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I N T R 0 D U C T I 0 N 

ALJEBRA. 
Wageningen Univel!lilelt & Research cenlr• 

Omgevingswelenschappen 
Centrum Water & Klimani 

Team Integraal Waterhei..-)E'' 

In the previous version of the computer program SWATRE 

(BELMANS, WESSELING and FEDDES, 1983) calculations of the soil 

motsture distrihution and the waterbalsnee stoppad when the water 

table was rising close to the soil surface. This restrietion was 

caused by the way of computation of the height of the ground-· 

water level (see page 279, point 4 of BELMANS et al., 1983). In 

practice, situalfons may occur in which the groundwater table is 

rlsing up to or even beyond the soil surface. This paper presents 

an extension of SWATRE, which is capable to deal with this type 

of situation, including the ponding phenomenum. In the following 

Lhe underlying theory, a description of the major changes in the 

program, the description of input and an example will be presen-

ted. 

I. H i g h g rou n d water 1 e v e 1 s. 

When the groundwater level comes toa close to the soil sur-

face, i.e. within the first two soil compartments, the numerical 

schema cannot be solved any more. Thus the effects of relatively 

high groundwater levels should be considered in a different way. 

When the groundwater level is close to the surface, the soil 

water pressure head distributton in the profile above the water 

tahle may assumed be considered to be in a condition of equili-

brium: 

h=-1," (1) 

where 

h = pressure head (cm) 
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ç = heigh{· ~b.;v~''lhe groundwater level (cm) 

The water balance of the soil profile for one time step may be 

written as follows: 

where 

(P- E- T + q ) ótj - 6W = c 
m 

(2) 

P net precipitation rate, i.e. rainfall- interception 

(cm.d-1) 

E = soil evaporation rate (cm.d-1) 

T = transpiration rate (cm.d-1) 

qm = flux through the bottorn of the soil profile (cm.d-1) 

ótj = time step (d) 

6W -· change in muisture content of the soil profile (cm) 

E = error in the water balance (should be 0) (cm) 

Eq. (2) should be satisfied for every time step. Under equili-

brium soil muisture condition, the value of 6W represents the 

change in moisture content, caused by either lowering or raising 

the groundwater level. Suppose the groundwater level is kept 

constant during that timestep, then most of the time the expres-

sion on the left hand side of eq. (2) will not be equal to zero. 

This is due to the fact that the position of the groundwater 

level usually changes when muisture is flowing into or out of the 

soil profile. 

The error c is an indication of the change in groundwater level 

depth. Using this parameter the amount of moisture slored in the 

soil profile to satisfy the water balance can be computed accor-

rling to: 

(3) 

I 
'! 
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where 

Wj ~ soil ~gisture starage in the profile after the 
j timestep (cm) 

j-1 
W ~ calculated soil moisture starage in the profile 

after the previous timestep (cm) 

The soil malsture slorage in the profile is calculated by inte-

gration: 

where 

0 
v~J9(0d~ 

0 
(4) 

0 ~ position of the bottorn of the soil profile (cm). 

9(~) ~ moisture content at depth ~ (-) 

The value of 9(~) is computed from the pressure head in the 

profile using the soll moisture relention curve. When equilibrium 

soil moisture condition is assumed in the profile, one may use 

eq. (4) to calculate the moteture content of the soil profile for 

several depths of the groundwater level and storing them in a 

table. The actual soil malsture content of the profile , Wt' is 

computcd using aq. (3). Then the depthof the groundwater table 

may he found by linear interpolation between the values in the 

groundwater level - malsture content table. 

2. P o n d i n g 

With high precipitation rates not all tha precipitation will 

infiltrate into the soil. Dependlog on the kind and slope of 

soil, some of the water will stay on top of the profile by 

surface storage ponding, and some will flow away by runoff. See 

f i.g. 1. Now eq. ( 2) becomes: 
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(q - E - T - q I 6tj 
m s 

6W = c 

= moisture flux density through the 

p 

V 

profile (cm.d-1) 

E 
0 

T 

(5) 

top of the 

Fig. l. Schematic view of flux densities in case of 

surface storage 

soil 

As the evaporation is now taking place from open water, it is not 

allowed to calculate it as E any more. Many equations can be 

found in literature to calculate open water evaporation. It is 

possible to choose between different equations to compute the 

potentlal evapotranspiration flux in the computerprogram SWATRE. 

This implies different input data. Sn for the calculation of open 

water evaporation an equation was required using data available 

to the program whatever metbod of soil evaporation was applled. 

The equation chosen was described by MAKKINK (1960) and statea 

I 
I 
I Ponding 
I depth 
I 
V 
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E = 0.098 d 0.0352 R - 0.027 
0 d+y s 

where 

E =open water evaporation (cm.d-1) 
0 

(6) 

ó = slope of the saturation pressure curve (mbar.K-1) 

y = psychometrie constant (mbar. K-1) 

R = global radlation (W.m-2) 
s 

After every time step that has been taken, the thickness of the 

ponding water layer must be calculated on the basis of the fluxes 

that are responsible for it. The maximum thickness of the ponding 

water layer is depending on the slope of the soil and on the kind 

of soil. 

3. M a j o r c h a n g e s i n t h e p r o g r a m 

Some of the main differences between the original program 

SWATRE as described by BELMANS et al. (1983) and the present 

version that is capable to handle high groundwater levels and 

surface water storage, will be discussed in this chapter. Not all 

th~ differences in the subroutines will be mentioned, because in 

some cases it is only a matter of one extra statement. 

a. In the main program an extra variable, IERR, has been intro-

duced. Wh"n this variabie gets a value not equal to zero, the 

depth of groundwater level (if it has to be calculated) is 

found using the subroutine RUNOFF, assuming equilibrium con-

dit. i ons. 

b. In subroutine RDATA some additional calculations are per-

formed: 

-open water evaporation is computed using eq. (6), 
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- the variabie VOLMAX, which represents the maximum amount of 

moistttre the profile can contain, is computed, 

a new array Is introduced: VOLFC, with loO elements. This 

array represents lhe soil moisture starage in the profile 

when equilibrium is assumed for a depth of groundwater 

level varying from -I to -·40 cm, with steps of I cm. 

Suhrout.i ne BOCO has been changed in such a way that, when 

there is a layer of water standing on the soil (POND > 0 

the pressure head at the soil surface (PHSA) is set equal to 

o. 

d. Calculation of the thickness of the ponding layer is per

formed In subroutine INTGRL, according to 

POND= POND+ ( PRECA- FINA + FLXS(l) - EOPENA ) * DT 

This value is bounded by 0 at the lower sldo, and by the 

specified maximum value, PONDMX, at the upper side. 

e. Vhen the groundwater level is above nodal point 2, a fixed 

value of 0.2 days is used as timestep. This has been intro

duced in subroutine CALCDT. 

f. The new subroutine RUNOFF is taking care of finding the depth 

of the water table when, due to the lack of available nodal 

points, the original procedure of calculation Starting from 

the known soil moisture starage of the profile, the depth of 

the groundwater tabla is calculated as if equilibrium condi

tions would occur. As the error in the water balance, DVOL, 

is known, the actual moisture content of the soil profile at 

the end of the momentary timestep (TOSTOR) can be found. 

Using the array VOLFC, now the new groundwater level is 

known. Vhen the level is then below the third nodal poinl, 
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the nexl calculation of groundwater level will be performed 

in the or!ginal way. Befora returnlog to the main program, a 

correction is made for the discretization into the original 

compartments. 

4. Input 

As compared to the original program, there is one new variabie 

to read: PONDMX, the maximum allowed thickness of the layer of 

water ponding on the surface (in cm). lts location is just before 

the soil phys!cal parameters (see Description of Input). 

R E F F. R F. N C E S 

BELMANS, C., J.G. WESSELING and R.A. FEDDES, l983. Simulation 

model of the water balance of a cropped soil: SWATRE. 

Journal of Hydrology, 63, 3/4 : 271-286. Teehoical Bulletin 

r.c.w. nr. 21. 

MAKKINK, G.F., 1960. De verdamping uit vegetaties in verband met 

de formule van Penman. Comm. Hydrol. Research TNO, The 

Hague. Proceedlngs and Informations 4:90-115. 
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APPENDIX A: Description of input 

I. INSTRUCTIONS FOR INPUT 

Columns Format Symbol 

1-80 20Aio HED 

Columns Format Symbol 

1-5 IS KOD(l) 

ó-10 IS KOD(2) 

G R 0 U P A 

Description 

desired heading to be printed 

group A consiste of I card 

GROUP B 

Description 

Choice of type of initia! and boundary con
ditions, of constant/variabie rooting depth 
and of constant/variabie output increments 

= 0 
= 1 

= 2 

groundwater level is input (cm) 
flux from the saturated zone is input 
(positive upwards; cm/d) 
flux towards ditches and deep perco
lation is calculated (positive up
warrts; cm/dl 

- 3 flux from the saturated zone is cal
culated as a tunetion of groundwater 
level (positive upwards; cm/d) 

~ 4 preesure head of bottorn campartment 
is input (cm) 

~ 5 zero flux at the bot torn of an unsatu-
rated profile 

= 6 free drainage at the bottorn of an un
saturated profile (negative downwards; 
cm/d), flux is equal to hydraulic 
conductivity of bottorn campartment 

= 0 

- l 

bottorn boundary condition is va
rying with time 
bottorn boundary condition is con
stant with time 

If KOD(I)=3, 5 or 6, KOD(2) may be set to 0 

KOD(3) describes the upper boundary 
condition 
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11-15 IS KOD(3) 

16-20 IS KOD(4) 

21-25 IS KOD(S) 

26-30 IS KOD(6) 

31-35 IS KOD( 7) 

= 0 

= l 

= 2 

--9-· 

abGolute values of precipitatlon 
(cm/d), soil evaporation (cm/d), 
transpiration (cm/d) and minimum 
allowed pressure head at lhe soil 
surface (cm) is input 
potentlal evapotranspiration (cm/d) 
is calculated with the Priestly and 
Taylor equation 
potentlal evapotranspiration (cm/d) 
is calculated as Eo (Penman) * erop 
coefficient (for Penman equation 
see eq. 3. 26) 
(References to equations are to the 
book of rEDDES et al. 1978) 

= 3 potentlal evapotranspiration (cm/d) 
is calculated with Monteith-Rijtema 
equation (eq. 3.33, without the '+Ei' 
term: E'fpot = ETmax - Ei ; 
for rs a constant value has to be 
taken) 

If KOD(3) = l, 2 or 3, potentlal soil 
evaporation is calculated with eq. 36 
of Belmans et al. (1983), minimum allowed 
pressure head at the soil surface with 
eq. 4. 11. 

= 0 upper boundary condition is varying 
with ti me 

= l upper boundary condition is constant 
with time 

= 0 

= l 

= 2 

= 0 

= l 

= 0 

malsture content at each nodal point 
is input (cm**3/cm**3) 
preesure head at each nodal point is 
input (cm) 
pressure head at each nodal point is 
calculated as being in equilibrium 
wlth the initia! groundwater table 
(cm) 

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

time increment between outputs (water 
balance terms, malsture content pro
file, etc.) is variabie (d) 

= I time increment between outputs is 
constant (d) 

Group B consists of l card 
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Columns 

1-10 
ll-15 

16-20 

21·-2 5 

26-30 
31-35 
36-40 

41-45 
46-50 

Columns 

1-·10 

11-20 
21··30 
31-40 
41-SO 

1-10 

11-20 
21-30 
31-40 
41-SO 

Format 

Fl 0. l 
IS 

IS 

IS 

15 
15 
IS 

IS 
IS 

Format 

FI0.2 

FIO. 2 
FIO. 2 
FI0.2 
FI0.2 

FI0.2 

FIO. 2 
FIO. 2 
F10.2 
Fl0.2 

Symbol 

DSP 
NCS 

NPL 

NC(1) 

NC(2) 
NC(3) 
NC(4) 

NC(5) 
ISO 

Symbol 

LV(!) 

LV(2) 
LV(3) 
LV(4) 
LV(S) 

MV(l) 

MV(2) 
MV(3) 
MV(4) 
MV(5) 

-10-

G R 0 U P C 

Description 

Geometry of soil profile 

depth of soil profile (cm) 
number of soil compartments of equal size 
(maximally 40) 
number of different types of soil layers 
(maximally 5) 
number of bottorn campartment of 1st soil 
layer 

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

number of soil campartment at which bottorn 
the Darclan-flux will be integrated over the 
tim~. This lntegral is an approximation only 

Group C consists of 1 card 

GROUP D 

Description 

Way of input of soil physical characte
ristics of each separate soil layer 

lowest input value of moisture content theta 
(cm**3/cm**3) of K(theta) and h(theta) table 
of 1st soil layer 

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

highest input value of moisture content 
theta (cm**3/cm**3) of K(theta) and h(theta) 
table of lat soil layer 

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

ICW-nota 1636 
Team Integraal Waterbeheer 
Alterra-WUR



1-10 

11-20 
21--30 
31-40 
41-50 

1-10 

11-20 

Columns 

1- 5 

5-10 

11-20 
21-30 

1-10 

11--20 

21-30 

1-10 

FlO. 2 

FlO. 2 
FlO. 2 
FlO. 2 
FlO. 2 

E10.3 

E10.3 

Format 

IS 

IS 

E10.4 
E10.4 

FlO. 3 

FlO. 3 

FlO. 3 

FlO.O 

SWC(l) 

SWC(2) 
SWC(3) 
SWC(4) 
SWC(5) 

CS1 

FAC 

Symbol 

IRER 

INL 

ARER 
BRER 

RNAM 

TB 

TE 

PO 

-ll-

saturated moisture content (cm**3/cm**3) 
of )st soil layer 

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

saturated hydraulic conductivity of lst soil 
layer (must be given in the same units as 
chosen for the hydraulic conductivfties of 
the groups V-Z) 
factor to convert units of input hydraulic 
conductivity to units of cm/d 

Group 0 consists of 4 cards 

GROUP E 

Oescription 

Oescription of sink term and root extraction 
pattarn (see figs. 1-4) 

~ 0 sink term according to Feddes et al 
(1978) see fig. 1 

~ 1 slnk term according to Hoogland et 
al (1981) see fig. 2 

~ 0 linear relationship between the points 
P2 and P3 of the sink term (see fig. 3) 

~ 1 hyperbalie relationship between the points 
P2 and P3 of the sink term (see fig. 4) 

intercept a of eq. Smax~a-b*lzl 

slope b of eq. Smax~a-b*lzl 

maximum depth (cm, absolute value) at top 
of profile where roots are non-active du
ring tha period t > TE 
point of time at which roots become non
aclive (drought damage or morphological 
reasons) 

at which roots reach their 
of non-act!vity 

RNA : 0 

point of time 
maximum deplh 
for t < TB 
for TB < t 
for t > TE 

< TE : RNA : RNAM*(t-TB)/(t-TE) 
: RNA ~ RNAM 

where t is time (d) and RNA, the actual 
depth where roots are non-aclive 

value of pressure head below which roots 
start to extract water from the soil 
(starting point) 
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11--20 

