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INTRODUCTION 

The model explained here is in a preliminary stage and 
is subject to improvement. Ameliorations will surely result 
from dialogue with the field scientists for whom the model 
was built (scientists of the FAO/CNRS project "Parcours Sud 
de la Tunisie" in Cabes). Because of the distance between 
Cabes and Logan, good communication between personnel 
was difficult during the author's stay in Logan. 

Because of close association with the Desert Biome 
modelling team and the availability of data, this first version 
model based on dry matter (and not on the chemical 
constituents of dry matter) was able to be built in a relatively 
short time (Fig. 1). 

We hope that this attempt at a simplified model will be 
useful to others working with simple data (dry matter) from 
the field. 

OBJECTIVES 

The most important objective of this model was the 
prediction of primary production for one or two years in one 
given type of production. 

It was proposed at first to use the general existing model 
used in the Desert Biome. Two reasons militated against this 
proposal: (1) the lack of detailed Tunisian data for the 
chemical composition of plants; and (2) the goal of having an 
easily modified simple program which could be used with the 
available data. 

In fact, the first attempt at simplification of the existing 
model, in order to simulate primary production for total dry 
matter only, was abandoned because of the inability to adopt 
several features of the model (e.g., ratio of protein carbon to 
total carbon, etc.). It was necessary to add "parallel" 
subroutines to the existing model. Once accomplished, it was 
easier to build a new model which fits more closely to the 
objectives and data. 

GENERAL CHARACTERISTICS 

This model was patterned after the "Multi-purpose Desert 
Biome Model" and shares its principal characteristics, the 
three most notable being: (1) modular structure; (2) 
submodels differing in degree of sophistication; and (3) 
ability to specify state variables at execution time, etc. 

Whenever possible the general structural design and 
processes used in the Desert Biome models were preserved, 
and for this reason detailed descriptions of items explained in 

Photosynthetic 
organs 

Other types 
of organs 

the 1973 modelling report (Goodall, 1973) and other Desert 
Biome reports are limited. In fact, processes come from the 
different existing version levels, including Version IV of the 
plant submode! (Valentine, 1974). 

Submodels related to the plants and soil are given here as 
examples. Due to the lack of time and the lack of data for 
animals and other processes, we prefer to add this at a later 
time. 

Dead organic 
material 
(type 1) 

Dead organic 
material 
(type 2) 

Figure 1. Simplified diagram for the dry matter model. Each valve is controlled by one or more parameters, including 
exogenous data, soil conditions, etc. 
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SHORT DESCRIPTION OF THE PROGRAM 

MAIN PROGRAM 

At this stage of development, the state variables are the dry 
weight of each organ of each plant species and of each type of 
dead organic material. 

The time step is one day, although the subroutine SOW AT 
and one part of the main program can run for lesser time 
increments. 

The most important role of the main program is the calling 
of the subroutines, which can be modified if necessary 
(Fig. 2). 

STEPS IN THE OPERATION OF THE PROGRAM 

l. Read parameters and initial data with the help of the 
subroutines. 

2. The subroutines will determine the conditions for 
vegetation in the current day (date, season, rain, soil 
condition, etc.) 

3. For each species, the subroutines will determine the 
phenological stage, the net daily increment of dry 
matter, allocation of this increment among the photo­
synthetic organs, transfers between organs, and the 
death of each organ. 

4. Subroutines will be called to determine the transfer of 
dead organic material. A sink can simulate the loss to 
the ecosystem or the decomposition which is not included 
in this version. 

5. Increments (whether negative or positive) are "tested to 
ensure that none of them would cause state variables to 
become negative where this constraint is appropriate 
(which is true of most state variables in ecological 
systems). If some of the negative increments are 'too 
large' in this sense, all increments are scaled down in 
such proportion as the most limiting constraint requires, 
the increments are applied to all state variables, and the 
subroutines are called again for recalculation of 
increments. These increments are then multiplied by the 
complement of the proportion already applied to the 
state variables, and the test of their magnitude is 
repeated. The process continues until a set of incre­
ments can be applied in toto. Briefly, this is equivalent to 
dividing the time unit over which the difference 
equations approximate the underlying differentials into 
arbitrary portions such that the constraints can be met." 
(Goodall, 1973, pp. 2.1.3.1.-17 and 18.) 

6. The main program fills a storage array with all state 
variables. 

7. Subroutines are called to plot specified variables and the 
program terminates. A listing of the program appears 
in Appendix 1. 

SUBROUTINES 
(in alphabetical order) 

DATE -- Computes the date (day, month, year) from the date 
of the initial day, and the number of days after the initial day. 

DEGREE -- Deals with the soil temperatures. The processes 
proposed by Griffin et al. (1974) are used in this model. The 
differential equation describes soil temperature, T, as a 
function of depth, z, and time t: 

where T is the thermal diffusivity (generally a function of 
time and depth), which is equal to thermal conductivity at 
the specific heat. 

DLIGHT -- Computes the number of daylight hours in the 
current day and the fraction of the total number of daylight 
hours in one year in the current day. This fraction is used in 
subroutine EV APO. 

If 

A 730 + 274· 10-'·RLAT + 793· 10-• (RLAT)' 
B 342· 10-1 + 78· 10-•·RLAT + 10-1. (RLAT)' 

z 2,n·(I+285} 
365 

DAPHOT = Number of daylight hours the first day of the 
calendar year (January 1, I = l; December 31, I = 365 or 
366). 

_A+ B +sin(Z) 
- 60 

where 

RLAT is latitude in degrees. 
DA~ITE is for the first day of the calendar year the 
portion of illumination relative to the illumination 
occurring in an entire year. 

DMDM (provisional version) -- Computes, with given rates, 
the translocations between the different types of dead organic 
material. To simulate the losses, it is possible to create an 
"artificial" compartment of dead material which is a "sink." 
For each season (IS) a rate of daily transfer, RTLI 
(IS, LD, LR), is given between the different compartments of 
dead material. The amount transferred to the receptor 
compartment (LR) is proportional to the amount of dry 
matter in the donor compartment (LD). 

Under these conditions the daily variation (DCLIT) in 
dry matter for compartment p is equal to 
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Read in parameters and T,ranslocation between type - Test decrement and adjust -
other data including those of dead material. including state variable if necessary 

read in by subroutine a sink (DMDM) r--

ii 

' ,, 

Loop for each day 
Determine death for each 

Fill storage array (FILL TX) organ (DMDT) -

• 
1 

1 ' 

Subroutines to determine 
date, season, Julian day Translocation between Print report if necessary 

(DATE, JULES. :\'JMOIS. organs (DMTR) (REPORT) 
SEASON) 

I---

,. 
1 ,, 

Subroutine to determine Subroutine to compute net 
exogenous condition (rain, daily increment of dry Plot required variables 

temperature. daylight matter for the spec.ies (PREPAR, PLOT) 

hours) (DMEXO, DLIGHT) (DMPHOT) 

1 , r 

Call subroutines to ( STOP determine soil conditions 
Subroutine lo determine 

(evaporation, water, 
phenological stage temperature, salinity) 

(DMPHEN) 
(EDAPH-EVAPO, 

DEGREE, SOW AT) 

' 

Loop to adjust, if necessary, - Loop for each species ~ decrement of stale variables -

Figure 2. Simplified flow chart of FORTRAN IV program for the plant and soil model. 



DCLIT (p) = 

NLIT 

I CLIT (i)· RTLI (IS,i,p) 
i = l 

i'l=p 

5 

'NLIT 

I CLIT(P)-RTLI(IS,p,i) 
i = 1 

if p 

~ ~ 
received lost 

by compartment p 

where 

CLIT (p) = quantity of organic matter in compartment p 
at the beginning of the daily time step. 

NLIT = total number of compartments containing dead 
organic matter. 

DMDT -- Deals with the death of the living material and 
lists the class of dead organic material to which the new 
dead organic material will be transferred. For each organ 
(J) of each species (I) a mortality rate (DRATE) is calculated 
depending on phenological status. The subroutine contains 
two parts: 

1. Dormancy stage: where the rate of death is an exponen­
tial function of the time since the beginning of the 
dormancy (cf. provisional version IV of the Desert Biome 
model). It is possible to give different parameters for 
each organ of each species. 

DRATE = a + b· ect 

where 

b C Parameters provided for each organ of each a, , 
species. 

t = time in days since the onset of dormancy. 

The amount of material passing into a dead status for 
organ J of species I, for one day, is now equal to 

DDMSP (I,J) = DMSP (I,J) • DRATE 

where 

DMSP (I, J) = the quantity of dry matter in organ I of 
species J at the beginning of the daily time step. 

This function has been made exponential in form in order 
to eventually cause a total disappearance of biomass of 
the organ concerned • 

2. Phenological states other than dormancy: the rates of 

Auxiliary Submodels 

death are read in, for each organ of each species in each 
phenological stage. 

DMEXO -- Reads in the exogenous data (rain, temperature 
and total daily irradiation) and provides this data 
each day. For the rain, the dates (and the amount of 
water in millimeters) are used, for the days where rain 
occurs. For the temperature, the dates of change of 
temperature are read in, and the temperature is assumed to 
be the same between successive changes. 

DMPHEN -- Determines the phenological stage for each 
species. This version is based on the provisional Version IV 
of the Desert Biome model. The possibilities are: 

1. A jump from germination (or leafing-out) to vegetative 
stage is possible if Xis greater than a coefficient which is 
an exponential function of the moisture in the soil. 
For the annual species, X is the ratio of the total dry 
matter in this species to the dry matter in seeds of this 
species; for other species,X is the ratio of the dry matter 
in new shoots of this species to the total dry matter in 
this species. The duration of germination is not allowed 
to exceed a specified value. 

A threshold value (CRATLO) is calculated in the 
following manner: 

CRATLO =a+ b· eCW 

where 

w is the water potential (WATER [LSOIL)) of a given 
horizon LSOIL with 

LSOIL = LCOUCH (ISP) 

a, b, c are parameters provided for each species (respec­
tively, PARPHl [ISP], PARPH2 [ISP], PARPH3 
[ISP]). 

The species will change its phenological state if 

X 

X,>CRATLO 

total dry matter contained in a species for annuals 
dry matter in grains of same species 

X = dry matter contained in the shoots for perennials 
total dry matter for the species 

Moreover, the germination period cannot be more than a 
given time (NDGERM). 

2. A jump from vegetative to fruiting stage occurs if the 
soil moisture and temperature are above the given 
thresholds, and if the value of daylight hours is between 
two thresholds; i.e., 
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Soil temperature by horizon (LCOUCH (ISP]) above a 
threshold (THTPVG (ISP]), 

Water potential of a given horizon (LCOUCH [ISP]) 
above a threshold (THWTVG [ISP]), 

Daily illumination between two values (PHOVMN 
[ISP] and PHOVMX[ISP]). 

3. A jump from vegetative to dormant stage occurs when 
either the soil moisture or soil temperature falls below a 
specified threshold. 

Water potential of a given horizon (LCOUCH [ISP]) 
below a threshold (THTPVD [ISP]). 

Temperature of a given horizon (LCOUCH [ISP]) below 
a threshold (THTPVD[ISP]). 

4. Test for return from fruiting stage to vegetative stage: the 
fruiting stage is finished if X is greater than a one­
parameter function of the soil moisture, where X is the 
ratio of the dry matter accumulated in fruits to the 
total dry matter in the species. The duration of the 
fruiting stage is not allowed to exceed a specified 
value. 

A threshold value CRATFT (ISP) is calculated for each 
species in the following manner: 

CRA TFT (ISP) = a + b,ecw 

where 

w is the water potential (WATER[LSOIL]) of a given 
horizon LSOIL with: 

LSOIL = LCOUCH (ISP) 

a, b, c are parameters provided for each species (respec­
tively, PARPH4 [ISP], PARPH5 [ISP], PARPH6 [ISP]). 

There will be transfer from fruiting to a vegetative stage if 
a quantity Xis above CRATFT (ISP). 

where 

X = DMNEW ISP = year's addition to dry matter; organs 
DMT (ISP total dry matter of the species 

The fruiting period (IPFRUT [ISP]) cannot be above 
a given threshold (NDFRUT [ISP]). 

5. Jump from dormant to germination (or leafing-out) 
stage begins if temperature and soil moisture are above 
given thresholds and if the number of daylight hours is 
between two given thresholds; i.e., 
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Temperature (SOIL TE [ LSOIL]) in a given horizon of 
LSOIL (with LSOIL = LCOUCH) above a threshold 
(THTPLO [ISP]), 

Water potential (WATER [LSOIL]) in a given horizon 
(LSOIL), above a threshold (THWTLO [ISP]), 

Daily illumination between two values (PHOTMN[ISP]) 
and (PHOTMX [ISP]). 

DMPHOT -- This subroutine computes for each species 
(each day) a total daily increment for the dry matter. This 
increment is proportional to the biomass of photosynthetic 
organs. The rate is determined from a maximum rate which 
is depressed when air temperature, the soil moisture, or the 
radiation is not optimum. 

The actual rate, LIGHTF, of radiation is given thus: 

LIGHTF = DAYRAD 
KM LITE (ISP) + DAY ARAD 

where 

DA YRAD is total daily radiation in cal/m 2 of leaf area. 

The actual rate, TEMPF of the temperature (here is equal 
to ambient), is calculated in two different ways 
depending on whether the temperature is above or below 
a given threshold TEMPUM (ISP). 

If the temperature (TLEAF) > TEMPUM (ISP), the 
function is linear: 

TEMPF = TEMPUT (ISP) -TLEAF 
TEMPUT (ISP)- TEMPUM (ISP) 

where 

TEMPUT and TEMPUM are parameters. 

IfTLEAF ~ TEMPUM (ISP) one has a sigmoid function. 

TEMPF = l 

l + CCPS (ISP) -e(- RRPS x TLEAF) 

where 

CCPS and RRPS are the parameters. 

The actual rate, PMSF, of soil moisture is obtained as 
follows: 

If soil moisture in a given layer for each species LA YCH 
(ISP) is above a given threshold WMAC (ISP) 
PMSF = 1. 

If this soil moisture is below a given threshold WMIN 
(ISP), PMSF = 0. 



If the soil moisture, WBID, is between these two thres­
holds, PMSF is a linear function of soil moisture. 

PMSF= 
WBID - WMIN (ISP) 

WMAX (ISP) - W (ISP) 

The daily increment of dry matter per g of dry photo­
synthetic material is then given by: 

PSRATE = DDMMAX (ISP). LIGHTF. TEMPF. PMSF 

where 

DDMMAX (ISP) is the maximum possible (ideal con­
ditions) daily increment per g of photosynthetic dry 
matter. 

DMTR -- There are two parts in this subroutine: 

1. One to allocate the total net daily increment of dry 
matter to the photosynthetic organs. 

2. One to simulate the translocation of dry matter between 
organs. This translocation is assumed to be proportional 
to the amount of dry material present in the donor 
compartment at the beginning of the day. This sub­
routine provides also the amount of new dry matter 
accumulated during the germination, leafing-out, or 
fruiting stage. 

EDAPH -- In this version only those subroutines dealing 
with soil processes are called: 

DEGREE for the soil temperature 
EV APO for the evapotranspiration and evaporation 
SOW AT for the water movements in the soil 

EV APO -- To compute evaporation and evapotranspiration 
with the model proposed by Griffin et al. (1974). 

FILLTX -- This subroutine deals with the storage of the 
state variables for the plotting of results at the need of the 
simulation. 

INVDAT -- Computes the number of days ( + 1) after the 
initial day from the current date (day, month, year). 

JULES -- Computes the number of days after the first of 
January of the current year (in Julian days) from the current 
date (day, month, year). 

NJMOIS -- For a given year computes the number of days in 
one month. 

PLOT -- Plots the results at the end of the simulation. 

PREPAR -- Prepares the data for the subroutine PLOT from 
the storage array which is in the subroutine FILL TX. 

7 Auxilfary Submodels 

REPORT -- To write a report of the principal variables, if 
this report is required. 

SEASON -- To determine the season on the basis of the 
Julian day. 

SOWAT -- This subroutine predicts soil water content and 
potential as a function of time and depth, and also the salt 
content (Griffin et al., 1974; Hanks et al., 1969; Jurinak and 
Griffin, 1972; Nimah and Hanks, 1973). The differences 
between this model and the model proposed by Griffin et al. 
(1974) involve only the input/output statements. 

The theoretical aspects of the model can be described by 
the following relations. 

The model performs the solution of the general equation 
in one-dimensional flows with an extraction term for 
roots, A (z): 

~ = a [K(0) aH] + A(z) 
at az az 

with 

A (z) = [Hroot + (PRES x z) - h (z)s(z)] x RDF (z) x K (0) 
I::,. z 

where 

0 = water content by volume 
t = time 
z = depth 
K = hydraulic conductivity 
H = hydraulic head at the surface (z = o) 
PRES= Re+ l 
Re = flow coefficient 
h(z) = pressure at depth z 
S(z) = osmotic pressure at depth z 
RDF(z) = fraction of roots active in the layer of soil a z. 

This subroutine permits equally the description of a 
process for salt: 

where 

Q = local concentration (positive or negative) of solute in 
the absorbent phase (meq/cm3). 

C = concentration in the solution phase (meq/cm 3 of soil 
solution). 

S = a "well" or a "source" for the efflux or influx of salt 
in the soil. 

z = depth (positive down below). 

D = coefficient (cm• sec-• combining diffusion and 
dispersion. 
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q = flux in volume of solution (cm' cm-• sec-') and V is 
the average speed of capillary flow. 
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We note, however, that the use of this model poses some 
problems since it presumes the soil has certain characteristics 
identical throughout the profile. 

INPUT ORGANIZATION 

Remark: Columns 61 to 80 are for explanations and are not 
read, except in some specified cases. An example 
of input/ output is given in Appendix 2. 

CARDS READ BY MAIN PROGRAM 

COMMENTS AND TABLE HEADINGS 

Any comments which are to be associated with the output 
may be printed out before the rest of the output by inserting 
cards bearing the comment information at the beginning of 
the input deck. These cards should finish with a blank card, 
or be replaced by a blank card if no comments are needed. 
The blank ending the comments is followed by a single card 
providing a heading (STATE(20)) for tabular output. (The 
80 columns are read in for this card.) 

lNSTHUCTION CAHDS 

One card with the starting date (IND, INM, INY) of the run 
and the date of the last day of the run (ILD, ILM, IL Y) are 
read in (615) format. The components of the dates are given 
in the following order: day, month, year. 

One card with the number of species (NSP), the number of 
types of dead organic material (NLIT), the number of 
horizons (NHOR) in (1215) format. 

One card (or two) with the number of organs (NORG(I)) for 
each species in (1215) format. 

One card (or two) for each species, containing the function 
(IFUN(I,J)) of each organ J of species I, in (1215) format. 
Provisional classification: 1 =seed, 2= fruit, 3 = photosyn­
thetic organs, 4=root, 5=stem. 

One card (or two) with the life forms (LIF(l)) of each species 
I, in (1215) forma't. Provisional classification: 1 = annual, 
2=shrub, 3=perennial herbaceous. 

One card (or two) with the name (NAMSP(I)) of each 
species, in (10A8) format. (Explanations in columns 61 to 80 
are not possible.) 

One card (or more) for each species, containing the name 
(NAMORG(l,J)) of each organ J of species I, in (10A8) 
format. (Explanations in columns 61 to 80 are not possible.) 

One card with the name (NAMLIT(I)) of each type of dead 
material in (10A8) format. (Explanations in columns 61 to 

80 are not possible.) 

One card (or more) for each species, containing the dry 
weight (DMSP(I,J)) in g/ha of each organ J of species I, in 
(6Fl0.0) format. 

One card (or two) with the dry weight (CLIT(l)) of each 
type of dead organic material, in (6Fl0.0) format. 

CARDS READ IN THE SUBROUTINES 

SuBHOUTINE REPORT (ENTRY INDMRP) 

One card, serving as a check on the proper order of the cards, 
which reads in a character string, in (20A4) format. Here­
after this will be called a read-check card. 

One card with the number (NREP) of tabulated reports 
required, including the report for the initial day in (1215) 
format. 

One card for each report, containing the date (ID=(day), 
IM=(month), IY=(year)) of the required report, in (315) 
format. 

SuBROUTINEDMEXO (ENTRY INDMEX) 

One read-check card. 

One card with the number of days (NDR) with rain, and the 
number of days (NDT) where the temperature changes 
(including the initial day) in (1215) format. 

One card for each day of rain containing the date (day, 
month, year) when the rain occurs and the amount of rain 
(in mm), in (315, FlO.0) format. 

