0.043 0.0068 0.86
10.8 48.8 37.0 13.0 11.7 55 39.9 308.1 -25.4
-0.40 -0.20 0.25 0.58 0.19 0.62 -0.27 55.19 -0.61
-0.06 0.34 -0.06 -0.30 -0.55 0.51 0.64 7.11 -0.09
70 70 70 70 68 70 70 70 70
o o o o o o o o

o 0.05
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4-4 B
A C EC pH(H,0) C/N
cm cm  msm? 10%kgkg™ 10kgkg™

10.5 14.4 23.4 4.86 7.83 0.71 11.04
115 13.3 53.8 0.050 2.19 0.022 0.70

34 3.6 7.34 0.22 1.48 0.15 0.84
32.4 25.3 31.3 4.6 18.9 20.7 7.6
2.25 0.62 0.02 -0.16 0.79 0.22 10.67
1.33 -0.92 0.37 0.53 -0.42 -0.27 2.46

71 71 74 74 74 74 74

o o o o
10%kgkg® 10%kgkg? 10%kgkg®  Mgm* m°’m? m’m®  m’m? cms™

70.5 15.1 14.4 0.777 0.421 0.661 0.094 0.0017 -3.09
54.1 61.9 30.5 0.0075 0.0060 0.0013 0.0021 0.0000049 0.36
7.4 7.9 5.5 0.086 0.077 0.036 0.046 0.0022 0.60
104 52.1 38.4 111 18.4 5.5 49.1 128.9 19.4
2.73 2.46 0.24 -0.61 0.98 -0.83 0.27 6.43 3.70
-1.11 1.04 0.64 0.25 -0.10 -0.36 0.94 2.34 -0.95

74 74 74 74 74 74 74 74 74

o o
o.. 0.05
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5cm

1992 -0.3 -10kPa Ahujaetal. (1984) -33kPa

-5kPa
4-11
40 50%
A C 11cm, 14cm A
4-10 25 33%
30 34%; , (1975), 35.6%; Miller et al. (1988)
Beckett and Webster, 1971, Meredieu et al., 1996, , 1971, , 1971, , 1986,
Warrick and Nielsen, 1980, Kachanoski et al., 1985
1971 10
5 10cm 5%
28 33cm 12%
A B
B
0.1m*m3 A

1983
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Famiglietti et al. (1999)
5% 100%
2002 7 20%
2001 80m><90m 9m

46 5.0~12%

Beckett and Webster, 1971,

Meredieu et al., 1996, Castrignano et al., 2000, Yanai et al., 2000

35
A 4-5
A 5%
B
B LAP A 4-12 3
LAP -0.12 0.20 3
SCA
A
A
4-13 A B
3 Ccs
C
A Cfs Tms C B
Tms Ats C
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Aandahl, 1948; Kleiss, 1970;

Malo et al., 1974 Malo et al.,1974; , 1983
A Cfs
Inf, Ccs, Tms 4-14
Cfs Inf Ccs
Tms
5% Tms Ccs
0.04 m®* m3
Ccs B
Cfs Tms  Afts Ats
Ats 8 7 SCA
10 SCA 25%
2002

3
Mohanty et al. (2000)

3mm 24
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PROFC PLANC  LAPLACIAN
A 0.252 -0.159 -0.063 0.017 -0.021
C -0.103 -0.345** 0.219 0.031 0.139
EC 0.219 -0.067 -0.070 0.146 0.042
pH(H,0) -0.330** -0.056 0.146 -0.068 0.048
0 -0.104 -0.062 0.182 0.068
0.075 -0.080 -0.064 0.232 0.096
CIN -0.251* -0.121 0.013 -0.166 -0.088
0.056 0.010 -0.211 -0.284* -0.291*
-0.019 0.057 0.145 -0.004 0.084
-0.047 -0.087 0.080 0.370** 0.261*
-0.164 0.003 0.045 -0.054 -0.004
-0.374** -0.024 0.250* 0.255* 0.298*
0.130 0.050 -0.036 0.097 0.035
0.457** 0.170 -0.254* -0.164 -0.247*
0.438** 0.069 -0.145 -0.219 -0.214
*; 0.05
**; 0.01
B
PROFC PLANC  LAPLACIAN
A -0.231 -0.262* 0.324** 0.277* 0.344**
Cc 0.135 0.083 -0.331** -0.185 -0.287*
EC -0.202 -0.198 -0.001 0.212 0.134
pH(H,0) -0.418** -0.241* 0.208 0.104 0.175
0.053 -0.057 -0.113 -0.040 -0.085
-0.036 -0.132 -0.127 0.002 -0.065
CIN 0.252* 0.238* 0.037 -0.125 -0.060
0.130 0.207 0.014 -0.128 -0.074
-0.146 -0.151 0.121 0.121 0.140
0.034 -0.060 -0.191 -0.001 -0.101
-0.145 0 -0.097 0.135 0.035
0.042 -0.023 0.273* 0.301** 0.335**
0.355** 0.209 0.093 -0.165 -0.056
0.263* 0.306** 0.195 -0.079 0.052
0.215 0.140 -0.099 -0.350** -0.274*
* 0.05
>, 0.01
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25.00 A

