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SIMULATION MODEL OF THE WATER BALANCE OF A CROPPED SOIL

PROVIDING DIFFERENT TYPES OF BOUNDARY CONDITIONS (SWATRE)

dr. C. Belmans, ir. J.G. Wesseling and dr. R.A. Feddes

Nota's van het Instituut zijn in principe interne communicatiemidde-
len, dus geen officiele publikaties.

Hun inhoud varieert sterk en kan zowel betrekking hebben op een
eenvoudige weergave van cijferreeksen, als op een concluderende
discussie van onderzoeksresultaten. In de meeste gevallen zullen de
conclusies echter van voorlopige aard zijn omdat het onderzoek nog
niet is afgesloten,

Bepaalde nota's komen niet voor verspreiding buiten het Instituut
in aanmerking.
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I. INTRODUCTION

FEDDES, KOWALIK and ZARADNY (1978) developed the program SWATR
that calculates the actual use of water by a field crop. In SWATR as
bottom boundary conditions the groundwater level is specified, i.e,
the level where the soil water pressure head is zero. WESSELING and
FEDDES (1979) introduced at the bottom of the system a second boundary
condition, i.e. g soil water pressure head that may be constant or vary
with time. In the present program, SWATRE(-xtended) the following types

of conditions at the bottom of the system can be used (Fig. 1):

- groundwater level;

- flux from the saturated zone (prescribed); the groundwater level is
computed;

- flux from the saturated zone (calculated as the sum of the flux to-
wards ditches and the flux of deep percolation); the groundwater
level is computed; .

- flux from the saturated zone (calculated with a flux - groundwater
level relationship); the groundwater level is computed;

-~ pressure head of bottom compartment;

- zero flux at the bottom (of an unsaturated soil profile); i.e. when
an impermeable layer is present;

- free drainage at the bottom (unit hydraulic gradient; unsaturated

soil profile).

As compared with the previous programs, the following mocdifications

have been made:

- application of a different numerical scheme;

- extension to five soil layers that may have different properties;

— addition of another root water extraction pattern (that accounts for
preferential extraction from the upper to lower layers of the root

zone).
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II. THEORY

IT.1. Basics of water flow in sotitl-root¢t

system

One-dimensional water flow in soil can be described by Darcy's
law as:
q= K= (1)
o 3 -2 -
where q = soil water flux (em”.cm “.d ')
K = hydraulic conductivity (cm.d_l)
H = hydraulic head (cm)

z = vertical coordinate (em), with origin at the soil surface

and directed positive upwards

The hydraulic head, H, is the sum of soil water pressure head, h,

and gravitational head, z, thus:

H=h+ 2z : (2)

36 _ _ 8q _
ot 9z 5 (3)
where 8 = volumetric water content (cm3.cm_3)

t = time (d)
S

volume of water taken up by the roots per unit bulk volume

of soil 1in unit time (cm3.cm_3.d—])

Combination of (1), (2) and (3) and introduction of the differential

moisture capacity C = d0/dh, one arrives at the basic flow equation:

Bh 13 Teandh, o] - S5 -

5t - C(h) 9z [K(h)(az * ')] c(h) (%)
For more details, see FEDDES et al. (1978), who defined z positive

dowvnwards. '



IT.2. S ink term

FEDDES et al. (1978) defined the sink term S

S(h) = ath) 5 (5)
with
T*
Spax = I | (6)
r

and where a(h)

T‘k

prescribed function of soil water pressure head (Fig.

]

potential transpiration rate (cm.d_])

=
H

rooting depth (cm)

1
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1
1
1
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he h
pressure head

Fig. 2. General shape of the dimensionless sink term variable, ¢, as a
function of the soil water pressure head, h (after FEDDES et
al., 1978)

The value of h3 in Fig., 2 varies with the evaporative demand of
the atmosphere. Under conditions of high evaporative demand, a drop in
root water uptake generally occurs at higher h-values than under condi-
tions of low demand,

Eqs (5) and (6) can be combined to:

S(h) = o) = )
. |

Eq. (7) implies that the prescribed potential transpiration demand
over the various layers of the root zone is equally distributed, and
that the reduction in extraction occurs through the soil water pressure

head, h.

2)



In the present program an option is included that deseribes the
sink according to HOOGLAND, BELMANS and FEDDES (1980) as:

S(h,2) = a(h) S (2) (8)

In eq. (8), the h3—value of the q(h) function is taken to be
constant (i.e. not varying with potential transpiration rate).
For eq. (8) the condition holds that

0

_]h S dz g T* : (9)

Z

Eq. (9) implies that water extraction may occur to a dertain depth
lz| < |Lr[. This formulation offers the advantage that the water ex—
traction pattern is from top to bottom. Also it allows that water is
extracted preferentially from wet layers. One may expect that the
maximum sink, Smax’ decreases with soil depth 2z (Fig. 3). Here we
assume a linear decrease according to

SH b|z| (10)

where a and b are constants in principle to be determined from measured
root water uptake data. As a first guess we assume 0.0) £ a § 0.03 dﬂ],
with a mean value of a ~2 0.02 often found in literature. For the mo-

ment we are compelled to take b = 0, until more information becomes

available,
° 3
0 . L
¢ betg §
N
=
or
[
=
Fig. 3. Assumed variation of the maximum root extraction rate, Smax’
with depth



The formulation of eq. (10) implies that Smax is decreasing with
s80il depth because of effects of aeration, soil temperature, rooting
intensity and xylem resistances. In fact eq. (10) is a crude approxi-

mation to account for these effects,

II.3, Boundary conditions at the soil

surface

A number of ways in which the maximum possible transpiration rate
T#, and solil evaporation flux, ES*, can be determined from the maximum
possible evapotranspiration flux ET* are described in detail by FEDDES
et al. (1978). In the program SWATRE three alternatives to calculate
potential evapotranspiration, ET*, are given.

The first is according to the PRIESTLEY and TAYLOR (1972) equa-

tion:
é -2 -1
* = e
ET o (&)L R, (kg.m “.s ) {12a)
where ¢ = empirical factor (o = 1.35 + 0.10)
8 = slope of the saturation pressure curve (mbar.K_l)
Y = psychrometric constant (mbar.K_])
Rn = net radiation (W.mhz)
I. = latent heat of vaporization of water (J.kg_])

The second approach is based on the Penman open water evaporation,

Eo’ (see DE BRUIN and LABLANS, 1980) and a crop coefficient, £, as:

ET* = f.Eo (12b)
where
SR /L+YE
_ n a -1

with
E_ = 0.26(0.54u + 0.5)(e, - e,) (am.d” ") (12d)
where u = wind velocity at 2 m height (m.s_l)

e = gaturated vapour pressure {mbar)

ey = prevailing vapour pressure (mbar)



and with Rn being calculated as:

o (1 a1t a7 _
R, = (1 0.06)RS o Ta(0.47 0.067/ed)(l 0.8 m)

where RS = shortwave radiation flux (W.m_z)
6 = Stefan-Boltzmann constant (0 = 5.67.10_8 W.m_z.K_a)
Ta = air temperature at 2 m height (K)
m = degree of cloudiness (fraction)

For f~factors for a number of various crops in different stages
of growth, one is referred for example to Table 18 of DOORENBOS et al.
(1979).

The third approach is according to Monteith-Rijtema (see FEDDES
et al., 1978):

§+ :
*z__i.__, - .
ET - (E* - E;) (12e)

S+y (1 + =)

Fa

where r_ = crop resistance (s.m_l), taken to be constant

E* = evapotranspiration of a wet crop surface (eq. 3.29 of

-2 -1
FEDDES et al., 1978) (kg.m ".s ')
E. = evaporation flux of intercepted water (kg.qu.shl)

1

Note that in eq. (3.33) of FEDDES et al, (1978) a term '+Ei' is
included, because there total evapotranspiration E** is including the
evaporation of intercepted water. In the present program we start with
the calculation of E*, In the presence of water upon the leaves, this
water evaporates with the same intensity as E*. Then (E*—Ei) is reduced
to a potential evapotranspiration flux, ET¥,

For all the 3 described ET* calculations, we apply RITCHIE (1972)

equation to estimate potential soil evaporation E;:

- 8 -0.39I

_ 2 -1
s = (&L M © 5

(kg.m “.5 ') (12£)

where I = leaf area index, derived from fraction of soil cover (see

FEDDES et al., 1978; page 73, Fig. 31)



IITI. NUMERICAL SOLUTION

IIT.1. Solution for the intermediate nodal

points

In order to be able to solve eq. (4) by finite difference tech-
niques a grid is laid over the 'time - depth' region of the unsaturated
zone as occupied by the independent variables t (index i) and z (index
j) (Fig. 4). The unsaturated zone contains a number of n
nodal poiﬁts. In these cases where a fluctuating groundwater table is

present n is not constant.

i {time}

. . . i-1 i i1

j [depth)

i1 : intermediate
! ! nodal points

Fig, 4, Finite difference mesh superimposed on the depth-time region
of the unsaturated zone. The soil profile is divided in com-—
partments of equal thickness with the nodal points at the

center of the compartments
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Fig. 5. Depth-time region under consideration, with location of the
pressure heads, h, of the hydraulic conductivities, K, and of
the differential moisture capacities, C, as used in the

numerical scheme

According to HAVERKAMP et al. (1977) and VAUCLIN et al. (1979) a
finite difference scheme has been chosen which results in lower com-
puting times than the scheme used in SWATR and which yields an accept-
able accuracy of the water balance. Eq. (4) can for compartments of
different size for each nodal point (i,j) be approximated by the follow-

ing implicit scheme with explicit linearization (see also Fig. 5):

i i+l : i+l s%
éll—f - 'LI : l’s; {K_]i-—l[(%g—) * ]_] - K;'_'_, [(%'2'—) + l]} - —% (13)
Ae G j L - 2L021 54 c’
. J
e L
Ah. _ ] ' 3 -
Att Act .
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% U S U B 7% Ol N R QPTE N [T N 2 A ISR LLL YL
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i j u Cj ] 1
. i ', . - i .
it i At i it] i+l At i At i i+] 1+1
h. = — K. (h. - h )} + — . - — s (h. - hs, ) =
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(15}
(16)
{
5.
J-gon
]
i Ati i
ALY SRS
|
(18)

Eq. (18) is a linear algebraic equétion valid for each intermediate

nodal point, according to:

U A T b SO N
J 3+l 1] 1 3-1 J
i ,
where A, = At K%+l
3 ¢t oAz, Az 3%
B. = ] + Art Ki + Attt Ki
i ctaz, az 37 glop, ag
] 1 1
o At o
- : 21
J ¢t az. Az 372
J u
i . 1 . 5
Bo=hi- AL gl o, Bt L AL
L Az I3 ol pp, 172 c}
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(19)

(20)

(21)

(22)

(23)



For the intermediate nodal points we now have (n-2) linear equa-—
tions with n unknowns (the pressure heads at the n nodal points of the
unsaturated zone h%+l, j =1, «.. n). The solution for the top nodal
point (see 2) gives one equation more, this leads to (n-1) equations.
For the bottom compartment of the unsaturated zone onme can distinguish

between two cases:

~ the pressure head is known (Dirichlet condition), e.g. case 1, 2, 3,
4 and 5 of Fig. |, and one has left a system of (n-1) equations with
(n-1) unknowns, which can be solved;

- the flux through the bottom of the unsaturated zone is known (Neumann
conditjon), e.g., case 6 and 7, which gives us an additional equation

leading to n equations with n unknowns, which can also be solved.

In solving the system of equations, a direct method was used by
applying the so-called Thomas (tridiagonal) algorithm (see e.g. REMSON
et al., 1971).

As indicated before the values of hydraulic conductivity K and
differential moisture capacity C are obtained by explicit linearization,
This implies that K and C are taken at time t.

For C at the nodal points: Cj

For K in between the nodal points we take the geometrical mean:

i-p TV K 24
i \[id -
Kjry TV Kja (2)

IT1.2, Solution for the top nodal point

Except for the last two unsaturated nodal points just above the
water table (i.e. for the cases | to 4 of Fig. 1) we take for all nodal

points that
Az = Azj = Az = Az (26)

The solution for the top nodal point j = 1 is obtained by intro-

ducing as boundary condition a flux in eq. (i3), i.e.:



i [ ,n 3! ] Vg |
[ i oy T deop @

The coefficients of eq. (19) then become:

Ati i '
o B S Y | (28)
C) (Az) ‘
By =1+ A (29)
D, =0 - (30)
] i . i T
R el P o WL o
C, Az ’ C, Az P C '

| 1 1

IIT.3, Solution for the boundary condition
at the bottom of the unsaturated

Z one

Case 1: The solution for the bottom boundary condition of the unsatu-
rated zone of case 1 (groundwater level prescribed) is as

foilows (see Fig. 6).

]
n-i A
‘ [ ] aZn,
o
g - |
2 .
21 =0 az,
2
az,f2
—_— X
nsi ® -
¥
2
é .
y Fig. 6. Illustration of the varying size (Azn) of the first un-

saturated soil compartment that is situated just above

the groundwater level



The thickness of the bottom compartment (Azn) of the unsaturated
zone is taken variable. Thus the nodal point of this compartment
(always taken in the center of the compartment) has no fixed
position, The pressure head at this nodal point is always taken
to be equal to the negative value of the height above the
prescribed groundwater level (equilibrium condition) at the be-
ginning of the time step, i.e. hi = —Azi/Z. Now the groundwater
level is hold constant during the time step At. At the end of
the time step t+Ati, the new groundwater level is read as an in-
i+

i+ . . .
put. Then Az; l and hn are determined, giving the new pressure

head profile.

Case 2: The approach to be followed will be explained with the aid of

two simplified flow cases (Fig. 7):

Fig. 7A - Water is evapotranspiring, there is no flux downwards
through the bottom of the system, the moisture profile
is initially in equilibrium situation.

Fig. 7B - There is no flux through the top of the system, water
is only flowing through the bottom of the system and
the moisture profile is initially in equilibyium si-
tuation.

evapolranspira tion .
moisiure
f q, 10 content 8

T—

. Mux =0
LX)

*3
r, 73
S . 1 g
______ . 2 PO

« ¥ seepage

]
Zy A 90 o 2|z q,#0

time t, "

Fig. 7. Two simplified flow cases (A and B) to illustrate the
general solution procedure followed for the calculation

of the groundwater level

13
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In the situation depicted in Fig. 7A water is flowing from the
saturated to the unsaturated zone and the groundwater level is
lowered. During each time step the amount of water flowing from
the saturated to the unsaturated zone (Ul) is calculated

according to:

€9

f f dz.dt + f_ T.dt + f E.dt (cm) (32)

t

where for the time period t, to t, the first integral of eq.
(32) yields the change of water storage {(cm) of the entire pro-
file, the second integral the transpiration (cm) and the third
integral the soil evaporation (ecm). During each time step the
groundwater level is kept constant. Then for each time step the
calculated value of Ul is added to a summation variable W,
according to

i (33)
where 1 is time index.

If |W| > 0.1 cm (arbitrarily taken), then the resulting lower-
ing of the groundwater level is computed in sequential steps
(size of step read as an input). After each step the pressure
head profile of the first four nodal points above the freatic
surface is adjusted by an iteration procedure taking the flux
at the top of the soil layer that is represented by the four
nodal points, equal to zero (Fig. 7A), At the end of each of
such a time step the water storage is computed, and then W is
lowered with the difference in water storage between the end
(Vi+]) and the beginning (Vi) of the iteration step:

PEARNPCZ RIS A (cm) (34)
This procedure of lowering the water table step by step is con-—

tinued until |W| < 0.05 em (arbitrarily taken).



In the situation of Fig. 7B water flows through the bottom of

the system into the profile (flux qb). As a result the groundwater
level rises and water flows towards the unsaturated zone. In

this case the total amount of water in the entire soll profile

increases and for each time step the equation holds:

(cm) | (35)

N R

2

where U2 = —_f_ 9, dt
)
represents the amount of water coming in through the bottom of

the system. Then the same procedure as described in the situation

of Fig. 7A is followed to calculate the new groundwater level,

The general situationm, i.e. with evapotramspiration/infiltration

and seepage is solved by the equation:

Wt ot s U} + U; (cm) ' (36)

Otherwise the same procedure is followed as described for the

situation of Fig. 7A,B.

Case 3: This situation is in principle the same as case 2, with the ex-
ception that q is calculated in the program as a result of
infout flow from/to ditches and down/upward flow to/from deep

aquifers (Fig. 8).

Flow from the ditches is calculated as:

q —5 cm.
where ¢] = level of open water in ditch (em)
¢2 = groundwater level midway between the ditches (cm)

-3
[

drainage resistance {d)

According to ERNST (1962) the drainage resistance can be calcu-
lated as:
2

T = Lu + ]é—kﬁ (d) (38)

15



16

L

evapotrans piration

infiltralion

Do

9,

L A4

Fig. 8, Schematic representation of the flow situation in between
two ditches with sub-irrigation and downward flow to

deep aquifers

n

where L = spacing between ditches (m)

w = radial resistance (d.m_])

k = hydraulic conductiﬁity for horizontal flow in the
saturated zone (m.d_l)

D = average thickness of the aquifer (m)

For homogeneous soils and small variations in height of freatic

surface, the radial resistance w can be found from (ERNST, 1962):

wel 1n0 (d.m ') (39)
Tk BW
where D = thickness of the aquifer below the water level in
the ditch
Bw = wyet perimeter

Note: The ditches are considered to be parallel. The formula also

apply to parallel tube drain systems.

The flow to the deep aquifer (seepage) is computed from:

¢y = 9,

Q@ =-——— (em.d™) (40)



where ¢3 = level of the freatie surface averaged over the area
(cm)

¢4 = piezometric level of the deep groundwater (cm)

[e]
I

vertical resistance of the poorly permeable layer (d),
being the ratio of layer thickness D' over vertical

saturated permeability factor k' (c = D'/k'")
The value of ¢3 can be obtained from:

b3 = &, + ap (0,70 (1)

where‘u.fr is a reduction coefficient depending on the shape of
the freatic surface, 1f this shape is parabolic then O = 2/3,
sinusoidal then Op. = 2/m = 0,64 and an elliptic then afr =
wf4 = 0.79,

The vertical flux per unit area midway between the ditches, 9
is now taken to pass the bottom of our soil profile system and

calculated as:
qb = ql + q2 (42)

Case 4: For the high sandy soils in the eastern half of the Netherlands
there exists a relationship between groundwater level, ¢4, and
discharge, Q, - In Fig. 9 (after ERNST and FEDDES, 1979} this
relationship is shown for a number of sandy areas in the Nether-
lands. The general relationship, qb(¢3), can be expressed as:

b9,
q, = ae (43)

where a and b are parameters to be determined from Fig. 9, or
to be derived from measurements.
The solution for this bottom boundary condition is the same as

for case 2 and 3.

17
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Fig. 9. Discharge rate, qy,, as a function of groundwater level,

¢3, for some sandy areas in the Netherlands (adapted
from ERNST and FEDDES, 1979)

Case 5: Here the pressure head of the nodal point in the center of the
bottom compartment, hN’ is given as a function of time. As the
pressure head of nodal point n is known, one has to solve (n-1)

equations with (n—-1) unknowns.

Case 6: In this case the flux through the bottom of the solil system is
taken to be zero., The system has to remain always unsaturated,

i.e. no groundwater table can be built up. For the numerical

solution, see Case 7,

Case 7: In this case the bottom of the system is allowed to drain fully,

The flux is always directed in downward direction. The gradient

9H/3z = 1, so the Darcian flux

q=-K (44)

18



II1I.4. C

The
followin
Att =

(A

where A8
max

cm3.cm_
puted fl
tude of
below th

where K = K;=n’ i.e. the hydraulic conductivity in the nodal
point of the bottom compartment,
The solution for the bottom nodal point j = n is obtained by in-

troducing as boundary condition a flux in eq. (13}, i.e.:

i+1
i Ah
Kn+%[}EEI)n+% * 1} 7 ot (45)

For the cases 6 and 7 the coefficients of eq. (19) then become:

An =0 (46)
B, =1 +D, (47)
i .
Dy T iAt 2 K;—i (48)
Cn.(Az)
. i . i i .
T e ST L (49)
oo otaz 1T ¢t ¢t "
n n
alculation of time s tep

time step is taken variable and is explicitly estimated in the
g way:
AB a

m xi {50)
elﬂt)max

is to be assigned a specific value, i,e. Aemax = 0,001

. This empirically obtained value is based on a number of com-
ow cases which were rather different in type of soil and magni-
fluxes. It is recommended that 0.00] < Aemax < 0.002. values

is region result in increasing computing times with a slight

improvement of the water balance only. Values above the region result

in poor water balances.

The

denominator of eq. (50) is obtained from the equation:

19



i .
AB _ 3=
(At = Maxj=
max

N
" sha I(E)jl (51)

where qj are the fluxes through the boundaries of the various compart-
ments. ) o

The time step At" as calculated from eqs (50, 51) is restricted
by two additiomal conditions, First a maximum is presecribed, i.e.
At = 0.1d, secondly At is taken that small that at least in between

max
two printing plots 5 iterations are performed.

III.5. Calculation of soil physical para-

me tectrs

The input of the soil physical parameters pressure head, h(0),
and hydraulic conductivity, K(6), are in the form of tables. The
f-increment in the table is 0.0l cm3.cm_3. In between the tabulated
values, both h and K are linearly interpolated.

The differential moisbure capacity C(8) = d6/dh, is taken as the
slope of the h(0) curve. It is taken to be constant in between the

tabulated h(0) values.

VI. EXECUTION OF SWATRE

VI.. Summary of main sequential input data

ALl input data apply to subsequent periods of 24-hour days

- The input data for the geometry of the soil system are the following

(see Fig. 10):

. depth of soil profile (DSP, cm);

. number of compartments of equal size in which the entire soil profile
is divided (NCS), maximally 40;

. number of different soil layers in which the profile has to be
divided (NPL, maximally 5). It is recommended to take compartments
of 10 ecm depth, say. The choice of the number of compartments has

to be such that the boundary between different soil layers corres-—

20



ponds as much as possible with a boundary plane between two com-—
partments. This is because of the concept of compartments of equal
size;

. numbers of compartments corresponding to bottom compartment of each
separate soil layer (NC(I), I = | ... NPL). One has to provide as
many NC-values as indicated by NPL. Then if NPL = 2, then NC(1) and
NC(2) have to be assigned.

