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ABSTRACT

The purpose of the RANGES simulator 1s to link a rangeland ecosystem
with the range management and range economic systems. With this goal in
mind, the level of complexity of the model needs only to satisfy the input
requirements of the management and economic models.

The model which meets these goals is composed of driving or exogenous
variables, a soll water submodel, a producer section within a feedback loop
containing a consumer section, and a market or economic section. The driving
variables are mean dally temperature and daily precipitation either read from
tapes of actual climatic data or generated hypothetically. The soll water
submodel 18 primarily an evapotranspiration function based on soill character-
istics such as wilting point and field capacity. The information from the
soil water level coupled with the mean dally temperature is used to control
plant growth. The forage consumed by livestock consists of green and dead
plant material. The protein content of each forage component influences the
computed livestock consumption rate, which in turn determines whether or not
the animals are gaining weight. The market section of the model calculates
an animal price vector of dependent normal random variables from an array of
mean net prices and a variance-covariance matrix for net prices.

The plant growth response generated by the model 1s designed for infor-
mation to management models such as forage standing crop and the variation
of forage available to cattle. For example, the simulation model can be used
interactively with a dynamic optimization model, supplying forage response to
different levels of grazing intensity and climatic fluctuations. The simu-
lation also supplies cattle weight gains for management purposes, and allows

testing of management grazing regimes on simulated forage.
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INTRODUCTION

The western livestock grazing industry i1s very dependent upon certain
biotic and abiotic processes occurring in the environment. Variations in
the temperature and precipitation regime of an area cause unpredictable
fluctuations in the resource response. However, given the source of the
variation and the processes influencing resources, some questions concerning
efficiency of grazing can be answered.

The study of ecological response to abiotic variables (variables that
perturb the biotic system and cause variation) can be undertaken in several
ways. The first, and most frequently utilized, 1s the measurement of ecologi-
cal parameters in a field or laboratory study. This method attempts to reduce
variation in an experiment by controlling certain physical parameters which
affect the response of the dependent variable. Controlled experiments,
however, usually entail removing the measured variable from its natural state.

A contemporary method, which relies on knowledge of the natural behavior
of the system, involves adapting empirical information into a mathematical
model. The result is a system which can be experimented with, while main-
taining the interaction of the components. Field and laboratory experiments
become costly and unmanageable quickly when dealing with a complex system.

On the other hand, once a mathematical model has been developed, a multitude
of experiments can be performed inexpensively. Although mathematical models
are always less complete than the natural systems, they are capable of supply-
ing information when only low resolution information is required to solve a
problem.

Ecological data of the type generated by the model is of primary im-
portance to grassland management. Given stochastic driving variables, plant
production can be generated and the statistical properties of the resulting
data can be used in management models.

A serles of grassland ecological models were developed under the title
RANGES. The objectives were to use available information regarding the
growth of herbage in a grassland ecosystem as a function of the major driving

variables which are taken to be temperature and rainfall. Forage response,



together with the known response of various classes of domestic ruminants can
then be used to determine animal welght gains for different stocking strategies
and for different supplemental feeding strategies. The model can be used to
investigate various marketing strategies and the effects of this entire
collection of management practices on income.

These objectives delineate certain biotic, abilotic, and economic systems
as being necessary in a model which addresses the objectives. A plant growth
system 1s needed because of its influence on the livestock enterprise. With
these data and acknowledging the natural variation inherent in herbage growth,
the second system requirement becomes evident. Plant growth is determined
by solar radiation, soil temperature, CO2 availability, soil water and pheno-
logical stage; but air temperature and rainfall are assumed to be the most
important driving variables.

The soil water system is the link between the abiotic and biotic systems.
Although there i1s a strong correlation between rainfall and plant growth,
there are important processes which limit the quantity of water available for
plant growth and determine the persistence of available water in the soil layer.

The final model requirement, "investigating market strategies', necessi-
tates information about market behavior, including random fluctuations which
might be expected. The economic system also requires knowledge of costs
involved in the enterprise to determine when marketing might be most profitable.
Generality and simplicity are also necessary attributes of the model if it is
to be used on varied grassland sites with minimal data input from a specific

site,
CONCEPTS

Simulation techniques. There are two major schools of thought in mathe-
matical modeling of dynamic systems. One revolves around systems of differential
equations and their exact solutions, and the other is oreinted toward simulating
the solution with systems of differential or difference equations. There are
several practical and philosophical reasons for choosing simulation as the

method for meeting the objectives of the RANGES model. The first and foremost



reason 1s the 1inability of analytic solution techniques to solve the system

of equations which addresses the objectives of the model (Forrester, 1968).

The conceptual difficulty in using instantaneous rates when they are physically

unmeasurable (as Atlimo) also lends credibility to the use of simulation

techniques (Innis, 1972). Systems are often viewed in difference terms;

i.e. the flow from one state to another 1s measured over a finite time inter-

val, which makes a scheme using difference equations more credible (Innis, 1972).
A system of difference equations is the basis of this model using an

initial value solution technique. Thus, each successive state of the system

is determined from the previous one, knowing only the flow definitions

and the level of the state variable at the previous time step. The general

form of the solution scheme is:
X(t + At) = X(t) + At * ():Fi - zFO) @D)

where X(t) is the amount of material in, or the level of, the state variable
X at time t, t is the current simulated time, At is the time step or incre-
ment of simulated time, EFi is the sum of the flows into state variable X
and ZFO is the sum of the flows out of state variable X.

Equation 1 states that the level of X after At amount of time has elapsed
will be the level of X at the previous time plus the sum of the flows into and
out of X multiplied by the time step. Thus, interaction in the system can be
easily represented by having the flows into or out of one level be dependent
on another level. This conceptual framework was retained for all versions
of the RANGES models whether they were coded in SIMCOMP or FORTRAN.

The model structure is composed of five principal parts: (i) abiotic
driving variables, (ii) soil water submodel, (iii) producer section, (iv)

consumer section, and (v) economic section (Fig. 1).

Driving Variables

Driving variables are those that are independent of the simulated system,
but are necessary to initiate response by the system within some arbitrary
boundary which is being modeled. In RANGES, the driving variables are daily
precipitation and mean daily temperature. These variables are not mechan-
istically described in the model because they are not considered part of the
feedback with the biotic subsystem.
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Daily precipitation can be obtained in three ways for use in RANGES:
(1) from historical weather records read in from magnetic tape, (2) from a
sine function representation of average historical data, or (3) from a sto-
chastic precipitation generator. For debugging purposes, average historical
precipitation data can be represented by a sine function with appropriate
phase and amplitude shifts, such as the following equation for the Pawnee
Grasslands (Fig. 2):

Daily Rainfall (inches) = (14.*(SIN((IDAY-60)/365.% 2m) + 1.))/365. (2)

where IDAY is the Julian day.

The average dally temperature has two possible forms for entry into the
model: (1) historical data from magnetic tape, or (2) as a sine function
representation of historical averages, such as the following for the Pawnee
Grasslands (Fig. 3):

Average daily temperature (°F) = 30. * (SIN((IDAY-120)/365.*2w) + 1.0) + 22.0

(3)
where IDAY is the Julian Day. (See Appendix 6 for derivation of

coefficients for the sine function.)

Soil Water Submodel

The driving variables perturb the system from its initial state via
several processes. One of the processes, evapotranspiration (ET), is in-
fluenced by both precipitation and air temperature. Although other factors
are important in the ET process, these two give results which meet the model
objectives.

The soil water submodel takes temperature and precipitation as inputs
and, after accounting for ET, yields available soil water. The soil water
present influences the plant growth and is used as an index to moisture
effects on such processes as plant death and decay. Potential ET is cal-
culated as a function of temperature and is used to compute actual ET as a
function of soll water present. However, above field capacity potential ET
is used as the actual ET, and below wilting point ET is set equal to one-

hundredth of ET at wilting point, i.e. there is no more transpiration. When
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soill water exceeds total soill water holding capacity, then ET is increased
proportionally to the excess so0ll water, which is a ploy to represent water

runoff from the soil (Fig. 4).

Plant Growth Submodel

Two approaches were used in dealing with plant growth. The first used
a regression equation of a particular form to represent plant growth as a
function of temperature, soil water and live plant biomass. The second method
used a more mechanistic approach in-hopes of achieving a wider range of appli-
cability for the model. Only the second approach is described here.

The regression formulation caused the model to be site specific. Its
use at another site would require collecting plant growth data and determining
new regression coefficients. Therefore, a more generally usable formulation
requiring only easily obtainable data was attempted. The result is a more
mechanistic representation of the plant growth process. The approach is to
take basic photosynthesis and respiration rates as functions of soil water
and temperature, and from these to compute the potential plant production per
unit of live plant material. Plants were also divided into two categories
that exhibit distinct photosynthesis and respiration responses to temperature
and moisture. These two categories are cool season (C3) and warm season (C4)
plants. The result is a better representation of seasonal growth patterns
and species differences between sites. This formulation only requires infor-
mation on abilotic parameters and soil water holding characteristics as input

when the model is run on a new site.

Photosynthesis

The photosynthesis rate is assumed to depend primarily upon available
soll water and average daily temperature. The form of the equation is the same
for both cool and warm season plants with Q being equal to C or W, respectively

in the program.
Photosynthesis rate (g/m2/day) = ETQ * ESMQ * QBM * QMAX (4)

where ETQ is the effect of temperature on photosynthesis (proportion); ESMQ
is the effect of soil water on photosynthesis (proportion); QBM is aboveground
green plant biomass (g/mz); and QMAX is the maximum photosynthetic rate (grams

photosynthate/gram live plant biomass/day).
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The temperature term is intended to embody radiation effects, as well as
temperature effects. A parabola is used to give an increasing beneficial effect
on photosynthesis with increasing temperature until an optimum point is reached,
after which the temperature effect diminishes (Connor et al., 1974) (Fig. 5).

It should be noted there is a slight shift in the curves to seemingly lower

than normal temperatures, a result of using average daily temperature. Also,
there is new evidence that western wheatgrass requires only very low temperatures
for growth initiation (Joe Trlica, personal communication).

The soil water factor represents the impact of effective soil water in the
top 250mm of soil on photosynthesis. Additional soil water increases the photo-
synthesis rate to the maximum at field capacity. Different functions were used
to represent the differences between cool and warm season plants reported by
Brown (1974). Both curves are scaled according to the soil-water relation
parameters, wilting point and field capacity; therefore, site differences can
be readily incorporated into the model.

Maximum photosynthesis rates for blue grama and western wheatgrass were
used to represent warm and cool season plants, respectively. The highest
reported rates were obtained from CO2 gas exchange data collected at the
Pawnee Grasslands, and should represent the maximum possible field rate
(Brown, 1974).

Respiration
Respiration data was collected on the Pawnee Grasslands site for blue

grama and western wheatgrass using a CO2 gas exchange mechanism (Brown, 1974).
The results enabled respiration to be calculated using an exponential function
on the temperature interval between 0°C and 30°C (Fig. 6). Temperature was
considered to have the dominant influence on respiration and, therefore, soil

water was not considered a factor.

Net Primary Production and Aboveground Accumulation

Net primary production (NPP) is assumed to be the difference between
photosynthesis and respiration:

NPP

]
e

1
I

(5)
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All of the carbon fixed by the plant shoots is not retained aboveground, how-
ever. Large quantities of the photoassimilate are translocated belowground
to crowns and roots. There is evidence to suggest that as much as 60 to 88%
of the photoassimilate 1s translocated (Singh and Coleman, 1974). Although
gseasonal variation undoubtedly exists as a function of plant phenology, the
lumping of plant species in this model removes the importance of the variation.
Therefore, a value of 70% was used to represent translocation.

Two feedbacks are used to help give the photosynthesis equation stability.
The biomass term in the equation itself helps stabilize the equation, and
limited photosynthesis based on water availability helps prevent unreasonable
growth when dry conditions occur. The grams of water required are varied over
seasons to incorporate the effects of plant phenology into the model (McGinnies
and Arnold, 1939) (Fig. 7).

Death and Decay in the Plant Growth Submodel

Providing realistic forage values requires incorporation of death and
decay processes into the model. These processes result in non-green plant
biomass and litter compartments. Non-green plant material can accumulate when
respiration exceeds photosynthesis or when hot or cold temperatures kill plant
tissue (Fig. 8). The nan-green state is then modified as a function of tem-
perature and soll water resulting in decomposition, represented by the flow of
material to the litter compartment (Fig. 9). Both compartments are influenced
by the intensity of cattle grazing simulated in the model (Fig. 10). Heavy
grazing kills some live plant material and also knocks down non-green plant
material, adding to the flows to non-green and litter, respectively (Whitman,
1974).

Consumer Submodel

The consumer submodel is part of the feedback loop with the producer
submodel. Consumers exhibit control on plant growth as a function of the
number of animals present. Control is attributed not only to grazing by
consumers, but also to trampling loss. The model is designed to handle up
to five livestock classes, e.g. steers, calves, cows, sheep, etc. All that

is required for a consumer to be entered into the model is that the consumer
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be a ruminant herbivore and that certain pertinent information be known,
i.e. number of individuals in the consumer class, average weight per individual,
effect of supplemental nitrogen on forage consumption, etc.

The consumer's diet is composed of live and dead plant material. Inges-
tion rate is determined by simulating rumen activity (Rice et al., 1974). Rumen
capacity is determined as a constant proportion (.16) of the metabolic size
of the animal (kg liveweight '75). In all cases where a relationship to body
weight is needed, metabolic size is used to make the model more general for
ruminant consumers. The potential ingcsticn rate is the rumen capacity minus
the rumen fill, which is composed of rumen dry matter and microbial protein.
When available forage 18 not sufficient to meet livestock demand potential,
ingestion is reduced as a function of the consumer's ability to utilize limited
forage (Bement, 1969).

The dynamics of rumen fermentation are central to the herbivore intake
subroutine. The biological assumptions are that the rumen microbes control
the processing rate of foodstuffs and that the available carbohydrate and
protein determine the quantity of microbial protein which is acting on the
food ingested.

Microbial protein yield per 100g of digestible organic matter is about 8-20g
(Hume, Morr and Somers, 1970). Dietary nitrogen content is used as an index
to organic matter digestibility (Fig. 11). Thus, 100g digestible organic matter
is equivalent to 430 kcal energy. Then if microbial protein yield is 8g/g
digestible organic matter, .0186g of protein is produced per kcal digestible
organic matter (8g microbial protein/430 kcal/100g digestible organic matter).
Therefore, as nitrogen in the diet increases, digestibility increases and the
growth of microbial protein increases. However, when dietary nitrogen content
exceeds 1.8% microbial protein, growth is assumed to hold constant rather than
to be continually increasing.

Rumen microbial protein content determines how much of the potentially
digestible food will be digested. Four percent of ingested foods are digested
per day for each gram of microbial protein per metabolic size as determined
from digestion versus microbial population data. As microbial protein in-
creases, the fermentation digestion rate increases, which increases the normal
exit rate of digestible material, leaving more space in the rumen for increased
ingestion. Also, higher fermentation rates add to the normal passage rate of

material from the rumen to the intestine, again increasing potential intake.
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The amount of nitrogen in the forage is determined by the relative plant
growth rate (Fig. 12). The nitrogen in the diet is assumed to be higher than
the average in the forage due to animal selectiveness. An approximate nitro-
gen value was obtained assuming herbivores consumed three times as much green
as dry plant material. The nitrogen in the diet may also be increased by
the presence of high protein supplemental feed.

Weight gain for each livestock class is determined by subtracting metabolic
requirements from the energy resulting from digestion. Energy is obtained from
food passed into the intestine, from microprotein, and from volatile fatty
acids produced in the rumen. If this energy supply is not greater than metabolic
requirements, a net loss in weight is experienced by the animal. Weight gain
per kcal of digestible energy is a function of an animal's size compared to its
mature size (Hedrick, 1968). Thus, the larger the animal, the greater the
energy requirement per gram of weight gain (Fig. 13).

Livestock respiration, excretion and all other animal losses are assumed

to be the difference between total food ingested and weight gain.

Economic Simulation

The economic submodel was developed to generate stochastic monthly market
values from historical information. The value of livestock could then be de-
termined if we know their initial cost and supplemental feed cost and assume
rangeland grazing to be cost free.

The method used requires a vector of monthly mean market values and the
square root of the variance-covariance matrix of the dependent market values.
A vector of dependent normal random variables is derived from this information
using the methods of Naylor et al. (1966). The method entails generating the
random variables from a multivariate normal distribution with covariance.

' The economic submodel assumes a cattle enterprise for determining the
base market value. Some transformation would be necessary for conversion
to sheep or other livestock values. During the simulation, prices are deter-
mined on a monthly basis and compared with the cash value of each livestock

class enabling the current values of each class to be determined.
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USERS GUIDE TO THE RANGES GRASSLAND STMULATION MODEL

RANGES 18 written in ANSI standard FORTRAN, and has been successfully
exported to two other installations. A deck and this manual are available
at cost from the Regional Systems Program, 325 Aylesworth Hall, Colorado State
University, Fort Collins, Colorado, 80523.

The FORTRAN coded model is composed of two major parts. One is the
biological simulation and the other is the simulation programming overhead
(Fig. 14). 1In general, any simulation of interest could be substituted for
the first section, while the second section would remain unchanged, except
for the inputs.

Structural modifications to the model are described in a later section
of this report, and give insight into the simulation method used. The model
was developed in a modular fashion to allow changes and function substitutions.
Subroutines describing biological functions such as plant growth (GROW), evapo-
transpiration (ET) and ruminant consumption (RUMEN) can be substituted directly
for inadequate or obsolete functions, provided the subroutine parameter lists

remain the same. A substitution for RUMEN illustrates this point (Appendix 3).

Deck Structure

There are three sections required for running this model: (i) control
cards, (ii) FORTRAN program, and (iii) input data. The control cards re-
quired to run RANGES will vary from installation to installation. The control
cards required at CSU are discussed below to give programmers at other in-

stallations an idea of the analogous commands to give other machines.

CARD NUMBER:
1 - HI527,AFNRCSCT,T40,PR100,CM60000. RANGES.
2 - FTIN,L=0.
3 - 1LGO.
4 - 7-8-9 (multipunched in colummn 1)
5 - (7 spaces) PROGRAM RANGES (INPUT,OUTPUT,TAPE1=INPUT,

TAPE2=0UTPUT ,TAPE3=PLTSV,TAPE4 ,TAPE5)

Card 1 identifies the job and sets the physical requirements and limits
for the job. It contains the job sequence number (HI527), the charge account
number (AFNRCSCT), the time limit (40 central processor seconds), printed
page limit (100 pages), core limit (60 K), and an identification code (RANGES).
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Fig. 14.

RANGES program organization indicating modular design.
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The model requires about 16 seconds to compile and about 16 seconds to execute
for a one~year simulation with a one-day time step on a CDC 6400 computer. The
number of printed pages varies according to the output requests and whether a
program listing is obtained. The program listing alone requires about 60 pages
including loader maps, and average printed simulation output is about 20 pages.

Card 2 (FIN,L=0.) loads the FORTRAN compiler into central memory and
compiles the program. The L=0 parameter supresses the program listing to
reduce printed output.

Card 3 (LGO.) loads the object codé and executes the simulation with
the results being printed on the system output device.

Card 4 (7-8-9) separates the control cards from the FORTRAN deck.

Card 5 (PROGRAM....) is the first card of the FORTRAN deck and specifies
input and output devices. It is specific to CDC machines and is explained
in Appendix 4.

The remainder of the FORTRAN deck (Appendix 2) follows Card 5 and is
trailed by another separator card (7-8-9). The data section follows the end
of record card (7-8-9) and can be composed of as many as four parté: (1) out-
put control directives requesting variables to be printed and plotted, (ii)
user supplied data cards which define the simulation input variables, (iii)
data cards generated from the program PREGEN if stochastic precipitation is
desired or sine function parameters for precipitation, and (iv) sine function
parameters for temperature.

Different control cards are necessary i1f abiotic data is to be input
from a magnetic tape; for example:

Job Card

FIN,L=0.

COPYCR, INPUT,DATA.
REQUEST,EXFILE,HY,ID-D0245,READ.
REWIND,EXFILE.

COPYCF ,EXFILE,DATA,1.
REWIND,DATA.

LGO,DATA.

7-8-9
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The gist of these control cards is to copy the data following the program
deck, onto a file called DATA. Secondly, request a magnetic tape with the
necessary abiotic data on it and copy that information onto the file called
DATA following the information from the previous copy. Finally, execute the
program with file DATA attached as the input file. It should be noted that
the input format in SUBROUTINE RECRD should correspond to the format of the
abiotic tape. Also, specification of stochastic weather generation requires
running a separate program (PREGEN) to obtain input parameters for the geo-

graphic point of interest (Appendix 5).

Data Section

The data section follows the end of record card (7-8-9), which trails the
FORTRAN deck, and consists of two parts. The first part of the data section
is a set of output control directives requesting variables to be printed and
plotted. The second part consists of user-supplied data cards which define
the input variables for the simulation. The last data card must be a blank

trailer.

Output Control Directives

All output control directives contain the following data fields:
COMMAND. nl,n2,n3,-°+,nl4,.
The command begins in column 1 and contains no embedded blanks. Legal commands
are PRINT, FLOW, PLOT, and END. The integer constants nl through nl4 are
right-justified in fields of five columns each, starting in column 11. Note
that some fields may not be used by some commands.

The card columns of each of the fields are:

Field Card Column
COMMAND 1-10
nl 11-15
n2 16-20
n3 21-25
nl4 76-80

The output directives PRINT, FLOW, and PLOT may appear in any order before
the END. card,
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PRINT Directives

The state variables X(J), J=1,99, may be requested for tabular output
by PRINT directives. Upon encountering a PRINT command in columns 1 through
6, the card is scanned in numeric fields of five columns each, starting in
column 11 and ignoring blank fields. All constants encountered are inter-
preted as the indices of the state variables to be printed. Note that the
constants must have values which range from one to 99. There is no limit to
the number of PRINT cards which may be used. The time interval between
printouts is the value of DTPR.

FLOW Directives

The current values for any of the flows between state variables may be
requested by the command FLOW.

The command FLOW appears in columns 1 through 5. Successive pairs of
numeric fields are then interpreted as the indices of the flows to be printed.

For example:
FLOW. 11se” 1112

would print out the flows between X(1l1) and X(12). As many FLOW cards as
necessary may be included. If a flow is requested which does not exist, the

flow is ignored. The interval between FLOW printouts is the value of DTFL.

PLOT Directives

A graph of a state variable over time may be requested by a PLOT command.
The command PLOT., appears in columns 1 through 5. The first numeric field in
columns 11 through 15 is interpreted as the total number of plots or graphs
which are needed. The rest of this card is left blank. The cards which
follow the PLOT card must be blank in columns 1 through 10. The number of
these cards must equal the total number of plots desired, as each card gen-
erates a graph. The indices of the state variables which are to be plotted
together appear on the same card in the first five numeric fields. There
can be at most five variables plotted per graph and at most 20 graphs, i.e.

at most, 20 cards after the PLOT card.
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Example:

PLOT. 2
80
21 11 12

In the above example, there will be two graphs. The first will plot
state variable 80, and the second graph will plot state variables 21, 11
and 12.

The interval between plotted values is DTPL. This part of the data
section must be terminated by an END. card beginning in column 1, whether

or not tabular or graphical output is requested.

User Supplied Data

The second section contains initial values of variables for the simu-
lation according to the following order and format (Note: the current state
of the model requires DT = 1):

lst card: TSTRT, TEND, DT, DTPR, DTFL, DTPL
FORMAT (8F10.0)

2nd card: X(10), X(11), X(12), X(21)
FORMAT (8F10.0)

3rd card: NCLAS, MODT, MODP, INYR, AREA, FCAP, THOLD,
WILT, SOILA, SOILB, TINIT
FORMAT (3I1, I2, 5X, 7F10.0)

Note: SOILA and SOILB are not presently used in the model but are available
to the user for future development.

If NCLAS is zero, i.e. there are no herbivores present, then the follow-
ing cards up to the weather data input are not read and should not be present
in the data deck. Otherwise, there should be J=1, NCLAS cards following plus
the price variance-covariance matrix and mean price vector.

IN (J), MKT (J), INFD (J), NOFD (J), LVWT (J), SUPRT (J),
SUPPR (J), STKNO (J), SUPN (J), MSZ (J)
FORMAT (413,8X, 6F10.0)

The next 24 cards contain the animal class price variance-covariance

matrix, six elements per card.



29

PROCOV (12, 12)

FORMAT (7X,6(E10.4,1X))
The user would probably want to use the supplied variance-covariance matrix
as it represents several years data and then modify PRMN, the mean net price

to correspond with the current market status.

Note: The matrix is actually read into a vector PRCOV(144) by columns and

later passed to subroutine NRM as a matrix.

The next two cards contain the mean monthly animal price per hundred-
weight.
PRMN(12)

FORMAT (7X,6(E10.4,1X))
The last two card sets are read if MODP or MODT equals 2 or 3.
MODP = 2: three sine function coefficients: Hl, H2, H3
FORMAT(3F10.0)
MODP = 3: seven cards, the title and three sets of Fourier coefficients:
(NAME(I), I=1,3)
FORMAT (2A4,A2)
3 pairs:
NT,Al
FORMAT (13,F10.0)
(A(1), B(I), I=1,NT)
FORMAT(12F6.4)
The first two cards have the number of terms and coefficients for the
Fourier representation of the weekly averages of the probability of a dry
day. The second two cards represent the probability of a dry day preceded
by a dry day and the third pair represents the average weekly storm size.
Last card: MODT = 2 or 3: three sine function coefficients: H4, HS5, H6
FORMAT (3F10.0)
The variables used above are defined in Appendix 1. An example set of
user supplied data is given in Table 1. These inputs are representative of

the Pawnee National Grasslands.
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Table 1. Example input variables to the RANGES grassland simulation model.

Paramecter Input Value Dimensflon Description
System Control Parameters TSTRT 0, Day Starting aimulation time
TEND 365. Day Ending simulation time
DT 1. Day Simulation timc step size
Abiotic Paramcters X(21) 20. mm H20/top 250 mm soil Initial goil water level
WILT 10. mm H20/top 250 mm soil Soil wilting point
FCAP 40. mm H20/top 250 mm soil Soil field capacity
THOLD 50. o H20/t:op 250 mm soil Total water holding capacity
of soil
MODT 2, Control variable Temperature generated by
sine function
MODP 2, Control variable Precipitation generated
by a sine function
AREA 320. Acres Area to be simulated
H1 14, Dimensionless Amplitude of precipitation
sine wave divided by two
H2 60, Dimensionless Displacement along time axis
H3 0. Dimensionless Displacement along vertical
% axis
H4 30. Dimensionless Amplitude of temperature
sine wave divided by two
nS 120, Dimensionless Displacement along time axis
H6 22, Dimensionless Displacement along vertical
axis
Biotic Parameters X(10) 0. g/ln2 Initial warm season plant
biomass
Xx(11) 0. 'g/mz Initial cool season plant
biomass
X(12) 20. g/m2 Initial standing dead plant
biomass
IN 0. Day Stocking day
) LVWT 400, 1b Initial average body weight
for animal class
MKT 365. Day Market day
SUPRT .001 Body weight proportion Supplemental feed rate
INFD 280, Day Begin supplemental feeding
NOFD 3%5. Day End supplemental feeding
SUPPR .025 $/1b Supplemental feed cost
STKRO 30. Number Number of animals
SUPN 25. 2 Supplemental feed nitrogen
content
MSZ 1200. b - Mature body weight for
3 animal class
NCLAS 1. Number Number of livestock classes
Economic Input Parameters PRMN Matrix ' ) $/ewt Mean net prices
PRCOV Matrix $/cut Price variance-covariance

matrix
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Modifications

Additional output. If additional output is needed, FORTRAN WRITE state-
ments using logical unit number 2 or FORTRAN PRINT statements may be inserted
in the program wherever they are desired. They must be accompanied by the
appropriate FORMAT statements.

Additional state variables and flows. 1In order to add additional state
variables, the variable XNST and the array XST(99) must be altered in the main
program. XNST is the number of state variables used and XST(99) is a list
of state variable indices.

For example, if the state variable 7 is to be added to the program, the
value of XNST must be increased by one, and the number 7 entered at the end
of the array XST(99).

In order to add additional flows to the program, the variable XNF and
the array XFR must be altered in the main program. XNF is the number of
flows and XFR is the flow reference table.

For example, if the flow from state variable 7 to state variable 39 is
to be added, the value of XNF is increased by one and 739 is entered as the
last entry in the array XFR.

In addition to the above changes, the FORTRAN code of the flow must be
added in SUBROUTINE XFLWS as follows:

XN=XN+1

FORTRAN CODE

XF(XN) = F

where F is the flow between 7 and 39.

Substituting Subroutines

RANGES was specifically designed to keep processes, as much as possible,

within one routine. Thus, new subroutines can take the place of the original
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ones provided the subroutine argument list remains the same. Care must be
taken that variables used in other parts of the program are not left undefined
in a new subroutine. If additional variables are needed in a subroutine,

some minor programming changes can be made to meet this end. This capability
allows detailed site specific information to be readily entered into the model
in functional form. An example of such a substitution is shown in Appendix 3.

CASE EXAMPLES

Applicability of the model to a wide range of conditions is presented
as a series of case examples run on three different experimental range sites.
First, the whole model is exercised using Pawnee Grasslands input parameters.
The Pawnee Site is simulated again, only without grazing, and the results are
then compared to simulations of the Dickinson Site in North Dakota and the
Eastern Colorado Range Station (ECRS) in Colorado. The only alterations re-
quired when running the model on any of these sites are new soil water parameters
and appropriate driving variables for the site, i.e. temperature and precipitation
data.

Example 1: Pawnee Grasslands

This example illustrates all of the model components, i.e. soil water,
plant production, livestock grazing and economic considerations. The discussion
of the model function should help when interpreting the other case examples.
Input parameters used to generate these results are given in Table 1.

A simple sinusoidal function was used to generate daily precipitation
and temperature values for a one-year run. Soill water rises sharply during
the spring when there is precipitation and little evaporation to remove water
from the soil. As soon as the temperature increases, soill water is lost
both through evaporation and transpiration (Fig. 15). Above 5°C cool season
plants initiate growth and above 10°C warm season plants begin growing (Fig.
16). A five-day growth initiation period is allowed for the plants, after
which 70%Z of the photosynthate per day is assumed to be translocated to the
roots. Plant production responds to soil water level and average daily air
temperature. Growth continues, contingent on soil water availability, until
45 days have elapsed or a decrease in production is experienced. Either of

these conditions causes senecence to begin and the accumulation of standing
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dead plant biomass which results. Early in the year, the previous year's
standing dead plant biomass is decayed by the presence of spring moisture.
After the phenological peak, standing dead plant material begins accumulation
until the decay rate exceeds the accumulation rate.

Temperature is used to regulate plant mortality with extremes of hot or
cold increasing the death rate. Soil water is used as an index to the flow
of standing dead plant material to litter in conjunction with temperature.
Thus, standing dead plants decay rapidly in the spring when it is warm and
wet, and in the fall, if precipitation occurs. Again, the presence of live-
stock contributes to litter accumulation as well as trampling loss to green
plant material.

Simulated cattle grazing (30 steers averaging 400 1b each) was begun
at day one and continued for the entire year (Fig. 17). Lack of available
forage and low quality forage caused the cattle to lose weight rapidly until
plant growth began. After this point they gained weight at a reasonable rate
(1.6 1b/day) for the remainder of the growing season. At day 280 supplemental
feed was given which kept the cattle from losing weight late in the season
when forage was again at an inadequate level. Knowing the purchase price and
the cost of supplemental feed allows the net cost of cattle to be determined,
assuming no cost for grazing on private rangeland. Market value for each month
of the year is generated stochastically (Fig. 18) in the model and allows net
financial gain to be determined (Fig. 19). As many as five classes of ruminant
livestock can be simulated per run; however, the market values presented here
are based on cattle prices. Note that random number generators in different

computers will result in different livestock prices and market values.

Example 2: Pawnee Grasslands

The Pawnee Site has sandy loam soils and a semiarid climate with an
average yearly rainfall of approximately 11.7 inches. Warm season plants
are generally predominant; however, the relatively large annual precipitation
used in the simulation (l4 inches) gave more cool season plant growth early
in the season than warm season plants ever achieved (Fig. 20). This phenom-
enon has been observed at the Pawnee Site. Notice this run produced more

than the previous run (Example 1) because livestock were absent.
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The input parameters for this run were:

THOLD = 50mm

FCAP = 40mm

WILT = 10mm
Precipitation - sine function

Temperature - sine function

Example 3: Eastern Colorado Range Station

Eastern Colorado Range Station (ECRS) is located on a sand hills site
which gave it different soll water characteristics. A stochastic precipi-
tation routine was used to generate rainfall events. The random occurrence
of the events allowed periods of dryness when plant growth was reduced. The
resulting regime gives less growth in contrast to a sine function which gives
a daily soil water increment which only allows drying to occur at the end of
the "rainy season." Thus, the stochastic precipitation gives more realistic
results for the semiarid eastern Colorado climate. The precipitation regime
ylelded 15.7 inches (Fig. 21) which is about average for ECRS (average = 16.7
inches); however, a fair amount of precipitation occurred in the fall, giving
late season growth. The warm season plants had the biggest response because
the cool season plants were essentially dead after a hot, dry August (Fig. 22).
Similar yield compared to that at Pawnee, i1s attributed to the stochastic
weather; normally, higher production would be expected due to more rainfall
at ECRS than at the Pawnee.

The input parameters for this run were:

THOLD = 35mm

FCAP = 25mm

WILT = 7.5mm
Precipitation - stochastic

Temperature - sine function

Example 4: Dickinson Site

The Dickinson Experimental Range is located in North Dakota. It receives
slightly less annual precipitation (15.9 inches) than ECRS but has lower average

temperatures and thus, lower evapotranspiration rates. Consequently, more
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growth can be expected at the Dickinson Site. In fact, this is what happens
both in the field and in the model results (Fig. 23). Another expectation
would be an increased ratio of cool season to warm season plants, which is
accurately simulated by the model. The soils at Dickinson are of the Flasher
Vebar Complex.

Input parameters were:

THOLD = 38.5mm
FCAP = 35mm
WILT = 15mm

Precipitation - Fourier series representation of historical data
(a sine function was not used because of multiple
dips in the average precipitation curve)

Temperature - sine function
CONCLUSIONS

The work reported here was based on a hypothesis regarding modeling eco-
systems. The hypothesis is that complex ecosystem level models are, in general,
too sophisticated to be readily usable by management personnel and that their
heavy data requirements restrict the ease with which they can be used at
different sites. Therefore, a management oriented model was proposed which
would focus on the crucial mechanisms that were determined by ecosystem level
modeling efforts in an attempt to represent a multitude of possible sites
with only a minimal data requirement. The model developed from these hypotheses
has been tried on three sites.

The submodel that is important in terms of representing a site adequately
is the plant growth model. The livestock submodel will respond according to
plant production so its variation is primarily a function of the plant modei.
The soil water submodel, on the other hand, is instrumental in simulating
plant production. Therefore, the evapotranspiration and plant production
functions must be very versatile and give reasonable results. The model was
tested on three different sites for its ability to represent each site by

changing only the specified input parameters. First attempts at running the
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model at a new site using parameters tuned for the Pawnee site produced
erroneous results. In order to adequately represent multiple sites compromises
were made on some parameters. The resulting model gives reasonable results,
but has some problems. For example, the simulated cool season plants exceed
warm season plant production at the Pawnee site. This is not the usual case;
however, under some conditions and on certain sites it does occur.

A second problem with the model is the timing of warm season growth.

It begins growth at the appropriate time but often continues to produce well
into the fall, a phenomenon not usualiy observed. Finally, the plant pro-
duction at the Eastern Colorado Range Station appears a bit low considering
the amount of rainfall received. However, given that the precipitation was
stochastic, the effective moisture may not have been very high.

Such problems are to be expected when a model is built attempting to
incorporate realism and generality at the expense of precision. The problems
can usually be remedied by specifying some parameters for the particular site.
But this should be done by a user and was not the intent of the modeling
activity. Another possible solution to model inaccuracies is increased reso-
lution in some of the mechanisms or additional mechanisms that may be important
at a particular site.