One card for each day of temperature change, containing 
the date of the change and the new temperature (in degrees 
centigrade), in (315, Fl0.0) format. 

SUBROUTINE DMPHEN (ENTRY INDMPN) 

One read-check card. 

One card (or two) with the phenological stage (IPHENO(I)) 



of each species, in (1215) format. 1 = germination, 
2= leafing-out, 3 = vegetative stage, 4 = fruiting stage, 
5 =dormancy. 

One card for each species, in (1215) format, containing the 
following: 

The maximum number of days (NDGERM(I)) for the 
germination. 

The maximum number of days (NDFRUT(I)) for the 
fruiting stage. 

If the species is in germination, the number of days 
(IPGERM(I)) since the beginning of this stage (0 if not). 

If the species is in the fruiting stage the number of days 
(IPFRUT(I)) since the beginning of this stage (0 if not). 

One card (or two) for each species specifying the horizon 
(LCOUCH(I)) whose water content and temperature are 
used as an environmental trigger, in (1215) format. 

A group of three cards for each species containing 
parameters used in this subroutine, in (6Fl0.0) format: 

First card: PARPHl(I), 
PARPH4(1), 

PARPH2(1), 
PARPH5(1), 

PARPH3(1). 
PARPH6(1). 

Secondcard: THTPVG(I), THWTVG(I), PHOVMX(I), 
PHOVMN(I), THRTVG(I), THTPVD(I). 

Thirdca1·d: THWTVD(I), THRTVD(I), THTPLO(I), 
THWTLO(I), PHOTMN(I), PHOTMX(I). 

The meaning of these parameters is given in the 
comments of the program. 

SUBROUTINE DMPHOT (ENTRY INDMFO) 

One read-check card. 

Two cards for each species containing parameters used in 
this subroutine, in (6F10.0) format: 

First card: KMLITE(I), CCPS(I), RRPS(I), TEMPUT(I), 
TEMPUM(I), DDMMAX(I). 

Secondcard: WMIN(I), WMAX(I). 

The meaning of these parameters is given in the 
comments of the program. 

One card (or two) for each species, specifying the horizon 
whose water content (LA YCH(I)) is used as an environmen­
tal trigger, in (1215) format. 

SUBROUTINE DMTR (ENTRY IND MTR) 

One read-check card. 
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One card ( or two) for each species i, containing the rate of 
transfer of the daily increment of dry matter for each organ 
J, (RTPH(l,J)), in (6F10.0) format. 

One card (or two) for each species i, and each donor organ 
JD, specifying the rate of transfer from the donor organ JD 
to the receptor organs JR (including the donor organ itself) 
during the germination (RTGR(l,JD,JR)), in (6F10.0) 
format. 

A similar group of cards for the leafing-out stage 
(RTLO(I,JD,JR)): for the vegetative stage (RTVG(l,JD, 
JR)); for the fruiting stage (RTFR(I,JD,JR)). 

SUBROUTINE DMDT (ENTRY IND MDT) 

One read-check card. 

One card (or more) for each species I, specifying the number 
of days (WTIME(I)) since the beginning of dormancy if 
species I is in the dormant stage at the start of the simulation 
(0 if not), in (6Fl0.0) format. 

One card for each species I, containing pointers (LREP(l,J)), 
which indicates the type of dead organic material to which 
the dead organic material of the organ "J" will be transferred, 
in (6Fl0.0) format. 

One card for each organ J of each species I (organs nested 
inside species), containing the three parameters (PDDTl(I,J) 
PDDT2(1,J), PDDT3(1,J)) in the exponential function which 
computes the rate of death during dormancy. 

One card (or more) for each species J, giving the rate of death 
(PDT(I,J,K)) of each organ K during germination (I = 1). 

A similar group of cards for: the leafing-out stage (I = 2); the 
vegetative stage (I = 3); the fruiting stage (I = 4). 

SUBROUTINE DMDM (ENTRY INDMDM) 

One read-check card 

One card (or two) for each season i and each donor type JD 
of dead organic material (donor type nested in season) 
giving the rates of transfer RTLI(I,JD,JR) for the season I 
from the donor compartment JD to the receptor 
compartment JR (including the donor compartment itself) 
in (6Fl0.0) format. 

SUBROUTINE DLIGHT (ENTRY INDMDL) 

One read-check card. 

One card to read in the latitude (RLAT, in degrees) of the 
site, in (6Fl0.0) format. 



Romane 

SUBROUTINE EDAPH (ENTRY INDMED) 

One read-check card. 

One card with the depth in centimeters, of the bottom of each 
soil horizon in (6Fl0.0) format. 

SUBROUTINE EV APO (ENTRY INDMEV) 

One read-check card. 

One card to read in the number of temperature thresholds 
plus one (NT), used to compute evaporation in (1215) 
format. 

One card to read the (NT-1) temperature threshold values 
(TARTUF(I)), in °C, in (6Fl0.0) format. 

One card to read NT values for FACTOR (1), the parameter 
used to compute the evaporation, in (6Fl0.0) format. 

SUBROUTINE sow AT (ENTRY INDMWT) 

One read-check card. 

One card with the parameters MM, NB, ND, in (1215) 
format. 

One card with the parameters ALAMBA, CB, CONQ, 
CUMT, DETT, DELW, in (6Fl0.0) format. 

One card with the parameters DELX, DIFA, DIFB, DIFO, 
SYSTD, in (6Fl0.0) format. 

One card with the parameters HDRY, HWET, HLOW 
HHI, RRES, SOCON, in (6Fl0.0) format. 

One card with the parameters SOURCE, TAA, TIME, TT, 
in (6Fl0.0) format. 

One group of cards with the value of D(I) in (6El0.0) 
format. 

One group of cards with the value of P(i) in (6El0.0) 
format. 

One card (or two) with the value of W(i) in (6Fl0.0) 
format. 

One card (or two) with the value of WATL(i) in (6Fl0.0) 
format. 

One card (or two) with the value of WATH(i) in (6Fl0.0) 
format. 

One card (or two) with the value of RDF(i) in (6Fl0.0) 
format. 
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One card (or two) with the value of SE(I) in (6Fl0.0) 
format. 

One card assigning a value to the logical variable !WRITE, 
in (L5) format. 

SUBROUTINE FILL TX (ENTRY INFILL) 

One read-check card. 

SUBROUTINE PREP AR 

One read-check card. 

One card with KSUP= 1, if the tables of the superposed 
symbols in diagrams are required (=0 if not) in (1215) 
format. 

For one required diagram: 

One card for each variable containing the following, in 
(315, 11A4) format: (see comments in PREPAR) IGEN, 
IND!, IND2, LEG(ll). 

One card with nothing in columns l to 5. 

To terminate: 

One card with 100 (or more) in columns l to 5. 
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APPENDIX 1 
PROGRAM LISTING 

Auxiliary Submodels 

Storage and time requirements (after compilation and 
storage of the program) on a Burroughs 6700 for a 
simulation of 36 days: process time, 0.38 min; virtual 
memory, 5.78 kwords-mins. 

Explanations for Variables 
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5,1,,1<, ... c hlH., rn1o TNl ,I-ft~ f)t l)lf5, lli1(15,l IHl l[M"(AA· 
lv,-iL ._:,i.,..,,[), 
NlJIOtj[l'I IJt u•YS I,. l"l (1,1_Ltil i1UNT ... ()UtjMUUllNL N.J'i0)5), 
f1tt CtJ .. Mt,,f JUlJA'il •tl •, 

'f~Mt. ul -' :,ui,N•l!ITIN[ 
...... o, . 

Cl lfl 
Cl,:,!, 

{IU rl)lf'•"•Mt.ltN~ V>l•) i,(f,,.(LN 

CI ,tC" 

" Cl ,:,11,.lllt\l 
Ct' •"LIILI ll 
Cl 11."L II U I l 
.. 1 LHt:., (I) 
(,1 Ll,YCt1 (I) 
Cl I ATCH (I) 
Cl LLC 
Cl LC11,tCl'I( I J 
Ci LC0 1J1,.HI l I 
lJ t cu,1CH{. l 
CI t (G (I• JJ 

CI L II ( II 
C"l Llf ti> 
C 3 L II i. ll 
Ct I If ti J 
ti 111~uc 
l I LIT l(tl 
Cl Ll 
Cl Litfl' (I• .JJ 
C2 l "t['° CI• .Jl 
CJ 1. ◄II> (1,.1) 

Cl '414 

Cl ' 
CI ~A"'l 
CI NJ.l(ll II JI 
C 1 NAt1UHf.( I• .JI 
Cl N4MSP CI I 
CI Nit 
C2 NH 
Cl NtJ 
Cl o,,iJ.t.T 
c I wor~ult 1 > 
C2 o.r\lfKtJfl I) 
CI ttUG(HKt I l 
Cl N!JGfHtl 
Cl N!Ut 
C1 lilOIC 
C2 IIIUTC 
Cl l'lli•lH 
Cl HL IT 
C 1 11tUf)1),I 
Cl NOffl 
(.I NOfHUI 
Cl 1i1Ur.t:t1 
CI NOLU 
CI NOP'IUT 
CI NOAr. l I J 
Cl mJIHIUI 
!;I lil'lHlU 
CI IIIJS TC"I 
Cl 1i1{1'1£G 
CI >1Nff" 
C2 t,1lfft' 
CI NSP 
CI NI 
C2 'll 

CI p I I l 
ti:' " (l) 
Cl P.li1tP11l Cl l 
'-l PARP11tc II 
t J PlRPHII I) 
C• PUt'l''1lt.) 
C) P•Rr'11I l I J 

CI P4~f"1121 •) 
C 1 P.t.N">ill 11 
Cl l'.\~l'HH •> 
C2 pA'lf"114(. J 

CJ P.\""""41 I l 
(.;, PAll~11"( I I 
CI P,tlo>•t<;( 11 
Cl P•Rl>•tt,1 I) 
CI POl)T I I I •.J l 
(, Pflll t I \I• .J) 
t.l 1>l)f1I/ (!,.JI 
CI 1>1.1'1 I l 11 •JI 

o.t•"t uf • CUM,.,l,. 
-J.f.ldll!L[ U~(U 1-. •~11•-I' • 

..... 1 • 
lfli l .. iuuhll•J,.- ··••CH CA11:i15, Ill[ LOfcUUi I ·-•lJUN ,l•f( 
IU Ill ... u JI:. .. ,.p1u~ or1o1E11 ')l11lll f.t.1,.T(IK) ,t,tt[ Uf'ThUl 

rll" IHL :,l"[.1.lt!, 'I'• 
Inf SOil ,oUl(J/1)" IOliUH n"i,,1>f1ulu .. l •"'u/Ut4 5,tllL "41[R 
P!JllN'll.t.l I> U!ift• • lrilt.f,'-" 1111 l.,f l)Llll!JotlNAllU 1il M 
Li41L"!' k•lt. l!•(P('l[NT fllP ll~l l'IAll[ti:, 
C .. 10 ..:L•Ut.N, 
1'1f- SUIL MtJ"-llllN w,10:.( fLl<P["t•T11~[ ••fU/Uii ~U1L .... r(fl 
PUfLNfl•L 15' usr,, • , ... ,c.r.t .. fill' (.f .... 11 •• 1101, .i.,.-o LC,rlNr. 
•U,11 fU .. INC SPfCJf!, 'l', 
I U(H I \I 
llfl +IJ .. ,j 11,- 1t1r 5-PlCl(S I, 

I• •Nl•U•L 

1• )'"""" 
J• "(rtl!ioill •L ◄[P~lC[OvS 
,..,..r. ,,t .t. CU"i'ldN 
,. ... t. ,1r • CUl'l~l)M 
-J.f.Ml.tlLi. USl.0 .N '5Lhl,.f' , 
PUtN'lLN) lu 1·1u1CtT~ I"' ... 1, .. Clll•t'Atd .. LNI 1,r uu,u 
:-1.t.rUUAL 11JLL .. , '"•"'!:>f[llrilfl 111[ 1ft•11 ,ul ll'I u►-
,, ....... 'J' IN l11r )PFC I lS 'I', 
NUl U)(O IN \'1(5 ~rRSlll-'t , 
v•HU1tl[ U:,[U IN '5U11,"1' • 
N•JotL ur .h[ CtJ>il'l011 (IJ,l IHl AlPh.liJ<tTlt•L "•"[~. 
.t.LPl'IAtl[flL•L N.lil'IL Of" IMl •/[AU 01-HIIIAL (Al[UIJ .. Y I• 
.t.l1'114t1Cl.t.At. ,;,t,"( (Ii ltl[ ,JwG••• J Ji. Iii[ )t'lCl[S I, 
4Lf"1'1Atj(((l;-1,,. •Hl'll or fnl !.Prti[S I. 
[lilUAL TU f'I UM LESS, tl)t:0 •HC"' Ct)O!t'UTAI IUN OV(M UNI..'!' A 
.. Ul(IJUN' ur IH( l'kUflL[ 1!. ('l(Si~!U , 
SIZ[ Uf tnt t'1Jl[NIJ4L••UTlk C•INTl"T IAaLL , 
,tU-,l:1[11 or uus ltl ~IH<IL.t.TL ♦ I, 
1t•ic1"'11" NUJot!llof 11r u•T~ ro"' lHt ri,1JJII .. ,, )l.t.G( ur TH( 
SP't CI LS I, 
M.f.lCINU/11 fll'-'Md[H nr h4T~ ION l11t. \Oflltl!N'AIJU~, OIC L[Hllit~• 
l)UT, ur T"[ sP[CllS I, 
NU111tio or u•,s •I,.,. HJ'"'· 
NlJ,.a(tl Uf \/AT5o WHOSL IH[ l[atPt.MAIUHL CH,.,r.•,lSI lfll(LUOJHG 
TIC[ .Nlll•L llATI, 
"IU ◄ !l[W Uf SUIL HIINJLU•~, 
fll!I, a+ IYt'S ur (l[A(I U-tGA-.IC ... 1(111.f.L, 
(•C,J NUl'ldlH ruit UOH•-U-,1,;Y, 
t•<II NUM!l[N r,11f rM11ITlt1G )l,GL, 
<•?.l t,U"tlLlf or 1Ml f,l,Jl ru .. CJll.)/'11, 
C•ll /ljU/4ttlM I\Jr-1 t.lR!Cl,•Ufllto, 
1•,11 r.UotHlA r1llt Lt.t. ►·l,.1i•flul, 
(•\J NUNdt:M ur Tf1[ f' .. UTr,)TNln(IIC fu ... 1.IJu,.-. 
NU .. O[H ur IIMGO,S ur T.,( S1"[CIL5, I, 
<••I f'IU .. !1 .. M ur T"C( .. Oul ruriCTION, 
1 •I> HUt4n(IC ur Tl'lr 5,t.[0 fUNCllON, 
t•S) NlJKdl.it uf" Toil SH"I fU!11l.l•n•1. 
(•ll f'IIJ~i,t .. FUIC Y(&fT•l •yC: !il•UC. 
NIJMtf[N ilf Rtl-'URh C IN(LlJOC:0 (UN 111r l'11 fl.t.l UAY Jf 
UlSIN[OJ ,110IMU'4•io, 
NUo(fl[l'I llf Sf'[tlf:S, 
.. u .. oc .. UI ll'\k[SJot0lll5" \ ♦ \J U'",lU ,., 't'l.i'U' roK IH( 
Tl'"l'(K•fu,I[, 
Cl'I ur PKl:.SiJNl .. r•n•11•lfM Cl)t-1llHT •1t1C.t.r 1 .. 'Ut:Ll'I' 
lffC"C"'E" r:., 
P•~.t.141.ll"C uStiJ IN I ➔( :.UFIN!IUll!i[ 'IHtt"N(fll' IN (lCPU>l(N• 
,.u ftJ'tCIIU'- 1i1rL•JJf11,.. ,.,l "••l•U,t v•LUL uf" 111f 1(AfJO 
(tl"!T ,UITlN l't "(" l1)5"1Jf" Ill IOUL OMf -..•11(1'1 IN Pi..utl 
uH IN SfLII t'lJULJ.•T [,t, M Lt•r1 .. r.•uu1 Ok t,(Hl'IINlTION 
TV IHl ~,JIL ~•f£A pO.LNlfAL, 
Ct , 1-'ARP'11 t I l, 
Ct, P•1H'tll( I), 
l'.IN4Mtft~ U>[U IN JIil 5VAN•IUTINI '1,l'l't1lN' IN L•l"Ll"(N• 
ll•L IIJN!;l(Ut, IIFL•TIN•, l"!l •UAIMII .. Y4lUt OI l11t ii-fill 
PINY N4fl[I( .,. f,11115, 10 tlotY ,uflll< Jr. 1'1,.,.1-ll •I l .. O 
o, IHU!l!iG !,llG[ T'l IN( ~!!IL "''llM 1',1/(Nli<ll, 
C+ P•ltl'•♦,.I II, 
er .......... 1 1 i. 
.......... lfL,I ru .. , ... n..-G.,, •j• ,,, , .. l s,•( .. IL!i 'l' ,uS(O TU 
cu .. ,u I ( I 1t. IU If Uf \\LA r ... ,lt/'i IH<. I .. c ,>ukt1.!1,( l • 

Cf, f"UUI l I. ,Jl 
er. J>uOl I ti. j I 



Romane 

CI tl•IT l I• J,,. > 
C2 PUT 
Cl Pli(ll1J 
Ci P>IUht'il IJ 
C2 P -t11f'4"l t l 
Cl 1>•t,Jl,1l(l ll 
Cl P•tulltil( I) 

Cl ptt11rt1 
Cl l'ti 11V"'N( I l 
CL P>i11V'4N( I l 
Cl p1111v1u.t I J 
C2 PNIIV•<A.( 11 
CI PliSA Tl 
CI Pll 
Cl PL•II 
CI Prff+-'Alt 
Cl +-'ltfa( ft I l 
\.i i,,Haf,;I( I) 

Cl l'1<Lflt.1 I) 
C2 P>iLIHtl) 
CI p'(!(lll ::.1 I) 
Ci' 1'1-t,. 111 SI I l 

CI Pl<ll'I I::. 
Cl Pofo,A.TU I l 
CctPNSllL(I) 

Cl l'i'tT..-1",.\ I l 
C2 ot<Tl·O'( I l 
f I P(t<(t:11. 

CI '>llt l I) 
CI ,_(P 
Ci ·n;,,,,.I 
CL IHI(') 

(I 'l•PI-_ ( 1 J 
t:i ll'<"S Ill 
\.J II<"'> t I l 
l I Cl f 
f. I M ff•• t I• J, II. l 
l I 'I I 'Ir< t I• Jo I\ l 
Ll M 11,o< ( 1 • J," I 
( J "f,o~ Cf, J," l 
LI Q[l I it ,J,11J 
CI. If I,. I l I, J,..,) 
CI 1'1 l 'l l [, J," l 
CI II I"•' ( t, JI 
Ct' PI p,. <I, JI 
LI ~l'J•, tl,.J,I\) 
Cl 1o1u-.,11 
Cl SAVd ((! l 
Cl,._,, tll 
~ I i:;.t l I l 
0 '>l tlJ 
Cl ,;,[ •Su" 
Cl SIU( 

Cl s:1,;1:. 
Cl S,IIL 
Cl 'i•llllltil 
CI 'i•I J-''l 
CI S•1 ~ \I 
CI s~ t 11 
Cl <,ltlt. ttl 
CI S 1r-..- t I) 
Cl <;,1'•.!,I 

0 T ( !I 
Co(! T (II 
Cl 
l:l TU 
Cl fl'tf11f(II 
Cl n•HUH 11 
C 1 1<111 
Cl TCO'l[IC 
Cl l!H.'!' 

~ l Tt.-t"u"( I J 
Ct T(>1Pu1( I) 

t.l J(M"U rt I} 

C/ 1[1Puft I) 
CI TI >1r 

" ', .. i: 
Cl TIC>II 'ltitl J 

LI Tri;,1'11,H I) 
Cl f'1TP.._lll() 
Cl OH'".._U(l) 
CI 1-tf P'IO( IJ 
Ci TtHl''IIH I J 
Cl To-tl'"'l<.,I() 
C? llilt>V,.;,t I J 
Cl ltUILOll1 
Cl Jo4o1Tllll I J 
Cl 111,nv.i(fl 
Cl fH ◄ hhl 11 
Cl l11 ◄ f'lli( I) 

T-i•ilV\,,l I) 
Cl T loj( (t) 

Cl TI '1( ( 11 

CI TM 
Cl ll.lT'11N 
C/ till" I rt 
Cl '"'I, 
LI TtiU•S 
CI Tlfl<lt I t I• JI 
Cl JI 
C2 TT 
Cl fV tl•JI 
(l n ( I ,JI 
LI , _ (I• Jl 

l 1 'l(.J 
CI w t I l 
Cl w t I l 
Cl wAl 
CI wAT Ad:Ol I) 

c1 .ur11 ", 
Cl wq,, ( II 
Cl ofATl (I) 

C,! wATL I II 
Cl 11•11,, 
Cl ,.,.. ( (I I 

Cl ""~ \ I Ii 
1.:1 ""l•i (IJ 
Ci WHI '' I I) 
CI w 11~( t I l 

l2 11 I I '<l 
Cl ll l 
CI Ylli<II 

Main Program 

lf'll UI !J1.All1 OJUIIIH<i 111[ Sl4SUN •I• f•II( ltH. Urll,AH 'K' 

(If IHl ~l't.Clt~ •J' • 
NA,.( ,Jf A CU-tMllN 
1Cllfl"U" .,nofOl"t.R\UI• TI Gn >ID"' Lco·1N.;•ovr Ui'C ti[P-iJ1<tA• 
T111H IU Y(ullAll'o'f SIAGf fO'i !Hf Sl"t.Cll::i 'I'• 
ICA-llo'UM t'••1IIUl'(f,1l11f1 ,., GO fH(l"t L(AJ 1 .... -uvl lh( 1,[~"IIHA· 
T111;4 IU VlU!hTl'lr SIAtir HJtt 1'1( St>lt:lt::> 'I', 
NAICl vf A i:1,hOhlN 
1'1NIP4Ul4 1'r1t1flll'l1dll[I f,U( Thl St't.CJ(5 'I' 10 .JUHt' fM1)" 
vl1,(.TAT11l Id 1tft>icm,uCrlVL SIAG~. 
,.A.<IMU!'I ""1\lllt'LAl+l11 f't•k Toll St'lCJ[S • 1 • IU JUMP fl'IU,. 
Vlt,(T.I.Tl'IL IU "lrP"IOOUlllvl Sf.I.ti£. 
"ll OA1Ll Ur(f •UT1[A tuf.l T'I[ t:uRPlhl S ... lt:llS. 

