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1. INTRODUCTION 

In the framework of a joint Dutch-Israeli research project on actual 
and potential production from semi-arid grasslands, a simulation model was 
developed for the growth of natural pasture under semi-arid conditions (van 
Keulen, 1975). Subsequently, the model was further developed in the light of 
new data sets that became available (van Keulen et al., 1981). 

The model is written in CSMP (Continuous System Modelling Program), a 
simulation language developed by IBM for its 360 and 370 series of machines. 
Other languages developed along the CSSL (Continuous System Simulation 
Languages) concepts, which are available on other machines are very similar 
to CSMP and the model can thus be run fairly easily on one of these 
machines. In many computer centres however, no such language is available 
and moreover development in computer programming, computer use and the 
budgets available for research have been such in recent years, that the 
costs of running a model like "ARID CROP" are prohibitively high for all but 
a few research institutions. Since that limits the use of the model to a 
considerable extent, it seemed worthwhile to produce a parallel FORTRAN-ver
sion of the model, thus allowing its implementation in a far wider range of 
computer centres and reducing the running costs to only a fraction of that 
required for the original model. 

Development of the FORTRAN version was carried out on a CDC 6000. No 
conceptual changes were introduced and it was attempted to retain as much as 
possible of the original CSMP structure. The results produced by this 
version are in complete agreement with those obtained by the use of the 
CSMP-version on an IBM 370-45. 

In this report a summary description of the model is given, some 
details on computer implementation, a complete listing of tfie FORTRAN model, 
a dictionary defining the abbreviations used and their dimensions, and a 
separate list of the parameters and functions applied. Finally, a number of 
functions, which are available in CSMP and had to be defined as FORTRAN 
functions are elaborated and their use illustrated. 

We hope that the availability of this version of the model ARID CROP 
may increase its usefulness. 

2. SUMMARY DESCRIPTION OF THE MODEL 

The simulation model ARID CROP calculates the time course of dry matter 
production of an annual herbaceous vegetation in relation to the amount and 
distribution of water in the soil below that vegetation. The vegetation is 
considered as an homogeneous stand uniquely defined in terms of physiologi
cal, phenological and physical properties. For vegetations consisting of a 
mixture of species, as is often the case in natural pastures in semi-arid 
regions, this is an oversimplification, but since in terms of dry matter 
production there is generally little difference between species this 
assumption seems permissible. 

The weather is defined in terms of meteorological observations from 
standard weather stations: daily values of rainfall, total global radiation, 
minimum and maximum air temperature at screen height, dew point temperature 
(or dry and wet bulb temperatures) and daily windrun. 

To simulate soil physical processes, particularly transport processes, 
the soil is divided into a number of homogeneous compartments of unit area. 
Both the total number of compartments and their individual thickness can be 
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adapted very easily to suit the need in a particular situation. Detailed 
simulation models of transport processes in soils are available (de Wit and 
van Keulen, 1972) but these have not been incorporated in the present model 
since their small time constants would require very small integration time 
steps in the simulation. 

Moisture transport is defined therefore especially with emphasis on 
availability of water to the plants, rather than on its exact distribution 
in the profile. Transport between soil compartments only takes place during 
rain or irrigation. The rate of change of water content in a particular 
compartment is set equal to the water content at "field capacity" and the 
actual water content, divided by the time interval of integration, provided 
that the rate of inflow in that compartment is sufficient. The rate of flow 
out of a compartment and consequently into the next one equals the rate of 
inflow minus the rate of change in water content in that compartment. This 
procedure is repeated for the consecutive compartments until all infiltrated 
water is dissipated or till the remainder has drained below the potential 
rooting zone. The result after a rainy day is a soil profile, partly or 
completely at field capacity, with in the former case a sharp boundary with 
the first "non-filled" compartment. 

In medium to deep soils in semi-arid regions, where deep drainage is of 
minor importance, direct evaporation of water from the soil surface is the 
major source of non-productive water loss and the overall efficiency of use 
of precipitation in terms of dry matter production is mainly determined by 
the ratio of evaporation from the soil surface to transpiration by the 
vegetation. 

In the model potential soil evaporation is calculated from a Penman
type formula. Subsequently, a reduction factor is introduced to account for 
partial interception of energy by the vegetation cover. The actual rate of 
soil evaporation is then determined by the moisture content of the upper 
soil compartment, expressed as a dimensionless number to allow application 
to different soil types. This total water loss by evaporation is subse
quently withdrawn from the various compartments in dependence of the actual 
moisture distribution in the profile. A Soil-type dependent extinction 
coefficient, is used, that essentially 'mimicks' the recharge of the upper 
soil compartments from the lower ones as a result of developing potential 
gradients. 

Soil heat flow 

Soil temperature is not calculated in any detail but a ten-day running 
average of air temperature is used. This seems justified by the fact that 
the influence of soil temperature on various processes is not known very 
accurately. 

The rate of transpiration of a vegetation in a given environment, 
depends on the distribution and functioning of the root system and on the 
amount and distrib.ution of water in the profile. Quantitative information on 
the interrelation between the two, especially under field conditions is 
scarce. It is obvious however, that when part of the root system is in dry 
soil and part in wetter soil, the uptake of moisture by the latter will 
compensate partly the lack of uptake by the former: therefore in the model 
first an effective rootlength is calculated in each compartment, determined 
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by its moisture content -the lower the moisture content, the lower the 
efficiency factor-. From the total effective root length and potential 
transpiration, the potential uptake per unit effective root length is 
obtained. The actual rate of uptake from each compartment follows then from 
the potential rate, the moisture content in that compartment and the tempe
rature effect. The latter includes the influence on both root activity and 
on viscosity of the water. 

2.2 Growth of the vegetation 

Since we are dealing with annual vegetation, growth starts from germi
nation each year. The process of germination, which is very complicated is 
treated in a rather rudimentary fashion in the model, with the result that 
the prediction of initial biomass - that is the amount of above ground dry 
matter at emergence of the vegetation - is still a major difficulty with the 
model. Seeds start germinating after the first rains and the process 
proceeds as long as the moisture content in the top 10 em of the profile is 
above wilting point. Germination is completed when a total temperature sum 
of 150 day-degrees, above 0°C has accumulated, during favourable soil 
moisture conditions. If the soil dries out before the required temperature 
sum is reached, the germinating seedlings are killed and a new wave of 
germination starts after rewetting only. 

The development pattern of a growing plant is characterized by the rate 
and order of appearance of vegetative and reproductive organs. The rate of 
development of plants is partly governed by genetic characteristics and 
partly by environmental factors, especially temperature and daylength. The 
genetic characteristics vary among species and among cultivars within the 
same species (cf. short vs. long duration cultivars). Photoperiodic effects 
could not be demonstrated for the winter annuals that the model treats. This 
is in contrast to annuals growing in summer rainfall regions where daylength 
exerts a very strong influence. 

In the model therefore a relation between development rate and tempe
rature is introduced, mainly based on field observations. The relation 
assumes a threshold temperature of 3. 7 5°C and ~s linear from that value 
until 25°C. The development rate (dimension day- ) is integrated to yield 
the dimensionless value of the development stage of the vegetation, which 
ranges from 0 at emergence to I. at dead ripeness. The value of the 
development stage governs primarily the partitioning of assimilates over the 
various plant organs. 

After establishment, that is after the temperature requirement for 
germination has been satisfied, both above ground and below ground biomass 
are initialized to a pre-set value. (This value varies between seasons, 
between different fields etc.). Total seasonal dry matter production appears 
to be rather jnsensitive to the value of the initial biomass, but the growth 

--~-·--···--··----·--·-··curve-may-·o~slii-fted·-oy--·a peric>a··-orupto··· two -weeK:s-;-w&Tc.h1.s very~mportan t 
early in the growing season, especially when the vegetation is to be exploi
ted by grazing. A satisfactory solution to this problem has not yet been 
found, however. 

After establishment, calculation of the growth rate of the vegetation 
is based on determination of the rate of transpiration and on the water use 
efficiency. The water use efficiency is calculated each day as the ratio 
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between the potential rate of increase in dry weight of the vegetation and the 
potential rate of transpiration. The former depends on the photosynthetic 
characteristics of the species, the leaf area index of the vegetation and the 
prevailing radiation ·intensity, (which in combination determine the potential 
rate of gross co

2 
-assimilation) and the amount of dry matter present, (which 

determines the ma1ntenance requirement of the vegetation). For the conversion 
of primary photosynthetic products into structural plant material, a constant 

_____________ conv_er_s_i_on~eff_ici_enc:y_is_int_r_oduc_ed_,_b_as_e_d ___ on ____ an_a~erage~_chemic_a1~c_o_mp_o_s_it_i_o_n_~---
of the material being formed. Potential transpiration rate is obtained from the 
evaporative demand of the atmosphere, characterized by the prevailing radiation 
intensity, the combined effect of wind speed and air humidity, and the leaf 
area index of the vegetation. 

It is assumed that water use efficiency is independent of the moisture 
status of .the soil and the condition of the vegetation. The former may not be 
valid in all situations, but the actual amount of water transpired during 
periods of stress is so low that the difference in terms of dry matter 
production is very small. 

The actual rate of transpiration of the vegetation is calculated from the 
potential rate, taking into account the moisture distribution and the root 
distribution in the soil profile. The latter is only defined by its vertical 
extension, not by a root density function. 

When actual transpiration falls short of the potential, a relative 
transpiration deficit is defined. When the value exceeds 0.4, it is integrated 
with a time constant of 10 days to yield the cumulative relative transpiratio'n 
deficit. The value of the latter influences the photosynthetic performance of 
the vegetation, i.e. prolonged stress leads to deterioration of the 
photosynthesizing capacity. After removal of the stress, recovery is possible, 
once growth recommences. 

The total increase in dry weight of the vegetation is subsequently 
calculated by multiplying the actual rate of transpiration by the water use 
efficiency. In dependence of the development stage, this increment is 
partitioned between various plant organs. First a part is allocated to the 
roots, the function being defined in such a way that a progressively smaller 
proportion of the assimilates contributes to root growth. In. the early 
stages, a considerable proportion of total growth is invested in the root 
system on which the plant has to rely later on for an adequate supply of 
water and nutrients. When the plant is under water stress, the proportion 
diverted to the roots increases in accordance with the functional balance 
principle. A fixed proportion of the assimilates available for above ground 
growth is first allocated to the developing seeds, once the development 
stage for seed fi 11 has been reached. The remainder is partitioned between 
leaf blades and other vegetative structures (leaf sheaths, stems etc.) Again 
the proportion of both is a function of the actual value of the development 
stage. Since plant structures have only a limited life span, there is 
continuous dying of earlier formed material. Under favourable growth 
conditions, only a negligible proportion of the standing crop dies. When 
conditions become more unfavourable, i.e. when the soil dries out or when 
the vegetatton approaches maturity resulting in enhanced translocation of 
nutrients to the developing seeds and accelerated deterioration of existing 
structures, the rate of dying increases drastically. The rate of dying due 
to moisture stress is governed both by the evaporative demand of the 
atmosphere and the moisture content of the soil. Under high evaporative 
demands, a situation develops where even complete closure of the stomata 
cannot prevent dehydration of plant tissue and subsequent death. In the 
model, the rate of dying is proportional to the difference in potential 
cuticular water loss (=actual water loss by the vegetation) and the 
calculated actual transpiration rate of the vegetation (=rate of water 
uptake from the soil), with a time constant of five days, reflecting the 
buffering capacity of the vegetation. The death rate due to senescence is 
calculated independently and the maximum of the two is applied in each 
situation. 



The increase in leaf area follows directly from the rate of increase in 
weight of the leaf blades by the application of a constant specific leaf 
area ratio. Our understanding of the basic processes governing the morpho
genetic characteristics of the plant is too weak at present to permit a more 
realistic treatment of leaf area development. 

In the model it is assumed that a root "front" is formed without 
horizontal gradients, so that root density is not a limiting factor for the 
uptake of water and nutrients. The potential rate of vertical extension of 
the root system is constant. The actual rate is influenced by soil 
temperature, and extension growth continues until a dry soil compartment is 
reached. 

2.3 Model specifications 

The model is executed with time intervals of one day and the simple 
rectilinear method of integration is used. 

3. THE FORTRAN MODEL 

A complete listing of the FORTRAN text is given in Appendix 1, a 
dictionary of all variables, with their dimensions is provided in Appendix 
2, Appendix 3 gives a list of parameter values applied in the model, and 
Appendix 4 lists the relevant functions and their numerical values. Struc
ture statistics of the model are provided in Table I. 

3.1 Setting up a job and run control. 

The control cards needed to run the model are rather specific to 
installation and operating system. Nevertheless, it may be useful to 
outline the set-up for a typical batch compilation and execution job as it 
might be carried out on a CDC CYBER74 operating under NOS/BE operating 
system. 

The following example assumes that the FORTRAN program and the 
meteorological data file reside on disk. Model output is written on file 
'OUTPUT' which is automatically sent for printing at termination of the 
job. 

SHAL. 
USER,467259. 
ATTACH, ARIDOB, ID=SHAL. 

ATTACH, MET80, ID=SHAL. 

MNF (I=ARIDOB, D,T,Y,U) 

LGO (MET80) 

EOR 

identification and 
password of user 
attach file 'ARIDOB' which contains the 
FORTRAN code of ARID CROP. 
attach file 'MET80' which contains the 
meteorological data for 1980/81. 
compile the program in 'ARIDOB' using 
the MNF compiler with a number of 

EXECUTE PROGRAM. Equate file 'MET80' 
with the first file defined in the 
program card of ARID CROP. 
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TABLE I 

STRUCTURE OF THE FORTRAN VERSION OF THE MODEL 

_________________________ TQIA_L NUM_B_E_E. __ N-'UMJiER __ Q_F~ _N_UMBE_R_QF~_NUMBE_B._ _ _QF_ ________ N_O~_O__F __ C_M ___ W_QB.D_S_ 
+-----------------AQ=J;iLF---tM1~QR'It~v .n::cl.fJOtMMtMvf~ffi:MLv'f:p-..--~CLAtvQMMEN'f LINES (INCL. :ktt6e1\:'fED IW 

STATEMENTS STATEMENTS STATEMENTS CONTINUATIONS) DIMENSION 
STATEMENTS 

SECTION 

MAIN 464 385 79 525 1567 
FUNCTION RAFGEN 36 23 13 36 100 

II AFGEN 37 25 12 42 up to 30 
" DELAYT 12 10 2 12 20 
II LIMIT 12 1 1 1 13 0 
" INSW 9 8 1 9 0 
" FCNSW 1 1 10 1 11 0 
" NOT 9 8 1 9 0 
II AND 9 8 I 9 0 
" TWOVAR 56 41 15 69 182 

SUBROUTINE PLOTT 77 69 8 80 230 

TOTAL 732 598 134 815 2129 
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Using FORTRAN instead of CSMP entails a certain loss of flexibility and 
ease of use. Any 'parameters' must thus appear on the input file in the 
correct order in the correct format. The input file continues with: 

1,210,5,50.,1 input DELT, FINTIM, PRDEL, IBIOM, WANTPL in free-format. 

where: 
DELT = 
FINTIM = 

PRDEL = 

IBIOM = 
WANTPL = 

integration time step (1 should be used) (integer). 
number of days simulation is to run. Can be set very large for 
entire season runs since execution is halted when growth ceases 
(integer). 
time interval between printing of tabular output values. Can be 
any number larger than zero (integer). 
initial pasture biomass (real). 
graphic option (integer) 0 - no plotted output required. 

1 - plotted output required. 

ARID CROP 1980/81 DEMO RUN title card. 

This title will appear at the top of each tabular output page and at 
the top of the graphic output when requested. The title may contain upto and 
including 80 characters (any characters) and is printed such that column 1 
of the title card appears about 20 printing positions across the output 
page. If no title is wanted, a blank card must be inserted here. 

2,3,1,1 input OUTDEL, PLOT, EQLSCL, PVALS in free-format. 