20.00 ~ N
15.00 n r
.. ; 3
< 10.00 0 0
5.00
0.00 | | | | |
Inf Ccs Tms Cfs Ats
25.00 B
20.00 |-
n
15.00 F= n
N 4 —
< 10.00 | Bt 0
5.00
0.00 | | | | |
Inf Ccs Tms Cfs Ats
+
+
4-13 A
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0.70 A

= 0.60 .

0.50 .1 3

0.40 -

0.30

0.20
Inf Ccs Tms Cfs Ats

0.70

T 0.60
S

[32)
= 0.50 - n \

0.40 |- F \n|

0.30 j

0.20
Inf Ccs Tms Cfs Ats

I+

4-14
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Cfs
4-15 B
PLANC LAP SCA
Cfs Ats
B
X=75 90m
X=75m 2
PLANC
LAP
SCA
SCA

103



cm s

cm

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

Inf Ccs Tms Cfs Ats
_ B
T
i § n
0 0 \ / 0|
0,
| | | | |
Inf Ccs Tms Cfs Ats
+
+
4-15
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pH

Tms
pH
3.6
7(h)
Y
4-17
A B
A EC

0.357

B X=90m
pH
Cfs
A
X
7(h)
1996
7(h)
0.05
0.30

Russo and Bresler, 1981; Gajem et al., 1981
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pH

6.00

5.00

4.00

6.00

5.00

4.00
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Inf Ccs Tms Cfs Ats
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4-17(1)

Al A

10 I'a 20 25 30

pH

10 15 20 29 30

e FES R

A

10 15 20 25 30
Lag (m)
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r{h)

Al

0.04

¥ (h)
]

0.0Z

pH

2.8

154 ®

10 15
Lag (m)

20 25

EATE SRR

4-17(2) B

10 18
Lag (m)
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109

4-6 A,B
A
Lag (m  HN) U S T
A 5 10.52 49 0.180 1.299 2.010 o
10 12.08 44 0.058 0.384 2.015 o
15 10.56 44 0.176 1.207 2.015 o
20 12.53 41 0.023 0.148 2.020 o
pH(H,0) 5 0.062 65 0.156 1.285 1.997 o
10 0.076 62 -0.034 -0.266 1.999 o
15 0.079 59 -0.078 -0.599 2.001 o
20 0.060 56 0.177 1.371 2.003 o
5 3.80 65 0.172 1.427 1.997 o
10 497 62 -0.083 -0.654 1.999 o
15 4.29 59 0.065 0.503 2.001 o
20 3.87 56 0.157 1.202 2.003 o
EC 5 15.05 65 0.294 2.599 1.997 =<
10 18.33 62 0.141 1.130 1.999 o
15 15.82 59 0.258 2.125 2.001 >
20 19.50 56 0.086 0.647 2.003 o
B
Lag (m) M) AN e N
A 2.5 9.8 65 0.153 1.265 1.997 o
5 11.6 64 -0.004 -0.029 1.998 o
7.5 12.0 63 -0.044 -0.348 1.998 o
10 10.6 62 0.077 0.612 1.999 o
pH(H,0) 2.5 0.028 71 0.429 4.433 1.994 >
5 0.036 70 0.273 2.467 1.994 >
75 0.041 69 0.173 1.485 1.995 o
10 0.045 68 0.099 0.823 1.995 o
25 1.55 71 0.291 2.680 1.994 >
5 2.16 70 0.012 0.104 1.994 o
75 2.14 69 0.023 0.189 1.995 o
10 2.01 68 0.083 0.690 1.995 o
2.5 0.017 71 0.246 2.202 1.994 >
5 0.022 70 -0.025 -0.211 1.994 o
7.5 0.020 69 0.093 0.776 1.995 o
10 0.019 68 0.142 1.191 1.995 o
2.5 0.0008 71 0.357 3.444 1.994 >
5 0.0011 70 0.174 1.498 1.994 o
75 0.0011 69 0.140 1.189 1.995 o
10 0.0013 68 0.006 0.052 1.995 o
* O, 0.05 >, 0.05