~Ao!l-'ol..l U)lU "" •so, .. ir• • 
,,_A•o: ur A SIJIJIClll/T I,..[ 

NA1'l ur A ~U(lffl)UIIN[ 
Slui'CAII( ,ll(l(.lf rnR TMl l'l[P,h1T Jr TMl o ... ut. 'PSkAI[' '" 

SUhl'IOUT I NL I U011''1UI' , 
Slul'IA\o( Ali:tt.\l rru• Tic( H[PUl(J tJf f,1( 'OLU[ 'LIG111f' lk 

SUl'IICOUIINL 'Ul'l .. ~ur•. 
Sl•IICAb( ,1,r(IC.I.T fflf( TH[ IC[PlllCT tJr T'I[ '0LU( 'PMSf ' IN 

SUotlCOu I I Nt. • 1>"'1'1'111 I'• 
t;A'4t. \II ol. CU.,HLl"' 
Sl'll(,l.l,[ Ari.tat rnA f'1[ ft[P\hH ur TIC[ VAlUL 'PNSAT[' 1N 
Sl1111tUllf I l'IL 'U .. l"'HOI 1 • 
stuHAlll Ar(ICAl fOM J'1( M[Pdkl ur , .. c VAltJl 'l(,tl"( ' IN 

'sti••,(11111 l"'t. 'u•u•i,;nl •, 
I.Ai;( Uf A LU ... '4\IN 
r..-,,11u:-. or Kll1)1S l'4 LA(I( t>[PIH l.,Cltll(t."lrlicOKll.UN •1•) 
,, .. t. vr A CU1'1'4 1-. 

1<1ol.11t. uf A SUl$1C1ll•I IN[ 
RU,tl '4t.)ISTAH([, l.•l!I • 
Clr1:,T•Hr fOIC 1,,r ),>[CltS • 1 • ,,. f,t[ ll'IILUNATLU ro1t1 .. or 
lril L"C.l)IH lvu,IION HltAlf-.u ,..fl OAILl ltrtCll("["ll or 
flt(Y l'l•lrLK lU l[Mt'.:'-1.lluRr• 
14,1..,c: or A CIJIOII/N 
fHt S.1."l AS itTtilHI.J••\l ttVI f.Jr' fltiJlflN(, )UG[. 
HAI( .. , '"ANSf(~ oulil'"b , .. t. GlM'1f•fATIUN It/If (Hl Sf>[Cl[S 
•1· Kt.T•ll,'t r"I[ )tu;Jit uAr.•tt 'J' , .. o Iott. NlC[t'ION •J~GA't 
•11-•. 
11Alt. \.U fl(o,s•l~ r11--t lk( )[,SUN •1· 11Ll•tl.P1 IH[ ''" ·J· 
IUt.i,,1111) .lo'lh IH( 111-' •~• (1tC[f'TOHI (If l,llAu llolt.AHIC "1,f[Rf"L• 
IHI S,\14t. •s Hh,A(J,J,•1 H•II ruN L[.tflo'tt,•UuJ. 
NAll 40 ALLUl..Alr fH[ ~[T IIULT l'f(:H[ot[NI roic lttt: 
Sl"t.C fl) • I 1 1 U THl ll"t,A,.. • J' • 
111( S•Nt. •) ,111,R(l,J•") A•IT f•Jlt Vtti[IAflVt. ST.I.Ill. 
c•1otull.Yl'll c"' nr rlu''fllH" 1o4f[H (fflK ft,( CUf'IH[NI OAfJo 
.1.'411v"CI lJf SALr IN Htl~I/ON •1 1 !'lo '4(•:>•lll>I 
,tl'!,1UNI I.It SAll !H HtlitlillN • I' I~ 'i(U• 
cu .. 1.[)ifHAl(U"f 11( )ALI ,,. rtuRl'-0'- •1• .c.1.. ltlAUIHt,S l"f 

"H1♦ JSIC1C. 
NAr<t. ,., .. ,l SUdl(1ml Jut. 
'1.l1dA11ll vstu , .. 'Sil••l' • 
CU'l)lAHI •JSlll 1.., SALi C-Alt:1IL.lll0"-'S• 
NA-tt. ur A cu,oir1N 
SUIL l[ICt"t.t(,lfl),Cf IN M•hf!ZtlN •1•11"' Olt,k[l c.11.sT[NP(ll 

CUNSf.O,iT U::i(U IN S,,1,U C.l(UL&l!ONS, 
NA .. C: <Jf A SUd"lf)11T I NL 
VAl'l.1.<J.._t. USlll )'I 'S1l•<1,I' • 
V.l.'11At1LL •IH fttf TITL( 
SIJ!l l["'ll'L'iAIJN( J"I H•1'4l71111o •1•• l•Sullll.ll)). 
Jt. .. t'01U.1tY t'A1<"-'4f1Ut T•i ~ .. lft 111[ '1T011AULIC C0-'IUUCTIVIT1 
<1.1.lt.R Cu!-ll(NT 10\Lr• .. ,s t'I(( .. 1 .. Cl<(l'llHl) 'O[l<I' IN 

Slit• . 
Ltr'!l If TH( ~IIITll"I 'IOti,..OAKY IS A •AllK IAoL[, Jl11L 1hl$l 

ll,,1AL I U I. U • 
Ollft .. t:•.r l11H(Sr11JIOS ICH"(R.1.lo1tr (J,. Ull.llCi,.( (,) USEO 

IN '( VAt'U' 
Vol.1tlA11l( USLU IN •~U,t,.T' • 
tHHIIUN Vt lotl 1,I-IOUN1l swcrAct. COV[!(ll) t;T ~l1,1[lo\li'JN, 
Al .. , ..... Pl'.•hTv,u: (L,[G .. I"[ c.) <If TICf CUNMLlfT 1).1.T. 
IH[ •ul"t't.H Ul"'li'lll'I f(""[QHUQL• f,JII Nl(MU" 0AfLT IJtCR[• 

04t_,.J. 
IH[ Ul'P(t' f(,.l"LA.1.lul([ IH1tt.SHIILO J'IOVl .. ,uCl'I Tr([H[ lS -.o 
UAfLl INCIC[N[NT fUJ-: 01fT 1C•ll[N, 
Jl-i( IICl tuicPUHT IO"i :ITUIS • usu .. LLl u. - ANO h(( 
(U,tULAl!Yl ICUIIW' Ill' Trt[ ~IHUlAll(ll'I HUN fUl'I [AC'1 OAY• 
N(il U)[II 11'1 THIS YfkSIUH. 
l'fllf u:.r.u 1 .. 11115 'l(HSIUN. 
'41HIHU .. fLOit'(luTm•r to uu fl'UM L[A(IHG,•Uvt 
Uri GlHMl10IIOH Tfl 'l[Gt.UJl'I[ Sf.t(il ruw '"( SPtCl[S •1

1
• 

IP.tt(SttOLIJ fC•O'fR.1.lutt( TO tiU f'IC.014 V[6t.lATl'I£ 

TO UUIOUNI srtG[ fOlt 11'1( SP(CllS 'I•• 
,tH,dMVH lt.HP[l(ATUotr f,.11( TH( SP(Cl[S 1 1 • IU JU'tf> f''4U'4 
... c1,ETA1l'o'L TO H(P•q10,JCI lvl STAG[. 
,clrdMUM SUIL •l.ll(H ~UT(till4L 10 C.V fltUH L[AflNij•OvT 
OH G(ICMINAIIO'I TII v•ut:T .. 11'1[ SIAGl fU'1 lH[ Sl'[Cl[S ., •• 
IHIILSHULU SUIL 11,Hlol "l1Tfl'll(Al. In GO ricO"- H11t:htlV( 
rn tlOI-INANI SIAr.r roH In[ St>[Cl(s•1•. 
"J-.JNUN. SIJIL ,.,,,,..fir. f(IIC T~l ,P,CllS 'I' ru JIJNI" r~ON 

'llMIATlYt. 10 H[f>Hf'!OUCI (Vt. Sf,li;f., 
"'"· or UUr(>1.tfoll nus SINC, TH[ d(r,INNIN,.;, "' THIS SfAGC• 
Jt IHt. SPt:Cl[S 'I' IS IN UORMAkCTIIN OT11lll CAst:S•O•l 

YAHi AUL[ OSlO IN •sO•AI • • 
STUNAbl UHIAl'.!Lf US[U IN IH( CIJHPUUI JUN llf IJAPHllf '"'O 

Olli It 
Llrl11lr1 ot J,t( RAIN Futt ONE. UATtlN HUU~s,. 

NAHL ur A tUH"-U'i 
SI01H11£ AICNAT usn.t IN TMF' S'JAICUUTIN[ 'l)Ml'4'. 
IS I .u r,1 .. oA.ASIINlk UM o.'> row CR4NK•NICHULSON COMPIJU• 

I FINAL f'l1JC(uoRr ' 
SIOKAV( Ar(RAT llS(•I 8[.J<1[f'l'I T"t. SUliRUUllN[S 'l"il[P.tA' 

,,.n 't't.ul •. 
SlflNhl Ar(l(Af •nH lHE URl.l.ltllS r,;N}CII 11ILL lj[ l'LUTl[Do 
NAHL Of A CJHHtlN 
INlllAl VULUMlTRIC FRAtlfflNAl 111JER (:ONflNT lH "011110N 

•1•. 
NA .. l ur A CUMH(IN 
lllfAL AHUIJNT or 11Af(R (10.i IN fH( HOl11l0N •1·. 
SUI.._ <1All.C t'OICNTIAl 11f T'1[ lhlNl7UN 'I• IIN IIANSI• 
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1226 
1127 
IU8 
112'1 
12)0 
12JI 
I 2J2 
12)) 

123• 
I 2lS 
12J6 
12H 
1238 
12)9 

C• • • •• • • • • • •• •• • • •• • •••• • • ••• • ••• ••• • • •• • • • •• •••••• • •• •• • • •• •• • • •• • • ••• • 

···········•·•••••••·••••••••••••••••••••••••••••••• r111s :.11ot•COUTIN[ Uf.llS .. 1r11 r .. c ~llll t'ffOCLS~E::, • 

c~;~i",~. i~~ i ~~~;. ~;; ~i~~ ~;~;: i ~r~ i~ ••••••••••••••••••• 

C1lliot 1111 lu•IU!4/ l"U•l1"•ulNJ. I HY. JuLn•Y, !LIi, !C'I, l(:r.1S, lol~,JUI.IIIS• 
I /.111.lT, I l'U.l 1 

C\Jpj,MO:O. IC.11.lfU•U UU(ll).t•IIH[ 
(I..IHl!IJ'• ILtl.& I "4/ I llU IN. rul(([ 
cu10,r11• '"'"'"' L!,CV11l',,.1,cro1t(,.>,f11,Kfur<-'•NI 
Cl)olH•P• /l ~Ill u.lk.l I H, I (1.11 T. U.lP>1r'I r. ,11, ,A•u. OAI. IT(.' ,u J '.oj 

<:vot,01Jlt 1,uui)(I Sl[Mt'l 11) ,Cvt 11 l ,C,J/ol()tlC( t l) ,!!;lb fl Ht 11 I 
Cul!M1J,-; /INOV/ l,.[1..,!11P,il'\J 
CUHH:11• /,cCi1LC11J CN(CII( 20 I 
CU"H•J"' ISVILI 11ATl1Cito),SOILTC<I.JI, 
CQl!14011 Hlli/ f.lll1f(IHtfJtl•IC1IVrH 
Cl/>11'1U,. /11Al / ,;A T•oSt IUI ,litlNOF, 

I o1-tU.>! 
CU•Ol'I"' IIO,t(II •L•IU)A•CCI .Coo,i;, •CUl!T ,0£11 •U[L11 • 

I UCL• •lllf .l ,1l iFt:I ,O lf11 
.iu,u ,1111LT ,ttLOOI' 
:,IJUWCC•TA• ,1111[ 

,Httl ,IIR(~ ,~OC.JN • 
, l I ,NO ,11ruu •ll•flM ,Ut.'.L I 

h, •ldll , .. ii , 5-t.11,c , C•rL)( • °"'"'' 111\•l'i.CK 
1H bU 1,,.(60>. Tt e,OI, 
l( 111,li( 111.H( 11) t'lllf( 11 ).)U( 11,.:.Ct 111.sst I lJ• . .,( 11 hllAfHt l1 l,1UfL( ti l•Y< 111,,t 11 J•:!tl ll,t.111 J,f( Ill, 
llfl(I TC 

L!JUfC.IIL l•IIIf[ 
IIJHl"l!IIU"' IJ(t' IP1( IO I 

c ........ ,,1"P11I[ TH[ NUl!~L"' ut 1'1llllij'i 'IK.lll<' •llol IHJH fUH I,+[ CuRRC11T 
C U.ll• 

TIU i N•o.11,u IH1'0"..:l 
(rtlNAJ"l•til.2,.) lRAiN•2'• 
'ltJN0("0• 
CHL JlC."lC 
l[M.ll1"•'• 
(All t.Vu•u 
fOR•[VAI" 
otkA I ,,_•Tll:A I"' 
H[.-(t•U, 
If( ltlA.l/.l•Lr • .J.V) GO lo 60 

'1J J ► ('111AIN,L(,0.0) tiJ lu ~o 
CI lit[•AMt/.11 I I•• HHA 1'4l 
>!(PE T•W[t'L It[ T IML 
HIUI "'".ll!A-., \ (0., 1'1W.l (N'l •) 
CALL ~0,.AI 
c 1uur•u. 
C.u Ju lu 

c,U C 11 H£•2• • •A(P[ I 
Jr([llHf•l(.U.O) tiO lo 62 
CALL lV•r-ll 
[UA•£\'A.P 
~u fll 61 

f,U [I lH(•2- • 
~I CALL ::0011AI 
f,2 CONT J J,jUf 

n-ou CONIINU[ 
MlfUR/.1 

c .. •••••• .. •••••••••••••••••••••• .. ••••••••••+•• .. •••••••••••••••••••••••••• 
[NlHY J1'1Ull(O 
H(.lO(L(C•l..>i:'l> (CH(C~(l>-1•1•20) 
'fWll(ll•H',:?;;o:i'JI tC"ltli(ll•f•l•.!01 

'0'2 roKH.l 1 {?l)U I 
U;,3 ~Ol0uf(l4•10.l4J 

Cl rORCE l(.l{t.rALL lf'll(NSJTT '""/11nv111. 
H(A.O(l[t• I) f"11HCL 

c •••••••• H[AU IH[ Ut:l'Trl ur lrll .. url111! 1,f ril.CH 11Ultll•)N, 
11(1,U( LLC• l) cor,•t,H I)• l• 1, 'IHLIK l 

c.,.,..,.J,i( FIRST ,.LIRlll)H (\/(KT 5'1ALLI I~ A T"'lUAi.11\:AL LAf'[IC fQH 
C TML JnT[RfH[ SOIL•Al>11lSl'ot[Ht:• fHl 'O(Plt4' Ot THL tlOIIUH llr 
C (~t,;H rUJRJllll'( IS (UN\/Ct(T(I) l"l u(PJH, !,t,(I l,(UHP.t.TloL[ ~ITtt r11( 
C 'SUdl' SU"l'10Ur!"'( ~~ICH ASStMLS IH.lT 111r r,11IIUM uf' ii,~ NOMIZON 
C I IS 11.lLf•,.u 1t[l11l(, OOC!l 41,t,1111\Cl•tl, llt II 15 ,;[.;L~S.lltY 
C •ou ,.,,. c•,~· ,;uMJl!IN tJ(L•lll Tt4t. IAUL ,oOttll!l'IS Ju rlT ,dlt4 SONAT. 

'IHUl(I •,;r1Uw•I 
tlU( I )•11• 
nu sou !•l•Nrll11'11 

)no OJ( I 1•< Ul,. IH( I "I J "UV( 1-1 l) •7• ••IOI 1 • 1 > 
JIIJ( 1111UN) •IJt.Pf,.( Nt10H) 
~[ ltJRN 

I r(IRN.llt6t 10.i.l> ,., 

Subroutine EV APO 

12,tJ C •• • • • •• • •••••• • •••••• • •••• • • .... • ...... • • •••••• • • ••••••••• • • • ••••••••••• • 
12,1 SudROUIINl [l•l'O 
1242' Cul'IMOfl /LIUJN/ ILHAl .. ,tuwcr 
l:i' .. l Cl)NHl\1'1 IL'O'JP/ [l,l..,.ll'dACIOoll~l,laqf,.;t(,)•+41 
12'• CUMP11111 lli1I/ 1J.lk•IN,lt)Af,l<.l1'ttrlf,,11,.f11•1J•l>•Lll[,IHAIN 
124'1 CUH'4llri ,1 .. nu/ L[C,IM,.,lf'U 
12'6 (QNNU.C /tCLP1LC11./ Cr1l(1"t<i!O) 
12,r C0otr1UH t~lr.t IS~,"ISl>,IA'tU•L•ISt4Hr-,110>((0•1'1ll 11"'11, 
12l6 I '11lHCi\ ,HIJ •LI f' t 70 I• 1 "•H:l'IO( L\J), l~H,.1'1( ;'11) • tf UN( t\J, I UJ • 
I 2l9 ? Ut4Sl'I :i'\J• llll ,\JUMS"< 71.1, 11 l, 0'41 t 201 ,•)"I"[•< tu) o l'H:,4 ll, 
12>0 l "10Cil"'. /.IJLU• N1jV(G' ... ,r "I. u<JuO-t• I COV[A 
12!>1 C., ,,,..,U.lNAl'-•"UI,. I,. '"' 
12'):i' IUHAIC•O•J.c•ll'(/10• 



Romane 

12>] l ► (IJOAl\.,L[.J,01 b•I TU 7.1 
1.!'>4 t.. ,,,,.,. IC:>f If 101( ~AIN 1:i, rJ...ilS!i[IJ f1J,( Iii( CLIMA[•H 0.U, 

12'>"1 It lltMAJ~.co, IJ i,u hi 21 
11~6 'iu lU lO 
14''>/ ;)l lfrC.611••0 
ll>lt IIIJ I" l•l ,r,,I 
12'>~ J• I 
l.'oi, !Hl1u,T,l.l,T'4fc1Utll)l liU 10 I'> 
17'>1 IV f1Jr;ljNUf 
1/C>i,! l'l IL1'4P■ tl,0'11JAtJtJ2, 
17'>) L J ••t IIAL 11 r., (MP•rAC I .irH J)) •-"• 

1)11/0!"'• 
12.:0• t~•"· t:1•11,~n.:o~t:1t> 
120'> ''l f J>lh 
l2ob ......... ., If KO ill ut:CUII:> 
I lbf ;111 f I ■(), 
1200 c, ....... ·t~'"' fuH J 11f1UN• JHl['ISITT ljf ,-it: ~'1"1,1(11) 
I 76r, L ~ "i"■ VA.oi" i C / t "IA I,. 
1210 H >IA.I~• I 
1211 "1llU"''' 
12,2 , ....................................................................... . 