This line must appear if WANTPL = 1. One graph may be plotted per run. 
This line controls the form of the graph, which may contain 1 to 5 curves, 
all plotted to the same scale, or all with independent scaling and the 
values of I variable or all variables printed alongside the graph. 

The variables are defined as follows: 

OUTDEL 

PLOT = 

EQLSCL = 

PVALS = 

time interval between graphic output points. Can be any number 
larger than zero. Needs no coordination with PRDEL (integer). 
the number of curves to be plotted on the single graph (1-5) 
(integer). 
scaling option (integer) 0 - all curves to be plotted with 
independent scaling according to their individual value ranges. 
1 - all curves to be plotted with the same scaling set 
according to the highest and lowest values. 
value printing option (integer) 0 - only one of the plotted 
variables is to have the plotted values printed on the left
hand side of the graph (alongside TIME values). 
1 - all of the plotted variables are to have their plotted 
values printed. One on the left-hand side of the graph and the 
remainder on the right-hand side. The greater PLOT is, the 
narrower the graph becomes when PVALS is set to I (if PLOT = 5 
and PVALS =I, the graph is about 70 printing positions wide). 

---~---~--~~--~ ----
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0. '0. 
85. '0. 
86. '41 • 

100.,248. 
113.,495. 
126. ,869. 
142.,2286. 

170.,4985. 
182. '55 1 1 • 
190. ,6194. 
205.,0. 
208. ,0. 
210. ,0. 

EOI 

A set of X,Y coordinate pairs (real) describing the 
observed biomass growth curve for 1980/81 where X is 
the running day no. (1=0CT 1) andY is aboveground 
biomass (kg DM/ha). The last 3 data points are simply 
to make up the total number of points to 15 which is 
the number of input cards for the OBSERT function 
table read by the program. All these cards are read in 

The program uses an additional file ( 'TAPE40') .which is declared in the 
PROGRAM statement at the beginning and is used for storing data for 
graphic output during the course of a run. At the end of a simulation 
run, the program rewinds this file and reads the data for the purpose 
of constructing the graphic output (when requested). Some installations 
may require space allocation on disk for this file in the control cards 
prior to program execution. 
Unfortunately, it is cumbersome and inconvenient to write a FORTRAN 
program that can read the name of a variable and print or plot the 
value of that variable as calculated during execution. Thus the varia
bles to be printed and/or plotted for output are written into the 
source program, and any alteration in these lists requires recompila
tion. Tabular output is provided in CSMP III-style with about 47 
variables printed at each requested interval. It is hoped that this 
list of 47 variables contains all desired outputs since altering the 
list or extending it is not simple. As far as graphic output is con-
cerned, 5 var~ables are named ~n the source program and are ready for 
graphing. 

3.2~ Central processing (CP) and central memory (CM) requirements. 

The actual CM used by a computer in compilation and execution is 
rather dependent on the particular compiler and installation. It is 
usually possible to make an approximate calculation of CM requirements 
if one knows the total number of memory words actually required by 
DIMENSIONed and non-DIMENSIONed variables which in this case is about 
2500 words. 

CP requirement is also highly compiler and installation dependent. 
Using a CDC CYBER74 computer, the range of CP requirements for compila
tion using different compilers is about 3 - 6 seconds. As with CSMP, 
the execution time requirement of the FORTRAN version of ARID CROP is 
highly dependent on the quantity of output requested. Generally, the 
model is run using a 5 or 10 day interval between tabular outputs 
(about 50 variables) and something like a 5 day interval between 
graphic outputs (usually plotting 3 variables). Under such circumstan
ces, the model requires 3 - 5 seconds CP time for execution of a 200 
day season using the same computer as above. 

3.3. Possible language compatibility problems. 

The version of FORTRAN used includes features described in the 
ANSI Standard Fortran 77 as well as a couple of additional features 
that are accepted by the University of Minnesota FORTRAN Compiler 
(version 5.4). It is possible that many computer centres have not 
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updated their FORTRAN compilers even to the ANSI 77 set, so a number of 
potential compatibility problems in the model are listed below to aid 
the potential user of the model .. No claim is made as to the exhaus
tiveness of this list! 
1. PROGRAM statement (line number 1 in the listing) 
2. EXTERNAL AND statement (after the DIMENSIONs section) 
3. the large number of continuation lines used in 'entering the ALPHAT 

matrix data. 
4. use of the dollar sign ($) to indicate start of a new statement. 

This is used in setting the parameters and in the section for 
preparing the tabular output. 

5. input-output statements. 
a) use of free-format (asterisk) 
b) use of comma before I/0 list. e.g. WRITE (40,120), TIME 
c) use of Hollerith constants exceeding 10 characters 
d) non-standard column 1 output format such as 'IX'. 

6. REWIND statement (3rd and 17th line in initialisation section and in 
SUBROUTINE PLOTIT). 

7. IF-type block structures. 
a) IF ( ••••••••• ) THEN 

END IF 
b) IF ( ......... ) THEN 

ELSE 

END IF 

c) IF { • • • e • • • • e ) THEN 

ELSE IF ( ..... ) THEN 

ELSE 

END IF 

8. WHILE block structures 
WHILE ( .•.•••••. ) DO 

END WHILE 

all these block structures are used 
widely in the model. They can be 
replaced quite simply with simple IF 
statements and suitable GOTO statements 
if necessary. 

The action of this block is self explanatory and is also very simple to 
replace with appropriate DO or IF or GOTO combinations. 

3.4. Functions defined in the model 

Most of the functions described below are based on equivalent 
functions that are used in CSMP. Any details on use of these functions 
that are not provided here can easily be worked out by looking at the 
model listing. 

--~ -------~----- ~-------~ 
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AFGEN 

The AFGEN function for linear interpolation is set up slightly 
differently from the CSMP form, though in effect does the same thing. 
In calling the function 3 parameters need be supplied as opposed to 2 
in CSMP. The form of the call is: 

where: R 
TABLE 
INDVAR 

NDP 

must be a real variable 
is the name of the function table 
is the independent variable which must be either a 
real variable or a real constant or number. 
is the number of (x,y) data pairs in the function 
table. It must be an integer (number or constant). 

The function first checks whether INDVAR lies within the coordinate 
range of the independent variable ("X") supplied for the function table. If 
it does, linear interpolation between the data pairs given is executed 
normally. If it does not, an appropriate error message is written on the 
output file, and the minimum or maximum value for the dependent variable 
defined in the table is returned to enable continued execution of the 
program. This is different to CSMP in that no extrapolation takes place in 
the event of out-of-range "X" values - a zero gradient is assumed at both 
ends of the inputed curve and thus an "overflow" or "underflow" does not 
occur. 

The function table itself is simply a matrix of 2 rows, the upper row 
containing the x-coordinates and the lower row the corresponding y-coordi
nates. 

The matrix must of course be DIMENSIONed, the size of the matrix can be 
larger than the actual number of locations filled with data. If the matrix 
is to be filled by use of a DATA statement, remember that FORTRAN fills 
matrices in such a case by column and thus the DATA statement will consist 
of x,y pairs of numbers (as in CSMP). The x-coordinates must be entered in 
ascending order only. 
e.g. 

DIMENSION DVRT (2, 50) 

DATA DVRT/0., 0., 3.75,0., 16.,0.01, 25., 0.02, 30., 0.001/ 

DVR = AFGEN (DVRT, TMPA, 5) 

If changes are to be made to an AFGEN function, check: 
1. that the DIMENSION declaration for the function table (in the main 

program only) is sufficiently large to hold all data points (not all 
compilers check this). 

2. that the NDP parameter in the call statement is adjusted suitably for 
each and every call of that function table. 

3. that the x-coordinates in the function table are entered in ascending 
order only. Unfortunately, failure to do so will not necessarily result 
in abn~l termination of execution. 

TWOVAR 

The differences between the CSMP and the FORTRAN TWOVAR function run 
parallel to those described for the AFGEN function. In calling the function, 5 
parameters need to be supplied as opposed to 3 in CSMP. The form of the call 
is: 
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where: 

R = TWOVAR (MATRIX, INDVRl, INDVR2, MNDPI, NDP2) 

R 
MATRIX 
INDVRI 

INDVR2 

MNDPI 

NDP2 

must be a real variable 
is the name of the function table. 
is the first independent variable which must be either a 
real variable or a real constant or number. 
is the second independent variable which must be either a 
real variable or a real constant or number. 
is the maximum number of x,y data pairs that appear in a 
single row of the function table. Must be an INTEGER. 
is the number of second independent variable values that 
there are in the function table. Must be an INTEGER. 

Whenever called, the function first checks the input value of both inde
pendent variables against the corresponding range of values in the 
matrix. If either of them falls outside its defined range, an error 
message is printed and the same fixup is taken as described for the AFGEN 
function. 

The function table itself is a 2-dimensional matrix, set up as shown 
below: 

X2 1 XI Yl Xlb Ylb XI Yl Xld Yld a a c c 
X2 2 XI Yl XI Yl XI Yl 

X2 XI Yl XI Yl 

x24 
XI Yl XI Yl XI Yl XI Yl 

x2
5 

XI Yl XI Yl 

x26 XI Yl Yl XI Yl 

Column I contains the values of INDVR2 in ascending order only. The 
number of values in this column corresponds to the value of NDP2. The 
even columns (2,4 etc) contain the various values of INDVRl for each of 
the values of INDVR2 defined in column I. The odd columns (3, 5 etc.) 
contain the values of the dependent variable corresponding to each INDVRl 
value. Thus each row of the matrix contains pairs of x, y coordinates 
which describe the "curve" of dependent variable versus one independent 
variable (INDVRI) for the particular value of the second independent 
variable (INDVR2) contained in column I of that row. The x values along 
any row must be in ascending order only. 
Not always are there an equal number of data points for each row of the 
matrix. In such an instance the matrix must be "squared-off" with zeros. 
(This is because of the way the matrix ~filled by FORTRAN when using 
the DATA statement). Thus every row must contain an NDP2 value followed 
by 2 x MNDPI numbers (some of which may be "squaring-off" zeros). 

e.g. 
DIMENSION FLRT (6, 50) 
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DATA FLRT /X2 I , X2 2, x2 3 , X2 4 , x2
5

, x2 6 , 

XI a' XI , XI, XI , XI, X I, 

Yl a' Yl, Yl, y 1' Yl, Yl, 

Xlb' XI, X 1 , XI, XI, XI, 

Ylb, Yl, Yl , Yl , y 1' Yl, 

~"·--··~---------------------

________ X_L, _ ___XL, __ Q_L,_XL , __ Q_L, __ XL,_ 
----------------~·--·------

Yl c' Yl, 0. ' YI 0. ' y 1' 

Xld' 0. ' o., XI, 0. ' 0.' 

Yld' 0. ' 0. ' Yl , 0. ' o. , I 

XFLR TWOVAR (FLRT, AI , B 1 , 4, 6) 

RAFGEN 
This is a special purpose function having no equivalent in CSMP. One may 

wish to investigate the effect of various rainfall distributions and quantities 
over the season for a given set of other wheather variables. Using the AFGEN 
function to generate a rainfall bar chart is a most inconvenient method and 
likewise, creating a special rainfall disk file of the same format as the other 
meteorological data used by FORTRAN ARIDCROP is tedious, since each day of the 
season requires an entry even though rain only occurs on a small number of them 
and most of the data is a series of zeros. The RAFGEN function provides a 
simple way of representing a seasons rainfall with a minimum of effort. In 
principle, the data is presented as for a regular AFGEN function, but only rain 
events appear in the function table; the function carries out no interpolation. 

The function table is a matrix of 2 rows, the upper containing the day 
numbers on which rain events take place (ascending order only), and the lower 
row containing the corresponding rainfall for each of those days (in mm.). The 
end of the rains is indicated by a 0.,0. data pair. 

The form of the call 1s: 

R = RAFGEN (TABLE, INDVAR) 

where R is a real variable. 
TABLE is the name of the function table conta1n1ng the rainfall events 
INDVAR is the day number for which the rainfall is to be returned by the 

function. 
INDVAR is REAL. If time is integer and is used for INDVAR, convert to 

REAL by adding "+ 0." in the call. 

A 2 x 50 matrix is DIMENSION-ed in the routine, thus if there are more than 49 
rain events this must be altered accordingly. 

On the first RAFGEN call only, the routine finds on which day the last 
rain occurs. Since many calls ~RAFGEN are made after the last rain event, 
such calls can be dealt with by a simple IF statement and a value of 0 is 
returned without searching in the actual tabulated function. It is only when a 
call is made before the end of the rains that the rainfall array is checked 
through. Failure to find an entry for the input day number results in 0 being 
returned. 

The function resides in the model. A call to the function does not. The 
call card must be added if it is wished to utilize the RAFGEN function. The 
call card must be inserted after rain is read off the meteorological data file 
and will thus override the first value read. Obviously the card must also be 
inserted before the first time RAIN is used in the model. 
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DELAYT 
Purpose: to store today's average air temperature and return the average 
air temperature of X days ago. 
Call Statement: OLDT = DELAYT (X, NEWT) 
Ensure that X never exceeds the size of the storage array DIMENSION-ed in 
the DELAYT function. X in the model is currently I 0, and 20 words are 
allocated for storage. 

LIMIT 
Call Statement: y LIMIT (PI, P2, X) 
ACTION: y = p 1 ; X < Pl 

y = P2; X > P2 
y X; PI < X < P2 

INSW 
C81T Statement: y INSW (XI, X2, X3) 
ACTION: y = X2; XI < 0 

y = X3; XI > 0 
FCNSW 
Call Statement: y FCNSW (XI, X2, X3, X4) 
ACTION: y = X2; XI < 0 

y X3; XI 0 
y X4; XI > 0 

NOT 
'Ca.Tl Statement: y NOT (X) 
ACTION: y 1 • 

' 
X < 0 

AND 
Gall Statement: Y =AND (XI, X2) 
ACTION: Y = 1; XI > 0, X2 > 0 

Y = 0; otherwise. 

3.5. Model initialisation 

In its narrowest sense, initialisation refers only to the setting of 
integrals (state variables) to their appropriate initial conditions prior 
to the commencement of a simulation run. ARID CROP contains 23 integrals 
plus those of water content of each soil layer. The number of soil layers 
is presently set at 10, so the total number of integrals is 33. The 
version of ARID CROP presented here assumes that all runs commence on 1st 
October, which is invariably before the first effective rainfall and 
germination in the Mediterranean region where the model is applied. Thus 
most of the integrals are initialised to zero and this is done in the 
initialisation section of the model in a single DATA statement. Of the 33 
integrals that are updated each time step in the integration section of 
the model, the following ones have non-zero initial values: 
a) soil moisture content of each soil compartment. 

This is set by the following expression: 

where: 

W(N) = soil moisture content of the Nth soil compartment (mm) 
DRF (N) = dryness factor of Nth soil compartment expressed as a 

fraction of moisture content at wilting point (-) 
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WLTPT =wilting point (parameter) (cm3/cm3) 
TCK(N) =thickness of the Nth soil compartment (mm). 
The DRF and TCK values for each soil compartment are set in the 
PARAMETERS section in DATA statements. 

b) soil temperature. 
This is initialised as the average air temperature on the first day of 
the simulation. In order to do this, one record of the meteorological 

---d-ata~file~-i-s-:r-ead--a-nel-t-he-f-i-le--is-~eweund----befcrFe--t-he--simula-t-i en---
commences. 