21-30 
31--'•0 

41-SO 

S1-60 

61-70 

Columns 

1-- 5 

6-10 
11-15 
16--20 

21-2S 
26-30 

31-35 

FlO.O 

F10.0 
FlO.O 

FIO.O 

FlO.O 

F10.0 

Format 

IS 

IS 
IS 
IS 

I5 
IS 

IS 

PUl 

PLl 
P2H 

P2L 

P2 

P3 

Symbol 

L(l} 

L(2} 
L(3} 
L(4} 

L(S} 
L(6} 

L( 7} 

-12-

value of pressure head below which roots 
start to extracl water optimally from the 
upper soil layer 
as above, but for the lower soil layers 
value of pressure head below which roots 
cannot extract water optimally anymore, for 
potentlal transpiration rate equal to 0.5 
cm/d (limiting point} 
as above, but for potentlal transpiration 
rato equal to 0.1 cm/d 
the values P2H and P2L are used only if 
IRER = 0 (see fig. I} 
P2 is calculated from linear interpolation 
in between P2H and P2L, according to 

(0.5-EPA} 
P2 = P2H + 

(O.S-0.1} 
for 0.1<= EPA<=O.S 

*(P2L-P2H} 

P2 = P2L if EPA < 0.1 cm/d 
P2 = P2H if EPA > O.S cm/d 
where EPA is potentlal transpiration rate 
(cm/d} 
value of pressure head below which the roots 
cannot extract water optimally anymore (li
mlting point}; this value is used only if 
IRER = 1 (see fig. 2} 
value of pressure head below which no water 
uptake by roots is possible (wilting point} 

Group E consists of 3 cards 

GROUP F 

Descri pti on 

Describes times of input and coefficients of 
wind function, leaf area index and intercep
tion 

f!rst day of input (reckoned from the be
ginning of the year} 
last day of input (the same} 
number of days in February (28 or 29} 
first day of input in the first month under 
consideration (e.g. L(4} = 21} 
f!rst month of input (e.g. June L(S} = 6} 
last month of input (e.g. October 
L(6} = 10} 
= 0 : 6 coefficients of the G(CH}-function 

must be prescribed in group M 
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36-40 IS L(8) 

Columns Format Symbol 

1-10 FlO.O TINIT 

11-20 FIO.O TEND 

21-30 Fl0.3 DTMI 

31-40 E10.3 DTHM 

41-50 Fl0.3 CGWLAM 

Columns Format Symbol 

1-10 IS NPR 

= 1 

= 0 

--13-

6 coefficients of the G(CH)-function 
are as Fig. 30 (book FEDDES et al., 
1978) 
for G(CH)-function see eq. (8.3) to (8.S): 
only used if KOD(3) = 3 
6 coefficients of the FIN-function 
must be prescribed in group M 

= 1 6 coefficients of the FIN-function 
are as in Fig. 32 (book FEDDES et al., 
1978), but transformed to units of 
cm/d 
for the FIN-runetion see eq. (8.7)- (8.9) 

Group F consiste of 1 card 

G R 0 U P G 

Description 

Describes the calculation period and slze 
of time step 

starting time of calculations (TINIT>=L(1)-
1); for L-values see group F 
finishing time of calculations (TEND<=L(2)); 
for L-values see group F 
maximum value of time step allowed (d); we 
advise DTMI = 0.5 (approx.) 
maximum change of malsture content allowed 
within one time step; we advise DHTM = 0.005 
( approx.) 
maximum change of groundwater level (cm) 
within one time step; we advise CGWLAM = 0.5 
(approx.) This applies only for cases for which 
the groundwater level is calculated 

Group G consiste of 1 card 

GROUP H 

Description 

Describes the number and the increments of 
output 

number of 
malsture 
output at 

outputs (water balance terms, 
content profile, etc.); standard 
t = TINIT is not included in NPR 
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1-10 

l-10 

ll-20 
21-30 
etc. 

Columns 

l-10 
11-20 

21-30 

31-40 

Columns 

1-10 

FIO.O 

FlO.O 

FIO.O 
1'10.0 
FIO.O 

Format 

FIO. 2 
FI0.3 

FIO. 3 

--14-

TPRINT only if KOD(7) =I; TPRINT is a constant 
time increment (d) for which the output 
must be printed; output is listed at 
t = TINIT + i * TPRINT where i = 1 to NPR 

TPR(l) only if KOD(7) = 0; TPR(l) is time incre-
ment for lat output 

TPR(2) 
TPR(3) as above, but for 2nd, 3rd, ... , NPRth output 
TPR(NPR) 

Symbol 

output is listed at time t = TINIT + TPR(l), 
t = TINIT + TPR(l) + TPR(2), etc. 

Group H consists of maximally 7 cards 

G R 0 U P I 

Deacription 

Group I is only used if KOD(3) = 0. Des
cribes upper boundary condition 

PREC(L(l)) precipitation (cm/d) 
ES(L(l)) potentlal soil evaporation 

rate (cm/dl 
lfor first 
I 

EP(L(l)) potentlal transpiration rate 
(cm/dl 

lday of in-
I 

EI0.4 PHS(L(l)) minimum allowed preesure jput L(l) 

Format Symbol 

FlO. 3 ALPHA 

head (cm) at the soil sur- I 
face I 
if KOD(4) = 0 : l card is required for each 
day of input L(l) to L(2), or 
[L(2) - L(l) +I) cards; 
if KOD(4) = l : only one card is required 

Group I consiste of maximally 366 cards 

G R 0 U P J 

Description 

Group J is used only if KOD(3) = l. Des
cribes the upper boundary conditlon. 
Potentlal evapotranspirat!on rate (cm/d) 
ia calculated with the Priestley and Taylor 
equation 

empirica! constant in the Priestley and 
Taylor equation (ALPHA = 1.35 + or- 0.10) 
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1-10 
11-20 

21-30 

31-40 

41-50 

Columns 

1-10 
11-20 

21-30 

31-40 

41--50 

51-60 

61-70 
71--80 

FIO. 2 
FIO.I 

FIO.I 

FI0.3 

FIO. 3 

Format 

FIO. 2 
FIO. 1 

FIO. 3 

FIO .I 

FlO. 3 

Fl0.2 

FIO. 3 
FIO. 3 

PREC(L(l)) 
HSH(L(l)) 

TEM( L(l)) 

RH(L(l)) 

SC(L(l)) 

Symbol 

PREC(L(l)) 
HSH(L(l)) 

DCL(L(l)) 

TEM(L(l)) 

RH(L(l)) 

U(L(l)) 

SC(L(l)) 
CH(L(l)) 

-15-

precipitation (cm/d) 
flux of global radlation 
(J/cm**2.d) 
mean daily air temperature 
(degrees Celsius) 
mean daily air humidity 
(fract!on) 
soil cover (fraction) 

for first 

day of in-

put, L(l) 

if K00(4) ~ 0 : 1 card ie required for each 
day of input, L(1) to L(2), or 
[L(2) - L(1) + 1) carde; 
if KOD(4) ~ I : on1y 1 card Is required 

Group J consists of maximally 367 cards 
(1 card for the ALPHA value and 366 cards 
for daily inputs) 

G R 0 U P K 

Description 

Group K is used only if KOD(3) = 2. Des
cribes the upper boundary condition. Poten-
tlal evapotranspiration rate (cm/d) is 
calculated as Eo (Penman, open water) * erop 
coefficlent 

precipitation (cm/d) 
short-wave radlation flux 
(ll/m**2) 
degree of cloudiness for first 
(fraction) 
mean daily air temperature 
(degrees Celsius) 
mean daily air humidity 
(fraction) 
maan daily wind velocity 
at 2 m height (m/s) 
soil cover (fraction) 
erop coefficient (fraction) 

day of 

input, L(l) 

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

Group K consists of maximally 366 cards 
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Columns Format Symbol 

1-10 Fl0.1 RS 

1-10 F10.2 PREC(L(l)) 
11-20 Fl0.1 HNT(L(l)) 
21-30 Fl0.1 TEM(L(l)) 

31-40 FIO. 3 RH(L(l)) 

41-50 FlO. 2 U(L(l)) 

51-60 Fl0.3 SC(L(l)) 
61-70 FlO.O CH(L(l)) 

Columns Format Symbol 

1-10 E10.4 FGA 
11-20 E10.4 FGB 
21-30 E10.4 FGC 
31-40 E10.4 FGD 
41-50 El0.4 FGM 
51-60 E10.4 FMCH 
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G R 0 U P L 

Oescription 

Group L is used only if KOD(3) = 3. Des
cribes the upper boundary condition. 
Potentlal evapotranspiration rate (cm/d) 
is calculated with the Monteith-Rijtema 
equation 

Stomatal resistance (s/m) 

precipitation (cm/d) 
net radlation flux (W/m**2) 
mean daily air temperature 
(oC) 
mean daily air humidity 
(fraction) 
maan daily wind velocity at 
2 m height (m/s) 
soil cover (fraction) 
erop height (cm) 

for first 

day of 

input, L(l) 

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

Group L consists of maximally 367 cards 
(1 card for RS-value and 366 cards for 
daily inputs) 

G R 0 U P M 

Oescription 

Describes the erop height - wind function, 
the leaf area index relationship with soil 
cover and the interception function depen
ding on precipitation. For details see 
pages 73-75 of FEDDES et al. (1976) 

coefficients of G(CH)-function, which is 
used to estimate potentlal evapo
transpiration flux (see eq, 6.3 to 6.5) 

use this card only if KOD(3) = 3 and if 
L( 7) = 0 
(if L(7) = 1, standard values of the co
efficients are used, see Fig. 30 of 
FEDDES et al, 1976) 
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1-10 
ll--20 
21-30 

1-10 
ll-20 
21-30 
31-40 
41--50 
51-60 

Columns 

1-10 

ll--20 
etc. 

Columns 

1--10 

E10.4 
ElO. '• 
E10. '• 

E10.4 
E10.4 
ElO. 4 
E10. 4 
E10.4 
E10.4 

Format 

Fl0.1 

FlO.l 
Fl0.1 

Format 

FLA 
FLB 
FLC 

FIA 
FIB 
FIC 
FID 
FMP 
FM! 

Symbol 
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coefficients of the leaf area index -
soil cover function 
use this card only if KOD(3) >= 1 

coefficients of the PIN-function descrihing 
reduction in precipitation rate as caused 
by interception (eq. 8.7 - 8.9) 
use this card only if KOD(3) = 3 
(if L(8) = l, stnndard values of the co
efficients are used: FIA = 0.169; FIB = 
0.516; FIC = 0.1787; FID = 0.0593; FMP = 
2.0; FM!= 0.19; see also Fig. 42 of book 
FEDDES et al, 1978) 

Group M consiste of maximally 3 cards 

G R 0 U P N 

Description 

Group N is used only if KOD(1) = 0. Describes 
the daily groundwater level. Absolute 
valuea may he given as input (soil surface 
is used as reference level) 

GWL(L(1)) groundwater level (cm) for the first day 
of input, L(l) 

GWL(L(l)+l) as above, but for the 2nd, 3rd, ..•. , 
GWL(L(2)) L(2)th day of input 

Symbol 

if KOD(2) = 0 
must be given 
if KOD( 2) = l 
must be given 

[L(2) - L(l) + l] values 

only 1 value, GWL(L(l)), 

Group N consists of maximally 46 cards 

GROUP 0 

Des er iption 

Group 0 is used only if KOD(1) = 1. Des
cribes the initial groundwater level and 
the daily values of the flux from the 
satu•·ated zone (positive upwards, cm/d) 

Flû .1 GWLA in i ti al groundwater level (cm), for 
t = TINIT 
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1-10 

11-7.0 
enz. 

Columns 

l--10 

1-10 
ll-20 
21-30 

31-40 
41-50 
~1-60 

1-10 

11·- 20 
etc. 

FlO. 3 

Fl0.3 
FlO. 3 

Format 

Fl 0. I 

PlO.! 
FlO. 3 
f'l0.3 

FI0.3 
FIO.I 
Fl 0 .I 

f'lO.I 

Fl 0. I 
FlO.I 
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QDEEP(L(l}) flux from the saturated zone for lhe first 
ctay of input, L(1) 

QDEEP(L(l)+1) as above, but for the 2nd, 3rd, ... , 
QDEEP(L(2}) L(2}th day of input 

Symbol 

GWLA 

CHND 
CHNR 
DKD 

ALPHAR 
DGRWL 
SIMPR 

If KOD(2) ~ 0 
must he given 
If KOD(2) ~ I 
must be given 

[L(2)-L(l) + l] values 

only l value, QDEEP(Ll)), 

Group 0 consists of maximally 47 cards 

G R 0 U P P 

Description 

Group P is used only if KOD(l) ~ 2. Des
cribes saturated flow to ditches and deep 
perenlation (soil surface Is used as the 
reference level for water tables/levels) 

in i ti al groundwater level (cm), for 
t ~ TINIT 

spacing between channels (m} 
radial resistance of channel (d/m) 
transmissivity for horizontal flow 
(m**2/d}; kD value 
shape factor of groundwater level 
deep groundwater level (cm) 
vertical reaiatanee of poorly permeable 
layer (d) 

CHML(L(1)) open water level in the ditch (cm); may 
be given as absolute value 

CHML(L(1)+l) as abov8, but for 2nd, 3rd, 
CHNL(L(2)) L(2)th day of input 

if KOD(2) ~ 0 [L(2}-L(l )+1] 
be given 
if KOD(2) ~ I only 1 value, 
must be given 

.... ' 

values must 

CHNL(L(1)), 

Group P consists of maximally 48 cards 

ICW-nota 1636 
Team Integraal Waterbeheer 
Alterra-WUR



Columns 

1-10 

1-10 
ll-20 

Columns 

1-10 

ll-20 
etc. 

Format 

Fl0.1 

E10.4 
E10.4 

Format 

E10.4 

E10.4 
El0.'1 

Symbol 

GWLA 

AREL 
BREL 

Symbol 
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G R 0 u p Q 

Description 

Group Q is usad only if KOD(l) = 3. Des-
cribes the flux - groundwater level 
relationship according to ' h*fi 
q = a*e 

m 
where: q is basic discharge, fi is the ground-

m 
water level and a and b are parameters to be 
determined from fig. 5 or to he derived 
measurements 

initial groundwater level (cm), for 
t = TINIT 

value of a in above equation 
value of b in above equation 

Group Q consists of 2 cards 

G R 0 U p R 

Description 

Group R is used only if KOD(1) = 4. Des
cribes daily values of preesure head of 
bottorn campartment 

from 

GPRH(L(1)) pressure hoad of bottorn campartment for 
1st day of input, L(l); absolute value 
may he given 

GPRH(L(1)+1) as abova, but for 2nd, 3rd, .... , L(2)th 
GPRH(L(2)) day of input 

if KOD(2) = 0 [L(2)-L(l)t1) values must 
be given 
if KOD(2) = 1 only 1 value, GPRH(L(l)), 
must be given 

Group R consist a of maximally 46 cards 
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Columns 

l-10 

ll-20 
etc. 