12() [hr~, (1'1u"lt'I' 
Jjfll Nt•UtL[(o17l}J tCtt((,ql),l■ t,?0) 
Ill'-> -..,dl(llrll',l2i'Jl lCKLt,.,(llol ■ l,701 
111b ll.'11 fuKru,1{/,JhJ 
I'll/ ?.:;,) t1Jot11•ltt,;,;>O.lq) 
l'l/n Cl f,l,1:11,tttl It. ,1[,..;,lt. (..-1 .. r-11 r,M[!.'1UL05 U\t,, 1•1 (ALCUL•lt: (OP 
l?n, f,lf:lut ,,.,, ll. 
12olJ l<L .. Ut .. u,;,t) NI 
I 2nl HI I •'1 I -J 
ll"7 •1t,1,J1Lt.C,il1Tuttuf<IJ.l•l•"'illl 
12oJ 1.Ulll/t(,.IJ•T•tHUtlHTI) 
l2G'I t1(,1,1)(L[{:,2)(1 4i;T1JIC( il.1-"I •NI) 
12~'i l"l I ,IIC"" 
liMf) l f'Uttit.t.Hlil',) 
l2nl I f11Hot.,l(ht ln.U) 
l 2tl~ t 'tU 

Subroutine FILL TX 

l'lo'I 
I ?YO 
1791 
12-ti! 
I 2Y J 
l2Y'I 
L<'Y'> 
12,-. 
12H 
12va 
l2'H 
l)tHI 
IJUI 
1)02 
IJvJ 
lJ•I• 
I JU') 
1).)1', 

1307 
IJIJI\ 
tJ::.'11 
I JI 0 
1)11 
I )12 
IJll 
1)111 
lJl"t 
t )16 
1 )l 7 
1)1!1 
I )l '11 
l.3l0 
ll.:l 
1Jl2 
I ]21 
I H'4 
I J/5 
I J~6 
Ill/ 
I )25 
I J?9 
1 JJO 
IHI 
I ))7 
IHJ 
I J,• 
IJJ'J 
I Jlo 
1)37 
I Jld 
1 JJ9 
134!'1 
1 l~ I 
13'12 
1]'3 

11•• 
lJOl':i 
I ]'16 
l J~ 7 

n"e 
1)49 
1 J'>O 
1 J'J I 
I 3'>2 
I J'il 
IH'I 
13~5 
IJ'>h 
13)/ 
I 358 
IJ'.>._. 
1360 
I Jt, I 
I )64' 
I l6J 
tJc,• 
IJt,'J 
1366 
IJc,1 
136!1 
IJC>',i 

lJIO 
I Jll 
IJ/2 
IJIJ 
IJI• 
I J/~ 
I )/1> 
IJ/1 
I JIii 
I )7y 

C••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'IUKkOUll•u. rltLIA ,._ ............................ ' ....................................... '. 

L Ird:> )\Jllli\JuTl,,l UlAL) .. ,1rt TNL s,u ... ,r.t. Of TMl STllft:. YAlilAbL[S. 
c ..•.......•...••••.••. , ••.•....•••..•..•.•••.••..•••••••••••••••••••••• 

CUM1111r1 /1Jl JIJOI( (HO• I '1ot, 1,, • Ju• 1', .J JI.O" r. rco, IC"· ICY• IS, J,t Is, JUU'tS• 
I tllJt.1', IPU• r 

C\J"ll!llr, /t•lll •11u1:4IN, IUAY,l}f,r''11)l,.IJ.,~lU,t)Allf[•l1ClJM 
l'.1P•,4IIN /t ILL/ rx(!IO, luu, 
Cuot"•IN , 1 .. uu/ L[C, I i-tl', lr'U 
C:J"MUN lr...AS/ r...l, "2,i,,l. l\'I• 11o;, flO•f\l • <~• li9,1UO, 'I 11 o 1(1 2• 11 I J, .. l•,1()~ 
CUi41'1m, /LITT[k/ CUll1"11•UCllT(liJ>,HLIT 
ftJolMON /"CK[(-.I ~ri[C'-tiOI 
Cll"IM,l'o /!:ollll/ .,lfl'lljlJl•SIIJLI(( 10), N141lM 
CUNUI" IHI,,/ i$Y,l-tSl-'•)ANiJlL,l°'ol~,i,o,uJ$((tJ1NUP"1Uf• 

I Nt)l((jl 20) •LI f C 201, I r'l'll"l'l( lOJ, IPH('O<I {IJ), I ruM( zo, 10) • 
l111SPI 20, IO J, U'IMSPt 20• I u I• Ulllf ( 20) • Uf'IN[III 211 I• r'liSA J( • 

.. 1J(it.k• ,,uu,, Nl}\f[(i •~Ort!• trt•ltJO"I • TCnV[R 
CO .. M!I .. ,~,11 ,..t,JlBS(lo,.11uN11r, Sll11fY(l0l•COk,(Tl"'(•ChJUT• 

I ,HIUUI 
c ........ ,r.sr 1f Int flR!,I tJA,T 

If (IIJ.t.,.(~.11 GIi TU 1U 
!l(NO.-T,Ll,IUOI uO IV 22 
fluAr• IOAT 
f"'IIJAl'"•:tJ"I'" 
r1,1,11s•f jl.lAl/ (PiU"-1'/ I .JO•> 
I AHS■t I ldS 
1r<J,1,ds ... 1.1uo1 1,11s•1uo 
GJ TO I" 

,1. llbS•IUlf 
\0 lftlldS.Ll,ll rl[IUtl'i 

li!J T/J ii!I 
,11 I At!:>• I 
;ii ~•u 

c ......... Jfn ,.,.ll(k rol'I [ACH Sl"LCI[S 
no 2} IO,"ISI" 

"'•"-•1 
,J h(11.,IJ.IJ::Ol•U"'l<II 

,q■it. 

C •• ,., ... tHT "1AIT[11 f\JH tACr1 tlotr,Ui llf (ACH SPLCJ[:> 
n1., 2'6 I• l ,,.5p 
IHID•1.U1t.,(I I 
r•u lt> J• 1, u 111 
,..,,;., 

;,6 li(M,,IAll>l•:)HSi'Cl,.Jl 
,-z■K 

C,. ,, .... O(AU •Ult'.Hl-'l 
Ill.I 2'1 I• I •Nll T 
"-•"'•I 

;,-4 J,;(,;,l.lK.:Ol•ClJT(I) 
l(t■ PI. 

c., •, • •,, ,i4f['I 
11<1 ,!~ I• I •N11Uk 
it. ■l(•I 

;,'> It( 1<, IA'l.>l•11A1LJH I) 
1( •• ,.. 

c, ......• sutl ltotPLklTUff[ 
111.l 2/ 1, 1 ...... 011 
11•11. • I 

,r f,;(11.,IA,:l!:o)•SUtLlltl> 
11;•r<. 

C • • •, • • • .R-.tot 
~ ... •I 
I• u,o., I All.:O hOA>tA Ji. 

"6""-
c •, •, • • • • T(Kt'(rlAlOl"ll t AJIO 

11( I(, 1-.d.:Ol• IOAr 
1(/ ■ I( 

', •, • • •, • P'1LN\IL'l,)(,1' 
11._i 21'1 I• I, MSI" 
,;■l(•I 

,11 t~t,;,U11>l•ft>,u:Nutll 

C •••• ,.,. ,.11,.,::, 
nu l'I l•l••UtUlf 

"•"•! 
,1 1n11,l.t.,pJ ■ o1AUt1:>(l) 

t-tlllJ'I" 
C • • • • •••• ••• • •• •••••••••• •••••••••••••••• ••••••••••• ••••••• ••••••••••••• 

c .. r1u Ji.it ILL 
~L11.11LlC•l222) (l:K(C,-(l),J■1,,0l 

•rlll[(l;tl'o'22)) (CN(~fl(ll,1•1•20) 
'i"l ruHHll{20U) 
2;7J r,jHotA \( l-'•20••1 

( ........ 1,1 LttAM Tot( :tllJHJllt,( OU1A1, 
1111 l'hi J• l,\•l 
IIIJ JJ.J .J• l, tOtl 

to:1 IH J,Jl•oJ, 
ot[ Tuio 

'" 

16 

Subroutine INVDAT 

1380 C •• ••••••••• •• •••• •• •• ••• •••• •••• ••••••• •••• ••••• ••• •••••• •• ••••• •• •• ••• 
lldl 501:JROUTl"IC Ph•OAl tl4Uol"l'I ol"IT,10lToJCOoJCH•IC1> 
1 302 c----·---------- ------·-·---·-- •---------•---- ----·- ------ --------------
134 3 l COlll"UT[ l1"4L cuRH(HI t>Af(H.IU) ~{TK TllF OULttru.JC11,p.;Y) I 
1 304 C -••••-•••-••- • ---•••••••--•••--••--•-•- -------•• ••- --- --••-•-•••-- -•••-
1305 C, ••• ,..,lt1ISa.iuw<4J VAltlAHL[ 
1306 c.,,. . .,.l.~1.1 •l!olTlll !JAY \li.tPiHl 
1)117 C ... ,,.,,1-1,. • >1!Jfff'1 (lo;PUII 
l)oe , ........ '"' • f[Ak { l~Ptll 1 
1)119 L ........ l:,IAf•i...uR,tL'IT ""'· cuu .. llr4<i ritutt J'1t: l"'lfllL UJll1'(1NCLUU(~)UUT!'Ol 
IJ90 c ........ lCIJ•THl UAJ( •ll•'lli , .. r CI.JHl(l .. l .. ,IP,l1H{-Nl'UTI 
l)YI c ......... p,;~•111r OIIHifll .,,, ... 1 .. hrt: Ctlihlr.•H r[AICl!W'Jfl 
139, c ...... ., ICY• li'il t\JKHt.~I rr,wt jNr''Jl) 

JtCl"''•Ll.!'ilOllJ IIH•INltl',lOIJ 
I{)• (NV 

fM•J,;" 
I I• INT 
IIJAT•I 

I I 1ft lil,N(,it:O) t,IJ TU IU 
l((Jw.Ni•ICOI) C.0 TU ii) 

1t11, ... [,ICT) (i{I ru IV 

>It fUll1' 
J,J fUAT•luAl'1 

I u• l1J• I 
,-.LL kJ-4uiS( l'I, 11.lfJ• ltll:»l 
I rl Ill, Ll • "J) 1i1J IO I I 

' ... , ... 1 
I U• I 
1r1 /1•Ll• In IU t I 

I"" l 
1u•1 
1,.1 hi II 

"" 

Subroutine JULES 

,. , 4 , ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
10., SUIHtUU\ l,.t. JUl.t.S 
I• 16 c, •, • ••• • •••• , ••••••• • • ••• •, •••• •,,, •• •, •••••••••••• • •• • •, •••••••••••• • • 
1411 C\J"!l'\Jlf fKf 'JuLJl~ OAI' tl)K l,;f L11,f!Cl,ol 1/Jllf 'IUlf', 

14111 C• • •• •• • • •••• •• •• • •• •• • • • •• • •• •• ••• •• • • • ••• • • • • •• •• • • ••••• •• ••' • ••••• •' • 
141V l'.U,jM•jl'I /vlfojH/ IN\J, l••l'I• , .. ,. 1u,, • JULII~,. ,en. IC1• ,c,. 1S., lt1l:t,.J!JUAS 

1420 I 
1411 JULUil••I 
1.,n ... ,, .. -1 
111&'3 <lu I ,1 I• I•" 
l4i• CALL 1,.J,.ulSC I, ICf,JuUIC::O• lt;J.)J 
142!1 II.I JULIJ,1,f•JVLl).t.T • ..:uvll:t 
1416 JULOa.r ■ JUI.UlT•ICU 

1421 J1fTui.11, 
14,~ r .. 1, 

Subroutine NJMOIS 

142'1 C•• • • •• • ••• •• •• ••••• • ••••• •••• •••••• • •• • ••• •• • ••• ••• • •• ••• •• •• ••••• •••• • 
l•l•I SiJIJ"IJUTJ .. t 't.l~,Ji:tlMOIS•l•,.,JUojltS,101'\J 
14JI c ...... ., c•LCULl LE NUMdH[ IJE .JI\JOIS 0·• -t111S-ll'4t: 1101s 0[ t.• -"NII[[ IA.ti, 
l11)l 'li"l"l:t/tJi. "iJ01,11H Iii 
1411 UJIA NJijUft/)1,U,Jl,JO.Jl•lO•ll•Jl,)'l•J\,JO,JII 
1414 li!IS•l.f 
UH JIJU~S•HJuui.(M,IIS) 
14)6 Ir( JOUHSl lUI • 1\)l o 102 
l4J7 Int Alll•[Alt 
I'll$ ••AOIUUC .t.l'I, 4, I 
14H IF<lll\14•104,),J) 
14•0 104 JUIJM$•1~ 
IHI lf'IIS•I 
144?, GI) l,J llli 
1443 lnJ JUUIIS•ld 
1'141 lnl ,H, TIJMl'I 
t•4S c ........ JIHS•l•f[l1.tUAHT JS 2'1 o•rs. IMJ:t•O IN Ollt[H CA:tt:. 
14"6 [HU 

Subroutine PLOT 

1•41 C•••••• ••••• ••• ••••• •• •••••••••••••• •••••• •••••• • ••• ••••••••• • • ••••••••• 
l l48 ~IJtl!MIJI J"t: f't,U1 ( UU.C, XIII~, IH, 1 "IU, ltP"-5,(Ur'l ,PI.CHUIH,I\SJP) 
t.•9 C )(y(l(W.I( lllkNING,., IH 'PLUT•, •111111• ,~ "l(Jf fttl l).t,l or INL l,.lfUL 1)11[, 
14:tO CIJHMIIN /INIIIJ/ l(C,lHr',IPU 
U)l COMMON /VIAGH/ H[CI lo.JOO) ,L[r,l 10,i I) 
14)2 ClJMMflN /t1LAO/ TlfR[(ZOI 
145) O!Hl"l:tlUN GPAP"'()hlUJ),f(JUJoST"'d0lllO)•XVAL(6) 

145~ C ........ l(Ur'T• l•f'A:> Ul (i~Af'KIOII[, 
1456 c •. ,..,.. • • 2, 011 6R4Pt111i1U( r,t;",'if.lhL•Oll'IS Ct. ClS KCttUIK•2• 
14!17 c.. ...... • • l, UH t.HAP11111uc P&.M 'll"IHIL[, 
1458 c;:,.,,,.,. • • "• Ult tiltAl'itJlluE PAN o/l~l•AL[ S UN ii[N[IU.L, 
1459 '•••••••• l(CHtllH• 1, MAX• lJ Hllol. l'QUII CKl,IU( lllClPIIJOU(, 
1460 C,.,.,.,. • • 2, Mt.i4l .t4Jt. [l "I"• t'O\l,t TDUS ll5 tioCAPHl"UlS. 
1461 Cl K:»UP 11HI I[ lti[ SVt'(kPIISP) .>f"AOLS IN OIAGIUl4S<•O NI.JI l 
14ol Ill TA 1.t.11S/' I'/ 
1•0J OATA )YO'lcllJL/'l', 'o' ,•c• ,•u•, •r•• ' ► '·······"' ,' l ', • .J., ..... ,•L· •'"''• 
1•64 1 'N', •u•, •p•,•u•, 'k•,•s• ,•t•. 'u', •~•. •••• •x• .•r •, • z•, '•' ,•-•,•••• 
141>'> 2' •' I 
141.16 1'14AIC•IY(Lll, I) 
1411117 T"IIN•IV[~( 1,1} 
14611 <lO };)U fl•!,!NO 
1•1>9 OU 120 I•l,NY 
14/0 YotO:•AIU11( JYt"Cl; ,11.)•TKllt) 
1471 J?O Yl'IIM•Al411'1I( l't'(C< I ,II.lo Tlllrll 
1472 l't•O 
141J ltLANK lrit. Gk.I.Pl>\ 
1•14 l"IV I\LANC•' ' 
14/5 OtJ 30 l•l•5l 
1416 Oil 30 J•l,lOJ 
1411 ]OGMAl'Kl(,JJ•' • 
1418 sn ui> ,-u1s 
1479 l)O 50 l•Lo~2 
1400 Ir l"UU( l•?,51 ,UI• ii) ijl) J,I 4tl 
lul G~APH(I .t hl'AXIS 
lu;t r,,IAPtHldO))•TUIS 
110] tiO TO 50 
1481 411 GRd'otll•IJ ■'•' 
14&5 GRAYHl!,IOJ)•••• 
1406 '\U CONllhlJ[ 
141'7 S(T Or' .rAI I 5 



17 Auxiliary Submodels 

1 •e11 U\J /,J J•I.. I 02 
1411"' tr l>iiJIJ(.J•;),11)) ,(g, O) uO fl) 60 
14'H) c:,i0,l'l-{ll,J)•'•' 
1•',II f,MAl'hlSl•JJ■'.•" 

l ■ .,l r.u 1\1 fO 
t•,oJ ,.o GMA1'>1(lo.JJ•'•' 
14'f" GHAP ►4l)J,Jl•'•' 
14"''J 7u COl'lfli,,u£ 
100 tl)l'l ■ \~NAll•J(/"IJH)/100,0 
1, ... , rvl V•\ , .... ,.-Y"IJH)/50,.> 
1401 ,,u 111 llV(l,?ll•22Uo2/Qlofl0Pf 

14"\I 2,u H•IV•l 
15~0 CilJ J(ll<1\,0),-.ClftJIK 
I ';ul • I f"I I MS• TYlC( IV, I) 
1~1112 fl'IAJ(:-.•Tv~(..( !'o', I) 
ISIJ) 'IU •J ,.,,u1,, .. u 
1<;v• 1 ..... s ...... ,., ( lll(Ct IV,111.ll'll or,U.('i) 
ISvS ld , ... 1Mti.•A!oill'ol(lvlCt!Y,,.O!l,Ool['f<;) 
1Su6 'l'Ul'f~•(f"~~S•'f1t111SJ/lO, 

I 5iJ7 '"'IP• IN I ••!I 
I Sud fld'ft'•fl•IVS 

15,,y .. 11 '" ., 
l)JfJ •I tt,IVl"•YUlt 

1511 ''"'"•'"'I, 
151? 1f ,hi 2V) !\ ■ J,111111 
151) 1(\l■IV[LIJV,,.l 

151 • ~ .... 
151 '> '(•11,•'(l'.t.:, 

15111 J■ l.,')•(l•••.0Jt1)/X'JIV 

1<;11 l•<:,2•(YI ll•flllt')/flJitP 
ISl6 l r ( UtC4,'ttl I, JI ·ell •HC I :n "' 211, ,,o 
lSI.,, LIV ►~I J[l J'1r',j)II,' ,JC,IIICAl"l1( I ,J),':,f,4!:IOL( {VI 
ISLO 'l Fuot11,1.1(1A,llil•fl).v,IU~,.,l•'•'•All 

I ')./I Ll I CUHT (NI.I[ 
1'>1l LOS 1,,...Ar',Hi••.!)•:.f.,t10l..(lvl 
I St'.1 h() Ill LJI 
l').:'11 <'?I IH,,;Svl'.LU.01 vO JU t'l':J 
I'),-.) .. ~J T(l!,.r'd) 
I 5,,11, J rc,10, .. 11' I',' ':JY>tt1JLt.$ '.)Ur'Lll~IJ':JfS , ....... L( UIU.P11 IIHI( suJv••• I ( ,\•AN( J [H 

IS21 l•H•Hllu.ifAu)'/IX.IUl'r'AS J,11111 .l•'f•'I} 

15;.,11 I CIJIJi. I •• 1 

15,.,, nu 2H• 1'.L'1•\•IIJ 
I '>JIJ 11fJ 2 Jt. "IL.-.• I,~ 
I SJ I L16 TAtl[L\ IIL", l(.LH l 
I SJl <?'> OIJ llJl .,. I, P•u 
l~JJ l•"-
1)311 ••J;.-.:r'A':J 
153'5 r,u 2l•J l•l,NY 
15J6 lnl rt I l • I .il,.I I,,.) 
I )J/ J■ 2 • S•l J• ,l'llllll/)(vl Y 
ISl'I 11ll c'fl" I.• I• H'i 
ISJ~ 1 ■),'•~Yl~)•fl'll"'l/l\JIY 
15•0 H(11S.,l'.LW.,.1' i.,O hi llJ 
ISltl 1r(Gll•l'rHl•Jl•dL.,~C)Llbill,21c' 
IS42 /12 1Cuu,.J■ll.t111~l,I 
15'1] IAd(Ll!dC•JUl'II)■" 
tS"" U.l:l[Lt'ldCutJl'll)•.C 
IS4'J I.A.l:l(LlJ,ICl,Ul'tl)■t,1Ul'r1(1,.J) 

1 !,'lb r .A.11(Ll Ii, ICIIUHI ) ■ )Yi.tlJL( LI 
1Sti7 ltl(CutJt.l•JO) 2IJ,2)1,l)l 
1 '5'111 ,n I ~>I I f[l P1r', lJJ) ( ( 1 Atlt.L( l •"-LM), T.A.•h.L( 1• 11.Llth T AIJ[L( J, IILN), T .ll:l[L( 11,JCLII 

1'5<i..i 1)),1\LN•l.!COUHI) 
1S'51) ill ,o,oul(IAtJOll],1).Q,p ... q,••••1'•')1 

1'5~1 j(fJUNl•O 
I!,)? Uu n:.. HN•l•IU 
15'51 flll 2P '"LIi.•! •'i 
155• .:'Ji TAll(L(O!Ll',l(L/ol) ■' ' 
15:»'.> 0:t l CIJ,.T I NIJ( 
15)6 lO'I Gw,t,Pttll,.J)■.SflotlUL(Ll 

15~/ /Ol CIJNIJhUL 

IS!lt! 11' ( ICUU'-1 l11',l)0,1Jf 
IS~', Lll uU T[I I 'Ir', 2Jl I (II ld[l.l I, 11.L"'), I •1:1rL< io'"'ll.14lo T i8l'Ll l•l<LII I• Ud[l( ,t, l(LII 
l'St-0 I I I ,r..LH■ t, ICIJV"ll I 
1'5t.l llCI ttJ•HINU[ 
l'5b2 P1U1.J l'1l. (.HAPH 
IS6J LOI ofO(ll[ll.,l",YQ) (TITK[(lfllolTl■l•2•11 
l';(.111 QIJ r,,l(;Ult' 1',211AIII) 
ISt.'5 i;,1 IOIQ,.,'1'5)•"''-'Ull'I 
l5q6 4q T11ll1•ffll ,5 
I '567 YU I .. ■ lO! w:, 

l!lt.1' r.u ru 11t. 
15,t,9 11'5 Y"'l1ol14J1. 
I '5/0 ,,1111• TUI• 
1'57 I 111b CUHI I ,_U[ 
I '5 '2 I 4IJ I.IU l')U .,. I •6 
l';/1 l",O XYAL(lld • J(HJO.: ♦ (ll.•11•2\J,'ht,)IV 
1'574 -.,nJLlb.JbO)h'U 
1'57~ 1 ... 11 ru1ouf</1,,111C111,.t,1u.c.)) 