1 | fm|
ayer
2 1)!
3 NCiD:3 )
FA
5
2
5
7 NG (207 )
e 8
(V]
= 9
L 10 3
a
3
" NG {3)=11
12 q
13 i
Ve NC i4)=14
15 3
16
17 >
182 NCS NG (51s18)

Fig. 10. Example of the way of schematizing the soil intc the different

soil layers

- The input data for the soil physical characteristics for each separate

soll layer are:

. lowest, LV(I), and highest fraction, MV(I}, of soil water content
of the h(9) and K(0) relationship (to be read later in the program),
where 1T is the index of soil layer;

. saturated water content (expressed as fraction) of each layer;
saturated hydraulic conductivity of upper layer, CSl;

. factor, FAC, with which conductivities have to be multipiied to
arrive for hydraulic conductivity, K, values in units of cm.d_l,

e.g. if K in cm.hr_l, then FAC = 24,
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The input data for the sink term are:

. choice between two water extraction patterns:
1) Feddes et al, (1978)
2) Hoogland et al. (1981)

. the pressure heads describing the shape of the sink term.
Time increment for output at selected days (TPR-array).

Input for the upper boundary condition
A choice between four approaches can be made:

. precipitation (cm.d_]), potential soil evaporation (cm.d—]), potential
transpiration (cm.d—]), and minimum allowed pressure head (cm) at
the soil surface are prescribed;

. precipitation (cm.d_l) is given, potential evapotranspiration
(cm.d_l) is calculated with eq. (l2a); potential soil evaporation
(cm} is calculated with eq. (I12f);

. precipitation is given, potential evapotranspiration (cm.d_l) is
calculated as f.Eo (eq. 12b), potential soil evaporation is calcu~
lated with eq. (12£);

. precipitation (cm.d_l) is given, potential evapotranspiration
(cm.dﬁl) is calculated with eq. (12e), potential soil evaporation

(cm.d_l) is calculated with eq. (12f).

Input data for lower boundary condition
A choice between 7 conditions can be made:

. groundwater level (cm) is given;

. flux (cm.d_]) from/to saturated zone is given, the groundwater
level (cm) is calculated;

« flux (cm.d_l) from/to saturated zone is calculated as a flux from/
to ditches and deep percolation;

. flux — groundwater level relationship;

. pressure head of bottom compartment;

. zero flux;

. free drainage (unit hydraulic gradient).



- Depth of the root zone {cm)

- Input of soil physical parameters
For each soil layer:

. pressure head h (cm) as a table of moisture content 6 (cm3.cmb3);
. hydraulic conductivity K (arbitrary unit) as a table of 6. For both

3

tables the B-increment is 0.0} cm .cm~3. Maximally 79 @-increments

can be used.

Vi.2, Summary of main sequential outputct

data
In the first part of the output some of the input data are printed:

- boundary condition at the top;
if evapotranspiration is calculated, daily values of potential
soil evaporation and potential transpiration are printed

- boundary condition at the bottom;

- rooting depth;

- initial condition;

- soil physical parameters of each layer,

In the second part variables are printed for initial time (t =
TINIT), for selected times [E = TPR(Ii] and for the end of the last day
(t = TEND). In the list given below all cumulative values are initiated
at t = TINIT.

CPREC : cumulative precipitation

CINTCEP : cunulative interception

CPINFILT : cumulative potential imfiltratiom (CPINFILT = CPREC -
CINTCEP)

CINFILT ! actual cumulative infiltration

CRUNOFF : cumulative xunoff (CRUNOFF = CPINFILT - CINFILT)

CPEIR : cumulative potential evapotramspiration

CPTRANSP ! cumulative potential transpiration

CPSEVAP ! cumulative potential soil evaporation
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. CETR
CTRANSP
bSEVAP
FLUXI

CFLXSD

- CFLXSDP

CFLXSDN

FLXSD
ISD

CFLXBU

FLXBU

CQDEEP

CQDEEPP
CQDEEPN
QDEEPA

CDELTA

CDELTAP
CDELTAN
DELTA

24

cumulative actual evapotranspiration
cumulative actual transpiration
cumulative actual soil evaporation

water flux through soil surface

integrated Darcian flux at bottom of compartment ISD; when
the groundwater level arises above the bottom of that com-
partment this £lux has no meaning and then in the output

'stars' will appear

integrated positive (= upward) Darcian flux at bottom of
compartment ISD -

downward) Darcian flux at bottom of

integrated negative (
compartment ISD
actual Darcian flux at bottom of compartment ISD

number of compartment at which the Darcian flux is integrated

integrated Darcian flux at the bottom of the unsaturated
profile (only in the case of free drainage, otherwise 'stars'
will appear)

actual flux of free drainage

integrated flux through the bottom of the soil profile for
those cases where the groundwater level is calculated. For
all other boundary conditions at the bottom ‘'stars' appear
positive part of CQDEEP |

negative part of CQDEEP

actual flux through the bottom of the soil profile for those

cases where the groundwater level is calculated

cumulative net amount of water that passed through the bottom
of the soil profile; calculated as the rest term of the soil
water balance., If the groundwater level is calculated, 'stars’
will appear

positive part of CDELTA

negative part of CDELTA

actual amount of water that passed during the last time step

through the bottom of the soil profile; calculated as the

rest term of the soil water balance (see eq. 32; in program



this is implemented as: DEL = VOL - VOLI + CTRA - CTRAI +
FLXS(1) % DT)

VOLINIT : water storage in the entire soil profile at initial time,
' t = TINIT

VOL : actual water storage in the entire soil profile

GWLA : actual groundwater level

DRZA : actual rooting depth

N : number of first unsaturated nodal point above the ground-

water level

Below the values mentioned, a table is printed containing:

COMP .NR. : number of soil compartment with numbering starting from

top to bottom

LEVEL : position of nodal point with respect to the soil surface
THETA : volumetric molsture content (cm3.cm_3)
PR.HEAD t soil water pressure head

CONDUC hydraulic conductivity

ROOT EXT : root extraction rate (cm3.cmu3.d_l), i.e. the actual sink

G.ROOT EXT : cumulative amount of water extracted by the roots

CUM.WATER : water storage in the so0il profile summed up from soil
surface to bottom of compartment

FLUXES : Darcian flux through the bottom of each compartment

Below the table a print plot is made of soil moisture content
(dotted lines), fraction of air (blank) and fraction of solid material

(slashes), all as a function of depth.

The third part of the output concerns various terms of the water

balance expressed alt the end of each day in the period considered.

TIME : end of day

C.INFILT : actual cumulative infiltration
TRANSP : actual transpiration rate
CTRANSP : cumulative actual transpiration
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SEVAP actual soil evaporation rate

CSEVAP : cumulative soil evaporation

CFLXBOTP

cumulative amount of water that flowed through the bottom
of the soil profile that flows i n t o the system

If no groundwater level is calculated the value CDELTAP
will be printed. If the groundwater level is calculated
then the value CQDEEPP will be printed

CFLXBOTN : as above but for flows o ut of the system and with
CDELTAN or CQDEEPN being printed

change in water storage over the entire soil profile with

respect to VOL at t = TINIT

-VOL~-VOLI

GROUNDW.LEV: groundwater level with respect to the soil surface

IVv.3. Instructionsg for input

The d a i 1l y input has been arranged in groups A, B, ..., 2
~and should be punched on cards in FORTRAN-code according to the in-
structions, It should be kept in mind that F-formats can also be read
as E-formats. All integers are ending in columns which are multipies
of 5, and all reals in columns which are multiples of 10, References

to equations are to the book of FEDDES et al. (1978).

26



-

Columns  Format Symbol ‘ Description

GROUP A

1-80 20A4 HED desired heading to be printed

group A consists of 1 card

GROUP B

Choice of type of initial and boundary conditions, of constant/variable rooting
depth and of constantfvariable output increments

1- 5 15 KOD(1) = ¢ : groundwater level is inpitt (qm)
= | : flux Erom the saturated zome is input (positlve upwards; cm.d~1)
n 21 flux towards ditches and deep percolation is calculated (positive upwards;
cm,d~1)

= 3 3 flux from the saturated zone is calculated as a function of groundwater
level (positive upwards; cm.d~ 1)

4 1 pressure head of bottom compartment is input (cm}

5 : zero flux at the bottom of an unsaturated profile

6 : free drainage at the bottom of am unsaturated profile (negative downwards;
em.d"t), Elux is equal to hydraulic conductivity of bottom compartment

6~10 I5 KOD(2) = 0 t bottom boundary condition is varying with time
’ » 1 1 hottom boundary condition is constant with time

If Kob{1) = 3, 5 or 6, KOD(2} may be set to O

KOD(3) describes the upper boundary condition

11-15 15 KoD(d) m 0 : absolute values of prectpxtatlon {em.d-1}, soil evaporation (cm.d™!),
- transpiration (em.d"!) and minimum allowaed pressure head at the soil
surface (em) iz input
= | : potential evapotranspiratien (cm d") is caleulated with the Ptzestley and
Taylor equation
» 2 ; potential evapotranspiration (cm. d~1} is calculated as Eo (Penman) % crop
coefficient (for Penman.eq. see 3,26}
= 3 : potential evapotranspiration (cm.d~}) is caleulated thh Monteith~Rijtena
equation (eq, 3,33, without the '+E;'-term, because we are considering
goil evaporation and transpiration only; for rg a constant value has to be
taken)

If KOD(1) = |, 2 ot 3 potential soil evaporation is calculated with eq. 3,31 and
minimum allowed pressyre head at the soil surface with eq. 4.11

16-20 15 KOD(4) =

upper boundary condition is varying wich time
upper boundary condition is constant with time

2)1-25 15 KOD{5) = O ; moisture content at each nodal point is input {cm3.em™3)
: pressure head at each nodal point is input {cm)
pressure head at each nodal point is caleulated as being in equilibrium with

the initial groundwater table {cm)

RO -0

rooting depth is varying with time (cm)
rooting depth is constant with time (cm)

26-30 15 Kop(s) =

-0

31-35 15 ROD(?) =  : time increment between cutputs (water balanca'terms, moigture content pro-
file, ete.) is variable (days)
= | ; time increment between outputs is constant (days)

group B consiots of 1 card

GROUP C

Geomatry of soil profile

1-10 Flo.1 DSP depth of soil prefile (ecm)
11-t5 15 NCS number of soil compartments of equal size (maximally 40)
16-20 15 HPL number of different types of soil layers (maximally 5)
21-25 15 NG(1) number of bottom compartment of lst soil layer
26-30 15 NC{(2) .
gé:zg ig Eggg; as above, but for 2nd, 3rd, ..., 5th scil layef'
41-45 15 HC(5)
46-50 15 1SD number of s0il compartment at which bottom the Darcian-flux will be integrated

over the time, This integral is an approximation only

group C conststs of 1 oard
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Columns  Format Symbol

Description

1-10 Fl10,2 LVl

11-20 Fi0.2 Lv{2)
21-30 F10.2 LV (3)
31-40 F10.2 LV (4)
41-50 Fl10.2 LV{5)

1-10 F10.2 MV(1)

11=-20 . FI10.2 MV (2)
21-30 FI0.2 - MV(3)
31-40 Fl0.2 MV(4)
41-50 F10.2 MV (5)

1-10 ‘Fi0,2 sWc(1)
11-20 FlQ.2 SHC(2)

21-30 FlI0.2 SHC(3)

31-40 PI10.2 SWC(4)

41-50 Fi0.2 SWC(s)
1-10 E10.3 CSi

11-20 EN10.3 FAC

GROUP D

Way of input of soil physical characteristics of each separate soil layer
lowest input value of moisture content (emJ.em™3)} of K(8) and h(f) table of Ist
soil layer

as above, but Eor 2nd, 3rd, ..., 5th soil layer

highest input value of moisture content (emd.ca™3) of K(8) and h(6) table of
lat soil layer

as above, but for 2nd, 3rd, ..., Sth soil layer

saturated moisture content (cm3.cm‘3) of Ist soll layer

as above, but for 2nd, 3rd, ..., 5th soil layer

saturated hydraulic conductivity of Ist soil layer (must be given in the same units
as chosen for the hydraulic conductivities of the groups V-7)
factor to convert units of input hydraulic conductivity to units of em.d”!

group D consists of 4 oards

11-20 E10.4 ARER
21-30 E10.4 BRER

1-i0 FI10.3 RNAM
11-20  Fi0.3 T8

21-30 F10.3 TE

1-10 F10.0 PO
i1-20 F10.0 PUIL

21-30 F10.0 PLI
31-40 F10.0 P2

41-50  F10.0  P2L

GROUP E

Description of sink term and root extraction pattern

= 0 : sink term according to eq. (5) and eq. {6) of this paper
= | ¢ sink term according to eq. (8) and eq. (10) of this papem
intercept a of eq, (10) of this paper, see Fig. 3

slope b of eq. (10) of this paper, see Fig, 3

maximum depth (cm, absolute value) at top of profile where roots are non-active
during the period t > TR
point of time at which roots become non-active (drought damage or morphological
reasons)
point of time at which roots reach their maximum depth of mon-activity

for t € TB :t RBNA = O :

t-TB

for TB < t < TE: RNA = RNAM TR

for t » TE : BRNA = RNAM

where bt is time (days) and RNA, the actual depth where rooks are non-active

value of pressure head below which roots start to extract water from the soil
(starting point}
value of pressure head below which roots start to extract water optimally from the
uppet aoil layer
as above, but for the lower soil layers
value of pressure head below which the roots cannot extract water optimally any-
more, for potential transpiration rate equal to 5 em.g-! (limitin% point)
as above, but for potential transpiration rate equal to 0.1 cm.d”
~ the values P2H and PZL are used only if IRER = 0 (see Fig, 11}
P2 is calculated from linear interpolation in between P2H and P2L, according to
P2 = P2 + Q3P | (P2L - R2H) for 0.1 < EPA € 0.5
P2 = P2L if EPA < 0,1 cm.4"!
P2 = P2H if EPA > 0.5 cm.d”!
where EPA is potential transpiration rate (cm.d")

1

W bemrmmm———— - ——

-0
x

P3 P2L
pressure head

P3 ¥
pressure head

Fig. 1). Shape of sink term used in
connection with the water
extraction pattern of FEDDES
et al, (1977)
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Columns

Format Symbol Description
31-60 Fi10.0 P2 value of pressure head below which the roots cannot extract water optimally any-
more {limiting point); this value is used only if IRER = 1 (see Fig. 12)
61-70 F10.0 P3 value of pressure head below which ne water uptake by roots is pessible (wilting
point)
group E conststs of 3 cards
GROUP F
Describes times of input and coefficients of wind function, leaf area index and
interception
-5 I5 L(}) first day of input (reckoned from the beginning of the year)
6-10 15 L(2) last day of input (the same)
L-15 15 L(3) nunber of days in February (28 or 29)
16-20 15 L{4) first day of input in the first month under consideration (e.g., L{4) = 2|)
21-25 15 L{5) firat month of input (e.g, June - L{5) = 6)
26-30 I5 L{6) last month of input (e.g. October ~ L{6) = 10Q)
31-35 L5 L(7) = : 6 coefficients of the G(CH)-function must be prescribed in group M
= 1 : 6 coefficients of the G(CH)}-function are as Fig. 30 (book FEDDES et al.,
1978)
for the G(CH)-function see eq. (8,3) to (8.5); only used if KOD(3) = 3
36-40 15 L(8) = 0 : 6 coefficients of the FIN-function must be prescribed in group M
= ) : 6 coefficientas of the FIN-function are ag in Fig. 32 (book FEDDES et al.,
1978), but transformed to units of cm.d”
for the FIN-function see eq, {B.7) to (8.9); only used if KOD(3) = 3
group F oonsists of 1 oard
GROUP ¢
Describes the calculation period and length of time step
1-10 F10.0 TINIT starting time of calculations (TINIT > L{i} - 1); for L-values see group F
11-20 F10.0 TEND finishing time of calculations (TEND € L{(2)); for L-values see group F
21-30 Fl10.3 DTMI maximum value of time step allowed (d); we advise 0.1 < DML € 0.2
31-40 Ei0,3 DTHM ‘maximum change of moisture content allowed within one tima step; we advise
. 0.001 €« DTHM < 0.002
41-50 F10.3 CGHLAM waximum change of groundwater level (em) within one time step; we advise
0.1 « CGWLAM € 0.25
this applies only for cases for which the groundwater level is calculated
group G consists of 1 card
GROUP H
Describes the number and the increments of outpuyt
I-10 | 11 NER numbet of outputs (water balance terms, moisture contenk profile, ete,); standard
output at t = TINIT is not included in NPR
1-10 Fl10.0 TPRINT only 1f KOD(?) = J; TPRINT is a constant time increment (d) for which the output
- must be printed; output is listed at t = TINIT + i x TPRINT where i = | to NPR
1=10 F10.0 TBR(1) only if KOD(7) = Q; TPR(]) is time increment for ist output
§1-20 F10.0 TPR(2)
21-30 Fi0.0 TPR(3) ag above, but for 2nd, 3rd, ..., NPRth output
etc, Fi0.0 TPR(NPR)
output is listed at time t ~ TINIT + TPR(1), t = TINIT + TPR(l1) + TPR(2)}, etc.
group H consiete of meximally 7 cards
GROUP I
Group I is used only if KOD(3) = O, Describes upper boundary condition
=10 F10.2  PREC(L(])) precipitation (cm.4"1)
11-20 F10.3 ES(L(1)) potential soil evaporation rate (cm.d™!) . for firat day of imput,
21-30 F10,3  EP(L(1)) potential tramspiration (cm.d~1) L(1)
31-40 Ri0.4 PHS(L{1)) minimum allowed pressure head (cm) at the soil surface

if KOD{4) = 0 1 | card is required for each day of input L{1) to L(2), or
: [L(Z) - L(1) + l] cards
if KOD{4) = 1 ; only one card is required

group I coneists of maxtmally 366 cards
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Columns  Format  Symbol Description
GROUP J
Group J is used ounly if KOD(3) = 1. Describes the upper boundary condition.
- Potential evaputransPLratxon rate (cm a~!) is calculated with the Priestley and
Taylor equation
1-10 CFI10.3 ALPHA empirical constant in the Priestiey and Tayléer equation (ALPHA = 1.35 + 0.10)
1-10 F10,2  PREC(L(1)) precipitation (em.d~l)
11-20 FI0.1  WNT(L(1)) flux of net radiation (W.m™2)
21-30 EBi0, 1 TEM(L(1)) mean daily air temperature (°C) for first day of input, L(1}
31-40 ¥l10.3 RH(L(L)) mean daily air humidity (fraction)
41-50 F10.2 SC(L(L)) soil cover {(Eraction)
if KOD(4) = 0 : | card is required for each day of input, L{i) to L(2), or
[€2) - LQ1Y + 1) cards
if KOD{4) = | : only | card is required
group J consists of maximally 367 eards (1 card for the ALPHA value and 366 cards
for daily inputs)
GROUP K
Group K is used only if KOD(3) = 2, Describes the upper boundary condition.
Potential evapotranspiration rate (cm.d™!) is calculated as E, (Penman, open wa-
ter) x crop coefficient .
I=10 F10.2 PREC(L(1}) precipitation (cm.d” 1y
11-20 F10.1  'HSH(L(1)) short-wave radiation flux (W.m™2)
21-30 F10.3 DCLCL{1)) degree of cloudiness {(fraction)
“31-40 F10.1 TEM{L(})) mean daily air temperature (°C) ) i
41-50  F10.3  RA(L(I))  mean daily air humidity (Eraction) for first day of input, L(I)
51-60 F10.2 U{L(L)) mean daily wind velocity at 2 m height (m.s~!)
61-70 F10.3 SC(L{1))} soll cover {(fraction) .
71-80 F10.3 CH{L{1)) crop coefficient (fraction)
if KOD(4) = 0 : | card is required for each day of imput, L{1) to L(2), or
[L€2)y - L) + 1} carda
if KOD{4) = 1 ¢ only | caxrd is required /T
T
group K consists of maximally 366 cards
"GROUP L
Group L is used only if KOB(3) = 3. Describes the upper boundary condition.
Potential evapotranap1rat10n rate (cm, a~1) is caleulated with the Monthelth -
Rijtema equation
1-10 Fl0.1 RS stomatal resistance (s.m”!)
1-10 Fl0.2 PREC(L(1)) precipitation (cm.d-l)
11-29 F10.1  BNT(L(1)) net radiation flux {(W,m™2)
21-30 Fl0,1 TEM(L(1)} mean daily air temperature (°C)
3)-40 F10.3 RH(L(1)) mean daily air humidity {(fraction) for first day of inmput, L{1)
41-50 Fl10.2 U{L( 1)) mean daily wind velecity at 2 m height (m.s™!)
51-60 RI10.3 SC(L(1)) soil cover (fraction)
61-70 F10.0 CH{L(1)) crop height (em)
- if KOD(4) = 0 ¢ | card is required for each day of input L{I1) to L(2), or
[L€2) - e + 1] cards
1f KOD(4) = 1 : only | card is required
group L constets of mazimally 367 cards (1 eard for RS-value and 368 oards for
datly inputs)
GROUP M
Describes the crop height - wind function, the leaf area index relationship
with soil cover and the interception function depending on precipitation. For
details see pages 73-75 of YEDDES et al, (1978}
1-19 E10.4 FGA
11-20 ElD.4 FGB coefficients of G(CH)-function, which is used to estimate potential evapotrans-
21-30 E10.4 FGC piration flux (see eq. 8.3 to 8.5)
31-40 E10.4 FGD
41-50 El0.4 FGM use this card only if KOD(3) = 3 and if L(7) = 0
51~60 ElQ.4 FMCH (if L(7) = |, standard values of the coefficients are used, see Fig. 30 of

FEDDES et al, 1978)



