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I. INTRODUCTION

This paper describes an extension of the SWATR program as devel-
oped by FEDDES, KOWALIK and ZARADNY (1978). The program can be ap-
plied to problems dealing with the transient water flow in a hetero-
geneous soil root system. Input data in the model are: soil moisture
retention and hydraulic conductivity relationships for upper and
lower soil layer; depth of the root zone; critical values of the
root extraction term; initial soil moisture profile; boundary condi-
tions at the soil surface of both potential transpiration and poten-
tial soil evaporation rate; as lower boundary condition the depth
of the groundwater table is specified, i.e. the depth where the
soil moisture pressure head is zero. Output data of the model include
cumulative values of transpiration, of integrated water content over
the soil profile, of upward/downward flows, of runoff, of moisture
content and root extraction both as functions of depth and time.

The program is able to handle maximally 25 nodal points, thus
the soil profile is discretized in 25 constant depth increments. With
shallow water tables, 1-2 m say, these depth increments are rather
small.

With deep water tables, however, increments become too large to
allow accurate computation. In these situations variations in the
hydrological conditions of the deep subsoils close to the watertable
are generally small. Most of the moisture variatiomsoccur in the top
soil i.e. in the root zone and in a2 restricted zone below it, There-
fore for most applications it will be sufficient to comsider in the
computations only the 2 to 3 meter top soil, say. This allows a den-
sily spaced nodal network, which will increase the accuracy of com-

putation, Moreover for those flow situations where it is not necessa-




various moments of time

KOD{6) = 2: prescribed values of soil surface flux, maximum suction
value at the surface and potential transpiration rate
are calculated by SWATR from meteorological and external

conditions as functions of time

7. Water table as hottom boundary

At the lower boundary of the considered soil profile the program
expects the water table (i.e. the phreatic surface, where h = 0). The
depth of the water table must be given for each day of computation.

The distance between the nodal points is kept constant throughout
the whole run of the program. The depth of the water table may vary
with time. Because the time step is variable and the depth of the
water table is given only at each day, the depth of the water table
at times in between the days must be computed by interpolation. The
nodal point just above the water table is computed (N1). From the
place of this point and the depth of the water table, the distance
between nodal point NI and the water table (SNIN) is computed (fig. 1).
This distance is used in computing the suction in point Nl and the

flux from the phreatic surface.

b.Estimation of the time step

The flux g in the lowest part of the unsaturated zone (between
nodal point NI and the water table) is used for the calculation of
the time step. According to Darcy's equation this flux is computed

in two different ways (fig. 2):

K . {- 5% (SND) + SIND) |, 41

1. 1if SNIN < DXH: q; = SNIN
. ) _ SNIN - DXH - .5 * (S(N1) + S1(N1})

2. if SNIN » DXH: q. = |K . { X + z}|

where NI = number of nodal point just above the water table
SNIN = distance between nodal point N! and water table (cm)
K = conductivity A (cﬁ.day*])
DXH = half of the distance between the nodal points (cm)
S(N1) = suction in nodal point Nl computed in last iteration (cm)
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Fig. 1. Illustration of the distribution of nodal points along the

soil profile and the fluctuation of the water table depth

S1(N1) suction in nodal point NI computed in before-last iteration

[]

constant which can have two values:

1]
]

Z = 1 if the origin of the z-axis is at the soil surface
Z = =1 if the origin of the z-axis is at the bottom of the

system

The program then checks which of the fluxes is the largest: the
one just above the water table (qL) or the one in the top of the

profile (qU). The time step is then calculated according to:

aeitt ¢ X

1

i+ . .
where At' time step i+l

1
q

f

max {qL, qU} at time 1i
constant between 0.015 and 0.035
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Fig. 2. Definition of SNIN above the water table in order to calcu-
late the qp for two cases. SNIN' is the height of point NI

above the water table

III. MODIFIED PROGRAM SWATR

a. Specified suction as bottom bound a-

ry condition

When the water table is deep it is desirable to have a possibili-
ty of using only a small part of the soil profile. The lower bounda-
ry then must be given as a specified suction. In this chapter the
changes introduced in the original program to achieve this, are dis-~

cussed.




To tell the computer whether it has to deal witha specified suction
or the water table as the lower boundary, the variable RKOD{7) has

been introduced with the following meaning:

KOD(7) = 0: depth of water table is given (original problem), i.e.
the depth where the suction is zero

KOD{7) = 1: time varying suction is specified at a given depth (DIST)

KOD(7) = 2: constant suction is specified at a given depth (DIST)

In order to get the same nodal point distribution as in the original
program, the computation of the distance between the nodal points
(DX) is performed in a slightly different way. The reason for this
change is to be able to compare in the nodal points results obtained
with KOD(7) = 0, with those obtained using KOD(7) # 0.

KOD(7) = 0: DX = DSP/NM

KOD{(7} # 0: DX = DIST/(MM-.5)

where: DX = constant distance between nodal points (cm)
DSP = depth of soil profile (cm)
MM = pnumber of nodal points
DIST = depth at which suction is specified (cm)

A disadvantage of this method for KOD(7) # 0 is that the lowest nodal
point represents only half a length DX (fig. 3). This has to be taken

into account when computing the moisture content of the soil profile.

Instead of the depth of the water table (DWT), the specified suction
(GSUC) is read as an input. The values of GSUC are placed in an
EQUIVALENCE-statement with the DWT-values, so the increase in memory
use is minimal.

In the case of KOD(7) # 0, the value of Nl is set equal to the value
of NM, Just as for the depth of root zone {DRZ, KOD(3) = O] and for
the depth of the water table [DWT, KOBP(7) = 0], the suction must be
specified for each day GSUC, [KOD(7) = 1}. In the same way as the
variables DRZ and DWT the suction at a time Ti will be interpdlatedf
from the given values. The interpolated suction will be denoted
GIVSUC.

The variables SNIN and CFWT, which are not used when KOD(7) # 0, are
set equal to .00C] and 10 * DX.
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Fig. 3. Distribution of nodal points when KOD{7) # 0., At the left
hand side the distances are given, at the right hand side

the length of the profile that each point represents

The iteration procedure has not been changed except for one thing
(eee fig. 4). The original procedure is:
i i i-1

+ h + h + h

1
hy =g - (hgey *hygy * gy + Py )

i . . . . . .
where hNM is the suction in nodal point NM at time 1.

But h;M and h;;]'are prescribed now, and denoted GIVSUC and OLDSUC

respectively, so the equation becomes
= 1

i i-1
hy =g - (e * By

+ GIVSUC + OLDSUC)

When computing the new suction after an iteration, the suction in
point NM is not computed, but set equal to the prescribed suction
GIVSUC.

DX

DX

L3 N

DX




[

4
DX
i=2 1-1 ‘ i
Py-1 D1 PM- 1
:'51
DX oooooo-icaoo.ooo
i=2 i-1 ’ i
hNM hNM . hNM
OLDSUC GIVSUC
N DT, > DT,
i=1 i

Fig. 4. Iteration procedure when KOD(7) # 0. Suction is prescribed

in nodal point NM

Because of the constant depth of point Nl and not using SNIN, the

flux in the lowest part of the profile is computed as:

{S(NM) - S(NM-1) . Z}l

= |k . R

9,

with 2 1 (origin of the z-axis at the soil surface).

1f there is only a small difference in suction between two neigh-
bouring nodal points, it is possible that the flux, computed by
SWATR, will be very small and the sign of it may become just opposite
of the sign one may expect from the suction profile. This is due to

the Z-term in the equation of Darcy:

-k . (3O BXS(I—I) .1}

S(1) - S(I-1)
DX

If -1« < 0 then the flux will be positive, although
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it might be expected from the suctions that the flux would be nega-
tive. So, with very small suction gradients in the lower part of the
profile, the computer output may sometimes list under the heading

'"FLUX' very small numbers, which are practically of no importance.

b.Computation of so0oil evaporation

Cumulative soil evaporation may be derived from the water balance
(fig. 5).

FINI PREC\ TRANSI ESOIL

------------------ w——metmww—w see top of vegetation
RUNOFF

»++ go0il surface

DELTA

«++ bottom of soil profile

Fig. 5. Water balance of a soil profile

In the following water balance equation the terms from SWATR are

used. These have the following meaning:

PREC = precipitation {mm )
FIN = interception (mm)
RUNOFF = runoff (mm) ..
ESOIL. = soil evaporation (cm)
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TRANS = transpirtation ' ' (cm)

DELTA = amount of water coming from the zone below the
computing zone (cm)

aM = change in moisture content of the soil {em)

From the water balance (in = out + change in moisture content)

we now get

.1 x (PREC - FIN - RUNOFF) + DELTA = ESOIL + TRANS + AM

‘Now suppose the effective precipitation is INFIL = PREC - FIN then

the water balance can be written as

.1 x (INFIL - RUNOFF) + DELTA = ESOIL + TRANS + AM
or

ESOIL = .1 x (INFIL - RUNOFF) + DELTA - TRANS - AM
Accumulated from time ty to time t the equation becomes

CUMESOIL = .1 x (CUMINFIL - RUNOFFC) + SDELTA - CUMTRANS +

VOL(tO) - VOL(tI)

where CUMESOIL = cumulative soil evaporation {(cm)
CUMINFIL = cumulative effective precipitation (m)
RUNOFFC = cumulative runoff {(mm)
SDELTA = amount of water coming from the zone below
the bottom of the soil profile considered
during the time interval tO - t‘ {cm)
CUMTRANS = cumulative transpiration (cm)
VOL(tO) = moisture content of profile at time tO (cm)
VOL(t]) = moisture content of profile at time t {cm)

1
According to the last equation ESOIL is computed, and the result is

given for every time a printout is requested.




IV, MODIFICATIONS IN INPUT DECK

With regard to the original input of SWATR, (see FEDDES et al.,

1978), a few changes have to be introduced. The changes are in the

groups B, E and L. These groups are described in detail below.

Group Columns  Format  Symbol Description
B 1- 5 15 KOD(1)
6-10 15 KOD(2)
11-15 15 KOD(3) the meaning of KOD is described in sections
16-20 15 KOD(4) 1II.a. and III.a.
21-25 15 KOD(5)
26-30 15 KOD(6)
31-35 I5 KOD(7)
[- 5 15 LU minimum value (LU = 100.6 . ) of water content
. min
of upper soil layer
6-10 I5 MU maximum value (MU = 100.8 ) of water content
of upper soil layer) sat
11-15 I5 LL as LU, but for lower soil layer
16-20 I5 ML as MU, but for lower soil layer
21-25 I5 NM maximum number of nodal points under considera-
tion
26-30 I5 NL number of nodal point where the physical prop-
erties of the soil change (boundary between
upper and lower layer)
31-35 15 LMAX desired maximum number of iterations
36-40 15 L2 © maximum number of daily outputs to be printed
(see also group Z)
1- 5 I5 L(1)
6-10 15 L(2)
11-15 I5 L{3)
16=-20 15 L(4) see for description of the L's the cited
21-25 15 L(5} reference
26-30 15 L(6)
31-35 15 L(7)
36-40 15 L(8)
41-45 15 L(9)
46=-50 15 L(10)
Group B consists of 3 cards
E 1- 9 'F9.4 DT see cited reference
10-18 F9.4 STM " " "
19-27 F9.4 ™ " " "
28-36 F9.4 WSP " " "
37-45 F9.4 DS " " "
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Group Columns Format Symbol Description

E(cont.) 46-54 F9.4 DSP see cited reference
55-63 F9.4 EPS " " "
64~72 F9.4 FAC " " n
73-79 F7.2 DIST Depth at which suction is given when KOD(7) #
0. If KOD(7) = O then DIST must be set equal
to 0.00
L If KOD(7) = 0: see cited reference
If KOD(7) = 1: then
1-10 E10.4 GSUC(1) prescribed suction at depth DIST on day 1
11-20 E10.4 GSUC(2)
. 21-30 - El10.4 GSUC(3)
31-40 . Ei10.4 GSUC(4) as above, but for an, 3rd’ ey Sth day of
41+50 E10.4 GSUC(5) calculation, etc.
51-60 E10.4 GSUC(6)
61-70 E10.4 GSUC(7) -
71-80 E10.4 GSUC(8)
If KOD(7) = 2: then
1-10 E10.4 GSUC(1) constant prescribed suction at depth DIST

LITERATURE

FEDDES, R.A., P.J. KOWALIK and H. ZARADNY, 1978. Simulation of field
water use and crop yield. Simulation monograph ISBN 90-220--
-0676-X, PUDCC, Wagenihgen, the Netherlands.