B

pH(H20)

X=75m

1lag 2 lag 5~7.5m
X=75m 2
A 4-18
75m
75m
pH 1lLag
kriging
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0.26ha 130m><20m A 30m 0.38ha 190m><20m
A, C
2.5m
0.10mm™ 0.40mm*
B
1SYCS
A
DEM
pH
A

Geostatistics
5m

Kriging

112

40m



( , 1996)

, 2006 Wang and Inoue, 2005

1988, : , 1993

, 1989

, 1989 , 1997 Wijaya

et al., 2001
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Tillage erosion

2.1

60

114

Geostatistics

10



1998

5-1 1.2ha 400 414m

0.20 m m’*

2.2
2005 10 5 7

4-1 10m
0.28m
5m
147
0.3m 0.2m 0.28m
2mm
pH 1:2.5 Bray No.2
NC
2.3

RTK-GPS IMU Inertial
Measuring Unit ;
RTK-GPS

2cm cm 2m

0.9m IMU

5-1 ArcGIS DEM
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10 5 1

2m-DEM /
(m) o

I 389 - 400
] 401
[ 402
[ 403
[ 404
[ Jaos
[ ] a06
[ a7
[ 408
[ ] 409
] a0
T m
[ | m2
[ a3
Y

®  Field

-

5-1
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5-1 ArcGIS DEM

0.5m-DEM 2m-DEM 5m-DEM 10m-DEM 20m-DEM
Kriging Universal kriging Universal kriging Universal kriging Universal kriging Universal kriging
5m 5m 5m 5m
8 8 8 8 12
DEM X 2m Y 0 9m
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nugget

DEM
Universal kriging Kriging
DEM
0.5, 2.0, 5.0, 10.0, 20.0m 5 DEM
DEM Slope Profile

Curvature ;PROFC, Plan Curvature ;PLANC, Laplacian ;LAP

Upslope Area Upslope Area DEM

SCA
2.0m-DEM 5-2

5 Dalrymple

INTERFLUVE ; Inf
CONVEX CREEP SLOPE ; Cecs
TRANSPORTATIONAL MIDSLOPE ; Tms
COLLUVIAL FOOTSLOPE ; Cfs
ALLUVIAL TOESLOPE ; Ats

2.0m-DEM

2.4
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LAP_2m
>

<
- 0.025
I 00200025

0.010~0.020

1

] o00s-0.010
[ ] 0.000-0.005
|| 0.000--0.005
I -000s~-0010
B o005
Bl o000

LAP
Ccs
Cfs
Inf Ccs 0.100
Ats Cfs 0.075
slope_2m

>

<
- 0.050
P o0.0s0~0.075
] oors-0100
[ ] 01000125
|| oazs-0a50
[ 0150-0.175
I o175-0.200
Tms B 02000225
B 02250250

5-2
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Welch

Geostatistics

y(h)  kriging
Kriging GS+

Geostatistics for the Environmental Sciences Gamma Design Software

3.
3.1
2m-DEM 5-2
0.11 0.20 10%
0.0006
10m 0.1 0 0.01 0
LAP -0.005 0.005 50%
Y=6
5-3
5-4 404m
Inf  Ats 5-5
Cfs 30% Ccs Tms
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5-2

SLOPE PROFC PLANC LAP Upslope Area
mm* m m™> m m™> m m™> ><4m?
0.110 -0.0003 -0.0003 -0.0006 214
0.030 0.003 0.006 0.008 433