Columns 

l-10 

ll-20 
etc. 

Columns 

l-10 

11-20 
etc. 

Format 

FlO.l 

FlO. I 
FlO. I 

Format 

Fl0.3 

Fl0.3 
Fl0.3 

Format 

El0.4 

ElO.t, 
ElO.It 
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GROUP S 

Symbol Description 

Describes the rooting depth 

DRZ(L(l)) rooting depth (cm) for the first day of 
input, L(l) 

DRZ(L(l)+l) as above, but for 2nd, 3rd, ... , L(2)th 
DRZ(L(2)) day of input 

Symbol 

WC(!) 

WC(2) 
WC(NCS) 

Symbol 

PH(l) 

PH(2) 
PH(NCS) 

if KOD(6)=0 
given 

[L(2)-L(l)+l] values must be 

if KOD(6)=l 
must be given 

only l value, DRZ(L(l)), 

Group S consiste of maximally 46 cards 

G R 0 U P T 

Description 

Group T is used only if KOD(5)=0. 
Describes the initia! malsture content 
profile (t = TINIT) 

initia! water content (cm**3/cm**3) of 
nodal point ( surface compartment) 
as above, but for 2nd, 3rd, ... ' NCSth 
nodal point; numbering is frorn top to 
bottorn of soil profile 

Group T consiste of maximally 5 cards 

GROUP U 

Oescription 

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

initial preesure head (cm) of let nodal 
point (surface cornpartment); absolute 
value may be given 
as above, but for 2nd, 3rd, •.. , NCSth 
nodal point; numbering is from top to 
bottorn of soil profile 

Group U consists of rnaximally 5 cards 

!st 

ICW-nota 1636 
Team Integraal Waterbeheer 
Alterra-WUR



Columns 

1-10 

Columns 

1-10 

ll-20 
etc. 

1-10 

11-20 
etc. 

Columns 

Format 

no. 2 

Format 

El0.4 

El 0. '' 
E!O. 4 

ElO. 4 

El0.4 
El0.4 

Format 

Symbol 

PONDMX 

Symbol 

PRH(!,x) 

PRH(l, x) 
PRH(l,x) 

CON(l,x) 

CON(l,x) 
CON(l,x) 

Symbol 
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G R 0 U P V 

Description 

Maximum thickness of the layer of 
ponding water on the soil surface [cm]. 

Group V consists of one card. 

GROUP \1 

Description 

Describes the physical characteristics of 
soil layer 1 (numbering of layers is from 
top to bottom). Units of hydraulic 
conductivity can be chosen arbitrarily; 
see also factor FAC , group D 

pressure head (cm) for !st soil layer at 
water content theta=LV(!) (cm**3/cm**3); 
absolute values may be given 
as above, but for pressure heads at theta= 
LV(l)+O.Ol, theta=LV(l)+0.02, ... , theta= 
MV(l) 

hydraulic conductivity for lst soil layer 
at water content theta=LV(l) (cm**3/cm**3) 
as above, but for hydraulic conductlvities 
at theta=LV(l)+O.Ol, theta=LV(l)+0.02, ..• 
, theta=MV(l) 

the x-values do not have to be defined 

Group W consists of maximally 20 cards 
(10 for h-values, 10 for K-values) 

G R 0 U P X 

Description 

Group X may be omitted if NPL=l. Describes 
the physical characteristics of soil layer 
2. Units of hydraulic conductivity as in 
group W 
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Columns Format Symbol 

Columns Format Symbol 

Columns format Symbol 
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as group W, but LV(l), MV(l), PRH(l,x), 
CON(l,x) become LV(2), MV(2), PRH(2,x), 
CON(2,x) respectively 

Group X consists of maximally 20 cards 

GROUP Y 

Description 

Group Y may be omitted if NPL<=2. Describes 
the physical characteristics of soil layer 
3. Units of hydraulic conductivity as in 
group W 

as group W, but LV(l), MV(l), PRH(l,x), 
CON(l,x) become LV(3), MV(3), PRH(3,x), 
CON(3,x) respectively 

Group Y consists of maxlmally 20 cards 

G R 0 U P Z 

Description 

Group Z may be omitted if NPL<=3. Describes 
the physical characterlstics of soil layer 
4. Units of hydraulic conductivity as in 
group W 

as group W, but LV(l), MV(l), PRH(l,x), 
CON(l,x) become LV(4), MV(4), PRH(4,x), 
CON(4,x) respectively 

Group Z consiste of maximally 20 cards 

G R 0 U P ZA 

Description 

Group ZA may be omitted if NPL<=4. Describes 
the physical characteristics of soil layer 
5. Units of hydraolie conductivity as in 
group W 
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as group Y, but LV(l), MV(l), PRH(l,x), 
CON(l,x) become LV(5), MV(5), PRH(5,x), 
CON(S,x) respectively 

Group ZA consists of maximally 20 cards 

APPENDIX B: Summary of main sequentia! output 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 potentlal 
soil evaporation and potentlal transpiration are prlnted 

- boundary condition at the bottom; 
·- rooting depth; 
- lnitial condition; 
- soil physical parameters of each layer. 

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

CPI!F.C: 
CINTCF.P 
CPINFILT 
CINFILT 
CRUNOFF 
CPETR 
CPTRANSP 
CPSEVAP 
CETR 
CTRANSP 
CSEVAP 
FLUX I 
CFLXSD 

CFLXSDP 

CFLXSDN 

FLXSD 
ISO 

CFLXBU 

cumuialive precipitation 
cumulative interception 
cumulative potentlal !nfiltration (CPINFILT=CPREC-CINTCEP) 
actual cumulative infiltration 
cumuialive runoff (CRUNOFF=CPINFILT-CINFILT) 
cumulative potentlal evapotranspiration 
cumuialive potentlal transpiration 
cumulative potentlal soil evaporation 
cumulative actual evapotranspiration 
cumulative actual transpiration 
cumulative actual soil evaporation 
water flux through soil surface 
lntegrated Darclan flux at bottorn of compartment ISO; 
when the groundwatar level rises above the bottorn of 
that comparlment this flux has no meaning and 'stars' 
will appear in the output 
integrated positive (=upward) Darclan flux at bottorn 
of compartment ISO 
integrated negative (=downward) Darclan flux at bottorn of 
campartment ISO 
actual Darclan flux at bottorn of compartment ISO 
number of campartment at which the Darclan flux is 
!ntegrated 
integrated Darclan flux at the bottorn of the unsaturated 

•• 
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PLXBU 
CQDEEP 

CQDEEPP 
CQDEEPN 
QDEEPA 

CDELTA 

CDELTAP 
CDELTAN 
DELTA 

VOLINIT 

VOL 
GWLA 
DRZA 
N 
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profile (only in case of free drainage, otherwise 'stars' 
will appear) 
actual flux of free drainage 
lntegrated flux through the bottorn of the soil profile 
for those cases where the groundwater level is calculated, 
for all other boundary conditlans at the bottorn 'stars' 
will appear 
positive part of CQDEEP 
negative part of CQDEEP 
actual flux through the bottorn of the soil profile for 
those cases where the groundwater level is calculated 
cumulative net amount of water that passed through the 
bottorn of the noil profile; calculated as the rest term 
of the soil water balance, if the groundwater level is 
calculated, 'stars' will appear 
posltive part of CDELTA 
negative part of CDELTA 
actual amount of water that passed durlog the last time 
step through the bottorn of the soil profile; calculated 
as the rest term of the soil water balance; 
in the program this is implemenled as: DEL=VOL-VOLl+CTRA
CTRAl+FLXS(l)*DT) 
water starage in the entire soil profile at initia! time 
t=TINIT 
aclual water slorage in the entire soil profile 
actual groundwater level 
actual rootlog depth 
number of flrst unsaturated nodal point above the ground
water level 

Below the values mentloned, a table is printed containing: 

COMP.NR. 

LEVEL 

mEn 
PR.HEAD 
CONDUC 
ROOT EXT 
C.ROOT EXT 
CUM.WATER 

PLUXES 

number of soil campartment with numbering starting from 
top to bottorn 
position of the noctal point with respect to the soil 
surface 
volumetrie malsture content (cm**3/cm**3) 
soil water pressure head 
hydraulic conductivity 
root extraction rate (cm**3/cm**3.d), i.e. the actual sink 
cumulative amount of water extracted by the roots 
water slorage in the soil profile summed up from soil sur
face to bottorn of campartment 
Darclan flux through the bottorn of each campartment 

fielow the table a print plot is made of soil moisture content (dotted 
linea), fractlon of air (blank) and fraction of solid material 
(Rlashes), all as a function of depth. 
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The third part of the output concerns various terms of the water balance 
expressed at the end of each day in the period considered 

TIME 
C.INFILT 
TRANSP 
CTRANSP 
SEVAP 
CSEVAP 
CFLXBOTP 

CFLXBOTN 

day number 
actual cumulative infiltration 
actual transpiration rate 
cumulative actual transpiration 
actual soil evaporation rate 
cumulative soil evaporation 
cumulative amount of water that flowed through the bottorn 
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, the value of 
CQDEEPP will be printed 
as above, but for flows o u t of the system and with 
CDELTAN and CQDEEPN be!ng printed 

VOL-VOLI change in water starage over the entire soil profile with 
respect to VOL at t=TINIT 

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

NOTE The narnes of the variables listed above and in the output may ba 
different from the variable narnes used in the program !I 
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APPENDIX C: Example of input 

TEST : SELLINGEN POTATOES 1979 VELDPODZOL, PONDMX=0.5 
2 l I 0 1 1 l 

200. 20 2 3 20 20 20 20 3 
0.01 0.01 
0.46 0. 34 
0. 46 0.34 

0.495 l. 0.0 
0 0 0.02 0.0 

0.0 365. 366. 
-10. -25. -25. -320. -600. -500. -16000. 

139 258 28 19 5 9 1 I 
138. 258. 1. 0.02 2. 

3 
60. 

1.500 
0.00 2464.0 ll. 5 0.70 0.000 
0.20 638.4 14. 3 0. 76 0.000 
0.26 1176.0 12.9 0. 74 0.000 
0.59 1918.4 13.3 0.76 0.020 
2.45 lOOI. 6 11.9 0.81 0.052 
2.25 1286.4 10.0 0.80 0.085 
2.18 1259.2 9.3 0.82 0.117 
3.52 1476.8 12.8 0.81 0.149 
1.07 1419.2 11.5 0.79 0.182 
0.00 2219.2 14.6 0.69 0.214 
0.50 883.2 17.7 0.83 0.246 
3.54 1918.4 19.7 0.81 0.279 
l. 43 2323.2 18.7 0.84 o. 311 
0. 21 796.8 14.3 0.87 o. 343 
0.00 1572.8 17.2 0.86 0.376 
1. 74 2116.8 22.2 0. 72 0.408 
0.00 1852.8 20.5 0.80 0.440 
0.00 768.0 16. l 0.84 0. 473 
0.00 1904.0 14.7 0. 72 0.505 
1.00 1772.8 12.9 0. 77 0.537 
0. l 7 1502.4 12.8 0.80 0.569 
0.00 1990.4 14.9 0. 77 0.602 
0.05 2340.8 13.9 0. 73 0.634 
0.55 683.2 13.5 0.88 0.666 
0.01 1024.0 13.3 0.78 0.699 
1.05 657.6 12.9 0.90 0. 731 
1.77 339.2 12.2 0.90 0.763 
0.24 1500.8 10. I 0.83 0.796 
0.00 2505.6 12.4 0. 75 0.828 
0.00 1283.2 12.6 0.80 0.860 
0.00 2464.0 14.8 0.76 0.893 
0.00 2329.6 15.6 0.86 0.925 
0.00 2580.8 17.6 0.82 0.957 
0.06 2280.0 19.8 0.79 0.990 
0.00 1808.0 14.8 0.82 1.000 
0.00 2124.8 16.4 0.76 1.000 
1.02 952.0 14.8 0.82 1.000 
o.oo 1435.2 13.3 0.80 1.000 
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1.04 lOB 3. 2 14.2 0.83 1.000 
0.00 1792.0 15.9 o. 72 1.000 
l.OO 2264.0 15.8 o. 72 1.000 
0.15 1371.2 15.2 0.76 l. 000 
0.06 1403.2 13.0 0.70 1.000 
0.00 1768.0 12.0 0.69 1.000 
0.00 1729.6 13.4 0.72 1.000 
0.00 2334.4 15.7 0.75 1.000 
0.00 1523.2 14.0 o. 74 1.000 
0.00 1836.8 15.6 o. 76 1.000 
0.00 1932.8 16.7 o. 77 1.000 
0.30 1612.8 16.2 0.82 1.000 
0.00 2123.2 16.2 o. 73 1.000 
0.40 1715.2 16.0 o. 77 1.000 
0.00 1904.0 15.7 0.72 1.000 
0.00 1568.0 16.5 0.68 1.000 
0.00 2760.0 18.4 0.58 1.000 
0.03 1372.8 16.1 0.75 1. 000 
0.00 1940.8 15.6 0.78 1.000 
0.00 643.2 13.4 0.82 1.000 
0.14 795.2 14 .o 0.86 1.000 
0.05 1120.0 17.8 0.84 1.000 
0.74 507.2 16.4 0.90 1.000 
0.01 601.6 13.8 0.79 1.000 
0.00 1425.6 15.0 0.70 1.000 
0.92 1080.0 13.7 0.79 1.000 
0.01 1412.8 13.7 o. 75 1.000 
0.06 486.4 12.8 0.88 1.000 
0.01 2080.0 15.9 0.74 1.000 
0.00 1616.0 17.3 0. 79 1.000 
0.00 2315.2 18.4 0. 7 5 1.000 
0.00 1939.2 19.1 0.74 1. 000 
0.00 2118.4 20.9 0.70 1.000 
0.60 872.0 18.5 0.87 1.000 
0.05 1452.8 17.9 0.78 1.000 
0.05 1064.0 16.8 o. 77 1.000 
0.56 910.4 16. 1 0,83 1.000 
0.00 1467.2 16.8 o. 76 1.000 
0.10 1396.8 16.0 0.82 1.000 
0.00 1571.2 15.4 0.80 1.000 
0.00 2246.4 16.2 o. 73 1.000 
0.00 1776.0 19.2 0. 70 1. 000 
0.00 1299.2 19.6 0.74 1.000 
o. 75 782.4 15.5 0.84 1.000 
1.16 435.2 13. 1 0.93 1.000 
0.00 1723.2 14.9 0.80 1.000 
0.06 1256.0 14.6 0.85 0.982 
0.06 459.2 14.6 0.95 0.957 
0.00 654.4 1 7. 8 0.93 0.932 
0.00 1660.8 20.5 0.70 0.907 
0.00 1947.2 16.3 0.69 0.882 
0.00 1104.0 15.8 0. 77 0.856 
0.50 712.0 14.7 0.86 0.831 
0.01 1472.0 16.1 0.85 0.806 
0.00 923.2 16.7 0.86 0. 781 
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0.00 939.2 15.8 0.82 0. 755 
0.22 806.4 13.9 0.85 o. 730 
0.01 1528.0 13.2 0. 79 0. 705 
0.39 1376.0 13.0 0.78 0.680 
0. 47 1342.4 12.7 0.82 0.655 
0.37 1187.2 12.7 0.87 0.629 
0.83 1387.2 13.5 0.86 0.604 
0. 21 1435.2 13 .I Q. 79 0.579 
0.00 995.2 13.1 0. 75 0.554 
0.00 I 798. 4 14.8 0.81 0.529 
0.00 1948.8 18.0 0.70 0.503 
0.00 1696.0 18.4 0.77 0.478 
0.00 1491.2 20.6 0.79 0.453 
0.06 641.6 17.9 0.84 0.428 
1.16 460.8 14. I 0.89 0.403 
0.00 1384.0 13.9 0.84 0. 377 
0.00 1729.6 14.9 0.82 o. 352 
0.00 1811.2 17.5 0. 74 0.327 
0.00 1404.8 l7. 3 0.83 o. 302 
0.00 1236.8 18.4 0.83 0.276 
0.00 1116.8 17.9 0. 77 0.251 
0.00 1291. 2 16.9 0.83 0.226 
0.00 1150.4 16.3 0.84 0. 201 
0.00 358.4 14. 3 0.92 0.176 
0.00 771.2 13.0 0.80 0.150 
0.18 1188.8 11.0 0.76 0.125 
0.04 1452.8 10.3 0. 76 0.100 