For U.S.A., Canada and Latin America: ISBN 0-470-26463-2,
Halsted Press, John Wiley & Sons, New York - Toronto.
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PROGRAM SWATARIDATA, QUTPUT ., TAPER=DATAJ
CexaxxSIMAULATION MGDEL OF SOIL UATER DYNAMICS FOR LAYERED SOIL PROFILE
Crxnp#l/ITH FLUCTUATING WATER TABLE AND WATER UPTAKE BY ROOTS
CrxxxxTHIS PROGRAM IS DEVELOPED BY R.ALFEDDES. INSTITUTE FOR LAND AND
CxxknxWATER MANAGEMENT RESEARCH,P.0.BOX 35,4708 A4  WABENINGEN.
CuxxuxTHE NETHERLANDS: P.J.KOWALIK, INSTITUTE OF HYDROTECNICS, TECHNICAL
Cuxxx%UNIVERSITY,.P.O.B0X 642.88-952 GDANSK.PULAND H.ZARADNY,INSTITUTE
CxxxxADF HYDRD~ ENGINEERING,POLISH ACADEMY OF SCIENCES,UL.CYSTERSOUW 414,
CuaxdnBE-53 GDANSK.POLAND: J.G.UESSELING, INSTITUTE FOR LAND AND WATER
Crxx®xMANAGEMENT RESEARCH, P.0.BOX 35,4768 Asa UAGENINGEN.
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CUamweTHE NAME OF THIS PROGRAM CONSISTS OF THE FIRST LETTERS OF § WORDS:
CH o n e RGOTEL*, *WATER*, *ACTUAL* , *TRANSP IRATION®, *RATE* -1 .E . -8-W-A~T~R-

C __________________________________ el e L A A AL b ik et WV G S b Ml e e el PR D $ e e e S e S s e s e b e
Cz====THE FOLLOWING VALUES HUST BE PRESCRIBED:

Crm==~THE INXTIAL, CONDITION~VALUE OF THETACTHEN KOD{S51=8)

C ~KODLS =4 MUST BE SEY

C ~SUCTIONCNEGATIVE VALUE OF PRESSURE HEAD)D,
C-e-—-THE BOUNDARY CONDITIONS CDAILY VALUES):

CouwunsAT THE BOTTOM-DEPTH OF WATER TABLE
CouwssnAT THE SURFACE-A) TEM-TEMPERATURE OF AIRCDEGREES CELCIUS)
RH-RELATIVE HURMIDITY GF AIR(FRACTIOND
U-WIND VELOCITY AT 2 M HEIGHTCM/S)
HNT~NET RADIATION FLUXCW/Mw#%2 IF LC7)=0,0THER-
WISE IN CAL/CHx%Z/DAY IF L0738}
CH-CROP HEIGHTLCH)
SC-S0IL COVERLFRACTION)
FLUX~PRECIPITATIONLMR/3AY)
FOR CASE A KIDC&)=2
OR BI)-EP-POTENTIAL PLANT TRANSPIRATIONCMM/DAY]
FLUX~SURFACE FLUX-CUP:2SIGN—,DOUN:zSIGN+I{HAR/DAY]
SGL-CRITICAL VALUE OF SUCTION AT THE SURFACELCM)
FOR CASE B KOD(C&)=4
OR  CI-THETACCM*»3/CM*¥%3] 1F KOD(&)=8
------ THE DEFTH OF RDOT ZONECCHM)

==sesMAXIMALLY CAM BE USED:
365-VALUES DF THE BOUNDARY CONDITIONCY YEAR?
20-VALUES OF PRESSURE HEAD AND CONDUCTIVITYCFOR EVERY LAYER)
25-NODAL POINTS OF THE SOIL PROFILE
52-0UTPUTS _
C=================m========m=========:==============================nﬂ==

INTEGER PRZ,PT

REAL INFILT,INFILTA

DIMENSTION KODC71,IAC991, TEM{ 3653, CHL 345, RHE 365, UL 245, HNTC 3453,
45CC34651, FLUXC3465),DWTC34653, DRZI345), CUCSR), CLCBAO I, SULBA), WCSC365),
2BLLEEI, CHULBBY, CHLIBB), R125), R2L25 Y, 8K 25), WE 251, 2L 251,80 25),
3540251, 820251, 5N4025), BN2L 251, X(25)  EPC345). SGLL365), IBLAF ), KALS),
SHEDC 281, TRES2),LL4B), IXLED, 25,53, TRAC 3641, KMC 423, GEUCC 3651
SINFILT{3465)

EQUIVALFNCE CCH/EPD, (RH, BGL,WCSY, CHNT,DRZ, TRAD, CTEMC 43, CHLL 433,
ACTERCB4), CHUC 4D, CTENC 41643, SUC 433, CTEMC 2440, R4C 420, CTEMC266),
PRECAIT,CTEMC2942,0KE 421, CTEMCRA6D,WC 40D, CTEMED44), W2C 422, CUL4D,
BCLCAII,CUCB42, 80400, CUCH647, CUCADD, CUC244). 540400, CUCR64),520427,
4CUTR941,8(412, CUCZ46),SN1T433, TUCAA43,SN2C 1)), CTACH), IBL 413, CTAC70
§3,KMC 420, (8L, DUT, GSUC)

COMMON/CONDU/ CSAT 4, CSAT2, SUAM, SUAZ, SUA3. SUB 4. SUR2,5U33, SUC, SUD,
ASLAM, 642, 5LA3,SLB 4, 8LB2, SLA3, SLC, SLD. CHA1, CUAR,CUAZ, CUB 4, CUB2,
20083, CUC, CUD, CLA4, CLAZ, GLAS. CLB4, CLB2, CLB3. CLC, CLD. KOD, NNL . IM 1,
T2, L6, SUCU, SUCL, LU, LL, M, ML, FAC

COMMON/BONC/ DMT,SGL,EP,DRZ, FLUX, INFILT

COMMON/SINIKC/ SMB, GMUA, SML 4, 5M2.SM3, GM. SMM, PRZ. AG, BO

oDoaoooooontiaooonon
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~==  KOD(3
CONTENT

COmMON/FALT S TER. L)
COmMMON/DECL/ HED: L

DATA KA/ 4BHIBBGB=WED]Y , 48H 1Bxy »4BH  100%PF  ,10H {080%0 46 -

1H4B0RRRDR  /LL3, L 405,06, L7, LB, ITER, ITERM, ITIRE/F%8/,66,664,2,22,

2TINIT,RUNOFF.VOL 4, SDELTA/8%B.8/ ,END/4HEND /,RESTAR/4HREST/ L4/ 44/

NER=8

READCB.Z28) HED
FORMATL20A4 )
IFCHERC4)LED.END ¥ STOP

====GENERAL INFORMATIONY

LU ML, LL ML -NUMRERS DESCRIBING LIMIT OF ARRAYIPRESSURE HEAD,

CONDUCTIVEITY)

NM-mAXIMUR NURBER OF NODAL POINTS

NNL-NODAL POINT WHERE THE S0IL. PROFILE IS LAYERED

L2-MAXIMUM NURBER OF QUTPUT

IMAX-MAXIMUM NURMBER OF ITERATIONS :

FAC,FACA-TINME CONSTANTS DEPENDING ON UNITS USED IN PROBLEM

SWCU. SWCL-SATURATED WATER CONTENT OF UPPER AND LOWER LAYER

AA-FACTORCA.7{AA>1.8)]

RNAM. TH, TE-MAX. VALUE OF ROOTING DEPTH NON~ACTIVE AND:

BEGINNING AND END RNa OCCURS

GMRB . SML 4, SMU4, BM2, SN, AQ, BE-VALUES DESCRIBING SINK TERN

DT,STH, TM, USP,DS~-STARTING TIME STEFP AND VALUES DESCRIBING

VARTATION OF TIME STEP FOR NEXT HTAGES OF CORMPUTATEION

STM-IT I5 RECOMMENDED TC SET STM EQUAL TO 48#DT

TH-0UTPUTS TIME STEP

USP-IT IS RECOMMENDED TO SEY WSP BETUEEN G.04% AND ©.835

DE-ESTIMATED MAX. TIRME STEP OF COMPUTATIONCDTMAX=TM®xDS)

DSP~-DERTH DF S50TL. PROFILECDSP=DX»*NM2

EPS-MAXIMUM RELATIVE CHANGE IN THE VALUES OF SUCTION BETWEEN
ANY TWD SUCCESSIVE ITERATIONS{FRACTIOND

——t.—48 VALUES: LC41-FIRST DAY OF CALCULATIONCFROM BEGINNING OF YEAR)

LEZ)-LAST DAY OF CALDULATION
LE3]~-NUFBER OF DAYS IN FEBRUARY{Z28 OR 29)
LE41-DATE OF THE BEGINNING OF CALCULATION
L{SI-FIRST MONTH OF CALCULATION
LC&1-LAST MONTH OF CALCULATION
LE73-IF EQUALS O-NET RADIATION IN W/M*%2;

IF EQUALS 4-NET RADIATION IN CAL/CMe%2/DAY
LB, LL9),L048)-VALUES OF 8 OR 4 MUST BE SET

THE RMEANING OF THE ELEMENTS OF THE ARRAY HKOD IS THE FOLLOWING:
KDDO43 = 8 = GUCTION MUST BE GIVEN A5 A TABLE OF SCSUCTIOND
VERSUS MOISTURE CONTENT W, THE HYDRAULIC CUNDUCTIUI—
TY AN AN ANALYTICAL FUNCTION OF §.
i = BUCTION AS A FUNCTION OF MOISTURE CONTENT.
HYDRAULIC CONDUCTIVITY AS A FUNCTION OF SUCTION.
SUCTION AS A TABLE OF MDISTURE COMTENT,
HYDRAULIC CONDUCTIVITY AS A TABLE OF MOISTURE
CONTENT
CALCULATION STARTS FROM T = 8,
CALCULATION STARTE FROM T > 8.
DEPTH OF ROOQTZONE I8 VARYING WITH TIME,
DEPTH DF ROODTZONE IS5 CONSTANT WITH TIME,
Z = B AT THE S0IL SURFACE. S0 VERTICAL FLOW IS
POSITIVE DOUNUARD,
HORIZONTAL FLOWCNOT YET INCLUDCED IN PROGRAM)
= 8 AT THE BOTTOM OF THE SYSTEM. S0 VERTICAL FLOW
I8 POSITIVE UPWARD (NDY YET INCLUDED IN PROGRAM)
IHITIAL VALUE I8 GIVEN a5 & VALUE OF MOISTURE

3
[}

KODER)

KODLA]

[ - P

f1F 85 0 H

KODC4Y »

o R
H i

INITIAL VALUE 19 GIVEN AS A VALUE OF SUCTION.
PRESCRIBED VALUE OF POTENTIAL TRANSPIRATION RATE
AND WATER CONTENT AT THE GURFACE AT VARIOUS MOMENTS
ar TIne

4 = PRESCRIBED SOTL-SURFACE FLUX, ®AXIMURM SUCTION vaLUE

-
=

KOD( &2

v
&7
43
69
70 -
74
72
73
74
7%
7é
77
78
79
80
84
82
83
84
85
86
87
88
a9
99
94
92
93
94
95
96
97
98
99
108
104
182
183
404
185
184
187
168
189
1@
444
142
443
14
4485
18
147
148
149
120
124
122
123
124
425
126
427
§28
129
138
434
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46
44

58
C e

L ---

AT THE SURFACE AND POTENTIAL TRANSPIRATION RATE ALL
AT VARIOUS MORENTS OF TIME.

PRESCRIBED VALUES OF SOIL-SURFACE FLUX, MaXIMUm sSul
TION VALUE AT THE SURFACE AND POTENTIAL TRANGPIRAT
ION ARE CALCULATED BY SWATR FROM METEORDLOGICAL AND
EXTERNAL CONDITIONS AS FUNCTIONS OF TIME,

bl
3

KRDC7) ¢ 8 = DEPTH OF UATER TABLE a5 LOWER BOUNDARY CONDITION
4 = UARYING SUCTION AS LOUWER BGUNDARY CONDITION
2 = CONSTANT SUCTION AS LOWER BOUNDARY CONDITION

READRCH,3AILKODCLI, X=4.7)

READIS.38) LU, MU, LL, ML, NP NNL, THAX L2
READCE.38ICLLII, I=4, 18]

FORMATC 4BI%)

READCH. 440 Af, SUCU, SUCL .RNaM, TR, TE
READCE . 4418MB, BMU4, SML 4, SMZ, 513,80
READCB.481DT,6TH, TM, WSP . DS, DSP,EPS. FAC, DIST
FORMATCBFY.4.F7.21

FORMATCEF18.3)

TWA=MU-LLIA

TW2=hL-LL+1

ID=LCAY-LL 43+

Af=4,8-BQ

CALL PARARCID,HNM.DIST)

CHLE4)=TERC 4]

CHUC 4 3=TEMCB4)

BUCAI=TERC444)

WOAI=TENR{ 344

CLO4)=U1 42

SLC4I=0184]

CUC4I=Ur464)

FAC1I1=Ur2494)

IFCKODISI.ER.8) CALL HEPRCW, G4, 8L, 8L, NM)
IFCHODCS).EG. 1) CALL WACOCSU. GL W WCL. M, 54)
AM=4.0 :
BM=4.5

STN=DT

DTA=0T

IFCKORT7Y .EQ. ®) DX=DEP/NM

IFCKODC7) NE. @) DX = DIST/(NMt - .81

-~ COMPUTING MOISTURE CONTENT OF S0L1L AND COORDINATES OF NODAL PGINTS

DO 5@ J=4.NM
VDL 4=U0L 4+ JI%DX
§2001=84007
XCAI=DX#(2-6.5)
CONTINUE
IF KODC7) =4 THENM NODAL PDINT MM REPRESENTS ONLY HALF A LENGTH
bX.
IFCKODL7D LNE. @) VOL4 = VOL4 - .9 % DX % WONF]
VOLINIT = VOLA4
N=NM
N 4=NM
Hi=DT/DX
H2=H4/DX
IFLRODC4).EQ.G) ZI=4.8
IFCKODC4Y,.EQ0.20 Z=-4.8
iFCHKODCR).ER.4] READIS, 443 TINIT,66,C(TRID),I=4,L2)
IFCKODC2) . NE. 40 TRO4X=TH
T=TINIT
ZZ = G6
COMPUTE INITIAL SUCTIONM.
IFCKODLZY JEQ. BIGD TO 55
IFCKODL7 ) .EQ. 2160 TO 53
PT =T - L{4) + 14
GIVSUC = GSUCIFY)
GO TO &b

432
433
i34
435
134
437
138
13%
148
144
462
143
444
14%
146
i47
148
149
158
154
152
is3
154
155
iSe
157
168
59
148
464
a2
463
164
465
LT-T)
467
448
469
178
47 4
472
173
174
175
176
177
178
179
188
184
iB82
183
iBs
i85
186
187
488
89
i9a
i94
492
493
194
19%
194
197
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53
B8

£

48

658
£40

151

79

75

210
ce

{8

GIVGUL = GBUC(A4)

THA=T4+TR{ 43

IFCKODCA).ER.8)  CALL HEPASIUWCS.SU,1D)
DXH=0.5%DX

S88=T+5TnM

TER 4=G06

KN=1

YY A=G0G

TEEZ2=T

LPA=LY

FUT=FAC*CSAT2

CUMINF=8.8

START OF TIME STEP.