With the results to date it would be impossible to state conclusively
that a simple general model capable of handling a wide variety of sites can
be built. On the other hand, it is not possible to say it cannot be done as
this effort has shown. Rather it appears that with more knowledge about
certain key mechanisms the results could be significantly improved on multiple
sites and the hypothesis conclusively tested. A few of the important relation-
ships that need further study follow.

Most general evapotranspiration functions are extremely complex and
require many parameters that are not usually measured except at experimental
sites. A general relationship with easily obtainable data inputs seems
plausible with a semi-physical relationship such as evapotranspiration. Also
some more general photosynthesis and respiration rate information would be
helpful. Information currently available is species specific and it would
be useful to know what factors are responsible for the observed variations

in response trends.
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If relationships such as the above can be developed then there is a good
chance for simple general models; otherwise models will have to be site specific

to be useful for management.
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Name

Al

A(I)

AEN

AFAC

ANOS (I)

ANTOT

AREA

ASZ

AVATL

B(I)

BASE(I)

CAP
CASH(I)
CBM

CH

cp
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APPENDIX 1

Variable names, definitions and units

Description

The first parameter of a Fourier series - the
mean value over the time interval

Array of Fourier sine coefficients for the terms
remaining in the series I=1,2.

Available energy for gain

Grams microprotein growth per kcal digestible
organic matter

Actual number of animals of class I, I=1,5

Total livestock numbers of all classes currently
grazing

Size of grazing area - input in acres converted
tom*m

Proportion of mature size per livestock class
Forage availability

Grams of water needed to produce 1 gram of plant
biomass

Array of Fourier cosine coefficients - I=1,2

Price paid for stock when they are put on the
pasture. I=1,5

Total rumen capacity

Amount invested in class I, I=1,5
Cool season green plant biomass
Chlorophyll in green forage

Maximum cool season plant photosynthesis per day

Proportion of warm season plants for total growth

Unit

variable

variable

kcal/day

g/kecal

numbers
numbers

m*m
proportion

proportion

g H20/g plant

variable

$
kg/day
$

g/m”
mg/g

g Ps/g/day

proportion



Name

CRMAX

DDAY

DG

DIG

DIIT

DMP

DMX

DOM

DPF

DRDM

DRTD

DS

DT

DTFL

DTPL

DTPR

ECR

EFAC

EO
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Description

Maximum cool season plant respiration rate

Percentage of green and dry forage that is

digestible; second computation includes supplemental

feed

Julian day of the year, same as IDAY only a real
variable

Digestible component of all intake

Total potential digestion, the sume of residual
material digested from previous time step and
current digested material

Nitrogen content of animal diet

Microprotein growth

Green plant death loss

kcal contained in food eaten and digested

Effect of soil water on dead plant disappearance

Change in rumen dry matter

Effect of temperature on disappearance of dead
plant material

Proportion of supplemental feed to total
ingestion

Solution time step for integration

Time step between flow printouts

Time step between plot value storage

Time step between printouts

Effect of temperature on cool season respiration

Proportion of volatile fatty acids to fermented
energy

Potential evapotranspiration

Unit

g Rs/g/day

proportion

days

kg

proportion
proportion
g/day

g lost/g/day
kcal/day
proportion

kg/day

g lost/g/day

proportion
days
days
days
days

proportion

proportion

mm H20/250mm soil



Name

ESMC
ESMW
ET
ETC

ETODC

ETODW

ETW
EVAP
EWR

EXR

EYR

FCAP
FCONS

FRDR

GAIN(I)
GAN

GC

GFAC

GN
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Description

Effect of soil water on cool season photosynthesis
Effect of soil water on warm season photosynthesis
Actual evapotranspiration

Effect of temperature on cool season photosynthesis

Effect of temperature on green plant death for
cool season plants

Effect of temperature on green plant death for
warm season plants

Effect of temperature on warm season photosynthesis
Evapotranspiration

Effect of temperature on warm season respiration
Exit rate - combination of digested intake and
constant passage rate, constrained to be less

than .95

The rate at which eaten food passes through the
digestive tract

Soil water field capacity
Total forage consumption
Fermentation digestion rate

Percentage of the forage that is green plant
material

Animal weight gain by livestock class I, I=1,5
Animal weight gain

Cool season plant growth returned to XFLWS from
GROW

kcal energy required for 1 gram of gain

Nitrogen content of green forage

Unit

proportion
proportion
mm H20/250mm soil

proportion
proportion

proportion

proportion
2

mm/m"~ /day

proportion

proportion

proportion
mm H20/250mm soil

g

proportion

proportion
g/mZ/day

g/mz/day

s;/m2

kcal/gram

proportion



Name

GNIN(I)
GNN
GPLUSD

GR

GROW

GW

H1

H2

H3

H4

H5

H6

IDAY

I1G

IN(I)

INFD(I)

INYR
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Description

Intake of live forage by livestock class I, I=1,5
Intake of live forage
Total green and dry forage present

Total cool and warm season growth used for con-
straining growth to a rate compatible with ET

A FORTRAN function subroutine

Warm season plant growth returned to XFLWS from
GROW

Amplitude of sine wave divided by two for
precipitation

Sine wave displacement along time axis for
precipitation

Sine wave displacement along vertical axis for
precipitation

Amplitude of sine wave divided by two for
temperature

Sine wave displacement along time axis for
temperature

Sine wave displacement along vertical axis for
temperature

Julian day of the year
Ingestion rate

Time of simulation, same as TIME only an integer
variable

Stocking day for livestock class I, I=1,5

Beginning date of supplemental feed for livestock
class I, I=1,5

First calendar year in which weather data is read
from a tape (MODT = 1)

Year of simulation

Unit

g/day

g/day

g/m2

g/mz/day

g/m’

inches
days
inches
degrees
days

degrees
days

kg/day

days

day
day

year

year



Name

JUDAY

KC

LVWT(I)

LWT(I)
MEN
MIPRO
MIPROW
MISS
MKT (I)

MODP

MODT

MON
MPAS

MSZ
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Description

Julian day read from weather tape

Counter which keeps track of days elapsed since
growth initiation

Counter to allow five days growth initiation for
cool season plants

Counter to allow five days growth initiation for
warm season plants

Year of recorded data read from weather tape
Average individual animal weight. Input is in
pounds, converted to grams in START. Total
animal weight is found in each flow by
multiplying by STKNO(I)/AREA

LVWT in pounds

Energy derived from microprotein

Microprotein level in the rumen

Microprotein per metabolic size

Indicates when data is missing from weather tape

Market day for livestock class I, I=1,5

Indicates method used for computing

precipitation

1 = read from a tape

2 = compute from sine function

3 = compute using stochastic generator
Indicates method used for computing
temperature

1 = read from a tape

2 = compute from sine function

3 = compute from sine function

Month of the year
Microprotein passage rate

Mature size of livestock

Unit

day

days

days

days

years

pounds

kcal/day

g
g/kg
dimensionless

day

dimensionless

dimensionless

months
g passed/g/day

g



Name

N

NAME

NCLAS

NDIET

NFOR

NFRDR

NGN
NITRO

NOFD(I)

NRA

NRM

NT

0]

OMIN(I)

OMN

P

PASFD
PEN
PFL

PH
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Description

Size of PRICE vector and PRCOV matrix

Station or ranch name for which weather parameters
entered for stochastic generator

The number of animal classes

Percentage nitrogen in the diet, including
supplement

Percentage nitrogen in the forage

Proportion of intake digested per gram of
microprotein, normal fermentation digestion rate

Nitrogen content of live forage
A subroutine

Ending date of supplemental feeding for livestock
class I, I=1,5

1 if no rain on IDAY, 2 if rain occurred; can
be used to lower temperature when rain occurs

A subroutine

Number of cycles used in Fourier series, generally
2 if PREGEN (Appendix 5) data used

Percentage of forage that is dry plant material

Intake of standing dead forage by livestock
class I, I=1,5

Intake of standing dead forage

P(W/D) or P(W/W) depending on the occurrence of
a storm the preceding day

Passed food
Energy obtained from passed food
Cumulative precipitation

Phosphorus content of forage

Unit

dimensionless

hollerith

numbers

proportion

proportion

proportion

proportiown

days

dimensionless

dimensionless

proportion

g/day

g/day

proportion
kg/day
kcal/day
mm

proportion
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Name Description Unit

PHOS Percentage phosphorus content in the diet proportion
PP Precipitation values read from weather tape inches

PPT A FORTRAN function subroutine

PR Protein content of live forage proportion
PRC Monthly livestock prices $/cwt
PRCOV(T) Variance-covariance matrix for livestock class

net prices: I, I=1,144

PRICE(I) Actual net price for livestock classes I, I=1,12

computed from PRMN(J) and PRCOV(I) for random

normal deviates $/cwt
PRMN(I) Mean monthly net price for livestock classes

I=1,12 $/cwt
PROT Forage crude protein content proportion
PT Daily precipitation mm
PW Plant water proportion
Qo0 Probability of a dry day preceded by a dry day;

converted to probability of a wet day preceded

by a dry day probability
Q1 Probability of a dry day; converted to probability

of dry day preceded by a wet day; converted to a

probability of a wet day preceded by a wet day probability
Qc Scaling parameter for ESMC, a function of FCAP

and WILT dimensionless
QW Scaling parameter for ESMW, a function of FCAP

and WILT dimensionless
R Uniformly distributed random variable proportion
RDM Rumen dry matter kg
RDMD Rumen dry matter digestible kg/day

RFL Rumen fill kg/day
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Name Description Unit
RG Relative growth rate of live forage proportion
RGR Relative growth rate of live forage proportion
RUMEN A subroutine
S Dummy variable computed in SUBROUTINE SER, used

for Q0, Ql and XLAM dimensionless
SD Nitrogen content of dry forage proportion
SG Supplemental feed ingested kg/day
SITE Station name for weather tape hollerith
SOILA(SLA) Input parameter for soil nutrient modifications
SOILB(SLB) Input parameter for soil nutrient modifications
STKNO(I) The number of animals in livestock class I, I = 1,5 numbers
SUPL Proportion of supplemental feed to animal

weight proportion
SUPN Nitrogen content of supplemental feed proportion
SUPP(I) Total price of supplemental feed for livestock class

I, 1=1,5 $
SUPPR(I) Price of supplemental feed for livestock class

I, i=1,5 $/1b
SUPRT(I) Supplemental feed rate for livestock class I,

I=1,5. Proportion of body weight proportion
SUPWT (I) Total supplemental feed given to livestock class

I, I=1,5 1bs.
SW Soil water mm H20/250mm soil
T Mean 5 day temperature °C
Tl Variable to save the last good maximum daily temp-

erature value in case a missing value is encountered
when reading a weather tape °F



Name

T2

TEMP
TEND
THOLD

TINIT

TMIN

TOTAL

TP

TP (1)

TR
TSTRT
UNDFD
A

VALUE(I)

VFA
VITA

VL75

WBM
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Description

Variable to save the last good minimum daily temp-

erature value in case a missing value is encountered

when reading a weather tape

A FORTRAN function subroutine

Ending time of simulation

Total water holding capacity of soil

Parameter used to initialize random number
generator

Maximum daily temperature read from a weather tape
Minimum dajily temperature read from a weather tape

Sum of VALUE(I), I=1,5. Each value taken at
MKT(I), I=1,5

Same as TP(I) in subroutine RECRD - current average
daily temperature

Stack of the past five days mean temperature used
to compute five day average

Mean daily temperature
Starting time of simulation
Undigested food

Vitamin A in live forage

Amount received for livestock class I, I=1,5
on market day

Energy from volatile fatty acids
Vitamin A in live forage

Metabolic size, based on kg body weight for average
sized animal from livestock class I, I=1,5

Warm season green plant biomass

Unit

°F

days

mm H20/250mm soil

odd number
°F

°F

°F

*C

day
kg/day

mg/gm

$

kcal/day
mg/gm

kg

2
g/m



Name

WILT

X1011

X10TO

X11TO

XLAM

ZZ2(1)

X(1)
X(2)
X(3)
X(4)
X(5)
X(10)
X(11)
X(12)

X(21)
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Description

Soil wilting point
Maximum warm season plant photosynthesis per day

Percentage of total growth made up by warm season
plants

Maximum warm season plant respiration per day

Sum of the state variables X(10) and X(11l) used to
determine when phenological peak has been reached

The amount of X(10) present at the previous time
step

The amount of X(ll) present at the previous time
step

Daily lambda parameters generated by a Fourier
series which when substituted into an experimental
transformation yield storm size predictions
Intermediate computation for price generation,
I=1,12

State Variables

Livestock class 1

Livestock class 2

Livestock class 3

Livestock class 4

Livestock class 5

Warm season green plant biomass
Cool season green plant biomass
Standing dead plant biomass

Soil water

Unit

mm H20/250mm soil

g Ps/g/day

proportion

g Rs/g/day

2
g/m

2
g/m

g/m”

inches

dimensionless

mm H20/250mm soil
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X(31) Atmospheric water source mm
X(32) Water sink mm
X(34) Respired gases and litter g/m
X(J) J=41, 45. - VALUE(I), I=1,5

X(J) J=46, 50. - BASE(I), I=1,5

X(J) J=51, 55. - SUPP(I), I=1,5

X(J) J=56, 60. - CASH(I), I=1,5

X(J) J=61, 65. - SUPWT(I), I=1,5

X(@J) J=66, 70. - LWT(I), I=1,5

X(71) SEASN

X(72) T

X(73) GN

X(74) PH

X(75) PR

X(76) CH

X(77) v

X(78) PW

X(79) FCONS

X(80) PFL

X(J) J=81, 85. - ANOS(I), I=1,5



Name

ET
PPT

TEMP

GROW

NITRO

RECRD

RUMEN

SER
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Function Subroutines

Description

Calculates evapotranspiration
Calculates precipitation

Calculates temperature

Subroutines
Calculates plant growth
Calculates nitrogen content of the
forage

Stochastic price generator

Read a weather tape

Calculate forage intake and animal gain

Generates a Fourier series given
Fourier coefficients

Argument List

(SW, TR, FCAP, THOLD, WILT)
(IDAY, MODP, TIME, TSTRT, NRA)

(IDAY, MODT, NRA, TIME, TSTRT)

(wBM, CBM, SW, TR, SL* SLB,
GW, GC, FCAP, WILT)

(RGR, NGN, PH, PROT, CH,
VITA, PW)

(PRICE, PRCOV, PRMN, N, ZZ)

(TIME, TSTRT, IDAY, INYR,
IR, P)

(LVWT, SUPN, SUPL, OMN,
GNN, GAN, MSZ, RDM, RFL,
RDMD, MIPRO, VL75)

(NT, Al, A, B, S)
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APPENDIX #2

FORTRAN listing of the RANGES grassland simulation model.
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PRUOGHAM NANGLES
TUINFUTsUUTRUT oPL ISV TAPESEINPIT ¢ TAPEASULITRIITo | AFF JmP| TSVeTAPFG,

PTePET)
c
[of o of of o of B of of of of S O of o o of o o of of o ¥ o o o O o & of W S0 o f of o o A o o WY o o L O Y of of o o of o of o o o o o o o o o o oo o o o o o ! o4
c ¢
XA ax XX XX xx XX XA xR XX XX xx A
XX AA XX xx AR KK AR AX X% XX AN XX
XAXX XNRR AXXX XXy XXXX XXX

XXXXXXAANX  RAXKXRXRRAK XAXXRXEXAX ANARXKXXXAA XXXKXERXXRX XXXXXXXXXX
XXXXRXXAAKX  XXXXXAXXXA XXARXRXXXXR XXAARKXRAR XAXXXXXXKR XXXAXXXHXX

ARXA AXXR AXAR AXXY XXX ARXX
kX AA XX X XX AaX AKX XX xx XX XX XX
AR AX RX X xR 13 YA XA XX X R AX
XXXKXXXKAX AXRAXRAXX xx XX RAXXXX XA AXXXXXXXXX XXRXXXXX
AXRKRAXAAXKK XAARXXXKXX  RUX XR ANAKXXXKXAA XAAXXXXAXX NXXXXXXXXX
xXx xx Xy XX RXX XX x¥ AA XX xx
XX XX XX XX Ax X Xx o xx : XX XX
xx XX XX XX KX XA XX XX x xX
XXXAXXAAKX KXRXXXXXXX XX X LY S § § XXxA XXX¥XX AXXXXXXXX
AXXXXXRAX XXRAXXXRXXX XA X XX XX XXXAA  WuXXXX XXXXEXXXXX
XX AX xx XX KR A XX XX AN XX XX
XX R X AR XX AX XY Xx AR XX xx
xx XA X XX XX XXXX XK AN XX XX
XX AR xXx XX XX AXAR  XXAXXRXXAA  XEXXXXRXXAXX  XXXXXXXXXX
xx XX Rx X RX AXX XAXKXXXRA XXXXRXXXXX XXXXRXXX
XX AR X XX AX X XA xR RX xX XX XX
XX XX XX Xx XX XX AKX XX XX XX XX XX
XXXX XXXX XXX XXXX XXXX XXxX

EXRXARKANX  XXXXXXRXXX XAXAXXXXKX XXAXXXXXAA  XXXXXXXXXX XXXRXXXXKX
EAXXXXRANK RXXXKRLAXXX  XXXAXXXXXX XXAKRXKXXAA  XAXXXMXXERX XXXXXXXXXX
AXXX KXXX AXXX AXxX XXXX XXXX
AK XA XX XX AR XX AX XX xx xx XX XX
XX AX xx xx AR XX XA XA xx XX XX XX

cceeceeceececceecccececcecceecceecececceccecececuccecelccececcccecceeececceceeccececece

TH1S PROGRAM WAS ADAFTED HY RRAD J, OGILBFRY FROM A MODEL
DEVELOPFU HY GEORGE Se INNIS AND RTICHARN MISKIMINS, THE INPUT
AND VUTPUT SUHKOUTINES WEKRE WHITTEM dY JON GUSTAFSON,

CPBORCCNNOBNEBEORINRVVNODNNGQROORQOINRRREY

PURPUSE = THE OEVELOPMENY OF A GRASSLANN ECOLOGICAL
STMULATIUN MONEL COMPOSED OF A PLANI GROWIR SYSTFM, SOTL
WATER SYSTEMe ECONOMIC SYSTEMs AND A CONSUMFR SYSTFM
USEU TO INVESTIGATE VARIQUS MARKFTING STRAIEGIES ALONG wITH
CATTLE MANAGFMENT PRACTICES aND TO SHOW Tht EFFECTS OF THIS
ENTIRE CUOLLECTION ON INCOME.

VOOBNDRANGOOABNONOORNNOQTNRARNONQRGOORBRS

PROGRAM UNTTS- (MAIN PROGRAM) = RANULFS
{SUBFPROGRAM) = HLOCK DATA
(SUBROUTINES) = CYCLEy CYCL1e CYCL2y GROWS NITROs NRM,

RECRDy RUMEN, SERy START, AFLWSe XGRAPH,
XKOUTse XPLGFNe XPLOTe XPRINI, XKNDy XUNPAK
(USEX DEF INED FUNCTIUNS) = ETe PPT, TFMP
(CONTROL DATA UTILTTY FUNCTTIONS) = KANF
(CONIROL DATA UTILITY SURROUTINFS) = RANSE]
(EXTERNAL ANSI FUNCTIONS) = ALOGs CUSes FXPs SINs SORT
(INTHINSIC ANS] FUNCTIONS) = ARS, AMAX]e AMINTe THT, MOD

ABS FINDS THE ABSOLUTE VALUF 0t A REAL ARGUMENT,

ALOG FINNS THF NATURAL LUGARITHM OF A REAL VARIARLE.

AMAX] CHOOSFS THF LAWGFST VALUE AMONL A | IST OF RFAL
ARGUMENTS. AS A RFSULT THE NUMRFR UF ARGUMENTS MUST RE TWO
OR GHEATER,

AMIN] CHONSFS THE SMALLEST VALUE AMONG A LIST OF REAL
ARGUMENTS, AS A RPESULT THE NUMAFR UF ARGUMFENTS MUST BE TwO
OR ORFATER,

COS IS THF TRIGUNUMETHRIC COSINE WITH IME ARGUMENT
IN KRADTANS AND TYHF WEAL.

EXP IS AN EXFONENTIAL FUNCTION WITH A ReAL ARGUMENT,

INT IS A FUMCTION [HAT THRUNCATES THE VALUE OF A REAL
VARTABLF TO BFCOME AN INTFGeR VARIAULF,

MON COMPUTFS THE FEMAINDER FROM AN INIEGFR DIVISION OF
INTEOFR ARGUMFNIS,

PANF IS A WRANDUM NUMAER GENFRATOR wHICH REFTURMS VALUFS
UNTFURMLY DISTRIPUTLD OVFR THE INTErRvVAL REIWEFMN 2FRO AND ONE
INCLUDTING ZERD HUT NOT INCLUDING OME.  THE AKGUMENT IS JUSY
A DUMMY WHICH Fr)S UP HETMG JONOKRFN,

RANSET TMITIALIZES A («FHERATIVE VALIIL FOP RANF, THF
ARGUMENT 1S A HIT PATTFRN WITH RIT £FR0 Sel 1N ) (FCRCED
00N) BANN HITS S9 TiwOuUGH ob SET TO 1717 OLTAL,.

SIN IS Tt TRIGONGE TRIC STME w1TH THE APGUMENT [N
RADIANS AND TYPF K¢ AL,

SORT CALCULATIES THE SQUARF ROOT OF J195 RFAL ARGUMENT,

(e N N s N e N e N e N s N N e N N e N e N o N N o N s N e N e N e N e R o N e N N e N e N e N N N o N e N N e N e N e N e N N e N N N N s Nl o N N s N N Ko R N N e N N s N N e N e N o s N N NN e N s N N o N e NN N N e N N NN e N o N aNe Na X o NoNaReNaNaNaNal ol sl
OO0 0O00OO00NNNA0ONOOO0ONNANANNONNNNODANNANTONONANADNONINNNONAID
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VARVAKL e DEEINETTONS- SOMp vaRTARL L (HFINTTTONS avPFan

HEL U wHILE OTHEES ant UEF Tk 0 TA TR OSEFNS GUTDE TO THF
WARG & ARASSLAND SIMULATTOD MUTFL, FXCEPD FOR SOM2 QSURSCRIPTS
VAL TANEES APE DR INFIY,

ALl IME

v

FLOw

1HLNP
ICHR
Thadn
1eYEE
1F
INFU

1P

11
12
JCHAK

JINT

JP

Ji

Je

KEY

KNTY

Loc

NEL

NKNT

NLINE

NN

NPL

NPR

NUM

NVAKD
NVR

NXLOC

WP AL ARKAY CONTAINING THE SANRF Val UFS AN THF

ANPAY (A) IN ThE SURROUTING (XPHINT),

WP AL VAWTANLE CONTAINIMNG A TEMPUKARY STORANGE

0OF THE AMOUNT OF MaTENTAL PEi UNLIT TIME ENTERING
OF LEAVIMG A LEVEL UR STALE vARIAHLF,

INTEGOES VARTAREF CONTAINTNG A HLANK TO LUSE FOR
CREATIMG Jre ¥ OTS,

INTHOGRR VANTASLE CONTATNTING A TEMPORANY VAL UF REFORE
PLACING INTO THE OUTHUT CHARACTER STRING (IP) .
INTEGFY vARTARLE CONTATNTNG THF CHARACTER (=) TO
USE FUO CReATTHG THE PLOTY,

INTFEGES VARLAGLE COMTAINING THF LETTER (1) TO USF
FOR CHEATING THE PLOTS,

INTEGFR VARTANLE CONTAINING TRE INDFX OF SOUWCE
COMPARTMENT [N ThE SURRONTINE (AUNPAR) ,

INTFGFY VARTANLE CONTAINING THE COMPYHTFR wORD
PASSED 10O Thb SURKOUTTNG (ZUNPAR) §FNR PROCE SSING,
INTEGFR ARRAY CONTAIMIfG Trk QUIPUT CHARACTEN
STHRING WITH RLANRS AND GRAPHICAL REFERFNCF LINES
FOM THF PLOTTING OF STATE VAWRTABLES IN THF
SUHROUTIME (XURAPH) o

INTFGEN VARTAHLF CONTAINTNG 8 FLUW PRINT Ft a6 IN
THE MAIN PRUGRAM (PANGE L) AND The SHIRRNDUTINE
(AUNPAK) ,

INTFOGFH VAKRTABLE CONTAINING THE CHARACTER (=)

TO USF FOR CREATING THF pPLUTS,

INTFOGFR VARTAHLE CONTAINTNG A FLAG TO SIGNAL THF
LAST RFCORD Or STOURED PLOTTING DATA,

INTFGER VARTABLF CONTATNING THE 1HOFX OF
DESTINATIUN (OMPARTMENT [N THF SURKNUTINF (XUNPAK) .
INTFGFR VARIAnLE CONTATNING THF wORN [N THF
SUHROUTINF  (XUNPAR) TO RF UNMPACKLD,

INTEGER VARTAPLY CONTATNING THF COMMAND VERABS

INPUT BY THE CARD REANFR FOR ONIIPYT CONTROI .
INTFGER VAWTAHLE CONTAINING T1HE TRUNCATFD VAL UE
FOR THF VARTASLF (21} USFU IN SCALING THF Y BAXIS
OF PLOTS GENERATED,

INTFGFR VARTAHMLE CONTAINTNG AN INDEX OF SOVNCE
COMPARTMENT,

INTFGER VARTABLF CONTAINING AN INDEX OF DESTINATION
COMPARTMENT,

INTEGER ARNAY CONTALIMIMG IMHF POSSIBLF NUMFRIC VALUES
REPHESENTING IHFE VARTARLFS PLOTIED,

INTEGER vAPTABLE CONTAINING a SUbSCRTPT VALUE FOR
PRINTING THE X AXIS INDICES ON THF PLOTS
GENERATED .

INTFGFP VARIABLE CONTAINING a4 TEMPORARY VALUE FROM
THE QUTFUT CHARACTFR STRING (TP).

INTEGFR VARIAMLE CONMTATMING THFE INITIAL SURSCRIPT
IN LISTING THE STATE VARJARLFS FHOM THE ARRAY (VaAL)
FOR EACH LTINE,

INTEGFR VARTABLE CONTATNTNG THE ENDTNG SURSCRIPT

IN LISTING THE STATL VARIAHLFS rhOM THE ARRAY (val)
FOR FACH LINHF.

INTFGFR AKHAY CONTAINTMG THE POSSIHLE COMMAND
VERRS TU CHECK AGAINST THt VARIARLE (IVFRA),
INTEGER vARTAHLF CONTAINING a4 VERTICAL COMTROL
FACTOR FOR HUILNING THF FRAMF OF THF GRAPH USED

T0 PLOT THE STATE VARIAR( LS,

INTFGFR VARTAUMIF CONTATNTING THFE LOCATION POINTFR

IN THE STATE VARIAMLE ARRAY (7) FOR PLOTTYING
PURPOSFS,

INTFGFH VAKIABLE CONTAINING A TEMPORARY STNRAGE
VALUFE USED TU ADJUST THE VALUF UF ARRAYS (IN

AND MK1),

INTEGENR VARTASLF CONTAINING A SPECTIAL FLAG TO
DETFWMINE FLOw PRINTOUTS Y THF TIMF STEP RETWEEN
THE F{.Ow PRINIOQUTS,

INTEGFP VARIABLE COMTATNING THE NUMPER OF STATF
VARTAHLES PER LINE Ih THF LISTING,

INTFGER VARTABLF CONTAINTNG THF NUMRER OF L INES
MAKING a LIST OF STATF VanmlARLES wlTHW

FOUR VARTAHLES PEKR LINF,

THTEGER VARTABLE CONTAINING THE NUMRER OF STaATE
VARTAHLFS TO HF PLOTTFN,

INTFGER VARLTAHILE CONTATNING A SPLCIAL FLAG TO
DETERMINE PLOTTING TIMF [N THF MAIN PROGRAM (RANGEG)
OR THF PLOT NUMHRER TN THF SURROUIINF (XGKAPH) 4
INTEGER VARTAHLE CONTATNING a4 SPECIAL FLAG Y0
DFETERMINE TIME FOR PRINTIAULS,

INTFGER ARKAY CONTAINING TRE INUICES OF THF

STATE VARIAHLES KEOQUESTEN FOR PRINTIRG ON THE

PRINT OUIPUT CONTROL CAKRN.

INTFOFR vawlaglF CONTAINING THE NUMRER OF VARIARLES
PER PLOT,

INTFGF R VARTAALF CONTAINING THF NUMAER OF VAWRTAHLES
PFR P OT,

INTEOFR MATRIA CONTATNING THF LUCAITON OF FaCH
VARIAHLE IN Tee LIST NOF SIATE VARIARIFS FOR

EACH PLOT.

TOANANONAANOMATINNNOOBONDI0NONNNOMAANOOONNOOANOOIIONAOONANANDIAINADINONANOANANODININANDINAINONNINAINANNAIIAONDD



OO OO0 NONO0ONONNOONOONNONONOONONONOANONNNANONNOANANOANANOONAN

NRPL
¥l

]
HNVAK
HNZMaX
WNZMIN
SUM
TIMF
TIMEr]
TIMEPL
TIMErR
TINDI
™

VAL
VaR

XF
XF#

X1

XINC
XLINE
AMaX
XMIN

XN

XNF

XNLOC

XNPL
XNPLI
ANPR
XNST
ANVRS
xPL
XPR
AST
X1s1

YINC
YLINE
YMAR
YMIN

Yls?
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THTFGER AwnAY CONTATNING A | IST UF STATF VARTARLFS
TO HE PLOTrn,
REAL VARTEMIE COMTAINTIMG £ TTHFR CUNRENT DAY wkATRER
INFONMMATTUN Uk PAST GOOD whATHER DATA, .
KAl VARTAHIE CONFAINIMG A TEMPUNARY VALUF ADPDED TO
OF SUMTRALTFL FROM A STATL VARTAGLE .
HFAL VANTANLE CONTAINTING [HF TRUNCATED VAL UF OF
THE VARTAMIE (YANR) USFN FUR SCALING PHRPOSFS,
REBL VARTARLE (ONTATMING ITHF FXINEMF MAXIMUM
VAL UL PUOR [HE GENERATED PLUOTS,
KEAL van[aKLE CONTAINING THE FXIRFMFE MINTMUM
ValLlit FOR Tt OFNERATED PLUTS,
REAL VARTARLE CONTAINING A SHMMATTON VALNF USED
IN THF P RPANSTOM OF FOURTIER SFRIT S,
Wt AL VAWTAHLE CONTAINING IMF CURKENT VALLUIF OF
SIMULATED ) IME,
RFAL vARTAHLE CONTAINTNG IHFE TIME VAL UF USFD AS A
FLAG TU SIONAL PRINTING THF FEOWd,
KEAL vairlasLE Conial®MING IHE TIME vag uF USFL AS A
FLAR T0 SIGNAL PLOTTING,
REAL VARTAWLE COMIATHING THFE TIME VALUF LISFD AS 2
FLAG TO SIGNLZL PRINTING OF THF SIATF VARTARLFS,
REAL VARTAHMLE CONTAINING THF GENERATIVF VALUE FOR
Tidb RANDOM NUIMHE R GENFRATUR,
RFAL VAKRIAHLE CONTAINING IHF TEMPORARY VALUE FOR
THF NFXT TIME STER USFND TN PRINIFING THF FLOWS,
KF AL ArkAY CONTAINING THE wORKING STORAGFE VALUFS
USED TN OUTPUT GENERATION.
REAL VARTAKLF COMTAIMING IHF RANGE NF THF
MINTMUM AND MAXATMUM VALUFS IN SCALING FOR THE
PLOTS.
REAL ARRAY CONTAINING THFE CURREND VALUFS CF FLOWS,
INTFGER AKWAY CONIAINING ITHE FlUw RFFERFNCF
TABLE WHERE THE CUMPARTMFNTAL INDICFS OF THE
FLOWS AKF STOREN ACCURDINL TO Tht FOLLOWING
FORMULA 1P210000 FLOW PRINT FLAG,

112100 INDFA OF SUURCF COMPARTMFNT,

12 INMDEA OF DESTINATION
COMPARTMENI o

REAL VAWIABLE CONTALINING IHF REAL VALUFE NF A
VARTAALE SURSCWIMT (1) USED IN IHE FXPANSION
OF THF FOURIFR SERIES,
REAL vAP1ABLE CONTAINING IHF INCREMFNTAL VALUE

HETWEEN INDICES OF THE X wXIS ON THF PLOTS GENERATED,

REAL aPrAY CUNTAINIMG THF INDICES FNR THF Y AXTS
ON THE PLOTS GEMFERATED,

REAL VARTAHLE CONITAINING A MAXIMUM VALUE FOR THE

X AXIS UN THE Pl OIS GFNFRATED,

REAL VAKTABIF CONTAINING A MINIMUM VALUE FOR THF

X AXIS UN THF PLOTS GFNERATFD,

INTEGER VARIABILE CONTAINTING a CUUNTFR USFD TO
ENTER FLOWS INTQ THE ARRAY (XF) IN THE SUBROUTINF
(XFLWS) OR REAL VARIARLF COMTAINING THF REAL

VALUE OF VARTAHLE SUXASCRIFT (N) USEN [M THF
EXPANSIUN OF 1ME FUURIER SEWIFS IN THE SURROUTINF
(SER) .

INIEGER VARTABLF CONTAINING THE NUMRER OF FLOWS
WITH A MAXIMUM OF 300,

INTEGER MATRIX CONTAINING THE LULATION OF EACH
VARTAALE IN Tht LIST OF SIATE VARIARLFS

(1eFe XPLI(K)) IM EACH PLOT,.

INTEGERP VARIAFLE CONTAINING THE NUMRFR OF STATE
VARTABLES TO BE PLOTTFD.

INTEGER VARIAKLE CONTATINING THE NUMRER OF PLOTS

TO BE GENEWATED WITH & MaXIMUM Ur 20,

INTEGEK VARIZHBIt CONTAINING THE NIMRER OF STATE
VARTARLES TO HE PRINTED.

INTEGER VARTAYLE CONTATNING THE NUMRFR OF STATE
VARTAKLES.

INTEGFR ARRAY CONTAINING THFE NUMBER OF VARIAHLFS
PER PLOT WITH A MAXIMUM 0OF S,

INTEGER ARRAY CONTAINING A LIST UF STATE VARIABLES
TO HE PLOTTEL.

INTEGER ARRAY CONTAINING A LIST OF STATF VARIABRLFS
TO Bt PRINIED,

INTFGFR &RKAY CONTAINING A LIST OF STATE VARIARLF
INDICES,

HEAL VARTAHLE CONTAINING A TFMPURARY VALUE USED

TU CALCULATE INDICES OF THE X AAlS ON THF PLOTS
GENERATEN,

KFAL VARTAULF CONTATNING THF INCHEMFNTAL VALUF
BETWEEM TMDICES O THF Y AXIS ON THF PLOTS GFNFRATED,
PEAL ARHAY CUNTAINING THE INDICES FOW THE Y AXIS ON
THE PLOTS GFMERATED,

PEAL VAWTAHLE CONTAINING A MAXIMUM VALUF FOR THFE Y
AXIS OM THE PLOTS GFENFRATED,

REAL VAR[AKLE CONTAINING A MINIMUM VALUF FOR THF Y
AXIS ON Tht PLTS GFNFHATLE,

HE AL VARTAHLE CONTATNING A TEMPURAKY VA(LIF USED TO
CALCULATE THINICES OF THE Y AZTS UN THE PLOTS
OFNERATE O,

RFAL VAWIAHLE CONTFAINING THF SCALING FACI(OR FOM
SETTING Thi PLOT VALUFS TN THF SUHRNUTINF (X&NN),
RE AL ARKAY COUNTATNING THE STATF VANTAHLFS TO Rt
PLOTTED IN Tht SUMNOUTINF (RFL GEN)
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71 = Bril vARTAMLE CONTALINTIMG IHe [ OLATION OF  THF
PLOTTING CRANACTER [N THE QUITPUHE STIRING ACCOKDTNG
1O I vaLut ub THE DEPENUENT VARTARLE (77) BEFORE
SCAL TV,

2J e kWt AL VARIAMLE CONTAINING IHF VALUF FOR THF INTFGFR
VaARTAI E (1) USED [mM SCALING Tht Y AXIS OF PLOTS
GENEWRATED,

Iman e WhaL VAWTAHLE CONTAINING [HF MAAIMUM GRAPHICAL
SCAL NG vaLuk [N TrE SUHRUUTIMFE  (XKNE)

IMIN e WEAL VARTARLE CONTAINING THE MINTMUM GRAPHICAL
SCAat ING VALUE IN THE SUHRRUUTIMNE  (XRNDY

2HND e kAL VARTABLE COMIAINTING IRF TRUNCATED VALUE FOR
THE VANTAHLE (/7)) IN THE SUHROUTINE (XKRNO)

27 = WrPAL VAWRIARLE CONTAIMING A TFMPURARY VALUF STORING

ThE STATE varvianit 10 RE PLOTTFU.