8.8E-04 1.2E-05 39E-05 6.4E-05 1871.15
0.65 1.48 5.01 2.81 26.89
0.70 0.17 1.35 1.30 490
0.043 -0.010 -0.017 -0.015 0.1
0.203 0.012 0.028 0.030 317.8
) 271 2025
117 117 117 117 117
2m-DEM
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LAP 2m
< >

B oo

I 0020-0025
[ | oow0-0020
[ | oo0s-0010
[ | o000~0.008

[ | o.000-0.005
[ -0005-0.010
B 000015
B oo:5-002

LAP

5-3 LAP
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] 0a75-0.200
B 0:200-0.225
B 025025

5-4
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2m-DEM
(m)

[ seo -

[ 401
[ a0
[ a0
[ Ja0a
[ Jaos
[ a6
[ a7
[ 208
[ ] a0
[ a0
I
[ a2
[ | as
[ | a4

5-5
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3.2

28cm
5-6 Ap
15cm Apl
5cm
C CB
6.5, 6.5 8, 9 41cm 10, 5
5, 4.5 75, 82 cm
5-7 29cm
Ap Ap
B Ap A B
45cm C
1.5 Mg m’®
2 MPa 2.5 MPa Ap
400mg kgt

B 100mg kgt

im pH Apl

B CB 5.0
Apl
3.3
pH 5.64 5.7%
5-3
30km
pH  6.14
5.00
pH 6.5
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i (6.5, 6.5) (8,9 (10, 5) #he5 (5, 4.5
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01— (R 0
104
20
304
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] 1 B
40__ __________ 40—_
§ _ Jminmnm E 1 me1 | B
YU yu 507 Y0
......... Rk BK | K
60
] BC2
70
Bt e
U
90+ .
_-— U ettt BN S
— — — — HIOEZ
B nE  LAP  EFASE
(6.5, 6.5) 0.091 —0.005 Inf
(8,9) 0.203 0.001 Tms
(10, 5) = = Ats
(5,4.5) 0111 —0.008 Ccs
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5-3

pH C/N
maka? kg kg™ kg kg™
564 510 156 0.13 118
0.32 257 0.40 0.03 1.2
0105 660662  0.156 0.001 1.46
0.10 6.31 1.86 2.78 1.09
052 1.72 -0.62 ~0.60 0.90
5.02 134 0.16 0.01 9.3
6.60 1953 258 0.24 15.8
*) 57 50.4 253 25.0 10.2
147.0 147.0 146.0 146.0 146.0
(@] x (@) (@] >
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pH 6.60 5.02

5-8
pH 6.50 2
50%
Becket and Webster 1971 40 45%
5-9
1000 mg kg 500 mg kg
, 2004 200 500 mg kg™ 700 mg kg
510 mg kg*
25 700 mg kg™
25% 40% 2/3
5-10
C/N 9 16 0.90 14
6 10.2%

129



pH

[ 15004 -525
I 5251 - 55
B 5501 -575
-6
B 6001 - 625
B 6251 -65

5-8 pH

130




(mg kg™)

[ 105-200

] 200.1- 350
I 350.1 - 500
B s00.1- 700
B 7001 -850
B ss0:- 1000
B 10001 - 125¢
B 12501 - 150¢
B 15001 - 200¢

5-9
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] os00
I os01
B 051
B oo
[ ERS
[ R
[ ER
B o0
B 2s

(%)

- 0.75

-1
- 125
-15
- 175
-2
- 225
-25

5-10

132



3.4

C/N pH

pH

pH

PLANC

C/N

pH

133

PLANC

pH
LAP
, 1999
1991 Al
pH

5-4



5-4

DEM pH C/N
SLOPE -0.13 031" 0.17 0.11 0.03

PROFC 0.07 -0.18 -0.01 0.04 -0.13
0.5m-DEM 1) 'ANC 0.13 011 0.08 0.12 -0.10
LAP 0.11 -0.19" 0.03 0.09 -0.14

SLOPE -0.14 0.32" 0.18 0.12 0.06

PROFC 0.14 -0.30"" -0.10 -0.04 -0.15

om-pEM PLANC o,zo: _0,19; 0.00 0.06 -016
LAP 0.22 -0.27 -0.05 0.03 -0.19

Upslope Area -0.14 -0.02 -0.01 -0.04 0.03
0.20" -0.26" -0.19" -0.07 -021"