Columps 'Format  Symbol Description
1-10 ElQ.4 FLA coefficients of the leaf area index - seil cover Function
11-20 E1Q.4 FLB
21-30 EIOQ.4 FLC use this card only Lf KOD{3) > |
I-t0 El10,6 FIA
11-20 El10.4 FIB coefficients of the FIN-function describing reduction in precipitation rate as
21-30 Ei0,4 FIC caused by interception (eq. 8.7 - 8,9)
=40 E10.4 FID
41=-50 El0.4 FMP use this card only if KOD{3) = 3
51-60 EI10.4 FML (if L(8) = 1, standard values of the cocfficients are usedt FIA = 0,169; FIB =
0.516; FIC = ,17687; FID = 0,0593; FMP = 2.0; FMI = ,19; see also Fig. 42 of
book FEDDES et al, 1978)
group M consists of maxtmally 3 cards
GROUP N
Group N is used only if KOD(1) = 0, Describes the daily groundwatex level.
Absolute values may be given as input (soil surface is uged as referenca level)
o 1-10 Fl10,! GWL(L())) groundwater tevel {(em) for the first day of input, L(I)
11-20 Fl10,) GHL(L(I)+1) .
) cte. Fi0.1 GWL (L(2)) as above, but for the 2nd, 3rd, ..., L{2)}th day of input
< if KOD(2) = 0 : L{2) - L(1) + | values must be entered
Lt if KOD(2) = t t only 1 value, GWL(L({))}, must be entered
group N consists of maximally 46 cards ;
GROUP 0O
Group O is used only if KOD(1) = |. Describes the initial groundwater level and
the daily values of the flux from the saturated zome (positive upwardas, cam.d™!)
1-i0 FIO.1  GWLA initial groundwater level (cm), for t = TINIT .
1-10 F10.3 QDEEP(L(1}) flux from the saturated zone for the first day of input, L(I)
11-20 FI10.3 QDEEP(L(1)+1) £ L :
ete. FI0.3  QDEEP{L(2)) ag above, but for the 2nd, 3rd, ..., L(2)th day of input
if KOD(2) = Q : [L(Z)—L(l) + ﬂ values muat be given
if KOD{2) = | : only 1 value, QDEEP{L(1)), must be given
group O consists of maxtmally 47 cards
GROUP P
Group P ig used onty if KOD(1) = 2, Describes saturated flow to ditches and deep
percolation {soil surface is used as the reference level For water tables/
lavels)
1-10 P10 GWLA initial groundwater level {cm), for t = TINIT
1-10 Fi10.1 CHND gpacing between channels (m)
jl-20 FI0.3 CHNR radial resistance of chammel (d.m~1)
21-30 F10.3 DKD transmissivity for horizontal flow (mz.d'l); k x D value of eq. (38) of this
. paper
31-40 Fi0.3 ALPHAR shape factor of groundwater level
41-50 F10.] DGRWIL deep groundwater level (cm)
51-60 F10.1 SIMPR vertical resistance of poorly permeable layexr (d)
1-10 F10.1 CHML(L(I)) open watexr level in the ditch {em); may be given as absolufe value
11-20 F10.1  CHNL{L(1)+1) .
ate. FIO. 1 CHNT, (L{2)) as above, but for 2nd, 3rd, ..., L{a)th day of input
: ' if KOD(2) = 0 : [L(Z)-L(l)+l] values must be given
if KOD{2) = | : only I value, CHNL(L{1}), must be given
group P conatets of maximaily 48 ecards
GROUP ¢
Group Q is used only if KOD(I) = 3. Describes the flux - groundwater level
relationship
1-10 F10.1 GHWLA initial groundwater level {cm), for t = TINIT
1-10 E10, AREL value of a in eq. 43 of this paper; see also Fig. 3
11-20 FI10, BREL value of b in eq. 43 of this paper; see also Fig. 3

group @ consists of 2 cardas

3



Columne  Format  Symbol - Description
GROUP R
Group R is used only il KOD{I) = Describes daily values of pressure head of
bottom compartment
1-10 El0.4  GPRH(L{1)) pressure head of bottom compartment for Ist day of input, L(I}; absolute value
may be given
11-20 Ei0.&  GPRH(L(1)+1) .
atc. B10.4 GPRR(L(2)) as above, but for 2nd, 3rd, ..., L{2}th day of input
if KOD(2) = 0 : [L(2)~L(I)+q values must be given
if KOD(2) = ) : only 1 value, GPRH(L(1)), must be given
group R conaists of maximally 46 cards
GROUP §
Describes the rooting depth

1-10 Fi0.) DRZ{L(I)) rooting depth (cm) for the first day of input, L(1)
11-20 F10.1 DREZ(L(I)+I) .
ete. F10.1 DRZ(L(2)) as above, but for 2nd, 3rd, ..., L(2)th day e¢f input

if KOD(6) = O : [L(Z)—L(l)+ﬂ values must be given
if KOD(6) = 1 : enly 1 value, DRZ{L{})), must be given
group § consists of maximally 46 cards
GROUP T
Group T is used onily if KOD(S5) = 0. Deseribes the initial moisture conteat
profile {t = TINIT)

1-10 F10.3 WC(]) initial water content (cm® .cnf3) of 1st nodal point {surface compartment)
10-20 F10.3  WC(2) as above, but for 2ad, 3rd, ..., NCSth nodal point; numbering %s from tOp to
ate, FI10.2  WC(NCS) bottom of soil profxle

group T aongiste of maximally 5 cards

GROUP U
Group U is used only if KOD(5) = 1, Describes the initial pressure head
profile (t = TINIT)

I-10 B10.4  PH(I) initial pressure head {cm) of st nodal point (surface compartment); absolute

value may be given
10-20 E10.4  PH(2) as above, but for 2nd, 3rd, ..., NCSth nodal point; numbering is from top te
ete. E10.4  PH(3) bottom of soil profile
group U conststs of meximally 5 cards
GROUP V¥
Describes the physical characteristics of soil layer 1 {numbering of layers is
from top to bottom). Units of hydraulic conductivity can be chosen arbitrarily;
gee also factor PAC, group D
1-10 E10.4  PRH(1,x) pressure head (cm) for Ist soil layer at water content 8 = LV{I) (cm3.em™3);
absolute values may be given
11=20 E10.4  PRH(1,x) 4s above, but for pressure heads at 0 = LV(i)+0.0], 6 = LV(i)+0.02, ...,
ete. B10.&  PRH(I,x) 0 = MV(1)}

1-1¢ Ei10.4 coON(l,x) hydraulic conductivity for lat soil layer at water content 8 = LV(l} (emd,cm™3)
11-20 E10.4  CON{l,x) as above, but for hydraulie conductlvltles at 8 = LV{1)+0.01, 6 = LV{1)+0,02,
ete, E10.4  CON{1,x) veey 8= MV(1)

the x-values have not to be defined

grouwp ¥ conststa of maximally 20 eards (10 for h-values, 10 for K-values)

GROU?P ¥
Group W may be omitted if NPL = |, Describes the physical characteristics of
soil layer 2. Units of hydraulic conductivity as in group V

as group V, but LV(l)}, MV(I), PRH{1,x}, CON{1,x) become LV(2), MV(2), PRH(Z %),
CON(2,x) respect1vely

‘group W consists of maximally 20 cards

32



Co lumns

Format

Symbol

Description

GROUP X

Group X may be omitted if NPL € 2, Describes the
goil layer 3. Units of hydraulic conductivity as
as group U, but LV(1), MV({l1), PRH(I,x}, CON(I,x)
CON(3,x) respectively

group X congists of maximally 20 cards

physical characteristics of
in group V

become LV(3), M¥(3), PRN(3,x),

GROUP Y

Group Y may be omitted if NPL £ 3. Describes the
soil layer 4. Units of hydraulic conductivity as

as group V, but LV(1), MV(1), PRH({J,x), CON(l,x)
CON(4,x) respectively

group ¥ constists of maximally 20 cards

physical characteristies of
in group V

become LY(4), MV(4), PRH(&4,x),

GROUP 2

Group Z may be omitted if NPL £ 4, Describes the
s0il layer 5. Units of hydraulic conductivity as
as group V, but LV(1), MV({1), PRH(1,x), CON(!,x)
CON(5,x) vespectively

group Z consiste of maximally 20 cards

physical characteristics of
in group V

become LV(5), Mv(5), PRH{5,x),

33



IV.4.Example of part ial inpuct

As an example of input we selected a loamy sand with an arable
top layer of 20 cm that overlies a loamy fine sand down to 200 cm.
.Calculations were performed over the period of 15 April to Il Septem-—
ber of the relatively dry year 1976,

As boundary conditions for the top of the system actual rainfall
intensities, potential soil evaporation and transpiration rates were
introduced. The latter values were calculated as 0.8 x Eo (Penman) .

As bottom boundary condition a 9 (¢3) relationship of the type
shown in e¢q. (43) was used. In the beginning the groundwater table
was set at 35 cm below soil surface. The initial moisture profile above
the groundwater table was taken to be in equilibrium with it.

As an example we present below a partial list of the input data,
i.e. for the period 15 to 25 April 1976. Note that in this period
precipitation rate, potential soil evaporation rate and minimum allowed
pressure head at the soil surface are all set equal to zero. The
rooting depth is taken to be constant during this time, i.e. 35 cm.

For the same restricted period of input, also as an example a
listing of output data of the program is given, For this output see
under Section IV.5. _

The program was run for the entire period of 15 April to |} Sep-
“tember. The main results are presented in the Figs. 13A and 13B. In
Fig., 13A cumulative values of calculated actual transpiration and
measured precipitation are shown. In Fig. 13B the cumulative discharge
pattern is shown together with the variation of the groundwater table
with time. Note that during the first 25 days, say; the groundwater
table decreases fast, with a less pronounced drawdown during the

remainder of the period.
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Fig. 13A. Cumulative values of calculated actual transpiration and
measured precipitation during the period 15/4-11/9, 1976 for
a loamy sand soil overlying a loamy fine sand

13B. Cumulative values of discharge and groundwater table depth, as
calculated with SWATRE for the period indicated above
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Example of partial inmput

LDODAMY

200,
¢.05
0445
0.45
30.0

0.0

-10.

105 114
104,

10,
0.000
0,000
0,000
0,000
0,000
0.000
0,000
0,000
0.000
0.000
~30.0
'0:8
35.0
1.00ES
3, 20E3
5.00E2
1,30E2
7.90E1
0.00F0
7:.0F-6
2.,1E-9
1.5E-2
?.0E-1
1.0C001
S 2E01
1.466E3
2.29E2
7. 08E1
2,82E1
7.2E-5
1.1E-3
1.7E-1
&,3E00

SANDSPERIODDI! 15 To 25 APRIL 1974

0 0
20 2
¢.05
0,36
0,34

1.

0,02
365,
~25,

29 15
114,

0,000 -

0.000
0.000
0,000
0.000
0.000
0,000
0,000
0,000
¢.000

-0,035

5.00E4
2.30E3
4,002
1.25E2
4+60E1L

1.2E-5
3.6E-4
2,8E-2
1+2E00
1,2E01

1.32E3
1.95E2
4.17E1
2.91E1
?+9E-S
1|4E'3
3|6E"1
8,200

2 i
2 20

0.0
366,
~25.

|20

1248
1248
+248
1248
1248
+ 248
248
+248
1248
1248

2.50E4
2.00E3

34202

1.20E2
&.00E1

2.0E-5
5.0E-4
5,0£-2
1.9E00
1,7€01

P.77E2
1.462€E2
S.26E1
2+0Q0E1L
1.3E-4
1.96-3
8.1F-1
1.2801

1
20 20

-300.0

0.002

0,000
0,000
0,000
0.000
0.000
0,000
0.000
0,000
0,000
0,000

1.60E4
1,60E3
2,30E2
1.15E2
S.00EL

3.0E-5
?.5E-4
8.2E-2
2.,3E00
2,0E01

7+41E2
1.41E2
4,79E4
1:.41E1
2.2E-4
2.3E-3
1,1€00
2,1E01

20 2

-400,0

» 20

1:00E4
1.30E3

2,00E2

1.+10E2
4,20E1

A, 0E-D
1|6E“3
1.4E-1
3,5E00
2.5E01

S5.75E2
1.32E2
4.17E1
1.,00E1
3.2E-4
S.1E-3
2. 0E00
2,9E01

~500.0

7.40E3
1,00E3
1.,80E2
1.,00E2
3+10E1

6.0E~D
2.7E-3
2,3E-1
5:0E00
3.0E01

5.01E2
1.05E2
3.80E1
Se01EQ
3.9E-4
2.3E-3
2. 7E00
4,5E01

-146000,0

5.00E3
7.F0E2
1,40E2
7.80E1
2.00E1

1.06-4
4,6E-3
3.8E-1
6,0E00
3.7E01

3.463E2
?.33EL
3.59E1
2,19E0
&6.1E-4
2+5E-2
3.4E00
3.,8E01

4,20E3

- &+30E2

1.350E2
8.90EL
1., 00E1

1.5E-4
8.0E-3
5.55-1
8.0E00
4. 4E01

3.09E2
8.,13E1
3.16E1
0.00E0
7.7E-4
6.9E-2
4,7E00
7.0E01



WwW.S5.Example of partial output

$ LOANY SANDSPERIODI 15 T0 25 APRIL 1974 4

Kobi1)=3 KOD(2)=0 KOD(3)=0 KOD(A)=0 KOD(5)=2 KOD(&)=1 KOD(?Z7)=1i

DEFTH OF SOIL PROFILE @
NUMBER OF COMFARTHENTS ! 20
NUMRER OF SOIL LAYERS t 2
NC - ARRAY ! 2 20 20 20 20

DARCIAN FLUX INTEGRATED AT BOTTOM OF COHPARTHENY MR ¢ 2

200,0 CH

LV -~ ARRAY ! 050 ,05¢ 0.000 0.000 0.000
HY - ARRAY 1 450 .360 0,000 0,000 0,000
SWC - ARRAY | +450 +360 0,000 0,000 0,000

SATURATED HYDKRAULIC CORDUCTIVITY OF FIRST SOIL LAYER { ,500E+02
FAC 1 +100E+01

STHK TERMW VARIABLES

IRER ARER BRER
i 1200E-01 0O,
RHAH TR TE
0.0 3465, 366,
FoO FUL PL1 P2H FaL p2 F3
-10, -25. =25, ~300, -600. -500, -14000,
L - ARRAY t 105 114 29 15 4 4 1 1

START OF CALCULATIONS t 104. DAYS

END OF CALCULATIONS I 114, DAYS

HAXTHUN TIHE STEP ! +200E4+00 DAYS

MAXIMUHM CHANGE OF MOISTURE CONTENT ! +200E-02 CHX¥3/CHix3
HAXIHUH CHANGE OF GROUHDWATER LEVEL 1| ,200E+00 CM

HUMBER OF PRINTPLOTS 1
PRINTING INTERVAL ! 10, DAYS

DOUHDARY CONDITIONS AT THE TOP |

DAY FREC ESOIL EPLANT PHS
105 0,00 0,00 + 29 0.0
106 0.00 0.00 125 0.0
107 0.00 0,00 25 0.0
108 0.00 0. 00 25 0.0
109 0.:00 0.00 125 0.0
i10 0.00 0.00 125 0.0
i1l 0,00 0,00 v 23 0:0
112 0.00 0.00 25 0.0
113 0,00 0.00 125 0.0
114 0.00 0.00 1 29 0.0
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BOUNDARY CONDITION AT EOTTOM OF SOIL PROFILE 1
FLUX-OROUNDWATER LEVEL RELATIONSHIP

FLUX = -,BOOE+0Q % EXP( -,350E-01 ¥ ABS(DROUNDWATER LEVEL))
IN PROORAM | QDEEFA = AREL X EXP{(BREL X ABS(OWLA))

(CH/BAY)

THE ROOTING DEPTH IS CONSTANT = -35.:0 CH

INITIAL CONBITION !

38

+++++ PRESSURE HEAD PROFILE IS CALCULATED(EQUILIERIUN WITH GROUNDWATER LEVEL) #+++++
~+3000E4+02 -+2000E402 -.7500E101 0, 0.
0. 0, . 0. 0. 0
0. 0, 0. 0, [
0. 0. 0. 0. 0.
SOIL PHYSICAL FARAMETERS OF PROFILE LAYER NUMBER | 1
THETA PR.HEAD CONDUCTIV. THETA PRyHEAD CONDUCTIV.
0.000 -.1000E404 + 7000E-05 +010 -,5000E4+05 +1200E-04
+020 ~+2500E405 +2000£-04 030~ 1800E405S »3000E-04
+040 -,1000E+05 +4000E-04 1050 -.7400E+04 +6000E-04
+040 - 5000E+04 +1000E-03 070 -1 4200E4104 1 1500£E-03
+080 -.3200E104 +2100E-03 »090 ~42500E+04 +3400E-03
100 -, 2000E404 +6000E-03 A10 - 1400E404 1 9300E-03
120 -~ 1300E404 +1600E-02 1130 - 1000E104 1 2700E-02
v140 -, 7900E+03 +4500E-02 +150 -, 4300E103 +8000E-02
+160 - (5000E403 +1500E-01 +170 -,+4000E403 2800E-01
+180 -.3200E403 v5000E-01 190 - 2500E+03 +8200E-01
+200  -42000E+03 +1400E400 1210 ~,1800E+03 +2300E+00
1220 ~-.15600E+03 1 3900E+00 1230 -,1500E403 1 5050E+00
1240 ~-,1300E403 +12000E100 250 -, 1250E+03 1 1200E4+01
+260 -.1200E403 11900E101 +270 =~,1150E403 1 2500E+01
+280 ~.1100E403 +3500E+01 1290 ~.1000QE+03 +5000E401
+300 -.9800£+02 +4300E401 1310 -.08900E+402 +BOOOE+01
1320 -, 7700E+02 +1000E+02 + 330 -.6400E4G2 +1200E4+02
+J40 -, 8000E402 +1700E402 1350 -+5000E+02 120006102
3460 -,4200E102 12500E402 370 -.3100E+02 »30G0E+02
1380 -,2000E402 +3700E102 1390 -~.1000E+02 +4400E402
+400 0. +5200E402 410 0. 0.



SOIL PHYSICAL PARAHETERS OF PROFILE LAYER NUMBER t 2
THETA PR.HEAD CONDUCTIV., THETA -
0,000 -,1640E404  .7200E-04 1010

1020 -(9770E403  .1500E-03 030
.040 ~,5750E403 . 3200E-03 050
060 -,3430E+03  ,4100E-03 1070
080 ~-.2290E403  +1100E-02 1090
100 -.15620E+03  ,1900E-02 1110
L1120 -, 1320E403  ,51006-02 +130
J140 -,9330E+02  .2500E-01 150
1160 -,70B0E+02  ,1700E+00 170
(180 -,5250E+02  ,Bl00E+00 1190
1200 -.4170E402 4 2000E401 .20
«220 -,3550E+02  .3400E+01 . 230
1240 -,2820E402 4 5300E+01 4250
1240 -.2000E402  +1200E402 4270
2280 -.1000E+02  .2900E402 290
1300 -.2190E401  ,SB00E+02 310
TIME I 1L4. DAYE TIHE STEPw 1556E—0I
CPREC = 0,000 CH CINTCEP = 0.000 CH CPIRFILT= ©.000 CH CIKFILT
CFETR = 2.480 CH CPIRANSPs 2,480 CH CPSEVAP = 0.000 CH CRUROFF
CETh * 2,480 CH FCTRANSP = 2,400 EHS ACSEVAP = 0,000 CHE FLUXY
CFLXED = 1,400 CH CFLXSDP = 1,453 CH CFLXSDH = -~,043 CH FLXSD
CFLXBL wsk¥kkisd CH FLXBY
COUEEF = -1.204 Ch CODLEFP = 0,000 CH CGDEEFN = -1.204 CH ADEEPA
CDELTA =s6ktiks CH CDELTAF =8isidsk CH CDELTAN =9143332 CK DELTA
VOLINET » 72,914 CH voL = 49,326 CH GMLA = -47.4 CN DR24
COKP. HR LEVEL THETA PR.HEAD COHDUT ROOT EXT C.RODT EXT EUH.WATER
{CH) tyaL) {CH) {CH/DAY) (1 /70AY) . (CHY {tH)
1 ~5.0 380 -, 880E102 1120E302 «Z00E-01 1 200E101L 3.0800
2 -1540 2374 =.55PEHO2 1026402 +4B0E-C2 1490E400 7741
3 -25.¢ «244 -, 455E402 1HASERDY «222E-14 216E- )4 10.1R0
4 =35.0 272 -+J4BELD2 +3EIEIOL D o, 12.898
5 -45.0 301 - 245E402 BALIENOYL O, 0. 15.%09
4 ~33.0 2319 -~ 144E402 +205E+02 0O, 0. 17.103
? ~&5.0 1341 - 470E1H01 +464EH02 0, o 22.514
a =75.,0 1340 0. W700E402 O, O 26.114
? -B5.¢ «340 O, »200E402 Q. 0. 29.714
10 -¥5.0 360 0. »700E402 0. 0. 23,314
11 -105,0 1360 0. «700E402 0. 0. b.714
12 ~1153.0 1360 0 HFO0EHD2 Q. 0. 10,584
13 -125.90 2350 O J700ERG2 0. 0, 44,114
4 -135.0 3860 O +700E102 0. [0 47.714
15 -145,0 350 G 7006402 O, (-1 S4.344
16 -155.0 1360 0. FO0EH0Z2 O 0. 54,914
17 =145:0 340 0, F00E402 0. 0, J0.514
[}:] -175.0 1340 0. FOOERD2 O 0. 42.114
1¥ -185.9 380 O, «700E102 0. 0. 45.714
20 -i75.0 +340 0. +700E402 9. 0, &7.314
SRNERIIRANRIRRARNCOEN AR NN SOIL HOISTURE COMTENT PROFTILE AT TIME 1
LEVEL THETA .0 0.1 0.2 0.3 0.4 045 0.4

CH VoL,
=51Q  A3BY o=
=150 374 -
-28,0 244 3-
~15.0 272 -
A% 0 301 +---
=550 317 #---
-45.0 341 §---
~75:0 340 %-—-
83,0 350 3--
=95.Q 380 4--—
~105.0 340 $--
—115.0 340 $---
—125.0 340 $--
35,0 1340 #--
~3145.0 360 #-
-155.0 L340 #-
=14%,Q 350 4--
~173.0 340 -
-195.0 380 4-
~19%.0 340 #--—-
(4] VOL, 43wpisdnend
LEVEL THETA .& 0.1

ndetteteiennaiivisinn

PR.HEAD CONDUCTIV.
-+1320E+04 +P900E-04
-+ 7410E403 12200E-03
- 9010E4+03 +3900E~03
-+ 3090E4+03 1+ 7700E-03
=, 1950E403 +1400E-02
=+1410E403 1 2300E-02
~+ 1050E4+03 +2300E-02 -
-.B130E+02 +4900E-01
=+ 6170E1402 1 JH00EH00
~14790E402 +1100E401
-:3800E102 +2700E401
-+3140E+02 +4700E401
-, 2510E402 18200E401
-, 1410E402 12100E402
~+D010E+01 +v4500E+02
0, +7000E+40Q2
BAY HUHRER OF TIME STEF= 19%
- 0:000 CH
a 0.000 CH
= 0,000000 CH/DAY
= 190845 CH/DAY 160 2
~EEEURRIDRE CH/DAY
= -.074470 CH/DAY
= L,asBE-02 cH
= -35.0 CH H =~ 7

FLUXES CORP, HR
(CH/OATY
JLS4E100 i
+191E400 2
J162E400 3
+142E100 4
IISENOO 5
JATAER0D 3
+134E100 7
-1 7867E-01 8
=~ 247€-01 9
- 747E-01 10
- 747E-01 1
~ W 747E-01 12
—.747E-QL E!
-~ FEIE-O) 14
—1747E-01 15
- 747E-D1 14
e 247E-OL 17
- 787E-0) 18
= 747E-01 13
- 7867E-01 20

114 DAYS NIt v astalsdsrrasisinesg

. L.