4000000E00ON0RA0LADLORNNOCEEGRO0DORRAROOO

PROAGRAM FILFS- TaPE, WEFFRPFMUED RY THE VaRTARLE (UD)
1S EWlLIIVALENCED TO THE INPUT FILE. IN THIS CASE THE CARD

HEAPEW, TaREA RFFERCMCED 4Y TwF VARTARIF (U2 TS FOQUIvVAl FNCED

10 Tk ouTPUT FILEs IN TrRIS CASF THE L INF PRINTER, TAPED
REFERENCED HY ThE VARTAHLE (U3) 1S tOUTVALENCFD TO A DISK
FILE THAT IS USED TO STORE PLOT GEMERATION NATA, TAPF&4 AND
TAPE ! REFERFMCED hY ThE VARTIABLF {1 U) CAN BF FQUIVALFNCED YO
DISN FIIES USEN AS ALTEMNAT[VE STORAGF SPACE, ALL THESF
VARTARLES ARE INITIALIZED It THF dl UCK DATA SURPROGRAM,

S0caonbeacdRRBOOROORGRORNGDROCRGRVRRORGOBOLO

FORMAT OF DATA ENTRIFS AKF ALSU DESCRIRED N THE
USFRS GUIDE YO THE RANGES GHASSLAND SIMULATIONM MODEL.

RBODOVEENEQACDVONNARRONNEDTRRINENQONOENCRY

REFMARKS= ALL CODING WITHIN THIS PRUGKRAM HAS HFEN

COMFURMED TO STANDARD ANSI FORTRAN LXCFPT ThE FOLLNWING ITFYS,

THE PROGRAM (AWD wirICH IS A PART OF CDC SLUPE 3.7 OPFRATING
SYSTEM, SOME Y[XF) MODE OPERATINNS, AND THE CDPC UTTLITY
FUNCITON AMD SURRCUTINE,  THE PUMCTION (RANF) TS RFFERENCED
IN THE SUHKOUTINE (NRM) LTMES JR ANML 19¢ AND THF FUNCTION

(PPT) LINES 91 anMD 94, THE SUHKRNUTIME (RANSET) 1S REFERENCED

IN ThE SUBROUUTINE (STarT) LINE K6,

INTEGEHR ToIUAYeINFOGINTReIPoIYR T oT2,JUNAY R UoMON
INTEGER NFLoNPLONFRIUT sUP e UT e XFRoXNF o XNLOC o XINFL o XNPL T
INTEGER XNPRoANST ¢ XNVWS g AFL ¢ XPK ¢ XST

REAL OToDTFLONTRPLIDTPRsUsTEMD 91 ITME ¢ TIMEFL ¢ TIMEPL o TIMFPR
REAL TMsTSTRTeVAL (300) e XeXF «X10TOXI1TO

COMMOM /107 DYFL+DTPLDTPRTEND
COMMON /TT/ TDAYSINYHeTYReJUDAY eKoeMON
COMMUN /ZTX/ DToTIMFoISTHRT4X(QY) o ANFXIUTO,X]11TN

OMOOOOOOOOONNONOONONNAONNOODMNDINHINOANDTNONONANDINDID

cceecceececeeeceecceeeereceeeeceececcecececececcceeceeecLeecrececccccececcecececccccecece

RANGENOL
RANGF 002
RANGENO3
RANGEOOG
RANGE0OS
RANGENNR
RANGEOO?
RANGE 00R
RANGEOOQ
RANGEO] O

COMMUN /XSYS/ KF (300) ¢ XFRI3I00) ¢ INLOC(PU0S) o XNPL o XNPL T s XNPRo XNST ¢ ARRANGEN]]

IVRS (20) « XPL (99) ¢ XFR(uO) ¢ AST {9G)

COMMUN Z7XUNT/Z LUsUl+U2+U3
e« o o o INTTIALIZF SIMULATION CONTROL VARIABLES,

DO 102 1=33+300
Jeleso
IF (J.6T.99) GO TO 101
XST{J)=n
XKFR(1)=n
1TemM=1=-32
IF (1TEM.GT,.99) GO TO 102
X(1TeM)=0,.0
CONTINUL
VO 103 1=1,300
AF(1)=0,0
CONTINUEL
CaLl xOuty
CALL START

* o o s CHFCK AND INITIALIZF MORE SIMULATION CONTROL VARIARLES,

IF (TEND.LF.TSTKFT) GO 10 115
IF (DTelLFane) GO TO 116

1F {(LULT,.0) RewIt) LY
TIMESTSIRT

IF (ANPR.GT40,ANDOTPRGLELO.) GO TO 117
HNPR=(

TIMEPKR=U,

IF (ANPR.LF.D) GO TO 106
NPR=]

TIMEPREISTRT

LPLE(

TIMEPLEY,

IF (XAPL,LF.0) GO 10 ]0S
NPLE®]

TIMEPL®ISTRT

DTPLs (1ENP=TSTRT) /99,

1F (OTPLLLT.OT) DNTeLsnTY

RANGEN] 2
RANGEO]3
RANGEODL G
RANGEN]S
RANGEOL 6
RANGEOLT
RANGEN]LR
RANGEO19
RANGED20
RANGF N21]
RAMGEN22
RAMGF 023
RANGEOPG
RANGEOD2S
RANGF 026
RANGED27
RANGEN2R
RANGE D29
RANGF 030
RANGEN3]
RANGE 032
RANGENJ]
RANGEO3G
RANGF 035
RANGEOD 36
RANGEN3?
RANGF03R
RANGEOJ9
RANGEOGLD
RANGENG]
RANGF NG2
RANGEN®3
RANGENGS
RANGF 045
RANGF OGS
RANGFNGT?
RANGE O4A
RANGF 069
RANGE NSO
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M L2U

Timtb] s,

It (UTPLeLFeNe) GO TO jun

rL=]

TIMEFL Bl [MF

e o o o OUTPUT SIMULATION CHARKACTENTSTICS AND CONTROL VARTARLFS
AND INITIAL VALUES OF STATE VAWIAHI LS,

el ITE (U2 11H) ANSToXNPIe XNP| o XNF

welTt (U2T19) TSToTaTENDSUTeNIRReNTPL $DIF]
CALL XPHINT (VAL oXSTeaANST)
wrlTE (U24121)

e o o o ENTER THE STMULATION LOOP,
CALL CYULF
o o o o GFNEWATE OQUTPLUT IF REOUESTED,

IF INPHOLE (DeUHLTIMFPRGTLIIME) GO TU LDA
CaLl. XPHINT (VAL s XPRoANPR)
TIMERK=TIMFPReNTPR

TF (NPLoLF (0OHGTIMEPI o GToTINF) GO TO 109
CaLL xPLOT (VAL.D)

TIMEPL =T IMFPLDTPL

e o o o COMPUTE THE FLUWS,

CALL XFLWS
IF (NFLoLF qUeORGTTMEFI 4GTLTIM ) GO TN 410
TM=TIME*DT

« o o o UPNATE THE STATE VARIABLES ANN PRINT FLOWS TIF REQUESTED.

X1170=X¢11)
X10TU=xt10)
0O 111 1I=14XNF
INFUSXFR(])
CALL XUMPAK (INFO4IPs11912)
Q=xk (]1)eDT
X(1l)=x(11)=0
X(12t=x(l2) e
TE ANFL LE.ONR.TIMEPLLGTLTIME) GO 10 111
IF (1P, LE.0) GO TO 111
WRITE (1291200 I1eI2ekF (1)
CONT INUE.
IF (INFLoLFoOeORTIMEFL oGT.TIME) GU TO 112
TIMEFL=1IMEFL*DTFL
TIME=TIME«NT
I CINVUTIME) oGTLINT(TEND)) GO TU 113
60 TO 1v7

e o o o STMULATION IS COMPLETEs PERFORM END PROCFSSING AND PLOT
GENERATTON IF RFOUESTED,

IF (NPL.LE,O) 6O 10 116
CALL XFLOT (vaLsl)

CALL XxPLGEN

STuP

s o o « GENERATE DIAGNOSTICS FUR ILLEGAL CONDITIONS,

WRITE (U2,4122)

WRITE (U2s123) TSTRTLTEND
sTop

WRITE (u2,122)

WRITE (U2s124) DT

SToP

WRITE (U2,122)

WHITE (U24125) DTPR

STOP

e o o o FOPMATS USED IN THIS PROGRAM,

FORMAT (T7THIRANGESyISX s THHINITIAL CONDITIONS///13X437HND, OF STAVE
JVARIARILES e eesseenocceaer [2/16Xe34HREOULSTFN tOR PRINTcessoveesos RANGET2T
Cooet12/16XeJ4HNEQUFSTFD FOR PLOTeesosescoosnsoeasl2//13Xe36HNO. OFRANGEIZA
3 FLOWSeeasassosssessoosccconcnrld)

FORMAT (//7/720K420HTSTRI

RANGENS]
RANGENS?
RANGENS 3
RANGF 056
RANGE 08§
HANGE NS&
RANGF 057
RANGF 0S8
RANGE 059
RANGE 060
RANGF O]
RANGE 062
RANGE 063
RANGE 006
RANGEF 065
RANGF 066
RANGEORT
RANGF N6R
RAMGF N5
RANGENTO
RANGEDT]
RANGENT?
RANGENTI
RANGF 074
RAMNGENOTS
RANGFATA
RANGENTT
RANGENTA
RANGENT9
QANGFARD
RANGF NH1
RANGEAR?
PANGF 083
PANGENBG
RANGE NRS
RANGE 0864
RANGENRT
RANGE NRR
RANGENHO
RANGENSO
RANGEND]
RANGF 092
RANGFNQ]
RAMGE 196
RANGENQS
RANGF N9A
RANGENGT?
RANGE N9R
RANGENQQ
RANGE1 0O
RANGEIN]
RANGE102
RANGE103
RANGE 104
RANGE10S
RANGE106
RANGEN107
RANGE10R
RANGE109
RANGET 10
RANGELTI
RANGE] 12
RANGET13
RANGE]114
RANGET 1S
RANGEI16
RANGE]17
RANGE11R
RANGE119
RANGE 120
RANGE 121
RANGE 122
RANGF 123
RANGE I 24
RANGE 125
RAMGF 126

RANGE 129

ev0000s?F12:17C0Xe20HTFMN o0 asoscs s RANGEL30
leassooot 12172084200 T eoeceoscsosenscenesFl2el/20Xe20HNTPR e ees0oss RANGETI]
CeceesacsoFI2:1/20Xel0NDTFLovcassssonseascaasFllal/20Xe20HDTFLooq0esPANGE]I?

k FPR RTINS A - V2 RANGF 133
FORMAT (10XelH{sI2eIHsa1P4bh) 2 4F12.5) RANGE 134
FORMAT (7HIRANGES 1SR THHSTMULATTON RESULTS//) RANGE 135
FORMAT (42HQeee@sa]i |t AL CONDITIUN « PARAMFTER VALUES) RANGF 136
FORMAT (13H0 TOTHT (sF12,1012H) Gbke TFNU(oF 12,101H}) PANGE )37
FONMAT (9up DV (eb [Pl oyH) oLbe 0,) RANGE 1 3R
FORMAT (1HNeSX e 3UHPRINT REQUESTS ENCOIINTERFD WHILE DTPR(oF12.1¢94) RANGE] 39

olLEs 00} RANGF 140
RANGE16])
END RANGET62
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BLUCK DATaA

THTS SUHPHOGRAM (RLOCK NATA) FNTERS INITYAL VALUFS INTO

VARIABLFS IN THF LABELED COMMON RLOCKS PRIUR TO PRDGRAM
EXECUTINN,

INTEOFN JTHINK o IDASHG TFYEE o INoINFD e TOUAL o JCHAR oXEYSLUI
INTEGER MKT oMODP oMODT o NCLAS eMF D eli) sU2 U T XFH o XNF
INTEGEH ANLUC o XNPL o XNEL T o A NPR ¢ ANST ¢ XulVhS o AP 0 APK o XST
REAL ANUS o ANTOToAREAGCHoCMAZ oCRMAX DT T TeDToFLUNSeATN
KEAL GNOGNTNoLVWT oLWI eMSZoUMINMNGPFL +PHFHGPRCIPT oPW
NEAL ROISDeSTRNDeSIHL g SUPNGSUPHR e SUIPRT o T o TIME 9 TOTALS TP
REAL TRITSTHToVeWMaAKsWHMARSRoAF 9 X |NTOLALLTO

ALKNTON0])
ALKNTNO?
ALKPTNO]
ALKNTNOG
ALKNTNNS
RLENTNOA
RLKPTOO07
RLKNTNOR
RLKPTNO9
RLKPTO10
ALXDTO11
ALKNTOL2
RLKDTO13
ALKPTN]G

COMMUN /CAT/ ANOS(5) sANTDT sARF AJDTIToFCONSRAIN(S) «GNTAIS) o IN(S) ¢ IRLKNTNIS
INFDLS) sLVWT (S} oLWT (S eMRT () om57 (5] «NOLAS(MOFU(S) s OMTM (5) ¢ STRNO(SIRLRANTNLA

29SUPL (S}

e SHPN(S) s SUPER(S) ¢ SURPKT(S)

COMMUN /WESH/ CMAXsCHMAXsWMAX quwPMAX

CUMMUN ZTAP/ MODMEMONT oPFL oFT T4 TPIR) o TH

COMMUN ZTX/7 DT oTIMF oTSTETRA(99) o AMF X (UT0Y 1100
COMMON ZUKX/ CHeGNyPH PR ePRC oPW s RGeS o TUTAL oV

COMMUN ZXF TG/ KEY () o IBLNK o IDASH IFYFF 2 1QUAL s JCHAR(S)
COMMOUN /XSYS/Z XF (300} s AFKIIUN) o XMLOC(2UeR) o XNPLoXNPLT o XNPR ¢ XNST o XNRLKDTN23
1VRS (20) o XPI_ (99) + XPR (49} 4 XS1(99)
COMMUN ZXUNT/Z LUsULsU2sU3

INITIALIZE SIMULATIUN CONIRDL VARIBRALES,

DATA XxXNF/32/
DATA XFH{1)/3121/exFW{2)/7213P/exFP13)/73310/AFR(4) /3117
DATA XFR(S) /101279 XFRI6) /11127 eXF (71 /712%/74AER(A) /10017

DATA XER(QYZL101/702FR(L0)Z12017AFR(1T1/380179XFP(12)/0134/

DaTA
DATA
LATA
DATA
DATA
DalA
DATA

XeR{1YIZ1002/7XFRELGIZ1102/¢XFRUIDIZ1P0C7 o XFR(16) /735027
XER{LTIZ0234/74XEP{1AR)IZ10NI/ o XFRUIYIZLIINS/ JXFR(20)/1203/
XFR{21)1/73503/XFR{22)/0334/XFR{PIV /10047 4XFR(PL) /] 1046/
XER{2S) /12067« XF(PH) /380674 XFW 21} /704347 XFW(PH) /10057
XER(29)/1105/7¢XFR 13017120574 XFRIIL)I /38097 AFR(32)/70534/
ANST/ae/

XSTU1V/01/7eXST(2) /7027 9XSTU3)/NA/AST (L) /U4L/42ST(S)/0S/

DATA x5§
DATA x5!
DATA xSi
DATA x51
CATA xS1
DATA x51
DATA xS!
DATA »SI
DATA xSI
DATA x51
DATA xSi
DATA xSt

(6) /7107 XSTUTV/11/ o XSTHRI/Z1P/AST(9)/21/40ST(10)/31/
CL1)/7327038T 41207337/« XSTLI131 /736479 xST14)/735/4X8T(15)/4617
(LRI 2627 XSTULTI 74379 XSTULR) 764/ o XSTUL1Q) /6574 X8T(20) 66/
(21)/7477+XST(P2)/6H/ e RST(23) 769/ e XST LLG) IS0/ 4 XST(25) /81 /
(2R) 752/ eXSTUPT)/S3/XST(2R) /547 o XST (£9) 755/ XST(30) /567
(31)/57/e¢rST U321 /587 exSTUA3}/SY/ e XST34) 760/02ST U35V /617
(3ARV/62/7eXSTUIT) /6374 XST(IR) /A4/exST1I9)/65/4XST(LO)/66/
(41176770 %ST(ul) /6870 XST(4) /K9 /o XST b)) /T70/42ST(6S)/71/
(LR /T2/ e ASTLGTY/TI/ e XST(UR) T4/ 4 XST{49) 775/ 4XST(S0)/76/
(9117777 xSTUS2)1 /TR RST (S /7974 XSTIDL) /RO/ 4 XST(SS) /ALY
(SAR)/ZH2/ e XST(ST)/B3/ 4 XST (SR /RG/ 4 XST(H9) /RS/ 4 XST(60)/RT/
(61)/70BB/7enST(R2) 199/

DATA XNFPR/O/9XNPL/O/ ¢ XNPLT/0/oX11T0/0./9X10TU/04/

DATA nbY
DATA KEY

(1) 74HEND /o KEY (2) Z/4HPRIN/ JKEY (3) /76HFLOW/ oKEY (4) /4HPLOT/
(S)/74n1 /

DATA JCHAR (1) /1HI/ 4 JCRAR(2)/1H2/ v JCHAR (3) /1H3/ ¢ JCHAR (L) /7 1HG/
DATA JChAR(S)/1KS/
DATA IBLNK/ILH /9 IDASH/ZIH=/sIEYEE/ IHI/lOUAL/ Inz/

INITIALIZE NOUN=READ VARIARLES,

DATA PRC/2S,0/44G/ =006/ sPFL/0e/9GN/ 1N/ sFCOND/ DL/ oPH/ 419/
DATA PH/6,25/eCH/0a/sV/0e/sPW/10a/eNTT1T/0,/01/706/4TOTAL/O0./
DATA SD/.06/

DATA WMAX/,39/.CMAX/Z 01/

DATA WHMAX/o13/4CR4AXZ,18/

DATA U175/ 6U2/6/4U3/37sLU/G/

END

ALKPTIN1?
ALKDTNIA
ALKDTN]O
ALKNT020
BLKDTO2])
ALKPTNP2

ALKDT024
BLKNTN2S
RLKDTN26A
ALKDTN27
ALKDTO2R
RLKNTO29
RLKDTA3N
ALKNT NI
RLKDTN32
ALKDTN3]
ALKOTN3G
RLKDTN3S
RLEDTN36
RLENTO037
BLKDTN3A
BLKNT039
RLKDTNGO
RLKNTNG ]
RLKNTNG2
ALKDTNG]
ALKDTNGG
RLKNTNGS
RLADTNGA
RLKNTO&?
ALKDTO04A
RLENTNGY
ALKNTNSO
RLKNTO0S1
ALKDTNS?
ALKOTNS3
BLKDT0S4
ALKDTOSS
ALKDTOS6
RLKDTO0S7
RLKDTOSA
ALKDT0S9
ALKDTOAO
BLKDTO06]
ALXDTN62
HLKDTO063
BLKDTO64
RLKDT065
RLKDTO066
BLKDTO&?
BLKDTO6A
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SURNUUTILINF CYCLF

e o o o THIS SUFROUTINE (CYCLE) 1S CALLED RY THE MATN PROGRAM
(MANGFS) TO KECALCULATE [HE VAIUFS UF [MPURTANT VARIAHLES
HEFURE COMPUTATTION OF FLOWS AT EACH TIMF SIEP DURING
STIMULATIUN,

INTEGEH TNAY s INeINFNGINYReIYReJeJUDAY ¢RoMKT ¢ MUDP
INTEGER MONT eMONoNCLAS e NUF 1) g XNF

REAL ANUSSANTOT ¢ ARFAGRASEsCASHeCHeNTIToNToFCUNSRAIN
HEAL ONOGNINGL VWToLwT aMSZoUr TNoPFL o PH PR ePRCYPRENY
HEAL PRICE oPRMNGPT o P oK o SDp STRN ¢ SHP| o SUIPM,, SUPP
HEAL SUPPHR(SUPHRT oSUPWT s ToTIMHE o IOTALsTRPeTRGTSIKT oV
REAL VALUF¢XoX10TUeX)1TNe7Z

CyCl E0O]
CYCLEOO02
CYCLENO3
CYClLEO0G
CYCLEOOS
cYCiE006
CYCLEOO?
CYCLEOOAR
CYCLENOS
CYCLEO]lO
CYCLEN]]
CYCLER]2
CYCLEN]]
CYCLEOle
CYCLEOLS

COMMOM /CAT/ ANOS(S) s ANTOTsARFASDITToFLONSIGAIN(S) «GNTN(S) s IN(5) 4 TCYCLEDOLE
INFULS) sLVWT(S) oLWT(5) 9MRT (5) ¢MSL(6) eMCLASoNOFU(S) ¢OMIN(S) 4 STRND(S)CYCLENLT?

2ySUPL(S) 2 SHIPN(S) s SUPPR(S) ¢ SUPKT (S)

CyCLFO1A

COMMON ZECOM/ HASE (%) «CASH(S) «PRCOV(144) «PRICLE (12) 4PRMN(12) s SUPP (SCYCLENLS

1) o SUPWT (S) o VALUF (S)e77(12)

COMMUN /TAP/ MODP ¢MUDTePFLePTeToTP(R) (IR

COMMON /TT/ TNAYSINYH)YReJUNAY 9K o MON

COMMUN /TX/ DTeTIMFeTSTRT o X (99) o XNFeRlUTDWx1110
COMMUN 711X/ CHIGNgProPk s PRCoPweNLISNeTUTAL WY

IF (NCLAS,LE.Q) GN TO 10}
e o o o CHFCK FOR FQUALITY OF 1IME AND TSTRT.

IF (TIME.LFL.TISTHT) GO TO 10l
caLL CcyeL2
caLL CyCL])

e o o ¢ TRPANSFER VALUFS OF SYSTEMS VARJARLFS TO STATE VARIABLFS
FOR PLOT AND PRINT DUTPUTS,

X(7THelx

X(72) =1

X(73)=GN

X(74)=Pn

X(75)=PK

X(76)sLn

X(17)=v

R(78)=Pw

X(79)=F CONS

X{80)=PFL

X(87)aPKICF (MON)

X(88)=1UTaL

IF (NCLAS.LE.0) RETURN

D0 102 J=],4iiCLAS
X(Jea0)=vaLUl (N
X(J*aS)=BASE (D)
K(J*50)=SUPP (J)
X{J*5SS)=CASH(J)
X{J*60) =SUPWT (J)
X(Je0S)aLWT (J)
K(J+80)=ANOS ()

CONTInUE

RETURN

END

CYCLENZ20
CYCLEO02]
CYCLEN2?
CYCLEN23
CYCLEO26
CYCLFO02S
CYCLEORP®
CYCLFNn27
CYCLER?R
CYCLEO29
CYCLEDJO
CYCLEO031
CYCLENJ?
CYCLEN3]
CYCLENJ&
CYCLEOD3S
CYCLEO36
CYCLEO37

« CYCLEOJR

CYCLEO39
CYCLEO4D
CYCLENG]
CYCLEOG?
CYCLENG]
CYCLENGS
CYCLEO4S
CYCLEO&6
CYCLEOG?
CYCLEOWR
CYCLE04®
CYCLENSH
CYCLEOS]
CYCLENSe
CYCLEOS3
CYCLEOSS
CYCLENSS
CYCLEOS6
CYCLENS?
CYCLEDSS
CYCLEOS9
CYCLEOG6O
CYCLEOG)
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SUiieul L ENe CYCL L

o o o o THIS St TIAE (CYCL)) IS CALLED BY Isp SUBIROUT INF
COYOUE ) Y0 1k Th s [iub wro [0 s VMY TU W IDED S OR bEATHEW
GEPERATION AN T FSTarLISE A | IVESTIOCK SURPDILF,

IMTEGEH ToIUAY e INGINE s ¥R IYR oo JHIDAY oK gMeMRT
TNTEGE I MODP oMODT s MO o UL AS o NDF et A ¢ Xivk

WEAL ANUSGANTOT s ARE AsRASE vCASHAU T 1 To'T ot VAP F LAPoF CONS
FEAL GAINGONINGL VWT ol WToMSZoIMINGFFL o PREOV o PRICE «HRMN
REAL PIoeSOTLASSUHTIHeSTANDsSUPL s SHPNeSHPP ¢ SUIPPN s SUPRT
REAL SUFRT o To lHULETIME o TUTAL 9 IR e TR TRIRT ¢VALUF «WILT
KEAL RAeALDTUWXRI1TUe/YZ

cyect 1901
cylCy 1002
cyep 1003
Y| lnna
cYe| 1008
CYCl 1006
cyCl 1007
CYCl 100R
CYCL 1009
cvyclrlolo
cYciinl}
cvcLlole
cYCLIn13
CYClL 1016

CUMMUN ZCAT/ ANUS(S) o ANTOT oAREAGDTIToF CONSGGAIN(S) o ANIN(S) o IN(R) o TCYCL 1NLS

2oSUPL (9) e SUPNL) o SUPEN(5) o SUFKR T (S)
CUMMUM ZFCON/ HESE (5) sCASIHIN) «PRCOV (k) «PR]ICE (17) ¢PRMN(]12) «SUPP(LEYCL INLA

103

104

105
106

lo08
109

1) oSUPWI(S) gvAL LIE (S} o772 (17)

COMMUN ZPLMTZ P VARGFCAP«SCTLASSOII ReTHULNWIL)
COMMUN. /TABZ MOLP MONT okbLsHFTal o TR (R) o IR
COMMUN ZTT/ 1DAY o INYReLYRGJUNAY ¢n e MON

COMMUN 77X/ UToTIMFoISTRTeRA(9G) s ANFoeXTUTNX]1110

e o o o CALCULATE YFAR AN DAY OF YFAP UF SIMul ATION,

TOTAL=0.
1YRSTIME/ RN
INAY=TIMF=]YR®365,
1YR=1YRe]

e« o o o CALCULATF MONTH OF THt YEAR,

MON=1DAY/3N,1h6T7e] 00

IF (MON,GT,127) MUN=12
M=DTe0.5

IF (IDAY.GT.M) GN TO 101
PFL=0,

K=0

IF (MODI1=2) 10241034103

o o o ¢ WEATHER DATA READ FROM A TAPE,

CALL RECKD (TIMEZTISTRTS1DAYSINYRTP(])sPT}
60 10 lus

o o o o WEATHER DATA CALCULATED HY FITHER # SINF FUNCTTON OR
GENLNATIUN STOCHASTICALLY IM THF FUNCTIONDS (PPT AND TEMP),

PT=PPT (1NAYsMONP s TIME 4 TSTIHT 4NRA)
TP(1)=TLEMP (IDAYeMODT I NKASTIMF < TSTRT)
TR=TP (1)

e o o o COMPUTE S DAY TEMPELRATURE AVERAGE (T) FROM TEMPFRATURE
STACN {TP).

T=0.0
DO 105 1=1.5
J=7-1
TP(JI=TP(J=1)
T=TeipP (V)
1F (IDAY=5) 107+107+106
131.-2

e o o o ESTABLISH A LIVESTOCK SCHFDULF WwITH [HE VARIARLFS OF
TOTAL MASS OF ANIMALS ON PASTURF (x(1))e 8CTUAL MUMRER OF
ANIMALS UN PASTURFE (ANOS(1)) s TOTAI ANIMALS PFR ACRF (ANTOT) e
AVERAGE ANIMAL WFIGHT (LVWT(I))e AMU ON MARKET DAY, CASH
AMOUNT RECEIVFD TO THE DATE.

ANTOT=0.
IF (NCLAS,LE«O0) GO TU 116
00 113 1=](NCLAS
ANOS(1)=0.0
1F (STRNO(I)eLE+0.0) GO TO 112

e o o o DETERMINE 1F ANIMALS OF ANY CLASS ARt ON PASTURF,

IF (IDAY~MKT (1)) loBelllell2
IF (LOAY=IN(I)) 11241090110
R(I)=LVWTLI)@STRNO(T) /AREA
GU 1V 113

ANOS(T)=8TKkHO (1)

ANTU I =AMTOT*ANOS (1) ZARF A
LvwT i) =x (1) /STRNO(])®AREA
60 TV 113
TOTAL=TOTALVALUE(T)

o o o« o TAKF ANIMALS OFF PASTUKE.

X(1)=20,0
CONT JNUE
1F (X(lu),.t.Tetde) x(10) =0,
TF (X(11),lEaDe0) X{1))=20,0
IF (x()¢),1.€.0.0) X(12)=0,0
IF (R(21) 1 EeD.0) X(21)20,0
RE TURN

END

INFO(S) sLVWT (D) oL WT (R oMET (M) o187 (9) o NCLASGNOFU (D) sOMINI(R) « STRNO(SICYCL 1N A

cyCi 1017

cyCilole
CyCt 1020
CyCi 1021
CYCL 1022
CYCl 1023
CYCL1024
CvCl1 1025
CYCL 1026
CYCl 1027
CyCi 1028
CYCi 1029
CYCi 1030
CyCL 1031
CyCi 1032
CYCL1033
CYCL]IN3s
CYCt 1035
CYCL1036
CyCcL1037
CYCL103R
CvyCL1039
CYC( 1040
CYCl 1046]
CYCi 1042
CYCL 104D
CyCLl0nbLG
CYCL 1045
CYCL 1066
CYCL 1n4?
CYCL 104R
CvYCl 1049
CyYCL 1050
CyCL1nS]
CYCL1052
CYCL 1053
CyCL1054
CYCL 1055
CYCL 1056
CcvCLl057
CYCL105R
CyCL1059
CYCL 1060
CcYCL 1061
CyCLl062
CYCL106]
CYCL1064
CYCL1n6S
CYCL10&A
CYCt 1067
CYCLloé8
CYCL1NnAY
CycLlo70
CcycrL 1071
cycL1072
cYCL1073
CYCi 1076
CcyCLlo07s
CYCLl076
cycLlnvy
cvcLlo78
CyCt 1079
CyCLlo0An
CYCL10R]
CYCL10R?
CYCL1NA3
CYCL 1084
CyCiL 1088
CYCL10BA
CYCL10R?
CYCL10PA
CYCL 1089
CYCL1090
CYCL109]
CYCL 1092
€YCL 1091
CYCl 1094
CYCL 1098
CYCi 10n4¢
CYCiL 1097
CYCt 1n9p
€YCt 1n%9
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SUdRUUTINE CYCL? CYC( 2001
cYCL 2002

o s o o o o THIS SURROUTINE (CYCI2) 1S CaILFD AY TWF SURKROUTTMF CYCl 2003
(CYCLF) TO CALCUL ATF AUALI LARY FINANCIAI VARTAHLFS SHOwING CYCL200s
STAIUS OF THF LIVESIOCK eNTERPRISE BY THE USE OF MONTHL Y CyCL2005
PRICL GFNERATOR (NRM), CyYCL2n06
CYCL 2007

INTEGER ToTOAY o ININENeINYReTYRGJIINAY R eMyMK | s MON CYCL200R
INTEGFR NCIL AS o NOFT o XNF CYCL 2009
REAL ANUSoANTOT s AWEA¢HASE 9CASHeNTTToNToFCONSIGAINGGNTN cysL2nlo
REAL LVWT ol WwT eMSZoOMINGPRCOVePRICF o PRUN e STENU 9 SUPL » SUPN cyaienn
REAL SUPPSUPPRSUPRT o SUPWT e TIME o TSTRToVALUF9AXI0TO CyCiL2n12
WEAL X11T0,22 cveL2013
CYCL221%

COMMUN ZCAT/ ANOS(S) o ANTOT48RFADTIToFLUNSGAINIS) ¢GNINIS) ¢ INIS) ¢ ICYCL201S
INFOUS) oLVWT(S) sLWT{S) +MRT(S) eMS7(5) ¢NCLASWNOFU(S) ¢OMIN (5) o STRNO(S)ICYCL2N]A

2eSUPL (5) 4 SHIPN(5) « SUPPH (S) ¢ SUPKT (S} cycLenli?
COMMUN ZECON/Z HASE (5) «CASH(S) sPRCOV (144) oPRICE (12) «PRMNT]12) ySUPP(SCYCI 201R

1) oSUMWT I5) y VALUE (B) 677 (12) CcYCL2019
COMMUN ZTT/7 IDAYSINYRGIYRJUDAY K oMON CYCl 2020
COMMON /TX/ UTeTIMFoTSTIHT o A(99) ¢ ANFoX)JUTOX11T0 CyClL 2021
CYCl 2022

M=DTen.> CYCL 2023

1F (IDATGToM) GO 10O 101 CYCL2024
CALL NNM (PRICE +PRCNVPRMN [2427) cvci 2095

101 1F (PHILE (MUN) oLF o leN) &P 1CE (MUNI=S],0 CYCL 2026
IF (NCLAS. I Fat)) RFTURN cyCi 2027
CYCL202R

e o o o o o WHFN LIVESTOCK ARE PUT OUT TO PASTURE (INAY=IN(1)) THE CYCL2029
PRICEL OF CATTLE TS UTILI1ZFD AS A BASF PPICE FOR THF CLASS T, CyCL2030
CALCULATIUNS aKRF MADF FUK TUTAL AMOUNT Pall FNR cvcren3i
SUPPLEMFNTAL FEEN (SUPP(1)) RY MULTIPLYTNU AMOUNT DF FFED cycL2032

(SUP«T (1)) AMD PRICE UF FFED (SUPPR(1))s ALSO CALCULATIONS CyCL2n33

AKE MADF FOK AMOUNT INVESTED (CASH({L1))}, AVERAGF WFTIGHT CYCI 2024
(LwTtI)) AND POTENTIAL PROF1Te IF ANIMALS SOLD NOw (VALUE(])). CYCL2035

CYClL 2036

D0 103 1=1.NCLAS cycLeni?

IF (IDAYLEQLIN(TI}) BASE(T)=PRICF(MON) @LVRT (1) ®STKNO(1)/45400,0 CYCL203R

SUPP (1) =SUPWT (1) oSUPPK(T) cYcL2n39
CASHIT)=HASE (1) eSUPP(]) CYCL 2040
LwTil)=n.0 CYCi 2041

IF C(INT(STRNO(I))4LE.O) GO 10 102 CYCL2062

IF (A(I)elLTe0.01) GU 10 102 CYCL2043]

LeT (L) =X (1)PARE A/ (456, 0°STRNO(])) CYCL2n44

VALUE (1) SPRICE (MON)®LVWI (1) ®STRNO(T) 7454000=CASH(T) CYCL 2045

GO TV 103 CYCL2046

102 VALUEI(])=0,0 CYCL 2047
X(1)=0,0 CYCL204R

103 CONTINUL CYCL 2069
RETURN . CYCL2050
CvyCL2051

END cycL2052
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REAL FUNCTTUN ET(Swelrobt CAPTHULDeWILT)

e o o o THIS FUNCTION (FT1) 1S CALLFD PY THF SURKNALUTTINE (XFLWS)
TO CALCILATE FVAPOTHANSPIFATION LSTNG MFAN ALP TFMPFRATURE
(TR} AS THE DETFHRMINANT,

REAL FOSFCAPeSWoTHOL Do IR ILT
tT=0.0

IF (TPeLF.N.1) GO TO 1ue
tO=ebeolhoTN

1F (FCAP.LF.0,0) GO TO lul

o o « o 1F SOTL wATER (Sw) 1S LESS ThaN FIFLL CAPACTTY (FCAP).

ACTUAL FVAPOTRAWSHINATION (ET) IS PRUPURTIUNAL TO THF RELATIVE

WATER CONTFNT OF THE SOIL (FO),
ET=EVUeSw/FCAP

o o o o IF SUIL WATFEN (Sw) 1S GREATFR THAN OK FOUAL TO FIELD

CARALITY (FCAR), ACTUAL EVAROTRANSPINATION (ET) IS TakfN TD BF

THE SaMF AS POTENT1AL EVAPGTIRANSFIRATIOM (RO).