I ')f6 ou l"u I• I ,'SJ 

161S c ........ JfilN■ IH Tfi[ YARllRL[ M[~vlMLO JS TH[ RAIN IOk 111[ OA'I'. 
1616 C .... ,..dGt.N•f• fH[ VARIARL[ ~[JUIMEO (:> TH[ OAILY 1[141'[1CATUH[. 
1617 c .. ,,..,olGlH•ll• TH( VMIUkL[ R[~UilltD (':J ht[ P11(NOL\JGJt,t,L STAG( 

1618 C ur TH[ SPLCl[S 'IHOI' • 
1619 c ........ lGt.h■Y, TN( iUdAisLl R[llUJ"lU I;> T>ti 41'1UIJhl(14H) ur 
1620 t TOTAL 1ul[H IN THr 1'!111(1'/IJ .. 'lHOt', 
L•i!I C••••"•., Ji.,[H 1,R[,t,J[II Tl'IAl'f 99• NU OTHLR r,IAGA•M AlQuJi.tlU• 
1622 c ....... ,L[\olNt,I l N,lM[ or T•H. V•AlltJLlS (CUL. 16 ru )9). , 
11:i2l C, •., •.,, ••• • • • • •,,.,,,,. •, •.,., •• ,.,,, •,. •., • • •• , •• •, ••• • • •,, •, •, • •,,,, 
1624 COKi!OM /uATUM/ (l,fOolNH•i"'f•llli'f•JtJLOAT•HD•fCM,ICT,l:.,h:1ts.,JUUAS• 

16.i!S I NIJ,t,T • lt>11i1' 
1626 CUM'IOI• lul,t,GII/ IH10•1VOl•L£1.i( 10• 11 I 
162' COMl'!Ok tr ILL/ Tl( ">0• 100> 
1628 COHIIUH /INflU/ L[I., l,tr', H'IJ 
16.iY CuM .. Oh /"'.lSI 1<1,"'1•K),11,11,.o,;~,<ti•llf,ll.11t•l\9,11lO,,q1,1112,111J,lll4,11I~ 
1610 COMMOh /LITT("/ CLllltU)•IICLITIILll,NLIT 
16JI CUHMO,. l"'C-'[CII/ CH[l.l'.IL0) 
UJi! CUKHUh I.JO(LI 1uf01(1u1"SO(lT[l\ul, '1-tJ~ 
Ull CUMK.01'1 1,Cr.1 l!l.P,1tS"•IAliUJAL•ISNR11•'fnS([t1,NOP11UT• 
I (:,)II 1 NUMGl 2D l •L II t l0), IP>tL,.llt LOJ • IP.,r 'UH 20J • It VNI lU• I\J I• 
16J'5 ] u .. Sfl 20, I 01,ULl•S~( lU• I 01 • Jl(J( /0) •l)l'lh[ ~( iU) •P"':JJ. f( • 
16.16 l NUGEH•NIJLU•'IOV[i.,,'t(Jtl'l,'f,J1l01t•lCrt'l(K 

16H MlAun.[(,2;f21l (.,:H[C"'t!ld ■ l,?0) 

UJIJ ,or'JltlJ'fr',?'/211 (Ct-c(C1'.tll•t•l,211J 
16l9 'll?2 ruM•Afl2JU) 
l640 2L?l ft1KH•ll1.c.,'/OA•l 
1641 qlAUt 1.[C, l J 11.!i,\JP 
161112 " ,,1,1■0 

164] Ill r,~•MY•I 
16•14 JH•H•l(.JO) >U 1(1 IL 
16~'> ,.1,1•JO 
1641:i N[4Ull.LC•I) l\,[M 
""' 1r<J1ot.1t,1.o,1,ul 1.,0 Tu ;ou 
16U Gd fl) 10 
16119 12 11L.l011.[C,IJIG(N•INUl•INU2,( L[lil'•l•l)•I•l,111 
16':>0 fft lf,lr,.1.11.991 C.u fl) JvUJ 
I (:,)I II I I i.,t.H .l.\f,O) C.0 ltJ )UU 
IO)'l Gu fn(i!l•L?•ll•2••2!1•lo,ll,]1',l91,Jr,ti. 
16!11 C •• ,,.,..1111,t,L U~T 'IArl[k ftlM l~COI Sf'(t.lE'i 

16')1 ?I (l ■J'fUI 
U'>~ fi•J ID 4011 

16lt1 c ........ 0111 ,1111,l l(k rn..: u ........... s 
16~/ )l IC 1 ■ I( J 

165" !HIHUI.L~.l)GtJ IU IUc' 
1659 jNLll•IIH'1•1 
le,61,) !JO 101 J ■ l,1"101 
IUd lt1IU■HUt11o,11 

1662 11'11 i<f■trn111.,(IJ•11l 

161:o • Inc' • I•" r • I r,u? 
1611'1 1,,u Ill ,._,., 
1611'5 , ........ U(AD •Ul[KIAL 
l61:i6 ?] 11 I ■ll'I• I HUI 

1661 t,(1 1(1 "'u 
L&o8 c .......... f[lt l•I S1lll• 
l6b9 ,~ •1■11l•l"'UI 
16f0 IOU IU 1110U 
l6l1 (. ........ SUIL lL'"f'l1Ul1JHl. 
1612 ?S 11.l ■,4•1HUI 

16f) •ill lu 40J 
I b/4 C •,, •,, • • 11.l l'f 
161'> ,1:i l(J-,,',,l 

un, Gfl Ill ,ou 
16/f C ....... ,UAILY l[MP[M,t,IUIH.• 
1618 :;,1 Kl■Kti•l 
11:,19 1,,0 111 11101,1 

1600 C, •• •••• .l'HLl'l0LUGY• 
1601 )ti '4.l ■l(l•Jtu.11 

Uts:> Cill r11 •OCJ 
I e,i,] C, •,•,••,•A 1 AH:. 
I 6e4 ?7 ,i: I •110• ti.<11 
IU1'5 , ........ f!LL In[ All•Uf •rv• •t-cICtf IS l.AllLO ,tl 'Pl.UT'• •ult LACH 
I (:,Ill:, C UI AG,ll<l'IH, 
16117 IIQJ LAl'l•Hl1<1Ut 1ou./rlOAT) 
16811 OU 1101 ,r;•l•L.llt 
161'9 ,01 rvthl(•I(>• f1(11J,r.J 
100 CD ltl 10 
l6YI )(II> N.i•HV'"l 
161f2 <Ot'l •L 
16111 11Ct10l11•2 
l6'J4 f'NOAY•hD"'l 
16'-S KPAS•I• 
16'ilA lf(HllA1.i.ol.lUO) .tPA':J■rl'IOAT/100, 
16'il1 l(M IH• I• 
1698 l11A.t■"'OAf 
16\19 C-All t'LU fl•""'"', J.l'I IN, •~v, L,t, I lo'• 'l(r' A 5, IIUP T, 11\:H!l ht, IISIJP) 
17UO GO fU 9 
17-11 1voo N[TUlolh 
1702 I roH11,t,l(31~,IIU) 
1703 f1<1U 

I 5f1 •HI Tri t>• 110) ( (.ICU'tH I• J).J• I, \(l )) 

15711 17U ru,oull!Ll,llljAJ) 
lS/9 I! \l'!UU(l"2.IO> .H(. JI VU 1'I IYJ 
1So0 >l ■ fl'll!-,+JUl•o(')2•1} 

I S,o1 ,oHJ fl lo, I i:tO Iii, ,I 
ISOc' l~O ruR,u.fl .... • IJ,,[9,l, l,)qX,[10.)) 

Subroutine REPORT 

ISol 190 COHrJt-c•J[ 
1',tl ,udltto,l&U)lVAL I 7U4 C •••••••••• • • • ••• •••••• ••• •• •• ••••• ••• ••••• •••• ••••••• •••• ••••• •• ••••••• 
J Sb5 IIU 17:> I t-c!ll■l, -.'I 
l!,b& It:, •rdlf(j-..l",116) St .. dUL(PtSJ.(Lf.G(IMS.lfS)•iT~•!oll> 
l~ol 116 f"Uk•Uli\A.,4l,:O•IU4J 
l',1$,8 ,ol(IJ(l\"1r'ol'1J )(,.IIV,fl)lK 
151:i'il 17/ ru,oul<' I CllLIJNN[ [N .. esc1ssr•'LIU.J, 1 I LIG'tl [N ON;O.■' [10,l) 

17US SUIUIOUTIN[ R[PU1tr 

!~~~ ········~~;,r.·;;.;;.~i·ir·~cc~ssA~~········ 
17Ufll • • • •,, •, • •, • • • • •, • • •,, • • •,, • • • • • • • • • •, • • • 
1109 CUKK.ON ,u .. lUNI Jt.U•l""''"''•ID.t.(,JIJLl)Ar,1cn,1ctt,JCY•IS•ldl':J,JUUAS• 

l'5YO r.() rL1t7r.o,200,22c',illc'l•llt)PT 
1'5\ol l?2 U(f'l•NVl2U9•'119•llJII 
1S~2 llY IV•IY.,I 
l'5YJ GIi TO(?llo,10il.2011,l?I ),IIUPT 
l';'f• Lr,H N[JUkh 

1110 I NUAl,ll"UIT 
1711 CUM11UII /t\J,t,f1hO OU(lll•UTfM( 
1112 COM"l/lh /L"'l"/ E.T,['1,t,l'.l,t,CfmH<1loll•n1Jfl11J,'lT 
1113 CU1'1110N /L)(L)/ u,t,kAINdfl.lltD.lP•mr .. 1 .. YNAlJ•O•LIT[,r.tAJN 
171-1 CU .. KUN /r1[AO/ SUT[llOI 

1!>v'5 (t,U 1715, C(Jfll'!(l,i /INl'IU/ L[l.,IKl'•ll'U 
1716 COMMON /LllT[N/ CLll<li>l•l>CLIT(lv).1<1llT 
1717 cu,owr-. , ...... l/ NJ.r1SP(L(ll,IH>t1JHU(i'll•ll'll,Nl"LITIIUJ 
171d r.uKMUN /l"lftl'IIS/ l'MLJl[(,!Ol. l'Hfl"l'()l.l).l'H110ISl201•PlftACTllO), 
171', I l'ifSA I(( lU I 

Subroutine PREP AR 

l '5~ o· C • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •' • • •• •• •' • • • •• • • • •• •• • •• • • • • • • • • • • 
15·0 SUtlHUUI l•it l'K[ ... ,t,l'I 
I Sl/8 C •,, •, •••• , • •••••••••• • • • • •. • •. • •• ,,,., •. •, • •• •, •, •. • • • •,,,,,.,., •,, • • •• 
l'5'1'il ( l"RLl'A ... l Tli( o•u l1)H PLOT • 
I b\10 C • • • •, •., • • •, •. •, • •, • •, •, •, • • •, • • • •, • • • • • • •, • • •,, • • •,, •,, • •, • • •,,, • • •, •, 
16JI c .............. J>1u11 ... 111 .iuq,1;1LlS •o~ I ,11,Glf,t, .... . 
16v? c .. , .... .!uUf•'-• TLl INUIC•ll T'fl (ttll ut THt: LlST Of TIil VA,IJAIIL[S ruR 
toO} r-1t: \:UIUftHI U!Ali"""'· <•1 [14"Ty C•kU ,\fTUt fH( GROUP 
'604 uf YAlll,t,oLLS ftHt I vl•t.lfAl'il'I• l 
161,'j c ....... o1tiLJf••· Ttil SIAll lo'ANl•aLl ofl•lUINiO l':J THt: TOTAL ORY- IIATTCR 
lt,l'(:, C r,1,1 IHE. S~[Cl[S 'l'OH'. 

16,)/ c ........ lf,lt••Lo ft,( SIAH. VAltlAflL[ lfl1UJM[O JS TH[ Dill' ""'fl(k ro11 TH( 
1(:,1111 C ~~t.CHS 'IHl>I' Al'<O T'1l O,t(i,\-. 'INJ2'• 
l6ll9 , ........ 11,LH■J, l"t SIU[ YAklAAL( Mt,,u111t.:o IS f)j( UNI 11.-TT(k fOA TH[ 
1610 C 'IHOl' CAft1ou,n tlf" l)t,t,O I-IAlE"l•l• 
1611 C••••••••lolLII•~• 111( VAKIUIL[ ltlJUIRLO l':J 114[ IUl[M IM Hl.)MllUN 
lt,17 C '!NI.JI', 
lbll c ....... .1 .. 1.N•~· IM[ 'IARIAl!ll ll[IUIJILI) f':J , .. l SUIL llMP[IUTuRE 1.;. 

161111 C MiUIZUH 'INJI', 

17i!O CUltMIJ<I '"Ci'!lCII../ ,r1cc ... <201 
ir:.!1 (\lflK'l'I /11[P/ IU,t,JH(,!\J),Nl'I("' , TH(" 
11l2 CUltKUh /SOil/ •.llEHltOJ,SOILIC(IOI. llt4111f 
172) CUPll'ION /lo'i(;/ l':JP,HSP•!Mo'U,t,L,lS•Otn,N1"1S[[l)•NUPri(1f, 
1 li!4 I N1J,t(i( 20), LI rl 20) • I ">l(NU( lO), [r'Hr1<11j( 211), lfu,-.l lO, !U>, 
I 72S 1 o .. SP( 20, I OJ ,UU'4S,.l I.U• 1') ! , tJHl( 2U), UMh(,11 lO) ,Pii).l rt, 
1126 1 'iOG[R,N\JLU•,.0.i[{,.~U~H,"10110ltofC(lY[M 
1721 CUMK,1N , ... ,, .,,1.u1:1s,10,.P<1u/ilnr, ~.ILHf'f(IO),(OIC.[TINl•CIIJUl• 

I 7L8 I HHOur 
17'/9 11.J\JtU,l f'Nl(.ISIIJ"! 'l,t,MSf',10'4('!Hli•'ii"'Ll1 
1710 ,re 1,nP,l.ll .N'tff') lfl ,_, ... ,. 
1TJI If' (IU,t,T,N[,luAlM(JkLl')I KrJuRN 

17J2 lklt'•l1H.f'•I 
11J] 1t1Kll[(l11~•6) (Sl,t,IL(ll•l•l.:?U) 
trl4 J11•n•Ju.u-1 
1()5 t1N1T[(Jhr',2) iCOolCM,ILT,tnAfl 
11 lb di I rt:t '""· 11>11AICA 11<1• To11Y • lJ.\POIOI • ,1AYA•1Jot14LI Tl•'"" lk 
1711 11RI 1(1 IMl',V) 
17JIJ l)U 20 l•l•HSP 
I 1]9 t1hJ f(( lllr', l) 1,A'i':JP( 11,\1111( J 1, J!>k1 .~O( 11.PML!l[( I l ,l'Rlll'II'( 11, 

17•0 I ~IOttJIStll•r'ltr1CT(ll•l'NSATC11) 

I I" I I~ I u■-.,Jlf..,t I) 
J7,t2 Ill) 20 J•I• ltlifl 



Romane 

lf'I 3 
11•U 
l/4":i 
lr4t• 
1/47 
l14t, 
1 74i 
lf>J 
l75I 
17'>2 
11,:>l 
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2UJ'I 1n,;111,i.l,Hll[f,uH.r1l1J.L(,11,Jl(J) GO I,) 1'-'U~ 
l040 d 01l•lUl't 
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20-.2' IFIH(ll,Ll,11u,olll 11lihrtl1,n 
20'13 ff IHlll.tif,11•LII rt(l) ■H■[T 

lu"• /JU IU IJ" 
21HS I-Ill'> lilfllll•OI I 1• ( tt1I I )•11( 2) )•TT• CGI I l•u1 ll I• TH•UDI l. I J/Ull(2) 
20'16 l J4 i• l 
20•f til If (t1IJ)•f.i(l)J 6),111>,oS 
20118 ,_, ~r1l•H" 
lO•I, '4LU•I 
20'>0 J•/5 
l0'.11 6CI If l11tl)•l'(JJI 61,/2•60 
20')2 61 ~HI ■ J 
20'>3 l,I) 10 O'I 
2US4 60 '<Lll•J 
2US'> 6Y Jl•J 
2056 J■( Nrtl•1LUl/2tNLtJ 
20'>7 If lJ-JII 66•/0•o6 
20'.18 TO If tt1lll'"l'IJ>I 71,12•'2 
20'>'1 71 J•J•I 
2060 72 CUNT 1/'hJ( 
2061 11Af•ttH I 1•t'( J) )•Ul!..11/(~t J• I J•,>t Jl >• fl JJ 
2062 t1Cl) ■IIAI 
206] UU Tu I ti 
zoo■ I l<> .. , I I•' ( I j 

206S l171\0260i•2,i<ir. 
l066 ,11IJ•Clll•C•HIJ•1,(lll ♦ Ttll 
2001 If (WHl,GT,i;AJrtlJ)I ,Hll•IUTHCIJ 
2llt10 ,1111 If l•lll,LT,IOl.11,.llll "tll•11AIL<II 
2009 20'1 SUH3■v.u 
2Ul0 SOH2•1i,U 
20fl SUlll ■l),IJ 

20f2 OU IJI 1•2•11'. 
20'1 SIJlll ■■CIHSUHI 

2014 SVH2•ft 11 ♦ sut1, 

lOfS If (AOSOUt11•SUN.!)"-.t1SlSU"'l)) l31,1Jlol3V 
2016 llV SUM3■!iUNl'"SU'4? 
2011 131 CU~TINU[ 
2orc 1r t Ait:,t 501431"usu;u~u J J6l, 63• 111 
20/9 IJ7 lflU(Ll"U[tl•O,llb3,0J,t)J 
2~t10 l]J O(LT■U,5•0(LI 
20o1 Gil lU l8 
2002 6J SUNl•U,0 
2UO) SUN2■W,0 
20(14 OU llOU 1•2,K 
2005 su,u•-< I l•(UU( l•I )•OU( 1-1, )/2,•SUIII 
2006 OfliJ SUM2•Tlll•(DU(l•l)•Ul.l(l•l)l/2,•Su112 
2oat c•r■su111-,t1 
2008 CvNS■11rDli•tl[LT•CUNS 
200'1 SUMA•SUr1A•S J l't,i;•l)ll I 
4!0'r0 co1rL•• l SVMI :.5yP42) 