SLOPE -0.11 0.29” 0.17 0.10 0.06

PROFC 0.14 -032" -0.05 0.02 -0.17

5m-DEM PLANC 0.20 -0.17 0.00 0.05 -0.16
LAP 021" 029" -0.03 0.04 -020"

Upslope Area -0.13 -0.03 0.06 0.04 -0.02

SLOPE -0.23" 038" 0.20" 0.13 0.09

PROFC 0.11 -0.24" 0.00 0.01 -0.05

10m-DEM PLANC 0.18 -0.25" -0.01 0.08 -0.25
LAP 0.18 -0.29™ -0.01 0.06 -0.20
Upslope Area 0.06 -0.12 0.08 0.15 -0.26"

SLOPE -0.01 -0.16 0.07 0.17 -0.30"

PROFC 0.13 -0.24 -0.15 -0.08 -0.15

20m-DEM 5 AnC 044" -043™ 0.08 0.15 -029"
LAP 037" -0.41" -0.02 0.06 -0.27
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5-4 DEM 0.5m
20m pH
DEM
0.5m-DEM 114 20m-DEM 49
49 Ats
DEM 5-5 20m-DEM
PLANC LAP 2.0 10m-DEM

0.5m 10 -DEM

2.0 10.0-DEM pH

pH
pH
LAP
Tms
5-11
Inf Tms
3.5
, 1999
pH 6.50
pH 3 5-12
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5-5 DEM

DEM pH C/N
SLOPE 0.5m 0.04 0.19 0.06 0.06 -0.20
2m 0.03 0.20 0.05 0.05 -0.19
5m 0.02 0.22 0.06 0.05 -0.17
10m -0.02 0.27 0.09 0.06 -0.11
20m -0.01 -0.16 0.07 017  -0.30*
PROFC 0.5m 0.15 -0.27 0.02 0.05 -0.21
2m 0.33*  -0.47** -0.21 -0.20 0.07
5m 0.29*  -0.46** -0.11 -0.11 0.02
10m 0.31*  -0.58** -0.05 -0.04  -0.02
20m 0.13 -0.24 -0.15 -0.08  -0.15
PLANC 0.5m 0.19 -0.23 -0.12 -0.05 -021
2m 0.42**  -0.39** -0.15 -0.08 -0.19
5m 0.39**  -0.37** -0.12 -0.05 -0.20
10m 0.45**  -0.45** -0.04 0.02 -0.21
20m 0.44**  -0.43** 0.08 015  -0.29*
LAP 0.5m 0.21 -0.31* -0.05 0.01 -0.26
2m 0.46**  -0.51** -0.21 -0.16  -0.10
5m 0.40**  -047** -0.13 -0.09 -013
10m 0.45**  -0.56** -0.05 0.00 -0.16
20m 0.37** -041** -0.02 0.06 -0.27
Upslope Area 2m -0.07 -0.12 0.18 0.18 -0.04
5m -0.02 -0.17 0.15 0.19 -0.20
10m 0.15 -0.30 0.14 0.21 -0.27
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pH(H,0)

img kg']]

SO000
sTAERALE

L0 ()

T ) 9

20000
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[nf Ces Tms Cf= Ats

n=w T
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FE BETY
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pH

1000

Feaco, = Mg x X x 0 x107°
Feaco, kg hat
Ms kg ha't
M; = oy x10° x d x 10000
Ouj Mg m™ d 0.15m
X mg/10g
(65— pH)
a
pHi pH a 0.073
Y =150+0.05x A+B
Y P,0s kg ha™
A mg/100g
B
500mg kg™ R B=50
500 1000mg kg™ R B=25
1000mg kg™ R B=0
12
3
100mg kg'1
200mg kg™ 150 kg ha™
200 500mg kg™ 100 kg ha™
500 700mg kg™ 50 kg ha™
700mg kg™ 0 kg ha

139
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147

5-13
500kg ha™* 38%
pH
147
5
, 1997
5 pH
5-6
190kg 50kg
pH
5-14 3
2 Inf  Ccs 3 Cfs
Tms 5-7 pH 1 3
5-8 ha 600kg
500kg ha™
%
1, 3
pH
10% Ats

