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Valentine 

OVERVIEW OF DESERT2 

DESERT2 is a desert ecosystem simulator written in the 
American National Standards Institute version of FORTRAN 
IV. It comprises two groups of subroutines: 1) the submodels, 
each of which simulates a particular process in the ecosystem 
and 2) the non-biological subroutines, which perform input, 
output and "book-keeping" operations. The latter group acts 
as a master control program that calls, or runs the first group. 
The first group includes cert_ain "utility subroutines" that are 
called by o'ne or more of the submodels. The entire package 
has been designed to have the potential to model many 
features of a wide range of ecosystems. Accordingly, the state 
variables to be modeled are not immutably fixed in the 
FORTRAN code, but are specified in the data deck within 
constraints imposed by the various subroutines. The 
constraints of the non-biological subroutines are so weak that 
one could model a grassland or forest ecosystem as easily as a 
desert ecosystem. The constraints of the submodels are more 
severe, but still afford a good deal of flexibility. The 
availability of a library of submodels simulating processes in 
different ecosystems-or simulating the same process in the 
same ecosystem, but at different levels of resolution-should 
allow simulation of any aspect of any ecosystem that is of 
interest to the user (within the limits of current biological 
knowledge). 

The submodels in the package described below are 
nonlinear compartment models that simulate the flow of 
carbon, nitrogen, water and heat through various portions of 
the plant, animal (grazers), abiotic and decomposer 
subsystems of a desert ecosystem. The information links 
among the four subsystems and the system environment 
(exogenous data) are illustrated in Figure l. A brief 
statement of the function of each subroutine in DESERT2 
(including both the submodels and the "non-biological 
subroutines'') is presented in Table 1. The hierarchy of these 
subroutines· is diagrammed in Figure 2. Various output 
variables, input variables, parameters and initial conditions 
are associated with each submode!. The output and input 
variables (which are continually changing during the 
simulation) are summarized in Table 2. Table 3 presents a 
synopsis of the sequence of operations performed by 
DESERT2 during a simulation. 

Table 1. Brief description of the major function of each of 
the FORTRAN procedures in DESERT2 

MAINPK 

BLOAT A 

STARTR 

MINPUT 

DATCHK 

READAT 

Non-biolor,ical procedures 

Calls subroutines which initiate and terminate the simulation. 
Controls the time-step loop, multiplies the state variab]e incre-
1nents predicted in the submodels by the lenith of the time-step, 
updates the state variables and time clock, and when necessary, 
calls the subroutine that prints tabular reports. 

Jnitializcs selected variables. Simulates the function of a BLOCK 
llATA subroutine. 

Calls subro1.1tines that read the d.'1t:1 file before the start of the 
si!T'.ulation. 

K('ads definitions of all state variables and the initial values of 
the plant slate variables. Reads flags and variables controllin~ 
thC' shmlation. 

Checks validily of dates read from the input file. 

Reads the dates on which reports or intermediate calculations arc 
lo be printed. 

2 

1N1Tll. 

G!NPUT 

ErNPU1' 

EXOGEN 

STVNEC 

TOTALR 

DRYHAT 

FI.O\,,tSS 

PREP AR 

REPORT 

GR,\PIIZ 

CETFTG 

COPY BY 

VI~PUT 

PIIENOI. 

l'!IOTOS 

THAN SP 

IU'.Sl'III: 

TRANSi. 

A!.OCAT 

STONE',.' 

NUTUPT 

nEATHH 

AN LMAI. 

ANRESP 

FEEDNG 

MANAGE 

SOILSS 

SLIIEAT 

SLWATR 

TRl01M 

\..'BALAN 

WlNPUT 

DCOMPO 

Reads initial values of the shed seed, animal, 1 i ttcr and soil 
organic ratter compartments. 

Reads instructions for graphical output. 

Reads exogenous data. 

Supplies values of the exogenous variables to the submodels durin~ 
each time-step of the simulation, 

Prints a messaie when there is an attempt by the submodels to drive 
a state variable below zero. 