20Y I C•• ••••••• •••••••••••••••• ••••• ••••••••• ••••• •••••••••••• •••••••••••••• • 
20112 C•••••SAL T LUO,. 
20.,.J C·•••••••••••••• .. ••• .. •••••••• .. •••••••••••••••••••••••••••••••••••••••••• 
2014 i<~•l(•I 
2015 ll'fHU■at I l• ( ( rl( I )•Kl 2) I• TI t( G( t )•,,(~I) •T'4•U0( 2 J )/OU( 2l 

20H, l)U 21 .. l•:i•JI. 
'J.UY7 OL.U■tuutJ)•Uu(J•1)) 
20'11" OlllA•lUOllttl•DOCl)I 
20"'9 OLAC■IUl)tl•ll•UD(l"IJJ•O,', 
21 uO IOflolll•OI I l •t (HI I) •H( I• I I I• fl♦( /JI I l•li( I+ I J hTN•OLllil )/1.lLXd 
21111 t,6 "MAT\J■ ('flll•JN•ll(ll•Tl•1tl•ll•114•ofll•IJ .. Tl>l7,0 
21 U2 ,, 1 :ioU•UlllL •O. 'j.,rrk0"( II( I J• T( I l J • ( ~rim• olfMU I •"MF'Hu•U(l fl( 8 • 0•10, TO• 
2IU3 l(11ll)+TlllJ> 
2104 !i( f A•U IF U•II J FA .. c:•P ( U I ri;•-· TDl • Al AHR •• 11,BS I 11fRU/IIA f I) l "0 I so 
21U5 1r (I ,r,r, 2l GO TO 68U 
il!U6 •Lf,hu.O 
21117 1r (llfllU ,GT, iJ.u) liU TO 1~2 
21111' ,1(MU•U,O 
21U9 GU Ill ld4' 
2110 611,Q 11ATU 11 {Tllhlll♦!!'lll•TT•l'll•IJ .. TH•11(f•l)•lll/2,0 
l 111 ti I SU•ULXL •u. 5• ,ijfflU•( ■{ I J •)' ( I I l •< .. rHo• ~ritu I .. ,.rHu•O(L 1 /( 11. 0•111 A Tu• 
4!112 I ( 11( I J•T( I) J l 
211 3 ALf A•U I fv•o If A •(Ill"( OI ro• ..... TU I .. ALUUU • A9SI ,ifllU/i(.l TU J •u1 SIJ 
2114 11 (11fMU ,GE, ll,111 GU IU 1112 
ll I') ,i, ■ o.v 

2116 GO Ill ltU 
2117 l11,2 OP•l ,U 
211& I") Ott•J,U•Uf' 
illlY If \11FMU ,Gl• u,u) GU IU 1~5 
21 lO •lfo'),'•,J• fJ 
il Ill i,O TO I IICI 
21l2 11'1) 11Pt'•l-tl 
lll3 t,6 (JHN ■ 1,v•vl'I" 

21 lll St.I I) •I OLXC•T( i) •SSI I )/Ut'.LT•Al ( ,- ♦ I $SI l• I l•UI J) )/ULXA•BC:TA•( SSC I)• 

ll l.5 I 'o)( I• 11 )/UlXK•ttr11u• I SS< I l•t1P,.• SSl l• I l ♦ l)lfHJ•11FHu•t )51 l•I >• u,. 55( I) 
ll 116 2HJ/\l •).1ur1Ct •UL,o!C l•U[L J /("II J •OLJtL I 
Zllf 'il11)•$Sll)•lSt'.(i)•S:»tl)J .. ~UtON 
21.!tl l14 •Hh1••IHU 
'J.129 S[tir.o•S:,(1111,J 
ZtJO SUll) .. SEll)•liill 
2111 OU 111 1•2,ltK 
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2132 
UH 
21.)4 
U35 
2l J6 
21J7 
21311 
illJ9 
211110 
2141 
2142 
210 
2144 
21115 
21'16 
21 ,, 
2148 
U■9 

2150 
2151 
2J'j2 
4!1H 
21">4 
21 S'j 
21 )6 

21'>1 
ZISII 
21 )9 

2lb0 
21t.1 
2162 
21 ol 
211,,4 
2105 
2106 
2161 
21 on 
211'19 
21'U 
2111 
2ll2 
2113 
2114 
2P) 
21ff> 
21(1' 
l 11& 
21'~ 
2100 
21 OI 
2tn7 
21rl3 
211H 
21 d5 
21116 
2 I .,7 
2111tl 
2109 
21 '10 
21 'ti 
21--2 
219] 
2194 
21 Y5 
21 '16 
.tlH 
21>wtl 
1119 

uuo 
2201 
221>2 
22U3 
220• 
22F.15 
220b 
l20T 
Z2UII 
220 ... 
2210 
2211 
2212 
22 I J 
221• 
2215 
2216 
Z21f 

2218 
221'1 
2220 
22.!1 
2222 
2223 
22l4 
22<!5 
2221> 
22V 
Z228 
2229 
22]0 
223 l 
2232 
2233 
22H 
22H 
2236 
221' 
2238 
2239 
2240 
zz.:11 
2242 
2243 
22U 
22115 
2246 

22H 
22A8 
2249 
22)0 
22'>1 
US2 
2253 
22)4 
225) 
22511i 
22S7 
22';d 
22')9 
2260 
l261 
22U 
226) 
2264 
22b~ 
22116 
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211 SOIIJ•SE(l)•lllll 
706 lrt[Of'C•0.011 J6• IJ6, I J5 

I ]5 HUNO(•PIUklJF • I [Oll•lillFOll l •Uh T• I U • 
IJCI TUl[ ■ lllll+O[ll 

Ir (SUN)•O.OJ 13YoJOl,1J9 
Joi OU.T•2.o•O[Ll 

GO TO 14) 
13'1 l••Atl)(CUNO•U(Ll/SUMJJ 
14V IF (Tlll•O,hOCTT> IAJ,142•142 

l&I 1111•0.l•OlYT 
GO fO IU 

142 ir1r111•1000.o•o[Tlll44,1•••141 
l•l T ■■IOOO,U•O[I T 

I•· Jf(rw.,r.2.o•o[LI) GJ Tu JOI 
UCLT•h 
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l•'j Jf (flo((•(TtH[ll•&olHoJ•& 
1.r If ( IIC[l",GT,+tll[P) 60 IU 141'111 

IF(JOO.,.l,101.IMIUl[t')l\oU ltl !AdU 
11RIT[lJ11l"oSOOI (SU0:Cll•J•l•10) 

,oa fOMMAl( 1 1 •20••> 
IORIT(\JHr',6661 
•loll f[( pit', t6ll)l0U( I l•lll i l.lC( I I ,All >,St( I I ,~I)( I I ,SOILT[( I J, l•loltl 
"'" I Tll J 'lr'o 160 I (OUC Kl>,>, •l "11.) ,rt("" I• AC !(fl()• :,t:(l'I(), :>OC !(,.JI 
olll I T(l J 11,'• J 84 l 
"'" I T[t IHI"• I 6f I IOA r, r INL,l f ,(UH• 511141., IIUlwUf ,HRULJT .cwr .Cull~ 

14,\U f"l[U•IJ(I I 
GD TU 16l 

146 1r (JIH[•VHf•(TIH(l 10,16,1411 
1,1; O(LT•LJIM(•Tl'4[ 

GO TU 16 
161 CUHTlkV( 

11.l T[lh 1 J•,;c I )/IUI 7, 
,14lAR:i.( ll••lt)e(OUCl)/4!,l•lll. 
SALlrlllfllJ•SU<II 
fH) I OUO I ■ ;i,11 

IIA 1[111 J l•H( 1111017, 
IIAT Adll,( I J••I I )•I I UO( I .. 1 l"UO( l•I I I 11..) • I 0, 
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.,,, ........ 
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"KIT£l1'4,.•5061 <•,On<IJ,1•1,oC.KI 
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APPENDIX2 
1NPUT/0UTPUT EXAMPLE 

An example of each form of output is given: (1) 
parameters for the soil; (2) report for the initial day 
(November 11, 1971 -- day l); (3) report for a day with rain 
(November 18, 1971 -- day 9); (4) report for a day without 
rain (December 1, 1971 -- day 22); (5) two examples of 
diagrams. 

Auxiliary Submodels 

Input Example 

2 
3 
4 
5 
6 
7 
H 

• I 0 
II 
12 
13 
14 
I 5 
16 
17 
I~ 
19 
20 
21 
2l 
n 
24 
25 
26 
27 
2K 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
•1 
•2 
43 
u 
•5 
46 
47 
46 
•9 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
16 
19 
80 
bl 
b2 

Ii t; 

••••••••••••• 

lfRANCUIS RUHA~L • LnGA~• AVRIL \9/4) 
ClCl [SI UN [bSAl ,PUUk AJUSl[R LJS •ARa<lTR[S, 

~•~ES ~M 52. ~TlPP£ A ~ANTMtMIUM St1AV~ULF~S 
10 11 1971 IS 12 1971 

4 • 

3 2 
3 5 
3 • 
3 5 
3 • 
2 2 I 

RAhT~.S,PLANT 1 A.A. LIGN[ANNULLL[ 
PUUSSES TIGlS RAC!NES 
PUV5SES RACINE> 
PUVsSES Tic.ls kACl•ES 
HU!LLESRACINO 
P.A.S, Llllf.Rl ~AC,NOKTP~ll~ 

31000, 1111000, 9a4JJ7, 
23000, 12n62. 
39000, ~8000. HJOdl, 
17000, 13\140, 
2706U, 04000, 

JNT RlE I NUMkP 
• 

t O 11 197 l 
t 8 11 IQ/ I 

I 12 1971 
15 12 1971 
rNTHlE !N0Ml~ 
33 21 
16 11 IHI 
29 11 ls7 I 
13 12 IHI 
,~ l 1Y7l 

2 2 1'172 
H 2 1972 

2 3 I Y72 
16 3 IY72 
21 3 1"72 
,. 3 1•12 

4 4 1"72 
11 4 197' 
19 4 1172 
21 4 l97l 

6 5 IY1l 
8 I l97~ 
5 9 l97l 
5 10 197• 

15 10 197' 
?5 10 1972 
?5 II 1972 

5 12 19H 
,5 12 1972 
15 I 1Y7J 
?5 I l97J 

5 2 1973 
15 2 1'173 
" 2 1973 

5 3 197 3 
t5 3 197J 
,s 3 IY7 J 
15 4 1973 
?5 4 l97J 
1 0 11 I '171 
15 12 1971 
15 I IY7l 
15 2 l97l 
15 3 1972 
15 4 1972 
15 5 197< 
1 5 197 2 
15 1'172 
15 o 197l 
15 9 1972 
15 10 IHl 
I 5 11 197' 

30,U 
9,0 
8,0 
7,U 
2,0 
4,0 
2,0 
9,0 
9,U 
2,0 
5,0 

•v. o 
19,0 

5,0 
u,.o 

7,0 
7,o 

65, 1 
4,5 
1,1 
•• 6 

23,4 
l~,8 

5,1 
7,6 
3,7 
7,6 
1. J 
3,7 
o,4 

31, ~ 

2,5 
2,5 

11.1 
tv.2 

8,1 
11 ,9 
14,4 
15,6 
18,6 
24,6 
26,3 
26,1 
24'. 6 
2U,l 
13, I 

J, 

MN 
MN 

DATU UEP,/ARR, 
Nd/SP,LIT,HDR, 
NB, 0RG, /SP, 
RA,flH, /fONC T • 
PUNT ,tr0NCT, 
LIUNE.tfoi-.ct, 
ANNUE..lfONCT. 

HN 
OHG,HN 
ORG,Jr4N 
DRG,Jr4N 
UHG,HN 

L fr( I> HN 
NAM SP( I J 
NAHOHG( 1, •) 
NA~ORG<2,•> 
NAHORG(3,•) 
NA,WR1';(4,*) 
NA"LIT(I) 
RANTH, 
fo)LANT. 

•S•GIHA MN 
•S•GIHA HN 
MS•GIHA MN 
HS•G/HA HN 
HS•GIHA MN 

LHu DlV, 
Al<NU[LLES 
CLII (I> 

SORTIES 
DATE 
0ATE 
UATE 
0AIE 

RESUL,IN0HRP 
IN0MRP 
IN0MRP 
IN0MRP 
IN0MRP 

N0R,N0TC IN0HEX 
PLU!E INOHEX 
PLUI[ IN0HEX 
PLUIE INOMEX 
PLUI( INDHEX 
PLulE INDMEX 
PLUI[ INOMEX 
PLUIE INOHEX 
PLUIE INOHEX 
PLUI[ INOMEX 
PLUIE INOHEX 
PLU!E INOMEX 
PLUIE INDMEX 
PLUIE INOMEX 
PLU!E INOM[X 
PLU![ INUHEX 
PLUIE INDHEX 
PLU![ INOHEX 
PLUIE/DATE AP,INOHEX 
PLJl(/DATE AP,INDHEX 
PLUl[/0ATE AP,INOM[X 
~LUl(/DATE AP,INOMEX 
PLUl[/DATE AP,INOMEX 
PLU![/DATE AP,INOMEX 
PLUl(/0ATE AP,INOHEX 
PLUl(/0ATE AP,lNOM[X 
PLUl[/UAT( AP,INOHEX 
PLUl[/DAT( AP,INOH(X 
PLUl(/0AT[ AP,INOHEX 
PLUl(/UAT[ AP,INOHEX 
PLUl(/0AT[ AP,INOHEX 
P~JIE/DATE AP,INOH[X 
PLUl(/DATE AP,INOHEX 
PLUl(/0ATE AP,INOM[X 
TEMPERATURE IN0HEX 
TEHPEHATURE IN0H[X 
TEQPERATURC IN0MEX 
TEMPERATURE IN0HEX 
TEMPERATURE IN0HEX 
Tf.HP[RATURE IN0HEX 
TEHP(RATuRE IN0HEX 
TlaPERATURE IN0HEX 
TlSP[HATURE IN0HEX 
TEHP[RATURE IN0•EX 
TlHPERATURE IN0HEX 
T(HPERATUH[ IN0HEX 
TE"PE~ATURE IN0HEX 
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83 I 5 12 197l lV,O HHPEHATURE INOHEX 

84 I 5 I 197J 0,7 Tl1•PERA TURE loOH[X 
05 I~ 2 l '1 I J ~•I T[aP[HATUR< I NOH EX 
06 15 3 l97J l O,::, TLHP[HATIJR[ IN014EX 
67 15 IHJ l'f,U TtsPE~A TIJRf INUHEX 
08 I 5 IHJ 2v,/ Tl•eE••TuRl INOHEX 
89 1 5 l97J l4,b TE~PERATURE INOH[X 
90 15 IY7J ?b, ti T[~PERATIJRE INUHEX 
91 r,;raEE lNOHt'H 

Y2 3 3 J PHENUL,ISP, INDHP,; 

93 15 15 V I) NUUEHlh,,,SPt INDHPN 
94 15 15 , 0 N0UEtO••,, ,SP?' INDHPN 

YS 15 15 0 NOGERM•,, ,SP3 INDMP• 

96 IV I 0 u 0 NU1.1(HH•,,, St>A INDHPN 

97 3 3 J 2 LCUUCH(•) INOMPN 

Y6 0,0 I• 0 u ,1 u,o ~.I~ U,06 SP! l!WHPN 

9• 7,0 •II ,O 13,i 16,U 0,17 5,0 SP! INDHPN 

100 • 11, 0 O,J5 4,0 •12,U 11,0 13, 0 SP! INUHPN 

I 01 0,0 I• U o.i 0,U U, I~ 0,06 SP? lsDHPN 

IOl 7,0 •II• U IJ,2 16,U o. t., 5,0 SP? INDHPN 

103 •! I ,0 o,os •• o •ll,O 11,0 I), 0 SP? INOHPN 

JO• J,O I ,O o.i 0,0 v, I~ 0,06 SPJ INDHPN 

I 05 '. 0 • 11 • 0 13,2 la,u U, 17 5,0 SP1 INOHPN 

106 •II, 0 n,O!, •• o •12,U I I ,0 13,0 SP) INDHPN 

I 07 o.o I, 0 o.i 0,0 IJ,l'i 0,08 SP4 INDHPN 

108 ,.o •It, 0 13,2 18,0 I), 11 5,0 SP• INOHPN 
IOQ • I I, 0 0,05 4,0 •12,0 l l, n 13,0 SP4 INOHPN 

110 ENfq[[ INOHfU 
Ill 75, 125, v,65 3>, 10, 0, O!, SPI INOHfO 

I 12 •'JO, •5. SP! INOMfO 

113 75, 125, \I, 65 1"1. 10. 0,1..15 SPl INOHfO 

114 •30, •5, SP2 INOHfO 

115 75, 125, U,65 3,, I 0, O,U5 SP) INOHfO 

116 •30, •5, SP) I•OHfO 

117 75, 125, v,os Jo. 10, 0,05 SP4 lNOHFO 

116 •30, •5. SP• INUHFO 

119 3 3 3 LAYCt< (.) INOHFO 

120 FNTS[[ JNOMIH 
121 1,0 0,0 o,o RTPH/SP I INOHTR 

122 1,0 o,o HTPH/SP 2 J•OHTR 

123 I, 0 0,0 0,0 RlPH/SP 3 INOHTR 

124 1, 0 o,o RTPH/SP • INOHTR 

ll5 I, 00 u.oo "'. uo HfijH•SPI/POU, INOMTR 

126 ,),02 o.9Q U,02 RfijH•SPI/TIGF INOHTR 

127 0,01 u.01 U • Yb RT~H•St>l/RAC, INDHTR 

ll6 :).'i5 0,05 RTGR•SP2/POU, INUHTR 

129 0,01 ,) • 99 Rl<iH•SP2/RAC, l•OHTR 

130 1.00 o.oo o,oo RhH•SP3/POU, INDHTR 

131 0,02 0,94 v.v2 RTGR•SP3/TIGE INDHTR 

132 0,1)1 0,01 J,~6 RfuR•SP3/RAC, INOHTR 

133 I, 00 o.oo RT\lH•SP4/F[UJ INOMTR 

134 ,.oo 1.on RTGR•SP"/RAC, INOHTR 

135 1,00 0,00 o.oo RTLU•SPl/POU, INOHTR 

136 0,02 0,94 0,0·2 HTLO•SPI/TIGE INOMTR 

137 9,01 0.01 0,96 HTLO•SPl/RAC, INUMTR 

136 t .oo o.oo RTLO•SP2/Pnu, INOHTR 

I 39 0.01 0,99 RTLU•SP2/RAC, INOMTR 

1•0 1,00 0,00 o,oo RTLO•SPJ/POU, lNOHTR 

101 0.02 0,94 0,02 RTLO•SP3/TIGE INOMTR 

142 U,01 n.01 v,96 RTLO•SP)/RAC, INOHTR 

143 I, JO o.oo RTLU•SP4/FEUt INOHTR 

144 U,00 1.00 HTLU•SP4/RAC, INOMTR 

145 0,96 0.01 O,Ul RTVG•SPI/POU, INOHTR 

1•6 o.oo 1,00 o,uo R1'G•SPltTIG£ INDHTR 

IH 0,00 f),00 1,uo RTVG•SPI/RAC, INOMTR 

l40 0,99 0,01 RTVG•SP2/POU, INOHTR 

1•9 ,), 00 \ ,\JO RTVG•SP2/RAC, INDMTR 

150 0,96 O,Ol U,01 HTVG•SP3/P0U, INOHTR 

I 51 0,00 1,00 o,ou RTVG•SP3/TIG£ INOMTR 

152 1), 00 o.oo 1,00 RTVG•SPJ/RAC, INOHTR 

153 0,99 o,Ul RT-/G•sP4/fEU, INOMTR 

154 o,oo 1.00 RTVG•SP4/TIGE (NOHTR 

155 0,90 0,05 0,05 RTFH•SPI/PolU, INOHTR 

156 0,00 t,00 u,uo RHR•SPI/T !GE INOHTR 

157 o.oo 0,00 l,UO RTFR•SPI/RAC, (NOMIR 

156 0,95 0,05 HTfR•SP2/POU, INOHTR 

159 0,00 t,00 HHH•SP2/RAC, INOHTR 

11>0 J,90 0,0!) U,05 RTFH•SP3/POU, INOHTR 

11>1 .i,oo 1,01) u,uo HTfR•SP3/TIGE INDHTR 

162 0,00 t),00 I ,00 H TfH•SP3/RAC, INDHTR 

163 0,99 0,01 RTt"R•SP4/fEU, INDHTR 

11>4 0,00 1,00 RlfR•SP4/RAC, INDHTR 

165 rNTREE JNOHUT 
16~ 0,0 0,0 o,o 15,0 WTIH[ll) INDHDT 

167 2 I LH[P/SPI INDHOT 

166 2 3 LHEP/SP2 INDMOT 

169 2 1 LH[P/SPJ INDHOT 

170 2 3 LHEPtSP4 l•DHOT 

171 U,0 V,0111 0,001 PUOTl•J/(l,I) INDMOT 

172 0,0 J,0111 0,001 POOTl•3/( 1,2> INDMOT 

173 0,0 0,0111 0,001 PDJll•J/( loll INOHOT 

17• 0,0 u • 01 l 1 0•0~1 PU011•3/(2ol I INDHUT 

175 0,0 0.01 l \, 0,001 PDOTt•3 (2,2) INDMOT 

17~ o,O ~.011 I u.001 PDOTl•3 0,11 INDHDT 

117 0,0 U,0111 O,OUI PDOTl•3 (3,21 INOHDT 

176 0,0 0, 0111 u,001 POUTl•3 ( 3, 3) INOHOT 

179 0,0 '-'• 0111 lJ,Ul PO~Tl•3 (.,I) INDMUT 

160 0,0 u, t) 111 ll,01 POOT l•l (4,2) l•OHOT 

IU I 0,000 u.ooo 0,000 P0Ttl,1••> r,R INOMOT 

lb2 0,000 0,000 PUTC I, 2, • l GR INOMOT 

lb) 0,000 0.000 U,000 POT<t,J,•> GR INOMDT 



23 Auxiliary Submodels 

1•4 0,<100 0,000 l'U T t 1. 4, • > GR INOMOT 
IH5 0,000 0,000 0,000 P0H2,l••> Ln INOMOT 
IB~ n.ooo 0,000 PUT(2,2••l Ln INOHOT 
lb7 l\,UOO 0,0\Jl) U,000 PUl(2,J••> Ln l•OHllT 
I bH 0,000 0,000 t>U I ( '1, 4, •) LO lt,OHOT 

