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Surface Saturation Area-Subsurface Outflow-Soil Moisture Storage
Relationships: |. Steady-State Analysis
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Abstract

In this study we derived steady-state relationships between surface saturation
area and subsurface outflow, and between surface saturation area and soil mois-
ture storage through numerical experiments with Richards equation on a
hillslope. Numerical experiments analyzed the sensitivity of topographic and soil
hydraulic properties on steady-state relationships between surface saturation
area and subsurface outflow. And the power law for the extent of surface satura-
tion area was determined as a function of subsurface outflow or soil moisture

storage.
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case cross section plan geometry H/L d/L soil type o/L 1
geometry

1 A parallel 0.25 0.025 Guelph Loam oo

2 " " 0.1 " " r
3 " " 0.4 " " "

4 " p 0.7 | ! !

5 " " 0.25 0.01 " "

6 " " ” 0.04 " "

7 C n " 0.025 " ﬁ "

8 D " n n ” »

9 B " " " " " }

10 " T , 0.1 ! !

11 A " " 0.025 Plainfield Sand "

12 ” T ” " " Yolo Clay "

13 ) ) ) ) Touchet Silt Loam )

G.E3

14 A hollow 0.25 0.025 Guelph Loam 1

15 " " " " " 2

16 " spur " " - " 1

17 " " " " " 2

18 A parallel " " " o
Note : L=slope length=100m, H=slope height, d =soil depth, o =radius of curvature

132

BEKRIFEEE



e de oy

H
D
B 72C
I L o
(b) Shape B

z
On A-B-C-D; q-n=0
On A-D; q-A=p-i or Y(X,t)=0 g
At the point D; y=0 x

8 2. ciHDPQf o HAH | =A
(P=Z2UE|, g=B2U% &5 el 2=xIEN0| +32l LIPME, j= 2o4 piaias)

K(¢)=K (4) By
(9)=Kexplay) piveps |91
12]3 Touchet Silt Loam G.E.3¢ ot 23 CN)):@—: (bt | 4] 93)2 $<0
S$E4ASE e 2ol HejHny, ‘

_KAIA{ag)" (1+(ap)) ") Touchet Silt Loam G.E.3¢] nlsrgap s
K(¢J)— T (5) ouche 6} AT o v
Guelph loam, Plainfield sand, Yolo clayoj ” 90

W ER e e en 2o o, C(W:W: _amg—v;z A O (10 V)"
¢ <0 (7)

$28% %sH 19954 108 133



E 2. C(9)2 K(¢) BAINS M2
(a) Elrick S(1990)

soil type K.(m/hr) Gs a(l/m) P, P, P; P,
Guelph Loam 0.013212 0.523 3.36 0.243 0.421 2.0 0.28
Plainfield Sand 0.12384 0.477 13.06 0.377 0.00154 4.0 0.1
Yolo Clay 0.0004428 | 0.499 1.88 0.259 0.609 1.5 0.24

(b) van Genuchten(1980)

r soil type K.(m/hr) fs fr a n
[ Touchet Silt Loam G.E.3 0.12625 0.469 | 0.19 | 0.234 | 0.421
G
A
L
> F
\\
N
(a) Case 14 (b) Case 15
F
F - P
L
L=p
G
(c) Case 16 (d) Case 17
J2 3. =& (Hollow) 2t 24H(Spur) FAIHS HHEY
p
ISR RS NN
H
______ D OnA-B-C; §-ii=0
F L SIC  OnA-D-C; G-n=p-n or y(X,t)=0
13 4. d2 189 ChHD oD A XA

(P=ZSUE|, (=52UF ST Wel, a=X 00| £330 TYUE, y=EY4 YYSF)
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effect of storage capacity
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effect of plan topography
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(f) Effect of Plan Topography

effect of boundary condition
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2 0.429 1.162

3 0.656 1.476

4 1.226 1.700

5 0.521 1.461

6 0.493 1.096

7 0.236 2.929

8 0.821 2.041

9 0.633 0.775

10 0.631 0.792

11 0.476 1.226

12 0.484 1.243

13 0.464 1.220

14 0.26 1.124
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6=(Q*L )/(A*K,*d*H)
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