Computes a variety of totals and subtotals of chemic.-11 constitue~ts 
in the '>lant, animal and soil subsystems. 

Computes the total dry matter ln various ~roups of state v.1.riables 
at the end of each time-step. 

Computes the sums of selected groups of :iccumulated flot.•s that are 
printed at the end of each tabular report. 

At selected intervals during the simulation, this subroutine \~rites 
onto a scratch file the values of the variables that are to be 
graphed at the end of the s 1mul.H ion. 

Prints tabular reports of the state of the system at speci ficd times 
during the simul.1tion. 

Prints graphs at the end of the simulation. 

Called at the end of the si.mulatton jusl before graphs are printed, 
Reads from a scratch file the values of each of the graphed vnrlables 
at each of several points durinR the simulation. 

Copies bytes from one "W-'rd to another during the preparation of graphs. 

Plant subroutines 

Calling program for the plant suUl'l\odels. It is called by the m:l.in 
program durin~ each time-step. 

Reads data corrcmon to all the pl.1.nl suhmodels at the start of a simu
lation, and then calls t!ach of the submodels so they can read para
meters needed uniquelv by them. 

Calculates which ph~noloRical staRe each plant group is in at the 
start of each time-step. 

Calculates the net daily carbcm fixalion by each plant group. 

Calculates the dailv transpiration of water by each plant group. 

Calculates the dailv respiration by each organ of each plant group. 

Calculates the amounts of photosynthate to be allocated to each organ, 
and the tr,1.nslocalion from the shed seed pool (or from storage organs) 
during germination (or leafin~-out). 

Calculates how much of the carbon added to an organ will be allocated 
to each of the c.irbon types. 

Performs the translocation of non-carbon constituents during RCrmin
ation and leafing-out. 

Calculates the uptake of nitrogen and its allocation to each of the 
plant organs. 

Calculates tt<ie abscission of herbaceous orp;ans and the death of plants 
durin~ periods of drour,ht. 

Animal subroutines 

A callinp, program for the anim.ll submodels. 

Calc:ulates the daily respiration of each :rnimal group. 

Computes the daily quantities of food ingested by each ;;mim..'11 Rroup, 

Provides for movement of domestic irazcrs into and out of the system. 

Abiotic subroutines 

A calling program for the soil submodcls. 

Calculates the temperature in each of the soil layers. 

Calculates the water potential in each of the soil layers. 

Solves a system of simultaneous linear equations in which the 
coefficients of the independent variables are in the form of a tri
diagonal matrix. Called by the water and heat flow models. 

Checks whether the water budp,et is in balance. 

Reads the input to the water flow model. 

Decomposer subroutine 

Calculates the decomposition of litter and soil organic matter. 



PWLNEG 

PWLPOS 

GENPDF 

RUNAVE 

Table 1, continued 

Mathematical functions 

Solves a pi.ece-wise linear equati.on containing a ramp with a ne~ative 
slope. Utility procedure calle<l by several submodels. 

Solves a piece-wise linear equation containing a ramp with a positive 
slope. Utility procedure called by several submodels, 

Solves a generalized Poisson density function. Called by the carbon 
fixation model. 

Computes running averages. Called by the phcnology model to calculate 
the running averaKc of soil temperature. 

Table 2. Inputs and outputs associated with each of the 
submodels in DESERT2. Exogenous inputs are values for the 
current time-step. Inputs predicted by the submodels are 
values for the previous time-step. The only inputs listed are 
variables; parameters are not listed 

Plant subsystem 

PHENOL (phenology submodcJ) 

inputs: 

l) running average air temperature (from VF.Cf.TA) 
2) soil 1,1ater potential o[ a specified layer (from SLWATR) 
3) current phcnologk.aJ stage (from PHENOi.) 
4) days elapsed during current phenoloRical state (from PUENOL) 

outputs: 

1) phenological stage 
2) days elapsed during current phenological stage 

PHOTOS (carbon fixation submode!) 