2.5 1.6 0.9 
94.8 

250.0 3.0 3.125 0. 79 -70. 1000000. 
130.0 

40.0 
.ll41E+03 .9810E+02 .8060E+02 .6420E+02 .5120E+02 .4060E+02 .3020E+02 .2000E+02 

. 48001-:+01 .OOOOE+OO .OOOOE+OO .OOOOE+OO .OOOOE+OO .OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO .OOOOE+OO 

.50 

.4170E+07 .1700E+07 .8910E+06 .4900E+06 .3090E+06 .2040E+06 .1410E+06 .1050E+06 

. 7590E+05 . 5620E+05 .4070E+05 .3090E+05 .2290E+05 .1740E+05 .1310E+05 .1020E+05 

. 7760E+04 . 6030E+04 .4680E+04 . 3 720E+04 .2950E+04 .2400E+04 .1950E+04 .1590E+04 

. 1290E+0'• .1050E+04 .8510E+03 .7080E+03 . 5750E+03 .4790E+03 .3980E+03 .3240E+03 

.2630E+03 .2190E+03 .1820E+03 .1510E+03 . 1290E+03 .1070E+03 .8700E+02 .6800E+02 

.5000E+02 . 3600E+02 .2700E+02 . I 700E+02 .9000E+OI .OOOOE+OO 

. 6200E-·07 .1800E-06 .3900E-06 .7900E-06 .1400E-05 .2200E-05 .3500E-05 . 4900E-05 

.7300E-05 .IOOOE-04 . 1500E-04 .2100E-04 .JOOOE-04 .4200E-04 .5800E-04 . 7900E-04 

.J100E-03 .1500E-03 .ZOOOE-03 .2600E-03 .3500E-03 .4400E-03 .5600E-03 . 7300E--03 

.9300E-03 .1200E-02 . 1500E-02 . 1900E-02 .2400E-02 .3000E-02 .7000E-02 .1550E-01 

.2970E-01 .4760E-01 . 7060E-01 .9800E-01 .1250E+00 .1570E+00 .1950E+00 .2400E+00 

.2900E+00 . 3360E+OO . 3710E+OO .4150E+00 .4500E+00 .4950E+00 

.2S10E+06 .8910E+04 .1950E+04 .9120E+03 . 5130E+03 .3160E+03 . 2240E+03 .1900E+03 

.1820E+03 .1660E+03 .1580E+03 .1510E+03 .1450E+03 .1350E+03 .!290E+03 . 1200E+03 

.1150E+03 .1070E+03 .1020E+03 .9800E+02 .9100E+02 .8700E+02 .8100E+02 . 7700E+02 

. 7400E+02 . 6900E+02 .6600E+02 .6300E+02 .5400E+02 .4200E+02 .2600E+02 . 9000E+01 

.3000E+OI .OOOOE+OO 

.4300E-08 .2980E-05 .5880E-04 .2610E-03 .8050E-03 .2080E-02 .5720E-02 .1740E-01 
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.2270E-Ol .3640E-Ol .4990E-Ol .6270E-Ol .7640E-Ol .l060E+00 .1290E+00 .1730E+OO 

.2040E+00 .2660E+00 .3120E+00 .3560E+00 .4460E+OO .5ll0E+00 .6230E+00 .7100E+00 

.7830E+00 .9230E+00 .lOlOE+Ol .Jl20E+Ol .1510E+Ol .2240E+Ol .3780E+Ol .66l0E+Ol 

.BOSOE+Ol .1000E+02 
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Appondix 0: lmple of outpul 

liST : SHliHHN POTAIO[S 1979 YHOPOOIOL, PONOHXo0.5 
I~PU VARIABLES: 

OIPTH OF SOU PROFIL[ : 100.0 CH 
NUKBER OF COMPARTHEHTS : 10 
NUHBER OF SUIL lAlERS : 1 
HC - ARRAY : J 10 0 0 
OAR!IAN flUX INIIGRAHO AT BOfTON OF !OMPARININT NR : 10 

LV -ARRAY : 0.01 0.01 0.00 0.00 0.00 
HY - ARRAY : 0.46 0.34 0.00 0.00 0.00 
SNC - ARRAY : 0.46 0.34 0.00 0.00 0.00 

SAIUR!T!O HYORAULIC CONOUCTIYIIY Of FIRST SOlt LAY[R 0.495Et00 
fAC : 0.100[101 

SINX IIRN VARIABlES 

IRER INI ARIR BRIR 
0 0 0.1001-01 0.0001•00 

RNAH 18 Tl 
o.o 16\. 166. 

PO PUl Pll P1H PIL P1 
-10. -15. -15. -110. -600. -500. 

l - ARRAY : 139 156 18 19 5 9 

START OF CAUUlAIIONS : 118. OAYS 
!HO OI CAL!Ul!TIONS : 158, OAYS 
HAXINUH TIHI SliP : O.IOO!tOI OAYS 
HAllHUN CHANCE Of HOlSTURE CONliNT : 0.1001-01 CH"1/CH"l 
N!XIHUH CHANGE OF CROUNONAIIR liVIl : 0.1001t01 CH 

NUHII[R Of PRINTPlOTS : l 
PiiNTING INIIRiAl 60. OAIS 

P1 
-16000. 
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PQIJN~A!Y fONOITIONS !l JH[ TOP : 

OAY PR[CIPI!AliON SH. RA OI J.(Ki-11 li!PERATURE Rlt. HU"'OIIY lOlt COVER 

139 0. 00 1464.0 164.6 0. JOO 0.000 
140 0.10 636.4 161.4 0.160 0.000 
141 0.16 11J6.0 166.0 0.140 0.000 
lH 0.19 1916.4 166.4 O.J60 0.010 
143 1.41 1001.6 161.0 0,610 0.051 
144 1.11 1186.4 183.1 0.800 0.081 
141 1.16 1119.1 181.4 0.810 0.11J 
146 3.11 1476.6 165.9 0.810 0.149 
147 1.01 1419.1 184.6 O.J90 0.181 
148 0.00 1119.1 161.8 0.690 0.114 
149 0.10 883.1 190.9 0.830 0.146 
110 !.14 1918.4 191.9 0.810 0.119 
111 I. 43 1Jl3.1 191.9 0.840 o.JI1 
111 0.11 196.6 161.4 o.610 O.HJ 
liJ 0.00 1111.6 190.4 0.860 O.JJ6 
114 1.14 1116.6 191.4 0.710 0.406 
lil 0. 00 1851.6 193.6 0.800 0.440 
116 0.00 J66.0 189. J 0.840 o.m 
liJ 0.00 1904.0 16J.9 0.110 0.101 
118 1.00 1111.6 166.0 o.JJO o.m 
119 O.IJ 1101.4 161.9 0.600 0.169 
160 0.00 1990.4 188.0 o.JJO 0.601 
161 0.01 ll40.6 187.0 0.7)0 0.6!4 
161 0.15 68).1 166.6 0.880 0.666 
163 0.01 1014.0 186.4 0,180 0.699 
164 1.01 61J.6 186.0 0.900 O.JJI 
161 I.JJ JJ9.1 181.4 0. 900 O.J6J 
166 0.14 1100.6 183. J 0.630 O.J96 
16J 0.00 1505.6 165.5 o.JIO 0.818 
168 0.00 1163.1 185.8 0.800 0.860 
169 0.00 1464.0 18J. 9 0. 760 0.893 
ITO 0.00 1Jl9.6 188.8 0.860 0.915 
IJl 0.00 1580.6 190.8 0.810 0. 95J 
111 0.06 1180.0 191.9 O.J90 o. 990 
llJ 0.00 1808.0 161.9 0.810 1.000 
114 o.oo 1114.8 189. I O.J60 1.000 
111 1.01 951.0 161.9 0.810 1.000 
116 0.00 14JS.1 186.4 0.800 1.000 
I)) 1.04 1083.1 161.4 0.8)0 I. 000 
1!8 0. 00 I 791.0 189.0 0,110 1.000 
119 1.00 1164.0 188.9 o.J10 1.000 
180 0.15 I JJI.1 188.4 0. 760 1.000 
181 0.06 1403.1 186.1 O.JOO 1.000 
161 0.00 1168.0 181.1 0.690 1.000 
183 o.oo 1119.6 186. I 0.110 1.000 
184 0.00 1JH.4 188.9 O.J50 1.000 
185 o. 00 151!.1 181 .I 0.140 1.000 
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181 
11.8 
169 
19B 
191 
191 
193 
194 
195 
196 
191 
198 
199 
100 
101 
101 
1BI 
/04 
105 
106 
10) 
106 
109 
110 
lil 

111 
11 J 
114 
)1\ 

116 
111 
118 
119 
1/B 
111 
m 
m 
114 
115 
116 
m 
118 
119 
lJO 
1JI 
IJl 
IJ I 
IJl 

m 
116 
IJl 
118 
1J9 
140 

uo 
0.00 
B. JO 
O.BB 
B. 4B 
B.BB 
0.00 
0. OB 
0 .BJ 
B.BO 
0.00 
0.14 
B.B5 
O.H 
O.BI 
O.OB 
0. 91 
0.01 
0.06 
0 .OI 
~.00 

O.OB 
0.00 
B.BO 
B.60 
0. 05 
0. 05 
0. 56 
0. 00 
O.IB 
0.00 
0.00 
B.OB 
0.00 
0.15 
1.16 
uo 
Ub 
0.06 
0.00 
0.00 
0.00 
0.00 
B.50 
UI 
0.00 
0.00 
0.11 
UI 
0.19 
UI 
O.ll 
0.81 
0.11 
0.00 

1816.8 
1911.6 
1611.8 
1113.1 
1115.1 
1904.0 
I \68.0 
1160.0 
IJ11.8 
1940.8 
MJ.1 
195.1 

1110.0 
501.1 
6BI.6 

1415.6 
1080.0 
1411.8 
486.4 

1080.0 
1616.0 
1315.1 
1919.1 
1118.4 
811.0 

1451.8 
1064.0 
910.4 

1467 .I 
1196.8 
1\71.1 
/146.4 
1776.0 
1199.1 
181.4 
415.1 

111l.1 
1156.0 
459.1 
654.4 

1660.8 
1941.1 
1104.0 
111.0 

1411.0 
913.1 
919.1 
806.4 

1518.0 
ll76.0 
IH1.4 
1181.1 
! J8J.1 
lil U 
995.1 

-Jl-

188.6 
189.9 
189.4 
189.4 
189.1 
188.9 
169.6 
191.5 
169.3 
168.8 
166.5 
181.1 
190.9 
189.5 
186.9 
188.1 
186.9 
186.9 
185.9 
189.0 
190.4 
191.5 
191.1 
194.0 
191.6 
191.0 
189.9 
189.3 
189.9 
189.1 
186.5 
189.4 
191.4 
191.8 
188.6 
186.1 
188.0 
181.8 
181.8 
190.9 
191.6 
189.4 
188.9 
181.9 
189.3 
189.9 
188.9 
181.0 
186.4 
186.1 
185.9 
185.9 
186.6 
186. J 
186.3 

0.160 
0.110 
0.810 
o.JJO 
o.IIO 
o.l10 
0.680 
0. 580 
0.150 
0.180 
0.810 
0.860 
0.840 
o. 900 
0.190 
0.100 
0.190 
0.150 
0.880 
0.140 
0.190 
0.150 
0.140 
0.100 
0.810 
0.180 
o.IIO 
O.SJO 
0.160 
o.810 
0.800 
o.IIO 
0.100 
0.140 
0.840 
o. 910 
0.800 
0.850 
0. 950 
B. 910 
0.100 
B.69B 
B.IJB 
B.86B 
o.m 
0.860 
O.SIO 
0.850 
0.190 
o. 180 
0.810 
0.810 
0.860 
o. 190 
o. 750 

1.000 
1.000 
l.BOO 
I.OOB 
1.000 
1.000 
1.000 
l.OOB 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
J.OBB 
l.BBO 
J.OBO 
J.OBO 
1.000 
1.000 
1.000 
1.000 
I.OBO 
1.000 
1.000 
1.000 
1.000 
1.000 
l.OBO 
1.000 
0. 981 
0. 951 
0.9Jl 
0. 901 
0.881 
0.856 
0.831 
0.806 
0.181 
0.155 
o.IIO 
0.105 
B.680 
0.655 
0.619 
B.604 
0.519 
o. 554 
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141 0.00 1198.4 181.9 0.810 0.119 
141 0.00 1948.8 )91.1 0.100 0. 50 I 
141 0. 00 1696.0 191.\ OJJO 0.418 
144 0.00 1491.1 191.8 0.)90 o.m 
145 0.06 64 !.6 191.0 0.840 0.416 
146 1.16 460.8 181.1 0.890 0. 401 
141 0.00 ll84 .0 181.0 0.840 o.m 
148 0.00 1119.6 188.0 D.BIO 0.311 
149 0.00 181 1.1 190.6 0.140 O.lll 
110 0.00 1404.8 190.4 0.810 0.101 
151 0.00 Jll6.8 191.5 0.810 0.116 
111 0.00 1116.8 191.0 0.710 0.151 
15J o.oo 1191.1 190.0 0.630 0.116 
154 o.oo 1150.4 169.4 0.640 0.101 
155 0.00 356.4 161.4 o. 910 0.116 
156 0.00 111 .1 166.1 0.600 0.150 
151 0.18 1188.8 184.1 0.160 0.115 
158 0.04 1451.8 163.4 0.160 0.100 

lHE FUHCTIOHS Of GICHI, lAJIS[J AHO fiHIPiW 
--- --------- -- ----- ------- ---

lAl~ 1.500 ' SC I 1.600 ' SC"1 I 0.900 ' SC"3 

fiNIPRfCl~ SC' 0.169' PRH"I 0.51-0.1181' IPifC- 0.06ll FOR.PifC.l f. 1.00 CH/DAY 
fiNIPRECb SC ' 0.19 FOR.PRrC.Gf. 1.00 CH/DAY 
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C!lCUl!IIO! Of POI!NII!l fiAPOIRANIPIRAfiON 