T=T+DT

GG =66

RUNDFF 1=RUNOFF

KY=LC[ 411+KN

IFCT.LE.KYD GO TO 448

IFCABGLTM~4.@)...T.1.E~6 .AND. KN.EG.4] ABC=AVTR
IFCABSETM-4.83,LT.4.E~6 JAND. KN.GT. 43 TRACKN-4I=AVTR
IFCARSITM-4.8).LT.4.E~4) GO TD 4%@

TE2=T-DT

IFCTE2.LT.KYD YY4=G6G

TFCTE2.LT.KYY TEEZ=TER

IFCTE2.LTLKY) GO TO 448

AT=YY {+(G6-YY 1 )% (KY-TEE2)/(TER~TEE2)
IFCKN.EQ. 43 ABC=18.0%(AT-TER4]

IFEKN.GT. 13 TRACKN-1)=10.0%[AT-TER4)

TEE2=KY

YY 4=AT

TER4A=AT

KN=KN+ 4

Lé=L &+ 1

T4=T-8.54DT

IFCT4.LE.TB) RNA=8.8

IFLT4.68T.TR.AND.T4.LT.TE) RNA=RNAM%{T4-TB)/(TE-TB]
IFCTA.GE.TET RNA=RNAM

oLpsue = GIVSUC

Call BOCOCEPA,SGLALFLUXA,DRZA, SNAN,CFUT, DX, N4, ID,L.KOD, T4,

AGTVELC, BEUC, N INFILTA)

IF(DRZA-ANA.LE.B.0) OM=§.9
IFCDRZA-RNA.GT.B.83 QM= 4XEPA/(DRZA-RNAJ
SMM=BO%DN/ { SNI~5M2 3
PRZ=DRZA/DX+ .50 4
IFCKODE71.EQ.BIGO TO 7§

DX 4=DXH

RR=2.

AGPF=08.0

60 TO 4B

IFCSNAN.GE.DXH) GO TO 8@

DX 4=SN4N

SN iN=8.0

GO TO %8

SN AN=GNAN-DXH

DX 4=DXH

RR=DX /DX 4

IFCN.GE.N4) GD TD 488
AGPF=CSCMI-BNANI/CDX%LN A-NI+DX 1)
TFCAGPF.LT.P.B) AGPF=@.@

D=N4+4

D=4

SNAL I~ 4I=ENANSCN 4-04 4., B/RR 8.5 IXDXXAGPF £AA
IFLI.LE.N+4) GO TO 48@

SN2 1I=ENACT-1)

G0 TO 440

178
199
208
204
20z
283
204
285
284
287
288
289
249
244
212
243
244
245
246
247
248
249
22a
224
222
223
224
225
224

227

228
229
236
231
232
233
234
235
236
237
238
239
248

244

242
243
244
245
246
247
248
24%
258
251
25%
253
254
255
256
257
258
259
268
2614
262
263
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[
188

c - ——

148
158
38

[ .
434

435

137
138

M

C -
139

728

C Fv———

168
o —

1215}

ITERATION.

N2=N~-1

IFCKODCZILNE.21G0 TO 434

KODC71=h

DG 438 =4, N2
IFCLB.EQ. 1Y GO TO 440
SNACT)=0.S%8n*CE400+41+84000 3-8, 25N+ 5210+ 43+52(] ]
060 TO 458
SNALII=28%ES4L0+ 41840 +50TI+500+402
SHZEI+4)=8N403)

CONTINUE

GO TO 439

KODCZ) = 4

DO 438 I=4,NZ
= T+ 4
IFCLB .LEG. 41 8O TH 43%

A 82712

62071

c S4C1)

D 84(7)

IFC3 .ER. NY B = DLDSUC

IFCY EQ. M) D = GIVSUC

SNALI) = .5 * BM # [C + D) — .25 # A % (A+8)

B

oHon

GO TG 437
& = 54C(I)
B = 8400)
C = 8C3)
D = §CI)

IFED JEQ. NI C = GIVSUC
SN4LT) = 25 # [A + B + [ + D)
SNZLIT = GNACT)

CONTINUE

Cal.ClULATION OF COEFFICIENTS FOR J=4.

N=M1

J=A

IF(1.B.EQ.4) 564=B. S%[5043+5404))
IFILB.NE. 43 SGA=BM*S40 4]~ 5uAM*S2C043
S6=.5%(SG4+G0LA)

Cati. CONCD,C4.C2,864.586LA.CU,CL, 88U, 8L
CA=GSORTOC4%CE )

CALL CONCI,CA.C2,8N400), 56, C0, CL, 8L, 8L
C2=02U :

Cabi DRCLD,CHA, 864, CHULCHE, SUL 8L

C=6.8

IFERODIS]LEQ.B)Y C=-HRxLZ2/CHY

A=~H2%C4/CHA

B=2.0+A+2 . 0xC

K{11=8.6

IFCI.GY.RRZD GO TO 4468

ROOT EXTRALCTION.

Chall. RERCD,QZ, 04,56, GN4C3], NNL)
IFCRMA.LLE.DXH] OKLJ)=8.5%{Q4402%(DXH-RNAI/DXIH)
IFCRANA.GT.DXH.AND.RNALLE.DX) QKIJI=04%{DX-RNAJI/DX
IFILB.EG.V) BO=6G+OKCIIDX=DT
IFCKODCALLER.B) GO TO 478

FLUX.

FLUXR=C2®(561-86LA+Z#DXH)/DXH
TFCFLUXMLLE. . Q. AND.FLUXALE.B.8) GO TO 480
TFCFLUXM.GT.8.8.AND FLUXA.GT.8.81 B0 70 41989
IFIFLUXM.GT.B.0. AND.FLUXALLE.B.8) FLUXM=9.6
JFCFLUYXM . LE.@. B, 4ND . FLUXA.GT.A.83 FLUXR=2.8
IFCFLUXA.GT.B.8]) 0O TD 748

IFIFLUXA.LE..8) GO TD 208
IFCFLUXP.LT AL A%FLUXAY FLUXM=8, 1%F_UX4

60 10 7206

264
265
264
267
268
2469
278
27 4
272
273
274
275
274
277
278
27

288
2814
282
283
284
288
2846
287
288
289
278
294
292
293
294
295
294
297
298
299
386
a8 1
382
3983
264
3as
386
387
elafs}
3es
348
344
342
343
344
KRR
344
347
348
349
324
324
322
323
24
325
326
327
328
32%




199
740
200

178
218

C
0 wnem

23@e
224

C ~—m

2358
236

[ M

248

IFCFLUXM.GT.0. IXFLUXADT FLUXM=E, 1%FLIXA
RUNOFF=RUNOFF+(FLUXA- 10, B%FLUXMI%DYT
E=AnGi(20+(2.0-A1%S4{ 432 B 74 /CHARCA+2 . A¥H 4ARFLUXM/CHA~2 . @80T *
ARKC 42 /CHA

GO TD 248

E=axGit 2 +[4.8-8)%S40 1)+4 . BRCHEGLA-2, 8% 7xH A% (0 4~C2)/CHA-2. 2DT*OKL 4
41/0HA

RAC 4)=A/B

R2C4)=-E/4

CALCULATION OF COEFFICIENTS FOR 4 ¢ J ¢ N.
IET=N-1
DO 228 J=2.111
CALL CONCTC4,C2,SN4L3,5N203),CU,CL, 5U, 5L
SNA2=B.5%(SNACII+EN2(II)
CALL DMCEDJ.CHA, SNA2,CHU, CHI . SU, SL)
C=-HPRCR/CHA
A=-H2C 4/CHA
B=2.B+A+C
OK(1)=0.8
DXL=%DX
TFC3.GF.PRZ+4,0R,RNA.GT.DXL) 60 TO 238
ROOT EXTRACTION.
DXU={ -4 1%DX
DXM=(3-8.5I*DX
CALL RERCI. 04,02, SNALII, GN2CI), NNL)
IF[3.EQ.PRZ] P4=Q4%L[DRZA-DX*{I-H.511/DXH
IFCRNALLE.DXU) DKCD3=0.5%(04+02)
TFLRMA,LE.DXM, AND . RNA.GT .DXU) OKCII=0,5%(04+02%{ DXN-RNA I /DXH)
IFCRNA.GT.DXM, AND.RNALLE.DXL) OKCII=Q4%{DXL~RNA1/DX
E=A%S 40 3+41+0 4. 0-BI%S4CII+L*S4T-41 -2 . B*Z¥RA%#(CA-C2)/CHA-2.8
4 *DT*OK[II/CHA
RACII=A/CB-CRRACT~43)
RP(II=(C*RACI-4I*R2LI-4I-E)/A
IF{L8.ER.A) BE=GO+EKIII*DT*DX
CONTINUE

CALCULATION OF COEFFICLIENTS FOR J=N.

=N

IFCHODLZI.EQ.BICALL CONLT, L4, 02, BHAN, BN2INT. CU,CL, S, 8L
IFERODI7 3 ONELBICALL CONCE.C4, 02, GIVEUC, SN2ENY, CU,CL,SU. 8L
IF(KORC7).ER.AIE0 TO 235

8N412=.5 % (SN2IN] + GIVSUC}

60 TO 236

IFCABBIDXA-DXH) LT, 4 E~8) GN42=8.5%(EN2INI+BNIN]

IFCABBIDX 4-DXHILBE. 1.E~6) GNAZ=EN2INI%(1.8-DX/LDX+2.8%DX 1))
CalLL DRCCI, CHA,8N12, CHULCHL, SU.8L)

Ax-H2*C4/HA

C=—H2x*C2/CH4

B=7.0+ARR+C

GKLII=8.6

DXM=CN-8,53%DX

IFCRODEZ Y JEQ. &) DXL=DXM+DX {+5M 4N

IFCKOD(73 NE. @73 DxlL. = DXNM

TFIRNA.GT.DXL.OR.JD.GE.PREI+AI GO TO 248

RGOT EXTRACTION.

IFCKODE73.EQ.QICALL RER(CI,D4,82,5N4N, SN20J).NNL}
IFCHODC7 1 NE.@ICALL RFR(D.04,02,GTVSUC, SH2LT, WKL)
DXU=(N-143%DX

IFLI.ER.PRZY Q=0 4xIDRZA-DX#{PRZ-B.53I/DXH

IFCRNALLELDXUD GROTI=0, 5%(R4+QF)
IFCRNALLELDXAM ., AND LRNALGT.OXUD BRLD)I=0.5%{ 04+Q2%DXM-RNAT/DXH]
IFCRNA.GT.DXM.AND.RNA.LE.DXL] QKTII=04%[DXL-RNAI/DX
IFCLE.ER.B.AND.KODCY).EG.BY GO=GG+OKLII*DT*DX
TFCLE.EQ.B.AND.KOD(T).NE.B] GG=GG+EKLFI®DT*DXH

IFCKODC7] JNE. 81 GO TO 243

338
334
33z
33
334
32%
34
337
a3g
339
346
3414
342
343
344
345
344
347
348
349
358
351
62
353
354
355
354
357
358
359
368
364
362
363
3é4
365
366
347
368
367
378
3714
372
373
A74
375
376
377
78
379
3se
384
382
283
384
385
384
ag7
Jes
89
378
394
ava
393
394
395
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C
C ==

243
245
718

C ——
258

268

€
294

328

319

336

738

280

620

C [—
400

438

E=(4,B8-BI*SA(NI+C¥S4IN-4)+2 . BOXRREENAN-2. O ZuH{#(C4-CRI/CHI-2. 0%
ADTRKCNI/CHA

CALCULATION OF 80331,
SIN)={E~C*RACN-4I#R2{IN~ {1 3/(B~C*R4(N~41]
GO TD 245

GINI=GIVILC

J=N+4

J=2-1

IFC3.LT.2) GO TGO 258
SC3-41=R4LJ-4)%(BLI)-R2{I-1])
IF(S{3-4].L.T.8.884) B(1-43=0.084

GO0 TO 746

DEVIATION.

NZ2=N-1

B0 268 JI=4.N2
DEV=ABGCSCI)+SCI+4)+84(JI+54( I+ 4I-4.GRENI( DI I%B . 28
IFC(DEY.GT.4.8,.AND.DEV.GT.EPS*SN4{]2) GO TG 278

CONTINUE

ITER=®

60 TO 280

ITER=ITER+4

IFCITER.LT.IRAX) GO TO 298

- COMPUTE. RELATIVE DEVIATION AFTER LAST ITERATION ALLOWED.

ITERM=TTERM+4

ITIME=ITEME+4

IFCABS(SNAC(I)) .GE. 4.E~12) EPSM=DEV/SN1CT)
IFCABS{SNACOD) LT 4.E-42) EPSM=EPS

GO TO 348

COMPUTE NEW SN4CI]1.
0o 320 I=4,N2
SNACII=0. 25*CSCIT+GLI+43+540JI4+G4(I+4])
IF{].GT.4) SN2LJI=SN4(J-43
CONTINUE
J=1
GG=(364
RUNDFF=RUNOFF 4
SO4=0.5#[S4012+8( 422
GO TO 728
IF(LPA.ER.L 4] PRINT 338, EPS,ITIMC, ITERM, J.ERSM,.DEV,T
IFCLEALNELLYY PRINT 736, EPS,ITIME, ITERM,}.EPSM,DEV,T
FORMATC 4H4, 424 NUMBER DF IMAX NOT ENOUGH TO REACHM ACCURACY EPS=,FS
fa4:7
2474 VaALUE OF ITIME=,IS,8H ITERM=.15,45H NODE POINT J=.12.,"
3Epam=" ,F4&. 4, 48H VALUE OF DEV(I1=,E48.3.,7H TIME=,F7.3/32
FORMATL49H NUMBER OF IMAX NOT ENOUSGH TGO REACH ACCURACY EPS=FG.4/
4474 UALUE OF TTIME=I%,8H ITERM=IS,4{5H NODE POINT J=I2,7H EPSHM:
2F&.4,48H  VALUEC OF DEV(II=E?.3,7H TIME=F7.3/)
LPA=LPA+4
NS=N+1
IFINS.6T.NM .OR, KODL7I.NE.B) GO TO 488
DO 428 I=NS,NM
IFCKGDC1).EQ.4) S5(T3=4.8
IFCKOD{4).NE. 43 S(1)=0.801
GKET1=8.8
CONTINUE

COMPUTE MOISTURE CONTENT OF PROFILE.
CALL WACOCSU.SL. W, HCL, NI, 51
VolLz=8.8
0O 638 I=4.NNM

YOL2=\0i2+W 0 T I%DX
CONTINUE

%6
397
398
399
488
484
482
493
484
405
404
467
408
469
449
444
442
443
444
445
416
447
418
449
429
424
422
423
424
425
424
427
429
429
429
434
432
433
434
435
436
437
438
439
440
444
442
443
444
445
444
447
448
449
450
454
452
453
454
455
454
457
458
459
448
461
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368

340
C o

[
asa

3va

449

428

IF KDDC7) = 4 THEN NODAL POINT NN REPRESENTS OMLY HALF A LENGTH
BX.