SHERL AR R F VR A A AR SRRSO EA i AU E R R R LN R LN A0S
R A R R R L A R R L A A ]
R R R R R R R R A e i i
FLLLLLIZIIIEE TR ETLIELL I PE LI IR RIISPLTTIRPFIFFEFI T¢I N
R R A A A R R R R R R LA L A TA
L A R AR R R A R R R A A A L L L L L L Ll
F L R R R L A L L L i LA
R R R R R R R A N A A R L Al
e R R R R R R T N Ny id ]
e R A A R R A A R L R L R A R A A P T L]
e A R R AR R R R A R T L d s i Al
M P A L A R R R L L T L r il
SWILLPIRIPILT I FEIT IR R F T TR FTIF AP FLRr2 2805077004074
N R R AR R R L R R R LA R R i tiidal
e R A A A R A A R L L R it it
A A R R R R R A R R A R R R R R L L L AL Al
L R R R R R R R R A R L R A L LAl
e R L A L A R L A i ]
~RILTIILPIEIIIL IR EFEF I PRI PP PFFRTRIFFFFFIFL 1008002007800 00047 774
R R A A A R R A A R A LAl
L L L R A R R N T Ry T N T VN A TN VTN g |

R RRF AN SRR ANt SRR bRt R A R RSN T R R TN R L BTN R4 SR AR R 1TSS
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7 0.8

0.9 1.
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40

103
104
107

109
1e
13y
112
13
114

TIKE | 104, DAYS TIHE STEPa  ,100E-0% DAY KUKEER OF TIME STEP= 1
CPREC » 0.000 CA CINTCEP = 0,000 CH CPINFILT= 0,000 CH CINFILT = 6,000 CH
CFETR =  .000 €H CFTRANSPa 1000 CH CPSEVAP = 0.000 CH CRUNDFF = 0.000 CH
CETR = 1000 CH ACTRANEF = 000 CAY  SCGEVAF = 0,000 CH% FLUX] = 0.000000 CH/DAY
CFLXSD =  ,000 CH CFLYELP =  ,000 CH EFLASON = 0,000 CK FLXSD = 000000 CH/DAY Isus 2
CFLXBE  «SBELLTT CH FLXHU  ad$#S0ERERE CAZDAY
CODEEF = -.000 CH COLEEPP = 0,000 Ch COREEFN =  -.000-CH OUEEPA = =-,235006 CH/GAY
COELTA =13EEEEE CH COELTAP =$E31618 CH CLELTAN =3adksas CA DELTA = .244E-12 CH
VOLINIT = 22,934 CH voL = 72,934 CH s¥La = =350 CH vRZa  » -35.0 CH B e 3
COMP, KR LEVEL THETA  PR.HEAD  CONDUC  RODT ENT C.ROOT EAT CUM.UATER FLUXES SOMP. WR
(CH)  tyouy (CH) (CH/DAY)  C3/DAY} (CH) (LAY (CH/IAT)
1 S5.0 421 - 300E40Z  L30EEH0Z  L200E-01 L 200E~10 4,209 1563608 1
2 -15,0  .A30 —,200£402  ,370E+02  LABOE-02 . 4D0E-11 8,509 155E-00 2
31 -25.0  ,335 -.750E401  L370E402 0. o, 11859 . WL54E-08 3
i -3m.0 360 0. 7006102 4 o. 15,459 12158100 A
5  -15.0  .340 O, 17006402 0, 0. 17,059 -, 2356400 s
& -55.0 L340 O, .JOOE40Z O, 0 22,659 -,235E400 M
7 -a5.0  .3s0 0, J700E402 0, 0. 28.259 . -\ 235400 7
8 =750 .40 O, JFOOEEOZ O, o, 29.85¢ - 7356400 o
¥ -85.0  .340 O. J700E102 O, 0. 33.45% -1 235£400 ¥
10 -95,0 .30 0. © LJ700E402 0, o 37,059 -1235E400 10
iU -105.0  .340 0, J700E402 O, o, 10.65¢ —.2350100 1
12 -115.0 .30 0. 7006402 O. o 44,259 - 233E400 12
13 -125.0 (350 0. JTO0EHOZ 4. o 47,85¢ - 2356400 13
14 ~135.0 340 O, 7O0EH02 @ 0. 51.,45% - 235E400 14
15 -145.0  ,340 O. \TOOE40Z O, 0 55,059 -.235E400 15
16 =155.0  .340 O. (FO0EN0Z O, o 40,659 -.235E400 16
17 -185.0 L340 0. J700E402 04 o 42,259 -1 2356400 17
18 =175.0 380 0. «700E102 0. o 85,857 —1235E400 ia
19 -185.0  .380 O. \ZO0E#02 0. o. 89,459 -\235€¢00 1%
20 -195.0  ,340 0. L700E402 0. 0 73,059 -1235E400 20
FERUREERALLAREEVEEISRERISEEEEED SOTL HDISTURE CONTERT FROFILE AT TIME 1 104, DAYE #ESEREELESTISEETIsasssnnsssaiss
LEVEL THETA .0 ot 0.2 0.3 0.4 0.5 0.5 0.7 0.8 0.9 1
CH UL, BAASKESRMNEEEAREETEI LLEEE NN RN E N O SO R O IR RS YRR R R B LRGBS R R REET AR TR i e 0K H AN
S50 4821 bemmmmrmmm o imumm e IR
S15,0 2430 Hmmsmmmmmmemmem e msedeesmmemaamn e b FIIIIEIEEIII I IIIIFEFIIIIEE I II IR TP Tediteeiitsie
-25.0 .338 s
35,0 (380 R 2PPEEEEEEEEEEI O PR EFELRIEEEIII 00 EETTTEEEEELOEEEEE08201000000
~35.0 L340 NIZZTIEFIIIIIEEITITIIRIEEEIIIEEITTIITIIIEEIRPEEIIIEEFIITI 40800
-55.0 380 S
6510 380 P TITETELIEITTETERELEEEF I I T2 IIEEIEITEEEEE I IE 222 et r it ad e TiTTN
75,0 340 S
-B5.0 .30 e RPETEEEEEEEE TR ETTTTEFI 00 0PI EE I I 1T 61484 EET00TFELEPY
~95.0 .14 Y rrymn
-165.0 1380 o
-118.0 .38 T
-£35.0 4360 SALLIEEITETEIT T IR ERI P I EEEIT I 1300 I QI EET LTI 00 0028¢0¢0081000}
-135.0 1360 Y
-145.0 (380 o
-155.0 .38 I
~185,0 ,340 N o
-175.0 360 R BTIIEEEEERTETIITITIEEEFII I IIIIEPIPEOIIIEIIIII 11000007 000000%
~185.0 340 S
195,80 1380 Fommmmmcmmmmmnan S s
CH VOL: #%33 'l.'l‘“llll.l‘l‘""’“it"“l‘i.'.‘fl‘l"ll"ll“""‘t"t“il"lll"'ltlt‘itll‘l‘t'lllll*‘|“"‘
LEVEL THETA .0 0.1 0.2 0.3 014 0.8 8.8 0.7 0.8 0.9 1
TINATELE TERHS OF THE VATER BALANCE 1usssssy
CINFILY TRANSF CTRAHSP Stvar CSEVAF CFLXBOTP EFLXEOTR VOL-voL1
. - ORDUMDY,
cH cH/DAY ch CH/DAY cH c cH en ek TIhe
.00 .25 .25 2.00 0.00 - -
25 50 o100 2:99 5159 B S5 r40.9 103
0,00 .25 \74 0.00 0.00 0.00 -133 -§.20 5o, Loz
.00 .25 9% .00 0.0 .00 -84 181 Saes |
0.00 25 1.24 0,00 8:00 0.00 137 il :g;"; :gg
0,00 125 1,49 . 0.00 0,00 0.00 -8 . -2,32 -a1.2 110
0.00 .25 1,74 0.00 0.00 0.0 -7 <2,81 Y Pt
0.00 ‘25 1.98 0,00 0.00 0.00 -1.05 -3.01 4518 142
0.00 .25 2,23 0,00 0.00 0.00 Nt -3.2¢ -
0100 23 2,48 0.00 0.00 : : PEI i
. . 000 -1.21 ~3.51 - -89.4 114
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FROGRAM SWATRE(DATA»QUTFUT»ZyTAFES=DATA: TAFE&=0OUTPUT+TAPE7=Z)
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¥ BIHULATION MODEL OF THE WATER BALANCE OF A CROPPED SOIL
| PROVIDING DIFFERENT TYFES OF BOUNDARY CONDITIONS
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THI S PROGRAM IS DEVELOPED AT THE:!

YRR R R R oD
+ INSTITUTE FOR LAND AND WATER MANAGEMENT RESEARCH .

RN RN N T 2 I B I RO B B BE B B I R N I N I R R I N NE B BN BN R N N BN R BECRE Y NENE BN NN ]
BY § C. BELMANS(1)s J.B8., WESSELING(2) AND R.A. FEDDES(Z).

(1) 80IL SURVEY INSTITUTE?} P.0.BOX 787 4700 AA WABENINGEN}.
{(2) INSTITUTE FOR LAND AND WATER MANAGEMENT RESEARCH#
' F.0. BOX 354 4700 AA WABENINGENf THE NETHERLANDS

S WATRE IS A HODIFIED AND EXTENDED VERSION OF B8 W A TR

AS DEVELOPED BY ! R+A., FEDDES, F.J. KOWALIK AND H. ZARADNY 1
‘SGIMULATION OF FIELD WATER USE AND CROP YIELD'

SIMULATION MONOGBRAPH 1978 PUDODC WABENINGEN.ISBN 90-220-0674-X

L E X R K B K X N K N B K K B E R X R
X X X XX X BN X N B3 K B K ¥ X KX

XX X K ¥ X ¥ %k ¥ X X XK KX KK K KX KK KKK KK X KX %

Ok % ok ok ¥ X ok ok Kk K kR K K % K k kXK ¥ ok K X Kk k ¥ k ¥ ¥ %
X VERSION MARCH 1981 . X
R K Kk X Ok K ok ok ok ok X % ok ok k ok ok K ok X K K K kK ok K K Xk K
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XXX THE FOLLOWING VALUES MUST BE PRESCRIBED 1 k&
" -INITIAL CONDITIONS %

=-A) VALUES OF MOISTURE GCONTENT CKOD(5)=01]
OR -B) VALUES OF PRESSURE HEaAD . [KOD(S)=11]

 -BOUNDARY CONDITIONS (DAILY VALUES)

————— W A kSR e e e e e e e R L

-AT THE BOTTOM =A) GROUNDWATER LEVEL CKOD(1)=0]
=B) FLUX FROM SATURATED ZONE [KOD(1)=11]

-C) FLUX TOWARDS DITCHES AND DEEF FERCOLATION
[KOD(1)=21

-D) FLUX~GROUNDWATER LEVEL RELATIONSHIP EKOD(1)=3]
-E£) PRESSURE HEAD OF ROTTOM COMPARTHMENT LKOD(1)=41]
-F) ZERO FLUX (UNSATURATEDR SOIL PROFILE) [KOD(1)=5]
- -0) FREE DRAINAGE - CKDD(1)=41

~AT THE SURFACE -A) KOD(3)=0 { PRESCRIBED VALUES OF !

PREC { PRECIPITATION {(CM/DAY)

ES ¢ POTENTIAL SO0IL EVAPORATION (CHM/DAY)

EP 1 POTENTIAL TRANSPIRATION (CM/DAY)

FHE 1 MINIMUM ALLOWED PRESSURE HEAD AT
THE S0IL SURFACE (CM)

-B) KOD{(3)>=1 1 PRIESTLEY AND TAYLOR FORMULA
INPUT § PRECsHNT.YEMsRH»S8C (SEE UNDER -I)

41

280

300.
310
320
330
340
350
340,
370
380
390.
400.
410
420
430
440.
450
440
470
AB0
490.
500
510
520
530
540
550
560
570
580
590
400
610
420
430
440"
650

660

470
680
4670
700
710
720



=C) KOD(3>=2 1 PENMAN(OPEN WATER)YXCROP CORFETITIEMT
INPUT | HSH } SBHORY WAVE RADIATION (W/MXX2)
DCL 1 DEBREE OF CLOUDINESS.(FRACTION)
PREC:TEMsRHsSC ( BEE UNDER -D) )

-D} KOD(3»=3 1 MONTEITH-RYTEHA FORMULA
PREC t PRECIPITATION(CM/DAY)

RH ! RELATIVE HUMIDITY OF AIR(FRACTION)
u ! UIND VELOCITY AT 2 M HEIGHT(M/8)
HNT I NET RADIATION FLUX (W/H%xXx2)

CH { CROP HEIGHT(CH)

sC t SOIL COVER(FRACTION)

TEM ! TEHPERATURE OF AIR(DEGREES CELSIUS)

~DEPTH OF ROOT ZONE (CH)

- e ek ey e e e

*#*******#t#*#**#**#*##*************#X********#t##****#***#*#*****#****
HAXIMALLY CAN BE USEDY

3464 VALUES OF THE BOUNDARY CONDITION

80 VALUES OF PRESSURE HEAD AND CONDUCTIVITY{FOR EVERY LAYER)

40 NODAL POINTS OF THE SO0IL PROFILE

92 OUTPUTS

NoOOO0ONAOGOaOOnD0O000aTO00n

_NDIHENBIDN PH(40)!UB(4O);R1(4O)1R2(40)vTEH(3661:RH(366)vU(366)7
$OWL{IAE)yDCLC3LA) s FINU366)18C(3446)yRDEEP(366):6FRH{3646) vHBH(344)
. COMHON IADsNeNPLINCSeIRZyIRERy INL+IPRT:ISDNPRy :

SLV(SY HV(S) e NC(S )y KOD(7)hL(B) s TA(P9)rIB(SP) LCLI{S) s HEDC(20) »
_#POsPUL,PL1P2HyP2L+P2sP3yRNANsCOWLAMyDSP s DXsDXB+ DXHDXNrC51ESRAY

3**#***!!****#**##*#*#****K*#*#*#**t*#t*###*#*****#*K****#l**ﬂt*#******_

'FACIDT!DTllDTI!DTH!DTHI!DTHH!TINITITENDITPRINTfTOUTPITHD}T?!TBITE!.

$VOL1,VOLIVOLFINAYGULADRZAs GPRHA»QDEEPAFESASEPA/FHBAsFPRECAIFLXAS
$ARER s BRER»AREL » BREL r FLX1 r CHNL » CHND s CHNR » DKDy ALFHAR y IGRWL » SIMPR»
LATPR(S2)»FREC(3646)rCH(3466) 1 FHB(3484) rEP(3466)ES{364)DRZ(366)
SHNT{346)eX(40)rPRH(G¢B1)sCON(S,81)CONDUC(41),CONINC(41)»DHCAP(40)»
SRTEX{40)rFLXS(41)s THETA(4)+SUWC(S) s SUCACA0)»DOUTP(344sF)+EBR(3466)
COMHON/CUN/ CPRECsCINTC)CINFsCPTRAsCPSEVICTRAYCTRAL/CTRAZICSEV,
$CBEV2/CFLBDsCFLEDPCFLEBUYCQDCQOPyCADN»CDELyCDELPsDEL»DVOL
$CRTEX(40)
. EQUIVALENCE (TEH-EP)r(RH-ES)r(U-DRZ)l(HNTrHSHrGUL QDEEPyGFRH) ¢
${CHyFIN)+{SCyPHS )+ (DCLESR)

DATA IHT!ITS!NTS:NPRﬁ/4*0/ PH/A0X0. /s WC/40X0 4/

\

aoooaon:

Cokkkkkkokay H A R 0 G R A H IO OORXORI0K KO KR
C Ao R R R0 0OK KR 3R 30K KKK 0K K 0Kk ORICKOKIOR koK IoRIoICRRIOODIK KK KRRk oKk kR k%

o000 n

¢READING OF INFUT AND INITIAL CALCULATIONS#
CALL RDATA{(PHW(C)
IF(KOD{1).GT.0.AND, KOD(I) LT.+4) IWT=1
IPRT=1
TT=TINIT

- N A e b e 2 € ke A ke L L4 A oA m A e

nool

CHECPEROEIEEPReteussistids ‘S TART - 0F TINE S TE P’ #4¥
c

2999 T=T7+DT
NTE=NTS+1
C .
C4UPDATING OF PRESSURE HEADS#

CALL FRHEAD(FH)
c
C#CALCULATION OF CUMULATIVE VALUES#

CALL INTGRL(PH)
c

CH4READING OF BOUNDARY CONDITIONS®
CALL BOCO(T+«PH)

Cti#!#*##***#*#****t#i*t******#*#**#***ﬂt#**t****###t*t#tt***#*!*#******
I N P

730
740
790
760
7270
780
790
800
810
820

830

840

. 850

840
870
880
890
%00

910

220

730

940
950

2460.
?70. -

280

220.

1000
1010
1020

1030 .
1040.
1050.

1040

1070.

1080

1090
1100
1110

11290
1130

1140

1150

1140,
1170
1180..
1190 .

1200
12190
1220
1230
1240
1250
1240

1270

1280.

1290
13G0
1310

1320
1330

1340
1350
1350
1370
1380
1390
1400
1410

1420
1430

1440
1450

1440

1470
1480



c
C#CALCULATION OF WATER CONTENT AND WATER STORAGE® £-
-CALL WACO(WCsFPH)
DEL=VOL~-VOLI4CTRA=CTRALIFLXS(12%XDT
IF(DEL.BT.0.) CDELP=CDELP+DEL
CDEL=CDEL+DEL
c
C#CALCULATION OF GROUNDWATER LEVEL#
C $0NLY IF X0D(1)=1,KO0D(1i)=2 OR KOR(1)=3§
IF(IWT.EQ,1) CALL CALOGUL{(PH WGC)
H
- C4#CALCULATION DF DIF. HOIST. CAPACITIES AND HYDR., CONDUCTIVITIES#
CALL DHMCCONC(UC)
c .
C#CALCULATION OF FLUXES IN BETWEEN THE NODAL FPOINTS#
CALL FLUXES(PH)
c .
C#CALCULATION OF ROOT EXTRACTION RATES#
. CALL RER(TrPH)

c
C4OUTPUTS
. IF(IPRT.EQ.1.0R.ITS+EQ:+1) CALL FRTPLT(TrWCsPHrITS¢NTSsNPRA)
L .. '
C#CALCULATION OF NEXT TIME STEP (DT)#

CALL CALCDT(T,»ITS)

p |
CHESOB6RE4EM44E44 GO TO ‘S8 TART OF TIHKE STEFP' t44
. 60 TO 9999

C

C

. _ END

Ct

c

c

c.

c.

c

C*###*#**t*#****#**#*********#**t#*******#**#3******#***************##**
Cakkokkkkxxk  § U B R O U T I N E S JOK BB AOIOR IOk KMok k
G OR A IR R OR KK 3 K 30 30K K KK 80K K 000K 35 K 50 3K0K 0K 3K K 0003k ko 30K 2K R 00 3 sk ook sk ke ok ok ok ok
€

P ARl A S s eET EE E A E S P R NP E TN R SN ST RS SRS SRR PR
- SUBROUTINE RDATA(PH,UWC)

~.C SUBROUTINE RDATA t READING AND PRINTING OF INITIAL CONDITIONS»BOUN
c . DARY CONDITIONS, DEPTH OF RDOT ZONE AND HYDRAY .
c — _ . LIC PARAMETERS UF THE DIFFERENT SOJL LAYERS
REAL LAI

. DIHENSION KH(12)rTEH(Séé)nRH(366)9U(366)rBUL(366)-FIN(366)| .
SDCL(366) yHEH(I64) rSC(344) yGDEEF(385) yBPRH(366) yPH{40)/WC(40) :
""COMHON IADN/NsNPLsNCSPIRZsIRERINL»IPRT+ISDeNPRr. . . LT
SLVCS)Y »MV(S) yNC(S) +KDI{Z7) +L(B) r TA(T?) v IR(E9 ) LCI(E)!HED(ZO)!
$POyPULYyPL1PP2ZH!P2LsP2yPI/yRNAHCOWLAH D8P DX sIXGrDXHsDXN2CS1ESRAY
$FAC»DT»DTL+DTL+DTHsDTMI+DTHM+TINIT TENDsTPRINTTOUTP s THD» T2+ TR TE»
$VOL1+VOLI»VOLYFINA»GYLA¢DRZA»GPRHA»QDEEPAYESA'EFPAsPHSAPPRECA'FLXAY
$ARERrBRRERsAREL y EREL +FLX1 s CHNL » CHND» CHNR + DKD} » ALPHAR s IBRUL s SIHPR»
STPR(52) yPREC(364)sCH(346) rFHS(3AA)YrEF{3646)YrERG(IEE)yIRZ(3E4)

SHNT (346839 X(40) PRH(S5+81),CON(S+81)CONDUC(AL1) yCONINC(A1) yDHCAP(40)
S$RTEX(40) s FLAS(41)s THETA(4) rBWC(S5) »SUCA(AQ) yDOUTP (364 ?)yESR(3464)

COMMON/CUH/ CPREC!CINTCsCINF,CPTRA/CPSEV,CTRA'CTRALSCTRAZ2/CSEV,
$CSEV2+CFLSDyCFLSDPyCFLBUyCQDyCAQDPyCODNyCOELyCDELP»DEL y DVOL »
$CRTEX(40)

EQUIVALENCE (TEMYEFP)+{RH+ES) s (UsDRZ) » (HNT»HSH»BUWL s QDEEP +GPRH) »
$(CHyFIN)r(BC»FHS)» (DCLJESR?

DATA KM{1)yKM(3) s KMIS) v KH(7) rKM(BI s KM(1Q) KM (12) 77%31 /s KMC4A) » KM (S)
$rKM(P) P KM(11)/4%30/ v GAHMA/1%X0.46713/ySEPySES/2%0,0/2IPL/1HE/»
$IMN/LAH-/»IRBL/71H /v18L/1H//sFOBAYFORsFGC+FGDyFGHFHCHsFIAsFIBIFIC
$FIDFHPPFHI/ v 37E~72 42839 .144E-79.9%¢1 ., 3E=-7920.90.146990.516+0,1787»
$0.,0593:2.0¢ .19/

DO 5000 I=1:+346

TEH(I)=0,0
RH(I}=0.0
uU{I»=0.0
HNT(1)=0,0
CH(I)=0.,0
8C(I)=0,0
DCL{I}=0.0

1490
1500
1510

" 1520

1530
1540
1550
1560
1570
1580
1590
1500
1410
14620
14630
14640
1650
1460
1670
1480
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850,
1840
1870
1880
1890
1900
1910
1920.

-1930

1940°
1950
1940,
1970

L1980

1990
2000
2010
2020
2030
2040
2050.
2060
2070
2080
2090
2100.
2110
2120.
2130
2140
2150
21460
2170
2180
2190
2200
2210
2220
2230
2240

43



000 CONTINUE

G

€ .