POI[NII!l IRANIPIRAfiON RAT[ lmDAil 

0!1[ OAY fPOf fSOil !PlANT 0.0 

19 \ IJ? 0,46 0.41 0.00 I 

10 j 140 O.IJ 0.11 0.00 I 

lf \ f4f 0.1) 0.11 0.00 I 

2l S 141 0.18 O.H 0.05 ,_, 
l3 5 14l 0.19 0.16 O.Ol t-t 

14 \ 141 O.ll 0.18 0.0\ 1-1 
1\ j 14\ 0.11 0.11 0.06 1--1 
26 5 146 O.l9 0.10 0.08 t---• 

21 s 147 0.17 0.18 0.09 1----· 

l8 5 148 0.4) 0.28 0.17 1-------· 

29 ~ 149 0.19 0.11 0.08 1---t 

0.1 

10 \ 1\0 0.43 O.ll 0.10 1---------1 
ll j 1\1 0.51 0.16 0.11 1------------1 

6 152 0.16 0.01 0.08 1---1 

6 lil O.ll 0.15 0.19 1--------1 
6 114 0.49 0.10 0.19 1--------------1 

4 6 115 0.41 0.11 0.16 1------------1 
) 6 156 0.16 0.05 0.11 t----1 

6 6 lH 0.19 0.12 O.l1 •------------• 
6 1\8 O.H 0.10 0.11 1-----------1 

8 6 119 0.19 0.01 0.11 1----------1 
9 6 160 0.41 0.09 0.)1 1---------------1 

0. 4 

10 6 161 0.41 0.10 0,)) 1------------------1 
11 6 161 O.ll 0.01 0.11 1----1 
11 6 161 0.10 O.Ol 0.11 1-------1 
IJ 6 164 0.11 0.01 0.11 1----1 

14 6 165 0.06 0.01 o.os ·--· 
1\ 6 166 0.11 O.Ol 0.14 1-----------1 
16 6 161 0.48 0.0\ 0.43 1---------------------1 
IJ 6 168 0.1\ 0.01 O.IJ 1----------1 
18 6 169 0.10 0.04 0.46 1----------------------1 
19 6 110 0.48 O.Ol 0.45 1----------------------1 
JO 6 IJl 0.16 O.OJ 0. 51 1-------------------------t 
11 6 IJl 0.\1 0.01 0.49 1-----------------------1 
11 6 IJl O.Jl 0.01 O.J\ 1-----------------1 
IJ 6 114 0.41 0.01 0.43 1--------------------1 
14 6 IJ\ 0.19 0.01 0.18 1--------1 
2) 6 116 0.28 0.01 0.21 1------------· 

16 6 171 0.11 0.01 0.11 1---------1 
11 6 118 O.Jl 0.01 0.36 1-----------------1 
18 6 119 0.41 0.01 0.45 1---------------------1 
19 6 180 0.28 0.01 0.21 ·------------· 
JO 6 181 0.11 0.01 0.16 1------------1 

1 161 O.H 0.01 O.JI 1---------------1 
1 183 0.34 0.01 O.ll 1---------------1 
1 184 0.48 0.01 0.46 1----------------------1 

0.6 0.6 1.0 1.1 I. 4 SEP SES PHS YPO 

I 0.00 0,4/ -,418(106 4.1 
I 0.00 0,5) -,J11[106 ).9 
I 0.00 0,)4 -,406(106 ),9 
I 0.0\ 1.01 -.310[106 ),1 
I 0.08 f.ll -,18)[106 1.6 
I O.ll 1.41 -.191[106 1.\ 
I 0.19 1.51 -,/64(106 1.1 
I 0.1J (,)) -.184[106 1.8 
I 0.16 1.9\ -,)16[106 1,8 
I O.IJ I.IJ -.\OlE106 \.1 
I 0.61 I.J4 -,/\\[106 1.4 
I 0,8( 1.\1 -,19((106 4.4 

1.06 1.83 -.140[106 1.\ 
1.14 1.90 -.188[106 1.1 
l.ll J.O\ -.106[106 1.1 

I 1,6) J.15 -,4\1[106 ),5 
I 1.89 J.40 -.)08(106 4.8 
I 1.00 J.4j -.1J/ll06 1.9 

1.16 UI -,44\[106 u 
I 1.11 ).61 -,)\1[106 J.4 
I l.ll J.H -.300[106 l.O 
I ),04 ),84 -,J\4[106 ),9 

I ),4( J.9J -.415[106 4.J 
I J,\1 ),96 -,1Jl[l06 (,9 

I ).69 ),99 -,JJ\[106 ),4 
I ),)9 4.0( -,(41(106 f.5 
I ),8\ 4.01 -,(4)[106 1.1 

I 4.09 4.05 - ,148[ 106 /.I 
I UI 4.09 -.38)[106 3.6 
I 4.Jj 4.fl -,)00[106 1.9 
I \.11 4.1\ -.J/1(106 4.0 
I \.66 4.18 -.10\[106 1.1 
I 6.19 4.11 -,1JZ(I06 J.6 
I 6.68 4.14 -,)1\[106 4.8 
I 1.0) 4.16 -.169[106 l.O 
I 1.45 4.18 -. JH[ 106 U 
I 7.64 4.16 -.169[106 l.O 
I 7.90 4,J0 -,)01[106 ),I 
' 8.11 4.31 -.1\1[106 1.6 
I 8.41 4.J1 -,441(106 \.f 
I 6.91 4.J4 -,441[106 \.0 
I 9.18 4.36 -,J)j[t0ó 4.1 
I 9,44 4.J1 -.46([106 U 
I 9.16 4.J8 -,498[106 4.J 
I 10,09 4.40 -,44J[I06 4.J 
I ID.\5 4.41 -.)9([106 4.1 
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4 I 185 O.JO 0.01 0.19 1···········--+ 
\ J 186 0.38 0.01 O.J6 •·················I 
6 7 181 0.41 0.01 0.39 1··················1 
1 1 188 O.H 0.01 o.J1 +···············+ 
6 1 189 O.H 0.01 O.U I····················+ 
9 7 190 0.36 0.01 O.H 1················1 

10 1 191 0.39 0.01 0.38 I··················+ 
11 1 191 O.Jl 0.01 O.ll 1···············1 
11 1 191 0.60 0.03 0.58 1···········--···············1 
IJ 1 194 0.19 0.01 0.11 •·············I 

11 1 195 0.40 0.01 0.18 •··················• 
15 1 196 0.11 0.01 0.11 1·····1 
16 1 191 0.16 0.01 0.15 •·······I 
IJ 1 198 0.14 0.01 0.1J +-·········+ 
18 7199 0.10 0.00 0.10 1····1 
19 7100 0.11 0.01 0.11 1·····1 
10 1 101 0.19 0.01 0.18 1·············1 
11 7 101 O.ZI 0.01 0.10 1·········1 
11 1 lOl 0.18 0.01 0.11 1············1 
1J 1 104 0.09 0.00 0.09 1---1 
14 1105 0,13 0.01 0.41 1----················• 
15 J 106 Q.l4 0.01 O.JJ 1---············1 
16 1 101 0.51 0.01 0.48 1·······················1 
11 1 108 O.H 0.01 0.41 1·············--····1 
18 1 109 0.48 0.01 0.46 1·-····················1 
19 7 110 0.19 0.01 0.18 1········1 
JO 1111 O.ll 0.01 O.JO 1--············1 
ll 7 111 0.11 0.01 0.11 1-·········1 
I 8 liJ 0.19 0.01 0.18 I········+ 
I 8 114 O.JI 0.01 0.30 1··············1 
3 8 115 0.19 0.01 0.18 1···--········1 

8 116 O.Jl 0.01 O.JI l··············t 
\ 8 111 0.47 0.01 0.45 •······················ 
6 6 118 0.39 0.01 0.)8 I··················+ 
1 8 119 0.19 0.01 0.18 •···--········1 
8 8 110 0.16 0.01 0.15 •·······I 
9 8 111 0.08 0.00 0.08 •···I 

10 8 m o.J5 o.o1 o.JJ •-·····--·-------~ 

11 8 lil 0.15 0.01 0.14 1········--·1 
11 8 m o.o9 o.o1 o.o9 1---1 

11 8 m o.l4 o.o1 0.11 •-----·• 
14 8 116 0.18 O.Ol 0.35 +················I 
15 8 lil 0.41 O.Ol 0.18 1··················1 
16 8 ll6 O.ll 0.01 0.11 +·········I 
IJ 8 119 0.14 0.01 O.ll 1-----1 

18 8 IJO O.ll O.Ol 0.17 1--···········1 
19 8 1)1 0.19 0.01 0.11 •········I 
10 8 1Jl 0.19 0.01 0.11 1·······1 
11 8 IJl 0.16 0.01 0.14 •······I 
1l 8 lH O.JO 0.05 0.15 1---·········1 
11 8 m 0.11 o.o5 o.n 1-------···1 
14 8 1J6 0.16 0.05 0.11 1·········1 
15 8 ll1 O.IJ 0.05 0.18 1········1 
16 a IJB 0.11 0.06 0.11 1··········1 
11 8 lJ9 0.18 0.07 0.11 1-·--······· 

I 10.84 4.4J ·,40)[106 U 

I 11.10 4.4\ ·,Jil!J06 4.J 
I 11.\9 4.47 ·.J\7[106 u 
I 11.91 4.48 ·,110[+06 J.l 
I II.H 4.\0 ·,4/9[106 5.0 

I 11.68 4.\1 ·,)56!106 4,1 
I IJ.06 4.\4 -,44)[106 \,0 
1 IJ.ll 4.\\ ·.\16[106 6.0 
I IJ.9\ 4.\8 -,)48[106 8.9 

• 14.11 4.\9 -.)91!106 4.6 
t 14.60 4.61 ·.JJ8E106 J.9 
I 14.71 4.61 ·.168[106 1.8 
I 14.81 4.61 ·,104[>06 1.1 
I 15.10 4.61 -.139[106 ), J 
I 15,10 4.64 ·,144[106 1.9 
I 1\.ll 4.64 -.JI8[106 J.J 
I 15.\9 4.66 ·.484[106 5.1 
I 15.19 4.61 -.)18[106 J.l 
I 16.06 4.68 ·.J89[106 ).9 
I 16.15 4.68 ·.1)1[106 1,8 

I 16.56 4.10 ·.410[106 u 
I 16.89 4.11 ·,)11[106 4.1 
I ll.ll 4.14 ·.395[106 5.l 
I 11.18 4.16 ·.414[106 5.1 
I 18.14 4.18 -.494E+06 1.4 
I 18.41 4.19 -.191[106 1.8 
I 18.71 4.80 ·,J40!J06 4,\ 
• 18.94 4.81 ·,J\1[106 4.4 
I 19.11 4.81 ·.1\4[106 3.1 
• 19.41 4.84 ·,ll\[106 4.6 
I 19.69 4.85 ·,110[106 ),) 
I 10.00 4.86 -.)0)[106 ).5 
I 10.45 4.89 ·.419[+06 \.0 

• 10.81 4.90 ·.491[106 6.7 
• 11.10 4.91 ·.415[+06 \.9 
+ 11.1\ 4.91 ·,IJI[t06 1.8 
I ll.ll 4.9J ·.918[105 1.1 
I 11.61 4.94 ·.)0)[106 l.4 
I 11.91 4.95·./10[+06 1.\ 
I 11.99 4.96 -.695[10\ 0.8 
I 11.11 4.91 ·.994[+05 1.4 

I 11.47 4.99 ·.491[ 106 1.1 
I 11.85 \,Ol ·.\06[106 5.1 
+ IJ.OI I.OI·.l56E+06 4.1 
• 13.18 5.06 -.104!106 1.l 
• 1),46 5.09 ·.111[!06 1.1 
t IJ.6J 5.11 ·.106[+06 1.1 
I IJ.J9 5.14 -.110[106 J.l 
• ll.9J 5.11 ·.110[+06 1.4 
• 14.18 1.11 -.118[+06 J.l 
• 14.40 5.16 •. ll\l 106 u 
• 14.61 5.31 -.16)[106 1.6 
I 14.79 5.16 -.18)[106 1.9 
I 15.00 5.41 -.IOU+06 l.l 
• 15.11 5.49 -.)18[106 1.1 
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18 8 l40 0.19 Q.05 0.1~ 1------1 

19 8 141 0.16 0.10 0.16 1------------t 

JO 814l 0. 41 O.ll 0.19 1--------------1 

11 814l 0. )1 0.11 0.15 1-----------1 

I 9/H 0.14 0.11 0.11 i----------1 

I 9145 0.14 0.01 0.08 1---1 

l 9 l46 0.09 0.04 0,0\ f--1 

9141 O.ll 0.11 0.16 ·-------· 
9 146 o.JI 0.16 0.19 1--------t 

6 9 149 0.19 0.19 0.10 1---------· 
9 110 O.JO 0.11 0.14 1------t 

8 9 111 O.ll 0.11 0.11 1-----1 

9 9 I\ I O.l4 0.14 0.10 ·----· 
10 9 lil O.ll 0.11 0.11 ·----1 

11 9 154 O.l4 0.11 0.09 t ---1 

11 9 115 0.07 0.01 0.01 11 
IJ 9 116 0.11 0.10 0.04 t-t 

14 9111 O.ll 0.16 0.06 I --1 

Ij 9 158 0.16 0.10 0.06 1--1 

In lltll U t1111tllflt11Utfllfl UU tilfitlil I I utt I 

0!1[ 011 [POl [\Oil [PlAN! 0.0 0.1 0.4 

OOUNOARY CONOIIIOH Al BOTTOK OI SOlt PROl lH : 
-------- --------- -- ------ -- ---- -------

flUX IOM!ROS OITCII[S ANO OHP PERCOlAll ON 

OISTANC[ 8[fNHN IHE CHANNHS 
RADIAl RESISJAN([ Of TH[ CH!NNH 

110. " 
O.l00[t01 OAV/K 

TR!NIKISIIYIIY ISAIU!AJ[O FlOWI : O.J!li[IOI K"l/OAY 
REOUCTION CO[ff!CIEHI !AlPH!RI 0.790 
OHP GiOUNOW!T[i lfVll -JO. CK 
RfSIII!N([ Of SEKI·INPERN[A81[ LAYER : 1000000. O!Y 

lH[ N!HR lEV[[ IN TH[ CH!NNflS IS CONST!Nf : -IJO.OCN 

!Hf ROOIING O[PIH IS COHST!NI o -40.0 CN 

IHITI!l CONDITION : 

11111 PRfSSURE HE!O PROfiLE IS GIYEN 11111 

·0.1141[10) ·0.9810[t01 -0.6060[101 -0.64/0[101 
-0.4060[10/ ·O.J010[t01 -0.1000[101 -0.1600[101 

0.0000[100 0.0000[100 0.0000[ 100 0.0000[100 
0.0000[100 0.0000[100 0.0000[100 0.0000[ 100 

0.6 0.8 1.0 

·0.5110[101 
0.0000[100 
0.0000[100 
O.OOOO[tOO 

I 1U6 5. j4 -. 188[ 106 1.8 
I 11.61 1.61 ·.186[106 l.1 
I /\.91 1.18 -.489[106 6. I 
I 16.1\ \.90 ·.119[106 4.9 
I 16.11 6.01 -.)16[106 1.1 
I 16.46 6.01 ·.1J9[106 l.l 
I 16.11 6.11 -.118[106 1.6 
I 16.61 6.11 -.IJ6[ 106 l,j 

I 16.81 6.39 -.169[106 l.l 
I ll.OI 6.16 -.411[106 u 
I lJ .10 6.Jl -.11\[106 J. 4 
I IJ.JI 6.86 -.116[106 1.6 
I ll.41 7.01 -.116[106 4.1 
I 11.\l 7.18 -.114[106 1.J 
I 11.61 1. H -.IJ6[ 106 l.O 
t 11.64 J.l8 -.IIJ[I06 l.l 
I 11.68 7.49 -.)01[•06 l.O 
t 11.14 7.61 -.]61[106 1.1 
t 11.80 7.65 -.366[106 J. 0 .... , ......... , .... , 

1.1 I. 4 SEP m PH\ VPD 

I 
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WHfM POMOIMG OCCURS, HAX. 0, 5 CK. iAHR IS ALLOi[O OH IOP Of lH[ IOil SURf!([. 