IFCKODCT 3 WNE. 8] VOLZ = V02 ~ .5 * DX * {JONM)
CHANGE IN mOISTURE CONTENT.
DELTA=VOL2-Y0L 4 +65-6G4-FLUXA*DT

VaL 4=00L2

SPELTA=SDEL.TA+DELTA

CUMINF=CUMINF + INFILTA % DT

IFCT.LE.S58) G0 TO 348

IFCLB.NE.BY GO TO 358

FLUX.

IFCKODE7).EQ.B) FLOW=ABGIA.ExCA/DX4%[ 2. BXOGNIN-SINI~SAINI+2 . Bx2n
iDX41)

IFCKOD{7 ). NE.BIFLOW=ADBI02% LSINI-SIN-432/DX + Z]]
IFCRODIATLER.B) FLUXPM=C2U/DXH={ SGA~-SGLA+Z*®DXH)
IFCFLOW.LE.ABSCFLUXM]I) FLOW=ABSCFLUXM
IFCLS.NE.BY GO TO 348

ST=USP=DX/F|OW

L3=0.3+4

CEUT=CFUT#*FUT

TFCCFUT.6T.4.8] CFUT=4.8

IFCET.GT.CCFUT*DG%TMI) ST=CFUT=DE*TM
IFCE3.ER. 43 83=8T

TFCCL3-L42.NE. 1Y GO TD 348

DY 4=DT4+5TN.

STN=DT 4

Lag=L 4414

IFCL4,.ER.O.AND.DT4.L.T.S88) GO TO 348

DT =88

L4=@

IFCABSCT-TRAI.GT..@84%DT) GO TO 378

IFCL8.EQ. 4} GO TO J%e

T4 = T4 + .5 *% DT,

T4=T

1.8=4

RUNOFF=RUNOFF 4

GO TG 386

purteur,
DO 398 I=4.N
K=1/2
IFCL.GT.2.AND.T.NE.2¥K]) CaLL CONCILUWZCTII, W20T-43,4E73.8C1-14),
4 CU, Gl 5LL LD
TFCY.EQ.4) CALL CONCL,W20X),82,8€1),86.C0,C0L.86U,8L)
IFCILEQ.NLAND.KODC7 D EQ.B) CALL CONCI.C4,W2{TI),SNAN.SCI).CU,
4 Cl. &4, 8L
IFCILED.N.AND.KODCT7).NE,B) CALL CONCI,C4,W201-43,50N),5(N-42,
1 Cu,Cl. sk, 8L
CONTINUE
C4=8QRTCCi%U2END )
AVTR=AQ., @%(GG~ZZ}/TRIL 1)
CURERSO = UOLINIT-VOLZ2-GG+ . 4% (CUMINF-RUNOFF) + SDELTA
PRINT 418, T.GG,AVTR,L&, ITERM, RUNOFF.DELTA, 3DELTA, WCL, CUREPSD
FORMATC 1H4, 4HDAY=,F&6.2,22H CUMULATIVE TRANS.=,F6.3,24H CH AVE
tRAGE TRANS.=,F5.2,29H mMrt/Day  NUMBER OF TINME STEP=, 14, 49H NUmMBER
2 OF ITER.=,14//
B8H RUNOFF=,F&6.2, 424 MR DELTA=,F6.2,8H SDELTA=,F6.2," CH THETA
4 OF LOWER LAYER AT THE CONTACT WITH UPPER=",FG5.4.42H ChMx*3/CHMxx3,
§/7," CUMULATIVE BOTL EVAPORATION =",F7.2." Cm")

PRINT 4728

FORMATE /78 1H Zz THETA CUM. WATER SUCTION

i FLUX ROOT EXTR./

278H Cm VoL cm cH Cms
aDaY /DAY /D

V=8.,8

DO 438 T=4,NM

462
463
464
4465
466
467
468
469
470
474
472
473
474
475
476
477
478
479
490
484
482
483
484
485
486
487
488
489
496
494
492
493
494
495
496
497
498
499
5@
584
582
583
584
505
504
507
=88
5@9
540
544
542
543
544
545
516
547
;!
549
528
5214
522
523
574
528
526
527
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430
440

458

460

470

496G

508

480
548

376

538

V=YL L I %DX
IFLT.EQ.4) QR=FLUXM
IFCI.GE.N.AND.KUDC7 ] ED.B] QO=CA#L{SNAN-SN2CNEI1/(DX1+DXHI+Z)
IF(T.GE.N.AND KODC7).NE.BY QU=CA%{{SINI-S{N-433/0X + 21
IFCT . NE.4.AND.T.LT.NY QR=0.58W20 1) /DX*{S{T1+4)-S(I~1)+2.0%Z%DX)
IFESCT2.LT. 4.8 S2{I3=4.8
IFCRCYI.00.4.83 S20I3=8CI)
PRINT 448, XCID, W(ID.V.801),00,0K(1)
TT=I_4
RETC=ALBGABCS2TTI)
IXCIT, I, 4)=W{l)=ipBA.+@.5
IXEIT,1,2)=U%48,4P.5
IXEIT, 1, 3)=RETC*188,.+0.5
IXCIT,1.4)=QR%41080.+0.%
IXCIT,1,0)=0KCT 1=10008.+8.5
CONTINUE
FORMATL2X  FS. 4, 46X, FE.4,8X,F7.3,9X,E10.4,4X,E40.3, 4%, E40,3)
PHINT 457, T, UWCL.G0.RUNOFF,SWCU, SWCL
FORMAT(//84H ’ 5011
4 MOISTURE CONTENT PROFILE.,S
2BH DAY=, Fé.2, 24k THETA AT THE CONTALT=.FS.4," CUM. TRANS,.=*
3,F5.2, 18H RUNOFF=, F6.2, 24H POROSITIES ARE UPPER=,F4.3,
4" AND LOWER=",{4,3,)
PRINT 468
FORMATC AH, A4HDEPTH THETA, 14X, 3HD.B, 7X, 3HB. 4, 7X, 3H40.2 . 77X, 3HB. 3, 7%, 3H
46,4, 7%, 3HB.S, 7K. 3H0.L &, 7 XL 3HB. 7L XL 3HB LB, 7K, 3HA L9, 7% HA.8)
PRINT 479
FORMATC 4H, 4444 CH U0 o 30036 3 30600 o 06 0 0o 0 o 6006 36 0C 964 96 96 36 06 o 6 9036
1*+%**-!+~x-a(--k-*+%(-)i~l~-l+*)HH(‘&**i**‘**ﬂ*-&****-&****+****-b****-&-*ﬁ!-*-l-*i**-i—]
T4=5UCU% 189,0+8.5
I2=8WCL % 400.8+8.5
DO 480 J=4,NM
Y=L Iw 460, 34805
IFCI.GTLNNLY) T4=12
RO 498 I=4,11
IFCIYLGT.I) TACT I=4H~
IFCIYLEQ.L) IACII=4H+
IFCIYLLTLYIY IACI)=4H
CONTINUE
NY=Y 4+ 4
DO 588 T=NY.29
TACII=4H/
CONTINUE
PRINT S48, X€J1,UC0)0, IA
CONTINUE
FORMATL 4H,FS. 4, X, F 6.4, 2H +, 5984, dH+)
PRINT 478
PRINT 466
2Z=00

READY?

IFCL4.6E.L2T GO TG 520
La=L 4+ 1

LPA=L4

.g=8

IFCHODEZ) .NE. 4D TR{LA1=TH
THA=T+TRILA]
IFCL3-L4.EG.BY GO TO 368
To=THA-T

IFETE.LE.S.04%8T) 0 TO 538
IFCST.GT.4.4%DT3 S5T=4.4%DT
IFCST.LT.B.9%DTY 37=0.9¢DT
DT 4=8Y

GO TO 388

IFILS.ER.8Y GO T %48

DT 4=8KS

arg
529
538
531
532
533
534
53%
534
537
538
539
548
S44
G432
543
544
545
546
547
548
549
558
551
552
653
554
555
556
657
554
a5
S68
561
562
543
Sb4
545
1-Y-13
567
548
5569
578
574
K72
573
R74
579
576
S77
578
579
580
581
582
583
SB4
585
S86
587
588
589
598
594
572
593



548

384

550

L -

Hé8

528

489
576
586
Lnva
418
668

678

3al)

788
498

ooann

L5=L5-14

G0 TO J84

OT4=0.2%TC

SKE=DTA

L.5=4

DR 558 I=4,N
S201)=84C1]
SACI)=6C1X)

CONTINUE

NEXT TIME STEP.
IFET+DTALGT.THAD DT4=THA-T
IFCABRSIDT4-DTI.LE. 4.E-4) GO TQ 548
HA=DT 4/DX

H2=H4/DX

AM=DT 4/0T

BH=4.0-+@ . GxaAM

DT=DT4

G0 TD &8

AM=4.8

BR=1.5

GO TO &8

TRACED-2)=48.%(GG-TER4)
D 578 KEKE=1,%
PRINT 588, RACEKK)
PRINT 59@, CXCI21.0=4,NMI
T=TINIT
DO 688 1=4.L2
T=T+TR{J}
L.2=T
PRINT 648, LI, CIXCI, T, KKK, I=4,NM]
CONTINUE
CONT LNUE
FORMATC 444, 48X, A48/5X . 2B0 4H-)/)
FORMATI7X. 25F5.8)
FORMATC 4X, 14,2X,2515)
FORMATL AH4 . 3%H ACTUAL TRANSPIRATION (MM/DAYI///)
PRINT 448
PRINT 476, 8.(I.I=4,41@)
FORMATC 441482
KX=ID/ 48+ 1
iLY=8
LB=R
LC=8
LY=LY+4
L.A=18+1
LB=48%LY~4
IFCLY.GT.KX]) GO TO 498
IFCLY.EQ.KX) 1L.B=ID-2
IFCLY.ED. 4] PRINT 788, LC,ABC, (CTRACKNY, KN=LA,LB)
TFCLY.GT. 43 PRINT 788, LC,CTRATKND,KN=LA,LB)
LLC=18+4
GG TO 568
FORMATLI A0, 48F 48.2)
arTop
END

SUBROUTINE PARAMCID.NRM.DIST) -
REAL AL, INFILT,INFILTA

DIMENSION TEMCR45), RHEIAED, ULIAS), HNTC3AG D, CHE 3651, BCL3653, FLUX( 36
45, DUTC365), DRZC36E),CUCEA), SULEAY, CHUCEA), DLIBB), 5L{80),CHLC8A],
2940251, 0E25), 80LC365) . IBL4PD, KME 423, THETAC 2D, WG 365) . EPLIEE ), HEDC

594
595
594
597
598
599
688
681
682
603
684
&85
686
&87
668
489
648
&4
442
643
bi4
&45
416
&47
4148
649
628
621
622
623
424
625
626
627
4628
629
638
&34
632
633
434
438
436
437
438
439
448
644
&42
643
644
645
546
647
448
649
658
H54
652
653
454
&85
656
ah7
458
659
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26
648
458

48

=%

o000 >0

jriuiel

APANLEARY.KODC7 L LEALS ), GSUCL 345 ), INFILTL365)

EQUIVALENCE CCH,EPI, CRH,SGL,UCSY. 5, DUT, GEUCT, CHNT.DRZI, (CTEML 413,
2CHLCAT T, CTEMCG 4D, CHULAZY, CTEMC 4640, SUCA ), CTERL D463, W0 423, €UC 4T,
BCLCADD,TUCA43, 81040, LUL 4640, COCHD D, CUCZ244E,54040)

COMMON/CONDU/ CBATA,CSATZ, 8UA4, BUAZ, BUA3, 5064, SUR2, SLIBRZ, SUC, 5UD.,
45144, 5LAZ. SLAZ, SLB A, 6LBZ, SLER, GLE. 8LD, CUA4, CUAZ, CUAR, CUB 4. CUB2,
2CURZ, CUC, CUL . CLA4,. CLAZ,CLAG, CLBA, CLB2, CLB3, CLC, CLD, KOD. . NNL, TW4,
FIWD, L6, SUCU, SUCL . LU LL. MU, ML, FAC

COMMON/BONC/ DUT,56L.EP.DRZ. FLUX  INFILY

COMMON/FACT, TFM, U

COMMON/DECLA HED. L

DATA KR4 KRB MMCSILKMEZ Y KMEE ), KN 483, KU 42)/7%34/, KMC4)  KML&)
4, KMC2) L KMD 443 /74%38 7, GAMMA/ %8 . 467 13/, GEP/ 1%8.0/

KHL23=L(3)

==BOLINDARY CONDITIONS

IF KOD(A)=8-PRESCRIBED THETA AT THE SURFACE

IF KORCAI=4-PRESBCRIBED FLUX,SGL AND EP AT THE SURFACE

IF HKODCHI=2-BOUNDARY CONDITIOGN AT THE SURFACE IS ESTIMATED FROM
METEORDLOGICAL DATAz TEM.RM. U, HNT,CH AND FLUX

IF LOZD=8~HNT IS GIVEN IN W/M#x2,0THERWISE IN CAL/CR%%2/DAY

PRINT 48, HED

FORMATL M4, 28R4/ /7]

PRINT 38

FOGRMATC 4H, 34H BROUNDARY CONDITIONS AT THE TOR/)

IFLRODLAT.EQL 4D BEADIB. 648 (FLUXCIZ,EPCT), SGLITI, I=4,1D)
IFCKODCAIER.2) READCE, 658 (TEMLII.RHLTDLUCTY, HNTCI),CHCID,BCTLL),
AFLUXCT Y, I=4,1D1

IFCROBCAY.ER.AY READIR, 201 CEPCI),WUCEETY. I=4, ID)

FORMATIGF 48.4)

FORMATC2(F48.3,F18.3.£48.4))

FORMATI?F48.3)

IFCKODCAD.NE.2] GO TO 264

PRINT 4@

FORMATL //7%, BHDAY , 5X, SHTEMP ., 4X, BHREL HUM. ., 4X, FHUIND MEL. . 4X, PHNET
4 RAD..SX, d4HCROP HEIGHT, 4X, 48HS0IL £OVER, 4X, YHPRECIPIT./)