Ckkx READING AND PRINTING OF INPUT DATA AND

READ(S5,1000) HED
. WRITE(&+1001) HED
1000 FORKAT(20A4)
1001 FORMAT(1H1120A4:7///7)
o _MRITE(6:1002)

INITIAL CALCULATIONS xkkkkxk

—— e Ry 4y

1002 FORHRT(IH ;'I N P U T vV A
‘ - - - - - -
READ(S,1020) (KOD(I),I=1:7)
WRITEC6,1021) (KOD{I)y»I=1,7)

1021 FORMAT(1H »"KOD(1)="»I1l," KOD(2)="rIl,"
% KOD(4)=">I1," KOD(S)=*»I1.* KOD{é)=

READ(S,1030) DSP,NCSrNFPLr(NC(I)pI=1,5)y1I5D

WRITE(471031) DNSPyNCSsNPLs(NC(I)sI=1+s5),ISN
1031 FORMAT{(iH +"DEPTH OF SOIL FROFILE 3"sFB.12" CH"r/+"

$13¢//)
READ(S+1040) (BWE(I):I=1,3)
WRITE(5+1041) (SWC(I)rI=1y3)

1041 FORMAT(1H »*LV - ARRAY 1'+5F4,3)
DO 10460 I=1,5

1040 LV(I)=SWC{(I)¥100,+.5
READ(Sr1040) (SUC(I)+1=1,5)
WRITE(4r1042) (SUC(I)I=1,3)

1042 FORHAT(1H »*MV ~ ARRAY 1%:3F4.3)
DO 1070 I=1,5

1070 MV(I)=8WC(I)*100.,+,3
READ(5:1040) (SWC(I)rI=1,5)

. WRITE{(4,1043) (SWC(I)rI=1,5)

1043 FORMAT(1H r"BWC - ARRAY 1"s5Fé. 31//)
READ(5:1040) CSisFAC
WRITE(4,1044) CS1sFAC

1044 FORMAT(1H »"SATURATED HYDRAULIC CONDUCTIVITY OF FIRST SOIL LAYER

_$"9E10,3r /9" FAC 1" 1E10.:3¢///7/7/)

"READ(5,1050) IRERsINL»ARERyBRER
WRITE(4,10%1) IRER»INLARER!BRER

P11y

$FARTHENTS {*rI3:/¢" NUMBER OF BOIL LAYERS !
$:515+/" DARCIAN FLUX INTEGRATED AT BOTTOM OF COMPARTHMENT NR {°»

B L E
KOD(3)="s1I1,
KOD({7 )=

1051 FORMAT(LH »*S INK TERHMK VARTIABLES " 1//¢"
$2Xy INL® 26X+ "ARER" 16Xy "BRER® ¢ /37X I1 74X v 115 3Xs2C1XsED.3) /)

READ(S,1040) RNAMsTEB:TE
WRITE(671052) RNAM+TEsTE
1052 FORMAT(1H »"*
READ(S+1040) FOsPULSPLISP2H)P2LF2,F3
READ(S+1020) (L(I)sI=1+8)

READ(I¢1040) TINIT»TENDsDTHI»DTHH,CGULAN

READ(T¢1020) NFR

IF(KOD(?7).,EQ,0) READ{(5,1040) (TPR{(I)rI=1sNFR)}

. .. IF(KOD{?7).NE.O} READINGr1040) TFRINT
1020 FORMAT(10IT)

1030 FORHAT(F10.,1:8I5)

1040 FORMAT(BE10,3)

1050  FORHAT(2IS,»2E10.4)

DX=ABS(DSF/NCS)
DXH=0.5%0X ..
.. IF(ISD.BT.NC®) ISD=NCS/2

NNL=NC(1)
NLA=1
B0 1080 I=1¢NCS
IF(I.LE.NHL) GO TO 1090
NLA=NLA+1
. ) NNL=NC (NLA)
1090 . BWCA(I)=SWC(NLA}
1080  CONTINUE
C -
CS51=CS1XFAC
FO=-ABS(FQ)
PU1=-ABS(FU1)
PLi=-ABS{FL1)
F2H=-aABS(F2H)
F2L=-ABS(P2L)

44

*1114/7)

NUMBER OF COMNM
v I3+/+¢* NC - ARRAY I*

2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2340
2370
2380
2390
2400
2410
2420
2430
2440
2450
2440
2470
2480
2490

2500

2510
2520
2530
2540
2550
25460
2570
2580
2590
2600
2610
25620
24630

IRER"

RNAM " s 7Xs "TB '+ BXs "TE "¢ /sF P+ 1+ (2(&X1F4.,0)) 9 /)

2640

2650
2640
2670
2680
25690
2700
2710.
2720
2730
2740
2730
2740
2770

2780

2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2940
2970
2980
2990
3000



P2=-aABS(F2)
P3=-ABE(F3I)
WRITE(4y1053) POsPUL/PLL,P2H:P2LyP2,P3
1053  FORMAY(1iH »* - PO PU1L FL1 P2H P2L
$ P2 P3*y/r1001%XsF?.0))
WRITE(4r1061) (L(TI)rI=1s8)
1061 FORMAT(LH «//7//+* L = ARRAY §'+8I5¢//)
WRITE(&y1071) TINIT TENDsDTMI,DTHM,CGUWLAM
1071 FORMAT(1H »“START OF CALCULATIONS !“rF5.0+" DAYS"+/+"* END OF CALCU
$LATIONS 1°sF5.0r" DAYS"¢/»" HAXIMUM TIME STEP 1*+EL10.3r
$" DAYS's/r" HAXIMUM CHANGE OF MOYSTURE CONTENT 1°9E10,3+" CHXX3/
SCHEX3I®» /" MAXIMUM CHANGE OF GROUNDWATER LEVEL $"rE10:35* CH"»/7)
RNAM=-ABS{RNAM)
WRITE{4y1081) NFR
1081 FORMAT(IH r*NUMRER OF PRINTPLOTS 31°*:I5)
IF (KOD(7).,NE.O) GD TO 1083
WRITE(4,1082) (TFR{(I)»I=1sNFR)
1082 FORMAT(iIH »"PRINTINO INTERVALS (DAYSB) !"»10F5.0)
GO T0 1085
1083 WRITE{&y10B4) TPRINT
- 10B4 FORMAT(1H +°"FRINTING INTERVAL . 1°+F5.0r" DAYS")
1085 RNAM=-ABS(RNAN) .
IF(CGWLAM/LE. 10.0) COWLAM=0.,25
KM(2)=L(3)
Li=L{1)
L2=L(2)
DT=1,E-10
DTi=0T
TZ2=L{2)-1,. '
TTOOTP=TINTTHDT —— — 7 T T v T I T T T T LT e
THD=TINIT+1. v .
TAD=TINIT+1 . . '
c .
C+ttt4++4+43445t++++H44t0 44+t 4 04444+ F 4444444444 H b 444 HE 444
Chkkkkkkxxk BOUNDARY CONDITIONS AT THE TOP OF THE SYSTEM kxkixiolxokkikxik
C | e e mem—m e m e e e e e Em e
WRITE(4,10)
10 FURHﬁT(Ile'BUUNDARY CONDITIONS AT THE TOP ("»/»
% LY mmmm— e dmrmre e - - "2/
C # KOD(3)=0 #
IF(KOD{3).NE.0Q) B0 TD 100
IF(KGD{(4),EQ.0) GO TO 20 . _
READ(S»2) PREC(L1) ES(L1)EF{L1)yPHS(L1)
no 30 I=L1.L2
FREC(I)=ﬁBS(PREC(L1))
ES(I)=ABS(ES(L1)).
EP(I)Y=ABS{EP(L1)) )
PHS{I)=-ABS (PHS(L1))
30 CONTINUE
GO TO 40

20 READ(S5s2) (PREGC(I)sES(I)sEP(I)sPHS(I),I=L1s12}
DO 50 I=Li,L2
PREC(I)=ABS(PREC(I))
ES(I)=ABS(ES(1))
EP(I)=ABS(EP(I))
50 PHS(I1)=-ABS(PHS(1))
40  WRITE(4:40)
60 FUREAT(3(1X:' DAY® 24Xy *PREC® »3Xs “ESOIL® y2Xs *EPLANT" 15Xs *PHE " r4X))
LL=L2
IF(KOD(4),EG,1) LL=L1
DO 70 I=LisLLs3
WRITE(&+803 ({X+J-1)yPREC(I+J=1)rESCI4d-1)9EP(I+J=1)PHE(I4+J-1)+
$ J=1,3)
70 CONTINUE
80 FORMAT(3(iXrI4,4F8,314X%))
60 TO 400

C # KOD(3)=1,2y DR 3 #

100 LL=L2
IF(KOD(4),EQ.1) LL=L1
IF(KDD(3},EQ.2) BO TO 102
IF(KOD(3).EQ.3) GO TO 103
READ{S5s1) ALPHA

READ(S5,3) (PRECCI)sHNT(I)»TEM(I),RH(I) SCCI)sI=L1sLL)

45

e

e L ALE
3020
3030
3040
3050 -
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3240
3270
3280
3290

3306

3310
3320
3330,
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3440.
3470
3480
3490
3500
3510
3520
3530
3540
3550
3540
3570
3560
3590
3600
3510
35620
3630
34640
3450
3640
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760



WRITE{(S62110)
i10 FORMAT(//+2Xs*DAY" +2Xs" PRECIFITATION®+2Xr" NET RADIATION] 2%:

t TEMFERATURE® r2Xs" REL. HUMIDITY"2%,* SOIL COVER"»/)
GO TO 140

102 READ(Sy1) (PREC(I) yHSH(I) DCLC(I)»TEM{(I)rRH(I} sU(I)»BCC(I)sCH(I),»

$I=L1,LL)
WRITE(4»120)

120 FORMATC(//+12Xy"DAY" »2Xr" PRECIPITATION"»2X»" RARIATION® »2X»
$° CLOUDINESS"»2Xs*  TEMPERATURE®,2X,"* REL. HUMIDITY"r2X,
$' WIND VELOCITY'»2Xy" SOIL COVER®2X:s* CROF COEFF.":/)

GO TO 140

103 READ{(S5s1) RS
READ(Sr4) (FREC{I?sHNT(I)»TEH{I)sRH(IX»U{I)sSC(IYsCH{(I)rI=Li,LL)
WRITE(49130)
130 FORMAT /772Xy "DAY*»2Xs" PRECIPITATION":2Xs"* NET RADIATION"»2X,
$" TEMFERATURE"»2Xy " REL. HUMIDITY"s2Xr" WIND VELOCITY")»2Xs
$" SDIL COVER"s2Xs" CROF. HEIGHT":/}
IsSTP=0
i40 0o 150 I=Li,L2

TUTTEMCIISTEMLINV4R273VIST T T T T T s s s T s r m m T s mmm e

JIFC(KDD(4),EQ.0) GO TD 151
FREC(I)=FREC(L1)
HNT(IL)=HNT(L1} .
TEM(I)=TEH(LL)
RHC(I)=RH(L1}
UiIy=uiL1)
BC(I)=8C(L1)
CH(I>=CH(L1)}
RCLCI)=DCL(L1)
151 IF(ISTP.EQ.1) 0O TO 150
IF(KOD(3Z) \EQ.1) WRITE(A:7) I+sPREC{I)sHNT(I)yTEM(I)sRH(Z}y8C(I)
IF(KOD{3).EQ:2) WRITE(&,B) I»PREC(I)sHSH(I) /DCL(I)»TEH(I)sRH(TI)}
$ rUCI)SCCI) P CHOTI)
IF(KOD(3).EQ+3) WRITE(6,9?) I+PRECC(ID P HNTC(X)sTEM(L) sRH(IDsUCL)y
4 SC{IXCH(T)
IF{KOD(4),EQ.1) IBTP=1 -
150  CONTINUE

C
WRITE{&9170) _
170  FORMATC(///7//7¢" THE FUNCTIONS OF G{(CH)rs LAI(SC) AND FIN(FPREC)"¢/»
. [ ! e mmmmmmmee s mmmm= mmmmm—— —— o Fom—ee——— /)
c

CXKKKKKKKX READING AND PRINTING OF THE B(CH)-FUNCTION ®BRiMiOBOOiakkxkkeky
c ____________________________________
" IF(KOD(3).NE.3) GO TO 185
c FGA+FBR,FGC,FODsFOMsFMCH 1 COEFFICIENTS OF G(CH)-FUNCTION
IF(L(7).EQ.0) READN(Ss1) FGAsFGEsFGCyFGDsFGMsFHCH
WRITE(6r180) FGArFGByFHCHsFGCrFGD,FHCH,FOM
180  FORMAT(1Xs*G(CH)="+E10.3+" X (CHAX'sF,3124Xs"FOR CH.GE.*sF7.2,
$° CH*»/+* G(CHI="sE10.3s" % (CHAX"sF&.3024Xs "FOR CHiLT4"+F7,2y
$' CM"s/3* MAXIHUN VALUE OF G(CH)="1E10.3+* CH*1/)
¢
CAXXKXEXAX READING AND FRINTING OF THE LAI(SC)-FUNCTIDN XEKEEKOKORKKKEKKK
C = memmmnen memm mmmmmmmm mm s mmmmmm e —mm— -
C FLAYFLE,FLC § COEFFICIENTS OF LAI-FUNCTION
185 READ(Ss1) FLAsFLEIFLC
. WRITE(45190) FLAsFLE/FLC
190  FORMAT(1Xs'LAI="sF6.37* % SC 4 "sF6.37" X SCKK2 + "+F6.3y .
$* k SCKXI*+/)
c
CHEXURARX READING AND PRINTING OF THE FIN(PREC)~FUNCTION XEXKRKiiokKRakix
¢ FIAFIBsFIC,FIDsFMP)FHI | COEFFICIENTS OF INTERCEPTION FUNCTION
IF(KOD(3),EQ.0) B0 TO 195
IF(L(8),EQ,0) READ(Ssi) FIAFIBsFIC/FIDIFMPsFHI
WRITE(46,200) FIAsFIByFICIFID,FHFIFHIFHP
200  FORMAT(1Xs'FIN(PREC)= SC X')F6.3s% % PRECKK(®yF5.21%="1F6,4s
$* X (FPREC-*+F5.21")) FORVPREC.LT."+F5.2¢* CH/DAY"y/s
$* FIN(PREC)= SC X"»F5.2543Xs* FOR.PREC,GE,"rF5.:2s° CH/DAY'»/)

C .
Cxookokkonoononooook kol CALCULATION  OF 5 R0K00i0RSOR 3K0KOKMOR K X0K0K00ICK 0K H0OK KKk X0k
c-  mmmmm————— - .

c - EFOT = POTENTIAL EVAFOTRANSFIRATION(CH)

c - ES = S0IL EVAFORATION(CH/DAY)

c - EF = TRANSPIRATION(CH/DAY)

c - BEF = CUMULATIVE TRANSFIRATION(CH)

46

32/
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950

T 3960
3970
3980
3990
4000
4010
4020
4030
4040
4050.
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4240
4270
4280
4290
4300
4310
4320
4330
4340
4350
4340
4370
4380
4390,
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
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220
230

240

261

262

263

270

280

260

250

c

300

R s v B 1t Rt A

- BES = CUMULATIVE SDIL EVAFORATION{CHM) 5.

- FIN = FLUX OF INTERCEPTED WATER(CM/DAY)

= EV - = SATURATED WATER VAPOUR PRESSURE{MBAR)

- DEL = SLOPE OF THE BATURATED VAPOUR PRESSURE CURVE{MBAR/K)
- VPD = THE VAPOUR PRESSURE DEFICIT OF THE AIR(MBAR)

- PHS = MINIHUM ALLOWED PRESSURE HEAD AT THE BOIL SURFACE(CH)
WRITE{(6:210)

~ FORHAT(1H1,7//,48%Xy*CALCULATION OF POTENTIAL EUﬂPDTRANSPIRATIDN' /)

WRITE(6,220)

FORMAT(1X»//r 50X "POTENTIAL TRANSPIRATION RATE (CH/DAY)"s/)
WURITE(&4¢230)

FORMATC(IH »'DATE DAY EFOT ESOIL EFLANT 0.0%y7Xr*0.,2"y7Xr' 0.4 s7X

$200.8" s 7Xs 0B 17K e 140 17X 1.2 7%s 144" 13Xy "SEP*»4Xy "BES" y5X
27 "FHS* v 53X "VPD ")

WRITE(6,240)
FDRHAT(1X13OXr'+****+****+****+¥*xk+*!¥*+*¥#*+#*t*+*#**+¥**#+#***+
SRR KORAOK S KKK+ KKK * )

I=L(1)

LF=L(5)

LE=L(6)

L4=L(4)

DO 230 M=LFsLE

I2=KM{M)

DO 260 J=L4r12
WED=,0CB3XTEM(I)-2,1938
EV=1,3332XEXF({1+088724TEM(Y)~274,4884)/WED)
DEL=13.7313XEV/ (WEDX%2)
VPD={1,0-RH{I))%EV
IF(KQD(3)+NE.1) GO TO 261
EPOT=,003532%HNT (I YKALPHAXDEL/ (DEL+GAMNMA)
IF(PRECC(I) +LE.FMP)Y FINI=SC(I)XFIA¥PREC(I)XX(FIB~FICX

¢ (PREC(I)-FID))

IF(PREC(I),B6T.FHP) FINI=SC({I)KFNI

60 TO 245

IF(KDD(Z) NE,2) GO TO 262
HNT(I)={1-,04)XHSH(I)~5,67E-BKTEM(I I XXAK

$ (v47-.0487%SQART(EV) )% {1-,8XDCL(I))

EPOT=,003052KCH(TI )X {DELXHNT(I)+GAMHAX2B,348%

$ H26%(.B4AXUCIN+,.5)KVUPD) / (DELLGAMMAY

G0 TO 265
IF(CH(L) +GE.FMCH) GCH=FGAXCH(I)XXFGB
IFCCH(I)WLT+FHCH) BCH=FBCXCH{I)YXXFGD
IF(GCH.GT.FOHM) GCH=FGH
RA=4,43E-6/ (GCHXU{ I ) %%, 75)
EWET=,00352% (DELXHNTC(I>+1210,/RAXVPD) /(DEL+GAMNA)
EPOT={((DEL+GAHMA) /(DEL4+GAMMAX (1 +RS/RA) ) IN(EWET-FINI?
FIN(IY=FINI B
LAI=FLAXSC(I)+FLBXSC{I)®X2+FLCXSC{IY%%3
FHS(I1)=4708, 0XxTEM(I)XALOG(RH(I))
ESCI)=0,7%EXP(-0.,6%LAT)XEFDT
IF(ES(I)-GT-EPUT) ES(I)=EFOT
EF(I)=EFOT-ES(I)
SEP=SEPH+EP(I)
SES=BES+ES(I)
II=(EP(I)%350.+.9)
DO 270 I3=1,4% .
IF{I1.GT.13) IB(I3)=IMN
IF(II.EQ.I3) IB{IZ)=1IFL
IF(ITLLTVI3) IB(Iz) IBL
CONTINUE Lo
WRITE(6¢2B0) JrMyIsEFOT,ES(I)+EF(I)+IBsSEFySESyPHE(I)»VFD
FORMATCLX s I29iXr 1291 X s I3 01X eFS42riXsFS 291X F5.293Xr1H4y

$ A70121HI 21X sFo.291XsF6:2¢1XrEF.Fr1XsF541)

IF{I.GE.L(2)} GO TO 300.
I=T+1

CONTINUE

L4=1

CONTINUE

WRITE(&6:240)
WRITE(47,230)

47

4530
4540
4550
4560
4570
4580
4590
4600
4510
4420
4530
4640
4630
4460
44670
4480 .
45690
4700
4710
4720
4730
4740
4750
4740
4770-.
4780
4790
4800
A810
4820
4830
484¢
4850
48460
4870
4880
4890
4900
4910
4920
4930 ..
4240
49390
4940.
4970
4980
4290
3000
5010
5020,

9030

5S040
w050
S0480
5070
5080
5090
5100
5110
5120
9130.

- 5140,
. 51%0

5140
5170
5180
5190
5200
5210
5220
5230
5240
5250
5240
5270
$280



CHettidtttttrtttettatttttttttdtttiritttetrtetttitbbsttattbbrid 340849 44¥
c
Ckkkk READING AND PRINTING THE BOUNDARY CONDITION AT THE BOTTOM ¥XX(KKKK
c. | mem et e e e e e e e M Ee e
c
400 WRITE(6+401) .
401  FORMAT(/////+' BOUNDARY CONDITION AT BOTTOM OF SOIL PROFILE $®#/r¢
s e e 17
CRRARKEKKAKKKEEKEKK THE GROUNDWATER LEVEL IS GIVEN IRXKIKKIKKKKKKEKKKE
C ——————————————————————————
IF(KOB(1),NE,O) GO TO 410
IF(KOD¢2} . ER.0) GO TO 430
READ(Sr1) GULA .
GWLA=-ABS(GWLA)
URITE(4r440) GULA
440 FORMAT(1H r" THE GROUNDWATER LEVEL IS CONSTANT AT*sF7:1s" CH")
GO 70 700 ‘
430 READ(Ss1) (GWL(I)sI=L1:L2)
DD 435 I=1,346
435  GUL(I)=-ABS(GWL(I))
IT=TINIT+1 .
BULA=BWLIIT)
WRITE(&5450)
4S50 FORMAT(1Xv" THE GROUNDWATER LEVEL IS GIVEN®s///»
$5C11Xy "DAY" 15Xy "LEVEL* )+ /)
60 TO S00

Ckxkk THE FLUX OF WATER THROUGH THE BOTTOH OF THE SOIL PROFILE IS GIVEN

410 YF(KOD(1),NE.1) GO TD 440

READ(S5,1) GWLA

GWLA=-ABS (BWLA)

IF(KOD(2).EQ.0) BO TO 470

READ(Ss1) QREEPA .
. WRITE{6r480) GDEEPA ,
480 FORMAT(iX»* THE FLUX OF WATER THROUGH THE BOTTOM IS CONBTANT 1%y

$FS.1s" CM/DAY*+//)
N GO TO 700
470 - READ(S5s1) (QDEEP{I)rI=L1,L2)

QDEEPA=0DEEF (L1)
. WRITE(4s450) : ,
490 FORMAT(1Xs* THE FLUX OF WATER THROUGH THE BOTTOM IS GIVEN t*»

. $//7/+15(11X13HDAY s SXySHDEFTH) » /)

500 DO 510 I=L1sL2,5

. DD 520 J=1,5

LC1¢d)=T-1+J
IF(LC1(J).EQ.L(2)) GO TO S30

520 CONTINUE
530 WRITE(615) (LC1(IL) yOWL(I+IL-1)rIL=i,y5)
510 CONTINUE

GO TO 700

c
CHRKRKKKKHRKKX FLUX TOWARDS DITCHES AND DEEP FERCOLATION ¥XKMKKKXXRKEKKRK
c ————————————————————————————————————
460  IF(KOD(1).NE.2) GO TO 540
WRITE(6¢550)
550 FORMAT(1X»'FLUX TOWARDS DITCHES AND DEEP PERCOLATION®»///)
READ{(Sr1) GWLA
GWLA=-ABS (GWLA)
" READ(S,1) CHND»CHNRyDKD,ALPHARs DGRUL s BINPR

" DGRWL=-ABS (DGRWL)
WRITE(65560) CHND»CHNR»BKDALFHAR s DGRUL SIMFR
540  FORMAT (1X»

" "$"DIBTANCE BETWEEN THE CHANNELS -~ - 1*sF12.09" M/ -
%' RADIAL RESISTANCE OF THE CHANNEL tyE12,3»" DAY/M e/
$r* TRANSMISSIVITY (BATURATED FLOW) TPPEL2:49"  HEXR2/DAY"/
$r" REDUCTION COEFFICIENT (ALPHAR) PUAF12.3/
$r" DEEP GROUNDMWATER LEVEL 1"sF12,00" CH"»/

4s" RESISTANCE OF SEMI-IMPERMEABLE LAYER 1*,F12,0+" DAY "+///)
IF(KOI{2).EQ.,0) GO TO 5é&1
READ(Sr,1) CHHNL
CHNL=-ABS(CHNL)
WRITE(49545) CHNL
365 FORMAT(1H »;THE WATER LEVEL IN THE CHANNELS IS CONSTANT t"»

AR

5290
5300
5310
5320
5330
5340
5350
5360
53170
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490 .
5500
5510

‘5520

5530.
5540
5550.
5540
5570
5580
5590
5600
5610
5620
5430
5640
5650
5660.
5470
5680
5690 .
5700
5710.
5720
5730
5740..
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5860

5870
§880.