inputs; 

1) air temperature (from exogenous data) 
2) soil water potential of a specified )ayer (from SL\..'ATR) 
3) dry weight of photosynthetic tissue (result of interaction of all 

plant and anim,1.l submodcls) 
4) photoperiod (from exogenous data) 

output: 

I) rhe. net amount of c-.arhon fixP,I 

TRANSP (transpiration submode!) 

input: 

1) net amount of carbon fixed during the day 

output: 

1) water transpired (kg-ha-l,day-1). (Regardless of the units of the 
simulation, this model calculates kR•h;1-l.day-l transpired, since 
these units are required by the water model) 

RtSPlR (plant respiration submode!) 

inputs: 

1) air temperature (from exogenous data) 
2) soil water potential of a specified layer (from StWATR) 
3) labile carbon in respiring organ 

output: 

1) amount of carbon respired 

TRANSL (translocat ion submode!) 

inputs: 

1) phenolor,ical stage ( from PHENOL) 
2) soil water potential in sr,ecified layer (from SLWATR) 
J) biomass of each of the chemical constituents of the seed pool 

and of storage organs (interaction of all the plant and animal 
submode ls) 

4) photosynthate produced during current time-step 

outputs: 

1) translocated material from shed seeds or stora~e organs to newly 
forming organs 

2) quantity of photosynthate added to each of the organs 

ALOCAT (submodel for allocation of photosynthate to various classes of carbon 
compounds) 

input: 

1) amount of carbon to be distributed to the carbon classes of a 
particular organ ( from TRANSL) 

output: 

1) quantity of carbon added to each carbon type 

NUTUPT (nutrient uptake submodel) 

input: 

1) amounts of nitrogen and protein carbon in each organ 

output: 

I) nitrogen added to each organ 

O~ATllll (abscission and plant death submode!) 

inputs: 

1) days elapsed since start of dormant stage ( from PllENOL) 
2) soil water potential in a specified layer (from SLWATR) 

3 Modeling 

Table 2, continued 
3) biomasses of compartments experiencing abscission or death. (Result 

of interaction of all the plant and animal models.) 

output: 

1) losses due to death and abscission 

Animal subsystem 

ANRESP (animal respJration submode!) 

inputs: 

l) dry wei~ht of the animal group respiring (from r·EEDNG ;md 1\NRESP) 
2) population density of the animal group (from i:?xogenous data) 

output: 

1) labile carbon respired 

FEF.ll~r. (Animal intake submodel) 

inputs: 

1) biomasses of each of the potential food sources (result of inter
action of all the plant and animal submodels) 

2) biomass of the animal group that is feeding (from FEEDNG a.nd ANRESP) 

output: 

1) ingested qu.(lntitics of each food source 

Abiot.ic subsystem 

SLWATR (soil -..•ater submodcl) 

inputs: 

1) precipitation (from exogenous data) 
2) pan evaporation (from exogenous data) 
3) transpiration (from TRA.'ISP) 

output: 

1) soil water potentials by layer 

SLHEAT (soil heat submode1) 

Input: 

1) air temperature (from exogenous data) 

output: 

1) soil temperatures by layer 

Occompo:) it ion !3ubsys t.cm 

DCOMPO (decomposition submodel) 

inputs: 

1) biomasses of each of the compartments undergoing decomposition. (Result 
of interaction of all the plant and animal submodcls.) 

2) soi I water potential of a specified layer (from SLWATR) 

output: 

l) qua.ntities of materials decomposed 

dU lt·mpt'fd[Ufl'. J)hOtOJ)f'flOd Jl.ln l'VdpOrdllOn 

------------------------- I 

Decomposition _ mil lf'lllJWIJIUft' dnd w1l W.llf"r f}()lt'nt,.il _ 

Subsystem , 
: ht>rd m,1n.i~rnwnt 1'\'l'flh : ~----------------------------------------------J 

Figure 1. Information links among the subsystems 
modeled by DESERT2. 
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DESCRIPTION OF THE SUBMODELS 

The following assumptions and restrictions apply to several 
or all of the submodels: 

1) The plant and animal groups that are simulated may be 
species, groups of species or the life stages of a species or group 
of species. 