DO 5@ ¥=4.1ID

LO=LL4)+T—4

IFCLL7I.HE.BY HMT{T1=0.4B8424#HNTCE)

TEMETI=TEM(I)+273. 15

PRINT &8, LC,TEMEILBHCTD WCI Y BNTCID.CHCTIBCLI, FLUXCI)
CONTINUE

FORMATET AR, 3X,F6.2, 7X  F5. 3, 6X . Fb. 2, 0X F7. 2, 7K, F7.2, 9% . FS.2,9%X,FS.2
11

FGa, FOR, FGE, FGD, FOM, FNCH-COEFFICIENTS OF GCCHI-FUNCTION

FGa=. 370E-87

FGB=.232

FGC=. 144E-87

FGD=.59

FGit= 4, 3E--87

FRCH=28.8

IFCLC8).EQ.BY READCH, 438) FOA.FGB,FGC, FGD, FGM, FRCH

FLAFLB,FLC-COEFFICEENTS OF LAI-FUNCTION
FlLa=4.,479

FLA=.25

FLO=4.471

IFCLL9I.EQ.B) READLH, 28) FLALFLB.FLEC

FIALFIB.FIC,FID.FNP,FAT-CORFFICTIENTS OF INTERCEPTION CFINCPRECI]-
FUNCTION

Fla=.8%

5468
YR ]
6462
6463
bé4
465
-T2
467
668
&&H9
&78
&7 4
&72
4673
47 4
475
&76
&77
&78
&79
488
484
482
483
4684
685
684
687
688
&89
698
HP4
692
&3
&74
&95
694
697
478
499
784
704
a2
703
ra4q
7ag
784
787
7848
789
718
744
742
743
744
718
744
747
748
749
728
724
-y
723
724
788
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FIR=.53

FIC=.,08a%
FID=5%.8
Frp=28.48
EMi=4.8%
IFCLCABILEQ.B) NEADCEH, 281 FIA,FIB.FIC,FID.FPMP.FMI
PRINT 78
e FORMATC /58 THE FUNCTIONS OF GCCH).LAT AND FINCPREC)/)
Erm— =~PRINTING 0OF THE GLCHI-FUNCTION
PRINT @68, FBA.FGB.FMCH,FGC.FGD.FMCH.FoN
BA FORMAT( 46H GLEMI=E483.3, SH¥CH%%F &, 3. 29H
AFOR CH.LGE.F7.2,3H 0N/
246H GLCHI=E18.3, SH*CHexF 6.3, 294 FOR CH.
ALT.F7.2,3H R/
433H MAXTMUM VALUE OF SCCHI=E10.3/)
Cm~=—=PRINTING OF THE LAI-FUNCTION
PRINT 488.FLM.FLB.FLC
188 FORMATE 44H LAT=F&.3, 4HEBU+F 6.3, FH#SCE%2+F 4, 3, QH*SCH%3/ )
Crom=wsPRIMTING OF THE FIMCPAECI-FUNMCTION
PRINT 44@. FIA.FIB,FIC,FID,FRP,EMI,FMP
146 FORMATCZ3H FINCPRECI=HBC#F6.3, OH*PRECR®(FSE .2, AH-F&.4, 7H*®(P
AREC-F5.2,24H1) FORLPREC, LT.FS.2,7H mr/DaY/
223H FINIPREC )=GC*®F5.2,57H
3 FOR.PREC.GE.FS. 2. 7H HM/DAY/ )
C
Cm====CALCULATION AND PRINTING OF THE VALUES--EWET~,-ES-,~EP~,~BEPLANT—,
C FLUX~, -BGL
C ESOIL=ES, ~EPLANT=EP . -SEPLANT I8 THE SUM OF THE ER-UALUES
C FLUX=PREC-ES~FIN
C FIN IS INTERCEPTION,SGL IS THE MINIMUM ALLOWED SUCTION AT
c THE S0IL SURTFACE.EV TS THE SATURATED WATER VAROUR PRESSURE.DL IS
C THE SLOPE OF SATURATION VAP(UR PRESSURE CURVE
G YPN TS THE VAPDUR PRESSURE DEFICIT OF AIR
[»
PRINT 428
128 FORMATL AHA/ /30K, SEHCALCULATION (F MaXInum POSSIBLE EVAPOTRANSPIRAT
ATON/ /27D
PRINT 496
138 FORMATL/ /58X, 3BHPOTENTIAL TRANSPIRATION RATE (MM/DAYI/ /]
PRINT 448

148 FORMATC M, 32ZHDATE DAY EWET ESOTL EPLANT A.0,7X,3H42.8,7X,3H4.0,7X
4:3H6.0,7X, 3HE. B, 6X, 4HA0.8, 6X, 4HAZ2.8, 6X, 4H14.8, 41X, FHSEPLANT, 1X, BHFL.
20X, 58X, AHEGL, 4X, 3HVPD Y
PRINT 458
AR FORMATCAM, 3OX, 7 AH 6% 00k 00000550630k 00 364306 396 26 I 0600 36 06T 306 36364 33036 36 98 6
(L2222 TRRTTE 2R S EAR 2 1 R0
NE=L{43-14
LF=LC5)
LE=LTAD
La=L(4]
L4a=.04%

DO 4168 mM=LF,LE

I2=KrLR)

DO 478 D=L4.[2
NE=NE+4
I=NE- 4+4
WED=.858382635%TEMIII-2., 49386068
EV=4,3332%EXP(L4.0887 12054 TEM( T ) -274. 48839551 /0ED)
DEL=A3. 73480487 %EV/ (WED*#2)
IFCCHCL) LGELFMOH) GCH=FGA*CHU I Ix=FGR
IFECHCT)ALTLWFHNCH] GEH=FGUXCHO L I%%FGD
IFEGCH.CT.FGM) GEH=FGH
LAI=FLA¥SCCI)AFLBSSCL I 1%#24+FLOCXSC{ I 1%%3
UPD=C 4, A-RHOT I 1%EY
EUET=,BR52#EDEL*HNTI I 244, 8004 +A8RGCH*CUC T I%w 7S T=URD )/

726
727
728
729
738
734
732
733
734
735
738
737
738
739
748
744
742
743
7 &4
745
748
747
748
749
758
7824
752
753
754
7885
756
L7
758
759
768
744
762
7463
Fo4
765
7hé
767
7468
769
7ra
774
772
773
774
775
776
777
779
779
7808
781
782
783
784
785
786
787
708
789
798
794




A CRELAGAMMAD
ES=8, AR52DEL¥HNTCTI#EYP (-0 39%LA1 )/ I DEL4GAMNA)
IFCES.GTLEUET) ES=EWET
CHCD 3=EWT-E8
TFOFLUXCTALLE.FRP Y FIN=SCOTI%FIAFLURCTI I (FIB~FIC*L
4 FLUXCEI-FID G
TFCFLUXCTINLGTLFMP) FIN=5CT L I#FAT
INFTLTCE) sFLUXCTI-FIN
FLUXCI ) =IWFELTCII-ES
SEP=SEP+CHIT)
TFOFLUXCT).GT7.0.8) SGLITII=0.081
IFEFLURCTILLE.®. 87 S6LITI=-4788.8*TEMC I I*#ALOGIRH(L))
II=CCHLI =G, BeB.5)
DO A8 Lid=4.49
TFCET.GT.I3Y IRCIA)=4H-
IFCTTLEG.IZ) THCTI3T=4He
TFCIT.LTLI3Y (RITI 340

198 CONT INUE
PRINT 496, J.M,NE.FUET,ES,CHCXY, 1B, SEP, FLUXCII, 86LCTI.VPD
19@ FORMATCAH, T2, X, 12, iX, 13, 49X, F5.2, 41X, FG. 2, 1X, F5.2, 3X, 4H+,
4 SR, AHF AXFH 24X FE.2 4XOFE9 .0 4%, FS. 42
: TFONE.GE.L(Z)3 60 TO 260
70 CONTINUE -
L4=4
168 . CONTINUE
C
206 PRINT 450
PRINT 448
GO TN Z40
388 IFCKODCAD.EQ.B) GO TO 220
PRINT 238
238 FORMATE//ZBC7X, BHDAY, 4X, GHEPLANT, 6X, 4HFLLX, 7X, 3HSGL 1/ )
C
DO 248 1=4,10,2
DO 488 J=4,2
LGACTI=E (4 T+T-240
IFCLCACT LEQ.LE23Y GO TO A998
480 CONTITNULE
J=1-4
490 PRINT 258, (LCACILT, EPCI+TL—43, FLUXCI+IL=43,SBLLITL—4),IL=4,3)
240 CONTINUE
C
258 FORMATCR2(I4@.3X,F7.3.3X.F7.2, X,E9.31)
G0 TO 248
C
270 PRINT 278
278 FORMATC//407X,3HDAY, 64X, SHEPLANT . 5X, SHTHETAD )
<
DD 288 1=4.1D.4
DO 298 1=4,4
LEACII=LE 4141~242
IFCLCACIT.EQ.LI2)) GO TO 348
298 CONTINUE
J=0-4
346 PRINT 468, {LCACTL), EPCI+IL~43, WCSCT+IL~43,IL=1,03
288 CONTINUE
9@ FORMATCSCIAR,FA48.40)
468 FORMAT(4(I48,2(F4B.33)}
c
C=====READING AND PRINTING THE BOUNDARY CONDITION AT THE BGTTUM
o _
248 G0 TRC345,800,986),KODI7 I4+1
C =-- DEPTH OF WATERTABLE IS GIVEN.
345 PRINT az@
328 FORMATC 4H4,33H BOUNDARY CONDITION AT THE BOTTOM///SL7X.3HDAY.SX,5H

ARFEPTHE)

PR
793
794
795
796
797
798
799
889
06 4
aez
gea
804
805
886
887
868
889
848
814
812
813
B4
45
816
817
B48
819
azn
821
g2z
823
824
azs
826
827
828
829
838
834
8372
833
B34
838
836
a3z
338
439
840
844
842
843
B44
845
B4b
847
848
R49
ase
854
852
853
854
855
854
857



READEA.28) (OWTCT), I=4,1D)

¢
PO 338 I=4.1D.5
DO 248 D=4.%
LECACII=LLA)+I-2+3
IFCL.C4€3).ER.LC2D)Y GO TO 358
248 CONTINUE
I=3-4
358 PRINT 9@, (LCACIL),DUTCI+IL~-41},IL=4,3]
338  CONTINUE
60 TD 998
c
C ~~= SUCTION GIVEN AT DEPTH DIST.

809 PRINT 848.DIST
8416 FORMATC 4H4, *BOUNDARY CONDITION AT BOTTOM, SUCTION IS5 GIVEN
AT DEPTH",.F7.2,///7,507X, BHDAY . 5X, 7HSUCTIGNI]
READCS, 430 ICGSUCLT) I=4,1ID)
PO 848 I=4,1D.5
PO 348 J=4,%5
LEACIY = LC4) «+ X -2 + ]
IFCLCACDY JEQ. LC2)) GO TO 858

848 CONTINUE
=23 -4
ase PRINT 878, (LCACTL), GBUCCT+IL-43.TL=4, 12

Bs@ CONTINUE
878 FORMATISC(I49,F12.5))
G0 TO 990
G
C --— SUCTION CONSTANT AND GIVEN AT DEPTH DIST.
so8 READCS., 438)GSUC( 4]
PRINT 24@.DIET,GBUCL4)
718 FORMATC §H4., "BOUNDARY CONDITION AT BOTTOM.“.//," SUCTION IS
ACONSTANT AT DEPTH",F4@8.4," WITH VALUE".FiB.4," CM.")
¥
L=====READING AND PRIMTING THE DEPTH OF ROOTS

C
994 IFCKODC33.NE.B) GO TO 348
READCS,28) (DRZCY),I=4,1ID)
PRINT 288
380 FORMATC /24H TABLE OF DEPTH OF ROOTS///SC7X,3HDAY,SX,SHDEPTHI)
e
Do 198 I=4,1D.5
DO 49@ J=1.,5
LEACII=L(4)+1~24]
IFCLCACDI.ED.LL23) GO TO 418

4608 CONTINUE
A=J-4
448 PRINT 98, (LOACIL).DRZET+1IL-43,TL=4,0]
ive CONTINUE
C

348 IFCKODC31.EQ.4) READCS,28) DRZC4]
IFCKODI31.EQ. 1) PRINT 478, DRZL 1)
679 FORMATC//34H THE DEPTH OF ROOTS IS CONSTANT-DRZI=F5.41.3H CM//)
TFCKODRE3).NE. 1) GO TO 748
DO 726 I=4.,1D
DRZCEI=DRIC 4]
728 CONTINUE
C
Cm=m=xREADING AND PRINTING THE INITIAL CONDITION
G
748 PRINT 378 ‘

376 FORMATL/87H INITIAL COMDITION({IF KODCSI=4-SUCTION {CMI 3IF KOD(Gl=

40-WATER CONTENT IS PRESCRIBED /]
PRINT 420, KODLS)

429 FORMATL//43H KODLSI=T4/]
IFCKODCS).EQ. 4] READCEY, 438 (840I3, I=4,NM)

856
859
860
864
262
843
Bé4
2465
866
B&7
848
849
879
874
872
873
874
87%
B746
877
378
879
88
881
asz
883
884
aRs
836
a87
888
489
asa
891
892
893
a%94
495
894
897
898
399

‘9ea

984
782
283
704
705
944
a7
908
987
249
P44
942
243
P44
945
P44
947
948
P49
928
924
922
223
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438

449
458
448
478
488
490

510
c

40

550

53@

578

IFCKOD(S3.E0.9) READCS.20) (LET), I=4,NR]
FORMATCBE 18.4)