SUil PHISIC!l PARAK[I[RS Of SOli lAYfR NR : 

mm PR.H[AO CONOUC IH[lA PR.Nl!O COHOUC lH [[A PR.HlAO CONDUC lHfTA PR.HlAD CONDUC 
CK CK/OAV CK CK/O!Y CK CK/DAV CK CK/DAY 

0. OI -0.411[•07 0.610[-07 0. OI -0.110[107 0.180[-06 0.01 -0.891[•06 0.190[-06 0.04 -0. 490[106 0. 790[-06 
0. 0\ -0.J09[t06 0.140[-0S 0.06 -0.104[106 0.110[-0S 0.67 -0. Hl[ t06 0. JSOHS 0.08 -0.105[106 0.490[-05 
0.09 -0. 1\9[ •OS O.BOf-05 0,10 -O.ló1E•05 0.100[-04 0.11 -0.40)[t0l O.ISOl-04 0, 11 -0. 309[105 0.110[-04 
O.ll -0.119[ •OS UOOl -rH 0,14 -0.174[ tOS 0.410[-04 0.15 -O.I11[t0S O.S80[-04 0.16 -O.IOI[tOS 0. 790[-04 
0.17 ·0.776[104 0.110[-0J 0.18 -r).60J[ tOl O.ISQ[ -OJ 0.19 -0.468[104 0.100[-0) 0.10 -O.Jll[t04 0.160[-0J 
0.11 -0.195[ •04 0. i\0[-0) 0.11 -O.HO[t04 O.HOHJ O.ll -0.19SE•04 0.560[-01 0.14 -0.159[•04 O.JJOf-01 
0.15 -0.119[104 0.?)0[-QJ 0.16 -O.IOS[t04 0.110[-01 0.11 -0,851EtOJ O.ISOE-01 0.18 -0. 708E tOl 0.190[ -01 
0.19 -O.S7\[tOJ O.HOf-01 0. JO -0.419E•Ol O.JOOE-01 0. Jl -0. 398[101 0. 700E-OI 0.11 -O.JlUt01 O.IS5E-OI 
O.JJ -0.163[•01 0.197E-01 O.H -0.119[t0J 0.416[-01 0. 1S -0.181Et03 O.J06HI 0.16 -0.151[t0J 0.980[ -OI 
O.ll -O.Il?ftOJ O.ll5[oOO 0.18 -O.IOJft01 o.1mooo 0.19 -0.870[10) 0.195[100 0.40 -0.680[t01 O.HO[tOO 
0. 41 -O.S00[101 0.190[•00 0. 41 -0.16Q[t01 O.ll6!100 o.n -O.IJQ[oOI O.l11[100 0.44 -0.170[t01 0.415Et00 
0. ~~ -0.900[111' il,410ft0il 0.16 0.000[100 0.49\[100 0.47 0.000!•00 O.OOOltOO 0. 48 0.000[100 0.000[100 

SOIL PHi\IW PARAKWRS OI SOil l!lfi HR ' I 

TH []A PP..I![AO COHOUC IHFIA PR.HEAO CONOUC IHFIA PR.Hl!O COHOUC fH(IA PR.HIAO COHOUC 
CK CH/OAY CH CH/0!1' CK CH/DAY CK CK/OAY 

0.01 -0.1\I[•Ob 0.4lill-OR 0. OI -0.891[ 104 0.1981·0\ 0.01 -0, 19\[ I 04 0.S88[-04 0.04 -0.91)[•01 0.161E-01 
0 .os -0. \IJ[IOJ 0.80\l-01 0. 06 -0.116EtOl 0.108!-01 0.07 -0.114!•01 O.Slll-01 0.08 -0,190[t0J O.IHHI 
0. 09 -O.I81E•OJ O.lllf-01 0.10 -0.166Et0l 0.1B4l-OI o. 11 -O.IS8Et01 0.499[-01 0.11 -O.ISI[t01 0.61JHI 
O.ll -0.14\[10) 0.164HI 0.14 -0.11\Et01 0.106E•OO 0.15 -0.119[101 0.119[t00 0.16 -0.110lt01 O.I)J[tOO 
o.n -0.11\[10) 0.104[100 0.16 -O.IO][tOJ O.l66E•OO 0.19 -0.101[101 O.JIIEtOO 0.10 -0.980ft01 0.156[t00 
11.11 -0.910(;01 0.446ft00 0.11 -0.870[101 0. \lil •00 0.11 -0.810[•01 0.61J[t00 0.14 -0.170[10) 0.110[100 
0./1 -0.140111ll O.JRifiOO 0.16 -o.o9or•ol o.mr•oo Ul -0.660[t01 0.101[101 0.18 -0.6!0[101 0. 111[ tOl 
n .19 -0. HO[ •OI 0.1\1! tOl 0.10 -0.4l0lt01 O.ll4ft01 0.11 -0.160! tOl 0. J18E tOl O.ll -0.900[101 0.661[101 
O,Jl -O.JOOl•OI 0.80\[101 O.H O.OOOE•OO 0,100!•01 0.1S 0.000[100 0.000[t00 0.16 o.oool•oo o.ooor•oo 
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I I 11~ : !IR. d,1y•. lt1r step· 0.100[ 09 day nu1bN of I tic slrp~ 

CPI ec O.OtlO u e~nlcep : 0.000 ,, cptnl d f:: 0.000 " e~nldl: 0.000 " 
(pt'f I 0.000 " cpfr dOSp:: 0.000 " cpsevap = o.uoo (I uunoll = 0.000 Cl 

~I' Ir 0.000 Cl •ctrJnsp :: 0.000 "' 'rsevdp 0 0.000 co' llud 0,094411 co/day 
cl lxsd o 0.000 " cllxsdp o 0.000 Cl cllxsdn = 0.000" f txsd 0. 000000 co/ day ISdo JO 
d !~bJJ : 0.000 Cl I lx~u 0.000000 colday 
cqde~p :: 0.000 " cqdeepp = 0.000 (I cqdeepn o 0.000 (I qdeepa o -0.010199 co/day 
cdello ' -O.OH co cdellopo 0.000 Cl edel! on' -O.OH co delta ,-O.Jllf-01 co 
vo! inti= 61.11lco vol ' 61.019 Cl gwlo ' -94.6 " drza -40.0 Cl n ' 9 

co1p, nr leve I I hela pr .heod condut root ext c.rool ed CUI.Nilfer ""'" co1p. nr 
I col Ivo !I I col lco/doyl I 1/dayl I col I col lco/dayl 

-\.0 0.1/J -0.114[>0) 0. 141! tOO 0.000!•00 O.OOOE•OO l. 766 0.958[-01 
- ~ S.Q O.JR4 -0.981!t01 0.114ft00 0.000(100 0.000[100 1.611 0.14)(100 
-15.0 0. J9J -0.806[>01 O.IIO!tOO 0.000(100 O.OOOEtOO I 1.546 0. JOU tOO 
-15.0 0.116 -0.64/[tOI 0.108(101 0.000!•00 0.000[100 14.106 0.40)(100 4 
-45.0 0./91 -0.51lE•OI 0 .168[ tOl 0.000[ tOO 0.000[•00 11.119 0.110[ 100 5 

(o -\\.0 0. JOl -0.406[101 O.IJI(•OI 0.000(100 0.000[t00 10.118 O.IIJ(IOO 6 
I -1/).0 0. JOl -O.IOIH01 O.Jl8[t01 0.000[ •OO 0.000[•00 IJ. JIJ 0.60)[ -OI 7 
6 -1\.0 0.114 -0.100!•01 0.418(101 0.000[ •OO 0.000! tOO 16.447 0,1 )6[ •OI 8 
q ·6\. 0 0.117 -0.460(101 0.16)[101 0.000[ 100 O.OOO!tOO 19.711 0.1 16! tOl 9 

10 qrl. 0 0. HO 0.000! tOO 0.100[t01 0.000[100 0.000! tOO JJ.II 1 -0.108[-01 10 
11 -10' .0 0.140 0.000[100 O.IOO!tOI o.ooor •oo 0.000!•00 16.511 -0.108! -OI 11 
I I - !1~.0 0. HO 0.0001 tOO 0.100[t01 O.OOO[tOO 0.000! •OO 19.91J -0.108! -OI 11 
11 -115.0 0, HO 0.000[t00 o. 100!•01 0.000[ tOO 0.000! tOO 4l.!IJ -0.108[-01 IJ 
14 I J\.0 0.140 U OOI tOO 0. lOOitOl O.OOOEtOO O.OOO!tOO 46. JIJ -0.1081-01 14 
1\ -145.0 O.HO 0.000[ 100 0.100[101 O.OOOitOO 0.000[100 \0. liJ -0.1081-01 15 
16 -1\\.0 ü.llO O.OOOEtOO 0.1001•01 O.OOO[tOO 0.000[•00 \J.\IJ -0.1081-01 16 
11 ·16\.0 O.HO 0.000[100 0.100[101 0.000[100 0.000[t00 56. 91J -0.1081-01 IJ 
18 -I)\, 0 O.HO O.OOOEtOO 0.100[ tOl 0.000[100 O.OOO!tOO 60.JIJ -0.1081 -OI 18 
19 -18\,0 0.140 0.0001•00 O.IOO!tOI 0.000[t00 0.000[•00 6J.JIJ -0, 1081 -OI 19 
JO -195,0 O.HO 0,0001•00 0, lOOitOl O.OOO!tOO O.OOO!tOO 61 .liJ -0.1081-01 10 

ICW-nota 1636 
Team Integraal Waterbeheer 
Alterra-WUR



-39-

1UIUitiiiiiUHUIIUifHIIII SQt! IOiSfUreCOnfenf profile df ftle: 138, ddyS IIIIIIIIIIIIIIIIIIIUIIIIIIIJII 

lml lh•la .0 0.1 0.1 0.3 0.4 0.5 O.b 0.1 0.6 0.9 I. 

-5.0 0.111 1·----------- ·-- ---------------------1 1//llllllllllllllllllllll/llll/ll/llllll/l/1111111/111 
-1\.0 0.164 1------------------ -· --------·---·----1 lil! ll/1/l//lllll/1/l/11/l/1/ll/11/l/111/llllll/111 [/I 
-2\.0 0.393 1---· ----------------------------------1 ll/11/l/l/ll/1111/ll/11//1/llll/lllllll/11/llll/11/111 
-35.0 0.116 '---------------------------1 llll/1111/l/11111111//l/11/ll/11111/ll////111111//ll/11//ll//l/lll 
-4\.0 0.191 1----------------------------1 llllllll/1/l//111/ll//ll/11/111/llll/1/lllllll/1/1/l//l/11/1/ll//1 
-55.0 0. JOl I---- -------------------------1 /l//////l///////l/l/1//l/////l/l////////////////l/l/////l////l///l 
-6\.0 0.301 1--------------·----------·----1 ll///lll//ll////lll//l/l/l/1/lll//ll//llllll/11/l//llll/11/llll//1 
-15.0 0. 314 1------------------------------1 l//11//lll/1/l/11//ll/11/llllllllll/11/11/l/l/1/lllll/llll/lll/111 

-6\.o o. m 1-- ------------------------------1 '""'''"''''''''"'''"''''"'''''''''"'''"''"'"''"'''"''~ 
-95.0 0.340 l---------------------------------l////l/111/l/l//l/1//l//////l/////ll////l//ll///////////l///////l/1 

-I 0\.0 0. HO I ---------------------------------l////////l///l/l//l/////l/ll///////l/////l//////////////l//l////l/1 
-115.0 0. HO 1-------------- ·---------·--------1//lllll////////l/l///l///l////////////////l////l//////////l//////l 
-115.0 0. HO 1------------------- · ·- · ------ ·-· -1///ll//ll/l///l/////l//////// 1/ 1//lll///1//ll/1/1/ll/1// 1/ l/1/ll/1 
-13\.0 0. HO I--------------------------------- 1/1/1/11 "/l//ll/1/1/llllllllllll/111111" lll//l/1111/l//1111/ll/11 
-145.0 0. 340 1---------------------------------1/ "//1/1/1/llll/1111111" 1//1/11//ll/1/" llll/111/1/l/l/1111//1//1 
-I 55.0 0. 340 1----------------·----------------l///////l//l////////////" 11//l/11//l/l//1//ll/1/ll//l/1/11/lll/111 
-165.0 0. HO 1------ ---------------------------l/l/1/lll/111/111/i/ll/1//1/lll/l/l//1// 1/ lil 11 /1//l/11111 11 ll/1//1 
-115.0 0. HO 1---------------------------------l///l///ll////////////l///l//l//l////1/l/////l//l//l////////ll////l 
-165.0 0. HO 1---------------------------------1//11/1111//11//11111 ///l//1//111/l/1/llll/1/11//ll/11/1/ll/1/ll//1 
-195.0 0. HO 1--- -------------·----·-----------l////l////l///1//// 11 l/lllll/llll/11//ll/1/ll/1//lllll/l/llll/1///1 

(I 'I'Oi. tl U lt 11 n 1un 1 U lltll lltlllltlllltlllll Hlltllllj1111tl111t1111tll 11 tlllltllllttlll 1nn 1uH t11tl I 

0.1 0.1 0.3 0. 4 0.5 0.6 o. 1 0.6 0.9 I. 
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!lil' : 198. dav' I"' slep~ O.ZOOitOO day nu1ber of f111.l' slrp~ H1 