2) Five plant "organs" are modeled: photosynthetic tissue, 
non-photosynthetic parts of new shoots, non-photosynthetic 
parts of old shoots, reproductive parts and below-ground 
parts. 

3) Five chemical constituents are modeled: nitrogen, ash, 
protein carbon, labile carbon and structural carbon. 

4) Five phenological stages are modeled: dormancy, 
germination, leafing-out, vegetative growth and reproduc
tive growth. 

5) During the germination ( or leafing-out) stages, 
translocation occurs from shed seeds ( or storage organs) to the 
nascent organs. No translocation occurs during the vegetative 
and reproductive stages. Instead, photosynthate is added 
directly to the various organs. 

6) The animal models are intended for grazers only, and 
thus do not simulate demography. The only processes 
modeled are ingestion and respiration. 

7) The model operates on a 360-day year consisting of 
twelve 30-day months. The sub models are constructed on the 
assumption that the time-step is always one day long. The 
main program makes the necessary adjustments when longer 
time-steps are used. 

MAINPR-

- 13LDATA 

MINPUT EREADAT--DATCHK 
INITIL 

TOTALR 

DRYMAT 
~ 

-STARTR-l 
CINPUT TRANSP 

EINPUT NUTUPT 

-STVNEC 

-FLOWSS 

-CRAPHZ 

L 
L 

-

-
-

EXOCEN 
VINPUT 

PHOTOS 

VECETA PHENOL 

DEATHH 

RESPIR 

TRANSL 

RUNAVE 

-f
FEEDNC 

ANIMAL ANRESP 

MANAGE 

SOILSS SL HEAT -E
OCOMPO 

i
WINPUT 

SLWATR 
WBALAN 

PREPAR 
TRIDIM 

REPORT 

-(
CETFIC 

COPYBY 

Figure 2. Hierarchy of procedures in DESERT2. 
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Table 3. Operation of FORTRAN implementation of 
DESERT2 

1 Read definitions of state variables, their initial values, and miscellaneous 
instructions controlling the length of the simulation .and the form of its 
print-out 

2 Read instructions for graphical output 

3 Read exogenous variables 

4 Read values of the parameters in the plant submodels 

5 Read values of the parameters in the animal submodels 

6 Read values of the parameters in the abiotic and decomposer submodels 

7 Print report describing initial state of the system 

8 Begin cycling through the time-step loop 

8.1 8cJ?_in loop for plant r,roups 

8.1.1 Call phenolop.y model -- if plant is dorl'lant, skip to 
8. I.) 

8.1.2 Call carbon fixation model (in turn, calls transloc;\tion 
and carbon ;'lllocat ion models) 

8.1.3 Call respiration model 

8.1.G Call transpir3tion model 

8.1.S Call lrnnslocation model if plant ~roup ls germinatiOJt 
or leafin~-out 

8.1.6 Call nutrient uptake model 

8.1. 7 Call model for or~an abscission and death, then return lo 
8.1.l for :i new plant group. l{hcn all plant groups have 
been dt.>,1lt with, io co 8.2 

8.2 Call r,raiinr, model -- heP,in loop for animal ~roups 

8.2.1 Call respiration model 

8.2.2 C;11l feedini re.ode! and return to 8.2.J for a new animal 
Rroup 

8. 2. 3 Call herd manaiement model . \.'hen a 11 an ~mr1l ~roups have 
been dealt with, p._o lo 8.) 