IF (Swe.OF ,FCAP) FT=FO

e o o o IF SOIL WATFk (Sw) EXCFENS TOTAL waTER HNLDING CAPACITY

OF SUIL (EO)e THE EXCESS IS SET EQUAL TO ti,

1F (SweLT,THULN) ET={(2.°Sw=THOLU) /SW)*LT
IF (ETelbte0e0) ET=0.0

» o o o IF SOIL WBTFR (SW) 1S LESS THAN OR FUWUAL TO THRE MINIMUM
WATELK NEEUS OF THE PLANIS (wILT)e #1 1S St EOUAL TO 1/100 OF

ET,

IF (SWelLE WILT) ET=,01°¢7
RETURN

END
SURKOUT INE GHOW (WHMoUHM s Swe TRaSLASSLAYOWeRC ot CAPoWTL T oK)

e ¢ o o THIS SUHROUTINE (GROW) IS CALIED HY IWF SURROUTINF
(XFLwS) TO CALCUL ATE COUL AW wARM SFASON PLAMT GHNWTH,

INTEGER ®oKkCoKW
KEAL ChMeCMaX sCHMAX ot CHoF SMLoEGMWeFTCok IWeF wRoFCAP
FEAL GCoGwoUC oSl A9SLHeSWeTReWHM WIL T 9wMAX o WRMAX

CUMMUN /KRESF/ CMAXJCKMAX ¢ wMAA ¢ wRMAX

e o o o INITIALIZE GROWTH DAYS COUMTER AN{) CUMPUTF SCAL ING
HASEDS OM SOIL-wATt R PAkAME TERS 1F FLIRST CALL YO THF
SURRUUT INF ,

IF (K ko) GO TO 101
GU TO iv2
OW=S5.0/(FCAP=wILT)
UC=le/tCAP=WILT)
Kw=1

RC=1

e o o o CALCULATTONS AKRE MADF UN THF FFFFCY Ub SNIL wWATFW AND
TEMFERATURF ON wARM SEASUN GROWTHe AND NEI PHNTOSYNTKESIS
(Gw) RY SURTRACTING WESPIKATIUN FROM PHOTUSYNTHFSIS, IF
FIVE DAYS GKROWTH INITIATION IS PASTe THFN SEVFNTY PFRCENT
OF PROTOSYNTHATF 1S TRANSLOCATED TN THE RUUTS,

IF (WHMeLF ,0e) GO TQ 104

ESMWE] o =EXP{=0Qw® (SwawllL1))

IF (ESMmLTe0.) FSMu=zQ,
ETw=]l,=1tTR=25,)082/(15,9]5,)

TF (ETWelT,0e) FTWsU,
EWR=D1CEXP (4 1619TR)
GU=ESMWOF TWOWHMO WMAX=FWHOWHMOWKMAX
IF (OW) 10491044103

Kw=Kwel

IF (Kw.0T,5) Gw=Gwe,3

e o o o CALCULATIONS ARE MADF THE SAMF wWAY FUK CPOL SFASON
PLANIS AS FUKR waRM SFASUN PLANTS ARUVE,

IF (CHMelLF.04) GO TO J(6
ESMC=0C® (Sw=WILT)

1F (FSMLLLT.0.) FSMC=0,

1F (ESMLL.6Tel,) FSMC=1,
ETC=1.~1TR=1R,)®®2/(]16,216,)
IF (ETCel T,0e) FTC=0,
ECR=.03%FXP (1269 TR)

GC=t SMCOFTCOCHMS(MAY =} CRO(RMECRMAX
IF (GC) 10651064105

KC=KCel

IF (KCeUT,.5) GC=GC*,3

RE TURN

END

ET
FT
[
FT
FT
F1
EY
FT
F1
FT
2 ]
FT

F1
ET
FT
FT
FT
ET
ET
FT
FY
FT
FT

£Y
F1
EY
FT
FT
FT
FT
[
FT
ET
ET

ET
ET

GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GRDW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GHOW
GROW
GRNOW
GROW
GROW
GROW
GROW
GROW
GROV
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GROV
GROW
GROW
GROW
GROW
GROW
GROW
GROUW
GHOW
GROW
GROW

001
002
003
006
00S
noe
007
00A
009
0le
011
012
013
0lée
n1s
0la
017
01AR
nlo
020
021
nez
023
024
02s
026
027
02R
nee
030
031
n3zg
033
034
035
036
037
03a
039

001
002
no3
004
040s
006
007
00R
£09
010
01l
r1e
013
0la
nis
nié
017
0lR
0leQ
020
021
022
n23
n24
02s
n2e
027
02R
029
030
n31

032
n33
034
0n3s
036
037
038
039
0s4n
nel

062
063
066
nasS
066
n6?
04R
049
0so
051

ns2?
053
054
05S
056
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SUHROUT ENE NITRO (RONGNUNIPHIPRNT 4 ChoVITAPW!

o o o o THIS SURROUTINE (N1TRU) IS CALLED RY THE SURROUTINE
(AFLWS) 10U COMPUTE PLANY WNUTRIENTS IN GREEN FOKAGE FROM
KNOWIN RPFLATTIONS wltH MIIRNGEN. NUTHIFNT LUNTEMTS OTHER
THAN NITHOGEN ARF NJTROGEN BASFD, IHF NGN/RGR RELATIONSHIP
1S FHOM UNESK [972,

HEAL CHeNON«PHoPROT gPdoeRGIeVTITA
NON=1,0

e o o RFLATIONSHTP b VELUFFD KMt TWFEN WELATIVE GROWTH RATE OF
FURALE (RGR) AND NITROGEM CONTENT OF FOKALE (NGN),

IF (RORel T,-0.05) NGN=U, 891

IF (RGNeGT 0e142) NGN=3,0

IF (ROReGF o =0, 0S5 ANN KON LEo0s142) NGNS10,90K0R¢] 436
PH=NGM®0, 19

PROT=EMLN®S A, 2S

CH=2,0°NGN=1,0

VITA=CH®0,5

PW=30,09NGN

RE TURN

END

SUBROUTINE NRM (PRICE s PRCOVePHMNING2Z)

o ¢ o o THIS SUKROUTINE (NRM) 1S CALLFL RY THE SURROUTINF
(CYCL?) AS A PRICE GENFHRATOWR CALCULATING A VFCTOR OF
DEPENDFNT NOWMAL RANDOM VARTAHLFS fFROM THE SUUARF RONT
MATHIX (PHCOV) s WHEKE PRCOV @ PRCOV = Vo 1S THF COVARIANCE
MATRIX, THE MATRIX (PRCOV) AND THF APRAY (PKMN) ARE
DISCUSSFI: IN THE METHODS OF NAYLOR, BAL INTFYs RURDICK,

AND CHU, 1966,

INTEGER Ty N
REAL PRCOV (NeN) oPRICE (N) o PRMN(N) 4R sR2022 (N}

D0 101 l=],N
o o o o GFENERATE RANDOM FLUCTUATIONS,
R1=RANF (1.1)
R2=RANF (141)
ZZ(1)=SIN(K.2B831RS9R])*SORT (=2,0%ALOG (K2))
D0 102 l=leN
PRICL(1)=0,0
DO 102 J=1 N
o o o o CALCULATE DEVIATIONS USING COVARIANCE MATRIX,

PRICEC1)=PRICE(1)eZ7(J) ¢PRCOV(],J)
00 103 l=],N

e ¢ o o CALCULATE PRICE FROM DEVIATIONS AND MEAN PRICE.

PRICE(I) =PRICF (1) ¢PRMN(1)
RE TURN

END

NTTRDNOL
NITROOOZ?
NITPONO3
NITRON0G
NITROOOS
NITROOO&
NITFODO7
NITRCOOA
NITROOO9
NITROOLN
NITRON]1
NITROO12
NITRDOL13
NITRON] G
NITRON]S
NITROO]A
NITRON17
NITROOI1R
NITROO19
NITROOPD
NITKOO2]
NITRON2?
NITRON23
NI1TRON24
NITRDO2S
NITROOZA
NEM 001
NRM 002
NRM 003
NRM 004
NRM  00S
NRM 006
NRM 007
NRM  Q0R
NHM 009
NPM 010
NEM 011
NRM ]2
NRM 013
NRM 014
NRM  0]5
NRM 016
NRM 017
NRM Q1A
NRM 019
NRM 020
NRM 021
NRM n22
NRM 023
NRM 026
NRuU  02S
NRM 026
NRM 027
NRM  0N2R
NRM 029
NRM 030
NRM 031
NRM 032
NRM 033
NRM 036
NRM 035
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MEAL FUGCTION PRI INAY ™Mo T IME o 15TW] ofiNA)

o o o o THIS PUSCYILION (PPT) 1S CALEFD oY Trr SUKKOUTINF (CY(L 1)
TO Cat COLATE PRICTIPITATION, InE A WU THA REOUINES A wi T DAY
PRECEDNED MY A DiwY DAY AN A whl DAY PRECELUEN AY A w1 DAY,
THS THE COMVERSTON 1S MADE RY TARTNG THE LOMPLFMFNT OF TMF
INPUL PROHAMILITIES,

INTEGFR 1o THAY sR ol eMODP aNAME (3) oMRAGME o1 olIC9 113
HEAL Al4) 48] oM (a) eDNIAYsHTsH2sH 1P Q0 (A0%) o N1 (IAS)
HEAL WelIMFol1STRToXl AM{3AY)

COMMUN /XUNT/Z LUsULsUZ200]
e o o o CHFCK FOR EQUALITY OF TIMF AND TSTRT.

It (TIMELOTLTISTRT) 6O 10 )10
T (MONF NFL3) 6O Tu 103

o o o ¢ PEAD FOURIED CURFEICIENTS REPRESFMT I PRECIPITATION
PARAMEIFRS 1F T1MF = STANT AMD STOCHASTIC wbATHER WANTED,

READ (Ule]17) (Masmt (T)ef=1e)
WRITE (U2411H4) (NAME (1) el=iv3)

o o o o PFAD COEFFICIENT FOR DU,

WREADD (UlellYw) NT.aA|

KEAD (Ule]20) (A(1)eH{T)ol=1oNT)

whITE (U24122)

WRITE (U2612]1) NTeAle(A(I)oh(I)el=14NT)
CALL SEr (MTebBlelAsHeUD)

s o o o READ CUEFFICIENT FUR Q1

READ (Ulel19) NTAlL

READ (Ule120) (A{I)eB(1)eI=]14NT)

WRITE (UZ2s123)

WHITE (U2¢121) WTeAla(ACL) oM (1) oI=1eNT)
CaLL Str (NMTeAleAsHO])

e o o « CALCULATTION OF PROBARILTIY (DRY PHFCEUED HY WFT DAY)
FROM PROSARILITY (DRY LAY) AND PRORARILTITY (DRY PRFCFDEDN Ry
URY) WHTCH ARF DEXIVED FwO» DATA,

QL) ={W]l (1) =G1I365)18G(1) )/ 11.=0]1(365))
DO 101 n=2,365
QIIK)= (W] (K) =01 (K=1)200(K) )/ (le=01(K=]))
DO 102 n=1,365

o o ¢ o NDATA DRY/DRY COUNVERT TU WET/DRY.
WU (K)=],=Q0(K)
o o o o DATA DHY/WET CONVERT TO WLT/WFI,

Q1 (K)I=1,=01(K)
CONT INUL

o o o « READ COEFFICIFNT FUR RAINFALL DISTRIBUTION,

READ (Ulel19) MTeal

READ (Ule120) (A(])eB(I)el=]loNT)

WRI1TE (U2,124)

WRITE (U2¢121) NToALo(AIT)sR(T)oI=1eNT)
CALL SEK (NTeA)eAensXLAM)

P=00(1)

1F (MODP.NE.2) GO TO 104

o o« o o READ IN PARAMFTERS FOR PRFCIPITATION CURVE., THE WAVF e
LENGIH IS CONSIDERFD TO HBF 265 DAYS (,017¢ = TeP]/365.)

READ (Uls115) HlsHPer3
WRITE (U24116) H14H24H3
IF (IDAY,FQ.0} GU TO 1la
IF (MOLP=2) 10641054107

e o o o GENERATE DAlLY PRECIPITATION USING A SINF FUNCTION,

DDAY=]DAY

PPT=H]® (SINM((DDAY=H2)@,0177) ¢1,)en3
PPT=PpT/365,

If (PPT.LE.V.) PPT=0D,

GO T0 113

FETURM

o o o o GENERATE DATLY PRFECIPITATION STOCHASTICAILY USING A
MARRUY CHALIN FOK DETERMINING sHFM 4 STORM UCCIIRS AND AN
EAPUNENTTIALLY OISTHIBUTED FVENT S126 GIVEN A STORM DID OCCLR.

RaRANF (V)

1F (=) 108,108.109
NRA=Z2

KeRANE (V)
PPTz=aLUGIK)®XLAY(INAY)
Gu 10 1llo

NHA=]

PPI=O,

o1

POy

ey

PrT

pol

pPT
PPT
PPT
PPT
opT
PPY
PPT
PpT
opY
opPY
PPT
PPT
PPT
PRT
PRT
PPT
PPT
PPT
PPT
31
PeT
PPY
PPt
PPT
PPT
PPTY
PPT
PPY
PPT
PPT
PPT
PPY
PPT
PPY
PPT
PPT
PpT
PPT
PPT
pRT
PPY
(134
PPY
PPT
PPT
PPT
PPT
PPY
PPT
PPY
(134
PPY
PRT
PPT
PPT
PPT
PPY
PPT
PPT
PPY
PPT
PPT
PRT
PPT
PPT
PPT
PPY
PPT
PPTY
PPT
PPT
PPT
PPT
PPT
PPT
PPT
PPT
PPT
PPT
PPY
PPT
PPT
PPT
PPT
PPT
PPT

PPT

PPY
PPT

123

(13
PPY
epPT

[-1-24

00l

0az
0o
006
0os
LT
607
00R
009
nlo
nil

012
ni3
nle
n1s
016
017
niR
ale
neo
n2l
02?
f23
024

nek
na7
n2a
029
030
n31
032
n33
034
n3s
036
n37
3R
n39
N&n
nsl
n&a2
n&l
LT
065
046
047
4R
na9
050
nsil
05?2
ns2
(-1
05%
0S6
057
0SR
0s9
060
061
[L1.Y4
063
066
065
066
067
06A
069
070
071

072
073
074
07s
076
077
n78
079
080
oal

nee
083
084
0RS
086
0a7
NAR
ORQ
090
09]

092
n93
0946
098
noA
097
09A
nAGo
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124
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e o o o ESTABLISH NFw COMDITIUNAL PRORMABILITIES,

GO TO (1114112)9 NRA
PzL0 (JDAY)
60 Tu 113
P=Q1 (JLAY)

e o o o CONVERT INCHES PRECIFPITATION TO MM,
PPTEPP125 4

RETUKN

PPI=0,

KE TURN

o o o « FOPMATS USED IN THIS SUHKDUTINEt.

FORMAT (3F10.0)

PPT
PPT
PPT
PPY
PPT
PRT
PPT
PPT
PPTY
PPT
PPT
PPT
PPTY
PPT
PPT
PPT
PPT

FORMAT (27HOPKECIP SINE FCN CUEF H]l ® 9F10,495X¢SHH2 = oF10449SX+SPPT

1FH3 B sF10,4)
FOKMAT (rA4eA2)
FORMAT (IHNe284LyAY)
FORMAT (13,#10.0)
FURMAT ()2F6.4)

PPT
PPT
PPT
PPT
PPT

FORMAT (1H +SHNT = 312¢2XeSHAL = oF1N,442X0 IBH{A(I) oB(1) 1]l oNT) 9 1PPT

10(F6s49cX))

FORMAT (BHNQO COFF)
FORMAT (8HnG1 COFF)
FORMAT (11HOLAMDA COEF)

END

PPT
PPT
PPT
PPT
PPT
PPT

100
101
102
103
106
105
106
107
10R
109
110
111
112
113
114
115
116
117
11R
119
120
121
122
1?3
126
125
126
127
128
129
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SUHKUUT INF KECHRD (TIME o ISTIxT o JDAY S TNYRe [P oP)

o o o o THIS SUHROUTINE (RECND) 1S CAILLED AY [HE SURROUT INE
(CYCLY) TO READ wWHATHEE DATA RFCORNS FROM A TAKE,

INTEGEKR 10AY o INYRGNIAY GRYR ol L1eM]SSeil] olI2611]
HFAL PoPPoePLeSTTF oTIM o TMLAGTMINGIPoTSINT T]01?

COMMUN ZXHINTZ LUsU) sUZel1D
o o o o CHFCK FUR FOLALTITY b TIMF AND TSTRT.
IF (TIMEL,GTLTSTRT) GO 10 101

o o o o VALUFS Ply T1ly T2 ARF INITIALIZED TO FORM A TARLE IN
WhlCH THE VALUES OF THF PREVIOUS =GUOD NDA)A=~ ARE STORED,

Pl=0.

Ti=0.

12=0,

M|SS=0

1F (MISS,FN.1) GO T 103

HEAL (ULls10n) SITEIRYRIJUDAY s TMAX e TM]I N PP
IF (KYR) 10741074102

s o o o FIND BEGINNING OF SIMUILATION RUN,

1F (KYKLTL,INYR) GO TO 101

MISS=p

IF (IDAY.FN.0) GO TO 106

IF (IDAYFNLleAlilloJIMNMAY,EQ.3AR) GO TO 101

IF (INTATIME) GEUGINT(TSTRT 1)) WRITE (U2411V) KYPeJUDAYeIDAY

e s o o DATA PECORD FOUNL FUR INAY RY IHRFF UPT1NMSH
JUDAY L1 fe INAY THFN NEw NDATA CAPD 1S RFAULN

JUDAY GTe 1DAY THEN M]ISSING A KRFCNKD, SFI Mlee=], SKIP NFANNK

JUDAY  Fue 1DAY THEN ODETERMINE If ANY MISSING INFORMATIONM

ON THE RECORDS. Tl )2s BND P) CONTAIN ELVHER CURRENT DAY
WEATRFR INFORMATION OR PaST GOOD DATA. It ACTUAL DATA FOR

THE LAY IS MISSInCe Trib WEATHER DATA FROM THE PHFVIDUS
«~GOUU DATA~ DAY IS USED.

IF (JUUDAY=TDAY) 10141054104
M1SS5=]

GO 10 1Us

IF (INTUTMAX) GEQ.~D) TMAX=T]
IF CINTOTMIND oFUQe=0) TMIN=T2
IF (PPeLTan.) PP=P]

o o o o RESET DATA TaHLE.

T1=TMAA
T2=IMIN
P1=PH
TP=(11¢12) /2.

e o ¢ o COMVERSIDN FRDM FAHKFMHELT TO CENTIGRADE OF TP AND
COUNVERSION FRNM INCHES TO &M OF P,

TP=(TP=32.)*,55555

P=P]

Pz=Pe25.4

RE TURM

WHITE (U2,109) KYReJUDAY,TUAY
RE TURN

e o o o FDPMATS USED IN THIS SURROUTIME.

FORMAT (AGe9Xe120130)XeFe00lXsFleNelXeF5,2)

FOKMAT (1x.317)

FORMAT (10K KYK = o1 795ReRHIUDAY s 9174SX0THIPAY = 417)

END

RECRDAO]
RECKNO002
RFCFNAOI
RFCRNNOG
RECKDNOS
RECHDNDA
RECHNOOT
RECHDNOR
RECRDO09
QFCRDN] A
PECRDONY
RECRDO12
RECPNNA
RECHDA1G
RFCRO01S
RECHDO16
RECPNO1?
RECRNOIA
RECPDO19
RECRD020
RECKD021]
RFCHDO2?
RFCHDN23
RECKDN24
RECRDN2S
RECFDN26
RECHDN27
RECFNA2A
RECHDN29
RECRDN3N
RECRDO3]
RFCRNN32
RECRNN3]
RECHDN3G
RECPNOIS
RECPDN3A
RECRDN3T?
RECPDO3R
RECPDN309
RECRD04O
RECPDN4]
PECRDNG2
RECRD043
RECRDO44
RECRDO04S
RECKNOGA
RECRD047
RECHDO4R
RECRDO4O
RECHDN0S0
RECRDNS ]
RFCRD0S2
RECPD0S3
RECPDNS6
RECRDNSS
RECRNOSHK
RECRDOS?
RECPONSA
RECHNNS9
RECPDOAO
RECRD061
RECKDOE2
RECPD063
RECKDO6S
RECKD065
RECFDNAG
RECRDNGT
RECFDO6R
RECRDO&Y
RECRNATA
RECRDO7]
RECRD072
RECRD073
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SUBROUT INE RUMEN (LVWT o SUPNsSUPL s OOMN o GNN o AN IMS 2 o W(IM o RFL o MDMD oM PRIIIMENOO )
RUMENNO?
RUMENNO D
RUMENNO&
RUMENDOS
RUMENOO&
RUMENNOT
RUMENOOR
RUMENNO9
RUMFENN] N
HUMENN] 1
RUMFNN] 2
RUMENOT 3
RUMEND]L G
RUMEND1S
RUMFNO] A
RUMENNLT
RUMFNNLH
RUMFNOLS
RUMFNN20
RUMFNN2]
RUMEND22
RUMEND23
RUMFNN24
RUMEND2S
RUMFNO26
RUMENNRT
RUMFNO2R
RUMF NNPQ
RUMENN3O
RUMENN3]
RUMENN32
RUMENN3]
RUMF NN 346
RUMFNN IS
RUMFND 36
RUMENN3T
RUMFNO3A
RUMFNQO 39
RUMFNO4O
RUMFNO4 )
RUMENOGL2
RUMENO43
RUMENNG&
RUMFNO4S
RUMFNO& &
RUMENDGT
RUMFNNGR
RUME NN &9
RUMENOSNH
RUMFNOS]
RUMENNS2
RUMENNS3
RUMFNOSG
RUME NNSS
RUMENOSH
RUMFNNST
RUMENOSA
RUMENNS9
RUMENOGO
RUMENO0G]
RUMENDG62
RUMENOG3
RUMENOG6&
RUMFNOGS
RUMFNOGA
RUMFNOGT
RUMENOGA
RUMEN069
RUMENOTO
RUMENOT]
RUMENOT2
RUMENOTI

10evL/S)

o o o o THIS SUHROUTE (KUMEMN) IS CALLED HY TnF SUHKROUTINF
(AL WS) 1O DETEWRMINE FORAGE INVARE ARND BNIMAL GATN AS A
FUNCIION OF WwTIROGEN CONTENT 1IN THE FORAGE .

HEAL ARNeAFACIAS/+AVAIL sCAP oD o IGaNIGeNME s [HNM LIRIIM
REAL DSeFFACOE KR ot YHoFRDR oG GANUF ACIANNGGPLUSN TG
REAL LVnToMENGMIPRDaMIPWIneMPASsMG7 oNDLE T oM UK gNFRDR
REAL DoURMPASFNgPFNekDM R UMD oRFL s SO e SUPL ¢ SUPN

REAL UNUFDoVFAWVL 75

COMMUL, 7COW/ AVATLoFYRsGaGPLIISUSMPAS oMF ORNFRUKR SO

e o o« s COMPUTATION OF INGESTION HASENR ON THE AMOUNT AVAT( ARLF .
AND IHE DIGESTION FACTUKS,

CAP=,16°VL 7Y

16=CAP=RFL

1F (1GeLTang) 1G=0,

16=avalLelg

D=0®,45069,7

SG=SUPLCLVWT®,001

11S=0,

1F (SG+1G) 10241024101

DS=S0G/ (5G4 10)

D=0 (]1e=DS)*,.75%NS
NDLET=NEOR® (] ,=D8) ¢ SUPNEDS

DG=U® (1L+S6)

DUM=DGY4300,.

IF (NDILT .1 T.0.) AFAC=0,

IF (NDIETolTeabeANDSNNTET GF 4le) AFAC=oU31eNUIFT
IF (NDILT Gl eahaANDWDIFE Tl Tole8) AFAC=aN230INNTIFT=61,0186
If (NDILT.GheleH) AFAC=.064ES
DMP=DOM®AF AC
MIPRO=MIPRN+DMP=MPAS®M]PRO
MIPHOWEMTPROZVLTS

FRDHENE HOROMIPHUW

EXRaF RPURSF YR

IF (EXH4GT ,,95) Exave,u%
DIGERDMUCDR
UNUFDa10® (] 4 =N) +ROM=KDMD

PASFDUm (1 4 0=FKDR) ®EYRONGeEYRGUINDFD

¢ o ¢ o COMPUTATIONS MADE FOR THE RUMEN FACTUKS,

NROME 1G=EXR®D [G=PASFD
ROMRRUMODRNAMSSUPL*LYWT®,001]
If (¢DMeLT,04) KDMmO,
HOMDEF AreRNM

IF (ROMUsLTe04) ROMORO,
RFLERNMOMIPRO®,00])

o s o o COMPUTATIONS MADE FOR ALL THE ENERGY HRELATED VARIABLES,

EFACE  T47=,15®(NDIFT=,6)

IF (NDILY L Teat) EFACE.747
IF (NDIET GEeloH) EFACE,5Y]
VFASFRURSDOMOEFAC
PENB,25°PAGF %6700,

MENB AS*MIPRO®4L, J8UPAS
AENEBY) A*PENIMFN= 125,08y 75
ASZuLvwi/zmMg2

I1F (ASZeL T,005) GFACEG,

IF (ASZ2eGF e 050ANNGASZ4LTole0) GFACEI, 7405,26%457
IF (ASCLeGE 4 140) GFACRY,
GANBAE W/ GFAL
OMNeUe 1 G®TN00,

GNNaGe lue1 000,

RETUKRN

END

SUHNOUTAINE SER (NTea)saeHeS)

e o o o THIS SURROUTINE [SER) IS CALLFU RY THE FUNCTION (PPT)
TO USTATIN DATLY PARAMELtN VALUFS FOR FXPANSIOM OF FOURIFR
SERIRS, .

INTEGEH ToNoNT
HEAL A140)oALaHIN) oS (ION) oSUMIRT ¢ XN

U0 102 1m]436%

XlsbLOAT(])

SUMmvy,

DU 1ul NeleNT

AiNeF| UAT (N)

SUMBSUMA (N)®COS{ 01 T2SOKI®XN) ¢R(N) ®SIN(, U1 T25eXT®XN)
S(limaleSiM
RETUKN

END

.

SER
SFR
SFR
SER
SFR
SER
SFR
SFR
SER
SER
SER
SER
SFR
SFR
SER
SER
SER
SER
SFR

001
(4
003
006
005
00A
007
00R
009
010
0l1
012
013
fale
01S
06
017
01R
0le
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SUKKOUL NP STawt

e s & o ThIN SHuaccOT AR (STARYY ]S CalL D BY Tub MAIN PROGRAM
(RAIWLESNY 1O READ LiSsEr LERITED JP 1T1TAL VALUES ORTO
INTUEAL TZ0 STSCLATIUN CUNTROp VARTADLE S,

INTEORIC ToTDAY e TH TN Ny ] NYre IYHeJo DAY oK ol LIoMeMKT
INTEGER MOPE 0N T g MONGNCLASoNUE o lt] o112 00 Y XNE

HEAL ANUS o ANTUT o 2RF AHASE o U nSHe(HeNT I TeDTNTPLOTRL
KEAL DIrH oF VAR g AR oF COMS s TRAON GG TRl VW T oL wT g M52
HEAL 1 IMePP oPrielWelHCoHPRLOIVIPN{TF e PRANGPT o P o KB
REAL SHaSOTLAGSOTE HeSTRNUN g SUFL o SUPN o SIIPP ¢ SHIPP R SUIPRT
WEAL QUFWToToaTENNoTre DT IME ¢ TIHIToTOTAL ¢ TP INg TSTRY
MEAL VovAL Tt oWILTeZeRLOT0eAYT0,/7

STaARTO0]
STAT0O0?
STawTnn?
STAWTL 6
ST ALTODNS
STARTANA
STARTOOT?
STARTOOR
STARTONS
STawTnln
STAKRTOL )
STARTR]2
STARTN]]
STAKTNlG
STaNTN1S

COMMON /CAT/Z ANOS(S) gANTOT «ARFAJDTTIToFLOMNSGGRINIR) JAMIN(S) o INIS) « ISTARTNLA
INFU(S) sLVWT{S) ol AT (51 oMATEN) oMG72(5) oMOLASMOFL(S) ¢OMIN(S) ¢ STRNO(S)STARTCL 7

2oSUPL () « SHEN{R) o SHIPHR (K] ¢ S1ER ] (S) STARTP]LA
CUMMIR  FFCNNL/ HASE (5) o CASH L) o PRECOVITAW) o BRTCE (17) +PRMN(]12) o+ SUIPP (RSTARTALQ
1) oSUPWT(R) o VAL UL (S)eZ272()2) STARTNZO
COMMUM 2107 DTFLaDIFL ¢DTPHGTENE STArTR2]
COMMUN /P MT/Z FVAF 4t CaPeSGILASSOTL HeTHULD WIL] STARTN22
COMMUN ZTAP/ MONP (MONT oPFL P T {4 1P (A) 4R STARTN23
COMMUM /TT7 TDAYSINYRo{YieaJUNAY R oMON STARINZG
COMMUN ZTx/ DT +TIMFoISTRTI oA (UY) ¢ANF oRJUTDX]1110 STARTNZS
COMMUN ZUX/ CHelNoPHI PR PR sFwoHOeSNe TUTAL WV STAPTN2A
COMMUN ZXUNT/Z LuesliTsUrouUD STARTNZT
STARTN?A

o o o o SFT ALL NON=FFAD AWRAYS T0O ZFPU,. STAWINPQ
STARTN30

no 102 l=1.l12 STAWTN3]
FRICE(1)=0,0 3 STARTN32

It (1.GTeh) LU TO 101 STARTN33
TP(1)=0,0 STARTA3G

IF (le0GTeb) GO TO 102 STARTNIS
ANOSt1) =040 STAFTN3G
SUPPI])=0.0 STARTO037
CaSHi])=0.0 STARTNIR
GAINII) =040 STARTNIG
BASE (])=U.0 STARTNGO
OGNIwLL)=1u.0 STARTNG]
LwTl)=040 STARTOG?
OMIN(]1)=0.0 STAFTNG]
SUPLI])=0.0 STAKTNGG
VALUE (1)=0.0 STARTN4S
SUPwl{])=0.0 STARTNGA
CONTINUE STAKTOL?
STARTOLR

e o o o READ DATA FRUM DATA SECTION, STARTNGY
STARTNSA

READ (ULlesInb) TSTRTLTENDLT«DNTIPRIDTFLLUTPL STARTOS]
READ (ULlslnS) X(TO)ex(111eXt12)4aX(2)) STaAKTNS2
KEAD (UlsIP7) NCLASMUEDT ¢MUDP s INYR ¢ ARFAFCAPTHOI.De¥ILToeSOILALSOTLSTARTNS]
IRy TINTI STARKTNSG
IF (NCLAS,IF.0) GO TU 103 STARTINSS
READ (U14108) (THED) oMRT LU o TNFD(J) «MNOED(J) oLVWT LI} o SUPRT (J) 4 SUPPRSTARTNSA
1O o STRNG () o SUPN ([ J} oMY 2 1 S) o J=] o NCLAS) STARTNS?
READ (Ule1N6) (PRCOVII)ol=]elb4) STARTNSA
KREAD (Uls106) (PRMN{])s1=14)2) STARTOSY
STARTO6ND

e« o o o ARFA IS INPUT IN ACRFS AND CONVERTFD 10 SQUARE METERS STARTOG]
THEN THF RANDOM MUMHER GENERATOR 1S INITIALIZFD, STARTNG?
START063

AREA=ANEA®4047, STARTO6G
1F (AWEALLF«0.0) aWFA=1,.0 STAPTN6S
CALL KRANSET (TINIT) STARTO066&
STARTNGT?

e o o o SET OEFAULT VALUES, STARTNGR
STARTO069

IF (TENU.LF.0.) TEND=365, STARTO70
IfF (DTWLFoNs) DNT=], STARTOT]
If (NCLAS.GT.5) NCLAS=S STARTNT2
IF (NCLAS,LE+0) RETUKRN STAPTO0?73
DO 104 J=],NCLAS STARTNT4
STARTNTS

o o o o ADJUST VALUE OF IN(J) AND MKT(J). STARTOT6
STARYOT7

M= (IN( ) =TSTKT)I/DTe.5 STARTO78
IN(J) = TSTRT oMo T STARTNTY

M (MAT ())=TSTRT)/DTe,5 STARTORD
MAT(J) =TS TR eno)T STARTOR]
STARTNAR?

e« o o o LVWT IS CONVERTED TO GRAMS AT THIS PUINT, STARTOR3
STARTNRAGL

HMS57 (J) =MS2 (J) 2654, STARTNBS
LVl tU) =LvwT (J)®aha,0 STARTNARAK

I (STKNUO(J) oLFo040) LVWT(J)I=0.0 STAKTORY
CONTINUE STARTNRA
KE TURN STARTNAY
STARTOON

e o o o FORMATS USED IN THIS SURROUTINE. STarTNng)
STARTNG?

FORMAT (HF 0.0} STARTNSGD
FORMAT ({7Xxem(FIN,GelX)) 1 STAKTO94
FORMAT (3]]1e12e9Xe7F10a0) STAMTAGS
FORMAT (4]YeHX9hF10,0) STaKTN9A
STARTNGQ?

END

STARTNOR
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WEAL FUNCTION TEMP(IDAY oM0UT iAo TTMF o 1STNT)

s 0 o o THTS FPUNCTION (TEMP) 1S CALLED kY THE SURKOUTTINF (CYCLD)
10 Cal CULATF TEMUeNATURE . A TEFPERATURF SINE FUNCTINN CAN
Bt BEAST{Y DERIVED FOH A LOCATION IF THF AVERAGE YFaWRLY
TEMPENATURE REGIME FUM A MNEAKHRY | ACATION IS RMNOWN, NR& IS
A VAR]ARLF ALLOWING TEMPERATUKE TO b REDULED wHFN RAIN
OCCUNS s JF SOME WEGIME OTHER THAN SINF TS USFN,

INTEGER IDBYeLUGMUNT oA sU ] ol12e1J3
HEAL DUAY ¢HboNS oMb o TIME ¢ TSINT

COMMON /XUNT/ LUWULU24U3

IF (MODT=2) 101e102e102
RF TURN

s ¢« ¢ o« CHFCK FOR FAUALITY OF 1IMF aND TSTRT.
IF (TIME 6T, TSTRT) GO TO 163

o o o o HFAU IN PARAMFTERS FOR TFMPFRAIURE CUKWVE,
THE ®AVFLFNGTH 1S CONSIOERED 10 RE 365 NAYS (,0172 =
(2eP1/3A5,) .

READ (ULe]1NS) HasHYHeHA

WRITE (U2,106) HaoHSHoHE

IF (lOKYaFQe0) GO TGO 10s

D0AY= DAY

TEMPEHL® (SIN((DDAY=HS5)®,0]172)¢],) sHA
TEMPZ (TEMP=32,)®,55555

RETURN

TEMP=0.

HETUKN

o o o o FORMATS USEN IN THIS SURROUTINE.