ARID CROP simulates establishment by updating the (zeroed) integrals of 
plant part biomass by some initial value on emergence day. These initial 
values are described by the following variables: 

IBIOM = initial aboveground biomass at emergence. This is frequently 
altered from run to run and is therefore read in from the input 

IRWT 

WLVSI 

WNLVSI 

LFI 

file (see Section 3.1). (kg DM/ha) 

initial root biomass at emergence. 
IRWT = IBIOM 

initial weight of leaves at emergence. 
WLVSI = IBIOM x AFGEN (DISTFT, 0., 5) 

(kg DM/ha) 

(kg DM/ha) 

initial weight of aboveground non-leaf material. 
WNLVSI = IBIOM - WLVSI (kg DM/ha) 

= initial leaf area at emergence. 
LFI = WLVSI x LFARR 2 

(m /ha) 

The root depth integral is initialised in a similar way: 
IRTD = initial root depth. · 

IRTD = 101. (set in PARAMETERS section) (mm) 

Using the term initialisation in its broader sense, the other variables 
that are set prior to the commencement of the simulation proper are 
function tables and parameters. Only IBIOM and the observed biomass 
function table (OBSERT) are read in from the input file in the version 
presented here, all other function tables and parameter values reside in 
the model. If one wishes to vary these values from run to run, it might be 
simpler to adjust the program to read in those variables from the input 
file instead of having to edit and recompile each time. 

Unfortunately, mid-season initialisation cannot be carried out with 
the same ease as it can with CSMP. The changes required in the model 
listing are not very extensive, but since the need for such runs is 
probably minimal, details of the required changes are not presented here. 

3.6. Meteorological data inEut 

The CSMP version of ARIDCROP imposes 3 main inconveniences in using 
meteorological data: 
I. the data are entered as AFGEN function tables which are both tedious to 
punch and awkward to check; 2. the computer memory requirement for the 7 
data function tables is very large. This is wasteful since each number is 
required only once each run; 3. the data function tables are printed out 
each job and this canno~ be suppressed. This is quite unnecessary and is 
wasteful of time, paper and money. 
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FORTRAN ARIDCROP avoids these problems. The data is structured in an 
easily read format, it is stored on disk and read sequentially as the 
simulation progresses and does not appear on the output file unless 
specifically requested. 

The meteorological data files currently read by ARIDCROP were origi
nally generated for a different purpose and include information not 
required by ARIDCROP. This extra information presents no difficulty and is 
skipped in the READ instruction in ARIDCROP. The data for each year 
consists of 210 records, the first being for Oct 1 and the last for April 
28. Each record contains: 
DATE, RUNNING DAY NUMBER, RAINFALL (mm), CUMULATI~E RAINFALL (mm), MINIMUM 
TEMP. (°C), MAXIMUM TEMP. (°C), RADIATION (cal/cm /day), WINDRUN (km/ day) 
DEWPOINT TEMP. at 800 hrs and 1400 hrs (°C), PENMAN EVAPORATION (mm). 

For example, the 80th record of the 79/80 data file re,ads: 
1979 DEC 19 80 0.4 106.3 7.9 12.9 223.9 152.0 7.0 7.6 1.0. 
ARIDCROP does not require the date, day no., cumulative rainfall or Penman 
evaporation, and so the following format is used in ARIDCROP in reading 
the meteorological data files: FORMAT (17X, F6.0, 8X, F5.0, F6.0, F7.0, 
F6.0, F6.0). 
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c 
C ************************** ARIDCROP ************************** 
c 
C THIS IS A FORTRAN TRANSLATION OF ARIDCROP - A SIMULATION 
C HODEL OF CROP GROYTH IN ARID ENVIRONMENTS WRITTEN BY 
C HERMAN VAN KEULEN IN THE LANGUAGE CSMP. 
C NO CONCEPTUAL CHANGES HAVE BEEN HADE TO THE MODEL, 
C AND AN ATTEMPT HAS BEEN HADE TO RETAIN MUCH OF 
C lHE CSMP STRUCTURE. 
c 
C DEFINITIONS OF All TERMS USED IN THE MODEL ARE 
C AVAILABLE ON FILE, THUS THERE ARE VERY FEW 
C DEFINING COMMENTS IN THE HODEL LISTING. 
c 
C ***************** DIMENSIONS REALS INTEGERS *************** 

c 
c 

c 
c 
c 

DIMENSION UC20l, FC20l, EBI20l, DRFC20l 
DIMENSION TCKC20l, TRBC20l, TDBC20l, DRRC20) 
DIMENSION RTLC20), VARC20l, RUFBC20), SUPBC20) 
DIMENSION RURBC20l, ERLBC20l, UREDC20) 1 EDPTFC20) 
DIMENSION MUATERC20), AUATERC20), ERC20), TRRC20) 
DIMENSION DVRTI2,5>, TECTI2,B>, FDMTI2,3>, CSRRT12,7) 
DIMENSION RDRDTI2,6). RDRAT(2,4), UREDTC2,7), RADTBI2,14) 
DIMENSION FLTRT12,10), FAMSTTI2,5), DISTFTC2,5l, REDTTBI2 17) 
DIMENSION REDFDTC2,10l,EDPTFTI2,5), ALPHATI7,26l,RFDVSTC2,4) 
DIMENSION NAMEI60), HATC60,10l, TITLEIBO>, PEI5) 
DIMENSION HINI5), HAXI5l, OBSERTI2,15l 
EXTERNAL AND 
INTEGER TIHE,FINTIH,DELT,DAY,STDAY,DAYY,FDAYY,OUTDEL,PRDEL, 

1 NAME,RO,COL,ROU,UPTO,TITLE,UANTPL,EOLSCL,PVALS,PLOT 
REAL LAT,LHVAP,LFARR,HXRTD,HRESF,LFOV,HNT,HIN,MXT,MAX, 

1 LUR,LAI,INFR,LIMIT,INSU,NOT,IBIOH,IRTD,LRF,LFAREA, 
2 IRUT,LAGRiR,LFI,LHBIOH,MAINT,MUATER,HWRTD,MAT 

1 

1 

1 

1 

1 

1 

1 

************** HO~-HETEOROLOGICAL FUNCTION TABLES ************** 
DATA RFDVSTI0.,1., . 9' 1., 1. ,0.' 1.1 ,0 .I 
DATA UREDT 10.,0., .1,. 3, .15'. 45, .3'. 7, .5,.975, 

. 75,1.' 1.1,1.1 
DATA TECT 10., .06, 3.,. 29, 10.,. 85, 16.,. 94, 20. '1.' 

31.,.87, 40.,. 6, so.'. 31 
DATA REDFDT/-.01,.05, o.' .075' • 05, .1, .1' .2' .2,.375, 

.3' .5, .4'. 725, • 75,. 9, 1.,1., 1.1,1.1 
DATA CSRRT 10.,.3, .1 '.4, .25,. 5, .5, .65, .75, .75, 

1.,.975, 1.1 ,.9751 
DATA FAMSTTI0.,1., .4, 1., . 75, .6, 1. '.5, 1.1,. 5/ 
DATA RDRDT 10.,0., .7' 0., • 71,. 005, .9,.005, 1., .1, 

1.1,. 1 I 
DATA FLTRT 10.,1., • 5'. 705, 1.,.496, 1.5, .384, 2.,. 248, 

3. '.134, 5.,. 03, B.,. 004, 10.' .001, 15.,.0001/ 
DATA REDTTBI5.,.9, 10.,. 9' 15., 1.' 20.,. 97, 25.,.97, 

30. '. 97, 50.,.971 
DATA FDHT 10., .1' 1.,. 25, 1.1,.251 
DATA RDRAT 10.,0., .5,0., ·1. 1 .05, 1.1, .051 
DATA EDPTFTI0.,.15, .15, .6, • 3, .8, .5, 1.' 1.1,1./ 
DATA DISTFTI0.,.9, • 5,. B, . 7,. 6' .9,0., 1 .. 1 ,0. I 
DATA DVRT 10. ,o., 3.75,0., 16. '0. 01, 2S.,o.ot75r4o.,o.021 

**************** METEOROLOGICAL FUNCTION TABLE ***************** 
TOTAl DAILY VISIBLE RADIATION AT 31 DEG LAT CNOT DUMMY> 
DAH~RADH-l0-,T178.-9-,-15.,-1B5.r46.-,239.5,_L4._,22B.J_,~L05_,_,360._!!t, __ ~--~~-~----

1 135.,399.6, 166.,417.5, 196.,411.2, 227.,382.5, 258.,329.5, 
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c 
c 

c 
c 

- ----------- -- ---- -------- ---- --------------------

2 288.,265., 319.,204.1, 349.,172.8, 365.,176.9/ 

TIJOVAR FUNCTION TABLE ALPHAT 
DATA ALPHAT/0.0, 0.2, 2.0, 3.5, 5.0, 10.0, 12.0, 

1 o.o, o.o, o.o, 0.0, o.o, o.o, 0.0, 
2 1. o, 1. o, 0.0, o.o, o.o, 0.0, 0.0, 
3 100.0, 100.0, 10.0' 10.0' 10.0' 10.0, 10.0, 
4 1. 0' 1. o, 0.6, 0.425, 0.39, 0.35, 0.334, 
4 0.0, 0.0' 15.0, 15.0, 15.0, 15.0, 15.0, 
5 o.o, 0.0, 0.66, 0.515' 0.455, 0.41, 0.392, 
6 o.o, 0.0, 20.0, 20.0, 20.0, 20.0, 20.0, 
7 0.0, 0.0, 0. 715, 0.585, 0.505, 0.45, 0.428, 
8 o.o, o.o, 25.0, 25.0, 25.0, 25.0, 25.0, 
9 o.o, o.o, 0.76, 0.64, 0.545, 0.485, 0. 461' 
1 0.0, o.o, 30.0, 30.0, 30.0, 30.0, 30.0, 
2 0.0, 0.0, 0.795, 0.68, 0.58, o. 51' 0.482, 
3 o.o, 0.0, 35.0, 35.0, 35.0, 35.0, 35.0, 
4 0.0, 0. 0' 0.835, 0.715, 0. 61' 0.53, 0.498, 
5 o.o, 0.0, 40.0, 40.0, 40.0, 40.0, 40.0, 
6 o.o, 0.0, 0.87, 0.745, 0.635, 0.55, 0.516, 
7 0.0, 0.0, 45.0, 45.0, 45.0, 45.0, 45.0, 
8 o. o, o.o, 0. 91' 0.77, 0.66, 0.565, 0.527, 
9 o.o, 0.0, 50.0, 50.0, 50.0, 50.0, 50.0, 
1 0.0, 0.0, 0.94, 0.795, 0.685, 0.585, 0.545, 
2 0.0, 0.0, 60.0, 60.0, 60.0, 60.0, 60.0, 
3 o.o, 0.0, 0.97, 0.845, 0.74, 0.61' 0.558, 
4 o.o, 0.0, 100., 100.' 100.' 100., 100.0, 
5 o.o, 0.0, 1. o, 0.875, 0. 775, 0.65, 0.6/ 

************************* OUTPUT LIST *********************** 
DATA NAME/" ","IJ1","1J2","1J3","1J4","1J5","1J6","1J7","1JB","W9","U10", 

l"WTOT", "TRAIN", "TMPA", "TMPSUM", 
2"TPEVAP", "PEVAP", "AEVAP", "TEVAP", 
3"APTRAN", "TRAN", "TOTRAN", "AEPER", 

"HRAD", "EVAP", 
"F'CTRAN", "PTRAN", 
"TRANDF", "RTRDEF", 

--------------------------~~~~~~~~~~,~~~~,--~7r~,~----------------------~-------------------------

5"PDTGAS", "PDTGR", "IJUSEFF", "TGRIJTH", "LAI", "UL.VS", 
6"UNLVS", "IJSDS", "DB I OM", "TADRW", "RTWGHT", "TDRIJT", 
7"DVS"/ 

c 
C **************************** PARAMETERS ********************** 
C ALL THE FOLLOWING PARAMETERS REMAIN CONSTANT 
C THROUGHOUT AN ENTIRE RUN OF· THE MODEL. 

AMAXB=40. $CONFS=0.7S $DGRRT=12. SDVSSF=0.65 SEFFEB=0.5 
FLDCF'=0.23 $FIJDB=0.1 $GAMMA=0.49 $IRTD=101. SLAT=31. 
LFARR=20. $LHVAF'=59. $MRESF=0.02 $MXRTD=1800. $PI=3.1416 
F'ROF'=15. $F'SCH=0.67 $RC=37.E-5 $REFCF=0.05 SREFT=25. 
RHOCP=2.86E-4SRS=18.5E-6 $TCDPH=10. $TCDRL=S. $TCDRNL=5. 
TCRPH=10. $TSUMG=150. $1JLTPT=0.075 $IJCLIM=ULTPT*0.333 
DATA DRF I 0.5,0.75,0.8,0.9,1.0,1.0,1.0,1.2,1.2,1.2,1.0/ 
DATA TCI< I 20.,30.,50.,100.,100.,300.,300.,300.,300.,300.,1000./ 

c 
C ************************** RUN CONTROL ********************** 
c 

READ •,DELT,FINTIH,PRDEL,IBIOH,WANTPL 
READ 8, TITLE 

8 FORMAT<BOA1) 
IF<tJANTF'L .EO. 1 lTHEN 

READ •,OUTDEL,PLOT,EOLSCL,PVALS 
END IF 

C READ IN OBSERVED BIOMASS FUNCTION TABLE 
DO 11 IX=1,15 

c 
c 
c 

READ •,OBSERT(1 ,IXl,OBSERT<2,IXl 
11 CONTINUE 

INITIALISATION *********************'* 
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STDAY=1 
FIIAYY=273 
REWIND 40 
LHBIOH=IBIOH•O.S 

C SOIL WATER 
J:::10 
DO 1 N= 1, J 
WINI=DRFINl•WLTPTtTCKINI 
CONTINUE 
DATA TRAIN,TOTINF,TOTRAN,TPEVAP,TEVAP,THPSUM,TDRAIN,DVS, 

1 LFAREA,WSDS,DBIOM,RTWGHT,RTD,EFFE,CTRDEF,TINTAK, 
2 SLCVR,AMAX,PLBIOM,ULVS,UNLVS,LAI/22t0./ 

COL=O 
C SOIL TEMPERATURE INITIALISATION 

REAIII50,101MNT,MXT 
10 FORMATI31X,F5.0,F6.0) 

REWIND 50 
TSI0=5.tiMNT+MXTl 
TS=TSIO:tO.I 
TSO=TS10 

C INITIAL ABOVEGROUND BIOMASS 
IRWT=IBIOH 
WLVSI=IBIOM:tAFGENIDISTFT,O.,S) 
WNLVSI=IBIOH-WLVSI 

c 

LF I =IJLVS I*LFARR 
DO 21 1=1, 5 

MAXII):=-10E200 
MIN I Il=+1 OE200 

21 CONTINUE 

C ************************ MAIN TIME LOOP ****************** 
c 
C ========================== DYNAMIC SECTION =================== 

DO 1000 TIME=O,FINTIM,DELT 
DAY=STDAY+TIME 

' C ********* READ IN ONE DAY OF METEOROLOGICAL DATA *********** 
REAIII50,91RAIN,MNT,MXT,DTR,USR,DPTB,DPT2 
FORMATI17X,F6.0,BX,F5.0,F6.0,F7.0,F7.0,F6.0,F6.0> 
DGRCL=2.•AFGENIRADTB,IDAYY+O.l,14) 
DGROV=0.2•DGRCL 
FCL=IDTR-DGROV)/IDGRCL-DGROV+NOTIDGRCL-DGROV)) 
FOV=1.-FCL 
LFOV=LIMITI0.,1.,FOVl 
TMPA=IMNT+MXTl/2. 
DPT=AMIN111DPTB+DPT2lt0.5,TMPAl 
VPA=4.58tEXPI17.4tiiF~/IDPT+239.)) 