R.3 <:all soil models 

8.3.1 Call heat flo,.,·model 

8. J. 2 Call water fJo,.,. mod~! 

8.3.J Call decomposition model 

8.G M.lin proi;!:ram adds state variable increments (predicted 
by the subrnodels) to tlle state variables, prints a report 
if desired, and advances the time clock in preparation for 
the next time-step. After the last time-step, r.o to 9 

9 1Hter the simulation is complete, print a final report and anv J,traphs 
that were requested 

CONVENTIONS USED IN DESCRIPTIONS OF SUBMODELS 

1) All rates referred to in the following descriptions are 
relative rates (specific rates or proportional rates) having the 
units "days-'" or equivalently, "grams per gram per day." 
These should not be confused with absolute rates (flux 
densities in the present context) having the units "grams per 
square meter per day." 

2) The descriptions of the submodels are independent of 
one another; the symbols used in the description of one 
submode! bear no relation to those used in the description of 
another submode!. 

3) For convenience only, the units "grams," "square 
meters" and "days" will be used as measures of mass, area and 
time. The FORTRAN implementation of the submodels 
allows one to use any units of mass and area, but requires that 
the unit of time be "days." The user must be sure that the 
units of all variables and parameters are consistent. 



PHENOLOGY SUBMODEL (PHENOL) 

The sole function of the phenology model is to determine 
whether a plant group will shift from one phenological stage 
to another. A plant group will be in the dormant stage prior 
to the growing season {Fig. 3). If it is perennial and active 
during the spring or summer seasons, it will shift to the 
leafing-out stage when the following conditions are 
simultaneously satisfied: 1) the running average air 
temperature is both rising and above a specified threshold, 
Pl; and 2) the soil water potential of a specified layer (here
after called layer i) exceeds a threshold, P2. The running 
average temperature can be calculated over any number of 
days between l and 30. If the plant group is perennial and 
active during the fall or winter, it will shift to the leafing-out 
stage when the following conditions are simultaneously 
satisfied: 1) the running average air temperature is both 
falling and below a specified threshold, Pl; and 2) the soil 
water potential of layer i exceeds a threshold, P2. 
Germination of annuals has the same requirements as 
leafing-out of perennials, plus an additional requirement 
that there be a minimum amount of precipitation in a 
specified interval preceeding the current time-step. 
Leafing-out and germination are treated as discrete events. 
Consequently, a shift to the vegetative stage automatically 
occurs during the next time-step. 

The plant group will shift to the reproductive stage if the 
following conditions are simultaneously met: 1) a specified 
number of days, P4, have elapsed since the beginning of the 
vegetative stage; 2) the soil water potential of a specified layer 
(hereafter called layer j) is above a threshold, P5. Soil layers i 
and j may (but need not) be the same. 

The plant group will pass from the reproductive stage to 
the dormant stage if the soil water potential of layer i falls 
below a threshold, P6. The plant group may move from the 

5 Modeling 

reproductive stage back to the vegetative stage if the soil 
water potential of layer j falls below another threshold, P3, 
where P3> P6. 

Plant groups active in the spring or summer will pass from 
the reproductive stage to the dormant stage if the running 
average air temperature falls below a threshold, P7. 
Vegetative plants can also become dormant when the 
running average temperature falls below P7, provided they 
have been vegetative for a total of at least P4 days. The 
transition of fall- or winter-active plant groups from the 
vegetative or reproductive stages to the dormant stage is 
governed by analagous requirements, but the running 
average air temperature must rise above P7 rather than fall 
below it. 

CARBON FIXATION SuaMODEL (PHOTOS) 

This model predicts net daytime carbon fixation by photo
synthetic tissue as a function of soil water potential in a 
specified soil layer, maximum air temperature, mineral 
nitrogen content of the soil and the photoperiod, according to 
the equation: 

C = A[rFGH(l2/44)(.00l)]Dk 

where C is the g carbon fixed· m-• • day- 1
; A is the dry weight 

of photosynthetic tissue (g/m'); r is the maximum possible 
relative fixation rate (mg CO, • g dry matter-• • hr- 1); F, G 
and H are scaling factors (defined below) representing the 
effects of temperature, soil water potential and soil nitrogen; 
(12/44)(.001) converts from mg CO, tog carbon; Dis the 
photoperiod (hr); and k is a constant accounting for the fact 
that the mean rate of fixation is different from the rate 
obtained at midday. 