FORMAT (3F10.0)

Temp
TEMP
TEMP
TEMP
TEMP
TFMP
TEMP
TFMp
TFmp
TEMP
TEMP
TEMP
TEMP
TEMP
YEMP
TEMP
TEMP
TFMP
TFMp
TFMP
TEMP
TEMP
TEMP
TEMP
TEMP
TFup
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP

FORMAT (25HOTEMP SIME FCN COFF Hl = oF10,4sSAISHHS B oF10,4¢SX¢SHHTEMP

16 8 oF V&)

END

TEMP
TEMP
TEMP

001
00?
o0l
006
nos
006
007
foR
009
elo0
Nl
0l2
nl3
0ls
01s
0l6
017
olA
0l1e
neo
021
022
023
n2s
025
026
027
02A
029
030
[}
032
033

¢35
036
037
03A
039
060
(13}
062
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SURKULITINE AFL WS

e o o o THIS SUEROUTINE (XPLWS) 1S CALLFD RY THE MATN PROGRAM
(RANLES) TO COMPUTE b VALUES OF ThE FLO®S AND STORF THF
VALUES IN THE COMFUTED #LOW STACK,

INTROE™ JTolODAYeIMF o INGINFI o INYRgIYR e JIWAY oK oM T
INTEGFH MONP MO T oMM g NCLASoNOF Do XFR o Xve XNF ¢ ANL OC
INTREOFN ANPL o ANPL T o XADPN e AMDT e XNVHS o X 9 AMR ¢ 5|

REAL ANMUSANTOT eAnt AAVALL oo HASE ¢ CASH UM CPIUDAY
HEAL NEIT oDPMAGUEF DR 1O T ITFL oD THL «DTPRF TOULETONW
PEAL FVAPGFYRWFCAP o FCOMNSef LUOWot e TMgAC NG GIVIN

HEAL GFLUSD oG olrwal Va T ol wl oM [FPRINV(K) JMRAS quG /7 oivF IR
REAL AP RN quUsOMTHePY | qPHoF = o PR o ROV (PR ICF (FRMNGPT
KEAL FwWokDM{S) oRNMD{G) ¢WE L AS) shGeSDeSNLLAGSOILHISTRND
KEAL SUFL o SUPH g SIHFP o SUPPR o SUPK T o SHIPWT o Lo TEND S THOL D
HEAL TIME o TOTALoTHeTre iSTRTsVeVALUF oVt SewWTL i sWPeX
REAL XPoX]DTUWRLIIITeX11T0e/2

XFLwSOO0]
XFLeS002
XFl wsan3
XFLwSN06
XFLWSO00S
XFLWSN0A
RELWSOO0T7
XFLWSNOA
AFLWSNOS
XFLwSO010
XFLWSNT)
XFLwS012
XFLwSA1D
XFLWSN1G
XFLwWSN1S
XFLWSOLA
XFLWSN17?
XFLWSO1R
XFLwSN]19

CUMMON Z/CAaT/ ANGSIS) sANTUT e8P AGDITT of LUNSeGAIMNIR) oONTIN(S) o TN(S) o IXFLWSNZ2N
TNFUS) sLVWT(S) oL WT(S) ¢MXT (5} aMS/7(5) oNCLASINOFU(S5) 4OMIN(S) o« STAND(S) XFL¥S021

2ySURL (%) o SHPN{S) « SIIPER (5) ¢ SUPPT (9)
COMMUN Z7COW/ AVATLoF YR Uy LPLUISD ¢MEAS oNF URGNFRLUR o0

XFLWSN2?
YFLwWSN2]

COMMUN JF NN/ 1tASE (S) o CASHIS) oPREOV(T44) o PRILE (]12) «PRMN(12) o SUPP (SXFL¥SN24

1) eSUPWI(S) ¢ VALUE (5)e7721(12)

CUMMUN 710/ UTHL oD IPL JDIPR«TEND

COMMUM ZPLNTZ EVAPSFCAPSSOILAWSNILRTHULDWILT
COMMUN Z18P7 MODBMOD T oPFLoFT ol o TP (A) o IN

COMMUN /TT/ TUAYSINYNG]YReJiINDAY R o MON

COMMUN /TX/ DTeTIMEoTSTHToR(9U) ¢AlF 4 X10TO,x111T0
COMMOM ZUX/ CHoONGHPH PR ¢PRC P4 eRGe SNy TUTAL oV

XFLWS02S
XFLeS026
XFLWSN27
XFLWSN2R
XFLwSN29
XFLWSN30
XFLwSN31

COMMUON /7 XSYS/ XF (300) ¢ XFK (300) o XNLOC (2U05) o XIVPL 9 XNPL T o XNPR ¢ XNST 9 ANXFL WSN 3P

1VRS(2G) s XPL {99) ¢ XPR(9G) 4 XST(99)
XN=]
e o o o PROCESS = PRECIP1ITATION,

FLOWSPT

IF (FLOWLLTa0,) FLOW=D,
HFLS=PFL*FL NweDT

AF (XN)=F) Ow

AN=XNe]

o o o o PRNLESS = EVAPUIKARSPIRATICN,

EVAP=E 1 (X(2]1) s TReFCAPy THOLDWILT)
FLOW=FVAP

IF (FLUW,LT<0,) FLOW=0,

AF {XN) =t LOW

ANZ=XNe ]

e o o o PRNCESS = NET ACCUMULATIUN OF GRFFM FURAGF,
CALCULATION OF PLANT USE OF ATMOSPHLWRIC CUZ INCLUDING ROTH
GROWIH AND LOSS TERMS wH[CH MAYRE | £SS THAN ZFRO,

Gw=0,
GC=0,
X1011=All0)ex(Il)

e ¢ o o WHFN OAILY TEMPERAIURES ARF RELOW )10 LEGPEES CENTIGRADE»
THERE 1S NO GROwWTH OF FOURAGE,

IF (T,LT1.5,) GO TO 104

o o o o ONF GRAM GROWTH INITIATION FOR CNOI, SLASON 1F TFMP .GF,.
Se¢ #ARM SEASON TF TEMP ,GFe 104

IF (ToObk oS5, eAMDX(IT) LE,,00001) X(I1)=1,

IF (To0t o)1NaaANMDGX(10) oLEssbtiun]l) X(10)=1,

CALL GRUW (X(10)sX(11)sX(21)eTReSOILALSOTI ReOWeGCeFCAPSWILT oK)
Kz=Ke]

o o o ¢ ONLY CHFCK GHOWTH 1F AT LFAST UNE COMPONFNT HAD NET
GROWIH OVEKR THE LAST DT,

IF (OWelToNeeANDGC,LTo0N.) GN TO 104

EVAP=EVAP®1000.

GReO,

DDAY=JUAYsu(

RBSS0,*c00,.°2SIN((DDAY) /7365.26,2R)

IF (OWebLT. 0. aANIOC.OT0.) 6O TO 103

IF (Gw) Jolslulelog )

o o o o RECOMPUTE wARM AND CODI. SFASON GROWTH ASSUMING GROWTH
WAS REDUYCRD.

IF (GCOB.GT.FVvar) CeFvab/i
GR=GC

GO T0 lvua

IF (LWL ,GT.FVAP) GWeFVAP/B
GR=0O»

GO TO lue

OHBOReLL

AFLwSN33
XFLWS034
XFL»SOJ3S
XFLWSN3A
XFLWSN3?
XFLESNIA
XFLWSN39
XFLwSNGO
XFLWSNG]
XbLwSNG?
XFLWS043
XFLWSNGs
XFLWSNGS
XFLWS0GE
XFLWSNG?
XFLWSNGR
XFLWS06O
XFLWSNSO
XFLWSOS]
XFLWS0S2?
XFLwS053

XKFLWSO54
XFLWS0GS
AFLWSNS6
XFLWS0S7?
XFLWSNSRA
XFLWSNS9
XFLWS060
XFLWSO06]
XFLWSNG?
XFLWS063
XFLWSN6G
XFLWSNGES
XFLWSNGA
XFL%S067
XFLWSN68
XFLWSNG69
XFLWS070
XFLWSO071
XFLWSN72
XFLWS073
XFLWSO074
XFLWS07S
XFLWSO076A
XFLWSO77
XFLWSN7R
XFLWS079
XFLWSNAND
XFLWSO081
XFLWSOR2?
XFLWSOAR3J
XFLWSOAG
XFILWS08S
XFLWSNARK
XFLWSON?
XFLWSORR
XFLWSOH9
XFLWS090
XFLWSNG}
XFLwSne2
XFLWS093
XFLWSN94
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e s o o CUMPULIE PERCET OF TOTAL wARM AND COUL SEASON Pl ANTS
COMMKR(SF

L1t WARL
(Peul/76m

s o o o IF AMOUNT OF wATER FVAPOTNAMSPRIREN 15 | ESS THAN AMOUINT
USEU 10 PRODUCE FLOW UF HIOMASS, RFUUCE FLUW TO MAXIMUM
PUSSINLF .

IF (OR®OGToFVAP) GREF VAR/R
OwzakoLR
GC=CPoOLKN

e o o o FLOW CAN HE NEOGATIVF I+ WESPINATION oUTe GROWTH,

FLUW=Z(w

At (AN)=PLOW

AN=ANe |

FLOw=GC

AF (XN} =FLOW

ANz=ANe ]

RGEU,

If (X1011,1TeeN0O01) GO TO 105
FO=0M/AL0])

CALL NIIRO (RGOGNIPHoFNgCHyVePw)

e o o o PHNCFSS = PLANT SENtSCEMCFe NPYINGe AND FREFZING.

NMA=,05
ETODw=0.

e o ¢ o IF K IS LFSS THAN 45 OR THF GRUWTH RATE 1S LESS THAN AT
THE PREVIOUS TIME STEP THEN NO NDFATH.

IF (Kol 1,4S.0RX(10)GT,210T0) GO TO j06
e o o o WARM SFASUN DRYING,

ETuDw=.
IF {TReULT(2%:) ETONw=, 100 (IN=25,)e,10
IF (TReLT410e) ETUDWELl=,121R

e o o o SECOND TERM WEPKFSENTS THAMPLING L0OSS.

FLOW=ETUDWOX (]0) ONMX+,0006%X(]10) ®*ANTOT
IF (FLUALLT.0.) FiOwW=0,

XF (AN) =r LOW

ANEXNe ]

« o s o COOL SEASON DKYING.

ETOLC=0.

IF (KL To45,0ReX(11)eGT4X11T0) GO YO 107
ET00C=.1

IF (TR.0GT.20e] ETONC=.10UC(TR=20,)+,10

IF (TP.LT,5,) FINNC=1,1=,29TR

FLOW=F TUDCOA({11)9NYX+ ,0004%X(])1)®LNTOT
1F (FLUwLT,0,) FLOW=D.

XF (XN) = LOW

XN=XNel

o o o o PRNOCESS = DISAPPEARANCE UF STANDING UEAD ¢t ORAGE .
OISAPPFARANCE OF OFRAD FUKAGE 1S CONIROLLFD AS & FUNCTION
OF ThE MEAN DAILY TEMPENATUKREs SOII MOISTUKE BND TRAMPLING
BY LIVESTOCK,.

DRTO=Z,0U04¢,00032°TR

IF (TReLT.0.) DRTD=.006
DPF=l,0¢(1,/(FCAP=WILT))®(A(21)=WILT)
IF (X(21).GT.FCAP) (PF=2,

IF (X(21).L.TaWILT)Y DPE=1,
FLOWEDRID®DPFOX(12) ¢+, 000R2X(12)2ANTOT
1F (FLOW,LTe0s) FLOWEQ,

XF (XN]=¢ | Ow

o o ¢ o LIVESTOCK LOOP,

IF (NCLAS.LE.O0) RFTURN

IF (X1011,67,,00001} GO 10 108
wPz0,

CP=0,

GO 10 109

wP=X(10)/X101)

CPs],=mw¥

e ¢« o o COMPUTE TOTAL FORAGE PRESENT,

GPLUSH=A]0]]ex(12)

IF {GPLUSD) 110+1104111
NFUR=aD,

AVAIL=0.

60 10 112

o o o o COMPUTE PLRCFNTAGF GNEEN AND DKY COMMHRISF,

26| N0
P LARCA N LT Y
X LaSNC9T
XF1 R SNGR
Xk LwSN00
XFLwST100
XFLLSIOL
XFLWS102
XFLwS103
XFL¥S] 06
AFLWS]108
XFLWS]O0A
XFLWSINT?
XFLWSIOR
XFLwS1009
XFLwSI1N
AFLWS]11
XFLWS)11?
XFLWS113
XFLWS114
XFLwS11S
XFL¥S116
XFLWS11Y
XFLWSI)R
XFLWS119
XFLwS)20
XFLWS121
XFLWS12?
XFLWS123
XFLWS126
XFLWS125
XFLWS126
XFLwS127
XFLWS12R
XFLWS129
XFLWS]I30
XFLWS)131
XFLWSYI3?
XFLWS133
XFLWS] 34
XFLWS13S
XFLwS136
XFL¥S137
XFLWS13R
XFLWS139
XFLWS)60
AFLWSIG]
XFLvS142
XFLWST43
XFLWS 164
XFLWS 145
XFLWS 66
XFLwWS14T7
XFLVYS1 4R
XFLWS1649
XFLWS1S0
XFLWS151
XFLwS152
XFLWS153
XFLWS1564
XFLWS15S
XFLWS156
XFLwS157
XFLWS158
XFLWS]159
XFLWS160
XFLWS161
XFLWS162
XFLWS163
XFLWS) 64
XFLwS165
XFLwS166
XFLWS167
XFLWSI6R
XFLWS169
XFLwS170
XFLWS17)
XFLWS) 72
XFLWS173
XFLWS) 76
XFLWS]) 75
XFLWS176
XFLWSI77
XFLWSI78
XFLWS179
XFLWS1AD
XFLWSIR)
XFLwS]182
XFLWSIAR3
XFLwS184
XFLWS1ARS
XPLWS |86
XFLWS]IAT?
XFLWSIAR
XFLWS1R9
XFLWS190
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113
114

115
i

116

17

81

el @y Uiz, o1l Test )
Usle=l:
WEUKELYUNCN® SN

o o o s COMPUTE PUKAGE AVAILAKLE FOR CUNSUMPLLON,

AVAIL =l o G=F AP (=, [ 6 TOGI LISI)
NO 117 l=1,NCLAS
AMz=INe ]

s o o o PROACFSS = INTAKE UF GRFFN FORAUE

FLOWSOHIN(T) OwkeSTRNU () ZAKE A
1P (FLDWeLTo0e) FilW=0,
FLONSSF CONSSFLOwenT

AF (XN)=F| Ow

ANz ANlNe )

FLOASGMTN(T) @CPeSTRND(T)/ARFA
1F (FlOWelTo04) Pl Oiw=u,
FCOMD=P CONSeb| ODwonT

Rb (AN} =FLOW

ANz=Atve ]

« o o o PROCESS = INTARE OF STANDING NEAD FORAGE.

FLOWSOUMINI(T)®STKMO(]) ZaRE A
IF (PLOWLT,0.) FLOW=O0,
FLONSZF CUNSeFLOWEDT

At (X14) SFLOW

XNz=ANe ]

e » o o PNNCESS = INTARE (OF SUPPLFMENTAL FFEU.

SUPL(T1)=0.0
FLOw=0,

o o o o DURING SUMPLEMENTAL FEEO PFRINUs wFIGHT GAIN AUF TO
SUFPLEMFNTAL FEENDING IS DETERMINMED bY FFFU RATE AND BODY MaSS.

IF (IDAYoGF e TNFII{T) s ANDGINAY(LE «NOFU(T)) PLOW=SUPRT(T)OX(])

o o o o DURING SUPPLEMENTAL FEED PFRINUe CBLCULATF PROPORTION OF
WE JOHT GAINED FRNM SUPRPLEMENTAL FFFUING TU DATF,

IF CIDAYLGF A INEDII) ¢ ANDWIDAY(LEJNOFUL]T)) SUPL(T)SSUPRT(])

IF (FLOWLLTL0e) FLOUW=D,

SUPwi (1)=SUPWT(T)eFLOW®NTOARPFA/LS54, 0
RF (Ri4) =FLOW

AN=ANe ]

e o o o PHNCESS = TOTaAL OF ANIMAL LOSSES,

IF THE nAY 1S OUTSIDE THE GNAZING PERTON, INTAKE OF FORAGE

ANO wWEIGHT GATH ARE SET EQUAL TO 0,
1F (10AYLTIN(])eORIDAY.GTMET(T)) GO TU 116
o o o o INITIALIZE SUMMATION VARIARLESS

IMF=1]IMFe+,.S
VL75=(.n019LVvwT(]))®e, 75

IF UIMFNELJINIIY)Y GO TO 113
ROV (1) =,082VLT7S
KFL{L)Y=RDM(])
KDMU 1) =RDM(])
MIPRU(]I)=200.

e o o o INTTIALIZE CONSTANIS.
MPAS=,52

NFRUK=, 046
EYRE.25

e o o« o TF THERE ARE NU ANIMALSs INTAKt OF FUKAGF AND WF IGHT

GAIN ARF SET TU ZEWO.

IF UINT(STKNO(I))«GT1.0) GO 10 115
OMINLtI)=0.0

GAIN(])=0.0

GNIN(])=0.0

GO Tu 11o

RFLWS V)
XfLwSivp
[NAN SRR A
AFLLSIVe
KFLwS19S
XFLWSTOA
XFLWS197
XFLWS19R
XFLWS199
XFL®S200
RFLWS20]
XFLwWS20?
XFLWS?2N])
XFLWS2064
XFLWS208
XFLWS206
XFLWS207
XFLWS20R
XFt wS200
KFLwS2In
XFLwS211
XFLwWS21?
AFLWS?13
XFL¥S2106
XFLWS?21S
XFLWS?16
XFLWS?217
XFLWS?1R
XFLWS219
XFLWS220
XFLWS221]
XFLWwS2?22
XFLWS223
XFLWSP26
XFLWS2?25
XFLWS226
XFLWS227
XFLWS22R
XFLwS?29
XFLWS230
XFLWS231
XFLWS?23?
XFLWS?23)
XFLwS?36
XFLwS23S
XFL¥S?36
XFL®S237
XFLWS?3R
XFLWS?239
XFLWS240
XFLWS24]
XFLWS24?
XFLWS?43
XFLWS244
XFLWSP6S
XFLWS24k
XFLWS?67
XFLWS24R
XFLWS2469
XFLwS250
XFLWS2S]
XFLWS25?
XFLWS253
XFLWS25¢
XFLWS255
XFLWS256
XFLWS257
XFLWS?SR
XFLWS259
XFLWS260
XFLWS?261
XFLWS262
XFLWS263
XFLWS5264
XFLWS?265
XFLWS?6A
XFLWS267
XFLWS26R
XFLWS?269
XFLWS27n
XFLWS271

CALL FUMLEN (LVWT (1) oSUPNIT) SUPL (T)90MIN(L) 4GMIN(]) 9GAINIT) yMSZXFLWS2T72

(11 orOMT) oRFLET) oROMD (1) yMIPROI(T) 4 VLTS)

e o o o ANTMAL LNSSFS ARE THF DIFFERFNCE RFTWEEN TOTAL tOND

INGLSTED AND Wk IGHT GALNED,

FLOWS (GNIN(I)eOMIN(]1)=GAIN(]))@STRNUI(T) ZaKEA
IF (rLOWe.LT.,0.}) FLOW=0,
XF (AN)=FLOW

CONTIrUE

ANF BAN

HE TURN

END

XFLWS273
XFLWSP 74
XFLWS275
XFLWS276
XFLWS?277
XFLWS27R
XFLWS?279
XFLWS2R0
AFLWS2A]
XFLWS2R?
XFLWS2?R]
XFLWS?R6
XFLWS2HS
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103
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105

106
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SUBKOEED D0 AGRAFIC (Lr | oWV o AL VE o k) TN oYL [ME o Lo YN YMAX GNNONRPL )
o o o o THIS SUHMRUOITINE  (AnkAPH) TS CALEEN RY THF SUaeOUT TNE
(XL OENY TO GERSERANE Atar OUTRPUT ONE PRINTER PLUT AT FACH
Calle

THTFGER 1o THE R e TEHN G TUASH G TFYEF o« IR () 0U) 4 JOUAL ¢ ISTOP,17

IRIEGEN Je gt HAK e IR T e 0b ent YoRNT o OC ol LIgNMoNPL 9sNVR
INTROGEN NXLUC T2 00 oNXEL (9] o] o112 eI

REAL TIMF oxLIMECIT) oYL INF (6) s YMARGYMINCZLINN) 02107Je77
COMMUN ZXF TG/Z REY(S) o INLNR o INASHe IFYEF 9 [QUAL v JCHAR (&)
CUMMUN ZXUINT/Z LUsUT ol12e11)

ANT=0

JHYI=O

10 101 L1=1enVR
JENXLOCINPL 1)
1P (1) =MAPL (J)
wWHITE (UZeTUD) MPLo(lelP(T)sl=]eNVR)
wRlit (U2e]111) (YLINM(L)el=len)

o o o o FACH PASS THNOIGA THE FOLIOWwING FXBPLICIT | 009 (STATEMFNT
102 10 STATEMFNT 10H) OGENENATES ONF LINF UF THE PRINTED PLOT
OUN Inmb NUTPUT,
READ 1M ONE TIMF STEP OF PLOTTING pala,

READ {US) TSTORPGTIMFe(Z(])e]l=]eNM)
IF (ISTUP.GEe1) GO TO 109

e ¢ o o INITIALIZF Tk OUTPUT CHAKACTFKR STRINLG (TP} TO CUNTAIN
HLANRS AND GRAPHICAL WEFERENCE LINFDS.

KNT=KNT®]
1CHR= 1AL MK
IF (MOLIENTST0)NE D) GO TO 103
IF (KNTotW.100) GO TO 103
1CHR=JUASH
DO 104 1=1,100
IPtli=1cHR
IF (MOD(1420) .NFL0) GO §0 104
It (1.FN.100) GO TO 1ua
1P (L) =1EYEF
CONTINUC

e o o o INSERT PLOTTING CHANACTEKS TNTU STRINGL WHICH REPRESENTS
THE FPLOTTED VARIABLE.

DO 107 1=]4NVR
LOC=NALOCINPLY 1)
27=2(L0C)

o o o o DETERMINE LOCATION OF PLOTTING CHARACIER IN STRING
ACCURDING TO VALUE OF DEPFNDENT VARIARLF (Z2Z) AND SCALING
PARAME TFKS,

12=100
e o o o CHFCK FOR THE EUUALITY OF YMAX AND YMIN,

IF (ABS(YMAX-YMIN) LTs)s0E=20) GO TU 105
21=214499,2(27=-YMIN)/ (YMAX=YHIN)

12=21

2J=14

1F ((Z21-2J) o6F,0.5) 12=12Ze]

IF (12,67.,100) 1Z=]100

1IF (1Z2,LT.1) 12=1

e o s o STORE PLOTVTING CHAKACTER TN STRING,

JP=1P(17)
ICHR=JCHAR(T)
IF (JP,FO.IBLNK) GO TO 06
IF (JP.EQ.10ASH) GO TO 106
IF (UP.EU.ILYEF) GO TO 106
IF (UP.FU.ICHR) GO TO 107
ICHK=10QuaAL
IP(1L)=1CHR

CONTINUE

e o o« o OUTPUT CHARACTER STRING,

IF (KNTFQ.1e0RMON(KNT o 10) FN.0) GO TO 10R
WHITE (U2e112) (IF(I)el=10]100]

60 TO 1uv2

INTEUNT]

WRITE (U2¢113) XLINE(INT) o (IP(1)e1=14100)
60 T0 1u2

WRITE (U2,11641

kE TURN

e o« o o FORMATS USED IN THIS SUBROUTIME,

110 FORMAT (IMIe11H  PLOT NOo 91277202 ¢S(T1eGH = A(a1201H) o4X))

111 PORMAT

100(IHH))

112 FORMAT (19Xe THHeIDDAL ¢ IHH)
113 FORMAT (Skeb12el03rn orel00A) e IHH)
114 FUKMAT (20%e100(1HAHY)

END

XOHHPHOO0)
AHEHO02
AOKREMAN]
XivIPHGC G
h ERIRLT TS
XOR HANA
XGRPHO0T
XOHRPHOOR
XGRPHONG
XukbPHO10
AGRPHAY )
XGRPHNL 2
XGRPHOL ]
XGRPHON &
AGHPHO LS
NGRPHN ] &
XGRPHOL 7
XGRPHO LR
XHPHNALQ
XOGRPHO20
XOGRPHOZ21
XGRIPHNP 2
XGRPHOPI
XOGREHO024
XGREHN2S
XGRPHN2A
XGRPRG2T
XOGREHO2A
XGRPHN P9
XGREHAZN
XGRPHO3L
XGRPHA 32
XGRPHNJA
XGRPHN3G
XGRPHN3S
XGRPMO36
YOGRPHO3T
XGRPHO3A
XGRPHO39
XGRPHOLO
XGRPHNG ]
XGRPHNGL2
XGRPHNGI
XGRPHOGG
XGRPHOLS
XGRPHNLE
XORPHNGT
XGHPHNGR
XGRPHNGLY
XORPHOSH
XGRPHNS]
XGRPHOS?2
XGRPHNS 3
XGREHNSS
XGRPHOSS
XGRPHOSA
XORPHOST
XGRPHOSRA
XGRPHNS5Q
XGRPHO60
XGHRPHOG ]
XGRPHN&2
XGRPHOG3
XGRPHOBG
XGRPHN6S
XGRPHOGA
XGRPHOGT
XOGRPHOGR
XGRPHO69
AGRPHOTO
XGRPHOT1
XGRPHOT2
XGRPHOTI
XGRPHN TG
XGRPHNTS
XOGRPHOTAH
XGRPHO 17

 XGHPHMNTA

XGRPHNTO
XGRPHOAOD
XGKPHNAL
XOGRPHOR?
XGRPHNAJ
XGRPHORL
XGRPHOAS
XGRPHORA
XGRPHORT
XGRPHORR
XGRPHNAKY
XGRPHOQO
XGRPHO9]
XOGRPHAN?
XGREHNG3
XGRPHNGG

V777135 eF 12410500 aF 12,10 /20K01He s )RASTHE L ]OXe1HE) /20X e ] XGRPHNOS

XGRPHOGA
XGRPHAGY
XGRPHOOA
XORPHOQQ
XGREMINN
AGRPHINDY
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SUBNUUT INF AULT

e o o o THIS SIBROUTINE (ROUT) |S CALIED BRY IAF MAIN PROGRAM
(KANLES) TO WEAL ThHE DUTRNT CUNTRUL COMMANUS,  FACH CARD
INBPUL TS SCANNMED UK A (OMMAND VERI [N THE FIRST FOUR
COLUMNG IN AL PHANIERTC MODE AND LEFT JUSTIFIFN, LPON
RECUCNITION UF & COMMAMD VENKH THE REMATNENG COL UMNS ARF
ACCLFTED TN INTEGER MUEs 1IN FIFIDS OF FIVE DTG1TSe AND
H1Gonl STIFTED,  GN Tee DLOT CARD (R FIRST NUMFRIC FIFLD
(S Tu CONTALIN THr NUMRER OF BLOTS (ANP] T) NEQUESTED,

INTEOFR ToeTHLAKeTNASKH TEYEE s INFOo TP TOUAL o TVERRgTTe]2
TMTEOER Je JOHARGK oKE Yol ol oM (1 4) olt] ¢U2eUT

INTROER RFR e ANE o KINL.OC o ANPL ¢ AMPL T o XMPH G ANST ¢ XNVRS o X8
INTEOE N XPROXST

REAL DToTIME o TSTRT ¢ Ko XF o XTNT0eX]ITH

CUMMON /TX/ DTTIHF o TSINT o X{U9) ¢ANFaXT0I0,X1110
COMMURN ZXF TG/ REY(S) o TRUNF o TDASHO TFYFF o TOUIAL s UCHARTS)

x0uY
Ut
xouy
xouy
xOUT
xO0UY
xOUY
x0uT
x0uTY
xX0uY
xXouT
xXnuY
xnUT
xXOuT
XOUY
xourv
xout
xX0uY
XOuT

COMMUN 2x5Y57 XF (300) «XEREIC0) 9 ANLOC (PUeS) o XNML ¢ XNPL T o XNPR ¢ XNST o XNXOUT

TVRS (20) 2 XPL (99) o XPR (9G) ¢ XST (99)
CUOMMOUN 7XUMTZ LUSUT eliP e

HEAD (Ll e123) IVERRe(NUM(]) eT=10l14)
DO 102 1=145

IF (IVERHGEN.KEY (1)) GO 1O 103
CONT IMuUE .
Gu T0 119

e o « o A COMMAND VERR HAS HFEEN FMCOUMIERED,
GU TU (1044¢105+109:112+119)0 ]

s o o » FMND,

KE TUKRN

e o o o PRINT,
STOKE THE INDICHES OF THE STATE VARTABLES WEQUFSIFN FOR
PRINEING (NUM{T)) IN THE PRINT STACN (XPRIANPR)),

00 10R 1=1.4l1a

e o o o INNICES oLFs D ARF ASSUMEDN A RLANK AND ARE IGMORED,
INCICES 6T, 99 PRODUCE A DIAGNOSTIC, REPETITINUS REQUFSTS
ARE L1GNORED,

IF (NUM(1},LEeN) GO TO 10R
IF INUM(1).06T.99) GU TO 120
IF (ANPRL,LE.N) GO TO 107
DO 106 J=1+XNPR
IF {NUM(]).EQ.XPR(J)) 6O TO 108
CONTiINUF
ANPR=RHPRe |
KPR UANMFR) =NUM(T)
CONTINUE
60 10 1v1}

e o o o FLNOW,
SET IHF FLOW PRINT FLAG FOR THE K=TH FLOw IN THE FLOW
REFEKENCF TAHLE (XFR(K)) FOR EACH PAIR OF INDICES IN THE
RANGL | THROUGH 99 (NUM(I) AND NUM (J)) FUK wHICH A
CURRLSPONDING ENTKRY EXISTS IN THE FLOUW REFEREMCE TAHLE,

DO 111 1=1403.2
J=Tel
I1F INUM(]) LEOJANDNUM(J) JLELD) GO TO 111
IF INUM(T) LECDOR,NUM(]) oG1,99) GO TN 120
IF ANUM(J) oLE 400N (NUM(J) oGT,99) GO TO 120
00 110 x=]¢XNF '
INFO=XFK(F)
CALL AUNPAK (INFUCIPyI1e12)
1F (MUMLT) oNFolToaORNUM(J) oNELT2) GO TO 10
It {(IP.FULT) GO 1O 111
AtR(K)=XFERIK)e100ON
GV TO 111
contInuF
CONT UL
60 10 lul

s s s o PLOAT,
THE NFXT (XMELT) CARDS ARF HEADe NME CARD FFR PLOTe WITH THF
FIRST FIVF NUMEEIC F(FLUS INTERPRETED £S TnF INDICES OF UP TO
FIVeE STAIE VARIAHLES 10 APPEAR TN FACH PLUT,

XNPLT=rMUM(])
IF (ANPLTLE«N.CR aHPL T (T,20) GO TO 121
00 11K L= xnNpLT
REAU (U1e123) IVikke (NUMIJ) oJaY4]4)
00 113 =143
It (TVEPHL Q. KFY(J)) GO TO 172
CUNTINUF

x0uT
xXOUY
xX0uY
xout
xouv
xourv
X0uT
XouY
xour
X0UY
XouUTY
xXout
Xourt
XouTY
X0uUY
XQUT
XouT
XOouUT
XOuUY
XOouv
xouT
XNUTY
10UT
xouy
Xouv
xouv
XouY
) s]Vh ¢
X0uT
XouTY
xQuY
xXouT
xourv
XouTY
xoury
xourv
X0uUT
X0uT
xX0uTY
xourv
xXouv
xXour
xouTt
xXouTt
XouTt
XQuTY
XouT
xout
Xout
X0Vt
xouv
X0OuTt
xXOUTY
X0ouTv
Xout
xouy
XouTY
X0oUT
XouTv
xXouTy
xXouv
xXourt
xouv
xXouTY
xXourt
xouv
Xouv
xXouy
XOouTv
Xouv
XOUT
xXouTt

001
002
003
006
005
nom
007
ooA
noa
nio
0
ni2
13 &
nle
nis
nie
07
01R
nie
n2o
02t
022
023
na4
025
n2e
027
02A
029
030
a3l
n32
n33
036
035
036
037
n3A
039
6o
nal
062
na3
LYY
065
066
(7% ]
04A
069
050
0%
ns2
053
054
05%
056
057
0S8
059
060
061
062
063
064
06S
06k
ne?
0n6R
069
070
071
072
n73
074
[
076
077
078
0re
080
061
nR2
na3l
KRG
0RS
nAe
nNR?
nRA
0RQ
non
061
092



114
115

116
117
118

o000
.
.

119

120

121

122

(s X2 X 2]
.
.