IFCHODCSI.ERL 4} PRIMT 438, (S4C1),I=4,NM)
IFCKODCS3I.EQ.@) PRINT 28, C(WCID, I=1.NM]}

=READING AND PRINTING THE HYDRAULIC PARAMETERS OF SOILS

PRINT 448
FORMAT(/24H PARAMETERS OF UPPER LAYER/]
FORMATC /26H PARAMETERS OF LOWER LAYER/D
FORMATC2(43H THETA SUCTION. CONDUETIV. DIF.UW.CAP.I/)
FORMATL20(34H THETA SUCTEON DIF.WU.CAP.D/D
FORMATCZ2L2X,F5.3, 202X, E48.411)
FORMATC(2{2X,F5,3.3(2X,E4B8.43))
IFCKODC41.E9.41 GO TO 568
READ(S, 4380 (SUCT). I=4,1U41
READCH, 4383 (SLLY),I=4, IW2)
DO S48 T=4,IUW4
IFCTLEG.4) CHUCTI=0.84/0SUCTI+4)-GSUCT])]
IFEI.GT.4.AND.T.ATLIWA] CHULT)=0.885%/C5UCT+4)-5UCT))+8.5%
1 CHUCI-4)
IFET.EQG-TUS.AND, . Q4L I+LU-4),.6E.50CU] CHUCII=B.@4/(SUCI)~
4 SuUl1I-41)
IFCT.EQ.IWA.AND. O CT+LU-43. LT SROUDY CHUCT )=0.5%((.04%
1 CI+LU~43=-8HCHI/GUCTI+CHUCI~40)
CONTINUE

DO 528 I=4,IW2
IFCI.ED.1) CHLCID=B.84/(5LCI+43-5.01))
IFTTI.GT.1.AND.T.LT.IW2) CHLC(I2=0.085/(8L.0I+4)~6LL1}])+B.5%
1 CHLCI-4)
IFLTLEQ.JWZ2.AND. .94 T+LL~4].GE.SWCL) CHLCTI=0,84/(8LCI )~
1 SLCXI-41]
IF(T.EQ.IWZ2.AND. . B4%I4+LL-4].LT.BUCLY CHILLIX=0.5%C0 . B1%
1 CI+LL=4)-8UCLI/BLLI)+CHLIT-4]]
CCONTINUE

4. 1443
4. 1W23

IFCKODL 4).EQ.2) READ(S,430) (CUCI).I
IFCKODC 4).EG.23 READCS.438) (CLII).I
THETAC 4)=CLU-P1*0.04

THETAC2)=THETAL 41+8.84

IFCKODL $3.EQ.2) PRINT 448
IFCKODC4).ER.B) PRINT 470

DO 538 I=4,IW4,2
PO 5468 J=4,2
THETACI)=THETA(J}+0.82
IF{THETALD).GE.{MUxB.84)) 60 TO HE6
CONTINUE
IFCKODL 4] .ER.2) CSAT2=CLIIWZ)]
J=J-14
IFCKODC4).EQR.2] PRINT 498, (THETACILI.SUCI+IL~43,.CUCI+IL-4],
4 CHUCT+IL~4),1IL=4,1]
IFCHKODCAD.ED.B) PRINT 488, [(THETACIL),SUCI+IL-4),CHUCI+IL-1),
i L=4,1]
CONTINUE

IFEKODC4).ER.2) GO TO 548

READLE,28) CSAT4,CUA4.CUAZ,.CUB4,CUB2

READIB,28) CSATZ,CLAY.CLAZ,CLBY,CLB2

PRINT H7@, 4,CBaAT4,CHAM,CEATH,CUAZ,CUA4,CUAS.CUBA,CUB2,CLBS

FORMATL //32H CONDUCTIVITY FOR S50IL=L4, 4H:/

147H KOPSI I=F8.3, B2H

2 FORIPSI!.LE.FB.4,3H CM/

347H KCPSII=F8, 3, 4H*EXP(—F&6. 4, BH*LIPBL-F5.4,27H])

4 FORI!PSI!.BT.FS5.1: 44H.ANDIPST! LT .FE. 4,3H CR/

94
925
926
927
928
29
?38
934
932
933
234
93%
936
QA7
938
939
748
P44
P42
243
944
945
Ph4b
947
748
749
750
254
252
953
254
755
756
a7
758
P59
7468
P44
P42
943
P64
P65
P64
Pe7
P48
249
978
974
972
973
774
?75
974
977
978
979
784
284
98z
263
284
8%
P86
¥87
Y88
v8?
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SA7H KIPSLI=F5.2,55H*CIPSL) Jex(-4.4)
4 FORIPSIYLGE.FB. 4,34 CR/ /)

GO TO %46

Ha8 READLE, 2BICSAT 4, BUA4, SUAZ, BUAG, BUB 4, BUBZ, BUB3, SUC, SUD,CUA4, CUAR,

ACUA3, CUB 4. CUBZ, CUBD. CUC, CUD

READER, 2B ICHATZ,61.A4, SLAZ.SLA3, BLB 4. 5082, 5L83,6LC.5LD,CLA4,CLAZ,
ACLA3,CLBY,CLB2,CLBA, CLC,CLD

PRINT 58@. 41.SUA4,S5UB4,SUB4,8UC, SUA2.8URZ, SUC, SUD, SUAZ, 5UR3. SUD
PRINT 7a#, CB5AT+,CUA4.CUB4,CUC,CBAT4,CUAZ,CUBZ, CUC,CUD, CUAZ, CUBI,

ACUD

11 FORMATC //73%H HYDRAULIC PARAMETERS OF SOIL=I4,5H ARE:z/
126H 1} SUCTION (CHds/
218H PSI=EXPCFG.4,21H%(F7 .4, 38H-THETA 3] FOR
3 THETA.LE.FS.4, 14H.AND.THETA.GE.F5. 4/
448H PSI=EXP{r8.4,2H*(F7.4,38H-THETA1] FOR
% THETA.LT.F5.4, 14H.AND.THETA.GE.FG. 4/
&48H PSI=EXPLF8.4,2H*(F7.4,38H-THETA}) FOR
7 THETA.LT.FS.4//)

708 FORMAT [ 35H 23 CONDUCTIVITY:/
142H K=FB. 4, HXEXP(-FB.6,BH*(1PEI!-F&4.9,38H]) FOR

2 IPSI1LLE.F&.1,3H Cn/

342H KeFBa.4, H*EXP(~F8.64,BH%C IPST 1 ~F4.3,25H)) FOR

4 IPSTH.GT.F6. 4, 44H.AND. PSS LT F6.4.3H CH/
543H K=(F5.2, 4H+F5. 3, 4BHRLOGIBC 'PET 1 Ix[ 1PSI Iex(~4,.4)
4 FOR.IPSI!.GE.F&6.4,3H CH//7)
568 PRINT 458
IFCKODL43.ER.4) G0 TO 598
THETAC A =(LL-2)%B. 01
THETAL2)=THETAC{ 11+0.084
IFCKODL4).EQ.2) PRINT 448
IFCKORC4).ER.B) PRINT 476

c
DO &B@ I=4,I42.2
DO 648 3=4,2
THETALD)=THETACLJI+@.02
IFCTHETACTI.GE.(ML*@.A13) GO TO 4208
614 CONTTNLE
J=014
628 IFCKODC4).ER.2) PRINT 498, [(THETACIL), BLEI+IL-4).CLCEI+IL-4],
§ CHLETI+IL-4),3b=4,0)
IFCKODC4).ER.B) PRINT 488, (THETACIL).SLOI+IL-4),CHLCI+IL-4),
4 IL=4.1}
&80 CONTINUE
¢

IFCKODU43,.ER.2) GD TO 638
RPRINT &78, 2Z.CSATZ.CLAA.CBATZ,CLAZ,CLAY.CLA4,CLB4.CLBZ.ELBA
GO TO 3@
578 PRINT 588, 2, SLA4,5LB4,.5LB4,5LC,SLAZ,SLBR,.SLC.GLD,5LA3.SLE3.5LD
PRINT 7@@. CSATZ2,CLA4,CLB4.CLC,CSAT2,CLA2,CLAZ,CLE,CLD,CLA3,CLE3,

jCLD
&38 RETURN
END
G
C
c

SUBROUTINE WACOLSU, SL, U, UCL, NI, §)

C -~~~ SUBROUTINE WACD TO CALCULATE THE WATER CONTENTS AT NODAL
C ~-= POINTS FROM SUCTION DATA.

INTEGER P

DIMENSION HKODC7 Y, SUC8G),8L(88),U1251,5(25%]

COmMMON/CONDUZ CSAT 1. CBATZ, BUA4, SUAZ, SUAT, 5UB 4, 5UB2,8UB3, SUC, 5Un .,
45L.A4.5L.A2,5L.A3,5LB 4, SLB2, SLB3,5L.C, SLD.CUA4, CUAZ.CUAZ, CUB 4, CUBR2,
2CUB3, CUC,CUD.CLA4,.CLAZ. TLA3, CLB4,CLB2,.CLBI. CLC, CLD. KOD, NN, TWY,
BIUZ, L4, 8WCL, SUCL . LU LL. M), ML, FAC

IFCKORE 13.EQ.4) GO TO 48

G

990
994
§92
993
994
995
9964
997
998
999
LLLT
180 4
1082
1863
1064
1685
1064
1907
1098
1889
4840
1844
1842
1843
1944
1845
1816
947
1948
1949
1628
1B24
1822
1823
1824
825
1924
@27
1828
1029
1938
1634
a3z
@33
4834
4835
4836
4837
1038
4839
1948
B4 4
1842
4843
1944
045
4846
1847
1848
1049
1858
4054

4852

1053
1854

1855
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C owo
C

28

48
C -

38
50

78

C e
48

88
78

109
118

&8

KODE 4T84
I=@

I=T+4

IFTT.GT.NMLY GO TO 38

Do 4@ J=2,JU4
X=BCT11
Y=4.8
IFCXLT.SUCA),AND X GELSUCTTY Y={3+LU~1+L8YTI-XI/(HUC I~ 4T~
SUCIII)/teR.8 :
IFCX.GE.SUC41) Y=0.841=L1}
IFCX.LT.SUCTU4D.AND.SULTIW4L.GT.B. 8840 Y=BUCU-{SUCU-B,. B4x
CIWA+LU-433/8U0 1WA %X
TFCX LT BUCIWSI.OND. SUCIV4I.LE.6. 8843 Y=5UCU
IFCABSIY-4.6).6E.4.E~461 WITi=Y
IFCABSIY-4.81.6GE.4.E-63 GO TO 2@

CONT INUE

LOWER LAYER
P=NNL- 4

PP+

IFEP.GT.NM) 60 TD 4@

X=8(P 3

¥=1.9

DO 78 J=2,IWR

TFEX.LT.SLL 61 AND. X GE.SLETD) Y=EIHLL~4+£SLETI-XD/LELLI-43-5LE233)

4/486.0

IFCX.GE.SL.C4)) Y=B.A4xlL
TFCX.LT.SLCIWR)AND.SLITW2).GT.8.884) Y=GUCL~(BUCL-B.84*( IWZ+LL-4)

41/78L0TUR2 %X

TECXLT.SLOTUZ).AND . SLIINZ) . LE.B.8841]) Y=GUWCL
TFCABSCY-4.83.6E.4.E~-6 .AND. P.EQ.NNL]I WCL=Y
IFCABSLY~4.8).0GE. 1.E~6 LAND. P.GT.NNLD WOPI=Y
IF{ABSCY~-4.B).GE.4.E-5) GO TO 56

CONTINUE

KODC41=4

IFILA.GT. 4 GO TG 88

SUN f=EXPESUA 4% SUR 4-SUCI D
SUMZ=EXP{SUA2%CSUBZ-8UD] ]
SLM4=EXPCSLAI(SLR4~-5LC1)
SLM2=EXP(SLAZ%{SLBL-SLD]]

J=8

d=0+4

IFCJ.GT.NNL) GO TO 408

X=807)

IFCX.LT.4.8) X=4.0

TFCX.LE.SUMEY HED)=80UB4-ALOGLX)/50A4
IFCX.GT.SUMA.AND XL LE.SUM2) Wi I=5UB2-ALOBEX)/SUAZ
IFOX.GT.SUMZ) WODI=8UB3-ALOGIX 1/8UA3
GO TH 96

P=HNNL~ 4

P=P+4

IFCP.BT.NM) GO TO &8

X=S(P1]

IFCX.LT. 4.8 X=4.8

IFCX.LE.SLMAY Y=8LB4-ALOGIX1/5L A4
IFCX.GT.SLMA.AND . X.LE.SLM2) Y=5L82-ALOGCX1 /542
IFCX.GT.GLN2Y Y=8LR3-ALDGIX]/5LAT
IFEP.EDLNNL) WLL=Y

IFCP.GT.NNL] W(PI=Y

GO TO 448

RETURN

END

1656
1857
41858
1889
1B&d
10964
1862
1863
1864
1865
18466
48567
1858
1859
18786
87 4
1872
1873
4874
1875
ia74
1877
1878
1979
i08a
1884
1882
1883
1884
4985
1884
4687
4888
1889
i8v6
189794
1892
1893
1894
1895
18%a
1897
1878
1899
i1ae
4484
14@2
1463
484
4485
1484
4407
4488
1489
1448
11414
1442
443
1414
1415
1456
1947
4418
449
1428
4424
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C -—— SUBROUTINE BGUO TO COMPUTE THE

GUBRCUTINE BOCCOCEPA, BGLA.FLUXADRZA, SNAN, CFUT. DX, N4, ID, L, KOD. T4,
AGIVBUC, GSUC, N INFILTAY

¢ ~-— CONDITIONS AT ANY STAGE OF CORPUTATION.

18

20

24

2z

25
284

38

Dos

a0

REAL INFILT,INFILT#H
INTEGER P

DIMENSTON EPC345),DUTLI65],DRICIAN), BEGLI365), FLUXI345).4.049), KODL7

43, G8ULCEIAET, INFILTC3465]

COMMON/BONC/ DWT,8GLLEP DRI, FLUX INFILT
P=TA-LC43+4

IFIP.GE.IDY GG TO 48

TA=TA-1.043-P+4

EPA=ERPCP I+LEP{P+4)-EP{P })%Th
INFILTA=INFILTIRPI+CINFILTIP+4)-INFILTCP I I%TA
IFCKODCBI.NEL 1) DRZA=DRILP JHCORI(P+4)-DRZIPII#TA
IFCEODERI.EQ. 4] DRZA=DRZIC( 1)

S0 A=8G1LLP )

IFCKODC7) JNE. BIGD TO 5

DEPTH OF WATERTABLE AT TIME=TA4.
CFUT=DUTCRI+CDRTCP+4I-DUTIP 33%TA

- NURMBER OF FIRSET NODAL PODINT ABCVE WATERTABLE.