~VEGETATIVE~ 

/

awo:::;c::;ooe ~ ~ , """"W\P > PS 

~ ~ SWP<P3 

GERMINATION 
OR LEAFING-OUT 

\ 
T> P1 and SWP >P2 

OR 

o~ o 

iloi 
T <P1 and SWP> P2-. 

-- DORMANCY 

t -= days spent in current phenological stage 
T = running average air temperature 
SWP = soil water potential in a specified layer 
P1-P7 are parameters 

---- REPRODUCTIVE 

J 
SWP < P6or T <P7 

OR 
SWP < P6 or T > P7 .----

Figure 3. Phenology model. 
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The scaling factor accounting for the effect of temperature 
is given by: 

and 
F = QCexp[c/d(l-Qd)] 

Q = (b-T)l(b-a) 

where Tis the midday air temperature, a is the temperature 
at which fixation occurs at a maximum rate, b is the upper 
compensation point of temperature at which net fixation is 
zero, and c and dare curvature constants for the descending 
and ascending limbs of the curve (Fig. 4). F varies from zero 
to one. 

The scaling factor accounting for soil water potential is 
given by: 

G = min { 1,max[0,(W-p)/(q-p)l} 

where W is the soil water potential (bars) of the specified 
layer, pis the value of W below which fixation will not occur 
and q is the value of W above which the optimum fixation 
rate is unaffected (Fig. 5). G varies from zero to one. 

The scaling factor accounting for the effect of soil nitrogen 
is given by: 

where N is the amount of nitrogen in the root zone (kg/ha) 
and a and b are constants (Fig. 6). H varies from :Gero to one. 

1.0 
y we exp[(c/d) (1 - wd)] 

W= 
(b - X) 

0 0 a b 

Figure 4. Generalized Poisson density function. The 
Y-axis is a dimensionless scaling factor varying from zero to 
one. The X-axis is temperature. The constants a, b, c and d 
are, respectively, the temperature optimum, the upper 
compensation point, a shape parameter for the descending 
limits of the curve and a shape parameter for the ascending 
limb. High values of c and d make the limbs sag inward. The 
function is not defined for values of X greater than b. 

6 

The parameters r, a and bin the above equations may vary 
through time (but need not) in order to account for 
acclimatization. Thus all three parameters are treated as 
variables whose values are given by: 

Y = u sin (J + v) 

where J is the day of the year (assuming a 360-day year with 
twelve 30-day months), v is a phase shift (days), u is the 
amplitude of the oscillation and Y is either r, a orb (Fig. 7). 
The carbon that is fixed is allocated to plant parts and carbon 
classes by the models TRANSL and ALOCAT. 

y c (min {1, max[O, (X - a)/(b- a)]}) 

a b 
Figure 5. Piece-wise linear function having a ramp with a 

positive slope. The Y-axis may be a dimensionless scaling 
factor or a rate. The X-axis may be temperature, days elapsed 
since the start of the current phenological stage or soil water 
potential (in which case the maximum value of zero would 
occur at the right extremity of the axis and smaller values, 
e.g., -80 bars, would be found to the left). The parameter a 
is the value of X below which Y is zero, and b is the value of X 
above which Y attains its maximum value of c (c = l when Y 
is a scaling factor). 

Figure 6. Power function. For b < l .0, the curve increases 
at a decelerating rate. The curve is not asymptotic. 



The scaling factor accounting for the effect of mineral 
nitrogen in the soil is given by: 

where N is the mineral nitrogen content of the soil (expressed 
as mass per area), t is a curvature constant whose value is 
< 1.0 and Sis a scaling parameter. H can vary from zero to 
>l.0. 