140

5-14

147

1 Cfs

Ccs

40%
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Ats

Cfs

Ccs

Tms

5-14
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5-6

147

kg ha” 2572 2628 2364
1000kg ha™ 0.18 0.18 0.23 0.16 0.15 0.14
500kg ha™ 0.15 0.12 0.15 0.17 0.18 0.14
-500 500 0.38 0.39 0.40 041 0.40 0.45
500kg ha™* 0.12 0.13 0.09 0.09 0.09 0.14
1000kg ha™ 0.16 0.18 0.13 0.17 0.17 0.13
kg 0 50 -189 0 0 0

147 5 5 5 3 3

kg ha 50 50 100
100kg ha™ 0.07 0.07 0.00 0.01 0.01 0.04
50kg ha™ 0.43 0.43 0.07 0.19 0.19 0.30
-50 50 0.34 0.34 0.43 0.39 0.39 041
50kg ha™ 0.16 0.16 0.34 0.36 0.36 0.21
100kg ha™ 0.00 0.00 0.16 0.05 0.05 0.04
kg -18 -18 27 12 12 4
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5-7

pH 1 2 3
a ab b
5.64 5.72 5.63 5.55
0.32 0.31 0.36 0.28
0.105 0.098 0.126 0.079
0.10 0.16 -0.07 0.07
5.7 55 6.3 51
147 54 55 34
1 2 3
a b ab
510 432 564 540
257 215 310 208
66066.2 462735 963633 434025
134 150 185 134
1953 1252 1953 1058
50.4 497 55.1 385
147 54 55 34
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5-8

(kg ha™)
3 3
Inf 2376 |Inf 2376 1 2444
Ccs 2799 [Cfs 2209
Tms 2978 |Ccs 2875 2 2527
Cfs 2209 |Tms
Ats 2844 |Ats 3 2855
(kg ha™)
3 3
Inf 100 [Inf 1 100
Ccs 50 |Cfs 100
Tms 100 |Tms 100 2 50
Cfs 100 |Ccs 50
Ats 50 |Ats 3 50
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pH Ccs

41.5% Cfs, Ats 1%
pH
4
500mg kg
50kg
5-15 5-6
500mg kg™ 100 kg
100 kg
49% Inf 5% Cfs
147
3 54, 55, 34
3
4-7 pH 3%
25% 0.05 5-9
pH 50 52
2001

146

Tms
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3.6 Geostatistics
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Summary

Soil scientists and agronomists have recognized variation of soil properties in time and in
space. Especially at the upland field located on complex hills, the problem to enhance soil
variability becomes apparent as same as soil degradation by erosion. The same soil
management and cultivations can’t resolve the heterogeneity in the field. In some cases the
practice rather accelerates the variations and cause environmental pollution by
human-introduced materials like pesticides or nutrients. Therefore soil and environmental
management systems correspond to spatial variations is searched, the demands for more
accurate information on the spatial distributions of soils will increase.

Climate, parent material, topography, biotic factors and human activities influence soil
formation, but climate often exerts control at coarser scales than small watershed or than one
field of interest here. | selected some fields with relatively uniform parent material and
cultivation practices, so that spatial soil variation can be attributed to changes of topography.
Soil variation has been formed by the movement of water and soil itself through and over the
landscape, so soil properties, soil erosion class and productivity are related to landscape
position. But the methodology hasn’t established or there has been no application for
individual soil environmental conditions or agriculture systems in Japan. This paper describes
the spatial variability of soil at typical land use on complex hills in Japan. Furthermore, |
estimate the validation of topographical analysis and geostatistics which identify soil properties
distributions and reduce soil variability.