123
124
125
126
127
128
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AnVRS (1) =0 Xourt
00 117 U=l,eS xOUT
IF (UMDY oLFal) GOL TO 117 xouy
It (HUM({J) 4 T,99) Gu T 129 x0uv
ANVRSG () 3XNV<S(]) o] xX0ut
KEXNVHS (1) XouTt
Ir (XNPLGLF.N) GO TO 118 XouTt
LU 116 L=]exnNPL xOouY
IF (NUM{U) 2. XPLIL)) GO TO 116 xO0UT
CUNT INUF xXouT
ANPL=XNFL ] Xourt
APL (XNPL) =NUM L) xOUTY
ANLOC (T on ) =XNPL X0UT
CONI INUF XOuTY
CONTINUE xoury
6O TO 1vul xXouy
x0ouY
e o o o IF FRRORS OCCURED GENERATE A DIAGNOSTIC, xOuT
Xo0uUY
WRITE (U24124) TVFRRy(NUMII)elz1e14) XOUT
wRITE (U2,12S) xXOuT
sToP xouTt
WRITE (U24126) IVERRs(NUMIT)el=1014) x0UT
wik]TE (U2,126) X0UY
STOP xXouT
WRITE (U24124) IVERRy(NUM(I)el=1014) xX0uUTY
WRITE (UPy127) xXOuTt
ST10¥ XouT
WRITE (U24]126) IVERRe(NUM(I)el=1014) XouTt
WRITE (U2s128) xouy
sStToP X0ouT
XouTt
e« ¢« o o FORMATS USED IN THIS SUBKOUTIME. A0UT
xXourt
FORMAT (AL 6Xs1415) xXourt
FORMAT (33HOe®woeer RROKR IN DATA SECTIOM INPUTZI0Xe84e€6Xe1415) xQuY
FORMAT (25K ILLEGAL COMMAND VEKR) XouTv
FORMAT (43W STATF VARIAWLE INDFX LE. 0 Uk 6T, Q9) Xouv
FORMAT (4b%H NO, OF PLOTS MEQUESTFD oLE. U OR 6T, 20) xouTr
FORMAT (122H CUMMAND VEKH ENCOUNTFRED WHILE PROCFSSING PLOT REXOUT
10UESTy CHECK FOR NO, OF PLOTS REQUESTFD oNF, NOs OF SUBSEQUENT CARXOUT
2081 XouTt
XouT

END

Xourt

083
LT
095
LT
ne7
09R
099
100
101
102
103
106
106
104
107
10R
109
110
111
112
113
116
115
116
117
11R
119
120
121
122
123
126
125
126
127
12R
129
130
131
132
133
134
135
136
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SUHROUTINFE  APLGEN PLGN
PLGN

e o o o THTS SUSROUTINE (APLGEN) 1S CALLFDN BY THF MAIM PROGRAM PLGN
(MBANLES) TO GFMFRATE THE REQUESTFN PLOTS UNNER CONTROL OF PLGN
THE PLOT GENEWRATION VARLARLES.  THF INFOWMATION FOR PLOTTING PLGM

1S UN THE TEMPORAKY MASS STURAGE OFVICE (U3d) . PLGN
HLON

INTEGER 1oT1olSTOPLOC«LUNVANSGUT 9112 4UI 9 XFReANF ¢ XNI OC PLGN
INTEOFH XNPL o XNFL T4 YADOR ¢ XNST o 2 NVRS o XP] 9 XPR XS PLGN
HEAL DT oTIME o TSTRT eX o xF o AINCoXL INE (1]) s XMAX g AMINGX]ST PLGN
KEAL XIUTOGRIITUSYINCoYLINE (R) o YMARGYMINGYISIZZ(100)472 PLGN
PLGN

COMMUN /TX/ OToTIME«ISTRToX{99) ¢ XHF «XIUTNex11T0O PLGN
COMMUN /XSYS/ AF (3NN) ¢ AFR(INN) 9 XNL DC(20e%) ¢ XNPL o XNPL T o XNPR ¢ XNST ¢ XNPL GM
1VHSL20) s APL (99) ¢ XIPR(UG) ¢ XST (9Y) PLGN
COMMUN /7UNT/ LUGU) sU2+U3 PLGN
PLOGM

DO 106 11=1+XNPLT PLGN
XMIN=],F30 PLGN
AMAX==xM]N ’ PLON
YMINS) ,F30 PLGN
YMAXE«YM]IN PLGN
PLGN

e o s o SFARCH THE PLOT DATAy DETERMINING MAX ANN MIN VALUFS FOR PLON
sScaLt, PLON
PLGN

REWIND 113 PLGM
KEAL (117) 1STOPTIME L (2(1)el=]oXNPI ) PLGN

IF (ISTOP.GF.1) U TU 103 PLGN
AMIN=AMIN] (XMING T IME) PLGN
AMAXRSAMAX] (XMAX ] IME) PLGN
NVAKSZXMVRS (1T} PLGN

DO 1u2 T=14NVARS PLGN
LUC=xXNLOCLTTW 1) PLGN
24=2(LUC) PLGN
YMINZAMIN] (YMIN,22) PLGN
YMAX=AMAX] (YMAX 22} PLGN

GO 1V 101 PLGN
.PLGN

e o o o CALCULATE GRAFHICAL SCALIMG VALUFS, PLGN
PLGN

CALL XRMND (YMINSYMAXsYMINoYMAX) PLGN
ALINE (1) =XMIN PLGN
XLINE (11)=xMaX PLGM
XINCS (XMAXK=XMIN) /10, PLGN
X1ST=amin PLGN

DU lua 1=2410 PLGN
XIST=X1ST+XINC PLON
XLINE(T)=R]1ST PLON
YLINE(])=YMIN PLGN
YLINL (6)=YMAX PLGN
YINC= (YMAX=YMIN) /%, PLGN
Y1SIzYMIN [ PLGN

DO 1lubh 12245 PLGN
Y1ST=YISTeYINC PLGN
YLINE(I)=Y]ST PLGN
PLGN

s o o o GFNERATE THF PLOT, PLGN
PLGN

HEWIND 113 PLGN
CALL XOPAPH (11+MVARSyXNLOCIXLIMFoYLIME¢Zo YMIMoYMAX ¢ XNPL9XPL) PLGN
CONTINUL PLOGN
HE TURN PLGN
PLGN

ENO PLGN

00l
00?
003
[T
nos
006
no7
onn
009
nio
011
012
nl3
fla
nis
nle
nlr
nlR
ols
nz2n
021
nz?
n23
n24
nes
n2ea
027
n2R
n2e
030
n3i
n32
033
036
03s
036
n37
N3R
039
060
NGl
0462
(1% )
046
nas
066
047
O&LR
LY
0s0
051
0s2
053
nSa
nss
0sé
0s7
058
0s9
060
N6l
062
063
(.29
065
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SURROUT ENE XPLOT  (val o 1ST0P)

e s s o THIS SURRDUTINE (RPIOTY I8 CALLED AY IHE MBIN PROGRAM
(MNANLESY TO GENEWATE UNE NECUORDD OF PLOT VARTARLF VAL UES ON
MASS STORAGE NEVISE (U3) AT FACH Call, The FONMAT OF FACH
HE(uRD TS ISTOR (ISTOP=] IS b 1AL 1STOP=U 1S OTHFRWISE) »
Timt o aAND vaL(]) . THE NUMKER OF RFLORDS LS xMPLe2, STORAGF
UF THE STATF vawTARLES 10 bt SAVFD FOR PLUITIMG ARE IN THE
AMKAY (VAL),

INTEGEN ToTSTOP s el Uell sUPelI Ao RFR e XNF ¢ ANI (O o ANPL
INTEGER XMPLT o XNPR o XNST o XMYR S ¢ XL s APRGAST
REAL DIoTIME o ISTRT VAL ( 300) e X XF o ATNTN0A) ITO

COMMON ZTX/ DToTTHMF o TSTHI A (9Y) o ANF oA JUTNXTLT0

XPLOTAO)

XPLOTO02
XPLOTOOY
XPLOTNOG
XPLOTNOS
XPLOTNOA
XPLOTOO07
XPLOTNOR
xPLOTNOO
xPLOTOLO
XPLOTNTL
XPLOTO12
XPLOTN13
XPLOTD1G
XPLOTALS

COMMON ZXSYS/Z XF (300) ¢ Al R E300) o ANLOC {20 e0) e XINFL o XNPY T o XMPR ¢ XNST o XNXPLOTO 1A

TVHRS(20) o XPL (99) ¢ XK (GQ) 4 XS T (YY)
COMMUN ZXUNT/Z LueUT o203

0O 101 1=]eaNPL
J=xPL (1)
VAL =A(Y)
WHITE (UJ) JSTOPTIME o (VAL(T) e I=1eXNPL)
HE TUKN

tND

SUBHOUTINF XPRINT (VAL s XPk ¢ ANPR)

e o« o o THIS SUHROUTINE (XPKINT) IS CALLFD HBY THF MRAIN PROGRAM
(RANUES) TO PRODUCF PRINTED OUTPUT UF STAIE VARIARLF NAMFS
ANO VALUFSs FOUR STATE VARLIABLES PFK LINEe STORSGF OF THE
STATE VAKTABLES TO BE PNINTED ARF IN THF AKRAY (VAL),

INTEGFF TeJdeJ]eJ2eLUsHKNToNLINE ¢UT oU2 U3 e XMF s ANPR
INTEGER XFR({99)
HEAL DTsTIMESTSTRT VAL (300) o+ XoX10TO41LTO

COMMONY ZTX/ DTsTIFEeTSTRToX(Q9) o XMFeX10TO,X]1T0
CUMMUN ZXUNT/ LUsULeU2sU3

NO 101 i=1,XNPR
JuXPH(T)
VAL =A ()

e » o o CHFCK FOR ENUALITY OF TIME AND TSTRT.

IF (TIME.LE.TSTRT) GC TO 102
WHITE (U24110) TIME
NLINEZXIIPR/Ge ]
NKNTEMOD { XMPR o 4 )
IF (NKNT(NF.0) GO TO 103
NL INE=NL INF=]
NKNT =4
Ji=1
D0 109 I=]4NLINE
IF (L.EQ.NLINE) GO TO 106
J2csJle3
WRITE (U2e111) (XPR(J)$VAL L) vJ=J] 42}
IF (LUGTL0) WRITE (LUSLLIS) (XPR(J) s VAL(J) 0J=1402)
GO Tu 1ny
J2=J) eNKNT=]
GO 10 (105¢10641074108) ¢ NKNT
WRITE (U20112) (XPHR{J)sVAL(J) sJd=J]4J2)
IF (LU.GTL0) WRITE (LUs115) (XPRUJ) oVAL (J) 0 J=U1002)
6L 1U 109
WRITE (02+113) (XPR{J)WVAL (J) s d=J]¢Jd2)
IF (LULGT.0) WRITE (LUsLLIS) (XPR(J)sVAL(J) 9J=U]4J2)
GO 10 Iny
WRITE (U2s114) (XPR(J) VAL L) sJ=J]4J2)
IF (LULGT0) WRITE (LUL1S) (XPR(J)sVAL (J) 1J=J14J2)
GO TU 109
WRITE (U2¢111) (XPR(J) ¢VAL (J) s J=J]4d2)
IF (LIIeGTe0) WRITE (LUSIIS) (XPROJ)SVALLJ) vJx)]0d2)
J1sJled
RETURN

e o o o FORMATS USED IN THIS SUBROUTINE.

FORMAT (HHOTIME = 4F12.1)

FONRMAT (10Xe6(2HX(oT2¢4H) = 4F)242+5X))
FORMAT (T0XecHK(91206H) B oF12.245X)
FORMAT (1O0Xs2(PHX(o]PetH) 8 oF124245K))
FORMAT (lOXe3(P2HX(0]12¢4H) 8 4F12.245K))
FORMAT (1H0W124€12,5)

END

XPLOTOL7
XPLOTNIR
XPLOTNI®
XPLOTO020
XP10T0N2]
XPLOTOP2
XPLOTNZ]
XPLOTNZG
XPLNTNZS
XPLOTO26

XPRNTO0O0]
XPRNTO002
XPRNTNO3
XPRNT0064
XPRNTOOS
XPRNTO0A
XPRNTOOT
XPRMTNOAR
XPRNTOOQ
XPRNTO10
XPRMTNL )
XPRNTNL2
XPHNTN) 3
XPRNTO1S
XPRNTOIS
XPRNTNLIG
XPRNTO17
XPRNTOIR
XPRNTOLQ
XPRMTO2O
XPRNTNZ2]
XPRNTN22
XPRNTNZ23
XPRATO24
XPHNTN2S
XPRNTN26
XPRNTN27
XPRNTO2R
XPRNTN29
XPRMTO30
XPRNTO03)
XPRNTO0 32
XPRNTO033
XPRNTO364
XPRNT03S
XPRNTN36
XPRNTN]7
XPRNTO3R
XPRNTO39
XPRNTO04O
XPRNTNG)
XPRNT0G2
XPRNT 043
XPRNTN4LS
XPRNTNGS
XPRNTNGO
XPRNTO0&7
XPHRNTO4R
XPRNTN4Q
XPRNTNS0
XPRNTO0S)
XPRNTNS?
XPRNTO0S53
XPRNT 054
XPRNT 0SS
XPRNTOSA
APRNTORTY
XPHNTOSA
XPRNT0SQ
XPRNTO60
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SUMROUT IIF ARAIE (7MTN G /MAX 1L 70 J R wu k)

o o o o IMTYG St L]t (RN LS CALLED HY Inp SEROUT TRE
(RPLGER Y TO DRETEWMINE Teb APDROCPETP TP SCALING $0R A PLOT

OF A P CT O pnSE VAL IS RARGE FRUM PMIN TO JeAX, KNIMIN

AN Nz ANRE Teb BT ME AL LS NP THF URAMH,

INTEGER ]
HE AL HINVAR gRN/MAX o wN/MTIve VAR e 7MAN ¢ IM I Ne /WNU 27

o o o o THF CASE wHERE /MIN = ZMAR IS IRFATED StPARATF] Y,

b LUAHS(ZMIN=IMAX) ) o1 o 1. 0F=301) 6O TO d07
IE CARS(/MAR) GTola0) GO TU 0]

WN/MIM==],

KN/MAXS ] o

RF TUKRM

o o o o SCALF Z UNMTIL THE FIKST SIGNIFICANT ULGIT IS IN THE
THOUSANNDS PLACE AN KOUNE AT TRF DFCIMAL PLACF,

{={MAx

1=

1F (Z2.,06E4,10004) GO TO 03
434910,

1=l=1

GO 10 lve

IF (4.L1.10000s) 6O TO 106
2=L/10.

I=1¢1

GO0 Tu vl

22INT (22,5)

o o o o DFETEWMINF Tht NUMKRER OF SIGNIFICANT QIGXTS IN Z¢ TRUMCATF
THE LAST UNEe AND USE THIS NUMHRFR AS A RaS1S FOR SETTING THE

GRAPH VALUES,

222710,
Iz]+1
IRND=INI(Z)

s o o o CHFCK FOR THE ELQUALITY OF ZRND AND 26

If ((ABS(ZRND=Z}).GT.].0E=30) GO 10 lno
7=2/10.

I=1e]

GO TO 1uS

1F (2,0 a0,) RMNZMIN=/KND=],

IF (Z Liq0,) RNZMINZZWND-2,
KNZMAX=NNZMINe 3,

e o o o RFSTORE TrE NUMHEWS Tu ImF ORTULINAL MAGNITUNE,

RNZMIN=HNZMINS ][O, 001
RNZMAX=KNZMAX® 0,00 ]
RE TURN

o o o o IN THFE GFNERBAL CASE THE DIFFERLNCEs {MAX=ZMIN, IS
TRUNCATFD TO THE ¢ IRST SIGNIFICAMT OIGIT AND FNLARGED IF
NECESSARPY TO ENCOMPASS THE ENTIRF RANGEs LMIN=ZMAX,

VAR=ZMAA=7MIN

1=0

1F (vAK GF.1.) GO TN 109
VAR=VAKR®10,

I=1=-1

GO TO lua

1F (VARWLT,10.) GO YO 110
VAR=VAR/ 10,

I=]e]

60 T0 109

RNVARE INT (VAKR)

YRND
L LT
XRND
ARND
KRN
ANND
ARND
XRND
XRND
XRND
XRND
XRND
XQND
XRND
XRND
XRND
XRND
XRND
XRIND
XAND
XRND
XANN
XRND
xRND
XRND
XRND
XRND
XRND
XRND
XRND
XHND
XRNP
XHND
XRND
XRND
XRND
XRND
XAND
XAND
XRND
XRND
XRND
XAND
XRND
XRND
XRND
XRND
XANN
XRND
XRND
XAND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRMD
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRNP
XRND

nol
nne
003
ane
nns
06
ns?
LB
0ece
nlo
ol
nle
013
nle
0ls
0ls
07
nlAa
019
ngo
[iFa}
n2e
nel
026
nes
nee
irad
nee
029
030
n31
[k F
033
036
03S
036
n37
03R
039
n&n
04l
na2
043
nus
045
LYY
ne?
LA
069
nse
nsS1
052
nsS3
054
055
054
ns?
0nSA
059
060
061
062
063
064
065
066
067
06R
069
070
071
nre
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[aN g Kol

O 00000000000

111

88

e o o o CHFCK FUR THE EQUALITY OF RNVAWN AND VAR,

IF ((AHS(RNVAR=VAR)}) ILE41.06=30 GO TO 1))
IF (VARSGT,0.) HNVARERNVANe],
IF (VARLT,0s) KNVARZHNVAK=],

e o o o TRUNCATF ZMIN AT ThF SAME NECIMAL PLACF AS THE
DIFFEFENCEy ZMAX=7MINe wAS TRPUNCATFU AND LUWER THIS VALUF [F
NECESSARY TO INSURF THAT IT IS LFSS THAN ZMIN, THIS VALUF IS
USED FOR RNZMIN AMN THE TRUNCATFDN NIFFERPFNCES RNVAR. 1S ANDED
TU OYTAIN RNZMAX (KNVAW 1S ENLARGFD If NECESSARY TO INSURE
INCLUSION OF THE ENITIRE INVTERVAL),

Z3IMIN® L, 00 (=]}

22=2MAK®1D,e®(=])

ZRND=INI(7)

IF (VARSI T,0.) GO 10 112

IF (2,0t a0g) MNZMINZZHND

IF (Z.L1404) HNZMINE/RND=-],

1F (RNZMINGWNVAKR L T,22) RHVAKSKNVARe],
60 T0 113

112 IF (2,01.04) HWNZMINZ/HNDC],

IF (2.LEaD,) KN/MINSZHND
IF (RNZMINeRNVAR (T 4Z7) RNVANSHNVAR=] ,

113 RNZMAXZHN/MINeRNVAR

e o o e o o HFRTONE THE NUMHENS TO THE ORTOINAI MAGNTTUDE,

PN/MINENIZMIN® [N 00 ]
OUN/mAREHIMAR®] ], 00 ]
e TUNM

[AH]

SUBROUTINF XUNPAK (IVelPs1FsIT)

e o o o o THIS SUKROUTINE (XUNMPAK) TS CALLEN RY THF MAIN PROGRAM
(RANOLES) AMD THE SURROULTIME (ROUTY TU UMPACK TNFORMATION
STOKED In THF FLOW WEFFRENCE TARLES.

SOME VARTAHLE DEF INTTTONSA

1v = INTEGEW VAKIAHLE CONTAINING THE wORD TO RE
UNPACKED,

1F = INTEGER vAWIAWLE CONTAINING THE INDFX OF SOURCE
COMPARTMENT,

17 = INTFGFR VLRIAKLF CONTATINING THE INDFX OF

DESTINATIUN CUMPARTMENT,
INTEGER ToIFsIPelITelyV

IP=1v/10000
I=lv=1F®10000
IF=1/10v
IT=1-1F®100
RETURN

EnD

XRND
XRND
ARNN
XRND
XRND
XRND
XRND
XRND
XRND
XRNQD
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
XRND
¥RYD
XRUD
XRNI
ARND
XRNND
XRMD
rRar

073
076
075
0re
077
078
079
08N
[[1:}
NR2
nRJ
(1.1
085S
086
0R7
0RA
0R9
090
091
092
093
094
09S
09e¢.
097y
09R
099
100
101
102
103
104
108
194

XUNPK0O1
XUNPKOO?2
JLUINPKOO3
XUNPK 004
XUNPK0OS
XUNPK0OA
XUNPKOOT
XUNPKOOR
XUNPK009
XUNPKO] 0
XUNPKO] ]
XUNPKO]2
XUNPKN ]I
XUNPKN 14
XUNPKO 1S
XUNPKO 16
XUNPKO]T
XUNPKO 1R
XUNPKOT9Q
XUNPK020
XUNPK02]
XUNPK022
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APPENDIX 173

Example Subroutine Substitution

SUBROUTINE RUMEN will be used to explain the procedure for substituting
new or revised subroutines for the original. An early version of RUMEN can
be substituted into the deck for the current RUMEN routine. Notice that the
substituted version of RUMEN has a shorter argument list than the current
routine. By shortening the argument list in the calling routine the sub-
stitution 1s correctly made. RUMEN is called near the end of SUBROUTINE
XFLWS. The switch is complete by dropping variables TIME, IN, MSZ, RDM, RFL,
RDMD, MIPRO and VL75. Conversely, if more or different variables are needed
from other routines the argument list of the call and the subroutine can be

lengthened. The correct form of the calling statement and the substituted

subroutine follow.

In SUBROUTINE XFLWS:

CALL RUMEN (GREEN, DRY, NGN, NFOR, LVWT, SUPN, SUPL, OMN, GAN, GNN)
The substituted RUMEN routine:



(e XeXe] OO0 OO0

2X2XzXs)

O0O0O0 (zXslesNeNeNesNeRe RN XXX e X2 X XN X2 Xa X2 Xel OCOOOOO0

101

90

SUBROUTINE RUMEN(GREENsURY sNUNsNFORsLVWT e SUPN e SUPL s OMN 9 GAN» GINN)
eeoeeeCALCULATES IMTAKE AND GAIN FOR RUMINANT ANIMALS AS A
FUNCTION OF CONTENT OF FORAGL

eoeee SUBROUTINE SUITAKILE FOrR NON=REPROUULTIVE OROWING ANIMALSe
BUT IS NOT DESIGNED FOR MATUKE AND PREONANT ANI[MALS.

REAL INTAKsNFORNDIETsNGNeNSULVWT

INPUTS

GREEN=AMOUNT OF LIVE FORAGE OKAMS PER METER SQ

DRy =AMOUNT OF STANDING DEAD FORAGE OGRAMS PER WMETER SQ

NGN = NITROGEN CONTENT OF GRcEN FORAGE (PERCENT)

NFOR = AVERAGE NITROGEN CONTENT OF FORAGE SELECTED (PERCENT)
NFOR = DIET VALUES FROM FUNCTION DIET

LVWT= ANIMAL WEIGHT IN GRAMS

SUPL = PROPORTION OF LVWT GIVEN AS SUPPLEMENTAL FEED.
DIMEMSION=- 1/TIME

SUPN = NITROGEN CONTENT OF SUPPLEMENTAL FEED(PERCENT)

OUTPUTS

GNN = INTAKE OF LIVE FORAGE(GRAMS) :

OMN = INTAKE OF STANDING DcAu FORAGE (GRAMS) UNCORRECTED FOR

AMOUNT OF SUPPLEMEMTAL FEED SUPPLIEL .
GAN = ANIMAL GAIN PER DAY (ULRAMS) .
NITROGEN CONTENT OF STANDING DEAD HEKSAGE ASSUMED TO BE 1.0 PCT
DATA FOR SUBROUTINE FROM RICE 1972
COMMENTS AND VERIFICATION BY COOK 1972

IF(LVWT.LE.0.0G) GO TO 105

AVAIL TERM ACCORDING TO BEMENT 13569
CORRECTION OF INTAKE FOR FORAGE AVAILASILITY

AVAIL=1.0-EXP(-00,167% (GREEN*DRY
IF (AVAIL.GT.1.0) AVAIL=1.0
NSD=1.0

IF (NFOK.LE.O.4) NFOR=0.4
NDIET=NFOR

FOREF=0,02

0=0.0

))+SUPL/0.02

seeeeBW75 IS THE STANDARD 8OLY WT IN KILOGRAMS TO ThHE 3/4 POWER

BW75=(0,001%LVWT) ##0,75
K=1]1

COMPUTE INTAKE AS A FUNCTION OF NITROGEN CONTENT OF DIET
*200eCALCULATE INTAKE PER KILOGRAM OF METASOLIC oODY WEIGHT

BWINT=(50.0¢*NDIET=20.0) #AVAIL
INTAK=BWINT#8W75

IF (SUPL.LE.O.U) GO TO 1¢2

seeeeIF SUPPLEMENTAL FEED» CALCULATE INTAKE

FORIT=IMNTAK/LVWT-SUPL
IF ((FORIT+SUPL).LE«0.0) GO TO 102

ADJUST NITROGEN OF DIET BY SUPPLEMENT
eeees CALCULATE NITROGEM IN DIET

NDTFT= INFOR#FNRTT+SIIPN#SIIPI 1 /(FORTTSIIPL 1

RUMENQO2
RUMENUO3
RUMFNOO&
RUMENO0O0S
RUMENOQOG
RUMENOQO7

RUMENQO®
RUMENO1LO
RECRDO032
RUMENOL1
RUMENO12
RUMENO13
RUMENO 14
RUMEND15

RUMENO18
RUMENO19

RUMENQ20

RUMENOZ2]
RUMENOQZ22
RUMENOZ23
RUMENOQZ24%
RUMENO 2S5
RUMENOZ26
RUMENDZ27
RUMENOZ28

RUMENO030
RUMENO31
RUMENO0 32
RUMENO033

RUMENO3S
RUMENO 36
RUMENOQ37
RUMENO 38
RUMENO 39
RUMENO4O
RUMENO 41
RUMENO @2
RUMENOQ43

RUMENOQ4S
RUMENO&b
RUMENO47
RUMENO48
RUMENQ &9
RUMENQSO
RUMENOS]
RUMENO>S2
RUMENO0S3
RUMENOS«
RUMENOSS

RUMENOS7
RUMENOS58
RUMENOQS5Y
RUMENOQ6D

RUMENOG61
RIIMFNNA2?
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102

Y8
99

103

104

Ios

91

eeees COMPARE INTAKE TO REFLRENCE

TEST=FOREF/FOKIT )
IF (TESTeGTo0.95eANDTESTLTe1402) GO TO 102
K=K+]

eseeeAT MOST 20 ITERATIONS ARE ALLOWED
IF

(KeGT.20) GO TO 102

.....IF ERROQ IS GREATER THAN 2l pERCtNT’
AND RECOMPUTE INTAKE

ESTABLISH NEW REFERENCE

FOREF=FORIT
GO TO 101
INTAK=INTAK=-SUPL*®#LVWT

IF (NGNoGT «NSDeANDNGN.GE . NFURsANDNFOR.GT«NSD)» GO TO 103
IF (GREEN® DRY ) YB8+98499
INTAK=0,
GO TO 104
0=NRY/ (GREEN+DRY)
GO TO 104
CONTINUE
PROPORTION OF LIVE (G) AND DEAD (0) FOKAGE COMPUTED 8Y EQUATIONS
0 =1.0 -6 :
O(NSD) + G(NGN) = NFOk
THEREFORE

0= (NGN~=NFOR) /7 (NGN-NSD)
G=100'°

eeeeeCALCULATE OEAD FORAGE INTAKE

OMN=0®INTAK

esees CALCULATE LIVE FORAGE INTAKE

GNN=G# INTAK

THE CORRECT FORM OF THE EQUATION FOR GAIN wILL RESEMBLE

GAN = (0.35 # BWINT = 14.0) ¥ BW75S

THE FOLLOWING EQUATION IS A DuUMMY PENDING DEoUG OF THE ABOVE
GAN=0.005#LVWT#G + 0.25%SUPL

CONTINUE

RETURN

END

RUMENO®3
RUMENO O 4%
RUMENO6S
RUMENO 66
RUMENOG7
RUMEND6Y
RUMENQ 69
RUMENQ70
RUMENQ71
RUMENO72
RUMENUT73
RUMENQ 74
RUMENOQ 75
RUMENO 76
RUMENO77
RUMENUO 78

RUMENO &0

RUMENO &4
RUMENUG 25
RUMENUB6
RUMENOB7
RUMENC B8
RUMENO 8%
RUMENO090
RUMENO %91
RUMENO 92
RUMENO093
RUMENO09¢
RUMENO0SS
RUMENG 96
RUMENU 27
RUMENO9H
RUMENO 99
RUMEN1 0O
RUMEN101
RUMEN102
RUMEN103
RUMEN104
RUMEN10S
RUMEN106

RUMEN1 08
RUMEN109
RUMENIL10
RUMEN111l
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APPENDIX #4

PROGRAM RANGES (INPUT, OUTPUT, PLTSV, TAPE5 = INPUT, TAPE6 = OUTPUT,
TAPE3 = PLTSV, TAPE4, TAPE7)

We call this card a '"program'" card. It specifies the input, output and
scratch tape devices. There is a one to one correspondence between the first
three parameters and the following three equivalences. The total meaning is
that TAPES corresponds to the system input device, TAPE6 corresponds to the
system output device and TAPE3 is a user declared storage file, in this case
the information to be plotted on the line printer is stored on file PLTSV.
TAPE4 and TAPE7 are scratch files used for saving any information that may
be desired. Specific WRITE statements on these devices are accounted for in
SUBROUTINE XPRINT, where LU is defined to be 4 or 7 in the block data sub-
program, then the state variables specified in the data section will be written
on one of these respective devices. The information can subsequently be used
in any manner, i.e. printed, punched, etc.

The meaning of the tape numbers should become clear when considered in
conjunction with READ and WRITE statements. For example, READ (Ul, 105) means
read from TAPE5 which in this program corresponds to the system input device.
Similarly, WRITE (U2, 106) will write on the system output device declared
TAPE6 on the program card.

Variables Ul, U2 and U3 are initialized in a DATA statement at about
line 66 of the block data subprogram. Then when the program says READ (Ul,
105) a read from TAPE5 = INPUT is implied because Ul was initialized to 5.
Also, note these values can be readily changed in the DATA statement to any
unit number that is convenient for your installation. For example, if your
card reader is designated as unit 1 then just present DATA Ul/1l/ and all
subsequent READS will be from the card reader.



S oo eaad [ e | G  — el R— —  —— el _ =3



95

APPENDIX #5
Stochastic Precipitation Generator

A stochastic precipitation algorithm requiring only three parameters
for generating a daily precipitation regime has been developed by Todorovic
and Woolhiser (1971) and is used in the RANGES model. The three parameters
required by the algorithm are (i) probability of a dry day preceded by a
dry day, P(D/D), (ii) probability of a dry day, P(D), and (iii) the average
storm size, SS. The data values used for these parameters are average weekly
values for the year and can be represented succinctly using a Fourier series
for each parameter for the year interval. Five Fourier coefficients for each
parameter are read by FUNCTION PPT and then expanded by SUBROUTINE SER into
daily values for the year. This apparent complexity has been incorporated to
allow RANGES to be used at most grassland sites in the western United States.
The algorithm used to determine whether a storm occurs on any given day of
the year uses the probability of a wet day preceded by a dry day, P(W/D),
and the probability of a wet day preceded by a wet day, P(W/W). These can
be obtained from the input, P(D/D) and P(D), by the methods of Heermann
et al. (1971). A uniformly distributed random variable is used to determine
if the conditional probability is high enough to generate a storm, based on
whether a storm occurred the previous day. If a storm occurs, another uniform
random variable is used in conjunction with the storm size parameter to gen-
erate the event size from an exponential distributionm.

Algorithm for generating daily precipitation events.

(i) Read in Fourier coefficients for the three precipitation parameters,

P(D/D), P(D) and SS.
(ii) Expand into a series representation of the daily values for the

year.

P(D) = ag + a; cos(m +« day) + b, sin(r - day)

+ a, cos(2m e+ day) + b2 sin(2m - day)

where a, is the mean response of the parameter over the year and a,
bl’ 8y and b2 are the remaining Fourier regression coefficients.
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(i11) Convert P(D/D) and P(D) to P(W/D) and P(W/W). Let t = the current
day and t-1 = the preceding day.

PW./D__;) =1-P(®/D )
P(D/¥,_)) = B(,) - BO,_) * B(./D,_))
PW, /W __;) =1 -P®/W_,)
(iv) 1Initialize simulation to begin with no storm.
(v) Generate a uniformly distributed random variable.
(vi) Test to see if the random number (rl) is less than the tramnsition
probability (P).
(vii) If T, < P, then generate a storm, otherwise set precipitation for

the day to zero and set the transition probability to be tested
to P(W/D).

(viii) If a storm occurs, r, > P, generate another uniform random number

and compute the storm size from an exponential distribution.
SS = - log r2/k

where

r2 uniform random variable

A

1/mean weekly storm size.

The Fourier coefficients required by this algorithm can be generated for
most grassland sites in the western United States. A computer program, PREGEN,
has been written which uses as input latitude, longitude and elevation to
generate the necessary Fourier coefficients for input into RANGES. PREGEN
checks an unknown site to see if it lies in the area of representativeness of
a known weather station as reported by Heermann et al. (1971). If it does,
then the Fourier coefficients are generated from the data for the known weather
station. Otherwise, a linear interpolation is performed on surrounding known
stations to determine a weighted average of their data, from which Fourier

coefficients are generated. The average is weighted because elevation is
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more highly correlated with precipitation than proximity. Therefore, twice
as much influence was ascribed to elevation similarity than to horizontal
proximity.

Algorithm for interpolating between knowm weather statione for an

unknown 8ite.

(i) Check to see if unknown site lies in area of representativeness
of any known stations. If it does use the parameters for the
known station unless the user specifies an interpolation is to be
performed.

(ii) 1If a site does not lie in the area of representativeness of any
known station then set a conceptual coordinate system on the un-

known site with the vertex at the site.

lat

Quad 1 2

nknown site

+ , long

(iii) Now find the minimum distance station within each quadrant within
a radius of 120 miles.
(iv) Calculate the weighting factors for, at most, four stations surround-
ing the unknown station. Note -~ there may be fewer than four stations.

a) Find the similarity index (SID) for station distances.

SIDi = 2w/ (a+bi)

where i = quadrants 1, 2, 3, 4;
a = the minimum distance for the four quadrants;
bi = the distance of the station in quadrant i; and
w=

a. In general, w is the minimum of a and bi'
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b) Normalize the similarity indexes (SID).

¢) Find similarity index for station elevations (SIE).
d) Normalize SIE.

e) Compute weighting factor

WAL = (2 - SIE + SID)/3

£) Normalize WAI.
(v) Generate Fourier series for the year for the three parameters
P(D/D), P(D) and SS for, at most, four statioms.

(vi) Multiply the resulting daily values by the weighting factor.

(vii) Sum the weighted daily values for each parameter to obtain the
weighted average for the unknown site.

(viii) Find new Fourier coefficients for the result and print them for
use in RANGES.

(ix) If the user specifies rain generation from PREGEN, perform the

rain generation algorithm as described for RANGES.

PREGEN users guide. The total PREGEN package consists of a FORTRAN deck
and a data deck. The data deck has a card with user specified input parameters
and a weather station card file supplied with the program. The user input
card allows various PREGEN options to be chosen. All variables on the first
data card are integer and should be right justified in the defined field.

Columns Variable Description
Name

1-5 ILAT Latitude of site to be interpolated

6-10 ILON Longitude of site to be interpolated

11-15 ILEV Elevation of site to be interpolated

16 1S IS=1, print out name, latitude, longitude and elevation
of stations searched

19 IP IP=1, generate precipitation regime for interpolated
site

22-24 LY IY=n, number of years precipitation to be generated

where n < 999
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25 I0 I0=1, daily precipitation amounts printed, otherwise
yearly
28 1z IZ=1, interpolation is desired even though the un-

known may lie in the area of representativeness of
a known station.

31 IT IT=1, ignore interpolation routine, instead read
Fourier coefficients from input and generate pre-
cipitation amounts with IY and IO used as output
criteria. This option implies that the weather
station data file should not be read and should be
replaced by seven cards with the following format:

lst card TITLE
FORMAT (2A4,A2)

TITLE = name of the site for which precipitation
is being generated

2nd card AA(4)
FORMAT (3X,F10.0)

AA(4) mean response of P(D/D) parameter

3rd card AA(5),BB(5),AA(6),BB(6)
FORMAT (4F10.0)

AA(I), BB(I), I=5,6 are Fourier regression coefficients
for P(D/D)

4th card AA(1)
FORMAT (3X,F10.0)

AA(1l) mean response of P(D) parameter

5th card AA(2),BB(2),AA(3),BB(3)
FORMAT (4F10.0)

AA(I),BB(I), I=2,3 are Fourier regression coefficients

for P(D)
6th card AA(7)

FORMAT (3X,F10.0)

AA(7) mean response of SS parameter
7th card AA(8),BB(8),AA(9),BB(9)

FORMAT (4F10.0)

AA(I),BB(I), I=8,9 are Fourier regression coefficients
for SS

The second part of the data deck consists of 253 weather station records
with the following information punched on two cards per station. A blank

card will be the terminator for this section.
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Columns Variable Description
Name
lst card
1-10 NAME Weather station name
13-18 no variable Average yearly rainfall
20-22 NN Representative miles north for station
24-26 NS Representative miles south for station
28-30 NE Representative miles east for station
32-34 NW Representative miles west for station
37-40 LEV Weather station elevation, feet
43-47 LAT Weather station latitude, degrees
50-54 LON Weather station longitude, degrees
2nd card
1-5 SWDT (1) Mean response of parameter P (D)
6-10 SWDT(2) Fourier coefficients for P(D)
11-15 SWDT (3) Fourier coefficients for P(D)
16-20 SWDT (4) Fourier coefficients for P(D)
21-25 SWDT (5) Fourier coefficients for P(D)
26-30 SWDT (6) Mean response of parameter P(D/D)
. . Fourier coefficients
. . Fourier coefficients
. : Fourier coefficients
46-50 SWDT (10) Fourier coefficients
51-55 SWDT(11) Mean response of parameter SS
. . Fourier coefficients
. . Fourier coefficients
. . Fourier coefficients
71-75 SWDT (15) Fourier coefficients

PREGEN requires the following resources on a CDC 6400 computer; about 35k,
7 seconds compilation time and 7 seconds execution time for an interpolation

run with 10 years simulated daily rainfall with yearly summaries only.