5890
5900

5910
5920

. 5930

9940,
5950
5740
5970
5780
5990.
4000 .
4010
4020
6030
6040



113

1.1

567

$F10.i,"CH"»/)

GO TO 700 :

READ{(S5,1) (GUL(I)»I=L1:L2)

DO 566 I=L1,L2

BUL(I)=—-ABS(GUWL(I))

WRITE(S¢567)

FORMAT{(1Xs//+*THE WATER LEVEL IN THE CHANNELS IB GIVEN 1'»///:»
$5(11X,"DAY »4Xs" LEVEL*))

GG TO 300

C
CRERAKIKIKKKKK FLUX-GROUNDWATER LEVEL RELATIONSHIP XikaiioRikiokksk ki kikk

c
540

541

542

c

c
945

520

580

585

600

C

570

620

£

IF(KOD(1).NE.3) GO TOD 545

WRITE(&6r541) .

FORMAT(1H ¢ *FLUX-GROUNDWATER LEVEL RELATIONSHIP®:/)

READ(S:1) GUWLA

GULA=~-ABS(GULA)

READ(Ss1) AREL»EREL

WRITE(65542) ARELsBREL

FORMAT(1H r"FLUX ="sE10,3¢" X EXP{"sE10,3s" X ABS{GROUNDWATER LEVE
$L)) (CH/DAY)"»/»
$* IN PROGRAM ! QDEEFA = AREL ¥ EXP(BREL % ABS(GWLAY)*)

. 60 TO 700

C#**it****# PRESSURE HEAD OF LOWEST COMPARTHENT IS GIVEN ¥KKKXKKKKKKKKRE

IF(KOn(1).NE.,4) GD TO 570
IF(KOR(2>.,EQ.0) GO TO S80
READ{(Sr1) GFRHA
GFRHA=-ARBRS(GPRHA)
WRITE(&,590) GFRHA
FORMAT(1X»"THE PRESSURE HEAD OF THE BOTTOM COMPARTHENT IS CONSTANT
$:1"7E10.3¢" CH"r/)

60 10 700

READ(3+1) (GPRH(I)sI=L1,L2)}

D0 585 I=1+364

GPRH(I)=-ABS(OFRH(I))

GPRHA=GFRH(L1)

WRITE(&»5600)

FORMAT(1X»" THE PRESSURE HEAD OF THE BOTTOM CONPARTMENT I8 OQIVEN",»
$7/7/728¢11Xe DAY " ¢y SXr "DEPTH" )¢/}

GO TO %500

c .-
Clokkkxkx ZERD FLUX AT THE BOTTOM OF AN UNBATURATED SOIL PROFILE kkkk¥kkx

et e et e e e e e e i A el A R e e e e e R e M e e

IF (KOD{(1).NE,D) GO TO &10
WRITE(4r,5620)
FORMAT(1Xy “ZERD FLUX AT THE BOTTOM OF THE SOIL PROFILE®)

. 60D TO 700

C#*#****#**#t********#* FREE DRAINAGE #!*#*****#t***#*#***t*#*#***t****l

610

630
430

WRITE{4s630)
FORMAT(1Xs* FREE DRAINAGE AT THE BOTTOM_OF THE SOIL PROFILE®)

CHt+i+++4++++++++4++-tH4++44+4++444 4444444441444 140444444344 44344444141
ChkkiokkKkkkk READING AND PRINTING THE RODTING DEPTH 3okicioiiokkkkk ko kkkokk

Cc
700

705

720

740
75¢
730

IF(KON{(4&).NE.+Q) GO TO 710

READ(Sr1i) (DRZ{I),I=L1,L2)

DO 705 I=1,364

DRZ{I)»=—ABS(DRZ(I})

WRITE(&r720)

FORHAT(ile'TABLE OF ROOTING DEPTH !"s/r

$ mmm—m = mmmenes —mee- “1//75(11%s *DAY " 15X» "DEPTH )1 /)

DO 730 I=L1,L2,5
D0 740 J=1,5
LCL(=I-14J
IFC(LE1¢J) EQ.L(2)) BO TO 750
CONTINUE

WRITE(&+5) (LCI{(IL)»DPRZ(I+IL-1)+IL=1+5)
CONTINYE .

GO TO BOO

49

40%H0
6040
4070
5080
090
6100
4110
6120
6130
6140
&£150
&160
4170
6180
6190
6200
&210
&220
4230
45240
6250
&260 .
4270
6280 .
6290..
6300
&310
4320
4330
6340_
4350
&360
&370
6380
4320
6400
6410
4420
4ATO .
4440
6450
6460
5470
6480
5490
&500
&510 ..
6520
6530
4540
6530
68460
&570
&580
6520

" 6400
6610
4620
5630
6640.
6650
6660
6670
4480
6690
6700.
6710
6720
5730,
5740
4750
6760
8770
6780
6790
6800



710 READ(G»1) DRZA
DRZA=-ABS(DRZA)Y
WRITE(&+740) DRZA

760 FORMATC//7//7//7/7+" THE ROCTING DEPTH IS CONSTANT =*sFé,1»" CH'»/»
‘, ) F o e m——At crmmme e e ——— )

c
T R Y N S ST R TSN I XA T TS R PR

Cxokkokkkkxkxkk READING AND PRINTING THE INITIAL CONDITION kkisoionikikkkk

c mmommm mem mmemmme e eocmen e
800  WRITE(4+810)
810  FORMAT(IH +////77//7+° INITIAL CONDITION 1*s/,
' C e meemmee "4 /7)
C
820  FORMAT(1H »*+++++ WATER CONTENT PROFILE IS GIVEN +#+i+'s/)
830  FORMAT(LH +'+++++ PRESSURE HEAD PROFILE IS GIVEN +++++%s/)
840  FORMAT(1H »*+i+++ PRESSURE HEAD PROFILE IS CALCULATED(EQUILIBRIUM
$WITH GROUNDWATER LEVEL) +++4%%,/)
c
IF (KOD(S).EQ.2) GO TO 860
IF(KOD(S).EQ,1) GO TO 850

[

C% WATER CONTENT PROFILE I8 GIVEN ¢
READ(Ss1) (UC(I)sI=1,NCS§)
IF{KOD{(i)+G6T.3) B0 TO 845
N1=—GUWLA/DX+1.4999%9
DO 844 I=N1sNCS

8446 WC{I)=SWCACI)

845 WRITE(&2820)

WRITE(S26) (WC(I)rI=1,NCS)
GO TO 88BO

c

C# PRESSURE HEAD PROFILE IS GIVEN #

850 READ(Ss1) (PH(I)sI=1,NCS)
"IF(KOD¢1).GT.3} GO TO &5%
Ni=~-gWLA/DX+1.499999
D0 854 I=N1¢NCS

B854 FH{(I)=0.0

855 DO 857 I=1,NCS

837 PH{IY=—ABS(PH(I))
WRITE(&,830)

WRITE(&r4) (PH(I)vI=iyNCS)
G0 TOo 880 .

c ..

(o PRESSURE HEAD PROFILE IS CALCULATED $

8460 N=-GULA/DX+,499999

e PH(N)=-0,0%(-0OWLA-(N- 1)*DX)
dJdeN-1

. DO B&S J=1,JJ

845 PH(J)=BULA+(J-0.,5)%DX
JJ=N+1

.. .. 10 870 J=JJrNCS

870 PH(J)=0.,0
WRITE{(&»B40)

WRITE(&r8) (FH{I):»I=1sNCS)

c .
CHHttttttttttttttttitt bttt t bttt bttt bttt b e bbb it bttt b s bbtttises
CXFKKKRKKK READING AND PRINTING THE SOIL HYDRAULIC PARAMETERS KAKXKKXKKK
C

c o
BBO  WRITE(&,890)
890  FORMAT(1H1)
900  FORMAT(///»" SOIL PHYSICAL PARAMETERS OF SOIL LAYER NR {%,I4,
$/71C4(1Xy "THETA® y 3Xs "PRHEAD* y4X s *CONDUC* 14X) )y /»
$CACL1IX2 *CH® 1 7Xs *CH/DAY * 7 4X) )+ /)
910 . FORMAT(A(1XsF5.39(2E10,2) p4X))
C , . _
N0 920 I=1,NPL
K1=LU(I)+1
K2=MV(1)~LV(I)+K1
READ(Sy1) (PRH{I¢J)sJ=K1,K2)
DO 925 J=1,80
925 FRH(I+J)=-ABRS(PRH(Isd))
READ(Ss1) (GONCIsJ)sJ=K1,K2)
WRITE(4¢900) I

DO 930 M=K1sK2

e

5N

4810
6820
6830
6840
4850
6840
4870
&880
6890
6900
4910
&920
6930
£940
6950
6940
6970
4980
6990
7000
7010
7020
7020
7040
7050
7040.
7070.
7080
7090 ..
7100
7110
7120
7130
7140
7150,
71460
7170
7180
7190
7200..
7210.
7220
7230
7240,
7250.
7240,
7270
7280
7290
7300 .
7310
7320
7330
7340

7350 .
7340
7370
7380
7390
7400
7410
7420
7430
7440
7450
7440
7470
7480
2490
7500
7510
23520
7530
7540
7550
73560



CON{IsM)=CONCI H)*®FAC
930 CONTINUE

THETA(1)=LY(TI)%0,01 — 0.04

DO 240 IPR=K1,K2r4
THETA(1)=THETA(1)40.,04
THETA(2)=THETA(1)+0.01
THETA(3)=THETA(2}+0.01
THETA(4)=THETA(3)10.,01
WRITE(4:910) (THETA(IL) »PRH(I+IPR+IL-1)+CONC(I»IFR+IL~1)rIL=1+4)
240 CONTINUE

c
PRHCIrK241)=-PRH({IK2-1)
PRH(I'K2+42)=-FRH{I+K2-2)
CONCIsK241)=CONCIsK2)
CONCIIK24+2)=CON(IrK2)
c
920  CONTINUE
C
C
C# CHECK INPUT DATA OF PRESSURE HEAD AND HYDRAULIC CONDUCTIVITY #
C >
7 WRITE(4,1500)
1500 FORMAT(1H1)
ISTOP=0
DO 2000 I=1:NPL
Ki=LV(I)+1

K2=MVC D) -LVII)+K1-1
DO 2000 J=KirK2 _ '
Jd=Jd+1
IF(PRHCI J)LT.PRH(I»JJ}) GO TO 2020
RJ=(J4-1)/100.
RJJ=J/100,
. MRITE(6,2030) IyRJeRJS :
ISTOP=ISTOF¥T -

2020 IF(CON(I+J) LT.CONCI»JJ)) GO TO 2000
RJd={(J-1)/100. -
RJJI=d/7100,
WRITE(6+2040) IsRJesRJJ
ISTOP=ISTOP+1 )

2000 CONTINUE

[H

IF{I8TOP.EQ.D) BO TOD 2070
WRITE(&6,2050) )
2050 FORHAT(iXs///¢" PR DGR AN STOAOFPPETD *"v/»
%" CHECK INPUT TABLESTS oOF FRESSURE HEAD AN
$ D HYDPRAULIC CONDUCTIVITY (EERERENER RS
c
2030 FORMAT(1Xrs"ERRDR IN FRESSURE HEAD TABLE OF FROFILE LAYER NR {*,I2y
$3X v "PRHU"»F4+2¢") > FRH{"»F4.2,")")
2040 FORMAT(1Xs"ERROR IN HYDRAULIC CONDUCTIVITY TABLE OF FROFILE LAYER
$ NR " rI2¢s5Xr"CON("¢F4.2¢") > CON("#F4,2+")")
c
C# CHECK IF PRH(1sLOVEST VALUE) < PHS(k) < PRH(1,HIBHEST VALUE) #
2070 Ki=LV(1)+1 )
K2=MV(1)-LV(1)+K1
ISTOP1=0
DO 2100 I=LF,LE
IF(PHS(I).LT.FRH(1+K1)) GO TO 2110
IF(PHB(I) . .BT.PRH{1,K2)) GO TO 2120

6o TO 2100
2110 WRITE{6r2200)

GO TO 2100
2120 WRITE(452300)

ISTOF1=1

2100 CONTINUE
IF(1ISTOP1.,EQ.Q) GO TO 2500
WRITE(5y2400)
2400 FORMAT(1X»"F R O G R A M STOFPED "¢/
$' EXTEND PRESSURE HEAD AND HYDRAULIC CONDUCTIVITY TABLES OF. PROF
$ILE LAYER NR 1 THOLDREEMDRI2DY) :
2300 IF(ISTOP.NE.,O.OR.ISTOP1.NE.Q) STOP

2200 FORMAT(IX»"PHS("»I3+»*) < PRH{1.LOWEST VALUE)*)
2300- FORMAT(1X+"FHS("sI3s") > PRH(1rHIGHEST VALUE)*)

51
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7580
7590
74600
7610
7620
74630
7640
7650
7660
7470
7680
7690
7700
7710
7720
7730.
7740
7750
7740
7770
7780
7790-
7800.
7810
7820 .
7830.
7840
7850
7840
7870
7880
7890
7900
7910
7920
7930
7940,
7950.
7940.
7970.
7980 .
7990.
8000
8010
8020
8030
8040
8050.
8040
8070
8080
8090
8100
8110
8120
8130

. 8140

8150
8160
8170
8180
8190
8200
8210
8220
8230
B240.
8250
8240
8270
8280
8290
8300
8310
8320



c

C#CONTINUATION OF INITIAL CALCULATIDNSS
N=-GULA/DX+,499999
IFCKOD(1),6T.3) GULA=1.,E10
IF(KOD{1).0T,3) NoNCS
IF(KOD(S).EQ.0) CALL HEPR{(PH.WC)

VoL=0.0
CALL WACO(WCsPH)
VoL I=vVOL

c

c

CH#REDUCTION OF POTENTIAL SOIL EVAPORATICN#
TBV=1,
IF(PH{1).,LT.-100.) TBV=5,
EBR{(L1)=AMINLI(ES(L1), ISX(SART(TBV)-BQRT{TBY- 1.7))
Lit=L1+1

c

0o 3010 I=L11,L2
TBVU=TBV+1,
IF(PREC(I)\GT.1.0) GO TO 3000

ESR(I)=AMINL(ES(I)»{0,35k{SART(TBV}-SART(TEBV-1,))))
GO TO 3010

3000 TBV=1,
ESR(I)=AMINL(EB(I),0,35)
3010 CONTINUE ) B L e e
CH#COMPUTING THE COORDINATES OF NODAL POINTS#
DO 1100 J=isNCS
X(J)=-DXX{J-0,5)

1100 CONTINUE ) : :

c

C#CALCULATION OF BOUNDARY CONDITIONS (T=TINIT)1
DXN=DX

DXG=0 5K (DX+DXN)
 CALL BOCCO(TINITsPH) . -
C#CALCULATION OF DIF. HOIST. CAPACITIES AND HYDR. CONDUCTIVITIES
CALL DMCCON(WC) S ,

o C#CALCULATION OF ROOT EXTRACTION RATEG#

CALL RER{(T:FH)

CECALCULATION OF FLUXES 1IN BETUEEN THE NODAL PDINTSG .
CALL FLUXES{(PH)
FLX1=FLXS8{I8D+1)

IF(KOD(1).LT+5) CFLBU=1.E10
IFC(KOD(1).LT,5) CFLEUF=5.E10
IF(KOD(1).EQ.0.,OR.KOD(1):GT.+3) CODP=1,E10
IF(KOD(1).EQ.+0,OKR.KOD(1).GT.3) CQD=5.,E10

IF(KDD{(L1).GT+O.AND,KODIN{(1),LT+4) CREL=1,E10
IF(KOD(1) BT+ 04ANDKOD{1):LT+4) CDELP=S.E10D

FORMAT(BELO0.4)
FORHAT(AE10.4)
FORMAT(DE10.4)
FORMAT(Z7E10.4)
. FORMAT(S(I14,F10,1))
FORMAT(S(2XrEL12.4))
FORMAT(ISH)F13.2)F16.19F14,19F16,3¢F14,3)
FORMAT(IS FI3.2sF16.12F1632F141rF18.3+F14.39F16.3:F16.2)
FORMAT(IS,F13.2r(2(F16.1))sF14,39F16.12F14,39F14.1)

D VONSUD WM )

RETURN
END
c
CHiit++++++t+H444+4+t4+++444+44 1444444444411 4 b H bbb bbb H 444
SUBROUTINE WACO(WCFH)
SUBROUTINE WACCO ¢ CALCGULATES THE WATER CONTENTS AT THE NODAL
: FOINTS FROM PRESSURE HEAD DATA AND WATER
STORAGE IN THE SOIL FROFILE
DIMENSION PH(40) WC(40)
COMMDN IﬁDleNPLrNCS!IRZrIRER:INL:IPRT:ISD:NPR;
$LVIS) s MV(S) P NC(S) 2 KOD(7) s L(B) v TA(SF) vy IB(EF) yLC1(S) yHED{(20) s
$FO»FPULSPL1PP2H F2LyF2,FP3RNANYCGULAMN DSP»DX»OXGy DXHyDXNsCS1+ESRAY
$SFACYDT»DTLsOTI+DTHyDTHI»DTHMy TINIT» TEND» TRRINT»TOUTF s THDs T2, TR TEY
$VOL1,VOLIsVOL,FINA'GWLAIDRZAGPRHA»QUEEFAYESA,EFAYPHSAIPRECAFLXAY
$ARERY BRERrAREL sy BRELs FL X1 CHNL yCHND s CHNR» DKD1s ALPHAR » DGRUL » SIMPR
$TFR(52) sFREC(366) rCH(348) yPHS (346 +EP(3A8)+ES(TE4) 1 IRZ(BEE)

oaon
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8330
8340
8350
8360
8370
8380
8390
8400
8410
8420
8430
8440
8450
8440
8470
8480
8490
8500
8510
8520
8530
8540
8550
8560

8570. -

8580..

8590.