SVPA=4.58tEXPI17.4•THPA/ITMPA+239.)) 
C RUNON/RUNOFF IGNORED FOR THE MOMENT, THEREFORE .•• 

INFR=RAIN 
LWR=I .178E-7•1TMPA+273.l**4*10.58-0.09*SQRTIVPA>l*I1.-0.9*LFOVJ 
IJSM=l.JSR/1.6 
HZERO=DTR*I1.-REFCFJ-LWR 
EA=0.35*1SVPA-VPAlti0.5+WSH/100.)tLHVAP 
DELTA=17.4tSVPAtl1 .-THPA/ITHPA+239.))/ITMPA+239.) 
EVAP=IHZEROtDELTA/GAMMA+EAl/(I.+DELTA/GAMMAlt1./LHVAP 

C ****************** SOIL TEMPERATURE ********************** 
DTHPA=DELAYTI10,TMPAI+INSWITIHE-I0.,0.1•TSO,O.) 
RCST=ITHPA-DTMPAl/DELT 

c 

lJCPR=IlJI 1 l/TCKI 1 l-lJCLIMl/IFLDCP-lJCLIMl 
FRLT=AFGENIFLTRT,SLCVR,10) 
PEVAP=FRLHEVAP 
REDFD=AFGENIREDFDT,WCPR,10) 
AEVAP=PEVAP•REDFD 

C **************** DAILY GROSS PHOTOSYNTHESIS ****************** 
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DEC=-23.4•COSIPI•IDAYY+10.1731/1B2.6211 
RAD=PI/180. , 

............ _ ---------------&S&S1I1~N;;=&S1IJtNrvi~R1A~1D1 *•bLA~T17I**IS;CIISNfljR~~A;]D**DDEEieC)I _____________________________ ------------------------~~============== 

I "lf' n 

c 
c 
c 

ASE=ASIN ITTE I 
AS=ASINITTI 
DAYL=12.•1PI+2,tASI/PI 
EDAYL=12.tiPI+2,tASEI/PI 
RADC=0.5•DGRCL 
RAD0=0.2tRADC 
IFILAI .GT. O.ITHEN 

SLLAE=SINII90.+DEC-LATI*RADI 
X=0.45tEFFE*RADC/ISLLAE•AHAXI 
P=ALOGI1.+Xl 
P=P/IP+l .I 
PS=SLLAE*P*EDAYLtAMAX 
X=0.55•EFFEtRADC/IAMAX*I5.-SLLAEII 
P=ALOGI1.+Xl 
P=P/IP+1.1 
DGCC=PS+I5.-SLLAEl*AHAX*EDAYL•P 
DGCCE=0.95tDGCC+20.5 
X=RADOtEFFE/IAMAXt5.l 
P=X/IX+1.l 
DGC0=5.•AMAX*EDAYL*P 
DGCOE=0.9935tDGC0+1.1 

IFILAI .GE. 5. lTHEN 
PDTGAS=ILFOV*DGCO+I1.-LFOVI*DGCCI*30,/44. 

ELSE 
FINT=I1.-EXPI-O.B•LAIII 
Cl =FINT*DGCCE 
C2=DAYLtLAitAMAX 
01 =FINT:f:DGCOE 
02=C2 

IFIC1 .LE. C21THEN 
CO=CI 
C1 :=C2 
C2=CO 

END IF 
DGCCAE=C2ti1.-EXPI-C1/C2J) 

IFI01 .LE. 02lTHEN 
00=01 
01=02 
02:::00 

ENDIF 
DGCOAE=02* I 1 • ·-EXP ( -01/02 I I 
PDTGAS=ILFOV•DGCOAE+I1.-LFOVI•DGCCAEI*30./44. 

END IF 
ELSE 

PDTGAS=O. 
END IF 

**************** SOIL WATER DYNAMICS --- PART 1 --- ************ 
PART OF WATER DYNAMICS OF FIRST SOIL COMPARTMENT 
TDBI1 I=TCKI1 l 
VAR I 1 I =AHA X I I U I 1 I ITCK I 1 ) -UCLIM, 0. I *EXP I -PROP•O. 001 *I 0. 5*TCK I 1> I I 
SUM 1 O=VAR ( 1 I *TCK I 1) 
HWATERI 1 l=FLDCP:t:TCKI 1 I 
AIJAT ER I 1 l =AHAX 1 I 0. , lJ I 1 I-T CK I 1 ) •I.JL TP'f) 
EDPTF I 1 l =AFGEN I EDPTFT, A WATER I 1 )/I MWATER I 1) -TCK I 1 ):f:IJLTPT> ,5 I 
RTL11 l=LIMITIO.,TCKII I,RTDI 
ERLBI1 I=RTLII I•EDPTFI1) 
IJCPR=IIJ11 IITCKI1 1-WCLIIO/IFLDCP-WCLIMI 
IJREDII I=AFGENIIJREDT,AUATERI11/IHWATERC11-TCKI11tiJLTPTI,7) 
TEC=AFGENITECT,TS,BI 
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RWF B ( 1 I =AMA X 1 ( 0. , I NFR- ( MIJATER ( 1 I -W ( 1 I )IDELT I 
SI.JP =FC NSIJ < AlJA TER ( 1 I , 0. , 0. , AND ( RTD, TDB ( 1 I -RTD)) 
SlJPB ( 1 I =SUP 
IIRRI1 I=RlJFB(1 HANDOIXRTD,TDBI1 1-MXRTD+O.SI 

C PART OF WATER IIYNAKICS OF OTHER COMPARTMENTS 

c 

DO 3 N=2,J 
TDBINI=TDBIN-11+TCKINI 
VAR<NI=AMAX1(U(NI/TCKINI-WCLIM,O.I*EXPI-PROP•0.001*(TDBIN-11 

+O.S*TCf((NIII 
SUM10=SUM10+VARINI•TCKINI 
MUATERINI=FLDCP•TCKINI 
AWATERINI=AMAX1 IO.,UINI-TCKINI*ULTPTI 
EDPTFINI=AFGENIEDPTFT,AUATERINI/IMWATERINI-TCKINitWLTPTI,51 
RTLINI=LIMIT(O.,TCKINI,RTD-TDBIN-111 
ERLBINI=ERLB<N-1 I+RTLINitEDPTFINI 
WRED<NI=AFGEN<WREDT,AUATERINI/(MIJATERINI-TCKINI*ULTPTI,71 
RUFBINI=AMAXI<O.,RUFB<N-11-(MlJATERINI-I.J(Nil/DELTI 
SUP=FCNSUIAUATER<NI,O.,O.,ANDIRTD-TDBIN-11,TDB<NI-RTDII 
SWPB ( N I =SWPB I N-1 I+SIJP 
DRR IN I =ORR ( N-1 I+RIJFB ( N I •AND ( HXRTD·-TDB I N·-1 I, TDB< N 1·-HXRTD+O. 5 I 

CONTINUE 

C ********* CALCULATION OF POTENTIAL CROP TRANSPIRATION ******** 
VPAH= I. 33*VPA 

c 

AVTD=MXT-0.25•<MXT-MNTI 
SVPAM=6.11*EXPI17.4•AVTD/IAVTD+239.11 
lJSA=1.333E5*USR 
RA=3.045E-3*SORT(i ./WSAI+63./IJSA 
ELWR=1 .175E-7tiAVTD+273.1**4*(0.58-0.09tSQRTIVPAII* 

1 (1.0-0.9HFOVI*DAYL/24. 
HNOT=0.75•DTR-ELUR 
SLOPE=17.4•SVPAH•<1.-AVTD/IAVTD+239.11/IAVTD+239.1 
S=<RA+RSI/RA 
CC=1./ISLOPEtS*PSCHI 
HRAD=DTR/DAYL 
ALPHA=TWOVARIALPHAT,HRAD,LAI,12,71 
REOVS=AFGENIRFDUSI,DVS,4) 
PTRAN=CCt((1 .-EXPI-0.5*LAIIItHNOT*SLOPE+ALPHA•LAit 

1 RHOCP/RA•ISVPAM-VPAMI*DAYL/24.1/LHVAP 
APTRAN=F'TRAN*RFDVS 
TRPHH=APTRAN/IERLBIJI+NOTIERLBIJIII 
HWRTD=RTD•<FLDCP-IJLTPTI+NOTIRTDI 

C **************** SOIL lJATER DYNAMICS --- PART 2 --- ************ 
C REST OF IJATER DYNAMICS OF FIRST COMPARTMENT 

F I 1 I= T CK ( 1 I •VA R ( 1 I I I SUM 1 0+ NOT (SUM 1 0 I I 
ERI1 >=AMINI (tJ(I HJCLIM*TCK<I I,F<1 I*AEVAPI 
EBI11=ER<II 
TRR I 1 I =TRPMM*RTL ( 1 I *EDPTF ( 1 I *TEC:f:WRED ( 1 I 
TRB< 1 I=TRR< 1 I 
RAlJR=RTL ( 1 I /TCK ( 1 I*AI,JATER ( 1 I /MWRTD 
RIJRB I 1 I =RAtJR 

C REST OF WATER DYNAMICS OF OTHER COMPARTMENTS 
DO 2 N=2,J 

FINI=TCKINitVARINI/ISUMIO+NOTISUMiOII 
ER<NI=AMIN1(1J(NI-IJCLIM*TCKINI,FINI•AEVAPI 
EBINI=EBIN-li+ERINI 
TRRINI=TRPMM*RTLINI•EDPTFINI•TEC•WREDINI 
TRB(NI=TRB<N-li+TRRINI 
RAUR=RTL(NI/TCKINI:f:AWATERINI/MWRTD 
RIJRBIN)=RIJRBIN-1 HRAIJR 

2 CONTINUE 
IJTOT=O. 
DO 7 N::1,J 
IJTQT::IJTOT+W(N) 

7 CONTINUE 
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SU=WII l+WI2l+WI3l-WLTPT*TDBI3l 
c 
C ************** REST OF POT. CROP TRANSPIRATION 

TRAN=TRBIJl *************** 

c 

RTRDEF=IPTRAN-TRANl/IPTRAN+NOTIPTRANl> 
SI=IRA+RCl/RA 

-- ------cc-1=-1----;-l(-stOPE-=t-_S_1_*_P_SCH_)_______________ ----- ----------

'A =PTRANtCC1/CC 
TRANDF=IPCTRAN-TRANltDELT 
FDV=INSW <TRANDF, 1., -1. I 

C ************************ GERMINATION *********************** 
ENGR=INSWITSUMG-TMPSUM,O.,INSWISW,TMPSUM/DELT,O.)) 
PUSHD=AND<PLBIOM-LMBIOM,LMBIOM-IWLVS+WNLVSll 

C PLBIOM IS YESTERDAYS ABOVEGROUND BIOMASS 
PLBIOM=WLVS+UNLVS 
PUSHG=ANDITMPSUM-TSUMG,O.StiBIOM-IWLVSiWNLVSil 

1 tiNSUITIME-180,,1 .,O.lt11.-PUSHDl 
C AEPER=RATIO OF ACTUAL AND POTENTIAL EVAPOTRANSPfRATION 

AEPER=ITRBIJl+EBIJli/IPEVAP+PTRAN+NOT(PEVAP+PTRANll 
c 
C ************************ CROP PRODUCTION ********************** 

TADRW=ULVS+WNLVS+WSDS+DBIOM 
DVR=AFGENIDVRT,TMPA,SltiNSWIIWLVS+WNLVSl-LMBIOM,0.,1.l 

1 t(1.-PUSHDltiNSWIDVS-1.,1 .,O.l 
TVEGM=ULVS+WNLVS 
FDM=AFGENIFDMT,DVS,J) 
RDLVSX=TRANDF:t.l.E4/((1.-FDM-FWDBl/FDMl:t.WLVS/ITVEGM+NOTITVEGMll 
RD NL V X= T RAN DF * 1 . E 4 I I ( 1 . -F DM-FIJDB l /FDM >*WNLVS/ ITVEGM+NOT< TVEGM I l 
RDRD=AFGENIRDRDT,DVS,6) 
RDLVSA=RDLVSX/TCDRL 
RDNLVA=RDNLVX/TCDRNL 
RDLVS2=RDRDtWLVSti1.-F~SHDl 
RDNLV2=RDRDtWNLVStl1 .-PUSHDl 
RDLVS1=AMIN1 IRDLVSA/DELT,WLVS/DELTl 
RDNLV1=AMIN1 IRDNLVA/DELT,WNLVS/DELTl 
RDLVS=INSWIFDV,RDLVS1 ,RDLVS2lti1.-F'USHDl 
RDNLVS=INSWIFDV,RDNLV1,RDNLV2ltl1 .-PUSHDI 
RINTAK=O. 
TPPR=TINTAK+TADRW 
CRNLVS=RINTAKtWNLVS/ITVEGM+NOTITVEGMl) 
CRLVS=RINTAKtWLVS/ITVEGM+NOTITVEGMll 
AVLAR-LFAREA/IWLVS+NOTIWLVSll 
RDLFA-AVLARtRDLVS 
CRLFAR=CRLVStAVLAR 
TDRWT=TADRW+RTWGHT 
TEFR=10.ttCITMPA-REFTltALOG1012.)/10.) 
MAINT=ITDRUT-DBIOMitMRESFtTEFR 
PDTGR=IPDTGAS-MAINTltCONFS 
WUSEFF=PDTGR/IPTRAN+NOTIPTRANil 
TGRUTH=TRANtWUSEFF 
FAMST=AFGENIFAMSTT,RTRDEF,5l 
CSRR=AFGENICSRRT,DVS,7ltFAMST 
GRRWT=TGRIJTH:+: ( 1. -CSRR H ( 1. -PUSHD) 
GROWTR=TGRWTHtCSRRtl1 .-PUSHDl 
FRTS=INSIJIDVS-DUSSF,O.,O.Jl:t.INSWIGROUTR,0.,1 .) 
GRSDS=GROIJTR*FRTS 
DISTF=AFGENIDISTFT,DUS,Sl 
GROIJTV=GROIJTR-t ( 1. -FRTS) 
GRLUS=GROWTUtDISTF 
GRNLV=GROWTV* ( 1. -DISTF l 
LAGRTR=GRLVStLFARR 
RFRGT=AFGEN<REDTTB,TS,7l 
GRRT=SIJPBIJl•DGRRTtRFRGT•INSWIIWLVS+IJNLVSl-IBIOM,0.,1 .>• 

1 INSIJIRTD-IiXRTD, 1. ,0. ltiNSUIDVS-1., 1. ,0. l 
TCREC=TVEGM/(GRNLV+GRLVS+NOT(GRNLV+GRLVSl) 
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c 

RITDF=11.-CTRDEFI•INSWIRTRDEF-0.4,0.,RTRDEF/TCDPHI 
RDTDF=CTRDEF/TCRPH•INSWIRTRDEF-0.4,1 .,0.1 
RDRA=AFGENIRDRAT,CTRDEF,41 
RDEFFE=INSWIRTRDEF-0.4,0.,RDRA*EFFEl•l1 .-PUSHDl 
RDAMAX=INSWIRTRDEF-0.4,0.,RDRA•AMAXl*l1 .-PUSHDI 
RREFFE=CEFFEB-EFFEI/ITCREC+NOTCTCRECil*INSWICTRDEF-0.5,1.,0.) 