L (Y}
10

(= Xg

AR
)

RXX
XAX

A
K

REX
XRX

XXX
XRA
AR
Xk
XX
XX
XX

XX

X

XA
XXX

X
XX

LR R R R L R i i i e e e K Xa Ka X a K e e Ka e Xa K e Ka N e X e N e N o N o N o N o N o No X o N o Na N o Mo Na No Na Na Nala N ol NaNa e X Na ok e N ol a X oty

101

LRAM Pk b N
FPUT UL TRPUT s FAPE Sz NPTy Lkt 620UTPUT)

AR xx xXx XA XX XA AA xx XX xx xR
R RA X X AX XX AX XX a XX xx xX
KXXA XXRX KXAX RXAx XXX XXxX
XARXAXXE  AXKXXRAXXY XAARXAAYAX XYAXKXXRAA  XRANRXNUXXR  ARXEXXNXXR
AAXAAXX  XXAXXARAAX  XXAXXAXNAX XXAXXXXXAA XAANXXXXAXX AXXXXXXXXX
XAXX XXX X XXXX AXXX EXXX XXXX
X AA XX Ax AR XX AR XX AR XX XA XX
AX XX xXx XA XA XA XA XX XX XX XX
XXXXAX XXAXEZAXX AXARARAXXAR XAXXXXXA XXXXXXXAXXX XX XX
AXRXXARK  ARRXXYAKRX  AARKXAKEKXX XNARKXXKAA  YUXHAXXKMXX XXX xx
AR ORX XX XX XX AKX XX xx
AX XX AKX XX 1 §1 XX AX X xx
AR XX XX AX XX XX AN AX XX
AAXRARX  XXXXXAXXXR XN XXXX xx XXXA XXXAXX AX X xx
XAXAAX XIPARRXRAAK XXXAX) XX AXXAA XXAXEXX ax X xx
Xx Xx X xx AR XX X X xx
XX AX X xx AN XX ax XX XX
Xx X X XX AA XX ax XXXX
Xh XX AXXAXAXX XX XXAXXXXXAA AXRXXAXXY XX XX XXXy
xx AN KXAAXXEAAXR XAXXXXXA XXXAAXXXXX RX XXX
AX XX XX XX XX XA XA XX XX xX xx
X XX XX xx XX XX AR XX XX xx X xXx
XXXA XXX X XXRX XXX xxyxx XXXX
DXXRAXX XXXXXXXXXA AAXKARXAXKX ANAXAXNXAR  NXXFXEXXXX AXXXRAXXXXX
AXRAANE  KARKXXXKEKR  RAXZXXRRNR  KXAXXXXXAA  XXXXXXXXAX  XXXXXREXXX
XXX X AXxX AXXX XxXXX XXXX AXXX
A AA AX XX AR XX AKX XX XX xx XX XX
AR 138 ix A XX XA XA XX XX XX XX

THIS PROGRAM wAS WWITTEN RY BRAU J, LILBFRY FOR USE
wWITH THF COMPUTER PROGKAM (RANGFS),

CROVEGORRLRODONN0N0CODRNDORBBOENQENOVOEDOY

PUPPOSE - TO DETERMINE THE FOURIFR CUEFFICIENTS RY
MERELY INFUTING THE LATITubEs LONGTIUNE. AND FLEVATION OF
ANY SITE IN THE WESTERN UNITED STATES FOR INPUT INTO THE
PROOKAM (HANGES) o

BO0ENORRNSVVOVNOANNEOOBOORROVOY 0RO CNORANY

PRNGRAM UN]TS- (MAIN PROGRAM) = PREUEN
(SURFROGRAMS) = HLUCK DATA
(SUMKOUTINES) = aPPL1s UEADAYs FORTIe MINUM, SFARCHs SER
WAVGle wAVOZ
(USEKR DFFINED FUNCTIONS) = ICUN
(CONTROL DATA UTILITY FUNCTIONS) = RANF
(EXTERMAL ANS]T FUNCTLIOMS) = ALOGe (USe SINe SORT
(INTRINSIC ANS] FUNCTIONS) ~ BHS. aMIN]e FLOAT. TAKS
AHS CALCULATES Trk ARSOLUTF VALUF FOR A REAL ARGUMFNT,
ALNG FINDNS THE NATUWAL LOGAR]ITHM OF A REAL VARIABLE.
AMIN] CHOOSES THe SMALLEST VAl UE AMONL A LIST OF REAL
ARGUMENTS. AS A KESULT THE NUMBER UF ARGUMFNTS MUST BE Two
UR OKEATER,
COS IS THE TRIGONUMETRIC COSINE WITH THE ARGUMENT IN
RADIANS AND TYPE RFAL.
FLOAT IS A CONVERSIOM PRUCESS GIVEN AN [NTEGER ARGUMENT
TO A REAL VARIAHLE,
18RS FINNDS THE ABSOLUTE VALUE FUR AN INTFGER ARGUMENT,
RANF IS A RAMDUM NUMAER GENFRATUR wHICH PFTURNS VALUFS
UNTFURMLY DISTHFIRUTEI) OVER ThE INTFRVAL BEIWFFN 2FRO AND OMEs
INCLUDING ZERO RUT N0V INCLUNING ONee THE ARGUMFNT 1S JUST
A DUMMY wH1Ch ENUS UP HEING 1GNORFN,
SIN 1S THE TRIGUNOMETRIC SINE WITH THE APGUMENT IN
RADIANS AMND TYME WEAL, &
SORT CALCULATES IHE SUUARE WONI OF 11S RFAL ARGUMENT,

GONGN0NACORNNCNOVOOROLDOPRROBDONQORNENRGROG

VaR1ABLE DEFINITIONS=- SOMF VARTARLE DEFINITIONS aPPFAR
BELUw wHILF OTHFHS akb OIFINFO IM ThE UOSERS GIUIOF TO THE
RANGES GRASSLAND SIMULATTUN MOUFI (APRPFNDLA S), FXCFPT FOR
SOME SURSCRIPTS ALL Ik VARIABLFS ARE OFFINFD,

A = RFAL ARKAY (UNIAZINING THFE COSINE COFFFICIENTS
FOR THE FGURTER SERTES,
A = REAL VAW]AoLF CONTAINING A TESTING VALUF ON

FLEVATION SIVILARITY FOR Iwh STALIONS FOUINISTANT
IN THE SUHROUTINE (MINLIM) o

AT @ KEAL VARIARLE CONTATRING VTME SUMMATTON VALUF
USEN TO NUPMALTZE THE ARKRAY (AV)e

cceececeececccceecernccecereceracecceccccccecceraceccececceccrccrccceccececcccceccecceec
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BE AL AwmAY CONTAINING T aveRaut wkf [GHTIG FACTEdS,
Wb AL VAR BN CONLTATR TREe 100k wh s bl @ (FReh WATT O
PAAME Fh e b Ue A U ADKRANT

REAL ANKRAY (ONTAINIMG THE STHE LUREFICIE? 1S FUR
THE PLUNIENR SERTES,

REAL VARTAEE (ORTATHING A TESTANG VALUE ON
FLEVATLON SIMILAKLTY FOK 1w STAITOMS FOUIDISTANT
IN THF SUBKOUTTMNE (MINUM) ,

WEAL VAWRIABMLE CONIATINING TMF SUMMATTON VA{ UE
USEDY TO NONMALLTZE THE ARRAY (NRDV),

INTEGFR VARTAKLE CONTAINING THF t£AST |1 ONGITUNE
OF ARFA OF APPLICARIL ITY,

INTHGRW VARLABRLE CONTAINTAG kL ANR CHARACTFRS

FOW A FMO OF F1LE CHECR,

REAL VAMTAHLE CONTAIMING IHF SUMMATTON VALUE
USEN TU MUKWALTIZE THE ARRAY (V).

INTRGRER VARTARIE CONTATNT'WG AN ERROR CONF FROM
THE SumKOuTle (FORIT) .

IMTEGEK VARTARLF CONTATNTWG THF wHOI F NUMRFR

OF THF VAMTAKLE (TvaAW),

INTEGER VARTARLF CONTATNTNG THE P INAL FRACTIONAYL
PakT OF Trt vawlasLF (Ivak),

INTFGER VARTARLE CUNTATNTING THE MINIITFS OF NFGREFS,
INTEGER VARTANLE CONTATNING THE wtIMRER OF STATIONS
WITHIN a TwO DEOREE KANTIID W FALKH DUANRANT IN THE
SUHRQUTIME  (MINUM)

INTEGER ARKAY CORMTAINMIMG IrF NUMBFR OF STATIONS
wlTHIN A (wh) DEGREE HADILS Tiv FALH NUADRANT,
INTFGRER VARTABLE CONTAINING THE LATTTUDF FACTOR
FOKk CALCULATING THE VARTAHLF (RbU),

INTFGEN ARRAY CONMTAINING IHF NHIDER OF STORMS

IN ONE YEAW STORED HY WEFRS,

INTEGFR VANTABLE CONTAINING THF MAXTMUM ORDER

OF HARMONICS 1U HE FITTFN,

INTEGER VARTABLF CONTAINING THE SIZF OF THF
INTERVAL USED TO UETERMINME THF PUURTER
COEFFICIENTS.

INTEGFR VAR[AHLF COMTAINING THF NORTH | ATITUDE
OF AREA OF APPLICABIIITY,

INTEGER VARIAGIF CONTATNING A CUNSTANT FACTOR

IN GENFRATING The FOURYER SERTED OF DATLY VALUFS,
INTEGFR VAKIABLF COHTAINING aN LWDICATOR OF

RAIN UN p CEHTAIN DAY OR NO WAJive

REAL VAKRIAHLE CONIAINIMNG A CFRTAIN NAYS PROBABILITY
FOR DRY DAY PRECEDED RY A DRY DAY,

REAL VARTAMLE CONTAINING IMF CUMULATIVE YFARLY
PRECIPITATIUN,

RPEAL APRAY CUNTAINING THF MINIMUM LATITURES

FOR EACH QUAULRANT,

REAL ARKRAY CONTAINING THF MINIMUM ELEVATIONS
FDR FACH QUADRANT,

REAL ARHAY CONTAINING THF MINIMUM LONGITUDES
FOR EACH QUADRANT,

REAL VAWIABLE CONTAINING THE MINIMUM DISTAMCE
FROM THF UNKNOWN STATION TO A XNUWN STATION IN
ANY OF Trk WUAILRANTS,

REAL VARTAHLE CONTAINING THF MINIMUM ELFVATION
FROM THE UNFKMOwWN STATION 10 A KNUWN STATION IN
ANY OF THE QUADRANTS,

INTEGER MATRIX CONTAINING THE MItsIMiIM STATION
NAMES FOR EACH WUADKANT,

REAL VARIAHLE CONTAINIMG THE YEARLY AVFRAGE FOR
PRECIPITATIUN,

REAL ARKAY COUNTAINIMG THF STATIUN DISTANCES FOR
€ACH QUADKRANT,

REAL ARKAY CONTAIMING THF WFATHER GFNERATION
PAKRAMFTERS FOR FACH QUADRANT,

REAL ARKAY CUNTAINING THF DAYl Y PRORABILITIES

OF A DRY DAY PRECEDED RY A WFT LAY,

REAL ARRAY CONTAINING FOUKIFR PAKAMFTERS FOR ONF
QUANRANT IN THE SURKOUTINE (SFR) .

REAL ARHAY CONTAIMNING THF DAILY PRORARILITIES

OF & NRY Day PRECENEL, HY A DRY Lay,

REAL ARKAY CONTAINING THF DAILY PRORARILITIES

OF A DRY DAY = UNCONDITINNAL,

REAL VAKIAHLE CONTAINIMG A RAMDUM NUMAFR FROM
THE RANDOM NUMHFR GFNFRATUK (JSFU TO DETFRMINE IF a
CONDITIONAL PrOWABILITY 1S HIGH ENOUGH OR USED
TO GFNFRATE A EVENT SI7F,

REAL VARIABLF CONTAINING IHE STATION DISTANCE
FROM A RADIUS OF _INTFRFST,

REAL MATHIX CONTAIMING Tt FOURIER SFRIFS FXPANSION
FOR PARAME TERS DF FOUR QUADRAMTS,

INTEGER VARTABLE CONTAINING THE SOUTH LATITUDE
OF AKEA OF APPL ICARILITY,

REAL AWKAY CONTAINING THF SIZ2F UF WFEKLY STORMS,
REAL VARTAHLE CDNIAINING A SUMMATTON VALUE USED
IN THE EXPANSIOM OF FOUKTEN SFRIES,

INTFGER ARKAY CONTAINING A HFADING FOR THF
FOURIER COFFFICIENTS FOR FiD/N) e P(N)y AMD

STORM S172F,

WEAL VAH]AHLE CONTAINING IHF FRALTIONAL PART OF
THE VAQTAHLE (Ivak),

REAL AWKAY CONTAINING THF wFIGHIED MEAN FOURIFR
SFERIES ERPANSIUN,

REAL AWWAY CONTAINING THE STATIUN E1EVATIONS

FOR BaCikr LUAUKANT,

Lada e Ra e Re Ko da Ko Re s le Mo lo N Ko Re No o N o N e N N N Nl e N N N N N N e N Ko N Mo N X Xe Xa Ko Xz Xa Xe Xa Xa Xa X2 X Xa Xa Ko ¥a ¥a X2 Xz Xz Xa Xa Xa Xz Xa Xz Xa Xz Xa Xa X2 Xa Xa Xa X2 Bs Xz 1 Be X Xa Ra Xa Xz Xa Be Xa Ko Xa Re Ko Xa B o Ko Ko Bulie T Ba
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wl ('F

INTEGEM VAWTAMIE CONTATNTWG THE wF ST { ONGT TUNE
OF ARFA b el JCATETYY,

M e Wbal ARwWAY (UNTA LDt Tk AmOnND OF PRECTPITATION
vEERLY QP A YEaRS TIMF,
Xl - WAL VAW]AKLE CONTALwIMG TrE REAL VAL DF THE

VARTAHLE SUNSCHIPT 1) USED IN InF FAPANSTION OF
THp FOURIER SERTEN,

XLAM = KFAL ANKAY CUNTAINING Tib AVERALL WFRKLY STORM
SI/ZF WEPRESERTED HY THFE RECTPROLAL NF THF MF AN
DATLY PRECIHITATION ON RAINY DAY,

ALat e WEAL VANLIANLE CONTAINING BME L ATLTUNE OF THF
MINIMUM STATIUN IN THF SHDBRIMITINE (MINIM)

ALIV = RIAL VANRIARLE CONTAININMG FHF FLEVATTON OF THF
MINIMOM STATTON TN THE SIESROUTTISE (MINIM)

ALON = HEAL VARIAMLE CONTAINING THE LONOLTITUDE UF THF
MINIMUM STATIUN IN ThF SUBROUTINE (MINIIM)

XM = KREAL VAWNTAK(E CONTAIMIMG InfF REAL VALY OF THF

VARTAHLF SUHSCRTRT (N) USED IM [HF FXPANSION OF
THE FOURIER Sttt S,

ANfLM| = INTFOEWN vARTAMLE CONTAINTING THE FINSY FOUR
CHARACTERS FURN THE NAME NF THFE MINIMUM STATION
IN Tht SURRUUTINE  (MINIIMY

ANAMZ = INTFGLER vARTARLE CONTATNING THE SFCOND FOUR
CHARBCTERS FOR Tht NeME 0OF THE MINIMUM STATION
IN THF SUKKUULINE (MIN1IIM) 6

ANAMS = IMNTEGEN VAWIAKLF CONTAINING THF LAST TwO
CHANACTENS FUR ThE NAME (OF THF MINIMIM STATION
IN The SUHEROUUTINE (MINUIM)

AkSU = WKFAL VAW]ARLE CONTALIMING IHF MINIMUM STATION
DISTANCE FrRU~ A KADIUS OF INTFREST,
21 = WEAL VAW]AHLE CONTAINING IHE PRELIPITATION FOR

A JULTAN DAY,

COBDOPBOLOUDRIVBOOORNCDOEVPEODOBRNgRORGROLY

PRNOGKRAM FILF5=- TAPFY REFFEREMCED) RY THE VARTARLE (READWLY
IS EWUIVALENCED TO 1wE INPUT FILFe IN THIS CASE THF CAWD
HEAUER, TAPEA RFFERENCED HY THF VAKTARLE (WwHITFU)- IS
EVOIVALFMCFD TO Thf QUTPUT FILEe IM THIS CASE THF L INE
PRINIER, THESF TwQ VARTAHLES ARF INITIALIZED IN THE RLOCK
DATA SURPRUGHAM,

CEDBOBPLDRBOBVVOOETNONOODERVOOORQBTDYVOTOE

FORMAT OF DATA ENTHIFS ARF ALSU DFSCHIKFN IN THF (ISFRS
GUILC TO THE HANGES GHASSLAND STMUL aTTON MUDEL (APPFNRIX S),

VBP0 O0CORBRODOVAEAODLLHOROCET0ODORLRGOE

KEMARKS = BLL CODING WITHIM THIS PRULRAM HAS HFEN
COMFURMF() TO STANDAKID ANSI FOMIRAN EXCEPT THE FOLLOWING
1TEMS e THFE PHOGRAM CARD wHICH IS A PART OF SCNPF 3,3 OPERATING
SYSTeMy SOME MIXED MUNE URERATIONS. AND THE CPC RANDOM NUMRER
UTILITY FUNCTION (HANF) KFFENEMCFD IN THF SURPOUTINF (HEADAY)
LINED 97 AND 113, NUTE THAT USE OF THE FUNCTIOM (RANF)
GIVES DIFFFREMT OUTPUT FHROM THF SURRUUTTINE (RFaDay) FOR
DIFFEREMT SYSTEMS AND OIFFFHFNT RUMS,

SURROUTINME (FORIT) wAS EXTRACTED FROM THF 1AM SCIFNTIFIC
SURKUUTINE PACKAGE wlTH THE ADDITION OF TwlU wRITE STATEMFNTS,

OONOOOOOODIOODNOIANNOOOOODOOTIDNOOIDIDINONONDIDNOODINNIDNNNTINN AN IIAN N

c€ceeceececcceceececcceecceccccreececccececceccececcceeceeecerecccececceceececccceecccceerce

OO0 ONN0ONOOO0OOOOOOOAOOOOONCONNN

INTROER TolJelLAToILEVIILONSTOIPISyTToIYelLrT1012 PRGFNOO1
INTEGEH T3elaeJeKoKKoMeMJIoMENaNF o PN NS o NW o ONAM PRGFNOO2
INTEUFR REANDUwWRITFU PRGFNOO3
REAL AsAA AV IHIHRGOLAT yULEVsQLONS RSO WSWNT HSQ4S4TS PRGFNOO&
[o PRGENDOS
COMMON /FT11LES/ PEANUWHRITEU PRGFNOO&

COMMUN /VIPS/ A{3) 4AA(9) ¢AVIS) R I(3)sBRII) ¢ILATTIFVeILONIO0IP¢IS¢PRGFNNOT
LIToIYoldokK () oNF yNHONSeNWOLAT(5) s OLFV{S) sQLUN(S) 4NNAM(S43) ¢ORSO (PRGFNNOR

25) +QSWDI (75) 4RSOeS(365s4) 9 1S {365) PRGFNNOS

c PRGFNO10O
READ (KEADUW111) TLATSILOMNSILEVeISeIPelYelN41Ls1Y PRGENO] |

IF (1T«.NEo1) GO TO 101 PRGENOL2

€ PRGENO1D
C o o o o o o FOURIFR COEFFICIENTS READ AS INPUT AND PRECIPITATION PRGFENO 14
C AMOUNRTS GENERATED, PRGFNO1S
c PRGENOL6
CALL BtaDay PRGFNO17

GO T0 110 PRGENO LA

C PRGFNN ]9
C o o o o o o INTERPOLATION PROCESS FOR THF FOURIFR COFFFICIENTS, PROFNO2O
[ PRGENN2]
101 DO 102 l=z1.S PRGFNO2?
QLAY (1) =0, PRGFND23]

ULONCT) =0, PRGFNN24

QLFV 1) =0, . PRGENO2S

102 ORSUI(T) =0, PRGFNN26
DO LUl y=le75 PRGFNO27

QSwULi (J) =0, PRGFNO2R

103 CONTINUL PRGFNO29

[ PRGF NNJ0
C e o o o o o CONVERT MINUTES OF DFGRFLS TO FRACTIUNS OF NEGREES, PRGENNTY
c PRGENO3P
ILAI=TCUNC(TILAT) PRGFNDJ)
TLONSTCUNLTLON) PRGF NN G

WHITE (awITEULLT) PRGENOIS

WRITE (wRITEU.113) TualelLONSILEVY PRGFNO6
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PROFNN3T

e o o o o o SEARCH TaPF AMD FIND AT MOSY 4 STATIUNS IN QUADRANTS PRGENNJAR
SURRULINDING USER L OCATTUN, . PRGE NN Y9

PRGE NOGO

CALL SLARCH PRE NOG]
PRGFNAG?

e o o o o o IF UNRRIOWN L1FS IM AKEA OF APPLICARILITY OF & KNOWN PRGENOGLD
STATION whITE MESSAGE AND CHECK FOR CURFFLILIEMT USAGE . PHGE N0 LG

PRGF NN&S

1F (RK(5)) 10MsIPH 106 PRGFNNG6&

106 wH1TE (ARTTEUGITG) (OUNAMIGS ) o J=1eT) e OLAT (S) s WL OM(S) ¢ ALEV(S) PRGFNNGLT
wHITE Uar]TEUSLZ22) PRGENNGAR

0 lus k=e]eT7leb PRGE NGO
11=1+] PROENASH

12=192 PROFNNSY

13=1+3 PRGFNNS?

lezlre PRGF NNS T

WHRITE (WRITEUSI23) WSWOT (1) e0SWNT(11)eNSWOT (1) +0SWOT(T2) oeNSWOTPRGENOSS

1 (1a) PRGF NOSS
105 CUNTINUL PRGFNOSK
IF (1Zet0,1) LO TO 10A PRGENOST

K=y PRGFNNSA

1) 107 J=147e3 PRGHNNSQ
mz]en PRGF NOGOD
MoN=Menn * PROFNOGT

AA (L1 =0SHDT (M60) PRGENNG2

se (=0, PRGENNGT

VU lue J=l.2 PRGE NOGS

1d=1eJ PRGFNNGS

MJU=MeJe b0 PRGENNAA

AR (T1J)=0SKDT (MY) PRGFNNGT

MJIzM e 2 PROGFNAGA

B (1J)=QSWNT (MU} PRGENN&Y

106 CONTINUF PRGENOTO
K=K ¢S PRGENNT]

107 CONT INUE PRGFNAT2
CALL. Htabay PRGENNT I
STUP PRGFNNT4

10R WRITE (WRITEUWLIS) PRGENOTS
WRITE (wRITEUsL16) g PRGENOTA

CU 109 i=].4 PRGENNTT
WHITE (WHITEUSLI17) To(ONAMIToJ) oJ=193)oOULAT(1)eQLONIT)4OLFV(]) PKRGFNOTA

109 CONTINUE PRGFNNT9
WRITE (mKRITEUs11R) PRGFNOBO
WRITE (WRITEUs)19) (KK(I)el=]44a) PRGFNNA]
PRGFNNR2

e s o o o o COMPUTE WFIGHTING FACTUKS, PRGFNOB3
PRGF NORG

CALL WAVG] PRGENNBS
WRITE (wRITEU«120) PRGFNNA&
WRITE (WRITEUL121) (AV(I)el=)es) PROFNORT?
PRGENNRA

e o o o o o COMPUTE NEW FOURIER COLFFICIENTS TO PASS 10 RANGES PRGFNORS
SIMULATION,. PRGENOOO
PRGENN9]

CALL wAVe? PRGEN092

IF (1P«tQ,]1) CALL READAY PRGENNS]

110 STOP PRGENN94
PRGENNGS

e o o o o o FORMATS USED IN THIS PROGRAM, PRGE NNGE
PRGFNO9?

111 FOKMAT (315,613) PRGFNN9A
112 FORMAT (1H1+20X9IGHCOONOINATES OF POINI TO RE INTFRPOLATED(S2H ALLPRGFN099
1 LAT ANU LON IN DEGREES AND HUNNHETHS UF NFGKELES) PRGFN100

113 FORMAT (IHNs20Xe6HLAT = +T1045X96HILON = «110SKsTHELEV = 4110/) PRGFN101
116 FORMAT (1HN49HUNKNORN LIES I AKEA OF APPL TCARILITY OF STATION »2PHGFN]O2

1AG4A2,80  LAT = oFh,0¢HH LON = sFQ,049YH FLEV = 4§5,0) PRGFN103
115 FORMAT (1HO10Ke3IHMINIMUM STATIONS It EACH WUADRAMT) PRGFN] 04
116 FORMAT (LHO 912X 06hDUAD 12X o 4HNAME s T TR SHLAT o 17X s AL ONo 16X ¢ 4HELEV) PHRGFN]OS
117 FURMAT (14Xelle]10XePA%eA2¢3()0XeF10,4)) PRGFN10A
118 FORMAT (1HOs10XKe76HNUMHER OF STATIUNS WITHIN 2 OFGRFE RADIUS (APPRPHGFNIO?

10X« 1720 MI,) IN EACH QUADKANT) PRGFN10R
119 FORMAT (IHOe2HEK G (SK4110)) PRGFN109
120 FORMAT ()H //7/1RH WFIGHTING FACTORS) PRGFNILO
121 FORMAT (IHNG(J0XsF10,4)) PRGFNIT1

122 FORMAT (/774K FOURIFR COFFFICIENTS FOR CIL IMATLIC PARAMFTFRS«P (N/D) +PRGEN]T P
1 P(D)e AND STURM STIZE/LTXe2HAO IBXe2HAL I IRY o CHBT o 1RX ¢ 2HA2 s 18X 9 2HR2PHGFNIT Y
PRGEN] 14

123 FORMAT (1HOWS(10X4F10.4)) PRGENI 1S
PRGENLTA

ENL PRGEN]17
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SURRUOUTINF APPLT (LAToLUNGLEVeNAME ¢SWNT)

o » o o THIS SURRGUTINE (APPLI) IS CALLFN AY I1WE SURROUTINF
(SFARCH) TO DETFHRMINE IF AN UNKNOWM STATIUN LIFS WITHIN AN
ANFA OF APPLICARILITY (ACCOWDING TN HEFRMAN ET, AL. AND
GIFFUPD ET AL.}e IF IT LIES IN MORE THAMN UNE REGION THE
CLOSEST STATIUN IS CHOSEN,

INTEGEN FLONSTLAToTLEVeILUNGIOSIPeISoTToeIYeTLoKKoLAT
INTEGFR LEVOLONONAME () oNE oML AT oNNoMS oNn g ONAMISLAT
INTEGER wi NN

FEAL AsAAAVHIHR M AToULEVIQLONGNIRSO,USWDT 4HS0
REAL SeDWNT(1S)eTS

APPLTOO!
APPLINO2
sPPLINO]D
APPL IN0G
APPLI00S
APPLTOO0G
APPLINOT
APPLIOOA
aPP1 1009
APPLIO1O
APP In])
APPLINIZ2
APPLIO]D
APPLIN]S

COMMON /VIPS/ A(3) eBA(Y) sAVIS) sH (D) +HRLD) TLATSTIFVeILOMeTIOIP,IS.APPLINIS
TITolYoldorK(S) oNFeNNeNSyNWelIl BT (S) «NLFVIS) ¢QLUN(S) + OINAMIS, 3) ¢ NRSO(APP] IN]16&

25) sUSKDI {75) sHSNeS (36546} ¢ 1S (365)

APPLINLY?
APP| TN 1A

e o o o DFTFRMINF LATITUNE AND LONGITIIDE OF ARFA (OF APPLICARILITY APPLIO]S

ELUN=LUN=NF /59,2100
WLUNSLUNONW/S59,2]100
NLAT=LATeNN/TR,®100
SLAT=LAl=NS/TR.®100

o o o o SEE 1F UNKNOWN STATION IN AREA OF APPLICARILITY,

1F (TLUNGLYLELON,ORLTLUNGGT WL UN) 6O TU 101
IF (1LA1LLT<SLAT.ORJILATGToNLAT) GO TU 101

APPL 1020
APPL In2)
APPL 1022
aAPPLIN2)
APPL 1024
APPLINZ2S
APPLIOZ26
APPL1N2Y
APPL I DPR
APPL 1029

CALL MINUM (KK(S) sLATsLUNILEVILEVINLATIS) JULUNIS) ¢ALEVIS) +0SWNT (6APPL IN3A

T1) oSWDNT oRSOQRSUIS) sNAME cUNAM(5¢]) sONAMIS,2) sUNAM(543))

101 RETUKN

END

APPL 1031
APPLTO03?
APPLT033
APPLIOJG



AOOOO

[sX2X2X 2]

(e Xz X3g)

[eNeNel [2XaNeXs]

[eXe X g

0000 000

000

o0 000

101

lo02

106

SUNNUILTINE At AllaY

e o o o THIS SURKOUIITINE (KEADAY) IS CALLED RY THF MATM PROGRAM
(Pb GEM) BN TrE SURKOUL INE  (SEARCH) 1O Simigt ATE DATLY
P CIPITATION,

INTROEN TofLAT el bVell U olUeTH oISl YatWalYelldoJek
INMTEGER RKoL oL T(H2) «MoNE gNNoNK NS oNwo bt ADLIG T 1Y)
INTEGER VITLE C3) el NbU

WEAL AenAsAVeHsHM oM oMW oL AT ¢l P Velll UNGUNAMUY s (INSY
HEAL DSwOToUT CAR'S) 9020 0730°9) o1 L 3651 o abdU a8 e§ 1L (N2) o TS
REAL WMIG2) ¢ XLAM{3AY) o/ )

CUMMON ZF 1L ES/Z READUewn]THL

READYOO]
AF ANYNO2
HE ADYNOY
AFANYNNG
READYQOS
RFANYNOA&
REANYOOT
REANYNOR
HEAIYNOQ
READYALN
READYN]]
RFADYOL?
AFANYON]l
REANYN]G

COMMUN ZVIPS/Z A0 oAA(S) ¢AVIS) et () oRR{I) o TL AT oI FVeII ONg IO TP ISAFAPYOIS
TITolYeldokK (D) eNF oNGNS e el AT (D) sOLFVIK) «OLUN(S) sONBM{S43) «ARSU(READYNTA

25) sUSKIE(TS) sPSUeS (36544) o | S {30S)

DATA TUL)/4nP (D) /4T (2)/76H /N U3V /2H 7/
UATA THQ@) ZaHP(N//4TU5) 7610 /T (RI/ZH 7
DATA TUI)/4HSTUR/ 4T HB)76RM ST/eT(9) /2HLEY

K=y

IF (ITerFol) GO TO 102

READ (READIIOLLS) (TITLEC(I)el=143)
WRITE (#RITEUs116) (TITLE(I) 91=103)

o o o o READ FOURIFR COEFFICIENTS FNR W0.Q145S, PARAMETERS
REAU IN FOLLUWING ORDEKRs PL/ZUL) P (D) 9SS,

DO 10] L=1474]
K=Kel
KizKe]
K2=Ke2

e o o o REORDER aa AND Bf TO Bt COMPATIHLE WlIH RANGES AND PRFGEN,

1=7
IF (LekN.1) 1=4
IF (L,EN.6) I=]
REAU (RFADUs117) aatl)
wWHITe (WRITEUWILH) T(K)eTU(K]I)oT(X2)eAAL])
J=1
1u=ley
1J1=1Je1
REAUD (RFANDUST19) AA(IJ) eRB(TIJ) eaA(TJ])ARRILIUL)
WRITE (WRITEU+120) AA(TIJ) obH(1J)eaA(TJ))BB(TJL)
CONTINUE
CALL SER (2eAA(1)4AB(2) ¢BRI(2)401)
CALL SER (2¢8A(4) +HR(S) 4RR(5) 4130)
CALL SEr (2eAA(7)sa8(R)8R(8) ¢ALAM)
OT(1)=(ul(1)=01(365)°00(1))/(1.=0]1(365))

e ¢« o o CALCULATE P(D/W) FROM PI(D) AND P(O/N) WHICH WFRE DERIVED

FROM DATA,

0U 103 A=2,4365

103 0V (K) = (Ul (K)=0 (K=1)®Q0(K))/(]le=RI(K=]))

105

106

o o o o DATA DRY/DRY SO CONVERT TO WET/ORY,

00 104 n=],365
QoK) =] ,~0O(K)

o o o o DATA DRY/WFT CONVERT TO WET/wfl.

Ql(K) =} ,=QT (K)
CONT INUE

e « o o INITIALIZE,
DO 105 M=] 365

e« o o o XLAM IS IN FACT THE RECIPROCAL OF THt MEAN OAILY
PRECIPITATIUN ON RAINY DAYS,

KLAM(M) =]o/XLAM (M)
CONT INUE
P=Q0(}) )
J=l
PO 106 M=],52
LT (M) =0
WM(M) =0,
UPs0,

« o o« o YFAR LOOP,

00 112 Jy=1,1Y
PReOs

o o« o o DAY LOOF,
00 111 1=142365

s o o o GFNFRATE UNIFONM WANDOM VARTARLE,

RFANYN]?
READYNIA
READYN]9
REANYN20
RFADYNZ1
REANYN2?
REANYN?3
REAPYN24
REANYO2S
READYN2&
READYN2T
READYO2R
READY029
REANYNIO
READYN3}
READYN32
READYN33
READYO036
REANYN3IS
REAPYNI6
REANYO3T
REANYO3A
READNYNIO
REANYNGO
READYNG]
READYN&G2
READYNG]
AEADY NG
READYN4S
REANYO0L6
AFADYNGT
BFADYN4R
READYN&O
BEADYNSO
BEADYNS]
BEADYNS?
READYN5)
HEADYNSG
REAOYNSS
READYNS6
BEADYNS?
HEADYDSA
BEADYNS9
BEADYN6N
BEADY061
BEADYN62
BEADYN63
READY06G
READYN6S
BEADYO066
BEADYNGT
READYOSA
BEADY 069
BEADYN70
BEADYNT]
READYNT72
BEADYNT73
READYN74
BEADYN7S
BEADYNT6
READYNTY
REANYNTA
READYNT79
READYORO
BEADYNAL
BEADYNR2
REANYOR3
BEADYNB&
RFADYNRS
HEADYORA
REANYORT
REANYNAR
BE ALYNRY
READYN90
RFADYNI]
REANYNG?
READYO9)
BEAI'YNO4
RFADYNYS



OO0 OO0 OO0

OoO000

(2 X2X2]

[aX e X2l

115
116
117
118
119
120
121
122
123
124

125

107

wERAME (]140)
IF (P.1FeP) GO TO 10/

o o o o NHEle TrbM NG WalN OF DAY T,

Nz
Lizn,
oy TH In4

e o o o NR=¢s THFN RPAIN OCCUWRED.
hxz2

e o s o THRANSFURM UNIFUKM KANDUM VAKIABLE (R)s TN EXPONENTIAL
DISTRIHUTION WITH PARAMETER LAMRDA,

KEKANF (1,0)
Liz=aLOG(R) /XL AM(])
Twz(1=1)77e]

It (IweGES3) GO 10O lOb

e o o o COMPUTE FREGUENCY OF STURMS ANL AMOUNTS OF
PRECIPITATION,

LItIw)=LT(Iw)el
whilJW)swM{lw)eZ]

e o o o CUMULATIVF YRAWLY HAINFALL

b (TUFN.1) W“RITE (wRITEUs121) Le71]
Ph=pReZ]
IF (NK=1) 109+1094110
P=Q0 (1)
6GU 70 111}
rE01(1)
CONITINUF
WHITe (WRITEUs122) JePKR
UP=zuUrepPR
CONTINUE
uP=uP/IY
WRITE (WRITEUW123) 1Y.0P
WRITE (wRITFUs]26)
00 114 L=]1.%2
It (LT IL) «NEQD) GO TO 113
STZ2{L)=0.
GO0 v 114
STZ{L)=wM(L) /LT (L)
wM(L)=wh({L)Z]Y
WRITE (mHITEUSI2S) (L oLT(L) sWM(L) eSTZ(L) 9L =a]1952)
RE TUKM

s o o o FORPMATS USEDN IN THIS SUANOUTINE.
FORMAT (2A4902)

FORMAT (1H|el0X92AGsA2)
FORMAT (33X F10.0)

FORMAT (THO+ 10X LBHFOUKTIEN COFF FOR  42A4eA2910X45HAL = F10.4)

FORMAT (4F10.0)

FORMAT (12 (aXsF6.0))

FORMAT (10Xe]11IHJULTAN DAY +1342Xe9HPRFCIP = oF10.4)

FORMAT (IHN10Xe20MCUNM YEAKLY PHRECIP YkoI343M = +F10,.6)

FORMAY (IHOslOXeIOHYEAKRLY AVERAGE FOR o 1o IXehHYFARS = oF1N.4)

AF ANYNSA
AL ADYNQ?
AFANYNQR
READYNGQQ
RFADY100
HFANDYIO]
RFADY] 0P
RFADY103
Ak ARY] 06
READY10S
RFANY]0&
RFaANY107
REANY]OR
REANYINS
REAOYI1N
READYILL
RFADY]12
READY1I3
READY114
AEADYILS
REANY116
BEADYI17
READY] IR
AREADY] 19
READY]I 2D
READYI2T
AFADY]22
READY123
READY124
BEADY12S
READYIZ6
READY127
BEADY12R
READY129
READYIJ0
READY131
READY13?
BEADY1]]
REAOYI36
BEADY]3S
READYI 36
AFADY137
READY]I3R
BEADYI39
READNY]4O
BEADYI4]
REANY 142
BEAOY]43
BEADY 64
BEANY]4S
BEADY 46
READYI4Y
BEADY14R
BEADY 149
BEADRY]SO
BEADYISI
BFADY1S?
REANY1S]
READYISG
READY]SS
READNYIS6
REANY|S?
READY1SA

FORMAT (1H]Tel0OXeSHWK NUel0A+sOHNO STCRMSe 10X ¢ IOHMFAN WKLY PRECIPs10READY]ISS

IXoHHSTONM §2)