<;pree 19.0)0 " rmlcep = 1.9l4 " cponfolt~ ZI.O% co c•nlilt = IO.Z69" 
cpel1 !9.1)6 Cl cplranspo 15.101 co cpsevap : 4.(1}4 (I crunoff = 16.811 Cl 

cetr 4.0)6 (I •ctransp = O.HI t1' 'cseYap ' L'i97 u• lluxl ~ -0.585Z41 co/day 
dI xsd = -Z.IZO" cfiiSdp ~ ).416 Cl dhsdn ' ·\.6J6 co flxsd ~ 0.000000 Cl/day tsd' zo 
dI 1bu ~ 0.000 Cl 11 •bu ' 0.000000 co/day 
cqdeep ~ -Z.08J Cl cqdeepp ~ 0.000 Cl cqdeepn ' -Z.06J co qdeepa ' -O.OJ4490 co/day 
edel la ' -1.511 (I edel lap' 1.18) (I ede flan~ ·4.114 (I del I a ~ 0.1 ZJE-06 Cl 

volmd= 61.11) " vol , 1Lm" gwla ~ -18.0 Cl drza -40.0 " n ' 1 

coap, nr level I het a pr .head conduc root exf c.root ext cua.11ater fluxes coap. nr 
(cpl fvofl I col lu/dayl 11/day J I col lul lu/dayl 

-u 0.445 ·O.JlOfiOZ O.HlEtOO o.mE-oJ 0.188[ •OO tm 0.868f-Of 
-r 1.0 tJ.-1\1 -0.100[101 0.480Et00 0.000[ •DO 0. 1641 tOO 9.011 0.8681-01 

1 -25.0 0.460 -O.IOOE-06 0.495[100 0.000[100 0.468E-Of 13.611 -O.H5f-OI 
4 -J\.0 0. HO -0.100[ ·06 O.IOOE•OZ 0.000(100 0.4141 -Of 11.011 -O.H\f-01 4 
j -45.0 O.HO ·0.100[-88 O.IOO[tOZ 0.000[t00 0.000[100 zo. 411 -O.J45f-01 5 
6 ·\\.0 O.HO -0.1001·08 0.100[t0Z 0.000[100 0.000[100 ZJ.811 -O.J45f-OI 6 

·6\, 0 O.l40 -0.1001-08 O.IOOE•OI 0.000[100 0.000[100 ll.ZII -O.J45HI 1 
8 -15.0 0. HO -0.1001-08 O.IOO[tOZ 0.000[100 0.000[ 100 J0.611 -O.J45f-OI 8 
Q -8\.0 U. HO -O.IOOf-08 0.100[10Z 0.000[100 0.000[100 )4.011 -O.HS!-01 9 

I 0 ·91. 0 0.140 -O.IOOH8 O.IOOf•OZ 0.000[100 0.000[100 JJ. 411 -O.H5HI 10 
11 ·105.0 0. )40 -0.100[ -06 0.100[t01 0.000[100 0.000[t00 40.811 -O.J45HI IJ 
I i -115.0 0.140 -0.1001-08 0.100[101 0.000[ tOD 0.000[100 44.111 -O.H\f-01 11 
11 -I lU O.HO -0.1001-06 0.100ftOZ 0.000[100 0.000[100 H.611 ·O.J45H1 IJ 
14 -115.0 0.140 ·O.IOOf-08 O.IOO[•OZ 0.000[100 0.000[100 \1.011 -0.34\HI 14 
1\ 14\.0 0. HO -O.IOOf-08 0.100[t0Z 0.000[100 0.000[100 54.411 -O.J4\HI I\ 
16 ·1\\.0 0.340 ·0.100[-88 0.100[ tOl 0.000[100 0.000[100 11.811 -O.J45HI lb 
IJ ·16\. 0 o.J40 -0.100E-08 0.100[101 0.000[ tOD 0.000[100 61.117 -O.JI\HI IJ 
IB . 115.0 0. HO -O.IOOf-08 O.IOOEtOI ~.000[ 100 0.000[100 64.617 -O.J4\HI 18 
19 -18\,0 0. HO ·0.100[ -08 0.100[101 0.000[ tOO 0.000[100 68.017 -0. 14\[ -OI 19 
ID -m.o 0. HO -O.IOOE-08 0.100[101 0.000[100 0.000[•00 71.411 -O.J4\HI zo 
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uuuuun•u•uu•nntutu soil IOislureconlent proftie ~I 111e: 198 • days uuunu•n•unu•nnn•n• 

level lhel• .0 0.1 0.1 O.J 0.4 U 0.6 0.7 0.8 0.9 I. 

-5.\1 0. Hl • ----------------------------------------- ---1 1/11111/llll/lll/111//111//1/l/l/1/l/l/ll/1/ll/1/ll//1 
-15.0 0. 457 I---- -----------------------------------------1/J/II//I/II//IIII/1/IIIII/IIII/IIIIIII//I/IIII/I//1//I 
-15.0 0. 460 ·---------------------- --------------- --------1////// Jlll/ll/1/ll/1/1//111111///11//lll//111/llll/111 
-35.0 0. HO I ---------------------------------•IJJ/I//II///III/III/1//II/1111/IIIIIJ/II//I///I/I/IIIIII Jl///1/1/1 
·45.0 0. HO •------------------ ---------------I//III//III/IJIIIIII/IIJI/11/IIJII//I////I//III/IIIIIII/III/111//11 
·\5,0 0, 340 0-------·-·------------ -----------1! /////// j ////////J/J//J//////JJ/J//JJJ/J/JJ///J/JJ////J//J/J//J// I 
-6\.0 0. HO 1----------- ------------ ---------I/I/I/I//IIII/II/I/I/1111/III///1/JII/1/IIIII/IIII/I/II/JII/IJII//1 
-71.0 0. HO '----- ---------------- ------------ I//IJII/I/III///1111/JI/ JII/1//IIIII//I/IIJ///II/I/11/1111//1/II//1 
-85.~ 0. HO I--------------- ------------------IJI///1//IIII/IIIIII/11111111//11///IJI//IIIIIII/1/III/1111//IIJI/1 
-95.0 0. HO 1---------------------------------l/////////////////////////////////////////////////////////////////l 

-105.0 0.140 1------- --------------------------IJ/JI/I/JII/11/IIIIII/1//III/1111/I/11//II/11/IIIIIIIIIIIIIIIII//II 
·115.0 0. HO • ---------------------------- -----I//JIII/1/III//I//IIIIIIJIIIIIII/IJ/IIJ/I/1/IIII/II/1//II//11/1/I/1 
-11\.0 0. HO •------- ------------------------- ·I/1//I/II/I/I///II/111//I/1/IIIII/IIII/11////II/IJIII/II//1/III/1/1 
-I J5.0 0. HO •---------------- -----------------I//I/11/III/IJ//II/1111/I///II//I/I/IIII/IIIII//1111//1/I/1//III/II 
-145.0 0. HO • --- ----------------------------- · •!IIIJ///1//1//1/111/II/ I/IJ/ ll//1//llllllllllllllllllllllll/1111/1 
-1\\.0 q, HO 1--------------------------------- •JI//I/1//I/11/IIIII//1/ I/111////I///I/1/I//III/11/111/III/1//11/JI 
-16\.0 0. HO 1---------------------- -----------I//III/JI//1/III//IIIII/IIIIJ/I/1//II/1//11/I/11/III//1//IIIIIIII/1 
-175.0 0. HO 1---------- -----------------------1//lll/1/llll/11/ll/1/1/ /111111//11//llll/1/ll/1111//1/l /1111/1/l/1 
-185.0 0. HO •---- -----------------------------l//11/lll/11/l/ll/11111/lll//ll/ll//1/l//111//llllllllll/llllll//11 
-19\.0 0. HO •--- ------------------------------1//JJIII/111/1//I/11/11111/II///1/1/11//II/11/IIIIIIIIIIIII///II//I 

level lhel• .0 0.1 0.1 0. J o_ 4 o. \ 0.6 0.1 0.8 0.9 I. 
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ftl(' : 7\8. days I ••e step- 0.1001 •OI day nu1her of I il(' step= 669 

cpr ec JR,(,1! Cll c mlcep = 1.119co <p,nflll' 14.841" cmflli = tl.996 (I 

I p('fl J".b5~ ra cpl,.nsp' 17.804 " cpsrvap = 7.8\J Cl o:runof f : 10.646 Cl 

c~>lr 6.111" •crr.JI'ISP = 0.644 "' •csevap ' S.'dO ct• flud 0.011681 co/day 
dhld : -4/111 (I dI xsdp - U1!<1 cr:xsdn : -9.W co II>Sd 0.000000 co/day ISd' 10 
.:I !xbu : 0.000 (I flxbu 0. 000000 co/doy 
r.qdeE'p = -UH" r.qdeepp = 0.000 Cl ~QdC'epa ~ ··4. !4! c• qd~l'pa - -0.01JIOJ co/day 
nlr.!!4 = -1.600 " edel lap= 1.JJ6" cd!' I I an: -1,Q1b ca dl~' l.t '0.1141-01" 
'I'O I i nil:: 67.111 Cl vol ' 70.614 (I gwla -~0.0 Cl dt Zd -~0. 0 I~ 

CIP~. nr l('l't'l I hî;! <l ;H, 'l~d·_t (Onduc ,-I, ' ed c. f!)o.J' ('~.' IJ ID. liJ'~- f! lJ'(('S :oJp, nr 
i frl: ! ~,) lc~ld"ï) I 1/d~r) I col ~(J) 1<~/dayl 

-\,') 1),411 -0.155[10/ 0 .. <18[100 0.154[-01 0.109'100 4.m 0.657[ -01 
. ! ),1) o.m -o.15JI•01 O.l/9[100 0.1\41-01 0.131[100 8. liJ 0.8J5E-01 
-~5. !l O.H1 -O.I51fiC1 0.411[100 0.511(-0J 0.611!-0! 11.941 0.1141-01 
-15.0 0.317 -0.100[101 0.757[ •OI 0.000[100 0.414[-01 16.114 0.114[-01 4 
. 45.0 0.340 0.000[100 0. !00[101 0.000[100 0.000[100 19.614 -0.117[ -OI 5 

~ -15.0 O.HO 0.000[•00 0.100[101 0.000[100 0. 000[ 100 13.014 -O.lllE-01 6 
1 ·h\.0 O.HO Q.OOOI 100 0.100[101 0.000[•00 0.000[•00 16.414 ·O.llJE-01 1 
J -75.0 0.140 0,000[ 100 0.100[101 0.000[100 0. OOOf 100 19.614 -0.111[ -OI 8 
9 ·8·;_,, 0. 140 0. 000[ 100 q,l00[101 0. 000[100 0.000[•00 JJ./14 -O.IJI[-01 9 

10 -9~. 0 0.110 0.000[ 100 0. 100[101 0.000[100 0.000[100 16.614 -0.111[-01 10 
IJ 1~1. 0 0.1~0 0.000[100 0.100[10/ 0.000[ 100 0.000[100 40.014 -O.lJlf-01 11 
I) I!\. 0 O.HO 0.000[ 100 0.100[101 0.000[100 0.000[•00 4l. 414 -O.lJll-01 I! 
n -11\.0 II.HO 0.000[100 0. 100[ 101 0.000[100 0.000[100 46.814 -O.lJlf-01 IJ 
11 -IJU 0.140 0.000[100 0.100[10/ 0.000[100 0.000[100 \0.114 -O.!JIHI 14 
I I 14\ry 0.14~ O.OOOfiOO 0.100[101 0.000[100 0.000[100 5).614 -O.!Jil-01 15 
lf -1\5.0 0. HO 0.000[100 0.100[101 0.000[100 0.000[100 SJ. 014 ·O.!JIHI 16 
17 -16~.0 0. 140 0.000[100 0.100[101 0.000[100 0.000[100 60.414 -0.11JHI IJ 
18 -115.0 O.HO 0.000[100 0.100[101 O.OOOftOO 0.000[100 6).814 -O.!JIE-01 18 
19 -161.0 0. 340 0.000[ •OO 0.100[101 0.000[100 0.000[100 67.!14 -O.llJE-01 19 
10 -195.0 0.140 0.000[ 100 0. 100[101 0.000[100 0.000[100 70.614 -0.117[-01 10 
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-4!-

............. , .. , .. u.n .. un• soli moistureconfenl proftie at tiae : 158. days 11111111111111111111111111111 .. 

lml thefa ,o) 0.1 0.1 O.l 0.4 0.\ 0.6 0.1 0.8 0.9 I. 

-\,0 0.411 •--------- ·---------·----· -------- ·--·----1 Jl/1111/ JIJ IJ 1/11///1/ IJ 1///IIIIIJ/IJI/ IJliJ/I //JIJ //1 
-I 5. 0 0.431 1- .. -·-- ·------·----· ·---------------------1 1/J/1/1/ //JIJ lilliJ //JIJ IJlliJ III//I/1/IJIIJII/111/ IJ• 
-11.0 0.441 •-·----·--·---------·----------------·------ • //11/1 JIJ/I /1/////1//1 /IJIIIII/III/1/11/1//JI/ //liJ //1 
-J\. 0 O.l1J 1·-·-----------·-----------------• I /1 I 111/I/1/IIJ!IIII/1/ /I/I/JI//1/// 11/ll/1/11//!ll/111/ 11/111///1 
-4\.0 O.HO 1---------------------------------11 JIJ /1/1/JJI//1111 /lil/ JIJ/I 11/111 11/11///JJII/1/ I/IJ/ /1 /liJ/ /liJ• 
-\1.0 0. HO 1---------------------------------•1 JIJ/I /1111/11 I l/1111111/ Jtl/11//1//11/ll/11/llll/111111 /1/tl/1 //1 
-6\.0 0. HO • ---------·--·-------------------· •tiJ /III/JIII//11//IIII/ /IJ/I /II//1/////J/J IIIIII/1/I/111/J lil /IJl• 
-l\.0 O.HO I -·---·---------·----------------·1/ 111//111/ llll/11 i IJ lil /ll//1/ll/111//llt/1//J /JIJ JIJ JIJ /111/11/,. 
-8\.0 O.HO 1-------------·-·-----·----·--·---1/ /1 JIJ/ /IJ/I/1//// /I/IJ 11/////J 111/11111 /lil/ /1 /III/1/I//J /I/IJ //1 
-9\.0 0. HO 1-- --·----------------------------•1 /1/l/111 /1/l/11 JIJ/ I// /11111 /IJI/I/1/I//I/11//// /1/111/11 /I/ ////1 

