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Behavior of Soil Moisture Structure
in the Tank Model

By
M. Sugawara, I. Watanabe, E. Ozaki and Y. Katsuyama

National Research Center for Disaster Prevention, Japan

Abstract

The model for soil moisture structure attached to the tank model is composed of
two parts, primary and secondary soil moistures, as shown in Fig. 3. The primary soil
moisture XP and the free water storage XF in the top tank make a storage XA in the top
tank to which the precipitation is added and from which the evaporation is subtracted.
When XA is smaller than S1, the saturation capacity of the primary soil moisture, XA
is totally primary soil moisture and there is no free water in the top tank. When XA is
larger than 51, the primary soil moisture is saturated and the excess part (XA — S1) is
the free water in the top tank, as shown in Fig. 3. When the primary soil moisture is not

saturated there is water supply from the free water in lower tanks given by
T1 =K1 * (1 — XP/S1),

if there is available free water in lower tanks. There is also water exchange between

primary and secondary soil moistures given by
T2 =K2 * (XP/S1 — XS/S2),

where paositive T2 means the water supply to the secondary soil moisture from the
primary and vice versa, i.c. water transfers from wetter part to drier part, as shown in
Fig. 4.

Under the dry condition where constant daily evaporation E is subtracted from the
primary soil moisture and there is enough free water in lower tanks, there hold the fol-

lowing equations:

THIATR, *YEAWRE, **rEAPRTARHEER
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d
Ay = —E+T, =T,

= _((Kl +K1)IISl)Xp+(Kz/S:)Xs_E+K1

d

?Xs = Ly= (K,‘!/S,)pr(KZJ’S,)XS

These can be reduced to homogeneous form by putting Xp=xp+0p, Xy =x5+ 0y,
where OP and Og are newly introduced origins shown in Fig. 5. The derived lincar
homogeneous equations

% xp = _((Kl +K2)1'S1)XP+(.K2I‘S;)‘KS,

d
axs = (K,/8,) xp*(Kzr"Sa)xs,

have the following simple approximate solutions:

Xp = aexp (—A 1) + BS exp (=A,0)

xg = — Qexp (= Ay 1)+ BS,exp (= A2 8),
where A; > Ay > 0, Ay and A, being the characteristic values that satisfy the equation
A — (K, +K, )5, +K,/S;)A+ K,K,[S S, =0.
Then the following relations can be easily derived:
(rp + x5/ (S, +8,) = Bexp (=A,8),
Xp— 8, ¢ (Xp+x)[(S, +8,)=8, + Gp +x)/(S, +8,) — %

=aexp(—At),

which have a simple and clear meaning that the total relative humidity of soil moisture
(xp + x5)/(8, + §,)decreases exponentially with the long time constant 1/A,, and the
deviation of primary or secondary soil moisture storage from the total relative humidity
decreases exponentially with the short time constant 1/A,, ie. both soil moisture will
soon reach the cquilibrium state.

The runoff analysis on the Cam River in England gives the following parameters:
S, =80, §, =350; K,=15, K, =20.
Then the corresponding characteristic values and time constants (7y, T,) are as follows:

Ay

0.3226, Ay = 0.003322,

T1 3.10 (day), 72 = 301 (day).
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