NA=CFUT/DX+@. 49

DISTANCE BETUWEEM NODAL POINT N4 AND WATERTABLE.
SNAN=CFUT-DX%(N4i-8.51+0.981
IFCABSIDUTIPI-DUTIP+41).LT. 4.E-&63 CFUT=18.%DX
IFCABSEDUTCRI-DUT(P+4]1.GE. 1.E~8) CFWT=DX/ARSCDUTIP+43-DUTC(PI)
IFCHODCG).ER.BY GO TO 28

FLUXA=FLUXCP)

60 TO 24

EPA=ERPCIR]

DRZA=DRZCID)

56LA=8GLIID]

INFILTA = INFILT{ID)

IFCKODC7) NE. 83 GO TOQ 45
NA=DUTLID)/DXA0. 49
SNAN=DUTCIDI-DX*{N4-2.51+8.981

CFUT=4.8

IFCKODCA).ER.BY GO TO 28

FLUXA=FLUXCIDY

G0 TOT3B, 22,213, KODCT7 3+4

BGIVEUC = GSUCL4)

Gl TD 246

TFEP LT. IDY GO TO 28

GIVSUC = BEUCTID]

GO TD 24

BIVSUC=GBUCIP Y + TGSUCCR+4)-GEUCIPI)Y * TA
N4=N

SNAN=,08084

CFUT = 4@, » DX

IFEP .GE. ID) CFUT = 4.

RETURN

END

SUBROUTINE HEPRCY. 5, 5U, 8L, N1

SUBRCUTINE HEPR TO CALCULATE THE SUCTIONS FOR EACH NODAL POINT

WHEN INITTIAL CONDITION IS GIVEN AS A VALUE OF WATER CONTENT.

tRCDCS)=A)

INTEGER P

DIMENSION UE25),80253,50(80).5L.0808).KODL7)

COMMON/CONDLY CSATA, CRAT2,5UN 4, SUAZ, BUIA43, BUR 4, SUB2, SUB3, 5UC, 5UD.,
1SLA4, SLAZ,SLAD, SLB4,3L.82,5LB3, 8LC, 8LD, CUAM. CUAZ, CUAS.CUB1,CUB2,
2CUR3CUC, CUD . CLAG. CLAZ. CLAS CLB4.CLB2, CLB3, CLC, CLD, KOD, NNL., TU4.
ATUR, L4, SUCH, SUCL LU LL . MU, M., FAC

INTERMEDIATE VALUES OF THE BOUNDARY

$420
4423
1424
1126
1426
1427
1428
1429
1438
1434
143z
1433
1434
4435
1436
1437
1438
1439
1148
q 441
1442
1143
1144
1145
1144
1147
1148
§449
1458
1454
4452
4453
1454
1455
1156
4457
1188
1459
1468
1464
1462
1463
1164
1465
1466
1167
1448
14679
1478
4474
1472
4473
1474
1475
1476
1477
1478
1479
1488
1484
4482
4483
1484
1488
1486
1487




G -
c o o o

18

5

20
24

22

25
26

GURRAOUTINE BOCOCEPA. SGLA.FLUXA,DRZA, BNAN. CFUT, DX, ™4, ID, L. KDD. T4,
AGIVGUG, GEUC ML INFTILTA)

SURRDUTINE BQLO TO COMPUTE THE INTERMEDIATE VALUES OF THE BOUNDARY
CONDITIONS AT ANY SBTAGE OF CORPUTATION.

REAL INFILT,INFILTA

INTEGER P

DIMENSTON EPC34R),DUTE345),DRZC368D,SGLES65 Y, FLUXI345D, L0419, KOD(7
43, G8ULCI4%), INFILT{A465)

COMMON/RQANC/ DWT.SGL.FP.DRZ, FLUX, INFILT

P=TA- L 43+4

IFCP.BELIDY GO TD 4B

TA=T4-LI 42-P+1

EPA=EP(PI4+[EP(P+41-EP(P)J#TA
INFILTA=INFILTCP ) CINFILTIP+4)-INFILTCPII%TA

TF{MODC3I.NE. 4) DRZA=DRICPIH+IDRICP+4 )-DRZLP I IXTA

IFCEOPC3Y.EQ.4) DRZA=DRZ{ 1]

ShELA=8GEIP )

IFEKGRC7) NE. 8160 70 5

- DEPTH OF WATERTABLE &7 TIME=T14.

CFUT=DWTEP J+LDWTLR+41-DUTCP 1 1% T4

- NUMBER OF FIRST NODAL PDINT ABOVE WATERTABLE.

NA=CFWT/DX+B. 49

DISTANCE BETWEEN NODAL POINT N4 aND WATERTABLE.
SNAN=CFUT-DX*#INi-B.5)+8.0084
IFCABSCOWTCPI-DUTIP+4)).LT. 4.E-63 CFUT=48.%DX
IFCABGIRUTCP I-DUTCP+41).GE. 4.E-42 CFUT=DX/ARSIDUTIP+43-DUTIP )]
IFEHODCA).ER.AY GO TN 28

FLUXA=FLUXTP ]

G50 TO 24

EPA=EPCID]

DRZA=DRZI(TO)

SGLA=E6L0TD]

INFILTA = INFILTCID]

IFCKODC7Y .NE. B) GO TO 4§
N4=DUTLIDI/DX40, 4%
SNAN=DUTETDI-DX%(N4-B.51+0.884

CFUWT=4.0

IFCKODCA).ER.B) G0 TO 28

FLUXA=FLUXCTDD

GO TOE3B,22,24),KODCT J+4

GIVSUE = GHUCC4)

GO TO 26

IFCP .LT. ID) GO TO 25

GIMSUC = GSUCCIR)

GO TO 26

GIVSHE=GEUCIPY + CGSUCIP+43- GBUCIPI) * TaA
N4=N

SNAN=. 0084

CFUT = 4@. = DX

IFCP .BE. ID) CFUT = 4,

RETURN

END

SUBROUTINE HEPROU. S, 84, 8L, NMD

- SUBROUTINE HEPR TD CALCULATE THE SUCTIONS FOR EACH NODAL POINT

WHEN INITIAL CONDITION IS GIVEMN AS A VALUE OF WATER CONTENT.

TKODES)I=9)

INTEGER PP

DIMENSION WC28), 80253, 800880, 5L(80).K0DL7)

COMMON/CONDY/ CBAT4, CSATZ, SUA4. SUAZ, BUAQ, SUB 4, SUR2, SURI, SUC, SUD -
16L04, 5LAZ, SLAS BB, SLEL, 5LR3. 510, 5LD, CUA4, CUAZ, CUA3, CUR 4. CUB2,
2CUB3, CUC, CUD . CLAM, CLAZ, CLAZ, CLR4, CIB2,CLBI,CLC, CLD. KOD, NML., IW 4,
ATWE, L6, BUCL, SUCL LU LL . MU RL, FAC

4402
4423
1424
1425
4426
1427
41428
1429
1438
1434
1432
1433
1434
1435
1436
4437
4438
1139
1448
144
1442
4443
4444
1145
1146
1447
4448
1449
1458
1454
1452
1153
1154
1155
1454
1157
1458
1159
1168
1164
LRT-V
463
1164
1465
1166
1167
1168
1169
147@
1474
1472
§473
474
1475
1176
477
1478
1479
4488
4481
5182
1483
1484
1485
1486
4497
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[ p——
c

"

40
P

30
58

78

C e
18

Be
28

198
1@

46

RADC 484
I=6

T=T+4
IFCI.GT.NNL) GO TO 38
DO 48 D=2, Iu4
X=5(13
Y=4.9
IFCX.LT.SUL47.AND. X GE.SUCTY) Y=C I+t~ 4+L5UCTI~X)1/ISHI-41-
SUL3111/ 466,68 :
IFCX.GE.SUC A1) Y=0.@4%LU
TFLX.LT.SUCINA) .AND,SUCTW4L.GT.B,884) Y=GUCU-{SWCU-6.81%
£TWA+LU-433/5UTTHA I%X
TFCX,LT.BULIUAY . AND . SUETW4).LE.B.884) Y=SWCU
IF(ABSEY-4.6).GE.4.E~6] WETd=Y
IF{ABSIY-4.01.6E.4.6-6) GO TO 28
CONTINUE

LDUER LAYER
P=NNL~ 4

P=p+4

IFCP.GT.NM) GO TO 48

X=5(P1

y=1.8

DO 78 J=2, 12

IFCX LT.GLCA).AND.X.GE.SLETYT Y=(I+LL-44ESLETI-XD/ISLEI-11-SLEIDII

i/198.0

TFCX.GE.SLL4)) Y=G.81xLL
IFCXT.SLITUR ). AND.BLETUWR).GT.0.081]) Y=SWCL-{SUCI-B.04%( TW2+LI.-4)

AA/5LCTUZI=X

IFCHLLT.SLETWR) . AND . SLOTUW2Y.LE.A.BA4) Y=8UCL
IF(ABSIY-4.8).6GE.1.E~6 .AND. P.EQ.NNL) LCL=Y
IFCABS{Y~4.8).GE. 1. E~6 .AND. P.GT.NNL] WCPI=Y
IFCABS(Y-4.8).GE.1.E-%) GO TO He

CONTINUE

KOBC41=4

IFCL&.BT. 42 GO TE 88

SUMA=EXPLSUA4%[SURB 4-8UCI]

SUMR=EXP {5UAZ2={8UB2-EUD]]
SLMi=EXP{SLA4#(SLB4-5LTI)
S5LM2=EXPLSL.AZ+{SLBZ-8L.D))

J=80

J=04+4

IFLI.GT.NNLY GO TG 108

¥=5001

IFCX.LT.1.8) X=4.8

IFCXLLE.SUMAY YT3I=8UB4-AL0OGIX]/SUA4
IFLX.GY.SUM.AND. XL LE.SUM2) WEDI=5UB2-ALOGIX)/511A2
IFCX.GT.SUNMZY WCII=5UR3-ALOGIXI/BUA3

GO 70 98

P=NNL.~ 14

P=P+4

IF{P.GT.NM] GO TO 66

X=5(P)

IF(X.LT.4.8) X=4.8

IFEX.LE.SLM4]) Y=8B1LB1-ALOGCX1/8L&4

IFCX GT.GLMA.AND. XL LE.SLR2D Y=6LB2-ALOGIX]/BLAZ
IFCX.GT.5LM2) Y=CLB3-ALOGCX)/G1.A3
TFCP.EB.NNLY WOL=Y

IFCP.GT.NNLY WP =Y

GO T 419 -
RETURN

END

1854
1857
18548
1859
184a
186 4
1862
1863
18464
1045
1846
1867
{868
1859
1870
@71
1972
1073
4874
187%
1876
877
1879
1879
iB8e
10984
4882
1883
1884
1885
1884
1887
41888
1889
1890
4894
1892
893
1894
189%
1894
1897
1098
1099
1488
1484
1482
4483
1184
1485
1486
1187
1488
1469
1448
44141
1142
143
1914
4445
414
1447
1448
1449
1428
424
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28
C

48
C

a4
59

86

o8
&9

C
G

29

C ————

1=a
IFCKDDEA1.EQ. 4) GO TO 40

KODC4D 0 4

I=T+4

IFLI.GT.HNLY G TO 38
UPPER LAYER

X=wq.8

D0 48 P=2,TU4

TFCWETL.LE B @4 (LUtP-437 X=GUCP-4)1+{SUCP I-SULP-4) 1%( 400, B*W{ L)

1 -P-LU+23
IFCWETIYLLELCA B4%LUL} X=GUL 4]
IFCWETI.GE,SUCH) X=8.084
IFCABSCX + 4.8) GE. 4.E-61 §(1)=X
IFCARSIX + 4.8) .GE. 4.E-6) GO TO 28

CONTINUE

LOWER LAYER

I=NNL

I=T+4

IFCT.GT.NMY GO TO &8

X=-4.0

DD 79 P=2,IH2

IFCWCT) . LE.@, @411 +P~43]) X=SLIP-4J+(SLLPI~ELIP-4)1%( {00 G=WI 1)

1 -P~LL+2]
- IFCWETILLE.(B.64%t L)) X=SL(4}
IFTWCT1.GE-SWHCL) X=8.881
IFCABSBEX + 4.8) .BE. 4.E-6) S{TI=X
IFCABS(X + 4.6) .GE. 4.E-6) GO TO 5@
CONTINUE

KDL 41=14

DO 8@ I=4,NNL
IFCWETI.BELSUC) SITI=EXPIBUAI*{SUB4~ULTI]]
IFCUCI) LT.BUC.ANDLWOTI.GE.SUD) STII=EXP(SUAZ=(SUB2-WI{IID]}
IFCWCTD.LT.5UDY SCEI=EXPCSUA3RIEURI~ULTID]

CONTINUE

P=NNL+14

00 98 I=P,NNW
IFCULTIILGE.BLLY SCIY=EXP(ELAI%(SLBA-W(ITI]
IFCUETIN,LT.-SLL.AND.ULT)LGE.SLR] SCE)=EXPISLAZ#(SLB2-WCTI))
IFCUCTI.ET.GLD) STII=EXP(SLA3*(SLB3~WCIII]

CONTINUE

RETURN

END

SUBRCUTINE HEPAGCUCS, SU,ID)

SURRGUTINE HEPAS TO CALCUILATE THE SUCTIONS AT S0IL SURFACE WHEN

THE BOUNDARY CONDITION IS GIVEM 45 A VALUE OF WATER CONTENT

(KODC61=8)

INTEGER P

DIMENSION WCET3451,8U0868),K0D{7)

COMMON/EONDU/ CSAT 4. CBATZ2, BUA4, SUA2, SUA3, SUB 4, 5UB2. SUR3, SUC . SUD,
15LAY, SLAZ, BLAD, GLRB 4, 8182, 8LB 3., 5LC, SLD,CUA4,CUAZ,. CUA3. CUB4,CUB2,
2CUB3, CUL, CUD,. CLAY, CLAZ, CLAZ. CLB4,CLEB2,CLE3., CLE, CLD, XOD  NNL , TW 4,
BIM2. L6, 8UWEH, SUCL, LU, LL, MU, ML, FAC

IF(KODE 43.E9.4) GO TO 4@

KOD{43 0 4

I=8

I=I+4 :

IF[%.GT.ID) GO TO 3

DO 48 P=2,Tu4

TFCWCSCT I LE. A 84 LU+P~-43) X=SULP-4)+(GUCP)~SULP-4))%( 18B.0%
1 WCSCII-P-LU+2]

1488
1489
149@
1494
1192
1493
1494
1495
1156
1197
1198
1499
+208
1284
1282
12A3
1204
4205
1286
12007
1203
4209
12418
244
1242
213
4244
4215
1246
1247
12 48
4249
1228
4224
1222
4223
4224
4225
1226
1227
1228
1229
1238
1234
1232
1233
1234
1235
1236
1237
1238
4239
1240
4244
1242
1243
4244
1245
1246
4247
1248
1249
1250
4254
1252
4253
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b

48
[
18

far

38
40
&8

28
o
78

s 15

160

IFIWCSCTI)LLE.(9.812L1))) X=5130 4]
IFCUCSCYI.GELSUCUY X=8.081
TFLABBIX+4.01.GE.4.E~6] WCELI)=X
IF[ABSIX+4.A).GE. 4.E-61 GD TO 28

CONTINUE

KODC 4D = 4

DO S8 I=4.1D :
IFLUCS(IY.GE.SUCT X=EXPL{SUA4®{SUB4-LCSCI))
IFCWCSCT) LT 5UC.AND MCSCT }.GE.SUD)Y X=EXPISUAR*{SUBZ2-WCSC(I1])
TFEUCSCTIILLT.SUDY X=EXP(SUA3*{SUBI-WCSETLII)
WCSCT)=X

CONTINUE

RETURN

END

SUBROUTINE DRCCD.CH4, X CHY, CHL, SU, SL)

SUBROUTINE DMC TO CALCULATE THE DIFFERENTIAL MDISTURE CAPACITIES

AT SUCTIONS PREVAILING IN THE NODAL POINTS.