-10\,0 0. HO 1---------------------------------1/// //III/111/11/I/IJ lil 11/11//J t//l/11111/ ft 111/11/1//// 11/////J/1 
-IJ \,0 0. HO 1·--------------------------------1/// 11111/111/11//1/111111 IJlliJ //I /1111/111/11//1//11/11 /1/1///lt• 
-11\.0 o.JIO •---------------------------·-----•llltlti//I/1/I//IIIII/1/J /1/11/ //I /11/1//J J//Jt/1111 /1/11/ /lll///1 
-I J\.0 0. HO 1---------------------------------11 /III/11/I/1/JIIIIIIIIIIJ til/I /11/11/J 1////IJ/111/ 111111 JIJI/IJ //1 
-145,0 0. HO •----------·--------·------------ ·1/// //////ll///l/11 /I/IJ tl/I/ 1/1/11 111/11/J ll//1111//1/1///t///J 11• 
-1\5,0 0. HO •------·-·--------- .. ----------·- · •tiJ 11/l/l/1/l/111/11 11/1//111/J 111 /11///JI/1/1//JIItl/11/lt/1////1 
-161.0 0. HO 1--· .. -------------·--------------1///ll//111/ 1111/1/ /1/l/11 //liJ 11/111111/111/1 /IIJ///1111 /11/1/J //1 
-115.0 O.HO •----------------------·----------1/ /11/l/11111111111 /1/1/1/ /I/111/JI/1/I/1/I//JJ/IIIt/llltlltllll/1• 
-161.0 0. HO 1-------------------·- .. ·---------l/////l///l//1/////// /I/IJ 1//11//11//111 /1/1/IIJ 1/11//l/1 11/J/1/ //1 
-195.0 0. HO 1-·---·---·--·-·---------------·-- •JIJ //IJ /1/I/////JIIJ /I/IJ lil/ /11//I//1/11/JIII/ /IJ l/1111 /1////J I/I 

u vol. 1' tt • tlllllllnfu u,un t"Htll u,uu 1nu1tultttlf1uu11nt1uu"tut1uu1uu 1nn1nu1rHt 1 

lml lheta .0 0.1 0.1 O.J 0.4 0.5 0.6 0.1 0.6 0.9 I. 
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I r;e 

139 
140 
141 
141 
14l 
141 
141 
146 
141 
146 
149 
110 
lil 
151 
liJ 
114 
111 
116 
lil 
158 
119 
160 
161 
161 
163 
164 
161 
166 
167 
168 
169 
170 
171 
111 
l1l 
114 
171 
176 
111 
118 
179 
180 
181 
181 
183 
184 
181 
186 
187 

" 
0.00 
0.10 
0. 46 
1.01 
1.83 
l. 98 
1.10 
1.68 
1.89 
6.08 
6. 36 
6.6J 
6. 93 
J .04 
J .10 
1.41 
7.61 
7.61 
7.61 
8.01 
8.11 
6.19 
8.11 
8. 44 
8.47 
8.11 
6.18 
8.61 
8. JO 
8.70 
8. JO 
6. JO 
6. JO 
6.71 
6.11 
8.71 
9.39 
9. 41 
9. 46 
9.11 
9.18 
9.61 
9.66 
9.68 
9.68 
9.68 
9.68 
9.68 
9.68 

lran~p 

co/ddy 

0.00 
0.00 
0.00 
0. OI 
O.OJ 
0. OJ 
0.01 
0.01 
0.00 
0.01 
0.00 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.01 
0. OI 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0.01 
0.01 
O.OJ 
0.01 
O.OJ 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 

·44-

11111111 ferDs of thr water balaoce u ...... 

ctransp sevap csmp dlxbolp dlxboln 
ca c11/day Cl (I Cl 

0.00 0.09 0.09 0.00 ·0.01 
0.00 0.07 0.17 0.00 ·0.01 
0.00 0.01 0.14 0.00 ·0.01 
0.05 0.06 O.JO 0.00 ·0.04 
0.07 0.16 0.46 0.00 ·0.01 
0.11 0.18 0.64 0.00 ·0.06 
0.14 0.17 0.81 0.00 ·0.09 
0.15 0.10 1.01 0.00 ·0.11 
0.15 0.16 1.18 0.00 ·0.16 
0.16 0.14 I.JJ 0.00 ·0.19 
0.16 0.11 1.41 0.00 ·0.13 
0.17 0.1) 1.6J 0.00 ·0.11 
0.19 0.16 1.93 0.00 ·O.JI 
0.19 O.OJ 1.00 0.00 ·0.35 
0.10 0.11 1.11 0.00 ·0.39 
0.11 0.10 1. 31 0.00 ·0.43 
0.13 O.H 1.46 0.00 ·0.4J 
0.14 0.01 1.11 0.00 ·0.51 
0.11 0.09 1.61 0.00 ·0.55 
0.16 0.08 1.69 0.00 ·0.58 
0.16 0.07 1.76 0.00 ·0.61 
0.16 0.07 1.83 0.00 ·0.66 
0.16 0.06 1.90 0.00 ·O.JO 
0.16 0.01 1.91 0.00 -0.14 
0.16 0.03 1.91 0.00 ·O.J8 
0.16 0.01 1.91 0.00 ·0.81 
0.16 0.01 1.98 0.00 ·0.86 
0.16 O.OJ J.OI 0.00 ·0.90 
0.16 0.01 3.06 0.00 ·0.94 
0.16 0.01 3.08 0.00 ·0.98 
0.16 0.04 3.11 0.00 ·1.01 
0.16 O.OJ 1.11 0.00 ·1.05 
0.16 O.Ol 3.18 0.00 ·1.09 
0.19 0.01 3.10 0.00 -1.11 
o.JI 0.01 3.11 0.00 -1.16 
0.36 0.01 3.14 0.00 ·1.19 
0.39 0.01 l.ll 0.00 ·1.11 
0.39 0.01 3.16 0.00 ·1.16 
0.39 0.01 l.lJ 0.00 ·1.30 
0.39 0.01 3.19 0.00 ·1.34 
0.39 0.01 l.ll 0.00 ·1.38 
0.39 0.01 l.l1 0.00 ·1.41 
0.39 0.01 3.JJ 0.00 -1.46 
0.39 0.01 l.Jj 0.00 -1.50 
0.39 0.01 1.36 0.00 -1.14 
0.39 0.01 3.38 0.00 ·1.18 
0.39 0.01 3.40 0.00 -1.61 
0.39 0.01 3.41 0.00 -1.65 
0.40 0.01 3.43 0.00 -1.69 

vol-vOII qroundx.lev 
(I u 

·0.11 ·100.8 
·0.01 ·96.8 
0.14 ·96.8 
0.17 ·96.8 
1.19 -84.8 
J.ll -16.8 
3.99 -40.8 
4.JJ ·9.0 
4.31 ·9.0 
4.JJ ·9.0 
4.49 0.0 
4.49 0.0 
4.49 o.o 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.31 -9.0 
4.1\ ·14.0 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.JJ ·9.0 
4.49 0.0 
4.49 o.o 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.31 ·9.0 
4.31 ·9.0 
4.11 ·14.0 
4.14 ·18.0 
4.14 ·18.0 
4.01 -11.0 
3.90 ·16.0 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.49 0.0 
4.49 0. 0 
4.49 0.0 
4.49 0.0 
UJ ·9.0 
4.31 -9.0 
4.11 -14.0 
4.11 -14.0 
4.14 ·18.0 

lue 

139 
140 
141 
141 
143 
144 
145 
146 
141 
118 
149 
110 
lil 
1\1 
liJ 
114 
lil 
1\6 
liJ 
1\8 
1\9 
160 
161 
161 
163 
164 
165 
166 
16J 
168 
169 
110 
111 
IJl 
l1l 
114 
17\ 
116 
177 
176 
179 
180 
181 
181 
163 
184 
165 
166 
ISJ 
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' 188 
189 
190 
191 
191 
191 
194 
195 
196 
191 
198 
199 
100 
101 
101 
IOJ 
104 
105 
106 
101 
106 
109 
IlO 
111 
111 
lil 
114 
115 
116 
liJ 
118 
119 
110 
lil 
m 
m 
lil 
115 
116 
m 
118 
ll9 
lJO 
IJl 
m 
IJl 
IJ4 
m 
116 
IJl 
IJS 
119 
140 
lil 
141 

9.89 
9,8Q 

10.18 
10.18 
10.18 
10.16 
10.18 
10.18 
10.18 
10.1\ 
IO.Zl 
10.69 
10.11 
10.11 
10.16 
IO.S1 
10.86 
IO.Sl 
IO.Sl 
IO.Sl 
18.81 
IO.Sl 
11.11 
ll.ll 
ll.l1 
11.41 
11.41 
I 1.51 
I 1.51 
I 1.51 
I 1.51 
11.51 
11.19 
11.81 
11.89 
lt. 95 
11.99 
11.99 
11.99 
11.99 
11.99 
11.18 
li.JO 
II.JO 
11.10 
11.46 
11.16 
11.11 
11.19 
11.88 
11.96 
IJ.04 
IJ.II 
IJ.t4 
I J.l I 

0. OI 
0.00 
0.00 
0. 00 
0.00 
o.oo 
0.00 
o.oo 
0.01 
0.01 
0.01 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-45-

0.41 
0.41 
0.41 
0.41 
0. 41 
0.41 
0. 41 
0.41 
0.41 
0. IJ 
0.14 
0.11 
0.14 
0.44 
0.41 
0.14 
0.41 
0.14 
0.14 
0.14 
o. 44 
0.1\ 
0.15 
0.15 
0.4\ 
0.45 
0.45 
0.45 
0.15 
o. 45 
0.15 
0.45 
0.45 
0.15 
0.15 
0.45 
0.15 
0.45 
0.45 
0.45 
0.4\ 
0. 4\ 
0.11 
0.15 
0.45 
0.15 
0.15 
0.45 
0.15 
0.15 
o. 4\ 
0. 45 
0. 4\ 
0.15 
0.15 

0.01 
0.0! 
0.01 
0.01 
0.01 
0.01 
0.01 
0. OI 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.01 
0.00 
0.0! 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.01 
O.OJ 
O.OJ 
0.01 
0.01 
O.OJ 
0.01 
O.OJ 
0.01 
0.05 
0.05 
0.04 
0.04 
0.01 
0.04 
0.01 
0.04 
0.04 

J. 41 
J. 47 
J. 48 
J. 50 
J. 51 
1. 54 
J. 56 
J. \I 
J. \8 

J. 59 
1.60 
1.60 
1.61 
1.61 
J.6J 
3.64 
3.61 
3.67 
J.68 
J. JO 
J.JI 
J.JI 
J. 15 
1.11 
J. 18 
J. 19 
1.80 
1.81 
1.81 
1.85 
1.81 
1.88 
1.89 
1.89 
1.91 
1.91 
1.91 
J. 9J 
1.96 
J. 99 
4.01 
1.01 
1.06 
1.08 
1.11 
I. IJ 
4,18 
1.11 
1.11 
4.11 
4.35 
4.39 
I. IJ 
1.41 
4.51 

0. 00 
o.oo 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
o. 00 
0.00 
o. 00 
0. 00 
0.00 
o. 00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-I. J! 
-I. 16 
-I. 19 
-1.81 
-1.81 
-I. 91 
-I. 91 
-I. 98 
-1.01 
-1.05 
-1.08 
-l.ll 
-1.16 
-1.10 
-l.ll 
-1.18 
-1. Jl 
-1. J6 
-1.10 
-l.IJ 
-1.11 
-1.10 
-1.54 
-1.58 
-1.61 
-1.66 
-1.10 
-1.11 
-I. 18 
-2.81 
-1.86 
-1.89 
-1. 9J 
-!.97 
-J.OI 
-J.05 
-1.09 
-J.IJ 
-1.11 
-J. 21 
-1.15 
-J.l8 
-J. Jl 
-1.16 
-J.IO 
-3.41 
-J.IJ 
-3.51 
-J.5\ 
-1.59 
-1.63 
-1.61 
-1.11 
-1.15 
-1.19 

UI 
UI 
4.19 
1.19 
1.19 
1.18 
4.18 
4.14 
1.14 
4.11 
1.11 
1.49 
1.49 
1.49 
4.19 
1.19 
1.49 
I.JJ 
1.31 
4.15 
1.21 
4.11 
1.49 
1.49 
1.19 
1.19 
1.19 
1.49 
1.19 
1.19 
4.19 
1.15 
4.49 
4.19 
1.49 
4.49 
1.19 
1.19 
I. J1 
1.11 
UI 
1.49 
1.19 
1.31 
I. J1 
1.31 
1.31 
4.19 
4.19 
4. 49 
4.19 
4.19 
1.49 
1.19 
4.31 

-11.0 188 
-14.0 189 
-8.0 190 
-8.0 191 
-8.0 191 

-IJ.O 191 
-IJ.O 191 
-18.0 195 
-18.0 196 
-18.0 191 
-18.0 198 

0.0 199 
0.0 200 
0.0 201 
0.0 !OI 
0.0 . lOl 

0.0 204 
-9.0 201 
-9.0 206 

-11.0 201 
-11.0 208 
-18.0 209 

0.0 210 
0.0 lil 
0.0 212 
0.0 liJ 
0.0 114 
0.0 lil 
0.0 216 

-8.0 lil 
-8.0 218 

-11.0 119 
0.0 120 
0.0 221 
o.o m 
o.o m 
0.0 2l4 
0.0 121 

-9.0 126 
-9.0 221 

-14.0 118 
0.0 229 
0.0 !JO 

-9.0 1l1 
-9.0 m 
-9.0 IJl 
-9.0 2l4 
o.o m 
o.o 236 
o.o m 
o.o 218 
0. 0 219 
o.o 140 
0.0 lil 

-9.0 142 
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-46-

14J I 3.14 o.oo o. 41 0.04 4.15 0.00 -3.83 4. J1 -9.0 I4J 
144 IJ.14 0.00 0. 41 0.04 4.\8 0.00 -3.81 4.11 -lU 144 
m IJ.I8 0.00 0.41 0.04 4.61 0. 00 -J. 90 4.11 -14.0 141 
146 IJ.\ I o.oo 0.45 0.04 4.65 0.00 -J. 94 4. 49 o.o 246 
147 IJ.I3 0.00 0.45 0.11 4.11 0.00 -J. 98 4. 49 0.0 141 
148 I 3.19 0.00 0.45 0.11 4.88 0.00 -4.01 4.49 0.0 248 
149 IJ. 79 0.00 0.41 0.09 4. 98 0.00 -4.06 4.11 -14.0 149 
110 IJ. 79 0.00 0.45 0.08 5.06 0.00 -4.09 4.14 -18.0 150 
1\1 I 1. 79 0.01 0.46 0.07 5,14 0.00 -4.1J 4.01 -11.0 151 
m IJ. 79 0.01 o. 47 0.07 5.10 0.00 -4.16 4 .OI -11.0 151 
153 IJ. 79 0.04 o. 50 0.06 5.17 0.00 -4.19 1.88 -16.0 m 
154 I 1. 79 O.OJ 0. 54 0.06 UJ 0.00 -4.11 1.63 -40.0 114 
m I 3. 79 0.01 o. 55 0.05 5.37 o. 00 -4.16 J.\1 -40.0 m 
156 IJ. 79 0.01 0.57 0.05 5.41 o.oo -4.19 3.48 -40.0 156 
157 IJ.96 0.03 0.61 0.05 5. 48 0.00 -UI 3. 54 -40.0 117 
118 14.00 O.OJ 0.64 0.05 \.IJ 0.00 -4.34 3. 50 -40.0 118 
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