I BY 0, 1)001 J.0001 0,1)01)1 PUr(3.l,•) VG l•OHUT 

190 o.~001 J,0001 PUT<3,2,+) VG INOHOT 

I 91 O,(JOOl J, OOU I O,V()Ol PUf(3,3,•> VG INOMDT 

192 0,0001 v,0001 PU r ( 3, .q, •) VG INOHOT 
193 0,001 0,001 o,out Pll T ( 4, 1, •) rR l•OMOT 

194 0,001 0.001 PUTC4,l••> rR lNOHDT 

195 0,001 0,00:? O,O!Jl P0Tt4,h•> rR lNOHOT 
196 0,002 ll,007 t'OH4,'-••> rR lNOHOT 
197 rNTREE INOM1.H4 

198 0,9YIJ 0,001 o,ouo o,00J RTLl(l,l,•)PASINOHOH 
I ~9 O,JOO U,99'l o.voo 0,0V5 HTLl(l,2,•)LTTINOHOH 

200 0,0000 V,000\.l 0,9~9 0,001 tHLI<t,3,•)RM lNOHOH 
201 0,0 0,0 0,0 I, 0 RTLll l••••>Pto!INOHOM 

202 0,999 0,001 O,OvO 0,000 HTLll2•l,•lPASINOHDM 

203 0,0000 u, 99V"1 0,0000 1),0001 RTLl<2•2,•lLTTINOH0H 
204 0,0000 0,0000 0, ~Q\IY 0,00('1 RTL1<2•3,•>RM INOHOH 
205 0,0 0,0 o,O l, O RTLll2•4••>PU!lNOHOH 

20b 0,999 0,001 0,000 o,ovo HILll3•1,•lPASINOMDH 

207 O,JOOO \J,9999 0,JOUO 0,0001 RTL1(3,2,•lLTTINOH0M 
206 0,0000 u,ouoo 0, Y<.199 0,0001 RTLl(J,3,•)RM INOHOM 
209 0,0 o,o 0,0 1,0 RTL! ( 3• 4, • l PU! I NOH OH 

210 O,'i99 0,001 0,000 0,0')0 RTLl(4,l,•)PASINOHOH 

21 l o,oou 0,99~ O,vOO o,Ol►5 RTLll••2••>LtTINOH0H 

212 0,0000 u,0000 0,999 O,OJI RIL!(4•l••>RH INOMOH 
213 0,0 0,0 0,0 1,0 RTLl(4•4,•)PUIINOH0H 
214 rNT q(E JNOHuL 
215 42,000 RLAT (DEGRE) INOHDL 

216 £NTH([ t•llHlO 
217 5, FORCE INOMED 
21ft 0,05 40,0 100,0 J lO ,v DEPTH(•) INOHED 
219 [NTH([ t•UHt.V 
220 4 NI INOM[V 

221 0,0 4, 5 10.0 UHTUfl I) INOHEV 

222 0,0 0.05 O, I 0,5 rACTUHll) INOHEV 
U3 [NTR[[ lNUH\JG 
224 I 2, 10. 9. .. 8(ijl[H(•l INOMOG 

225 Ool 0,3 0,3 0,3 CV (.) INOMDG 

226 3,6 3,6 3,b 3,6 CUNOUC(•) INOHOG 

227 24, OTIME INOHOG 

226 [NTH[E JNOM•T 
229 99 2 5• HH,N8,H0 INOH•T 

2~0 1,0 I ,0 0,05 24, 0 0.002• 0,01ALAHBA•••• INOM•T 
231 7,6 0,001 1,0 0,01 0,1 OELX•••• INOHWT 
232 -30000, 0,0 •lol/00, o.o 1.0~ 0,lHO,n,, .. INOHWT 
233 0,0 I• 0 0,0 I, 0 SOURCE•••• INOMWT 

2)4 , •00[•06 ,100[•07 ,150(•U7 .200£•07 • 260[•07 , 380[•070( I l A O( 6) INOHWT 

235 -~20[•07 ,7UOE•07 ,960[•07 ,130(•vb ,l70E•06 , 230E•060( 7) • Q(l2J INOMWT 

236 • HOE•Ob , 4cuJ[ •Ot> ,600l•06 ,610E•Ob ,110(•05 ,IS0[•050(13l A 0(16 l INOMWT 

237 •?IOE•OS ,2~0[•05 ,360l•05 ,540E•OS ,720E•05 ,990[•05U(l9l ' 0(24) INOMWT 

236 ,t40[•04 ,190[•04 ,250[•U4 , 350£•04 •460£•04 ,6S0[•040(2Sl ' 0(30) INOHWT 

239 ,900(•04 ,I 20£•0 3 ,170l•03 ,230[•03 • JlO(•O) ,440("030(31) • 006) INOHWT 

240 -~80[•03 ,7\J0[•03 , IJ60t:-U3 , 100£•02 ,120£•02 , 150£•020( 37) A 0(42) INOHWT 

2•1 ,160[•02 , 2lO[•O? ,260l•U2 ,32oE•v2 ,360E•02 ,460["020(43) • 0(48) INOH•T 

2•2 .~60(•02 ,660[•02 ,600l•02 ,960E•02 ,120[•01 ,120E•ul0(49l ' 0(54) INOM•T 

243 .,.20[+03 •,5\JOE+03 •,200L+03 •,t00E+0l •,800E+02 •,400E+02P( I) A P( 6) INOMWT 

244 •,?50E+02 •,1oot+o2 •,100[+02 -,900[+01 •,7soE+OI •,650E•OIPl 7) ' P( 121 INOHWT 
245 ·,s5or+o1 •,4jO[+Ot •.JSO(+OI •,260E+OI ••2?0(+01 •ol60E+OIP113l • Pl 16! INOMWT 

2•b •,t40E+OI •.tUOE+OI •,600t:+Otl •,771j[+UO •,750E+OO •,72SE+OOP119l A P(24l INDH•T 

2"7 •,100£+00 ·,6/5E+OO •,65UE+OO •,625E+uo •,600E+OO •,575(+00Pl25l ' P(30! INOHWT 

248 •,ssor+oo ·,525E+OO •,500[+00 • 1 4711j[ ♦ UO .,.soE+OO •,42SE•OOPOI) • Pl36l INOM•T 

249 •,oOO[+OO •,375[+UO •,3SOE+OO •,32SE+OO •,300[+00 •,27SE+OOP(J7) • Pl42) INOHWI 

250 •,?50E+OO •,225[+00 •,200i.+UO •• 175(+00 • el 50t:+OO •,12S(+OOP(43) ' Pl46l INUMWT 

251 • .J 00£+00 •,7>0E•OI •,500E•OI •,250E•OI .,oooE+oo +, IOOE+07P( Ol • P(54l INOH•T 

252 0,065 0,065 o,063 0,063 w INOHWT 

2~3 0,030 0,030 0,050 o,O~l.l WATLIESTIMEl INOH•T 

254 0,520 U,520 0•520 0,520 WATH((ST!H[l INOHWT 

255 0,0 0,5 0,5 0,0 Ror (£511H() INOH•T 

256 0,00 0,65 V,50 0,50 S((M•HHHO/CH) INOHWT 

257 TRUr l•RITE INOHWT 

258 ENT RH INflLL 
259 [NTR[( Pk[PAR 
260 I KSUP PREPAR 

261 2 M,S, TIGES ((;/HA) HANrHEHIUH PREPAR 

262 2 J M,S, HACIN(S ((;/HAI HANTH[HIUH PREPAR 

2•3 I H,S. TUTALt: (G/HA) HANTHERIUM PREPAR 

264 
PR(PAR 

265 2 2 H,S, RACIN<S (G/HA) PLASHGD PHEPAR 

266 1 2 M,S, TUTALt: CG/HA> ~LANHGD PREPAR 

267 2 3 H,5, TIG(S ( G/HA) AuTRES LIGN(UX PR[PAR 

26H 2 3 J H,S, RACIN<S ( u/HA) AUTRES LIGNEUX PR(PAR 

269 I 3 lit, s. TUTALL ( ll/HA) AUTRE,S LIGN(UX PREPAR 

270 
PREPAR 

271 2 I ". s. PvUSSt.5 (G/HA) HANlHEHIUM PR(PAR 

272 2 2 .... s. PUUSSlS lu/HA) PL&NJi\GU PH[PAR 

273 2 3 114,S, POUSSlS (G/HA) AUT"ES LIGNEUX PREPAR 

27• 2 • H,5, f(UILLES(l;/HAl ANNUELLES PR[PAR 

275 2 4 M,S. HACINlS IG/HAl ANNU[LL£5 PHEPAR 

276 I • M,S, TUTALl ( G/HA l ANNIJELLES PREPAR 

277 
PR[PAR 

276 3 I 114,S, (G/HA) PA~TIE A[Hlf•NE S<CH[ PHEPAR 

2/~ 3 2 .... s. ( GIHA l LITIFRE PHEPAR 

200 3 3 114,S, l GI HA) HAC!NES H•JHTES PREPAR 

281 
PREPAR 

20? 5 2 l[H~ERAIUH( uE L.'HOHJZO~ 2 Uu SUL/,05•ijQ, '" 
PHEPAR 

2• 3 5 l IEMPERAIUH( Ol L'HOHJ70'< 3 uu SUL/40•100 CH PR[PAR 
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2b• 
2H5 
266 
261 
lbb 
2b9 
290 
291 
292 
293 
294 
295 
296 
297 
296 
299 

Output Example 

100 
LAST r.ARU 

TEMl'lRATUHC (AIHl 
l'LUIE (MtO 

24 

~OlfNTlEL LA~(rlAR)•~o~.2(010~ A QO.o C~) 
P0l[NTIEL LAU(O~Rl•H0H.J(4J, • 100, CMl 

[All Tt.lTALi l/'411) OA,N:; 1. 1 --HIRfltlN .u.oj•4\,), c,-1 
t.t\U TuTALt (/olf't) 1}.\~!i L'•lll"<l,llN 3/40•101) CH 

~~[NtJLOGll U[ L'£5PiC( l(kA1,THfHlU~ SUAV.) 
P~[NnLOGIE Ut. L'[SPECE l(~t.ANTAlill ~L~,, 
t-'HE.NflLOuJt: IJ[ L'[St't.CE 1tAUTH(S Llr.·HU)I.) 
l'HlN0LU"I• "E L'ESP[Cf • c,••uELLESJ 

G A h E S ............. 
/\M•~2 

(FRANCOIS HUMANE :·Lo~;~:·~~RiL·;;;4;·· 
C[Cl E,T UN [SSAI ,P0UH AJUSTEH LE> PAHASllRES, 

ENTRlE INONRP 
ENTRlE 
ENTREE 
ENTRlE 
ENTRlE 
ENTRlE 
ENTRll 
EN TREE 
EHTRH 
ENT REE 
EN TREE 
EN TREE 

IN0M[X 
INUwPN 
)NUNfO 
INllwTR 
IHUN0T 
lNUM0N 
IHU•0L 
INUME0 
IN0NEV 
lNliwOG 
lN0wMT 

~AHR PUT[NTIAL CUN0UCTIVITY UlffUSIYITY 
o, 

,lOOOE•OI 
,2000[ 0 0I 
,3000[•01 
,4000[•01 
,5000E•Ol 
.oouol•o1 
.10oot:•01 
,11000[•01 
,9000[•01 
,1000[♦00 

,1100[+00 
,1200[+00 
,1300l+OO 
, UOOE+OO 
,1500[+00 
,1600[+00 
,1700[ ♦00 
,1800[+00 
,1900[+00 
,2000[+00 
,2100E+OO 
,2200[+00 
,2300[+00 
,2400[+00 
,2500[+00 
,2600[♦00 
,2700[+00 
,2800[+00 
,2900l+OO 
,3000l+OO 
,3100[+00 
,3200[+00 
, 33UO[+OO 
, 3400[+00 
,3500[+00 
,3600l+OO 
,3700l+OO 
,3800l+OO 
,3900[♦00 
,4000[♦ 00 

,4l uOl+OO 
, 4200[+.00 
,43001.+00 
,4400l+OO 
,4500[+00 
,4600[+00 
,HOOl+OO 
••600l+OO 
, 4900l+OO 
,5000t:•OO 
,5100(+00 
,5200•+00 
,5300[ ♦00 

•,8200[+06 ,6000[•09 
•,5085[+06 ,1000[ 0 08 
•,2034E+06 ,l500E•p6 
•,1017[+06 ,2000["06 
•,8136[•05 ,2800[•0• 
•,4068[+05 ,3600["00 
•,2543[+05 ,5200[ 0 06 
•,1627[+05 .7000[•06 
•,1017[♦05 ,9600[•08 
•,9153E+Oq ,1300[•07 
•,7626[+04 ,1700[•07 
•,6611[ ♦U4 ,2300[•07 
•,5594[+0• ,3200[•07 
•,4577[+04 ,4400[•07 
•,3560[+04 ,6000[•07 
•,2848E+U4 ,8IOOE•07 
•,2237[+04 ,1100["06 
•,1831[ ♦U4 ,1500["06 
•,1424[+04 ,2100["06 
•,1017[+04 ,2900["06 
•,8136[+03 ,3800["06 
•,78b2[+03 ,5400E•06 
•,7628E+U3 ,7200["06 
•,7373E+U3 ,9900["06 
•,7119[+03 ,1400["05 
•,6865[♦03 ,1900["05 
•,6611E+U3 ,2500[•05 
•,6356[+03 ,3500["05 
•,6102[+03 ,4600[•05 
•,584d[+03 ,650UE•05 
•,5594[♦03 ,9000[•05 
•,5339[+03 ,1200["04 
•,5085[+03 ,1700["04 
•,4831E+03 ,2300["04 
•,4577£+03 ,3200E•04 
•,4322l+03 ,4400E•o• 
•,4066£+03 ,5600( 0 04 
•,3814l+03 ,1ooor•o4 
•,3560[+03 .8600["04 
•,3J05E+03 .1ooor•o3 
•,3051[+U3 ,1200[•03 
•,?7Y7[+03 ,150u[•03 
•,25•3E+03 ,1800E•uJ 
•,??H8E+03 ,2200£ 0 03 
•,2034[ ♦UJ ,2600["03 
•,1780[+03 ,3200[•03 
•,!526[+03 ,3800["03 
•,1271[+03 ,4600["03 
•,10l7E+OJ ,5600E•OJ 
•,7~26(+U2 ,6600[•03 
•,5065[+02 ,ROOO[•OJ 
•,25•3E+02 ,9d00[•03 
O, .1200["02 

,1017l+IO ,1200[•02 

,24Q:>[•03 
,5607£"0) 
, I 018["02 
, 122?[ •02 
,1279( 0 02 
,143]["02 
,1~nr•o2 
,1~71[•02 
,163~E•02 
,1648["02 
,1674["02 
,169R[•02 
,l730E•o2 
,J77~E•02 
, ldH[•02 
, lH9Af•O?. 
,1961f 0 02 
,202,r-02 
,2107£•0? 
,222~[•(12 
, 2301["02 
,2316£•02 
,23Hl•O~ 
,2360[•02 
,2H~E·o?. 
• 2444£•02 
, 25o7E•o?. 
, 2596£"0? 
,2718["02 
,2884[•112 
,3 II ?["02 
,3418[ 0 02 
,3650["02 
,443~E•02 
,5248[•0?. 
,6367E•o2 
, 7841( 0 02 
,9621[•n2 
dl~1E•01 
,143~[•0I 
, ir•or•o, 
,212?[•0I 
,2579["01 
,313Q[•OI 
, HOO[•Ol 
,461 l[•OI 
,557Qf.•Ol 
,67lt9f•01 
,617l[•OI 
,9HS!£•OI 
, l 1 flHf. +OI) 
,143HE+OO 
.1rt11r+on 
,1220£+0¥ 

C ( I l 
, 1093r•os 
, 1093["05 
d 093["05 
,t09Jf•O., 

ll[LX 
,7600[+01 

TT 

oETT u~AVY CllN~ 
.,,00[•02 ,7600(+01 .~000£•01 

CUMT TAA nLUW 

:J(L" 
,IOOO[•Ul O• 

HHI 

DEPTH 
0, 

,IOOOt:•OO 
,7990E•02 
.1200E+OJ 

Tl M[ 

t<RES 

N•OEPTM 
,6500[ 0 01 
,6500[•01 
,6300["01 
,6300["01 

H•0CPTH 
•,2085[+05 
·,2065[ ♦05 
•,2268[+05 
•,2268[+05 

PREPAR 
PREPAR 
PREPAR 
PREPAR 
l'f<EPAR 
PHEPAR 
l'REPAR 
PHEPAR 
l'H[PAR 
PHEPAR 
PHEPAR 
PREPAR 
l'HEPAR 
PREPAR 
PHEPAk 

R0f•0EPTH 
o, 

,5000[+00 
,5000[+00 

o, 

sE•oEPTH 
0, 

,5200[+02 
,4127[+02 
,4177[+02 



25 

,IOOOE+OI •?400[+02 ,1UOOE+01 • • 1 t>UU[ +O'; o, ol050l+OI 
HORY HWET c~ SnTn 

•,3000[+05 o. • lOUO[+Ot ,1000[+00 
wATLl I) •All( 2) ••TLC 3) WAIL( 4) w~TL< 

,300[•01 ,30U[•OI ,500[•01 ,500[•01 
WAIH( ll ftATHC 2) WJ\ TH( JI WAfH( 4) WA ltt( 

,SLOl+OO ,520[+0U ,520[+00 •S20E+OO 
ALAMHA SllUHCE OlfU UlfA ll l f B SUCUN 

, IOOOl+OI o, ,1ooor•o1 , 1 UOOE •o2 ,1JOO[+Ol ,1000l+OO 
[Nl RlE lNfJLL 

UBE~ KH 52, STEPPE A kANTH(MlU"4 SUAVEOLEl<S 
PROfOhOlUH EAUCfRACT,1 Pul(Nlf[L Ex!, HAC, CUNC, Sl:.L vu,u~r. SEL fEHP, HlL• HOR, 

0, ,5700E•Ol •,JOOO[+OS o. o, ,. ,1 I IOE+02 
,1000[+00 ,6H5E•OI ••2l06E+O!> o. ,'>202r•v? ,3'lbh[+U1 ,1l0d(+02 
,7990[+02 ,6300(•0I ••2l6UE+05 0, , • 121r•o2 ,?.hOO[+Ol ,<;118[+01 
.1200E+03 ,6304[•0I ••l264£+0t:> o. •• 121r•n • 2",1)2[+01 

OH CUH• HOURS u EOH C11H,THANS, HUhUff HRUUI cwr 
,2400[+02 •,bllHl•O? •, lfl:S'i4l •02 o. u. •,1600[+05 .,.906[•02 

iABE~ KM 52, STEPPE A RANTHERIUH SVAV[ULENS 

PLUIE<HH) TEHP,(AlRl OA~HOT OAYHAU OALITE THAIN 
0, •111[+02 ,991[+01 ,27~(+03 .222(•02 O• 

~,S,/OAG, 11,S,/SP, PS[NOLCl\il[ LlliHTf Tt:MPf PHSf PSRA TE 
HANTH,S, 

POUSHS 31000, 
TiGES I 173000, 
RAClNlS 

PLANT,A, 
POUSSES 
RAClN[S 

A, LIGNl 
POUSSES 
TJ&ES 
RA,JNES 

ANNUlLLE 
HUlLLES 
RACIN[S 

NU[Hlt.L MUHT 
, .•. s. 
LiTlERE 
RAC,MOHT 
PUITS 

904337, 

23000, 
122262, 

39000, 
68000, 
83661, 

17000, 
13940, 

CTAT HYuRlOU[ OU SUL 

2106337, 

145262, 

~10681, 

30940, 

27060, 
u,ooo. 