INTEGER P

DIMENSIGN CHUCBB), CHLIBEB), 8ULEBB), 511883, K0DC7)

COMMON/CONDU/ CSATA.CBATZ, SUA4, SUAZ,SUAZ, BUB4,5UB2, SUB3. SUC, SUD.
15144, 9L42, 50142, 50L.B4, 8LB2, ELB3, 5L.C, SL.D, CUA4, CUAZ, CUAZ, CUB 4. CURZ,
2CUB3, CUL, CUD, CLAY, CLAR, CLAZ. CLR 4, CLB2, CLBI, OLL, CLD. KOD, NNL , IW4,
3TUZ2, L4, 8WCU, SUCL, LU, LI, ML ML, FAC

IFCKODC4).ER. 42 GO TR 48

KODL 43 1 4

IFCD.GT.NNLD G0 TO 28

UPPER LAYER

CH4=@.0

PO 36 P=4,1IuWd
IFEX.GE.SUC4)) CHA=CHUC 4]
IF{X.LE.SUCTWA ] CHA=CHUCTWA)D
TFEX.LT.SUCA)LAND . X.GT.SUCP)) CHA=CHUCP I~{CHULP J-CHUCP-413%(

1 SULP I-X)/CBULP2-SUIP-41)
IFCABSICHA).GE. 1.E-423 GO TN 48

CONTINUE

IFCI-NNLY 58, 68,28

81=1.0

GO Y0 70

81=0.8

LOMER LAYER

CHZ2=8.8

DO 88 P=4, IUZ
IFEXL.GE.BLI4D) CH2=CHI_C4)
IFCXLLE.SLOTW2)) CH2=CHLCIWE)
IFCXLLT.8LOA)LAND . X.GT.SLCP )] CH2=CHILLP 3-CCHLLP)~CHLERP-43)%(

4 BLIFI-XI/CSLIPD~5LTP~43]
IFCARSICHRZI.GE. 1.E~42) GO TO 96

CONTINUE

CH4=R.5%((2.A-51 1#CH2Z+SI%CHA1)

GO TO 56

KODC4) = @ .

IFCLA.NE.43 GO TO 4@k
SUM4=EXP(SUA4%(SUB4-5UCT)
SUMZ=EXP{SUHa2%(SURZ-5UNY)
SLE4=EXPISLA4%ISLR-BLEYD
SLM2=EXP{SLAZ*(SLBZ2~-5LDD)
IF{J.GT.NNLDY GO TGO 448
IFIX.LT.4.8) ¥X=4.8
IF{XLLE.SUMEY CHAi=—4.8/C8UA1%X]
IFCX.GT.5UMA.AND X LE.SUM2T CHA=-1.8/(5UA2%X)
IFCX.GT.SUR2Y CHi=-4,@/C8LA3%X S

1254
4258
1256
1257
1258
1259
1268
1264
1262
4263
1264
1265
1264
1267
1248
1249
278
1271
1272
1273
1274
1275
1274
277
4278
4279
1288
412814
1282
1283
1284
4285
42946
41287
4288
1289
1298
41294
1292
1293
1294
129%
1294
1297
1298
1299
1308
1364
4382
1383
1384
1304
13846
4387
1388
1389
1348
1314
1342
1343
41344
1315
1346
1347
1348
13419



http://IFCKODC13.EO.13

IFCT-NML) SR, 428, 118
120 5I=4.8
GO TG 139
148 51=0.9
IF{X.1T7.4.8]1 X=4.8
438 IFCX.LE.SLAA) CH2=-1.8/(5LA1%X)
IFCX.GT.OLMA AND . X LE.SLH2T CH2=-4.8/(5LA2%X)
IFCX.GT.ELM2) CH2=-4.0/(8LA3%X]
CH4=8.5%((2.8-51%CH2+SI*CH1)
e RETURN
END

SUBROUTINE CONCI.A.B,564,58.CU.CL,.8U.8L)
—-— SUBRBUTINE CON TO CALCULATE THE HYDRAULIC CONDUCTIVITIES FRDH
-~— SUCTION VALUES. THE CONDUCTIVITIES ARE COMPUTED FOR SUCTIONS
SACCOND.AY AND SHICOND.BY. THE VARIABLE J IS§ ONLY USED TO
- CHECK IF THE POINTS ARE IN THE UPPER OR IN THE LOWUER LAYER.

INTEGER P '

DIMENSION CLC28),5L(88),CUCRR).8UCARBL, KODL7)

COmMMON/CONDU/ CSAT4, CS5ATZ.H5UA4, BUA2, GUA3, SUB 4., SUB2,SUB3, SUL,. SUD.,
15LA4, BLAZ, 5LAT, 8LB1,5L82,5LB3,8LC, SLD, CUA 4. CUAZ.CUAZ, CUB 1, CUBZ,
20083, CUE, CUD.CLAY, CLAZ. CLAZ, CLBACLB2, CLB3., CLC, CLD ., KOD . NNL , TU4,
AIWZ L6, SUCU, SHCL, LU LL, MU, ML, FAC

LK=4

IFLI.GT.NNLY GO TO 18

88=58

IFCKODC41.NE.B3 6O TO 20

a8 IF{SS.LE.CUAAY Ad=FACXCSAT4

IFCSS.GT.CUAL.AND. H5.LT.CUB 4] A4=FAC®CSATI#EXP(-CUAZ*(85-CUAT]]

IFCS5.6E.6UB4) Ad=FACKCUBZ#{SS%%{~4.4])

IFCLK.ER. 4] B=At

IF(LK.EQ.B) A=A4

IFCLK.ER.@] GO TO 4@

LK=8

IFCI.GE.NNL) GO TO 4@

BG=8A

GO TO 3@

ia TFIKODC43.NE. &) GO TO 2@
88=5A
417} IF(SS.LE.CLA4] Bi=FAC*CSAT2

IFCEE.6T.CLA1.AND. GBS, LT.CLB4) Bi=FACXCSATZHEXP{~-CLAZ#(G8~ CLAdJJ

IFLSS.GE.CLB4Y Bi=FACXCLB2#{88%%[-4,4])

IFCLK.NE.2) A=BA

IFCLK.ER.BY GO TD 408

IFILK.ER. 41 S5=58

IFCLK.ER.2) B=BA

IFCLK.E.2) GO TD 48

Li=2
60 TG s6é
28 IFCKODC4D.NE.2Y GO TO 468
IFCI.8T.NNLY GO TO 78
56=58
7a Af=@.8
DO BB P=4, 1WA
IF(85.6E.5ULP 1. AND.B8.LT.SUL4)) A4=FAC*{CULP-42+{CUCP )~-CULP -4
4 JI%C8UCP~4)-88)/(8UIP-1)-BULPIID
IFCSUC4).LE.SSY Af=FAC*CUC 1]
IFESUCTIWAD.LGE.S5) A4=FAC*CUCIWAD
IF(ABS(A4).GE.41.E-42) GO TO 448
286 CONTINUE
148 IF(LK.ER. 43 B=Aq
IFCLK.ER.B) A=Ad
IFCLK.ER.A) GO TO 48
1LK=8

aooan
i
i
H

41320
4324
1322
1323
1324
1325
1326
1327
1328
1329
13348
4331
{133z
4333
4334
133%
4336
1337
4338
1339
340
1341
1342
1343
1344
1345
1344
1347
4348
1349
1358
43514
1352
1353
1354
1356
1384
4357
1358
1359
4348
4361
1362
13463
1364
1365
4364
13467
13468
349
1378
1374
1372
1373
1374
4375
1374
1377
1378
1379
1388
4384
4382
4383
41384
41385



http://ifc3.gt.nnl
http://SS.GT.CUA1.AND.SS.Lf
http://IFtLK.EO.2
http://3
http://IFf.SUCIW13.GE.SS3

78
149

08
158

&8
13@

i2e
168

48
G

[ IR
L o

20

a

18
48

IFCI.GE.NNL D GO TG 7@
S5G=85h

G0 TD %@

HE5=8a

B4=3.8

DD 108 P=4, TUZ2

IF(GS.GE.SLIP).AND.SS.LT.GLEA11] BA=FACKCCL{P~41+(CLIPI-CLEP-4

1INCHBLIP-43-881/08LIP-4]-8L.IPI])
IFISE.GELSET1]) Bi=FAC*CL(4)
IFISS.LELSLOENZ)) BA=FAC*CLIIWR)
IFCABSIR4).GE.1.E-42) GO TO 4150
CONTINUE
IFCLK.NE.2) A=D1
IFfLK.EQ.8) GO TO 48
IFCLK.ER. 4] §5=58
IFELK.ER.2) B=B4
IF(LK.EG.2Y GO TO 48
LK=2
B4=@.0
GO TO 148
IFCI.GT.NNLD 60 TO 428
55=58
IF{88.LE.CUC) A1=FACKXCSATAREXPL-CUA4*(S5-CUB41)
IFISS.GT.CUC.AND. SS.LT.CUD) A1=FACHCSATi%EXP(-~CUAZ*(S5-CUBZ2))
IF(86.1.T.4.8) 5S=41.0
IFLSS.GE.CUD) A1=FACR{CUAS+CUB3xALOGIACSH I )%(SC%(~4.4))
IFCLK.ER.4) B=A+4
IF{LR.ER.AD A=AA4
FILKLER.BG GO TO 48
LiK=B
IFCI.GEL.NNLY GO TO 4128
nf=54
G TO 438
88=8A )
IFCS5.LF.CLEDY BA=FACKCSATRSEXP(~CLAAR{BE-CLB4)]
TFISS.GT.CLE.AND.SS.LT.CLD) B4=FACKCOSATZXEXPL-CLA2%(SG-CLA2))
IFCSS.LT.4,8) 5S=4.8
IFCSS.GE.CLD) BA=FAC*(CLAI+CLB3*ALOGIACSEI I#{SG*%{~4.4])
IFCLK.NE.2) A=B4
IFILY.ER.A) GD TO 48
IFCLK.FR.4) $5=5B
IFILK.EQ.2) B=B1
IFCLK.ER.2) 60 TD 4@
LK=2
GO TG 168
RETURN
END

SUBRDUTINE RER(J, 4,B.5A,58,NNL]

SUBROUTINE RER TO CALCULATE THE ROOT EXTRACTION RATES AT EACH
NODAL. POINT.

INTEGER PRZ

COMMON/SINK/ SMB, SMU4, SML4.5SM2, 8M3,0M, SMM.PRZ, A0,80
L= 4

IFCI.GT.PRZ) GO TOQ 4@

IFCJ.GTLNNLD) GO TO 28

§8=8A

A4=0.8

IFCS5.GT.SMB . AND.SS.LT.SMU1] A4=Qrx(S58-SMBI/(SMU4-5MB)
IFL8S.GE.BRU4.AND . 85.LE.SNZ) A4=0NM
IF(SS.GT.5N2.AND.B5.LE.GM3] A4=SHMx(SM3-SS1+A0%QM
IFTLR.EQ. 1) A=A4

IFCLK.EG.BY B=A4

IFCLK.EQ,.B) GO TG 48

Li=@

IFCILGE.NNLT GO TO 20

GG TO 3é

56=58

Bi=01.0 :
TFCS8.6T.6MB.AND.SS.L.T.8ML43 Bi=0R=C(85--SMB 3/ (SML4-8MB )
IFLSS . GE.SMLA.AND.SS . LE.SM2] B4=0M
IFCSS.GT.GM2.AND.SS.LE.SM3) B4=CMMx(SM3-55]+A0%ON
IFCLK.NE.2]) B=B4

IFCLK.EQ.B3 G0 TO 48

IFCLK.EG. 1) 85=5A

IFELK.ER.2) A=B14

IFCLK.ER.2] BO TO 48

LK=2

GO 10 %e

4=0.9

B=8.a

RETURN

END

1386
1387
§3a8
1369
i398
1394
4392
1393
1394
13945
1396
1397
1398
1399
1408
1404
1482
1493
1404
1485
1484
44@7
1408
1489
1440
4444
1442
4443
1444
1445
1444
A447
14418
1449
1428
1424
4422
1423
1424
1425
i426
1427
4428
4429
1438
4434
1422
4433
1434
1435
1436
1437
1438
1439
1440
1444
442
443
i444
1445
4444
1447
1448
1449
1458
1454
1452
1453
4454
1455
1454
1457
1458
1459
1468
1464
1442
4443
L1444
1465
1466
i447
14468
1449
1470
1474
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