1 •INSWI-TVEGM,1 .,0.1 
RRAMAX=IAMAXB-AMAXJ/ITCREC+NOTITCRECIJ•INSWICTRDEF-0.5,1.,0.1 

1 •INSWI-TVEGM,1.,0.1 
ENGRS=AND<TIME-200.,LMBIOM-IWLVS+WNLVSIJ 

c ****************************************************************** 
C ********************* OUTPUT SECTION ************************* 
c ****************************************************************** c 

IF! ITIME+O.l/PRDEL .Ea. ITIME/PRDELl+O. 
1 .OR. DVS .GT. 1. .OR. ENGRS .GT. 0.9 l THEN 

C ========= ENTER VALUES INTO OUTPUT MATRIX =========== 
COL=COL+1 
MATI1,COLI=TIME+O. 
DO 4 R0=2,11 

MATIRO,COLI=WIR0-11 
CONTINUE 

R0=11 
RO=R0+1 $ MATIRO,COLI=WTOT $ RO=R0+1 MATIRO,COLJ=TRAIN 
RO=R0+1 $ MATIRO,COLI=TMPA $ RO=R0f1 $ MATIRO,COLI=TMPSUM 
RO=R0+1 $ MATIRO,COLI=HRAD $ RO=R0+1 $ MATIRO,COLI=EVAP 
RO=RO+I $ MATIRO,COLI=TPEVAP $ RO=R0+1 S MATIRO,COLI=PEVAP 
RO=RO+I $ MATIRO,COLI=AEVAP $ RO=R0+1 $ MATIRO,COLl=TEVAP 
RO=R0+1 $ MATIRO,COLl=PCTRAN $ RO=RO+I $ MATIRO,COLI=PTRAN 
RO=R0+1 $ MATIRO,COLJ=APTRAN $ RO=R0+1 S MATIRO,COLI=TRAN 
RO=RO+I $ MATIRO,COLJ=TOTRAN S RO=R0+1 $ MAT<RO,COLJ=AEPER 
RO=RO+I $ MAT!RO,COLI=TRANDF S RO=R0+1 $ MATIRO,COLJ=RTRDEF 
RO=R0+1 $ MATIRO,COLI=CTRDEF $ RO-RO+l $ MATIRO,COLI=RTD 
RO=R0+1 MAIIRO,COL)=ERLBIIOJ$ RO=RO+l $ MATIRO,COLI=TRPMM 
RO=RO+I MATIRO,COLI=AMAX $ RO=RO+l $ MATIRO,COLI=EFFE 
RO=RO+I MATIRO,Cull=PDTGAS $ RO=RO+l $ MATIRO,COLI=PDTGR 
RO=RO+l $ MATIRO,COLI=WUSEFF $ RO=RO+I $ MATIRO,COLI=TGRWTH 
RO=RO+l $ MATIRO,COLI=LAI $ RO=R0+1 $ MATIRO,COLI=WLVS 
RO=RO+l S MATIRO,COLI=WNLVS $ RO=RO+I $ MATIRO,COLI=WSDS 
RO=R0+1 S MATIRO,COLI=DBIOM $ RO=R0+1 $ MATIRO,COLJ=TADRW 
RO=R0+1 $ MATIRO,COLl=RTWGHT $ RO=R0+1 $ MATIRO,COLI=TDRUT 
RO=R0+1 $ MATIRO,COL)=DVS 

IF I COL .EO. 10 .OR. DVS .GT. 1 •• OR. 
ENGRS .GT. 0.9 .OR. TIME .EQ. FINTIM ) THEN 

C ========== PRINT OUT OUTPUT MATRIX ============= 
PRINT 90, TITLE 

90 FORMATI"1",/20X,80A1,//I 
PRINT 100,1MAT(1,UPTOI,UPT0=1,101 

100 FORMAT!" ","TIME", 101F10.0,2XI," TIME",/) 
DO 5 ROW=2,RO 

PRINT 110,NAMEIRO~l,IMATIROW,UPTOI,UPT0=1 ,10l,NAMEIROWJ 
110 FORMATI1X,A7,1011PG12.41,1X,A8l 

5 CONTINUE 

END IF 

COL=O 
D06R0=1,60 
DO 6 COL:=t,·IO 

MATIRO,COLI:=O. 
CONTINUE 

END IF 

C ******** PREPARE GRAPH DATA SET *************** 
IF IJANTF'L .Ea. 1 .AND. 

1 I !TIME+ 0.1/0UTDEL .EQ. ITIME/OUTDELI+O •• OR. 
2 DVS .GT. 1. .OR. ENGRS .GT. 0.9 .OR. 
3 TIME .Ea. FINTIM l I THEN 



-24-

c 
c 
c 

PEl 1 >=AFGEtHOBSERT ,DAY+O., 15) 
PEI2l=TADRIJ 
PEI3l=WLVS 
F'EI4l=WSBS 

IFIPEIIJK) .GT. MAXIIJKlJ MAXIIJKl=PEIIJKJ 
IFIF'EIIJKJ .LT. MINIIJKJJ HINIIJKJ=PE<IJKJ 
IJRITEI40,130), PE<IJK) 

130 FORMATIF20.Bl 
20 CONTINUE 

END IF 
IF ( DVS .GE. 1.0 l THEN 

PRINT *,"FINISH CONDITION ... DVS=",DVS," SIMULATION HALTED" 
IF IWANTPL .Ea. 1) CALL PLOTITITITLE,PVALS,PLOT,EQLSCL,MIN,MAXJ 
STOP 

END IF 
IF I ENGRS .GT. 0.1 ) THEN 

PRINT *,"FINISH CONDITION ... ENGRS ... SIMULATION HALTED" 
IF IWANTPL .EO. 1 l CALL PLOTITITITLE,PVALS,PLOT,EQLSCL,MIN,MAXJ 
STOP 

END IF 
IF ( TIME .Ea. FINTIM ) THEN 

PRINT *,"FINISH CONDITION .•. FINTIM I•=",FINTIN,") REACHED." 
IF IIJANTPL .EO.Il CALL PLOTITITITLE,PVALS,PLOT,EQLSCL,HIN,HAXJ 
STOP 

END IF 

*********************** INTEGRATION ************************ 

TRAIN=TRAIN+RAIN•BELT 
TOTINF=TOTINF+INFR•DELT 
TF'EVAF'=TF'EVAF'+EVAPtDELT 
TMPSUM=TMPSUMiiiTS-ENGR-TMPSUM•PUSHD/DELTJ•DELTl 
TOTRAN=TOTRAN+TRAN•DELT 
IJ I 1 >=WI 1 HI I I NF R-RWF B I 1 ) -TRR I 1 ) ·-ER I 1 l l *lfELT) 
DO 27 N=2,J 

IJINI=WINl+IIRWFBIN-1 l-RIJFB(Nl-TRRINl-ERINll•DELTI 
27 CONTINUE 

TEVAP=TEVAP+EB(J)tDELT 
TDRAIN=TDRAIN+DRR<J>•DELT 
DBIOM=DBIOMt<RDLVS+RDNLVS+(IJLVS+WNLVSl•PUSHD/DELTl•DELT 
WLVS=WLVS+IPUSHG/DELTtiJLVSI+GRLVS-RDLVS-PUSHD/DELT 

1 •WLVS-CRLVSltDELT 
IJNLVS=WNLVS+IPUSHG/DELTtiJNLVSI+GRNLV-RDNLVS-PUSHD/DELT 

1 tiJNLVS-CRNLVSltDELT 
IJSDS=IJSDS+(GRSDS-WSDStPUSHD/DELTl•DELT 
LFAREA=LFAREA+ILAGRTR-RDLFA+LFI*PUSHG/DELT-LFAREA•PUSHD/DELT 

1 -CRLFARltDELT 
LAI=1.E-4*LFAREA 
DVS=DVS+IDVR-DVStF'USHD/DELTl•DELT 
RTUGHT=RTWGHT+IGRRIJTiiRWTtPUSHG/DELT-RTWGHTtF'USHD/DELT>•DELT 
RTD=RTD+IGRRT+IRTD•PUSHG/DELT-RTD•PUSHD/DELTltDELT 
EFFE=EFFE+IEFFEB/DELTtF'USHG-EFFE/DELT•PUSHD-RDEFFE+RREFFEl•DELT 
CTRDEF=CTRBEF+IRITDF·RBTDFltDELT 
TINTAK=TINTAK+RINTAK•DELT 
AMAX=AMAX+IAMAXB/DELT•PUSHG-AMAX/DELT•PUSHD-RDAMAX+RRAMAXl*DELT 
SLCVR=SLCVRtiLAGRTR+LFI*F'USHG/DELT-SLCVR*PUSHD/DELTl*1 .E-4•DELT 

C TS=SOIL TEMPERATURE = TEN DAY RUNNING AVE OF AIR TEHP. 
TS=0.1•!TS10+RCST•DELTl 
TS10=TS10+RCST•DELT 

1000 CONTINUE 
STOP 
END 
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c 
c ****************************************************************** 

FUNCTION RAFGENCTABLE,INDVARl 
C TABLE=MATRIX OF X,Y COORDINATES.X=NO OF DAYS FROM OCT 1<X~1=0CT 1) 
C X VALUES MUST BE IN INCREASING ORDER. Y=RAINFALL ON THAT DAY CHM> 
C END OF RAINS INDICATED BY 0.,0. 
C INDVAR=INDEPENDENT VARIABLE VALUE (DAY NOJ 

REAL INDVAR 
DIMENSION TABLEC2,50) 

LOGICAL DONE 
DATA DONE/.FALSE./ 

C SINCE MANY CALLS TO RAFGEN ARE MADE AFTER LAST RAIN EVENT, CHECK 
C IF INDVAR IS AFTER LAST RAIN EVENT. IF SO, RETURN VALUE OF 0. 
C ELSE, CHECK THROUGH X VALUES FOR INDVAR VALUE. IF OCCURS, 
C RETURN CORRESPONDING Y VALUE, ELSE RETURN VALUE OF 0. 
C lNITIALISE RAFGEN 

RAFGEN=O. 
IFC.NOT. DONEJTHEN 

C FIND WHAT DAY LAST RAIN OCCURS ON (I.E. FIND THE 0.,0.) 
NDP=1 
WHILE<TABLEC1,NDPl .NE. O.lDO 
NDP=NDP+1 
ENDWHILE 
NDF'=NDP- 1 
DONE=.TRUE. 

END IF 
IF<IND'.JAI~ .GT. TABLEC1,NDPllTHEN 

C AFTER END OF RAINS 
RAFGEN=O. 

ELSE 
C INDVAR MIGHT BE A RAINY DAY 

DO 1 N= 1 , NDP 
IFCINDVAR .EO. TABLEC1,NllRAFGEN=TABLEC2,Nl 
CONTINUE 

END IF 
RETURN 

c ****************************************************************** 
FUNCTION AFGENCTABLE,INDVAR,NDP) 

C TABLE=MATRIX OF X,Y COORDINATES, 2 ROWS, NDP COLUMNS LONG. 
C X VALUES MUST BE IN INCREASING ORDER. 
C INDVAR=INDEPENDENT VARIABLE VALUE 
C NDP=NO OF DATA PAIRS IN THE FUNCTION TABLE 

REAL INDVAR 
DIMENSION TABLE12,NDPl 

C CHORE EFFICIENT TO SET INDVAR TO LOCAL VARIABLE ••• ) 
ENDVAR=INDVAR 

IFIENDVAR .LT. TABLEC1,1llTHEN 
C X COORDINATE BELOW RANGE. ASSUME GRADIENT BELOW 1ST POINT=O 

AFGEN=TABLE ( 2,1 l 
PRINT 1 ,ENDVAR,NDP 

1 FO~:MATC1X,"AFGEN CHECK. INDEP VARIABLE ",F10.4, 
1 " IS BELOW RANGE. VALUE CORRESP TO LOWEST X VALUE", 
2 " RETURNEir. FUNCTION HAS ",13," IrATA PAIRS.") 

ELSEIFIENDVAR .GT. TABLEI1,NDPllTHEN 
C X COORDINATE ABOVE RANGE. ASSUME GRADIENT ABOVE LAST POINT=O 

AFGEN=TABLEC2,NDP) 
PRINT 2,ENDVAR,NDP 

2 FORMATI1X,"AFGEN CHECf:. INDEP VAIHABLE ",F10.4, 
" IS ABOVE RANGE. VALUE CORRESP TO HIGHEST X VALUE", 
"RETURNED. FUNCTION HAS ",13," IIATA PAIRS.") 

ELSE 
C X COORDINATE IS WITHIN TABLE RANGE 
C LOCATE X COORDINATE IN TABLE EITHER SIDE OF ENDVAR VALUE 

N=1 
UHILEIENDVAR .GT. TABLEC1,NlliiO 



-26-

N=N+1 
ENDWHILE 

END IF 
RETURN 
END 

IF IN .ElL 1 )THEN 
AFGEN:=TABLEI2,1) 
RETURN 

END IF 

))t((TABLE(2,N)-TABLEI2,N-1)) 
/ITABLE11 ,Nl-TABLEII,N-1 ))))+TABLEI2,N-1) 

c ***************************************************~*~************ 
FUNCTION DELAYTINUHBER,PRESENTl 

C FUNCTION TO RETURN AVE AIR TEMP OF "NUMBER" DAYS AGO 
DIMENSION TEMPI20) 
DATA TEMP/ 20t0./ 
DELAYT=TEMF'I 1) 
DO 1 N=1 ,NUMBER-I 
TEMPINl=TEMPIN+1) 
CONTINUE 
TEMPINUMBERl=PRESENT 
RETURN 
END 

c ****************************************************************** 
REAL FUNCTION LIMIT IPI ,F'2,X) 

IFIPI .GE. F'2)PRINT *,"LIMIT FUNCTION CHECK. 
f'1 IS .GE. P2 ... P1=",P1," F'2=",P2 

IFIX .LT. F'l>THEN 
LIMIT=P1 

ELSEIFIX .GT. P2)THEN 
LIMIT=P2 

ELSE 
LIMIT=X 

END IF 
RETURN 
END 

c ****************************************************************** 
REAL FUNCTION INSI.JIX1 ,X2,X3) 

IFIX1 .LT. O.lTHEN 
INSI.J=X2 

ELSE 

END IF 
RETURN 
END 

c ****************************************************************** 
FUNCTION FCNSWIX1,X2,X3,X4) 

IFIX1 .LT. O.)THEN 
FCNSIJ=X2 

ELSEIFIX1 .ElL O.>THEN 
FCNSIJ=X3 

ELSE 
FCNSW=X4 

END IF 
RETURN 
END 

c ****************************************************************** 
REAL FUNCTION NOTIX) 

!FIX .LE. O.lTHEN 
NOT= 1. 

ELSE 
NOT=O. 

END IF 
RETURN 
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END 
c ****************************************************************** 

FUNCTION ANDIX1 ,X2l 
IFIX1 .GT. 0 •. AND. X2 .GT. O.lTHEN 

AND::: I. 
ELSE 

AND=-0. 
END IF 

RE'TUI~N 

END 
c ****************************************************************** 

FUNCTION TUOVAR I MATRIX, INDVR1, INDVR2, NNDP1, NDP2 l 
REAL MATRIX, INDVR1, INDVR2 
DIMENSION MATRIXINDP2,26l 

C HATRIX=NAME OF FUNCTION TABLE 
C INDVRI=NAME OF FIRST INDEPENDENT VARIABLE.ASCENDING ORDER ONLY 
C INDVR2= SECOND 
C MNDP1=MAX NO OF SECOND INDEPENDENT VARIABLE VALUES 
C NDP2=NO OF SECOND INDEPENDENT VARIABLE VALUES 
C MORE EFFICIENT TO SET INDVR1 AND INDVR2 TO LOCAL VARIABLES ••• 

ENDVR1=INDVR1 
ENDVR2=INDVR2 

C CHECK ENDVR2 WITHIN ENDVR2 MATRIX RANGE 
IFIENDVR2 .LT. MATRIXI1,1llTHEN 

P~:INT :t.,"TUOVAR CHECf: ... ENDVR2",ENDtJR2," BELOW RANGE. LOWEST 
ENDVR2 AND LOWEST ENDVR1 VALUES ASSUMED AND APPROPRIATE 
DEPENDENT VARIABLE VALUE RETURNED." 

TWOVAR=MATRIXI1 ,3) 
ELSEIFIENDVR2 .GT. MATF\IXINDP2,1llTHEN 

PRINT •,"TUOVAR CHECfL .. ENDVR2",ENDVR2," ABOVE I~ANGE. 
HIGHEST ENDVR2 AND LOWEST ENDVR1 VALUES ASSUMED 
AND APPROPRIATE DEPENDENT VARIABLE VALUE RETURNED." 

TWOVAR=MATRIXINDP2,3l 

C ENDVR2 WITHIN BOUNDS. LOCATE DEM BOUNDS •• 
N=1 
WHILEIENDVR2 .GE. MATRIXIN,1llDO 
N=N+1 
ENDWHILE 

C N=UPPER BOUND ROU 
C CHECK ENDVR1 IS WITHIN ENDVR1'RANGE OF BOUNDING ROWS ••. 