112422, 
o, 

HOHlZON PuTrNTIEL(HARSl EAU TOTALt. PF 
1 •29,~0 0,03 4,H 
2 ·20,12 25,87 4,12 
3 •22.30 37,77 4,15 
4 ·22,26 12,64 4,15 

ITo•,6)18[•02 [VAP••,48Y4[•02CH/H[UHE 

liUES KH 52• STEPPE A RANTHERIUM SUAVlOLENS 
PHOfONDEUH EAuCFRACT,l POTENT IEL EX I, RAC, 
o. ,5200[ ♦ 00 O, o. 

, 1000[ ♦ 00 ;7506[•01 •.J 319[♦ 0~ o. 
,7990[ ♦ 02 ,6300E•OI •,2268[+0!> 0, 
, 1200[ ♦ 03 ,6304E•OI •,2264[+05 0, 

OAY CUM, HOURS ET [OH 
9 .1000[+0I o, ,5000[+00 

) u, 

o. 

o. 

~ o. 

CONC, ~EL 
o, 

,">128[+02 
,4127[+02 
,4127<•02 

CUH,T•U.NS, 
o. 

"BE~ KM 52, STEPPE A RANTHERIUH SUAVlUL[NS 
PHUfONOEUR EAU<FRACT, I PUT[N!i[L Ed, RAC, co,-,t.:. ~lL 

0, , 1798[+00 ·•1432[+0'1 o. o, 
.IOOOt+OO ,6596l•OI· ••9'>64[+0'1 o. ,5060[•02 
,79VOt+02 ,blOO[•OI ·,2268(+0, o. , 4IU£•02 
, 1200[ ♦03 ,6:404[•01 •,a64E+os o. ,412'r•o2 

DAY CUH, HOURS [I [UR Ct1r◄, TH4~!>, 
9 ,IOOnE+OI o. ,)()00( ♦ 00 o, 

GA~ES KH 52• STE~PE A ri,_IHER !UH SU•VEULE~S 
PH OF ONO I.UH [AtJ(fRACT,) POTENT I EL EXT, HA.C, ~ONC, ~LL 
o. ,5200E•OO o. u. . .. 

.iouot+oo , 9730[•0 I •,b040[+0olf u. ,4..,Y8f+IJ2 
,799~[+02 .6:.00[•:)1 ••l?6o[+u5 o. .q1irr•o, 
, I 200l+03 ,b30sE•OI ••l264[+0j o. .1.112,r•lll 

OU (;UH, HOUHS ti [UH t.:lJ:-1. rreo~s. 
9 , IOOoE+OI O, .50UOl+JO •J. 

0, 0, O, 

O, 0, o, 

o. o, o, 

o. o. n, 

f.lUANT, SEL IEHP, Hll• HOR, 
u. ,I 110[♦ 02 

,3A49[+01 dl10E+02 
,2600£+0I ,96!>8E+OI 
,2602[ ♦01 

HllNUff HRUUT cwr 
,2h06[+00 • .J bUOE +05 , 4016E+OO 

l~UANT, S[L !Er<P, MIL• HOR, 
o. ,IIIO[+Ol 
,4349l ♦ Ol ,1110[♦ 02 

,21'\UO[+Ol ,9U58[+01 
,2~02f.+UI 
Rl)NUFF HROOI cwr 
,H33f. ♦00 •, 1tH)0[+05 18:\75[+00 

f.tUANT, SEL fEHP, HlL, HOR, 
J, ,1110[+02 
.4'1bJ( ♦ Ol ,lllOE+U2 
.2~•0E+OI ,SH5ij[+OI 
• ).liH2t.•Ul 
r(IJ"fUf f HRUUT cwr 
.47t!n[+OO •.t&OO[+O'l ,1?90E+~I 

Auxiliary Submodels 

CUHS 
•,99U6l"02 

PHSA TE 
O, 

O, 

o, 

o, 

CUMS 
,4739[ ♦00 

CUMS 
,4357[+00 

CUMS 
••5,l1E•OO 



Romane 26 

ijAH~ "" 52, snePE A RANTHERIUH SUAVlULEsS 
PHoro,utu, [All(fKACT.> PUTfNl!EL ur. HAC. co,c. ~iL 1100.n. HL TEHP, Hll• HOR, 
o. .4tSSt:+OO ·•2056[+0J 0, o • J. ,ill~E•02 

, lOOOL+OO • 1087[+00 ••674tt[+O't 0, • ""'44f'+l}2 ,5J/4f.+01 ,1110[+02 

,79!i10L+02 ,bJOO[•Ul ••2268[+05 o. ,4127f.+Ul .?600[+01 ,9858[+01 
,121l0l+03 ,6]0~[-01 ·,2264[+0) o. ,4127f+02 ,2h02[+01 

UAT CUM, HOIIHS lT EOR Cl..ll'I, rrt4NS. RUNOFF HRUUT cwr 
• ,llh)0(+0t o, ,5000( ♦01) o. ,44'19[+00 •,t6UO[t05 ,1745[+01 

ijAH[S "' 52, STE~~[ A RANTHEHIUH SUAVEUL[NS 
PHOfO~O<UH EAU(fRACT,l PUTENTIEL lX I. tO,C, CO'iC • ~lL i.\UAN T, SEL Tt:HP. HIL, HQJt,, 

0, ,4K'>2[+00 •,tlt,4Uf+Ot! o. a, o. ,1110(+02 

, lOOOt+OO , 1211E+oo •,54tt4[ ♦0'f o. ,4n92r•o2 ,5H3[+01 ,1110[+02 
,7990[+02 .6100[•01 ·•2268(+0) o. ,lll27r+02 ,26UO[+()t .9tt5d[+0l 

,1200t+03 ,630,.E•ol ••226 .. (+0'> o. ,4127f+02 o2h02[+01 
UAY CUH, HOUHS t: T [UH CUM, lt<ANS, RU>iUff HRUllT cwr 

y ,lOVoE+Ot o, ,~U\Jl,)L+OO o. ,4q2sc•o1 ",1600[+05 •?240[+01 

•AHE~ '" 52, STEP~[ A RANTHERIUH SUAVt□LENS 
PHOfONOLuR £A11<fRACl,l PUl[NTIEL UT, RAC, CO!it: • SL L OU4NT, HL TlHP, HIL, HOR, 

o. ,5?00(+00 o, o. O, J, ,i 1 lvl+02 
, 1000[+00 ,1323(+00 ·•"345[+04 o. ,4H49F.+02 ,6U4[+01 ,1110(+02 

, 7990l•02 ,6]00(•01 ••2266(+05 o. ,4l27[+V2 ,2600(+01 ,9tt56E+0I 
,1200(+03 ,6304[•01 ••2264(+05 o. ,41?7[+02 ,2602[+01 

DAY CUM• HIIURS El (U~ CU"4, ltU.tfS, HIJNUff HRllOI cwr 
9 ,1000[+01 o. ,5000[+00 o. , 5260( +00 ",1600( ♦05 ,?~88E+0I 

GASES KH 52, STEPP[ A kANIHlRIUH SuAVEOLENS 
PHOfONOEUR lA1t(fHACT,l PUlENI l(L [XI, RAC, CONC, SEL wUANT, SEL IEHP, HIL, HOR, 

o. 0 5700(•01 •,3000(+0'> 0, o. o. .it 10E+02 
,lODOl+OO ,1311[+00 •,4469[ ♦ 04 •,1661E•o5 ,4t\~•r.•02 ,63bl[+Ol ,I 110[+02 
,79~0E+02 ,6300[•01 ••l268[+0> 0, ,41?7(+02 ,2600[+01 ,96~6t:+01 

,1200t:+03 ,6305(•0I ••2264[+05 o. ,4127[•0? ,2602[+01 
OAT CUH, HllURS ET (OH CUM, IH4N>. ~UNOff HROUT cwr 
• , 16('10[+02 •, 59' 3[•02 •,47fAE•IJ? •,12JOE•Ol o . •,lbUOE+05 ,?Al9E+Ol 

oAB[S KH 52, STEPP[ A RANIH[RIUH SUAVEUL[NS 

JUUk• la ~UIS• 11 ANNE[ 1971 JOUKS SIHULES• 6 

PLUl[(HHl TE>P,<AIR) UAPHUT OATRAu UALl!E THAIN 
,300E+02 ,tl1f+02 ,9b8E+Ot ,27~~+Ul ,217(•02 ,600l+Ot 

H,S,/ORG, H,S,/SP. PH(NOLUGIE Lll>Hlf TEHPF PHSf PSRA TE 

HANlH,S, 
POUSS(S 21'9Q6, 
IIGES 1 l 74't66, 
RACINES 

PLANl,A, 
POUS~(S 
RACINES 

•• LIGN[ 
~OUS~ES 
TI ij[S 
RAC!NlS 

ANNUELLl 
fEUILLlS 
RAC INES 

KATEHllL HQHT 
,.. ... ~. 
LITllHt. 
HAC,HORT 
~UIT) 

906020, 

23272, 
1?~013, 

36416, 
90957. 
86641, 

15249, 
12504, 

£TAT HYORIQU[ Ou SOL 

210~435, 

l 'I 7265, 

ll4015, 

27754, 

30629, 
7H286o 

11862H, 
19036, 

HORIZON ~UifNTIEL(8AHSJ EAU TUTALt. ~f 
I •;:ic~.50 0,03 "••7 
2 •••H 52,J6 3,64 
3 -22.Jo 31,11 4,15 
4 "77,26 12.64 4,]5 

ET••,5973[•0l [VAP•••477o[•O?CH/H[UH[ 

GASES '" 52, STEPPE • RM<IHlHIUK su•vtoLE~s 
PHOfUNOlUH LAu< nucT, > POTENlllL t:x r. RAC, 
o. ,570U[•0l •,3000[•0~ U, 

,IOOOl+OO ,1333£+00 •,'f246l+Oq • ,I 7Y•E•05 
,7990t:+02 ,6302[•01 •,2266E+O~ o. 
.1200(+03 ,6306(•01 ••27.62[+05 o. 

OAT CUH, HIJURS El [UH 
22 ,2'l00[+02 •,5801[•02 •,46•1E"02 

l .7~6[+00 ,956E+OO ,308[+00 ol 16(•01 

,766[+00 ,'i56E+OO ,308[+00 ol 16[•01 

,7t,6(+00 .956[+00 ,308[+00 ,116£•01 

5 ,766[+00 ,956(+00 ,100[+01 0376£•0I 

r.O~t.: • ~tL YU4Nf • S[L TEMP, MIL• HOR• 
u, o, ol 11 ~£+02 

t 4CH16[+02 ,6456[+01 ,1110(+02 
,4127[+02 ,2601[+01 ,10~2(+02 
,412'r+02 ,211U2E•Ol 

CU14, ft.CANS• HUNUff HHOUT cwr 
•, 17>7(•02 O, -.1600[+05 ,?72flE+OI 

CUMS 
,4550E+00 

CUMS 
,4951[+00 

CUMS 
,074(+00 

CUMS 
•,4723["01 

PHSA TE 
,338[+03 

, 269( +03 

, 4l5E +03 

O, 

CUMS 
-,649!E"01 



27 Auxiliary Submodels 

ijA8[S "" 52, STEPPE A R•NTH(klUH SUAVLUL[NS 

JUUR■ l HOIS ■ 12 ANSl[ 1Y71 JUURS Sl•UL[,■ 21 

PLUIElHH) l[~P,CAIRI UAPHUT OA1RAU l1All1E T~AI~ 
0, t\l1£•02 ,940[+01 ,275L+V) .?ltf•v2 n. 

14,S./0RCi, N,S,/SP, PH[SULIH, Ir 
KANTH,~, 

POUSHS 2~8Y9, 
TI~[> 1116517, 
RAC INES 

PLANT,A, 
POUSHS 
RACINES 

A, LIGNl 
POUSSES 
T!GE& 
RACINES 

ANNUELLt 
fEUILLES 
RACINES 

NAfERllL HOH! 
P,A,S, 
LIT!tHl 
HAC,HOHT 
PUil& 

908417, 

237H, 
126902, 

32583, 
Q5335, 
~1026, 

12530, 
10275, 

,rAT HYURIQut uu SOL 

2110833, 

15062h, 

<16944, 

22805, 

49 t 7?, 
527117, 

15 I Stt•, 
117d In, 

HORIZON PUT[NTl[L(ijARSI EAU TUTALl Pf 
I •29,50 O,OJ 4,H 
2 •4,17 53.24 3,62 
3 "22,29 37,78 •,35 
4 "22,25 12... •.J~ 

tr ■•,5801[•02 [VAP••-•6•1c•O?CH/H[UK[ 

iUES KH 52, STEPPE A RANTH[RIUH SUAVlOL[NS 

' 

LI ~HTF 
,786(+00 

• 7<H,E+VO 

,7d6[+00 

,7116f+OO 

PR0f0NDlUH [AUlfRACT,l PoT[NTIEL EXl • RAC, CllNC, sEL lolUANT, 

O, ,5700(•01 • olOOOE +O~ o. o, u, 

H.HPf PHSf 
.i,sot:+00 ,309( ♦ 00 

,950[+00 1J09f+00 

,956(+01.1 1309[+00 

,Y~bE•O~ ,1UOE+Ol 

SEL llHP, HIL• HOR, 
,1020(+02 

,10001:.+00 ,1319[+00 •,t138HE+04 • .1 nsE•os ,4H~2f'+O:> .63~8[ ♦ 01 ,I 021 ( ♦02 
,7990(+02 ,6103["01 •,2265(+05 o. •414?7[+0? ,2601[+01 ,1079[+02 

·•l261[+05 o. , 4127£+02 ,2603(+01 

PSRAl[ 
,116£•01 

,116[•01 

,116(•01 

,376[•01 

.1200l+03 ,6308[•01 
DAY CUM• HOURS ET £0~ CUM, HUNS• HUNIIH HROUT cwr 

36 ,2400[+02 •,55J4[•(J? ., .. 4:l7l•u2 ••16dY(•02 

iA8ES KM 52, STEPPE A RANTHE~IUH SUAVEOLENS 

JUUR• I) HOIS• 12 AN~lE 1971 JUUHS SIHULES ■ 35 

o. 

PLUIElHH) TEHP,CAJHl UA~HOT OA¥RA0 OALIT[ THAIN 
0, ,102[+02 ,925E+OI ,275E+03 ,20AF.-u2 n, 

H.S,/0RG, 
RANTH,S, 

POUSSES 
TJGES 
RACINES 

PLANT,A, 
POUSSES 
RAC INES 

22992, 
111e300, 

910576, 

24230, 
130076, 

H,S.ISP1 
211186<,, 

154314, 

PHENOl•lGlf L(liHTf 
3 ,7Hb[ ♦ OO 

, 7•6£+00 

•,1000(+05 ,2i73£+01 

Tt:HPr 
,992(+00 

,992(+00 

PHSf 
,309(+00 

, 309[+00 

PSRATE 
,120(•01 

,120£•01 

PHSATE 
,303[+03 

,275E•03 

,3d1£+03 

0, 

CUMS 
•,6323("01 

PHSATE 
,279E•03 

,29![ ♦03 

A, LIGNE 
PUUSSES 
TIGES 
RAClhES 

,786(+U0 ,992E+OO ,309[+00 ,120[•01 ,3)![+03 

ANNUELLE 
f[UILLES 
RACINlS 

HAT[RllL HOHT 
P.A.s. 
LI lllffl 
RAC,"OHT 
PUIT& 

211'126. 
99517, 
95213, 

9033, 
A063, 

tTAT HYURIQUE UU SUL 

17896, 

63543, 
2~270, 

.! 1001 :\, 
JU2573, 

HOHIZO" ~uTrNTIEL(RARSI [AU TUTALE Pf 
I •2<,,50 0,03 Q,47 
2 •4,)I 52,0H J,h3 
3 "22,27 J7,7V Q,l~ 
4 •?l,23 12,65 4,1~ 

ll ■•,5534£-0l (VAP ■ •,4•27[•0?CHIH[VS[ 

ENTHlE Pki.pAq 

,706[+00 ,992l+OO ,100[+01 ,390E•OI O, 



~ 
0 

S'fH~IJLE!> SUPt..RPOSES l!ANS LE GRAPHlQU( SUl'IANrt ~•4.NCt(N.~•NOIIV[AU) 3 
PAS J~llK A•N*PAS JOUR A•N•PAS JOUR A•N•PAS JOUH A•N•PAS JOUR A•N•PA~ JO~~ A•~•PAS JnUk A•N•PAS JllUR A•N•PAS JOUR A•N•PAS JOUR A•N• ~ 

::, 
2 2• A■f• 4 4 • A•t' * 1• l'i, B•f• 20 20, 11 ■r • 31 31, A•l:I• 32 32. A•A• 33 13, A•B• Cb 

uABE~ •• 52, ST(PPE • R•NTHt:RIUM SUAVcOLENS 
,lOOE+iJt •ROO[+Ol ,!50E+02 , 220[+02 ,290E+0l ,360[+02 

♦--------- ♦---------♦---------♦---------♦---------♦---------♦---------♦---------♦---------♦---------♦ .390(+05 +<.: C ♦ , 390[+05 
I 
l 
I 
I ' C 

C C 
C C 

C C 
C C 

C C C 
,32tsE+05 + C C ♦ , 328[+05 

l C C I 
I A C C I 
If f A C C C I 
I r r A C C I 
♦ f A A A C C C ♦ 

r A • CI 
A A • I 

I 
I 

,266[+05 • r r • A • ♦ ,266[+05 
f • • A I 

A A • I 
f A • • e e 81 

b b f r 8 b 8 8 8 A A 8 " e 8 e e I Nl 

•• 8 b b h 8 8 " 8 b 8 H 8 " " 8 r A A •• 00 
I r r I 

r f I 
I 
I 

,20•E+05 + f f ♦ .20•£•05 
I f r I 

f I 
r I 

f I 
+U n 
I 0 Ii 0 
I 0 0 
I u 0 0 

I 0 U 0 
,143[+05 ♦( E 0 ll 0 ♦ '10£+05 

I [ l t: E n 0 0 
I [ [ l 0 0 u 
I E E f [ u 0 0 
I E [ f n 0 0 

E E E 0 D u D ♦ 

[ E E D D 0 I 
E r E 01 

E E E I 
[ [ [ E I 

,ts06[+04 + E+ ,806(♦ 0• 

♦---------♦---·-----♦---------♦---------♦---------♦---------♦---------♦---------♦-•-------♦---·-----♦ .100E+Ul ,600[+UI ,150E•02 ,220[+02 .290(+02 ,360(+02 
A M,S, PUUSsES (G/HA) RANTH(RIU~ 
8 ".s. P0USsES (G/HA) PLANTAGO 
C M,S, POUSS[S (G/HA) AUTRES LlbNlUX 
0 M•S• fEUILLES(G/HAl ANNUELLES 
E M,S, RAtlN[S (G/HA) ANNU[LL[S 
f H,S, TOTAL( (G/HA) ANNU[LLES 
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