PLANT RE.5PIRATION SuBMODEL (RESPIR) 

This model predicts the respiration of non-photosynthetic 
organs during a 24-hr day and the respiration of 
photosynthetic organs during the dark hours, according to 
the following equation: 

C =(a+ bF) G (12/44) (.001) HA 

where C is g carbon respired • m-• • day-', Fis the adjusted 
temperature ( defined below), a and bare the Y-intercept and 
slope of the straight line function relating hourly relative 
respiration rate (mg CO, • g dry matter-' • hr- 1) to adjusted 
temperature, G is a scaling factor ( defined below) accounting 
for the effect of soil water potential, (12/44) (.001) converts 
from mg CO, to g carbon, H is the length of the period of 
respiration (24 hr for non-photosynthetic organs and 24 hr 
minus the photoperiod for the photosynthetic tissue) and A is 
the dry wt of the respiring tissue in g/ m'. The possibility of 
acclimatization is accounted for by adjusting the actual 
temperature according to the equation: 

F = T + u sin (J + v) 

a + b 
Y = a + b sin (X + c) 

a 

a-b 

0 90 180 270 360 

Figure 7. Sine function. The Y-axis may be any variable or 
any parameter which is being treated as a variable. The 
X-axis is the day of the year, assuming a 360-day year. The 
parameters a, band care, respectively, the mean value of Y, 
the amplitude of oscillation and the phase shift. (Note that 
the phase shift is an advance, and not a lag.) In the example 
above the phase shift is 90 days. 
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where F is the adjusted temperature, T is the actual 
temperature (mean air temperature for a 24-hr period for 
non-photosynthetic organs, or mean night-time air 
temperature for photosynthetic organs), J is the day of the 
year, and u and v are the amplitude and phase shift (Fig. 7). 
Use of this equation causes the respiration at a given 
temperature in the warm part of the growing season to be less 
than the respiration at the same temperature in the cool part 
of the growing season. 

The scaling factor accounting for the effect of soil water 
potential is given by: 

G = min { 1, max (0, (W-p)/(q-p)l} 

where W is the soil water potential (bars) of the specified 
layer, pis the value of W below which respiration will not 
occur and q is the value of W above which the optimum 
respiration rate is unaffected (Fig. 5). 

TRANSPIRATION SueMODEL (TRANSP) 

The transpiration model is based on the following 
equation: 

where Wis the kg water transpired/day, Pis the primary 
production (kg dry matter/day), E

0 
is the pan evaporation 

(mm/day) and a and b are constants (Fig. 8). The 
transpiration model does not itself deplete soil water, but 
passes to the soil water model a value of W for each plant 
group (after having converted it to kg/ha). 

WIP 

W/P a + bE0 

Eo 

Figure 8. The relationship between the transpiration 
coefficient (W /P) and potential evaporation. Wis the water 
transpired (kg/ha) and Pis the dry matter produced during 
the same period (kg/ha). E0 is the potential evaporation. The 
value of the transpiration coefficient when potential 
evaporation is zero is a, while b is the slope. 
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TRANSLOCATION SuBMODEL (TRANSL) 

This model performs three functions: 1) it allocates 
photosynthate to the various organs; 2) it transfers material 
from storage organs or seeds to nascent organs during 
leafing-out or germination; and 3) it calculates the fraction of 
the reproductive organ compartment which is in the form of 
mature seed. 

Allocation of photosynthate is determined by a matrix of 
constants that specifies the fraction of photosynthate 
allocated to each of the organs during each of the 
non-dormant phenological stages. 

During germination, translocation occurs from the seed 
pool to new shoots and roots, while during leafing-out 
translocation occurs from below-ground organs ( and old 
stems of perennial species) to leaves or flowers. Translocation 
is calculated by the following equation: 

R = min { c, max [0, (W-p)/(q-p)]} A 

where R is the amount translocated (g material· m- 2 
• day- 1

), 

W is the soil water potential in a specified soil layer, p is a 
value of W below which translocation does not occur, q is a 
value of W above which translocation occurs at its maximum 
rate of c and A is the amount of material in the donor 
compartment, glm' (Fig. 5). Constant proportions of the 
translocated material are allocated to the recipient organs. 
The translocated materials are labile carbon and the 
non-carhon chP.mical constit11P.nts. 