8600
8610
8420
8630
8640
8450
86460
8670.
8480
8690
8700
8710
8720
8730
8740
8750
8760
8770
8780
8790
8800
8310
8820
8830
8840
8850
8840
8870
8880
8890
8900
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8920
8930
8940,
8950
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8780
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2000
2010
2020
9030
2040
2050
2040
2070

2080



$SHNT(364) 2X(40) yPRH(S,B1)yCONCS181) s CONDUC(41) s CONINC41)» DUCAPL 40) 9090
S$RTEX(40) sFLXS(41)»THETA(4) ,SUC(S) ySWCA(40) »DOUTP(346+9)/ESR(366) 9100

c 2110
NLA=1 9120
NNL=NC (1) 9130

DO 10 I=1,NCS 9140
IF(I.LE,NNL) GO TO 20 9150
NLA=NLA+H1 9140
NNL=NC{NLA) 9170

20 K=LV(NLA)+1 9180
30 KeK+1 9190
IF(PH(I) ,BT.PRH(NLA,K)) GO TO 30 2200
WCCI)=, O1K((K=2)+ (PHCI)~FRH{NLArK=1))/(PRH{NLAPK)=PRH(NLAYK=1))) 9210

10 . CONTINUE 9220
c i L 9230
T voLi=vol - T o o 9240
VoL=0.0 9250

DO 360 I=1,NCS 9240
VOL=VOL+WC(I)XDX 9270

360 CONTINUE - 9280
N1=-GWLA/DX+1 9290
IF(KODC(1).LT+4) VOL=VOL+(NXDX+GWLAYK(SHWCACNL)-WCIN)) 2300

c . 2310
RETURN 9320

END - 9330

c. ... 9340
c 9350
CHtddtittdttttttdttttstdttritdttttrtteetrtttttstetibtttittddbetttiitss 9360,
SURROUTINE BOCO(T+PH) , 9370

C SUBROUTINE BOCO § DETERMINES THE VALUES OF THE BOUNDARY CONDITIONS 9380
C AT ANY STAGE OF COMPUTATION 9390
DIMENSION HSH(344)+GWL (364) yRDEEF(346)16PRH(344) +DELL36E) »FIN(364) 9400
$rPH(40) ‘ 9410,

. COMMON IADYNsNFLsNCSyIRZyIRERsINLsIFRT»ISDNPRy . 2420
SLUCS) s MY(S) $NCLS) s KOD(7) s L(8) s TALO9) p IBLA9) 1LCI(S5) yHED(20) 4 9430
$FPOsPULPL1»P2H,F2L P2, P3 ) RNAH COWLAN DSP DX, DXGy DXHsDXNsCSirEERAY 9440
SFACYDTDTL+sDTIsDTHyDTMIsOTHMs TINIT» TEND» TPRINT s TOUTF» THO» T2, TB9TEy 9450
$VOL1,YDLI¥VOL,FINAYGULA»DRZABPRHAQDEEFA+ESA,EFAPHSA, PRECAFLXAY 9440
$ARER/BRER s AREL s RREL y FLLX1 y CHNL » CHND y CHNR y DKD » ALPHAR s DGRWL » STMPR » 2470
$TPR(S2) sPREC(Z44) sCH(366) rFHE(344) rEF(346) yES(364) 1DRZ(344) s 9480
$HNT(346)X(40) PRH(S,81) yCON(SyB81) s CONDUC(41),CONINCAL) »DMCAP(40) 9490
$RTEX(40) fFLXS(41) s THETA(4) ySWC(S) »SWCACA0) »DOUTP(364+9) yESR(3IE4) 9500
COMMON/CUN/ CPRECsCINTC»CINF»CPTRA»CPSEYyCTRASCTRAL,CTRAZCEEV 9510
$CSEV2,CFLSD»CFLSDF s CFLEU» CQD» CADF s CRDN) CDEL » CDELF s DEL s DVOLy 9520
$CRTEX(40) 9530
"EQUIVALENCE C(TEMsEP) r(RHrES) s (UsDRZ) » (HNT rHSH» BWL » QDEEP # GPRH) » 9540
$(CH)FIN) s (SCrFHS) s (DCLYESK) 9550

c ‘ ) 9560
IF(T.GT.T2) BO TO 100 9570

c , _ . _ 9580,
M=TH+l ) 9590
Ta=T+1~N e 05 7600
EPA=EP (M) . . 9610
ESA=ES (M) fr 9620
ESRA=ESR (M) Lk , < 9630
PRECA=PREC (M) 9640
FINA=FIN(H) s 94650
PHSA=PHS (M) 2660,
FLXA=ESRA-(PRECA-FINA) : 7 < 9670
IF(FLXA'LT,0.0) FHSA=0.0 9480

IF (KOD(&) .EQ.0) DRZA=DRZ{M)+TAK(DRZ(M#+1)-DRZ{(M)) : 2690

c ' ﬁi{, fl 9700
IF(KODC(1),NE.O) 60 TO 10 9710
IF(KOD{2),EQ.0) GWLA=GUL (H)+TAX(BUL(H+1)-GWL(H)) 9720
N=-GWLA/DX+0,499999 o + 1 9730

GO TO 50 - 9740

c _ , e ——%750
10 IF(KOD(1),NE.1) GO TO 20 9760
1IF{KOD(1),.ER.0) ODEEPA=GDEEP (M) 9770

_ 60 TO 50 9780
c _ 9790
20 IF(KOD(1),NE,2) GO TD 30 9800
IF(KOD(2) EQ,0) CHNL=GWL (M) +TAX{GWL (H+1)-GHL (M) ) 2810
GDEEF1=(CHNL-GWLA)/ (CHNDXCHNR+ (CHNDX%2) / (8, OXDKD) } 2820
QUEEP2=-{ CHNL +ALPHARX (GWLA~CHNL ) ~DGRWL } /SIMPR 9830
ADEEFA=QDEEF14QDEEF2 {{?' 9840

53



60 .

c
100

c

L: L

60 TO 50

IF(KOD{i).NE.,3) GO TO 49
GLEEFA=ARELXEXP(BRELXABS (GWLA) )}

IF(KOD(1).NE.4) GO TO 100 _
IF(KOD(2).EQ.0) GPRHA=GPRH(M)+TAK(GPRH(H+1)-GPRK(M))
60 TO 100

DXN=-GWLA-(N-1)%DX

OXG6=0.5K(DX+DXN)

PH(N)=-DXN/2, '

J=N+1 :

0 &40 I=JsNCS
PH{I)=0,

RETURN
END

T R oS R e P R e R R R RN RN S P SRR S E RS R R R TSR SRR RS

C
c
c

C

SUBROUTINE HEPR{FPH WC)

BURROUTINE HEFR § CALCULATES THE FRESSURE HEADS FOR EACH NODAL
POINT WHEN THE INITIAL CONDITIOM IS GIVEN AS
VALUES OF MOISTURE CONTENT CKONn(5)=01

DIMENSION WC(40)sPH(40)

COMMON IADsNeNPLYNCS+IRZyIRERyINLs IFRTsISDyNPRY

SLVIS) s HU(S) o NC(S) s KOD(7) 1L (B) r TA(IF s TE(69) s LE1(5)sHED(20) s

$POPULYPLIYP2HsF2L P2, PIrRNAM» COULANDSP s DXy IXBy DXHs DXNsCESi0ESRA,

$FACYDTyDTi s DTI+DTHyDTHI»DTHH» TINIT» TENDs TPRINT TOUTF e TMDs T2+, TBeTE

$VOL1,VOLE»VOLFYXNAGULAYDRZAGFRHA'GDEEPASESAPEPAPHEAYPRECAIFLXAY

$ARERr ERER r AREL » EREL r FLX1 s CHNL » CHND» CHNR» DK D r ALFHAR » DGRUL » SIMFPR»

$TPR{S2) yFREC(3466)1CH(3464) rPHS(34656)sEF(344) yES{IE4)Y 1 IRZ(344 )y

$HNT(366) 1 X{40) rPRH(S5:81)CON(S:+B81) rCONDBUC(AL1)yCONINCA1)yDHCAF(40)

$RTEX{(40) yFLXSC(A41)» THETA(4) »SWC(S5) »SWUCA(40) r DOUTP(346»9) rESR(344)

NLA=1
NNL=NC (1)

D0 10 I=1,NCS
M=WC(1)/0.,01+1
Hes (H-13%0,01
IF(I.LE«NNL) GO TO 20
- NLA=NLA+1
NNL=NC(NLA)

PH(I)=PRH{NLAsM}+{PRH(NLA»M+1Y-FRH(NLAYH) )R ((WC(I)-H)>/0,01)
CONTINUE ' . ;

RETURN
END

C++++++++++++++++++++4++++++++++++++++++++++++++++++++++++++++++++++++++

10

SUBRDUTINE IMCCON{WC)
SUBROUTINE DMC 1t CALCULATES THE DIFFERENTIAL MOISTURE CAPACITIES
AND HYDRAULIC CONDUCTIVITIES (AS A FUNCTIDN OF
WATER CONTENT) FOR EACH NODAL POINT
DIHENSION WC(40)
COHMON IADsN,yNPLsNCS,IRZyIRER,INL,IPRT/ISD¢NPR»
SLV(S) rHVL(S) o NC(T) »KOD(Z) s L(B) vy IACT?) » IBR(AF) s LCL{S) rHED(20) »
PO yFPULFLLYP2HYF2LyP2yP3+»RNAM s CGWLANDSF+ DXy DXGe» DXHrDXNsCSL »ESRAY
SFACIDTOTLs DTIsDTHy NTHI s DTHM» TINITs TENDy TPRINTyTOUTF s THIH T2, TBr TE»
$V0L1,VOLIVOLsFINAsGUWLAYDRZAYyGPRHAsQDEEPAESA»EFAIFHSA»PRECAFLXAY
$ARER» BRERy AREL y BREL y FLX1 r CHNL » CHND; CHNR# DKIVs ALPHAR  DGRWL » STHFR »
$TPR(S2)YyPREC(3466)CH{344) rPHB(3ESE)»EP(348) rES(3646)sDRZ(366)
$HNT(3648)»X{40)yPRH(5,81) CON(5»B81)sCONDUC(41) yCONIN(4L1)DHCAF(40)+
$RTEX(40)FLXB(A1)» THETA(4) »BWC(S}sSWCA(A0) +DDUTP (364:2)rESR(344)

CSURF=CS1
IF(FHSA.GE.0.0) GO TO 20
M=LV{1)+1

M=H+1

" TTIF(PHSAVGT JPRBO1P MY GO TO10°- ° - 77 7 " T T T e m o mmmEmmmm e mmem e 2T

- CSURF=CON{LsM-1)+(CONC1sM)-CONC1sM-1) 2% ((PHSA-PRH(1 H-1))/
${PRH(1:H}-FRH(1,H=-3)D))

NLA=1
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?840.
870
?8890
%890
g900. -
?210.
2920
9930 .
7940
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10040
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10380
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10470
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10580
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10400



NNL=NC(1}

DO 30 I=14NCS .
M=WC(I)/0.0141
H=(M4-1)1%0.01
IF(I.,LE.NNL) GO TD 40
NLA=NLA+1
NNL=NC(NLA)
40 - DMCAP{(I)=0.01/{(PRH(NLAyH+1Y-FRH{NLAsH))
' CONDUC(I}= CON(NLA:H)+(CDN(NLArH+1) CON(NLA» M) YR((WC(I)- H)/O 01
30 CONTINUE

CONIN(1)=SQRT(CBURFXCONDUC(1)) ,

I0 50 I=2rNCS
- - CDNIN(I)=SDRT(CDNDUC(I)#CDNDUC(I 1))
50 CONTINUE

C . :
‘ CONIN(N+1)=SQRT{CONDUC{N+1)%XCONDUC(N))
c
RETURN
. END
c

C+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
SUBROUTINE RER(TsFH)

¢ SUBROUTINE RER ! CALCULATES THE ROOT EXTRACTION RATES (AS A
c o FUNCTION OF PRESSURE HEAD) FOR EACH NODAL
c POINT (IF RDOTS ARE PRFSENT)

DIMENSION PH(40)

CONMON IADyNsNFLyNCS,IRZyIRERINLsIFRTISNINFRY
SLV(S )y HVC(S) s NCC(S) s KOD{7) s L(B) s TA{R2D?) y TB(AED) p LECL(S) s HED{20)
$FOsPULSPLLIsP2HP2LeP2P3»RNAMsCOULAM s DSFr DX 0XGrDXHsDXNsCS1ESRAY
$FAC, DT DTy DTIsDTHyDTHI » DTHM» TINITy TEND» TPRINT» TOUTF» THD» T2 TR TE»
$VOL1VOLIsVOL,FINAPGULAYDIRZAyGPRHAYQDEEFAIESAEPAPHSAYFRECASFLXA,
$ARERBRERYAREL r BREL»FLX 1 s CHNL y CHND » CHNR » DED r ALFHAR » DGRWL y SIMFR »
$TPR{D2) s PREC(3&46)1CH{364) + FRS(TEL) rEF{I68) rESB(3446) yDRZ(346)»
IHNT(366) 9 X(40)yPRH{S5+81)»CON(Tr81)CONDUC(41) yCONIN(AL1)YyDHCAP(40)
$RTEX(40)+FLXS(41)» THETA(4) +SWUC{5) »BUCA(40) ;DOUTP(354+9) rESR(TES).

COMMON/CUY/ CFREC»CINTCyCINF,CPTRA?CFESEV/CTRAYCTRALYCTRAZ2yCHEY,
$CBEV2,CFLSD,CFLEDBFCFLEU,CATyCAOP»CADN/CHEL s CDELP DELyDVOL
$CRTEX(A0)

RNA=0,0
IF{T.GE.TE) GO TO 16
IF(T.GT.TB)} RNA=RNAMX(T-TB)/(TE-TE)
.. .. B0 TO 20
10 RNA=RNAM
20 QH=0.,0
IF (RNA-DRZA.GT.0,0) GM=EPA/ (RNA- IRZA)
"IFCIRER.NE.0) GN=1.
IRZ=—DRZA/DK+.9999?
IP=IRZ-1
Fl1=PUl
IFCIRER.EQ.1) GD TO 25
F2=P2H .
IFC(EPALT.0.1) BD TO 21
IF(EPA.GT0.5) GO TO 25
P2=F2H+{(0.5- EPA)/O AYR(P2L-F2H)
GO TO 25
21 F2=F21
25 DO 30 I=iyIRZ - , o e
RYEX(IY=p,0 ~—— 77 Troromemommtm oL ¢ T TR
IF(PH{I),LE.P3.DR.FH(I),GE.FO) GO TO 30
IF{FH(I}.LE.P2) 6O TO 40
RTEX{I)=0M
IF{I.GT.NC{1)) Pi=PL1
IF(PH(I) BT FP1i) RTEX(I)=0HX(PO-FH(I})/(PO-F1)
GO TO 30
" 40 IFCINLJER.0) RTEX(I)=QM¥(P3~-PH(I))/(F3-P2)
. IFCINL.NE.Q) RTEX(IY=QHX(P2/FH(I))
30 CONTINUE
c

CRRRERIOEREREERIK EXTRACTION FATTERN FEDDESsKOWALIK:ZARADNY *##*******#
IF(IRER.NE.O)Y GO 7O 100
IF(RNA.EQ, 0.0} GO TO S50
IF(-RNA.GT.DIXY RTEX{1)=0.0

10610
10620
10630
104640
10650
104460
10470
10680

16690

10700
10710
10720

10730

10740
10750
10760
10770
10780
16790
10800
10810
10820
10830
10840
10850
io840
10870

10880

- 108%0

10200
10910

10920,

10230

10940.
10950

10960

io970,
10980.

109%0
11000

11010

li020

11030,

110490

11030,

11040

11070.
11080.

11090
11100

11110,
11120.

11130

11140 .
ii1150.

11140

11170,
11180

11190
11200
11210

11220
11230.
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11250

112469
11270
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11310

11320

11330

11340
11350

11340



CIF(-RNA.LT.DX) RTEX(1)=RTEX(1)%(DX+RNA)/DX

DO &40 J=2.1P
IF(-RNALT.{(J-1}%DX>» GO TO 50Q
IF(-RNAGT.JXDX) RTEX{(J)=0.0

IF(-RNA-{J=-1)4DX. LT+ DX) RTEX{JI=RTEX(JII¥{(IXDX+RNA)Y/DX ..
60 CONTINUE

c .

50 RTEX{IRZ)Y=RTEX({IRZ)}¥{(-DRZA-(IPXDX))/DX
GD TO0 200

C

CRRARKKRXKKKRKKRXK EXTRACTION FATTERN HOOGLAND)BELMANS, FEDDES XRKKKKKIN
100  CRDEH=EPA

o di=t
110  IF(J1%XDX.8T.,-RNA) GO TO 120

RTEX(J1)=0,

REENIES

60 TO 110

120  RTEX(J1)=AMINI(RTEX(J1)%(ARER-BRER¥ABS(X(J1)))
$X(J1XDX+KNA) /DXy CRDEH/DX)

CROEM=CRUEM-RTEX{J1)¥DX

J2=J1

TF (CRDEM.LT,1,E~10) GO TD 140

Ji=J1+1 :

N0 120 I=JisIP _
RTEX(1)=AMINL (RTEX(I)%(ARER+BRERXX(I))CRDEM/DX)
CROEM=CRDEM-RTEX (1) DX
Jz=1

_ IF(CRDEM.LT/1,E-10) 60 TO 140 -

130  CONTINUE

135  J2=IRZ

RTEX(J2)SRTEX(J2)K{ARER+BRER¥X(J2) )X (~DRZA- IP*DX)/DX

RTEX(J2)=AHIN1(RTEX(J2)’CRDEH/DX)
140 J2=J2+1
. DO 140 I=J2lNCS

RTEX(I)=0.0
140 CONTINUE
c oo
200 RETURN .
END -
€

e R N R Rase TR RER SR PR ST FR R A IR eRS
SUBROUTINE FLUXES(PH)
c SUBROUTINE FLUXES ! CALCULATES THE DARCIAN FLUXES IN BETWEEN THE _
€ NODAL POINTS
DIHENSION FH(40)
COMNON IAD,NyNPL/NCS»IRZ) IRER» INL»IPRT r ISDsNPRs
$LYIS) s HU(S) o NC(S) yKOR(7) sL¢B) » TAL99) s TB(49) s LCI(S) yHED(20)»
$POVPULIPLLyP2Hs F2Ls P25 P31 RNAN s CGULAH  DSF DX s DXB s DXHy IXN+ CS15ESRAY
SFACIDT,ITL,DTIsDTHs DTHI»DTHM, TINIT)TEND s TPRINT » TOUTF » THD» T29 TE# TE

T T$VOLIFVOLIsVOLyFINA GULAY ORZAYGPRHAYGDEEFAYESAEFAsFHEAPRECAYFLXAY

$AKER s ERER» AREL f BREL s FLX1 s CHNL » CHND» CHNR » DKDy ALPHAR f DGRWL » SINPR»
$TPR(S2) sPREC(344) yCH{3464) rPHE(366)1EP(366)ES(368)»DRZ(TSE) s .
$HNT (3641 X(40)sPRH(5,81)CON(S,81)yCONDUCC(AL) s CONIN(41) yDHCAF(40)y
$RTEX(A0}»yFLXS(41) s THETA(4) sy SHC(S) »SWCACA0) 1 HOUTP (366, 7) rEBR(344)
COMMON/CUN/ CPRECCINTC,CINF CPTRA:CPSEV:CTRAYCTRALYCTRA2,CSEV,
$CSEV2,CFLSICFLSDP»CFLEU,CQD, CQDP,CODN CDEL»CDELF» DEL »DVOL »

$CRTEX(40)

c
FLX1=FLXS(ISD+1)
FLXS(1)=-CONINC(1)X(PHBA-FH(1)+DXH)/DXH
IF(FLX5(1).,GT+0+0.AND.FLXA.GT.0,0) GO TO 10
IF(FLXS5{(1),LT+0.0.AND:«FLXALT.0,0) GO TO 20
FLXS8(1)=0.,0
GO TO 3¢

io IF(FLXS{1}.6T. FLXA) FLXS(1)=FLXA
GO TO 30

20 IF(FLXS¢(1),LT.FLXA) FLXS(1)=FLXA

c .

30 D0 40 I=2,HNCS

. FLXS(I)=~CONINCI)RCCPHCI-1)-FH(I) ) /DX+1,)
40  CONTINUE

IF(N.BT.1) fLXS(N)=-CDNIN(N)¥((#H(N—l)—PH(N))/DXB+1')
FLXS{NCS+1)=-CONDUC{NCS} :
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11380
11390,
11400
11410
11420
11430
11440
11450.
11440
11470
11480
11490
11500
11510
11520
11530
11540
11550.
11560.

" 11570

11580
11590
114600.
11410
11620
11630
115640,
11550
11460

11670

114680
11690
11700
11710
11720..
11730.
11740
11750.
11740 .
11770
11780,
11790
11800.
11810
11820.
11830
11840.
11850
11840
11870

11880

11890
11900
11910
11920
11930
11940
11950
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11970
11980 -
11990
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12010
12020,
12030
12040,
12050
12040
12070
12080
120%0
12100
12110
12120



IF(KOD(1I).LE.4) FLXS(NI1)=FLXS(N)
IF(KOD{(1),EQ.35) FLXE(NCS+1)=0.0

C .
IFCFLXS(ISD+1).6T7,0,0) CFLSDP=CFLSDP+0.S¥(FLX1+FLXS{ISD+1))%DT
CFLSD=CFLSD+0,SX{FLX1+FLXS(ISD+1))%DT

c
RETURN
END

c

CHe+i+t++t++t+it+++++4++++t4+444444 43+ 414140 4444444444444 HHEE 3444414

BUBROUTINE PRHEAD(FH)

DIMENSION R1(40)rR2(40)sFH(40)

COMMON IADrNsNPLsNCSrIRZy IRERyINLyIPRTISD/NPRy
SLV(S) pHV{(S)yNC(B) yKOD(7) s L(8B) rTAC?D) r IB(EP) 9 LC1 (D) +HED(20) s
SPOFULIFLLIPF2HIP2LyP2rPI+RNANCOULAMrDSF DXy DXGrDXHyDXN,CS1ESRAY
$FACDTyDTAsOTI+DTHs DTHI»DTHHs TINIT» TEND» TPRINT» TOUTP» THB T2y TBs TE
$VOL1sVOLT»VOL yFINA'GULA, DRZA»GPRHA+QDEEFAPESAIEPAFHRAYFRECAPFLXAY
$ARERBRER s AREL y BREL rFLX1yCHNL y CHND s CHNR» DKD s ALPHAR s DGRUL » SIHFR ¢
$TFR{S52) rFREC(344)»CH(364) s PHS(3464)yEF(3648) rES(364)rDRZ(344)
$HNT(364) +X(40)+sPRH(S5,B1),CON(Ss81)sCONDUC{41)yCONTIN(41)OHCAF(40)
SRTEX(40)sFLXE8(41) y THETA(4)»BWC(3) ySWCA(40) s DOUTP (356497 1ESR{364)

H1=DT/DX

H2=H1i/BX
Cxkiokxxk CALCULATION OF CONEFFICIENTS OF TRIDIAGONAL MATRIX Akioolokkdkiokkk
c .
C#CALCULATION OF COEFFICIENTS FOR I=1#

A=H2ZXCONIN(2)/DMCAFP (1)

R=1,0+A

E=FH(1)-HIX(CONINC2)+FLXS(1) ) /DNCAP{1)~DTXRTEX (1) /DHCAF (1)}

R1(1)=A/B

R2{1)=-E/A

C. .
CRCALCULATION OF COEFFICIENTS FOR 1<I<N#%
J=N-1
DO 10 I=2.J
C=H2XCONINC(I)/DMCAP(I)
IF{I.EQ.N~-1) H2=DT/(DX%DXG}
A=H2XCONIN(I+1) /DMCAF(I)

B=1.0+A+C
E=FH(I)- Hl*(CONIN(I+1) CONIN(I))/DHBAP(I) DT*RTEX(I)/DHCAP(I)
R1CI)=A/(B-CARLI(I-13)" B e

- R2(I)=(CKkR1(I-1)KR2(I- 1) E)/A
10 _.. CONTINUE

c ‘ .
IF(KOD(1).LT,3) GO TO 20

c
C4CALCULATION OF COEFFICIENTS FOR I=N#
C=H2%CONIN(N) /DMCAP(N)
B=1.01C
E=PH(N) +H1k(FLXS(N+1)+CONIN(NY Y /DMCAF (N)-DTRRTEX(N) /DMCAP(N)
GO TO 30
c

C*#*ﬁ***#** CALCULATION OF PRESSURE HEAD VALUES AT TIME (T) xklkoxkiiobek
20 IF(KOD(1).EQ.+4) PH(N)=GFRHA

GO TO 40
30 PH(N)=(E-CKR1(N-1)YKRZ2(N~1))/(B-CkR1(N-1))
40 J=N+1
50 J=J-1

IF(J.LT.2} GO 70O &0
PH{OJ-1I=ANINLCO.Q0rRICI-1IRK(FPHCD) -R2(J-1)))

60 TD S0

c

40 RETURN
END

C

CHiit+t+++tttti444+4++t++444 44444+ 444 444404 E 3444444440444 444444
SUBROUTINE INTGRL(FH)

C SUBROUTINE INTGRL ! CALCULATION OF CUMULATIVE VALUES

DIMENSION FH(40)