FORMAT L11XelSe12%el5¢12XeF16e4010XsFRY)
END
RLOCK DaTa

e o o o ITHIS SUHPKOGHKAM (RLUCK DATA) FNTEWS UATA VAL UES INTO
LARELFD COMMOM RLOCKS PRIOKF 10 PRPOGKAM FXECUTTON,

INTEGER TLAToILEVeILUNGTOeIPo1SeITelYolloKKyNEJNN
INTEGER MG GNWoUNAM N AlHIawh [ T
FEAL AvARsAVIRIHH DL AT eULF VaOLUNIORSU 4 USWNT (KS0 ¢S TS

COMMON ZFTIES/ READUSWRITEY

REAOYI60
BEADY16]
READY162
READY163

ALKDTNO1
RLKDTNO2
RLEDTNO3
ALKDTNOG
ALKDTO00S
RALKDTNOA
HLKNTNOT
ALKNTNOR
RLKDTNO9
ALKDTOLN

COMMON /ZVIPS/ A(3) sAA(Y) 4AVIS) sR{) eHR(Y) ¢ TLATGILFVoTLONGIOeIPISRLEDNTNLT]
TTVolYolZlokK(S) oNFoNNINSeNWatll AT () 4OLFV (M) sQLUN(S) ¢ONAM(5,3) 4QRSO(ALKNTOL2

29) 1Q5SWLIT (75) oRSUIS(T6%14) 4 T4 (365)

DATA ONAM(]41) /4K ZsONAM(T2) /0K /eONAMT o) /2K 7/
DATA ONAM{24]1)/4H ZONBM(242) /6K /7 eQNAMI24 ) /20 /
DATA QNAaM({34]) ZaH /aUNBM 34 2) J4R ZoUNAM(3eI /2K /
DATA ON&M(4e]l) /74m Z2ONAM (G 42) faH ZeUNAM L) /2H  /
DATA QHAM(Se1) /4N /eUNANMI(R2) /6K ZoUNAMIS ) /20 /

DATA READU/S/Z oWRITEU/H/

END

RLKOTOI3
ALKNTN]G
RLKDTO1S
BLKDTN16
RLKDTNL7Y?
ALKNTALR
RLKDTN]19
RLKDTNZ0
ALKNTNZ]
BLKOTn2?
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108

SUNKULITINE PURTT (FNTgNoMoAeM,yll M)

e o o o Toel'y w1 IR R g by LN CAPLE O HY e 0 SRREOT [N
twaveo )y BT AN Tarr LW CTLY E RGP THE Jem SCTPNTITFTC
SUNRUUTINE PACRAGE,

SQUBKUU LR P ]

PUNPOCE
FUUREER ANALYSIS O A PERTODICALL Y JAMUL AlLD FUONCTION,
COUMPUTES Tk COPERICLIENTS Gk TrE DESIREDN NUMKFE OF TFR#AS
IN Tk FOURIER SENTES P IR)ZA(0) oSUMIA(RICUS AXeH(X)SIN KX)
WHERE K=leleeass™ TU) APPRUAIMATF A UIVEN SET OF
PERIVDICALLY TAHULATEO VALUES OF a PUNCTIUN,

USAGE
CALL FURTT(FNToNeMoAsloIbK)

DESCHRIFILION OF PARKKMETERS

FNI=VECTUR OF TARULATED FUNCTION VALURS OF LENGTH 2Ne|

N =UbFINES THE INTERVAL SUCH THAT ¢we| PUINTS ARF TAKEN
UVER Trt IMTERVAL (UePP1) s Tht SPACTIMU TS THUS 2P[/2Me]

M =rAXIMUM OREEKR OF HANMONICS [0 At FLTTEU

A =RFESULTANT VECTON OF PODKRIER COSINE CORPFICIEMIS OF
LENGIH Me]
“ SUIH Do A SUH Jeagar A Stin M

H  =nESULTANT VECIOK UF FOURIER SINE COFFFICIFNTS OF
LENGTH Me]
B8 St 0 B SUR legees B SUH ™M

TEH=NESULTANT §RHUR CUDL wHERE
Itk=0 NO FRRNP
Iek=] N NUT OGREATEN OR FLUAL TO M
Itz M LESS THAN

REMARKS
M MUST RE GREATFR THAN OR FUUAL TO ZERO
N MUST RAE GREATFW THAN CR FOUAL TO M
IHF r IRST BELEMENT OF VECTOWR # IS ZFKU IN ALL CASFS

SUBKOUTINES AND FUNCTIUN SURPRUGRAMS REVUIREU
NONE

METHOD g
USES RFCUKSIVE TFCRNIQUE DESCRIRED 1M A, KALSTONe M, WILF.
*MATAEMATICAL METHOUS FOUR DIGITAL CUMPUTENSt, JOWN WILFY
AND SONSe NEw YIRK, |96hUe CHAPTFR P4. THF METHOD OF INNDEXING
THRUUGH THE PROCEDURE HAS HEFN MDDIFIED TU SIMPLIFY THE
COMFUTATION,

INTEGEN KFADUWWRITEU
DIMENSIUN A(3)e HB(3)e INT(I6Y)
COMMUN /ZF ILES/ KEAQUsWKITEU

FORITNO]
Fawprnng
FOWTTCO
FOURTIT( O
FORITODS
FORTTOANA
FORI*007?
FORITOOR
FOR]ITNQNQ
FURTTIOLN
FORITN|T
FORITNL?
roRiTAY)
FORITAIG
FORITNLS
FORITNIA
FORITN]I?
FORITONIR
FORITNIQ
FORITO20
FONTTNZ2]
FOW]Tnp?
FPR1TA2)
FORITP2G
FORTITINGS
FORITO2A
FORIT027
FNRITN?A
FORITNP9
FORITO30
FORITN]]
FORITC3?
FORITNI3
FORITNIG
FOR]TPIS
FORITNIA
FORITN]?
FORITO3R
FORITNJ9
FORITOGLO
FORITNG])
FORITNGL2
FORITO04)
FORITNGG
FORITNGS
FORTTNGA
FORITOGLY?
FORITOLA
FORITNGY
FORTTNS0
FORITONS]
FORITAS2
FORITOS)



109

[+ FORITOSG
€C o o o o o o CHFCK FOR FRHON PARAMETEH ERRORS, FOR1TNSS
[ FORIT05A
1ER=0 FORITOST

1F (M) 101.102¢102 FORITOSR

101 lek=2 FORITOS59
wRITE (wW]TELU»110) FORIT060
RETURN FOR]TNG6]

102 IF (M=N) 10441044103 FORITNG?
103 1ER=] FORTYNG]
WRITE («R]1TeUslllD) FOR1TNGHG

HE TUKRN FORIT06S

C FORITOGG
C o s o ¢ o o COMPUTE AND PHRESET CONSTANTS, FORITO6T
[+ FORITNAR
104 AN=N FORITOB9
COEF=2.0/(2.00AN+} . D) FORITO?0
CONST=3,141593°COFF FORITOT71
S1=SIN(LONST) FORITN72
Cl1=sCUS(LUNST) FORITOT3

C=1.0 FORITN74

S=0.0 FORITO?7S

J=1 FORITNTA
FNTZ=FNI (1) FORITO77

105 U2=0.0 FORITOTR
Ul=0.0 FORITN79
1=22®Ne ] FORITORN

c FORITONP]
€C e ¢ o o o o« FOPM FOURIER CUFFFICIENTS RFCUKSTIVFLY. FORITOR?
[ FORITOAR]
106 UO=FNT(l)e2,00C0U)=02 FORITNRG
u2=ul FORITONHS

ul=uo FORITNEAR

1=1=1 FOR1TORY?

IF (1=1) 10741074106 FORITORR

107 A(J)I=CULE S (FNTZeCoUL=U2) FORITNRY
B(J)=CUCF eqey] FORITO90

1F (Je=(re])) 10841094109 FORITNG]

108 OsCleC=b]es FOR1TOAY?
SeClesenleC : FORITNG]

C=U FORITNGs

JsJe] FORITNGS

GO 10 1US ’ FOR1TN9A

109 A(l)=Aall)en,S FORITO9T
KETURN FOR]TN9R

c FOR1TNQ9Q
C o o o ¢ o o FORMATS USED Ih THIS SURROUTINE, FOR]IT10n0
[ FORITIN]
110 #OKMAT (QO0HUIN FOR]IT = M MUST HE GHFATEN THAN OR FOUAL TO 7FRD. PLFOR}IT}IO0?
TEASE (reCx STTUATION NMUT SATVISHIED,) FORIT10)]

111 FURMAT (ATHOLIN FORTT « N FOST HE GREATEN THAN OR FQUAL TO My PLEASFONITIGG
16 CrECn SITUATION NOT SATISETEN,) FORITINS

C FORITINA
t i : FONITYT 7
FUNCTIOW ICON(IVAR) ICON 001
C ICON 002
€C o o 0 o o o THIS FUNCTIOM (ICOM) 1S CALIED HBY THE MAIM PROGRAM JICON 003
[ (PREVGEN) AND THF SUBKOUTIME (SEARCH) TO CUNVERT MINUTES OF ICON 004
c DEGREES TO FRACTIUNS 0OF DEGWEES, ICON 00S
C ICON 006
INTEGER IT,IVyIVAR TCON 007
REAL TMP 1COM 0OR
[+ I1CON 009
1Talvar/100 IcOn 010
1T=]Telu0 ICON 0]1
TMP=]VAK=]T JCON 017
IV TMP/60,)2100, ICON 013
1CON=T i1V JCON 0lo
RETURN 1CON n1S
Cc ICON 016

END 1CON 017
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o000

102

103
104

110

SUBROUTINE MINUM (KeLAToLONSLEVo ILFVeXLAT ¢ XLUNGXLEV.QSHNT o SWOT ¢RSOMINUMOO1L

1 o RHSUGNAMF ¢ KNAM] ¢ XNAMP ¢ XNAM3)

e o o o THIS SURROUTINE (MINUM) 1S CAILEN HY [HE SURROUTINFS
(SEARCH AND APPL1) TO FIND ThE CLOSEST STATIUN TO THF POINT
OF TuTERFST, IT 1S CALLED FOR FACH ULADPPANT,

INTEOFR TLFVeKeLAToLFViLONeMeM] ¢M24M3  MbyNAME {3)
INTEGER ANAMI 9ANAMZ XN AM]
KEAL AsbsQSWDTI1S) +HSGSWNT(15) e AL AT o XLEV ¢ XL Uive XRSO

IF (K,Euw,0) GO TO 102
IF (HSU=XRSU) 102+101.+]104

e s o o IF TWO STATTUNS APE FQUIDISTAMT THFN 1HE CLOSFST DEPFNDS

ON ELEVATION SIMILARITY.

A=ABS(PLOAT(ILFV)=XLEV)
B=z1ABSUILFV=LEV)
If (A=p) 1041044102

e« o o o SAVE THF LATITUDEs LONGITUNF, ELEVATIUN aND FOURLER
PARAMETFRS OF THE MINIMUM STATIOM,

XLAT=LRI
XLUN=L UN
XLEv=LEV
XRSU=RSW
ANAM]I =NAME (1)
ANAMZ=NAME (2)
ANAM3I=NAuME (3)
K=Ke]

e o o o PEOKRDER THE BRRAY (QSWDT) TO SATISFY THE REGUIREMENTS
FOR 1HF SURROUTINE (SER),

00 103 M=1,41145
Mlz=Me)
M2=Me2
M3=Me ]
MGe=Mel
QASWD! (M) =SWNT (M) 8,001
QSWDI (M])=SyDT (M1) e, 001
QSwWD I (M2} =SWDT (M3) &, 001
QASWL T (M) =SWDT (M2) 4,001
USWD 1 (M4) SSWOT (Me)®,00]
CONTINUE
RETURN

END

MINUMOO2
MINLIM0OOD
MINUMNOG
MINUMOOS
MINUMOOA
MINUMOOT
MINUMOOR
MINLIMOOY
MINUMOL O
MINUMO] L
MINUMN]2
MINUMOL ]
MINUMO14
MINUMOLS
MINUMO L6
MINUMOLT
MINLIMO LR
MINUMD] 9
MINUIMO2O
MINUMO2]
MINVMN22
MINUMO23]
MINUIMN26
MINUMO2S
MINUMO26
MINUMO2T
MINUMD2R
MINUMN29
MINUMO30
MINUMN 31
MINUMN32
MINUMNI3
MINUMOIG
MINUIMNOIS
MINUMO 6
MINUMN3T
MINUMO IR
MINUMN 39
MINUMOGLO
MINUIMOG]
MINUMOG2
MINUIMNG]
MINUMNGG
MINUMOGS
MINIMOGE
MINUMOLT
MINUMOGR
MINUMOGY
MINUMOSO
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111

SURKOUT [RE SEAKC SERCHN01
SFECHO0?

o o o o w o THIS ST InE (StaktH) IS CALLEND HY THF MAIN PROGEAM SERCHOO0D
(PREGEM) 10 SEAWCK Tt DATA FLLE TO SEE 1E AN UNRNAWN STATINON  SERCHONG
LIES IN THE ANEA ub APELICARILTITY OF ANY ANNWN STATTONS AND SERCHO0S
wHIUN STATIONS AWp Tk CLOSEST Tn FACH OF ruuf QUANRANTS, SFRCHOOK
SFRCHNOT

INTEOFN EOFelolJelLATaILFVelLUNGlOeTPoiSe1TolV¥417 SERCHOOR
INTREGORER 11 ellel dolbadomokRolLAToLEVel LAl sLONGMIMY SERCH009
INTFOFR NAME (3) oNE oNE NS o Nw s UNAMRF ADLIgwR ] TFU SERCHOLO
WFAL AsAAGAVIH HR G AT aULEVeOLUNIURSUUOHWNT o "bQ SFRCHN] ]
HEAL SeSWDT(1G) TS SERCHOL 2
SERCHOLD

COMMUN ZF 11 1S/ KFADUwRITEU SERCHOLG

COMMUN /VIPS/Z A(Y) sAA (Y] e AVIS) st l V) HAIY) o TLAT I FVeTI ONG TOCIPo IS SFROHM]S
V1T ol Yol omi(n) oMF o 1ot S eAp o2l AT (H) ¢ DLFV IS} cQLUN(R) ¢ INAM (54 3) o JRSUISERCHA A

251 sUSKUT (78) eRSU S EThh et ) o 1S (305) SERCHNLT
SENCHOLRA

DATA Fut JuH / SERCHALQ
SERCHO20

no 101 1=s1.45 SFRCHO2)

101 Rnt(l)=0 SFRCHO022
1IF (1Sete1) WRITE (WRITEUS1?]) - SERCHNZI
SERCHN2G

e o o o o s WEAD LAFITULE. LONGITUDFy FLEVATTION AND WEATHFR SERCHN2S
PARAME TFRS FOW UNE STATIUN, SERCHAZ2A
SERCHPZT

102 KEAD (MEADIG122) (NAME (1) e1=103) eWNNJNSINFeNWILFVILATLON SERCHAZA
1F INAME (1) EWLEOF) GO TO 112 SERCHN2Q
READ (READUS123) (SYDT(J)eu=1015) SERCHOI0
LAT=1cun(LaT) SERCHNI]
LON=SICUR(LOMN) SEPCHNI?

IF (LATEQLILAT ¢ANDGLONCEQTLUNY GO 10 113 SERCHN3]

1F (1SeNELT) 6O TO 103 SERCHNIG
WHITE (wWRITEUS124) (NAME(I)eI=1¢3)oLATSLONSLEY SERCHN3S
SERCHOIA

o o o o o o DFTEKMINE IF THE STATION LIES WITHIN THE RADIUS OF SERCHOIT
INTEREST. ON THE AVERAGE 59 MILFS = 1 NFOKFE | ONGITUDE AND SFRCHOJA

1 LAVITHDE DEGRFF = 1,32 AVEWAGE LONGITIIDE NEGKFFS, SERCHN3Q
SERCHOGLO

103 LLAT=(LAT=1LAT)®], $? SERCHNG]
KSU=L| Aleepe (LUN-]L(IN) @02 SERCHNGLZ
RSU=50K1 (RSG) SERCHNG]
SERCHOLG

® o o o o o DETEWRMILF 1F STATIUN 1S WITHIN 2 DFGHEES (11H M],) SERCHNLS
PARIUS, LATs LON KEAD IN 15 FORMAT. THUS THFY ARE T0OO RIG SERCHALA

HY A FACIOW OF lna, SERCHOLT
SERCHNGA

IF (KSU=200.) 1044¢104,102 SERCHNGLY
SERCHOSO

o o o o o o DETERMINE TF UNKNOWN IN ARFA 0OF APPLICABILITY OF KNOWN SERCHNS]
STAVIUN, SERCHNS2
SERCHNS]

104 1F (SWDI (1) eNEoO, o AMD,SWDT(A) dNF oDy s AMDSWDT(11) (NELO.) GO TO 105 SERCHNSG
WRITE (wRITFUL120) (NAME(1}el=14¢3) SERCHNSS

GO0 10U lv? SERCHOS6

105 CALL APPLI (LAT+LONSLEVINAME «SWNT) SERCHOST
SERCHNSS

e s o o o o DETERMINE wHICH WUAURANT [T IS IN ANU IF 1T IS THF SERCHNSS
MINIMUM DISTANCE STATION IN THAT OQUADRANT 50 FaR, SERCHOAN
SERCHNG]

IF (LAT=ILAT) 10As106,108 SERCHN62

106 IF (LON=ILON) 10741074111 SERCHNG]
107 CALL MINUM (KK(3) «lLATsLONSLEVsILEVsOLAT(3) ¢OLUN(T) 4OLFVI(3) 4OSWNT (ISERCHOGG
11) +SRDTosRSQeUKSA(3) «NAME sGUNAM{3a1) sONAMI342) UNAM(I43)) SERCHNGS

GO Tu 1L2 SFRCHOGA

108 IF (LON=ILON) 109,109,110 SERCHNG?
109 CALL MInuM (KK (2) oLATsLONSLEVIILEVIOLAT (2) 4OLUN(?) 4OLFVI2) «OSWNT (] SERCHNGR
16) +SWDT 9RSQ QRSO (2) sNAME ¢ONAM(291) «INAM(242) sUNAM(203)) SEHCHNG9

GO Tu lv2 SERCHOTO

110 CALL MIMNUM (KK (1) oLAToLONSLEVeILFEVIQLAT (1) eOLUNCT) oNLFV(1)+QSWDT (1SERCHNT]
1) oSwOT RSO QRSO (1) «NAME sUNAM(10]) s ONAM(142) ¢WINAM(] ¢ 3)) SFRCHOT72

GO TU lve SERCHNT3

111 CALL MINUM (KK (4} oLAToLONCLEVITLEVINLATIL) sOLUN(L) 40l FV(4) 4OSWNT (4SERCHNTG
16) oSWDTeRSN QRSO (4) ¢ NAME ¢ ONAM (4o ]1) s ONAMIL42) ¢WUNAM (L e3)) SERCHNTS

GO TU 1v2 SERCHNTS

112 RETURN SERCHNTT
113 WRITE (wRITEUW129) (NAME (1)el=143) SERCHNTA
TF (SWUT (1) oNF 004 e AND SWUT(6) eNEoNe o ANUSWDT (11) (NF,0.1 GO TO 114 SERCHNTY
WRITE (wHITEUS11Y9) SERCHOROD

GO 10 1lwv2 SERCHORL

116 WRITE (wHITEUs12A) SERCHNH2
DO 11% i=1,15 SERCHNRI

119 SwLT(11=Swnl(1)®,001 SERCHNAGL
DO 116 12141145 SERCHORS
Ilele] SERCHORA

[eele2 SERCHOKT

13=z1+3 SERCHNAR

laslea SERCHAKG

WHITL (WHITEUG127) SWOT (1) «SWOTITL)oSWOT(12) «SWNT(13] oSWOT(14) SFRCHNAGON

116 CUNT]INLE SERCHNG]
IF (1PelF 1) KFTUKN SERCHNG?

K=0 SEHCHNQ]

D0 11K is]47¢3 SERCHA9S
Ma]eR SERCHNGS

AA())sSuDI (M) SERCHNGA



000

(2N s XsNoXs)

112

HH (1) =0, SERCHNGY

VO 117 a=1e2 SERCHO9A
luzley SFRCH099

MIzMe J SERCHION

AA(L1.N ESWDT (M) SERCH] 0L

MJIzMJe ] SERCHI0?

BB (1J)=SWOT () SERCHIND

Mzme | SERCH104

117 CUMTINUF SERCH]0S
KR=KebD SERCH] 06

118 CONTIMUL - SERCHI07
CaLL READAY SFRCHI0R
KETUKN SERCH109
SERCH110

e o s o o o FORMATS USED IN THIS SURROUTIME. SERCHI
N SERCH]12

119 FORMAY (1hNy111HTHIS STATTOM DOFS NOT HAVE A COMPLETFE NDATA SET = TSERCH11]
1HE PROULKAM wILL ATTEMPT TO USF ANOTHER STATIUw OR INTFRPOLATFE) SERCHI 14
120 FURMAT (10Xs9HSTATION <2AGsA24RBHIS WITHIN w0 NEGREF RADIUS, BUTSERCHILS
1 DOLS NuT HAVF & COMPLETF DATR SET = THEREFOREL IGNOREN) SERCHILA
121 FORMAT (1H0+20Xe 1 7THSTATIUNS SEARCHEDN) SERCHI17
122 FORMAT (2A4sA2e9%e6 (130141 0lXe1442(2X,415)) SERCHIILR
123 FORMAT (]15F5.0) SFRCH119
124 FORMAT (5X42A438245XeRHLAT = s110¢SXeANLON = 91 104SXeTHELEV = oI1NASERCHIZ20
1) SERCH121
125 FORMAT (1HOy2ALsA244TH IS A ALATHER STATIOM AT THIS LATe LON £MD FSERCH122
1LEV) SERCHY 2]

126 FORMAT (//75H FOURIER COEFFICIENTS FOR CLIMATIC PARAMFTERS. P(D/N)SEHCH]26
le O(D) s AND STURM SIZE/Z17X+2HAO1BXe2HAL ¢ 1AXICHR] ¢ 18X ¢2HAR ¢ 1RX 9 2HHSERCH]I2S

e2) SFERCH] 26
127 FORMAT (1HO+S{10XsF10.4)) SERCH]27
SFRCHI2R
END SERCH129
SUBROUTINE SER (NTeAlsA4By0UUAD) SER 001

< SER
® o o o o o THIS SUHROUTINE (SEw) 1S CALLED HY ThE SUHROUTINES Sgﬂ ggg

(WAVG2 AlD HEADAY) TO GENMFRATE A FOURTFR SERIFS RFPRESFNTATION
SFER 0064
OF THE DAILY VALUES FUR & GIVEN PARAMETER UVER A YFARS TIMF, SER 005

INTEGER T4NoNT g:: gg:

REAL A(J)oAluB(J)cQUA0(365)QSUH'Xl'XN SER 00AR

00 102 I=1,365 e :?:

XI1=FLOAT (1) SER 011

sum=u, SER 012

DO 101 N=z1eNT SER 013

101 ANZFLOAT (N) SFR 014
0 SUMESUMeA (N) ©COS (4017259 X 12 XN} 4R (N) ®STN(.017258x]® :

102 QUAD(T)=A}eSUM ' el AR SEX L ERN) gg: g:z

RE TURN SER 017

SER  0]A

END SER 019



o000

OCO0OOON [2XaXe)

o000

O0O0O0O0

OO0

o000 [2XaXe]

[2X2X2]

O 000

lo2
103

104

105
106

1a7

108

109

113

SUHRULIT NG wavs)

s o o o THIN SUNNOUTINE (wAVGL) 1S CALLED AY (Wb MATN PRIN.RAM
(PREGEL) 10O COMPUTE THE wb 1GHTINMG FACTORS FOR INTERPOLATION,

INTEGLF JoTLAY oIl P Vel UNGIUeTP eSS el TolYol2 oK oeNE olIN
INTEOER NG eriw o NAMGRE ALtk ] TF U

REAL AoenAgAT sAVeR oMl g T ot 190l A1 L FV4NLON,OMIND
REAL OMIN] JOHSWeSWHT oHSUeSs TSV (4)

CUMMON ZF 11 ES/Z READUGwH]TEU

wWAVG]1O001
WAV(:1002
weve 1009
WaAVGI 006G
WAVG]100S
WAVG]I 006
WAVG1007
WAVGINOR
WAVGINO0S
wavelolo
WAVRING ]

COUMMUR /WIS A0 oV (W) oAV IR oR IV GRAE() G TI AT I EVeTI ONG IO 1P ISeWAVGINT2
TITolveld ok (5) oNFoaMNGHSoNb oI AT (S) sQLFVIS) sOLUN(S) sONAM{S3) ¢ NISO(WAVGINL)D

25) yUSWIL(T75) shSeS (AN ek) « TSL3RS)

NT=0,
Al=0,
ET=vu.

s s o o SUM DISTANCFS,

OMIND=0
00 1Ll 1=146
18 (UKSDUT) aFQeNe) GU TU 101
1 (UMINDGEWN,) DNINOSORSL(T)
WM THLU=AMENT (OMINNORSA(]))
CONT 1MLt
NO 103 I=]1.0
It (URSO(1)ENNe) GO YO 102

s o o o COMPUTE & SIMILARLITY INDFX (NT) USTNG THF €l OSFST

STaTION FROM ALL FOUN GJADKANTS AS IHF Rab1S, SIMILAWKLITY
INPEA = 2w/ (BeF) wHERF w 1S THF MINIMUM OF A AND Be IN THIS
CaSt s THE MINIMUM [MISTANCE STATIUN rROM aLL fFNUR QUADRANTS,

ARSO(]) =2, 9AMIND/ (OMINDSQRSO (1))
DT=U1e0RSO(L)
VIiI)=0,

CONTJLE

IF (D7) 104s104e10S

WRITE (wRITEUL11S)

RE TURN

o o o o FIND RFLATIVE NISTANCES,

DO 106 1=] .6
QRSW(11=0RSVL (1) 707

e o o o SUM ELEVATIONS, NOTF = A ZFRO VALUE tOR ELEVATION
INDICATFS NO STATION PRESENT IN THaT QUADKANTe NOT AN
ELEVATION OF ZERO,

QMINL=0.

DO 109 l=].4
IF (ULFV(I)«EQ.0.) GO TO 109
V(I)=ARS(OLEV (T} =FLOAT(ILFV))
IF (V{I)) 107+1074108
vil =1,
UMINL=],
GO 1V 109
1F (UMINLGFQR,04) GMINLEV(T)
QMINL=AMINT (OMINL sV (1))

CONT INUL

DO 110 I=146

e o o o COMPUTE SIMILARITY INDEX FOR ELEVATIUNS (FT1,
1F (V(1).EQs0e) 60 TO 110
V(I)Z2,%Q0MINL/Z (OMINLevV (1))
ET=bTev(]]

CONT INUE

o o o o FIND RELATIVE SIMILARITY IN EtEVATIONS,

00 111 I=].¢
vilisvil)/Fl

e o o o FIND AVERAGE Wt IGHTING FACTOR (AV) = AVEPAGF OF TWO TIMES

ELEVATION FACTOR AND TrE DISTANCE FACTUR (WSRQ),

DO 112 I=]1.4
AV 1) =(ca®V(])*QRSO(1)) /3.

s o o o NORMALIZE AVEWAGFE WEIGHTING FACTOR (AV),

DO 113 i=]ea
ATeATeavV(])

D0 114 1=].4
AVI(I)s=avl)/ZaT
RETURNM

o o o o FORMATS USED IN 1HIS SUHKRDUTIME .

FORMAT (1HNeeTHNO STATIONS WITHIN TwO ULGRFF NADIUS OF UNKNOWN)

Fan

wWAVGRIN]G
WAYGINLS
WAVGIN]A
WAVG101T7
WAVG101R
wavGlnloe
wavGlO02n
WAVGINZ2]
WAVG1022
WAVG1N23
WAVG1N24
wavGlnes
wWaAVG1026
WAVGLN2T
WAVGIN2R
WAVGLINZ9
wavG1030
wavG1031
wAVGR1032
wavG1033
WAVG1034
WAVR103S
wAVG1 036
WAVG1037
WAVG]03R
WAVG1N39
WAVG1040
WAVGI0G])
WAVG1lN&2
WAVGLAG)
WAVGL 064
wAVG1045
WAVG]0GG
WAVGLO04T
WAVGLl04R
WaAVG1N69
WAVG1050
WAVG10S]
WAVG1052
WAVG10S)
WAVG1054
WAVG]NSS
WAVG1056
WAVGL0ST
WAVG1NSRA
WAVG1059
WAVG1060
WAVG1061
WAVGLl062
WAVGLING)
WAVG1064
WAVG106S
WAVGL0RA
WAVGLO67
WAVG1N6A
WAVG1069
WAVG10T0
wAVGINT)
WAVG10T72
WAVGINTI
WAVG1074
WAVG1075
WAVGLO0T76A
WAVGIO077
WAVGINTA
WAVGINT9
WAVG10R0
WAVG10R]
WAVG1NR2
WAVGI0R)]
WAV 1084
WAVGINRS
WAVGLNRA
WAVGLI0RT
WAVG10RR
WAVG]10H9
WAVG1090
WAVR109]
WAVGING2
wav(1093
WAVG1094
WAVG109S
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SUHRUU L INF WAVG? WAV(:2001
wAVG2002

e s v o o o THIS SUMKOUTINE (WAVGP) 1S CALLED RY THE HATN PROGRAM wWAVG2003
(PREGEN) TO GENFFATE 0DAILY VALUFS FUR PIN/Li)e PID}e AND SS WAVG2006

AS WELL AS FINDING THE whTOHIED AVFRAGE ANL FTNALLY RECOMPUTES WAVG200S
FOuRLIEP COFRFICIENTS, WAV(:2006
WAVL2NO0T

INTEGFH TAGIRe Tt N TUe TLATO1LFVeILONGID TIP3 T1Ge1ToTY WAVG200R
INTEOER 17 0ded] oK oKR ol oL JeMeNE sNNgNS oM T o NWy NN WAVGZ009
INTREGER HEADUwRTTFU wavi2nle
PEAL AsNACAVeAlsRIHRGOLAT 4iLF VeALOMNQROSU$NSWU 1 4RSA wavGznl)
KEAL SelS wAVG2012
waAVG2013

COMMUN /F 11 ES/Z RFADUswKITEU WAVC2N]14

COMMUL, /VIPS/ AL3) eAA(Y) onV (5) yHIR) sFRIY) o TL AT oI FVeTl ONeI0s TPy IScWaVE2NLS
T1ValYollokK(5) oNFaN Iy NS o a L AT (5) oOLFV(5) o QL UNIG) o INAMIS ) ¢NRSQ (WAV(-2016

25) sUSKIIE (78) oRSWS (36644) ¢ 15 (365) wAVG2017
wavGeola

L=1 wWavG2019
NT=2 WAV(-2020
waveenzl

o o o o o o LOOP FOR GENERATING THE THREE PARAMEIERSe P(D/D)e PID) e WAVG2022
aND bS, . WAVG2023
WAVG2N24

DO 108 1J=1e1145 WAV(202S

00 1ul x=14365 . WAVG2026

101 1S(K)=0, WAVGR2027
wWavVG2N2A

e o o s o o LOOP FOH THF FOUWR UWUADHANTS, WAVG2029
WavG2n30

DO 1ul3 J=lea WAVG203]
1JU=tJ=110151y WAV(R2032
Al=USWNT(IJUDN WAVGR2033
1az159(J=1) el o] WAVG2036

Inz=lAe2 WAVG263S

¥AVO2036

o o o s o o GEMERATE PaARAMETEN SERIES FOR EACH QUADRAMT, WAVG2N3T
. WAVG203R

CALL SER (NT4Al,QSADT(1A) yUSKNT(1B) ¢S (Lo d)? WAVG2039

WAV(2040

e« « o o o » SUM WEIGHTED DAILY PARAMETER VALUES UVER THF FOUR wavGenal
QUADKANTS, WAVG2042
WAV(P06]

DU 102 K=1,365 WAVG2064
TSIR)I=TS(K) oS Ry J) @AV (J) WAVG2045

102 CUNT INUE - WAVG2046
103 CONTINUF WAVG204LT
WAVG204LR

e o o o o » GENFRATE NEW FOURIER COEFFICIFNT FOR LITH PARAMETER IN WAVG20469
SURRUUTINE (FONRIT), WAVG20S0
WavGeonsl

N=18Z WAVG20S2

Ms2 WAVG205)

CALL FORIT (TSeNsM¢A4R [ER) VAVG2NSG
WAVG20SS

e o o o« o« » WRITE TO OUTPUT, WAVG2056
wWAVG20ST

1F (1J.FRel) WRITE (WwRITEUs106) WAVG20SA

WRIIE (WHITEUWI07) AC1) e (ALJ) ¢B(J) yI=243) WAVG2NSY
AA(L)=A(]) WAVG2060

BB (L) =0, WAVG206]

DO 1vs g=142 WAVGZ2062

Ld=L e WAVG2063

Jizgel WAVG2064

AA (LYY =ALUY) WAVGR206S

106 BH(LJY)=R(J]) WAVG2066
L=l ed WAVG2067

105 CONTINUE WAVG204R
RETURN YAVG2069
WAVG2070

e o o o o o FORMATS USKFD IN THIS SURKOUTINE . ’ WAVG20T7)
WAVG2072

106 FORMAT (//75H FOUNTE K COEFFTCIENTS FOR CLIMATIC PARAMFTERS, P(D/N)IWAVG20TI
To PUOY s AND STORM ST/t /17X 42HA001RXs2HAL s 1RXICHHT ¢ 1AXs2HAZ 9 1AX «2HPWAVGR2N0T4
22) WAVG20TS

107 FORMAT (1HO«S(10X4F10,4)) 2 WAVG2076

WAVG2077

END WAVG20TR
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APPENDIX #6
Coefficient Determination for Sine Function Weather Generation

An algorithm follows which enables a user to determine the input par-
ameters for the RANGES model which will determine the coefficients for either
the temperature or precipitation sine functions.

(1) Compute average monthly values for either temperature or precipi-

tation (Fig. 1).

(11) Plot the monthly values for a year. The result will probably give
data that has the form of a sine function. If not, then this method
may not be applicable.

(111) Find the difference between the high and low average monthly values
(e.g. 2.8 - .2 = 2.6). This is twice the amplitude of the sine wave.
Divide the difference by two to find the amplitude H1(Hl = 2.6/2 = 1.3).

(iv) Add the low average monthly value to the amplitude and construct a
horizontal line (L) at this height (2.6/2 + .2 - 1.5).

(v) Find the point where the sine wave crosses line L going up from left
to right, and determine the number (H2) of the day of the year (Julian
day) where this occurs (H2 = 110 days).

(vi) Set H3 equal to the low average monthly value (H3 = .2).

(vii) These three parameters will be read into the model and take their
corresponding places in the following equation:

Y = H1 *# (SIN ((DDAY - H2) * .0172) + 1.) + H3
where in the example the expanded equation is:
PPT = 1.3 * (SIN ((DDAY - 110) * ,0172) + 1.) + .2

The monthly values predicted by this equation are represented by o
in Fig. 1.

If the predicted monthly values are summed, they may over or underestimate
the average yearly precipitation. Therefore, it may be necessary to increase
or decrease the amplitude of the sine wave to obtain a more realistic yearly
average. In our example, precipitation is overestimated, so the following

procedure is used.
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Fig. 1. Comparison of sine function prediction (o) and actual (x) monthly precipitation amounts for
the Pawnee Site.
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The steps to improve sine function estimate of average yearly precipi-
tation are:
(1) Determine a new axis based on a lower maximum value (L = (2.6 - .2)
/2 + .2 = 1.4).
(ii) Find the new amplitude (H1 = 2.4/2 = 1.2).
(iii) Substitute the new Hl into the sine function and leave H2, H3 as
before.
(iv) Check the new estimate (Fig. 2).
Again, the yearly estimate is too high. Therefore, another iteration
is required to converge on an adequate function. Therefore, determine a new
axis (L= (2.2 - .2)/2 + .2 = 1.2). Find a new Hl, Hl = 2.0/2 = 1.0), and re-
compute the estimates. Now, the yearly average of the sine function is 14.6"
compared with 14.9" computed from the data (Fig. 3). It is assumed close
enough, although there is some underestimation in the summer and overestimation
in the fall.
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Comparison of sine function prediction (o) and actual (x) monthly precipitation amounts for
the Pawnee Site.
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Comparison of sine function prediction (o) and actual (x) monthly precipitation amounts for the
Pawnee Site.
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