D01M=N-1,N 
L=2 
UHILEIENDVR1 .GE. MATRIXIM,U .AND. L .LT. 2•MN[IP1 lDO 
L=L+2 
ENDUHILE 

IFIL .ElL 2lTHEN 
C ENDVR1 IS BELOW RANGE 

PRINT t,"ENDVR2 lJITHIN r~ANGE, BUT ENDVR1",ENDVR1, 
1 " BELOW RANGE. MINIMUM ENDVR1 FOR LOWER/UPPER 
2 BOUND ENDVR2 VALUE IS ASSUMED AND APPROPRIATE 
3 DEPENDENT VARIABLE VALUE RETURNED." 

TUOVAR=MATRIXIM,L) 
RETURN 

ELSEIFIL .Ell. 2:HiNIIF''I .AND. MATRIXIM,Ll .LT. ENDVR1lTI-IEN 
C ENDVR1 IS ABOVE RANGE 

PRINT •,"ENDVR2 WITHIN RANGE, BUT ENDVR1",ENDVR1, 
1 " ABOVE RANGE.MAXIMUM ENDVR1 FOR LOWER/UPPE~ 
2 BOUND ENDVR2 VALUE IS ASSUMED AND APPROPRIATE 
3 DEPENDENT VARIABLE VALUE RETURNED." 

TWOVAR=MATRIX(M,L> 
RETURN 

ELSE 
C ENDVR1 IS WITHIN RANGE OF BOUNDING ROWS. INTERPOLATE ••• 

IFO'I .EO. N-1 >THEN 
APROX1=1((MATRIX(M,L+1l-HATRIXIM,L-1))/(MATRIX(M,L>-
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MATRIX I M , L- 2 ) l ) * I END V R 1 · MATRIX < M , L- 2 l ) l HI AT R IX ( M , L -1 ) 
ELSE 

APROX2=<<<MATRIX<M,L+1 I-MATRIXIM,L-1)1/IMATRIXIM,Ll
MATRIXIM,L-2)))t(ENDVR1-MATRIX<M,L-2lll+MATRIX<M,L-1) 

ENDIF 
---- - - --- TNDTF __ _ 

CONTINUE 
C FINAL INTERPOLATION FOR ENDVR2 ••• 

TIJOVt1R= (( ( APRO X2· APROX 1 ) I (MATRIX IN, 1 ) -MATRIX ( N- 1 , 1 )) ) 
1 tiENDVR2-MATRIXIN-1, 1 l l HAPROX1 

END IF 
RETURN 
END 

c ****************************************************************** 
SUBROUTINE PLOTIT ( TITLE, PVALS, PLOT, EQLSCL, MIN, MAX l 
DIMENSION TITLEIBOl, MINI5l, MAXI5l, ROEPP<5> 
DIMENSION LENI120l, F'EI5l, SYMBOL<5l,LETTERI5l 
REAL INSW, MIN, MAX, MINALL, MAXALL, ROEPP, NOPF' 
INTEGER TITLE, PVALS, F'LOT,PLOTT, EQLSCL, SYMBOL, LEN, TIME 
DATA SYMBOL/"t","+","$","1","»"1 
DATA LETTER/"A","B","C","D","E"/ 

C MORE EFFICIENT TO SET PLOT TO LOCAL VARIABLE •.• 
f'LOTT=PLOT 

PRINT 10,TITLE 
10 FORMATI"1",/,20X,BOA1 ,//) 

REWIND 40 
C NUMBER OF PLOT POSITIONS 

NOPP=INSIJ ( F' 1JALS·-1., 117., 129.-IPLOTT * 12.)) 
IF IEQLSCL .EQ. 11 THEN 

MINALL=f10E200 
MAXALL=-10E200 
DO 20 IJK~1 ,PLOTT 

IF <MINIIJKl .LT. MINALLl MINALL=MINIIJK> 
IF <MAXIIJKl .GT. MAXALLl MAXALL=MAXIIJK> 

20 CONTINUE 
C RANGE OF EACH PRINTING POSITION 

30 

40 

c 

60 
1 
2 

50 

70 
150 
160 

c 

80 
c 

DO 30 IJK=1 ,F'LOTT 
ROEPF'IIJKl=IMAXALL-MINALLl/INOPP-1l 
MIN<IJKJ:::MINALL 
MAX ( IJf( l :::MAXALL 

CONTINUE 
ELSE 

DO 40 IJK=1 ,PLOTT 
ROEPPIIJK>=<MAXIIJKl-MINIIJKll/INOPP-1) 

CONTINUE 
END IF 
HEADINGS 
DO 50 I:o 1 ,PLOTT 

PRINT 60,SYMBOLIIl,LETTERIIl,MINI1l,MAXIIl,ROEPPill 
FORMAT<" ",32X,A1," ~",AI,", MINIMUM:=", 

CONTINUE 
PRINT 70 

FB.2,",MAXIMUM = ",F8.2,", RANGE OF", 
" EACH PLOT POSITION = ",F6.2l 

FORMAT<" ",//) 
READI40,160,END=300lTIME 
FORMATII5l 
INITIALISE PLOT ARRAY 
NOP=INTINOPPl 
DO 80 I=·l ,NOF' 

LENIIJ:=" " 
CONTINUE 
END MARf(ERS 
LEN< 1 l="I" 
LENINOPl="I" 
DO 90 IJK=1,PLOTT 
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100 
c 

90 

180 

190 

200 

210 

220 

300 
EN [I 

READI40, 100) ,PE<IJf() 
FORMATIF20.8) 
PRINTING POSITION 
PP=IPEIIJKl-MINIIJKll/ROEPPIIJKl 
NPP~INTIPPi0.5)f1 

LENINPPI=SYMBOLIIJKI 
CONTINUE 
IFIPLOTT .EQ. 1 .OF\. PVAU:l .EO. Ol THEN 

PRINT 1BO,TIME,PEI1 I,ILENINl,N=1,NOPl 
FORMATI1X,I4,1PG12.4,2X,117A1) 

ELSEIFIPLOTT .ED. 2) THEN 
PRINT 190, TIME, PE ( ·1 I, (LENIN), N== 1 , 105), PE I 2 I 
FORMATI1X,I4,1PG12.4,2X,105A1 ,1PG12.41 

ELSEIFIPLOTT .ED. 31 THEN 
PRINT 200, TIME,PEI1 I, !LENIN) ,N==1,93) ,PEI2l ,PEI3l 
FORMAT I 1 X, I 4, 1 PG 1 2. 4, 2X, 9 3A 1 , 2 I 1 PG 1 2. 4)) 

ELSEIFIPLOTT .ED. 41 THEN 
PRINT 210,TIME,PEI1 l,ILENINl,N=1,81 l,PEI2l,PEI3),PE14) 
F 0 R M A l( 1 X ' I 4 ' 1 F' G·1 2 • 4 ' 2 X I 8 1 A 1 I 3 ( 1 F' G 1 2 • 4 ) ) 

ELSE 
PRINT 220 1 TIME,F'E( 1), !LENIN) ,N==1 ,691 ,PEI2) 1 F'E13) 1 F'EI4l 

1 F'EI5l 
FORMATI1X 1 I4,1PG12.4,2X 1 69A1 ,411PG12.4ll 

END IF 
GOTO 150 
RETURN 

c ****************************************************************** 
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******************************************************************************* 
**************************************************************************~···· 

ARIDCROP DEFINITIONS 
******************************************************************************* 
******************************************************************************* 

THIS IS AN ALPHABETICALLY ARRANGED DEFINITIONS 
LIST OF TERMS APPEARING IN THE MODEL ARID CROP 
WRITTEN BY HERMAN VAN KEULEN IN THE SIMULATION 
LANGUAGE CSHP III 

===========================~=======~=~=~=======~====~=========================== 

VARIABLE DEFINITION UNITS 
~==========================~~==~==================~~=:===================~====== 

******************************************************************************** 

******************************************************************************** 
AEPER 
{lEVAP 
AINT 
ALPHA 
ALPHAT 
AMAX 

AMAXB 

APTRAN 

AS 
ASE 
ASIN 
AVLAR 
AVTD 
MIATER 

RATIO OF ACTUAL AND POTENTIAL EVAPOTRANSPIRATION 
ACTUAL RATE OF SOIL EVAPORATIONI~EB101 

FORTRAN TRUNCATION FUNCTION 
PROPORTIONALITY FACTOR I=FILAI,RADIATION INTENSITY)) 
ALPHA FUNCTION TABLE 
ACTUAL LIGHT SATURATED LEVEL OF PHOTOSYNTHESIS 

LIGHT CURVE (SINGLE LEAFI 
POTENTIAL LIGHT SATURATED LEVEL OF GROSS C02 

ASSIMILATION IPARAMETERI 
ACTUAL POTENTIAL TRANSPIRATION, CORRECTED FOR 

DEVELOPMENT STAGE 
ARCSIN OF TT 
ARCSIN OF TTE 
FORTRAN ARCSIN FUNCTION 
RATIO BETWEEN TOTAL LEAF AREA AND TOTAL LEAF WEIGHT 
AVERAGE TEMPERATURE DURING DAYTIME 
MACRO DUMMY VARIABLE FOR AVAILABLE WATER PER COMP 

MH/DAY 

KGC02/HA LEAF/HR 

KGC02/HA LEAF/HR 

MM/DAY 

DEGREE C 
MM 

******************************************************************************** 
B 

*********~t******t*******~···········~···········~····················•••ttttttt 
******************************************************************************** 

c 
******************************************************************************** 
CO INTERMEDIATE VARIABLE 
C1,C2 INTERMEDIATE VARIABLE, LIMITS TO DGCC 
CC INTERMEDIATE VARIABLE 
CC1 INTERMEDIATE VARIABLE 
CCOS PRODUCT OF COSINES OF LATITUDE AND DECLINATION 
COMP MACRO NAME 
CONFS CONVERSION EFFICIENCY OF PRIMARY PHOTOSYNTHATE TO 

STRUCTURAL PLANT MATERIAL IPARAMETERI 
CRLFAR CONSUMPTION RATE OF LEAF AREA 
CRLVS CONSUMPTION RATE OF LEAF MATERIAL 
CRNLVS CONSUMPTION RATE OF NON-LEAF MATERIAL 
CSRR CURRENT SHOOT TO ROOT RATIO, I.E. DIVISION OF NEW 

BETWEEN ABOVE AND BELOW GROUND PLANT PARTS 
CSRRT TABLE FOR CSRR FUNCTION OF DEVELOPMENT STAGE 
CTRDEF CUMULATIVE RELATIVE TRANSPIRATION DEFICIT 

f(G DH/KG CH20 
M2/DAY 
KG DM/HA/DRY 
f(G DN/HA/DAY 

MATERIAL 

******************************************************************************** 
[I 

******************************************************************************** 
DAY DAY NO. FROM START OF RUN= DAY NO.FROM OCT.1 
DAYL ASTRONOMICAL DAYLENGTH HOURS 
DAYY NUMBER OF CALENDAR DAY SINCE JAN.1 
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DBIOH 
DEC 
DELT 
DELTA 
DGCC 
DGCCAE 
DGCCE 
DGCO 
DGCOAE 
DGCOE 
DGRCL 
DGROV 
IIISTF 

DISTFT 
DGRRT 

DPT2 
DF'2T 
DF'TB 
DPBT 
DPT 
DRR1-N 
DRF1-N 

DRF 
DRRB 
DRRT 
DTMPA 
DTR 
D.TRT 
DVS 

DVSSF 
DVR 
DVRT 

BIOMASS OF DEAD PLANT MATERIAL KG DM/HA 
DECLINATION OF SUN WITH RESPECT TO EQUATOR DEGREE 
INTEGRATION TIME STEP DAYS 
SLOPE OF SATURATED VAPOUR PRESSURE CURVE AT AIR TEMP. HH HG/DEGREE C 
DAILY GROSS C02 ASSIMILATION ON A CLEAR DAY KG C02/HA/DAY 
INTERMEDIATE VARIABLE 
INTERMEDIATE VARIABLE 
DAILY GROSS C02 ASSIMILATION ON AN OVERCAST DAY KG C02/HA/DAY 
INTERMEDIATE VARIABLE 
INTERMEDIATE VARIABLE 
DAILY TOTAL GLOBAL RADIATION WITH CLEAR SKY CAL/CM2 
DAILY TOTAL GLOBAL RADIATION WITH OVERCAST SKY CAL/CH2 
DISTRIBUTION· FACTOR FOR PARTITIONING BETWEEN 

LEAVES AND STEM 
FUNCTION TABLE 
DAILY EXTENSION RATE OF THE ROOTS 

UNDER OPTIMAL CONDITIONS 
DEW POINT TEMPERATURE AT IN THE AFTERNOON 
FUNCTION TABLE 
DEW POINT TEMPERATURE AT IN THE MORNING 
FUNCTION TABLE 
AVERAGE DEW POINT TEMPERATURE 
CUMULATIVE DEEP DRAINAGE BEYOND POTENTIAL ROOTING ZONE 
INITIAL DRYNESS FACTOR OF CONSECUTIVE COMPARTMENTS 

AS A FRACTION OF MOISTURE CONTENT AT WILTING POINT 
MACRO DUMMY VARIABLE FOR INITIAL DRYNESS FACTOR 
MACRO DUMMY VARIABLE FOR DRR2-N41 
MACRO DUMMY VARIABLE FOR DRR1-N 
AIR TEMPERATURE 10 DAYS AGO 
DAILY TOTAL RADIATION 
FUNCTION TABLE 
DEVELOPMENT STAGE OF VEGETATION AS A FRACTION. 