COMMON IADrNsNPLeNCS,yIRZyIRERy INL,IPRT+ISD¢NPR,

HLUCS)Y s MV(S) ¢ NC(S) »KOD(Z) s L(B)» TA(FD) r IB(H6P)sLCL{5) rHED(20) »
$POsPULsPLLsP2HsF2LP2sF3yRNAMCGULAN»DSP DX, NXG s IXHrDXN»C51ESRA,
$FACDT»OT1»DTIyDTHMyDTHIyDTHH» TINITTEND» TPRINT TOUTF»THDs T2 TRy TE»
SVOLI»VOLI»VOLFINA'GWLA»DRZAGFRHAYQDEEFAIESAEFAIFHSAYPRECASFLXA
$ARERyBRER s AREL ¢t BREL »FL X1 s CHNL s CHND s CHNR» KD 4L FHARy DGRWL y SIMPR »
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1213¢
12140
12150
121560
12170
12180
12190
12200
12210
12220
12230
12240
12250
12260
12270
12280
12290
12300
12310
12320
12330
12340
12350,
12360
12370
12380
12370
12400
12410
12420
12430
12440
12450
12440
12470
12480
12470
12500,
12510,
12520
123930

412540

12550-
12540
12570
12580.
125%0
12600
125610,
12420
124630
12640
12650
124460
12670
124680
12690
12700

12710

12720
12730.
12740
12750
127460
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12790
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12810,
12820
12830
12840
1 2830,
12840
12870
12880



$TPR(52)sPREC(3464)1CH(364) »PHS(3648) 1EF{366) sES(366)»DRZ{ISEN 12890
$HNT(366) 1 X(40) sFRH{5+81)sCON(5,81) yCONDUC(41) »CONIN(41)sDMCAP(40)» 12900
$RTEX(40) s FLXS5(41) s THETAC4) s SUC(5) + SUCA(40) » DOUTP (366,9) sESR(344) 12910
COMMON/CUNH/ CPRECsCINTCsCINF,CFTRA;CPSEVCTRAYCTRAL,CTRA2,CBEV, 12920
$CSEV2,CFLSD, CFLSDBP» CFLEU)CODCAOP s CRDNs CDEL y CDELP ) DEL  DVOL s 12930
$CRTEX (40) 12940

C 12950
CPREC=CFREC+FRECAKDT 12940
GCINTC=CINTCHFINAXDT 12970
CPSEV=CPSEV{ESAKDT 12980
CPTRA=CPTRA+EFAXDT 12990

C 13000.
IF(FLX5(¢(1).6T,0.0) 60 TO 10 12010
CINF=CINF-FLXS(1)KDT+ESKAKDT 13020
CSEV=CSEV+ESRAXDT 13030

Go T0 20 13040

10 CSEVY=CSEVHFLXE(1)%DT 13050
. IF(PRECA.LE.0.0) GO To 20 13040.
CSEV=CSEV+ (PRECA~FINAY¥DT 13070
CINF=CINF+({PRECA-FINA)XDT 13080

C , , 13090
20 IF(QDEEPA.GT+0,) CQDP=CRDP+ADEEPAXDT 13100.
CQD=CQD+ADEEFAXDT 13110

c S 13120
CTRAL=CTRA 13130

DO 30 I=1,IRZ _ 13140
CTRA=CTRA+RTEX(I)XDXXDT 13150.
CRTEXCI)SCRTEX(I)+RTEX(I)XDX¥DT 13140_

30 CONTINUE . 13170
c 13180,

___IF(KOD(1),LT.4) 6O TD 40 13190

TF(FLXS(N¥1).67.0.0) CFLBUOP=CFLBUPHFLXS(NF1IKDT 13700

. CFLBU=CFLBU+FLXS{N+1)XDT 13210
c . 13220.
40 RETURN _ 13230
END 13240

c ‘ 13250
o L R Rs 22 IR TN SN SR RSN FWW O FR RS 13240,
SUBROUTINE CALGWL(FH,WC) 13270
DIMENSION PH{40),WCC40)sR1(40) 1R2(40) 13280
COMMON TADyN+NPLyNCSyIRZ» IRERy INLs IPRT+»ISDsNPR 13290
$LYCS) yMY(S5) s NC(S) yKOD(7) L (8) s TA(P9) s TR(49),LC1CS) s HED(20) 13300
$FOsPUL/PLLIP2HsF2LsP2)F3rRNAK COULANs DSP DXy DXGrDXHsDXNsCS19ESRA» 13310
$SFAC»DT/DT1,DTI,DTHsDTHI+DTHM» TINIT TEND TPRINT»TOUTP» THD» T2, TBsTE» 13320
$VOL1,VOLI»VOLyFINAsGWLA?DRZAsBPRHA»QDEEPASESATEPAYPHSAsPRECAYFLXAr 13330
$ARERs BRER s AREL » BREL » FLX1 s CHNL » CHND » GHNR » DKD s ALPHAR » DBRWL » STHPR» 13340
$TFR(52) sPREC(366) sCH(246) yPHS(344)1EF (384) 1ES(364) 1 DRZ(346) » 13350
$HNT(366)1X(4031PRH(S5,81) »CON(S,81) rCONDUCC41) »CONINC41)sDHCAP(40)r 13340
$RTEX(40))FLXS(41) s THETA(4) ySUC(5) rSUCA(40) yDOUTP(366»9) sEBR(I44) 13370
COMMON/CUN/ CPRECyCINTCyCINF:CPTRA'CPSEVCTRArCTRAL»CTRAZ»CEEV, 13380
$CSEV2,CFLSIy CFLSDP» CFLBU»CAD,CADP s CADN »CDEL y COELP » DEL  DVOL.» 13390
$CRTEX(40) 13400

C 13410
DVOL=DYOL+DEL~ADEEPAKDT 13420

IF (ABS(DVOL).LT.0.10) GO TD 200 13430
yoL2=voL 13440
COWLA=CGWLAN 13450
IF(OVOL.LT.0.,0) CGWLA=-CBYLA 13440.

c 13470
10 GWLA=GULA-COWLA 13480
IF (-GWLA,GE,DSP) STOP 13490
N=-BWLA/DX+,499999 13500
IF(N\LE.2) . 8TOP 13510
PH(N+1)=0,0 13520
DXN=-GWLA~(N-1) kDX 13530
DXG=0, 5%k (DX+DXN) 13540_
PH(N)=-DXN/2.0 13550
voL3=voL 13560

CALL WACD(WC»PH) 13570
YOL=VOL3 _ 13580

CALL DHCCON(WC) 13590,
DT2=DT/10, 134600
H1=DT2/DX 13610
H2=H1/DX 134620
JI=AMAXO(N-3+2) 12430
JJJ=N-1 13640,

58




200
c.
C

CONJJ=CONIN(JJI)
CONIN(JJ)Y=0.0

DO 20 I=JJ,»JJJ
C=H2XCONINC(I)/DMCAP(I)
IF{I.EQ.N-1) H2=DT2/(DX*¥DXG}
A=H2K¥CONIN(I+1)/DNCAP{I)
B=1.0+A1C
E=PH(I)-H1X{CONIN{(I4+1)-CONIN(I))/DHCAP(I?
R1(1)=A/(B-C¥R1(I-1))
R2(I)=(C¥R1(I-1)¥R2{I-1)-E)/A

CONTINUE

CONIN(JJ)}=CONJJ

J=N+1

J=J-1

IF(JLT aJ4+1) BO TO 40
PH(J-1)=R1{(J-1 2% (FH{(J)-R2(J-1))
GD TO 30

CALL WACD(UCvPH)

'

DvoL1i= DUOL

IVOL=DVOL-{VOL1-VOL) .
IF(ABS(VOLL1-VOL),GT.ABS(DVOL1)} GO TO 200
IF(ABS(DVOL).06T,.0,05) BO TO 10

RETURN
END

CHEHEHEHEE R E R PR R E R H R R R R R R R R R b b HEHE HE R+

c

10

c"
c

C

SUBROUTINE CALCDT(T.ITS)

SUBROUTINE CALCRT 1 CALCULATION OF THE TIME STEP (DT)

COMMON IAD)N+NPLyNCSrIRZ»IRERINLyIPRTIGDsNPR»

SLV(T)yHV(S) e NCCS)I»KODC(7 ) rL(8)» IA(P9) v IB(AT) P LCI(S5) s HED(20)»
$POyFPULYPLLYP2H)P2L/P2/F3IyRNAH ' CGULANYDSP+ DX rDXGsDXH,DXNsCB1 rESRAY

$FAC»DTsIT1yDTIsOTHyDTHI » DTHM» TINITs TEND» TFRINT » TOUTF» THDs T2, TR TE g,

$VOL1sVOLIsVOLFINA»GUWLAIDRZA»GPRHA RDEEPAIESASEPA»FHBAYPRECA+FLXA,
$ARERyBRERrAREL f BREL y FLLX1 y CHNL » CHNDy CHNR r BKD » ALFHAR y DGRWL s SIMPR »

$TFR(S2) rFREC{(3646)sCH(3468) yPHS(JEE) yEF(I64) 1ES(364) 1 DRZ(I44),
$HNT (3643 rX(40) rPRH(S81)yCON(S,81),CONDUCC(41) yCONINC41) rDMCAP(40),

SRTEX(40) s FLXS(41)» THETAC4) s SWC(5) ySWCA(40) 1 DOUTP(3446+9)»EBR{366)

DTIBT=RTEX(1)+ABS((FLXS(1)~-FLX5(2))/DX)
J=N-1
D0 10 I=2,J
DTDT=AMAX1 (DTDT+RTEX(I)+ABSCC(FLXS¢I)-FLXS(I+1))/DX))
CONTINUE
DTOT=AMAX1(DTOTsRTEX (NI +ABSC(FLXS(N) -FLXS (N+1) ) /DXN))
IF(DTDT+6T.0,0) DNT=DTHM/DTDY
DT=AMINL(DT,DTHri.2XDT1)
DT1=D7 ,
IF(T+DT.LT.TKD} GO TO 20
DT=THD-T
1T8=1 .
THD=THDH1,
IF(T4DT+GE.TOUTF) IPRT=1
IF(T+DT.GE.TEND) IFRT=1
IF(T+DT.BT.TEND) STOP

RETURN
END

CHE+ittti ettt tttttbttdttdtittittdsdttttttdttetititiddtttt+4+44+4

SUBROUTINE PRTPLT(T+WCsFHrITS»NTSsNFRA)
SUBROUTINE PRTPLT t PRINTING AND PLOTTING
DIMENSION WC(40)sFH(40)

COMMON IADyNsNPL/NCS»IRZsIRER»INLsIFRT+ISDsNPRy

SLV(D)rMV(S) yNC(S) yKOD(7) s L(B)»TA(??) y IB(S6P) P LCI(S) rHED(20)
$POsPULIPLLP2H s P2LP2,P3 ) RNAHICOULAM»DOP + DX DXGsDXHsDXN,C51,ESRAY

$FAC DT OT1»DTI»DTHsDTHIy DTHH TINIT TENDs TPRINT» TOUTP» TMDs T2, TEr TE»

$VOL1,VOLI»VOL/FINA:GWLAYDRZA,GFRHAQDEEFASESAEFAYPHSAPPRECAIFLXA,
$ARER+BRERrAREL r BREL s FLX 1 s CHNL » CHND » CHNRy BKD s ALPHAR » DGRUL + SIMPRy
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139250
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c

10

2¢

25
24

50

40

45

50
60

70

$TPR(S52) yPREC(36&6)rCH(364) rPHS(364)1EF(366)rES(346)2DRZ(3464)
$HNT(IS68) s X(40)+FRH(3,81))»CON{(S+81) CONDUC(41)Y»CONIN(41)y DMCAF (407
$RTEX(40) ¢ FLXS(41)yTHETA(4) rSUC(T) »SWCAC(A0) rDOUTP (364,93 »ESR{345)
COHMON/CUM/ CPREC:CINTC,CINF/CPTRAXCPSEVsCTRA>CTRAL/CTRAZ2)CBEVy
$CSEV2,CFLSD»CFLSDF,CFLBUCQD,CQDF,»CADMN)CDEL » COELFDEL »DVOL »
$CRTEX(40)

DATA IFL/1H+/»IMN/L1H-/+IBL/1H /2 ISL/1H//

SRk OOk X KKk kX kX PRINTING AND PLOTTING X**#**ﬁ***********t********

CPETR=CFTRA+CPSEV
CETR=CTRA+CSEY
_CFINF=CPREC-CINTC
CRUNO=CFINF-CINF
IF(N.,LE,ISh) CFLSD=1.E10
IF{N+LE.ISD) CFLSDF=5.E10
CFLSON=CFLSD-CFLSHP

FLXBUA=FLXS{(N+1)

IF(KOD(1)>,LT.4) FLXBUA=1.E10
"IF(KOD{1}EQ.0,0R.KOD(1).8T.3) RDEEPA=1.E10
CaDN=CQD-CaDfF

CNELN=CDEL-CDELP

IF(IFRT.EQ.0) GO TO 150

WRITE(&+10) T+DT1/NTEyCPRECsCINTCYCPINF»CINFICPETRY
$CPTRA»CFSEV,CRUND)CETR,CTRAYCBEVYFLXS(1) yCFLEDsCFLSOP»CFLEDNY
2FLXS(I8D+1)+ISD,CFLEUFLXBUA;CADyCRDF» CADNs QDEEPACDEL ¢ CDELP
ZCDELNsDEL yVOLI»VOL :GWLA»DRZAWN
. FORMAT(1HL r*TIME :*sF6.0+" DAYS*r4S5Xs"TIME STEF="3E10.:3+* DAY"s5X»
$*NUMRER OF TINE STEF="»14+//» .
t" CFREC ="pF7.3s" CH"+6Xs"CINTCEP ="¢F7.3s" CH"»5Xs"CPINFILT="y
3F7.3v" CH 16X *CINFILT ="»F10.:3+" CM"+/

$* CPETR ="yF72:3r* CH"»&6Xr"CFTRANSP="»F7.3s" CH"»4Xr "CFPSEVAP =",
$F7.3r" CH" 34Xy "CRUNOFF =*yF10.3+" CM"»/»

" $" CETR ="yF7:3»™ CH"»0X» "XCTRANSP ="9F7.3s* CHX"»4Xr"XCSEVAP =

$"sF7.:3y" CMR*sSXy*FLUXL 2" F10.4r" CH/7DAY ¢/

$" CFLXSD ="yF7:3+" CM"+&Xs"CFLXSDF =*3F7:32" CH" &Yy "CFLXBON =",
$F7.3+" CH"+4X»"FLXSD ="yF10+4s" CH/DAY 9 7Xr*ISD=%pI3r/y

%" CFLXBU ="3F7,3¢" CM*,S&Xy"FLXEBU ="3F10.69" CH/DAY's/

$" CQDEEFP ="yF7.3s" CH"+&X s "CADEEFF ="3F7.3¢" CH"+&Xy"CADEEFN =%,
$F7.3¢" CH 146X "QDEEPA ="sF10:6»" CH/DAY s />

$" CDELTA ="yF7:35" CH" 14X "CDELTAP ="»F7.3¢" CH" r&Xr"CDELTAN ="y
$F7 431 CH"»46X»"DELTA" ="3E10.3»" CH"»/» .
$' VOLINIT ="»F7,3¢" CM"16X»"VOL =%y F7.3+" CH"»4X» "GUWLA LR
$F7.1r" CH"»6Xr"DRZA =" F10+19" CH*s11Xe"N ="213)

WRITE(L,20)

.. FORHAT(1X»/s" COMF+ NR"¢2X»" LEVEL"s3X¢"THETA"sAXr "PR.HEAD"»3X»

$" CONDUC" rAXy "ROOT EXT"#2Xr"C+RUOOT EXT"+2Xs"CUM+WATER"r10Xy

$* FLUXES"»10Xs"COMP. NR"»/9s )

$13Ar " (CH) " #3Xy " (UDL) "y 5X ¢ "(CH) "»TX s "(CH/DAY) "2 4Xr " {1/DAY )" »5X>»
$" (CHY ' 26Xy " (THY " 213X *(CH/DAY)Y "¢ /)

IF(N,EQ.,NCS) GO TO 24
Ni=N+1
DO 25 I=N1,»NCS o
IF(KOD{(1),EQ.Q) FLXB(I+1)=DEL/DT
IF(KOD{1),6T:0,ANDKOD¢(1).LT.4) FLXS(I+1)=GDEEFA
CONTINUE.
V=0.0 .
DO 30 I=1,NCS .
V=U+WC (1) %DX
FPHI=AMIN1(FH(I)}+0.0)
WRITECHr40) T+X(I)sWC(I)sPHI»CONDUCCI}+RTEX(L) sCRTEX(I) Vs
$ FLXSC(I+1)y1 ) ’
—-CONTINUE

FORMAT(IB»F?.11F8.39(4(E11,3))sF11,3/E19.3+110)

IF(NCS.GT.20) WRITE(6r45)

FORMAT(1H1.,//)

WRITE(4:50) T

FORMAT{( /v 1H » "kokiokkkkioiokokioniokoricokkk ok kiokk S0IL MOIBTURE CONTEN
$T FROFILE AT TIME :"+F&.0¢" DAYS IKIKIONKKIOKKEKRA KRRk X" )
WRITE(&4760) - .

FORMAT(1X»" LEVEL THETA®"s1Xr*+ 0" 17Xr 0.1 s 7%r"0:2"37X170,3" 47Xy
AN RN SR IE-LENS RN IT-LE V) SR FVARYS SRL P : AN WS SRS AN, FRETRD!
WRITE(&6r70)

FORMAT(1Xs" CH VOL . ook %000 000K K0k K+ R K004 KKK+ K KRk X 00K+ K

60

——— — e ——— -

14400
14410
14420
14430
14440
14450
14440
14470
14480
14490
14500.
14510
145207
14530
14540
14550
14560
14570
14580
14590
14400_
14610
14620
14430
14640
14650
145440
14470
14680
14690
14700
14710
14720
14730
14740
14750
14740
14770
14780

14790

14800
14810
14B20
14830
14840
14850.
14840
14870.
14880
14890
14900,
14910
14920
14930
14940
14950
14960
14970
14980
14990 .
15000.
15010
15020
15030.
15040
15050
15040
15070
15080
15090
15100
151i0.
15120
15130
15140



100

80
110

C.

FTAR T TR T AP T AR I TAARATARAKTAARETREERTARARTAELKTERFERTAREKRS * )

Do 80 J=1,NCS : .- R TP S
IY=SWC(J)YX100,040, 5
I1=8SWCA(JI%X100,.+,5

Do 90 I=1r11
IF(IY.GT,I)> TACI)=IMN
IFCIY.ER.IY TACI)=IPL
IFCIYWLT.I) IACI)=IBL
CONTINUE

NY=I11+1
O 100 I=NY:??
TIA(I)=ISL

CONTINUE

WRITE(&:110) X(J)rUC(A) 2 (IA(T) 2 I=1999)
CONTINUE

FORMAT(1X,Fé:1r1XrF5:3r2H +:99A1r1HE)

WRITE(6570)
WRITE(6+80)

NPRA=NFRA+1

IFRT=0

DTH=DTHI

TOUTP=TEND

IF{NPRA.GT.NPR) GO TO 150 .
IF(KOD(?7).,EQ+0) TFRINT=TPR({(NPRA}
DNTH=AMINIC(DTMI 0. 2XTFRINT)
TOQUTP=TH+TPRINT

IF(NTS.EQ.+1) TOUTP=TINITHTPRINT
IF(NFRA.EQG.1) DT1=0.,05

Ckxikkkxkx STORAGE OF THE DUTPUT DATA AT THE END OF THE DAY Xokkkiikkkix

150

M

IF(1ITS.ER.0) GO TO 300

I1T8=0 .

DOUTP(IADs1)=CINF

DOUTF{IADs2)=(CTRA-CTRA2)

ROUTF({IAD,3)=CTRA

DOUTF(I1ADy4)=(CSEY- cssvz)

DOUTP(IAD:S5)=CBEV

DOUTP(IADs&)=COELP

DOUTP(IAD,7)=CDELN
IF(KOD(1).GT.0 . AND . KOD(i).LE.3) DOUTFP(I1ADs&)=CODF
IF(KOD(1),6T.0.,AND.KOD(1)+LE.3) BOUTF{IAD,7)=CADN
IF(KOD(1).,EQ+5) DOUTP(IAD,&)=0,

IF(KOD(1).EQ,S) DOUTF(IAD:7)=0,
DOUTF(IAD,B)=VOL-VOLI

OOUTPC(IAD»9)=GUWLA

IF(KOD(1),GT.3) DOUTP(IAD!?)=1,E10

CTRAZ2=CTRA

CSEV2=CSEY

1AD=TAD+1

CRxkdokk¥dckyk PRINTING OF THE 6UTFUT DATA  soloksokiokkok Kook kol ook Kok kOKR kKKK

200

210

226

C
300

c

IF(T.,LT.TEND) GO TO 300

WRITE(&,200) °

FORMATCLHI» 359Xy “dkkk¥kkkk TERMS OF THE WATER BALANCE XOKKKXXX"s//y
$1Xr TIME®»SX7 "CINFILT »5Xry "TRANSP "+35X+ "CTRANSP®»5X» *SEVAF " r4Xy
' CSEVAP "+2X»" CFLXBOTP",3Xs" CFLXBOTN "s4Xs*VOL-VOLI"»
$4Xr "BROUNDW LEV™ ySXr*TIME " » /13Xy "CH* ¢ 7Xy "CH/DAY " »8Xy "CH"»BX»
$°CH/DAY 18Xy "CH* » 10Xy "CH" 10X "CH" ¢ 10X » *CH"» 12X *CH"*» /)
IFD=TINIT+1

ILD=T )

DO 210 I=IFDsILD

WRITE(6:220) I+ (DOUTP(IyJ)rJ)=119)r1
CONTINUE
TFORMAT(T14,8(2XsF10,2),6XsF10. 197X 13
STOP

RETURN
END

CHt+tttdtittitit+bttititttdbttbittbbietttdbbdtitdiittitbbitttitettttiits

BLOCK DATA
COMHON/CUM/ CPREC+CINTCsCINF,CPTRACPSEV/CTRA,CTRALSCTRAZ2/CSEV,

$CSEV2,CFLSDyCFLSDP s CFLBU,CQDyCODFsCADON+CDEL » CDELFyDEL » DVOL »
$CRTEX(40)

DATA CFRECCINTCsCINF»CGFTRAICFSEV,CTRAYCTRALYCTRA2:CSEYy
$CSEV2,CFLSDCFLSDFCFLBU,CAD,CAQUF s COEL » CDELF » DEL » DYDL
$/19%0,0/»CRTEX/40%0.0/

ENT

15150
151460
15126
1%180..
1519¢
15200
15210
15220
15230
15240
15250
15260,
15270
15280
152%0
15300.
15210
15320
15330
15340,
15350
15360
153790

.15380

15390
15400
15410
15420
15430,
15440 .
15450
£15440.
15470
15480
15490
15500
15510
15520
15530
15540
15550
15540
15570,
15560,
15590
15400
15610
15420
15430
15440
154650
154660
15470
15480
15490
15700
15710
15720
15730.
15740
15750
15740
15770
15780
15790
15800
15810,
15820
15830
15640
15850
15840
15870
15880
15890
15%900.
15910
15920
15930
15940
15950
15940
15970
15980
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