Soil survey was performed at a 2.8 ha upland field in Kamifurano of central Hokkaido
which had been cultivated for about 80 years. Topography of the investigated field was
undulant hills, average slope is 0.24 m m™ and 80 % of the field was steep slope over 0.20 m
m™. The maximum annual soil erosion rate was 11.5 % of topsoil (29 mm y™), which was
estimated by analysis the inventories of **'Cs in soil profiles. Soil profiles could be identified
by the positions on slope: the horizon sequence was observed in which Ap / C - type occupied
on the upper and convex areas, contrarily on the lower and concave areas, Ap / A/ B —type. At
the eroded area of Ap / C — type the thickness of Ap horizon had been kept constant by being
mixed with subsoil by tillage. As a result, soil properties on this field suggested relatively high

spatial variability compared with those was reported. Average carbon content of Ap horizon
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was 2.50 % and the coefficient variance was 39.0 %. Richer zone (over 3.5 %) accounted for
14 % and poor zone (below 1.5 %), 12 % of entire field. Coefficient variance of pH was
relatively low ( 5.9 % ) but there were acid soils below pH 5.75 and non acid soils pH over
6.50 which don’t need to be limed for cropping. In this case, the technique to spread some soil
improvement materials and fertilizer according to soil condition on sites, such as the precision
farming, should be applied. When it is applied, it is essential to grasp the spatial variability of
soil properties at the field. Topographical analysis was effective to identify in 2 ~ 4 zones
according to each soil properties to prepare soil map. The existence of the drift and trend about
soil spatial variations disturbed direct application Geostatistics, which is powerful tool to
estimate soil distributions, on the upland soil over a complex landscape.

Soil survey and sampling were conducted on the hilly pasture in the Hokkaido university
Shizunai livestock farm located in Hidaka sub-prefecture. The pasture was reclaimed by horse
stocking without earth work. Land surface relief was more complex than the previous upland
field. The difference of **’Cs inventory between maximum and minimum slope site was
negligible. This result suggested that soil erosion and deposition haven’t happened owing to
the grass which has covered soil surface. The variability of most soil chemical and physical
properties including thickness of A horizon didn’t exceed the results of upland field or the
references. The significant relation between topographical features and some soil properties
could be recognized, especially the properties related to soil water movement. The
topographical characterization model could explain the distributions of soil water contents,
saturated hydraulic conductivity and soil pH. But topographical attributes generally couldn’t
agree with the results of soil investigation on the hilly field used as pasture.

In this paper, | discussed the realization that topographical analysis contributing to soil
management by identifying soil distributions. The grassland for hay selected for soil
investigation was located in Nakafurano near the foot of Tokati-dake Mountains. The
maximum slope was 0.20 m m™, which didn’t reach the cases of the upland field or the pasture,
and the wave of land surface was moderate. The coefficient variance about soil pH and carbon
content of Ap horizon were lower than that recorded at the upland field, but it had the same
level with that of the pasture. Regular grass seeding, simultaneous soil tillage and

improvements operate to increase the soil variability. Average soil pH was 5.64 and most data
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didn’t reach 6.50, which is criterion of liming. 2,572 kg ha™ CaCOj; was estimated for liming
according to the result of libratory testing pH and the soil response to some CaCOs. But 60 %
of the entire field was expected to be over 500 kg ha™ which is excess or insufficient. It was
not sufficiently possible to improve soil acidity with uniform quantity of lime even if a lot of
soil samples prepared. The measure to spread adequate mass of lime for each site, like
precision farming, have been necessary in this case. The pH was significantly correlated with
slope curvature, which is one of topographic attributes, and low pH zones were located on the
convexity slope positions. But the topographical characterization model was not enough to
enhance accuracy of liming. Instead of topographical analysis, geostatisitics was practical for
identification of the spatial distribution of CaCOs;. Inadequate area could be decreased up to
40 % with detail pH map estimated by kriging method.

The soil variation in one field at hilly area, which has been cultivated by the same ways, was
recognized to prevent uniformity of crops growths. Soil variation development was highly
related to the land use and agricultural practices. In upland field, annual tillage operations
encourage soil erosion and deposition occurs in many landscapes in response to the way water
or soil materials moves through and over the landscape. Therefore, soil distribution for using
soil management could be identified sufficiently by topographical attributes and the
topographical characterization model. Grassland soil also showed some variability that was
weak relationship to the current topographical attributes about some soil properties. In some
cases, geostatistics is superior to estimate soil distribution and inform about soil management
to reduce soil spatial variations. In order to acquire conveniently the valid information about
soil spatial distributions in arable land, it is important to examine the adaptation of

methodology according to the field conditions.
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