NATURITY 

~iM/DAY 

DEGREE C 

DEGREE 

DEGREE 
MM/DAY 

DEGREE C 
CALICH2 

DVS= 1. IS FULL 
DEVELOPMENT STAGE 
DEVELOPMENT RATE 

AT WHICH SEED FILL STARTS (PARAMETER) 
/DAY 

FUNCTION TABLE. DVR=FITEMP) 
******************************************************************************** 

E 
******************************************************************************** 
EA CONTRIBUTION OF DRYING POWER OF THE ATMOSPHERE TO 

EB 
EBl-1 0 
EDAYL 
EDPTF 
EDPTFT 

EFFE 

EVAPORATIVE DEMAND 
MACRO DUMMY VARIABLE FOR EB1-10 
CUMULATIVE EVAPORATION OVER COMPARTMENTS 
EFFECTIVE DAYLENGTH 
FACTOR DEFINING EFFECTIVINESS OF ROOTS 
FUNCTION TABLE. RELATION BETWEEN SOIL MOISTURE 

AND EFFECTIVENESS OF ROOTS 
ACTUAL INITIAL EFFICIENCY OF THE PHOTOSYNTHESIS 

CALICM2/DAY 

MM/DAY 
HOURS 

LIGHT CURVE FOR INDIVIDUAL LEAVES KG C02/HA/HR/J/M2/S 
EFFEB 
ELWR 
ENGR 

BASIC POTENTIAL EFFE (PARAMETER! KG C02/HA/HR/J/M2/S 

ENGRS 
ER 
ERLB 
ERLB1-10 
ERLT 
ET 
EVAP 

BRUNT'S ESTIMATION OF LONG-WAVE RADIATION LOSS 
RATE OF EMPTYING OF TEMPERATURE SUM WHEN 

NO SEEDS ARE GERMINATING 
SWITCH PARAMETER TO INDICATE END OF GROWING SEASON 
EVAPORATION RATE FROM A COMPARTMENT 
MACRO DUMMY VARIABLE FOR ERLB1-10 
CUMULATIVE EFFECTIVE ROOT LENGTH 
MACRO DUMMY VARIABLE FOR ERLB1-9 
MACRO DUMMY VARIABLE FOR EBI-9 
PENMAN EVAPORATION !POTENTIAL SOIL EVAPORATION) 

MM/DAY 

MM 

MM/DAY 
******************************************************************************** 

F 

******************************************************************************** 
F MACRO DUMMY VARIABLE FOR F1-10 
F1-10 SOIL EVAPORATIVE LOSS DISTRIBUTION FACTOR 
FAMST EFFECT OF WATER SHORTAGE ON CURRENT SHOOT TO ROOT RATIO 
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F AMSTT 
F CL 
F DAYY 
FDM 
F DMT 

FLDCP 
FLTRT 

FOV 
F RL T 
FRTS 
F TRS 
FWDB 

FUNCTION TABLE 
FRACTION OF THE DAY THAT IS CLEAR 
FIRST DAY OF SIMULATION IN'DAYS FROM 1 JAN 
FRACTION OF DRY MATTER IN THE CANOPY (1·FRACTION OF WATER> 
FUNCTION TABLE.< FDM=F<DVSI I 

FIELD CAPACITY <PARAMETER> CM3/CM3 
FUNCTION TABLE. FRACTION OF ENERGY REACHING THE SOIL 

=F<LEAF AREA INDEX> 
FRACTION OF THE DAY THAT IS OVERCAST 
FRACTION OF LIGHT TRANSMITTED THROUGH VEGETATION 
FRACTION OF PHOTOSYNTHATE ACTUALLY TRANSLOCATED TO SEEDS 
FRACTION OF PHOTOSYNTHATE ALLOCATED TO SEEDS <PARAMETER> 
FRACTION OF WATER IN DEAD BIOMASS <PARAMETER) 

******************************************************************************** 
G 

******************************************************************************** 
GAMMA PSYCHROMETER CONSTANT <PARAMETER> MM HG/DEGREE C 
GRLVS GROWTH RATE OF LEAVES KG DM/HA/DAY 
GRNLV GROWTH RATE OF NON-LEAF MATERIAL KG DM/HA/DAY 
GROWTR TOTAL GROWTH RATE OF f1BOVE GROUNII BIOMASS KG DM/HA/T.IAY 
GROWTV GROWTH RATE OF ABOVEGROUND VEGETATIVE BIOMASS KG DM/HA/DAY 
GRRT RATE OF VERTICAL EXTENSION OF THE ROOT SYSTEM HM/DAY 
GRSDS GROWTH RATE OF THE SEEDS KG DM/HA/DAY 
GRRWT GROWTH RATE OF THE ROOTS KG DM/HA/DAY 
******************************************************************************** 

***********************~~··········********************************************* 
HNOT ABSORBEII SHORT WAVE RADIATION BY VEGETATION CAL/CM2/DAY 
HRAD AVERAGE HOURLY RADIATION INTENSITY CAL/CM2/HR 
HZERO ABSORBED SHORT WAVE RADIATION BY SOIL CAL/CM2/DAY 
******************************************************************************** 

I 
******************************************************************************** 
IBIOH INITIAL BIOMASS <PARAMETER> KG DM/HA 
INFR RATE OF INFILTRATION OF WATER INTO THE SOIL MM/DAY 
IRTD INITIAL ROOTING DEPTH <PARAMETER> MM 
IRWT INITIAL WEIGHT OF THE ROOTS, SET EQUAL TO INITIAL 

ABOVEGROUND BIOMASS KG DM/HA 
******************************************************************************** 

******************************************************************************** 
******************************************************************************** 

K 
**************************************************************************~~···· 
******************************************************************************** 

L 
******************************************************************************** 
LAGRTR RATE OF LEAF AREA GROWTH K2/HA/DAY 
LAI LEAF AREA INIIEX HA/HA 
LAT LATITUDE OF LOCATION <PARAMETER> DEGREES 
LFAREA LEAF AREA M2/HA 
LFARR LEAF AREA PER UNIT LEAF WEIGHT <PARAMETER) M2/KG 
LFI INITIAL LEAF AREA M2/HA 
LFOV FOV RESTRAINED BETWEEN 0 AND 1 (USING LIMIT FUNCTION) 
LHVAP HEAT OF VAPORISATION OF WATER (PARAMETER> 
LMBIOM LIMITING BIOMASS TO BE CONSIDERED 
LUR OUTGOING LONG· WAVE RADIATION 

CAL/10**4 f(G 

f:G DM/HA 
CAL/CN2/DAY 

~******************************************************************************* 

******************************************************************************** 
MAINT MAINTENANCE RESPIRATION ASSIMILATE REQUIREMENT KG CH20/HA/DAY 
MNT. MINIMUM DAILY TEMPERATURE DEGREE C 
MNTT FUNCTION TABLE 
MRESF MAINTENANCE RESPIRATION FACTOR (PARAMETER> KG CH20/KGDH/DAY 
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MWATER MAXIMUN ANOUNT OF WATER THAT CAN BE HELD 
IN A SOIL COMPARTMENT MM 

MWRTD MAXHlUM AMOUNT OF WATER THAT CAN BE STORED 
IN ROOTED DEPTH MM 

MXRTD MAXIMUN ROOTING DEPTH <PARAMETER> MM 

NXT MAXIMUM DAILY TEMPERATURE DEGREE c 
MXTT FUNCTION TABLE 
******************************************************************************** 

N 
******************************************************************************** 
******************************************************************************** 

0 
******************************************************************************** 
01 INTERMEDIATE VARIABLE 
02 INTERMEDIATE VARIABLE 
00 INTERMEDIATE VARIABLE 
********************~*********************************************************** 

p 

******************************************************************************** 
p 

F'CTR AN 
PDT GAS 
F'DTGR 
PEVAF' 
F'HOTPR 
PI 
F'LBIOK 
PROP 

INTERMEDIATE VARIABLE 
POTENTIAL CUTICULAR TRANSPIRATION 
POTENTIAL DAILY TOTAL GROSS ASSIMILATION 
POTENTIAL DAILY TOTAL GROWTH RATE 
POTENTIAL EVAPORATION AS A FUNCTION OF SOIL COVER 
PROCEDURE DUMMY NAME 
3.1416 !PARAMETER! 
LIVING BIOMASS ONE TINE STEP AGO 
PROPORTIONALITY FACTOR FOR DIVISION OF SOIL WATER 

EVAPORATION OVER VARIOUS COMPARTNENTS (PARAMETER> 
PHOTOSYNTHETIC RATE OF SUNLIT LEAF AREA 
PSYCHROMETRIC CONSTANT (PARAMETER> 

MM/DAY 
I<G CH20/HA 
f(G DM/HA/DAY 
MM/DAY 

KG DM/HA 

f(G CH20/HA/DAY 
MB?lR/DEGREE C 
MM/DAY 

PS 
F'SCH 
PI RAN POTENTIAL TRANSPIRATION RATE 
F'USHD 
F'USHG 

SWITCH TO f(ILL THE VEGETATION AF IER DROUGHt FEUBD 
SWITCH TO INITIALISE BIOMASS AT NOMENT OF ESTABLISHMENT 

******************************************************************************** 

******************************************************************************** 
******************************************************************************** 

R 
******************************************************************************** 
RA HEAT RESISTANCE OF LEAF BOUNDARY LAYER DAY/CM 
RAD VALUE OF A RADIAN 
RADC PHOTOSYNTHETICALLY ACTIVE RADIATION ON A CLEAR DAY J/M2/SEC 
RADO PHOTOSYNTHETICALLY ACTIVE RADIATION ON AN OVERCAST DAY J/M2/SEC 
RADTB FUNCTION TABLE <TOTAL DAILY VISIBLE RADIATION! 
RAIN RAINFALL INTENSITY 
RAINTB FUNCTION TABLE 
RAWR RELATIVE AMOUNT OF WATER AVAILABLE FOR THE ROOTS 
RAWRB MACRO DUNMY VARIABLE FOR RWRB1-10 
I~AWRT MACRO DUMMY VARHlBLE FOR Rl.JRB1· 9 
RC CUTICULAR RESISTANCE <PARAMETER> 
RCST RATE OF CHANGE OF SOIL TEMPERATURE 

Mti/DAY 

DAY/CM 
BEGREE C/DAY 

RDAMAX RATE OF DECLINE IN LIGHT SATURATED LEVEL OF 
PHOTOSYNTHESIS LIGHT CURVE FOR INDIVIDUAL LEAVES KG C02/HA/HR/DAY 

RDEFFE RATE OF DECLINE IN INITIAL EFFICIENCY OF 
PHOTOSYNTHESIS LIGHT CURVE FOR INDIVIDUAL LEAVES 

r\DLF A 
F\IILVS 
RDLVS1 
r\DLVS2 
I~DLVSA 

RDLVSX 
I~DNL V 1 
RIINLV2 
RDNLVA 

RATE OF REDUCTION OF LIVE LEAF AREA DUE TO LEAF 
ACTUAL RATE OF DYING OF LEAF MATERIAL 
RATE OF DYING OF LEAVES DUE TO WATER SHORTAGE 
RATE OF DYING OF LEAVES DUE TO SENESCENCE 
INTERNEDIATE VARIABLE 

KG C02/HA/HR/J/N2/S/DAY 
DEATH M2/l·IA/DAY 

f(G DM/fiMDAY 
KG DM/HA/DAY 
~(G DN/HA/DAY 

INTERMEDIATE VARIABLE 
RATE OF DYING OF NON-LEAF MATERIAL DUE TO H20 SHORTAGE KG DM/HA/DAY 
RATE OF DYING OF NON-LEAF MATERIAL DUE TO SENESCENCE KG Dti/HA/DAY 
INTERMEDIATE VARIABLE 
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FiDNLVS 
RDNLVX 
r-:DRA 
RDRAT 
r-\DRD 

ACTUAL RATE OF DYING OF NON-LEAF MATERIAL KG DH/HA/DAY 
INTERMEDIATE VARIABLE 
RELATIVE RATE OF DECLINE IN AMAX AND EFFE /DAY 
FUNCTION TABLE. RDRA=FICUMULATIVE TRANSPIRATION DEFICIT) 
RELATIVE DEATH RATE CAUSED BY COMPLETION· OF DEVELOPMENT /DAY 

REDFD 
REBFDT 

REBUCTION FACTOR FOR EVAPORATION DUE TO DRYING OF THE SOIL 
FUNCTION TABLE. FRACTION OF POTENliAL EVAPORATION= 

FIDIMENSIONLESS WATER CONTENT OF TOP SOIL COMPARTMENT! 
REBTTB 

RHCF 
REFT 

RFDVS 
FiFDVST 
FiFRGT 
RHOCF' 
RINTAf~ 

RITDF 
RRAMAX 

I~REFFE 

FUNCTION TABLE. REDUCTION FACTOR FOR ROOT GROWTH= 
FISOIL TEMPERATURE) 

REFLECTION COEFFICIENT OF WATER IPARAMETERJ 
REFERENCE TEMPERATURE FOR CALCULATION OF 

MAINTENANCE RESPIRATION !PARAMETER> 
REDUCTION FACTOR FOR TRANSPIRATION DUE TO SENESCENCE 
FUNCTION TABLE 
REBUCTION FACTOR FOR ROOT GROWTH DUE TO TEMPERATURE 
VOLUMETRIC HEAT CAPACITY OF THE AIR !PARAMETER) 
RATE OF GRAZING INTAKE 
RATE OF INCREASE IN TRANSPIRATION DEFICIT 
RATE OF RECOVERY OF LIGHT SATURATED LEVEL OF 

PHOTOSYNTHESIS LIGHT CURVE FOR INDIVIDUAL LEAVES 
RATE OF RECOVERY OF INITIAL EFFICIENCY OF 

PHOTOSYNTHESIS LIGHT CURVE FOR INDIVIDUAL LEAVES 

CAL/CW3/DEGREE 
KG D~I/HA/DAY 

NM/DAY 

~(G C02/fiA/HR/DAY 

KG C02/HA/HR/J/M2/S/DAY 
F\RNOFF 
r\s 
RTD 
I~TL 

IHRDEF 
rHWGHT 
RWFB 
IHJFB1-10 

RATE OF RUN--OFF 
MINIMUM STOMATAL RESISTANCE !PARAMETER! 
ROOTING DEPTH 
VERTICAL ROOTING LENGTH IN A COMPARTMENT 
RELATIVE TRANSPIRATION DEFICIT 
WEIGHT OF ROOTS 
MACRO DUMMY VARIABLE FOR RWFB1-10 
RATE OF WATER FLOW THROUGH BOTTOM OF PREVIOUS 

SOIL COMPARTMENT 
MACRO DUMMY VARIABLE FOR RWFB1-9 
CUMULATIVE RELATIVE AMOUNT OF WATER AVAILABLE 

FOR THE ROOTS 

MM/DAY 
DAY/CM 
HM 
MM 

KG DM/HA 

MH/DAY 

~***************************t**************~************************************ 
S INlERMEDIATE VARIABLE TO CALCULATE CC 
G1 INTERNE9IATE VARIABLE TB CALCULATE "S" FSR CUTICLE 
SLCVR SOIL COVER USED IN CALCULATION OF LIGHT TRANSMISSION H2/HA 
SLLAE SUNLIT LEAF AREA lAS PROPORTION OF TOTAL LEAF AREAl 
SLOPE SLOPE OF SUP CURVE AT AIR TEMPERATURE MBAR/DEGREE C 
SSIN PRODUCTS OF SINES OF LATITUDE AND DECLINATION OF SUN 
STDAY DAY NUMBER OF START OF RUN AS DAYS FROM OCT 1 
SUMIO CUMULATIVE "VAR" t COMPARTMENT THICKNESS 
SUMB MACRO DUMMY VARIABLE FOR SUMI-10 
SUMT MACRO DUMMY VARIABLE FOI~ SUNI· S' 
SVPA AVERAGE SATURATED VAPOUR PRESSURE OF THE AIR MH HG 
SVPAM SATURATED VAPOUR PRESSURE OF HIE AIR MBAR 
SW AMOUNT OF AVAILABLE WATER IN UPPER 10 CM OF SOIL MM 
SUP SWITCH PARAMETER FOR ROOT GROWTH 
SUPB MACRO DUMMY VARIABLE FOR SWPB1-10 
SWPBI-1 0 CUMULATIVE ROOT GROWTH StJITCI-1 F'AI\Ai'\ETEH 
SWPT MACRO DUMMY VARIABLE FOR SUPB1-9 
********************~*********************************************************** 

T 
******************************************************************************** 
TADRU TOTAL ABOVE GROUND BIOMASS KG DM/HA 
TCDPH TIME CONSTANT FOR BUILD-UP OF CUMULATIVE TRANSPIRATION 

DEFICIT IPARAHETERl DAY 
TCDRL TIME CONSTANT FOR DYING OF LEAF MATERIAL AS A RESULT 

OF WATER SHORTAGE !PARAMETER! DAY 
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TCDRNL 

TCf(l-11 
'TCREC 
TCRPH 

"fDB 
"fDBI-10 
HIRAIN 
TDRWT 
TDT 
'IEC 
TECT 
'TEFR 
'IEVAP 
'fGRWHI 
TfiCf(N 
TINTAf( 
HIF'A 
H\PS~d 

HIPSUM 
TOTINF 
TOTRAN 
TPEVAP 

'fF'F'R 
TRAIN 
'fRAN 
TRANDF 

TRB 
HiBI-1 0 
H\F HM 

TRR 
TRT 
TS 

TSI 
TSUNG 
TT 
TTE 
TVEGM 

TINE CON~TANT FOR DYING OF NON-LEAF MATERIAL AS A 
RESULT OF WATER SHORTAGE !PARAMETER! 

THICKNESS OF CONSECUTIVE ~OMPARTMENTS 
TIME CONSTANT FOR RECOVERY OF AMAX AND EFFE 
TIME CONSTANT FOR DECLINE IN CUMULATIVE TRANSPIRATION 

DEFICIT !PARAMETER) 
MACRO DUMMY VARIABLE FOR TDBI-10 
TOTAL DEPTH TO THE BOTTOM OF A SOIL COMPARTMENT 
WATER LOST BY DEEP DRAINAGE BELOW DEPTH OF lBO CM 
T 0 TAL B I 0 ~~ASS 
MACRO DUMMY VARIABLE FOR TDBI-9 
ROOT CONDUCTIVITY REDUCTION FACTOR DUE TO TEMPERATURE 
FUNCTION TABLE. ROOT CONDUCTIVITY=FISOIL TEMPI 
TEMPERATURE EFFECT ON MAINTENENCE RESPIRATION 
CUMULATIVE SOIL EVAPORATIVE LOSS OVER SEASON 
ACTUAL RATE OF DRY MATTER PRODUCTION 
MACRO DU~HlY 'JAF\IABLE FOR TCf(1·10 
TOTAL RATE OF INTAKE BY GRAZING ANIMALS 
AVERAGE DAILY AIR TENPERATURE 
INITIAL VALUE OF THE TEMPERATURE SUM EXPERIENCED 

BY THE VEGETATION 
TEMPERATURE SUM FROM THE ONSET OF GERMINATION 
CUMULATIVE SOIL WATER INFILTRATION 
CUMULATIVE TRANSPIRATION OVER GROWING SEASON 
CUMULATIVE POTENTIAL SOIL EVAPORATIVE LOSS 

IPENMANl OVER GROWING SEASON 
TOTAL PRIMARY PRODUCTION 
CUMULATIVE SEASONAL RAINFALL 
ACTUAL RATE OF TRANSPIRATION 
DIFFERENCE BETWEEN POTENTIAL CUTICULAR TRANSPIRATION 

AND ACTUAL SOIL WATER UPTAKE 
MACRO DUMMY VARIABLE FOR TRBI-10 
TRANSPIRATION LOSS SUMMED OVER COMPARTNENTS 
FfiTENTIAL TKAN3fiRATiflN RAT[ FfR HM ROOT L[NGTM 

IN WET SOIL 
TRANSPIRATION RATE FROM A SINGLE SOIL COMPARTMENT 
MACRO DUMMY VARIABLE FOR TRBi-9 
AVERAGE SOIL TEMPERATURE 1~10 DAY RUNNING 

AVERAGE OF AIR TEMPERATURE) 
INITIAL VALUE OF SOIL TEMPERATURE 
TEMPERATURE SUN REQUIRED FOR GERMINATION <PARAMETER! 
INTERMEDIATE VARIABLE 
INTERMEDIATE VARIABLE 
TOTAL VEGETATIVE BIOMASS !LEAF + NON-LEAF MATERIAL) 

DAY 
HM 
DAY 

DAY 

MN 
MM 
~(G DM/HA 

N~l 

IW D~l/flA/DAY 

f(G DM/HA/DAY 
DEGriEE C 

DEGREE CtDAYS 
DEGREE C:t:DAYS 
HM 
MM 

MM 
f(G DM/HA 
~iM 

M~l/ DAY 

MM 

MM 

MN/DAY 
MM/DAY 

DEGREE 
DEGREE 
DEGREE CHIAYS 

KG DM/HA 
******************************************************************************** 

******************************************************************************** 
******************************************************************************** 

v 
******************************************************************************** 
VAR SOIL MOISTURE REDISTRIBUTION FACTOR INTERMEDIARY VARIABLE 
VPA AVERAGE VAPOUR PRESSURE OF THE AIR MM HG 
VPAN ACTUAL VAPOUR PRESSURE OF THE AIR MBAR 
******************************************************************************** 

w 

******************************************************************************** 
Wl-10 AMOUNT OF WATER IN A SOIL COMPARTMENT MM 
WATER MACRO DUMNY VARIABLE FOR W1-10 
WCLIM AIR DRY WATER CONTENT OF A SOIL COMPARTMENT CM3/CM3 
UCPR DIMENSIONLESS WATER CONTENT OF THE TOP SOIL COMPARTMENT 
WLTPT WILTING POINT !PARAMETER> CM3/CM3 
WLUS LEAF BIOMASS KG DM/HA 
WLVSI INITIAL LEAF BIOMASS KG DM/HA 
WNLVS NON-LEAF BIOMASS KG DM/HA 
WNLUSI INITIAL NON-LEAF BIOMASS KG DM/HA 
WRED REDUCTION FACTOR FOR ROOT WATER UPTAKE 
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DUE TO LOW SOIL MOISTURE CONTENT 
(,JREIIT FUNCTION TABLE. REDUCTION IN ROOT WATER UPTAKE~ 

FISOIL MOISTURE CONTENT) 
IJSA AVERAGE DAYTIME WINDSPEED CN/DAY 
~JSDS SEED BIO~IASS ~(G DM/HA 
WSM DAILY WINDRUN NILES 
WSR MEASURE[! DAILY IJINDRUN I(N 
WSH: FUNCTION TABLE 
WTOT TOTAL AMOUNT OF WATER IN THE SOIL PROFILE NM 
WUSEFF WATER USE EFFICIENCY OF THE VEGETATION KG Dri/MM H20 
******************************************************************************** 

X 

******************************************************************************** 
X INTERMEBIATE VARIABLE 
******************************************************************************** 
******************************************************************************** 

******************************************************************************** 
******************************************************************************** 

z 
******************************************************************************** 
******************************************************************************** 
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**********************************************************i******************** 
******************************************************************************* 

ARIDCROP PARAMETER LIST 
******************************************************************************* 
******************************************************************************* 

THIS IS AN ALPHABETICALLY ORDERED LIST OF 
PARAMETERS OF THE MODEL ARID CROP 

~~===============================: =~=======~=~===~=~=~=====~~=====~=======~=~=== 

PARAMETER VALUE DEFINITION UNITS 

******************************************************************************** 
AMAXB 40. POTENTIAL LIGHT SATURATED LEVEL OF 

CONFS 

DGRRT 

IIVSSF 
EHEB 

FDAYY 
FLBCP 
FTRS 

F WBB 
GMHIA 
IBIOM 
IRID 
LAT 
L.FARR 
LHVAP 
MRESF 
NXRTD 
PI 
PROP 

F'SCH 
RC 
REFCF 
F~EFT 

RHOCF' 
RS 
STDAY 
TCDPH 

TCDRNL 

TCREC 

TCRF'H 

TSUMG 

WLTF'T 

GROSS C02 ASSIMILATION KGC02/HA LEAF/HR 
0.70 CONVERSION EFFICIENCY OF PRIMARY 

f'fiOTOSYNTHATES INTO 
STRUCTURAL PLANT MATERIAL KG DH/KG CH20 

12. DAILY EXTENSION RATE OF THE ROOTS 
UNDER OPTIMAL CONDITIONS MM/DAY 

0.65 DEVELOPMENT STAGE AT Wfi!Cfl SEED FILL STARTS 
0.5 POTENTIAL INITIAL KG C02/HA/HR 

LIGHT USE EFFICIENCY PER J/M2/S 
FIRST DAY OF SIMULATION IN DAYS FRO~ 1 JAN 

0.23 FIELD CAPACITY CM3/CH3 
0.3 FRACTION OF f'fiOTOSYNTHATE TRANSLOCATED 

TO SEEDS ONCE SEED-FILL DVS IS REACHED 
0.1 FRACTION OF WATER IN DEAD BIOMASS 
0.49 PSYCHROMETER CONSTANT MM HG/DEGREE 

101. 

20. 
59. 
0.15 

1800. 
3. 1416 

15. 

INITIAL BIOMASS KG DM/HA 
!NIIIAL ROOTING DEPTH MM 
LATITUDE OF LOCATION DEGREES 
LEAF AREA PER UNIT LEAF WEIGHT M2/KG 
fiEAT OF VAPORISATION OF WATER CAL/10**-4 KG 
MAINTENANCE RESPIRATION FACTOR KG CH20/KGDM/DAY 
MAXIMUM ROOTING DEPTH MM 

PROPORTIONALITY FACTOR FOR PARTITIONING 
OF SOIL EVAPORATION OVER VARIOUS COMPARTMENTS 

0.67 PSYCHROMETRIC CONSTANT HBAR/DEGREE C 
37.E-5 CUTICULAR RESISTANCE DAY/CM 
0.05 REFLECTION COEFFICIENT OF WATER 

25. REFERENCE TEMPERATURE FOR CALCULATION OF 
MAINTENANCE RESPIRATION 

2.86E-4VOLUMETRIC HEAT CAPACITY OF AIR CAL/CH3/DEGREE C 
18.5E-6 STOMATAL RESISTANCE DAY/CM 

10. 

5. 

" J, 

5. 

DAY NUMBER OF START OF RUN AS DAYS FROM OCT 1 
TIME CONSTANT FOR BUILD-UP OF 
CUMULATIVE TRANSPIRATION DEFICIT DAY 
TIME CONSTANT FOR DYING OF LEAF 
MATERIAL DUE TO WATER SHORTAGE DAY 
TIME CONSTANT FOR DYING OF 
NON·LEAF MATERIAL DUE TO WATER 
SHORTAGE 
TIME CONSTANT FOR RECOVERY OF 
ANAX AND EFFE 

DAY 

DAY 
10. TIME CONSTANT FOR DECLINE IN 

CUMULATIVE TRANSPIRATION DEFICIT DAY 
150, TEMPERATURE SUM REQUIRED 

FOR GERMINATION DEGREE CtDAYS 
0.075 WILTING POINT CH3/CM3 

******************************************************'************************* 



-38-

******************************************************************************** 
** ** ** * * * * * * * * * * * ** * * :j: * * * * * :j: * * ** * :t * * * * * * * * * * * * * * :j: * * * *:_!_!!_'!'!* ** * * * *_:l:~f::j::f::f:_!:l:_t:f: **** ** --- ---~THTS-TS~A-[IST-Of-ATLtUNCTO (' 

THE MODEL ARID CROP, EXCEPT FOR THE TABLES 
DEFINING WEATHER CONDITIONS 

******************************************************************************** 
1. FUNCTION ALPHAT 

REDUCTION FACTOR FOR DRYING POWER TERM IN TRANSPIRATION 
CALCULATION, FUNCTION OF LEAF AREA INDEX AND HOURLY RADIATION 
INTENSITY 

HRAD 0. 10. 15. 20. 25. 30. 35. 40. 45. 50. 60. 100. 
LA I/ ALPHA 
0. 2 1 .o 
2.0 0.0 
3.5 0.0 
5.0 0.0 

10.0 0. 0 

2. FUNCTION CSRRT 

1.0 
.600 .660 .715 .760 .795 .835 .870 .910 .940 1.00 1.00 
.425 .515 .585 ,640 .680 .715 ,745 .770 ,7CJ5 .845 1.00 
.390 .455 .505 .545 .580 .610 .635 .660 .685 .740 .7?5 
.350 .410 .450 .485 .510 .530 .550 .565 .585 .610 .650 

PARTITIONING OF ASSIMILATE BETWEEN SHOOT AND ROOT 
CURRENT FRACTION TO SHOOT AS A FUNCTION OF DEVELOPMENT STAGE 

DVS 0. 0.10 0.25 0.50 0.75 1.00 1.10 
CSRR 0.30 0.40 0.50 0.65 0.75 1.00 1.00 

3. FUNCTION DISTFT 
PARTITIONING OF ASSIMILATE BETWEEN LEAF BLADES AND STEM/SHEATHS 
CURRENT FRACTION TO LEAF BLADES AS FUNCTION OF DEVELO~MENT STAGE 

DVS 0. 0.50 0.70 0.90 1.10 
DISTF 0.90 0.80 0.60 0.00 0.00 

4. FUNCTION DVRT 
DEVELOPMENT RATE OF THE VEGETATION AS A FUNCTION OF AIR TEMPERATURE 

TMPA 0. 3.75 16.0 25.0 40.0 
DVR 0. 0.0 0.01 0.0175 0.02 

5. FUNCTION EDPTFT 
RELATIVE EFFECTIVINESS OF THE ROOTS AS A FUNCTION OF THE 
FRACTION AVAILABLE WATER PER COMPARTMENT 

FAWAT 0. 0.15 0.30 0. 0 
EDPTF 0.15 0.60 0.80 1.00 1.00 

6. FUNCTION FAMSTT 
SHIFT IN CURRENT SHOOT TO ROOT RATIO AS A FUNCTION OF RELATIVE 
TRANSPIRATION DEFICIT 

RTRDEF 0. 0.40 0.75 1.00 1.10 
FANST 1.00 1.00 0.60 0,50 0.50 

7. FUNCTION FDMT 
FRACTION DRY MATTER IN LIVE BIOMASS AS A FUNCTION OF 
DEVELOPMENT STAGE OF THE VEGETATION 

DVS 0. 1.00 1.10 
FDM 0.10 0.25 0.25 

8. FUNCTION ~LTRT 

FRACTION OF ENERGY REACHING THE SOIL SURFACE AS A FUNCTION 
OF TOTAL FOLIAGE AREA INDEX 

SLCVR 0. 0.50 1.00 1.50 2.00 3.00 5.00 8.00 10.00 15.00 
FRLT 1.00 0.705 0.496 0.384 0.248 0.134 0.03 0.004 0.001 0.0001 

9. FUNCTION RADTB 
DAILY TOTAL VISIBLE RADIATION ON COMPLETELY CLEAR DAYS AS A FUNCTION 
OF LATITUDE AND DAY OF THE YEAR, EXAMPLE GIVEN HERE REFERS ONLY TO 
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LATITUDE OF 30 DEGREES N.L. 
DAYY 0. 15. 46. 74. 105. 135. 166. 196. 227. 258. 288. 319. 349. 365. 
DlVRAD 185. 191. 245. 303. 3l3. 400. 417. 411. 384. 333. 270. 2·10. "179. 183. 

10. FUNCTION RDRAT 
RELATIVE RATE OF DECLINE IN PHOTOSYNTHETIC CAPACITY AS A FUNCTION 
OF CUMULATIVE RELATIVE TRANSPIRATION DEFICIT 

CTRDEF 0. 0.50 1.00 1.10 
RDRA 0. 0. 0.05 0.05 

11. FUNCTION RDRDT 
RELATIVE DEATH RATE OF THE VEGETATION DUE TO SENESCENCE AS A FUNCTION 
OF DEVELOPMENT STAGE OF THE VEGETATION 

DVS 0. 0.70 0.71 0.90 1.00 1.10 
RDRD 0. 0. 0.005 0.005 0.10 0.10 

12. FUNCTION REDFDT 
FRACTION OF POTENTIAL SOIL EVAPORATION REALIZED AS A FUNCTION 
OF DIMENSIONLESS WATER CONTENT OF TOP SOIL COMPARTMENT 

UCPR -0.10 0. 0.05 0.10 0.20 0.30 0.40 0.75 1.00 1.10 
REDFD 0.05 0.075 0.10 0.20 0.375 0.50 0.725 0.90 1.00 1.00 

13. FUNCTION REDTTB 
REDUCTION FACTOR FOR ROOT GROWTH AS A FUNCTION OF SOIL TEMPERATURE 

TS 5. 10. 15. 20. 25. 30. 50. . 
RFRGT 0.80 0.90 1.00 0.97 0.97 0.97 0.97 

14. FUNCTION RFDVST 

15. 

REDUCTION FACTOR FOR POTENTIAL TRANSPIRATION AS A FUNCTION 
OF DEVELOPMENT STAGE OF THE VEGETATION 

DVS 0. 0.90 1.00 1.10 

FUNCTION TECT 
REDUCTION FACTOR FOR ROOT CONDUCTIVITY AS 
FUNCTION OF SOIL TEMPERATURE 

TS 0. 3. 10. 16. 20. 3"1. 40. so. 
TEC 0.06 0.29 0.85 0.94 1. 00 0.87 0.60 0.30 

16. FUNCTION WREDT 
REDUCTION FACTOR FOR ROOT WATER UPTAKE AS A FUNCTION OF 
FRACTION AVAILABLE WATER IN A COMPARTMENT 

FAWAT 0. 0.10 0.15 0.30 0.50 0.75 1.10 
WRED 0. 0.30 0.45 0.70 0.9?5 1.00 1.00 

******************************************************************************** 
******************************************************************************** 