The quantity of mature seed is calculated as follows: 

F = min { c, max [(E-p)/(q-p)]} 

where F is the fraction of the biomass in the reproductive 
organ compartment in the form of mature seed, E is the 
number of days elapsed since the start of the reproductive 
stage, pis the value of E when mature seeds begin to appear, 
q is the value of E when F ceases to increase and c is the value 
of F for fruits that are fully mature (Fig. 5). 

SUBMODEL FOR ALLOCATION OF PHOTOSYNTHA TE TO 

VARIOUS CLASSES OF CARBON COMPOUNDS (ALOCAT) 

This model allocates translocated carbon and photosyn
thate to each of the three carbon types of a given organ. The 
allocation is determined by a matrix of constants which 
specifies the fractions of translocate or photosynthate that are 
allocated to each of the carbon types during each of the 
non-dormant phenological stages. 

NUTRIENT UPTAKESUBMODEL (NUTUPT) 

This module merely transfers enough nitrogen from the 
mineral nitrogen pool in the soil to the plant so that a constant 
ratio between nitrogen and protein carbon is maintained. 
(Note that the affect of mineral nitrogen availability on 
photosynthesis is included in the photosynthesis model, and 
the release of mineral nitrogen from organic matter is 
included in the decomposition model.) 
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ABSCISSION AND PLANT DEATH SuBMODEL (DEATHH) 

This model predicts the loss of herbaceous organs that 
normally abscise at the end of a growing period, as well as the 
death of whole plants as a result of drought. The abscission of 
herbaceous parts is given by: 

B = min {1.0, max [0, (E-q)/(p-q)]} A 

where Bis the flux density of material lost (g • m-• • day-'), E 
is the number of days elapsed since the start of the dormant 
stage, pis the value of E when abscission begins, q is the value 
of E when abscission ends, and A is the quantity of material in 
the compartment undergoing abscission (Fig. 5). 

Plants may die during periods of drought according to the 
equation: 

D = c ( min { 1.0, max [0, (q-W)/(q-p)] })x 

where Dis the loss due to drought (g • m-• • day- 1), Wis the 
soil water potential (bars) in a specified soil layer, q is the 
value of W above which there is no death, pis the value of W 
below which death occurs at the maximum specific rate (c) 
and X is the amount of material in the compartment from 
which the loss is occurring (Fig. 9). 

ANIMAL RESPIRA noN SuBMODEL (AN RESP) 

The quantity of carbon respired by an animal group is 
given by: 

R = a (Blp)bp 

where R is the carbon respired (g • m-• • day- 1
), p is the 

population density of the animal group (number/m') and a 
and b are constants in the power function (Fig. 6). The 
respired carbon is removed from the labile carbon 
compartment. 

Y = c ( min { 1.0, max[O, (b - X)l(b - a)]}) 

Ct------..,. 

a b 

Figure 9. Piece-wise linear function having a ramp with a 
negative slope. The Y- and X-axes are the same as in Figure 8. 
The parameter a is the value of X below which Y attains its 
maximum value of c (c = 1 when Y is a scaling factor), and b 
is the value of X above which Y is zero. 



ANIMAL INTAKESUBMODEL (FEEDNG) 

This model predicts the food intake of each of the animal 
groups as a function of their biomasses and the "effective 
food" available to them. The ingested material is added to the 
chemical constituent compartments in specified proportions, 
and any remaining material is transferred to litter. 

The effective food available to an animal group is given by: 

E =rc•X· . I I 
I 

where Eis the dry weight of the effective food (g/m'), the Xi 
are the dry weights (g/m') of all the compartments in the 
model that can be thought of as potential food sources 
(including all plant parts of all plant groups, shed seeds, 
animal groups and litter) and the ci are preference factors, 
with values between zero and one, indicating the animal 
group's preference for the i'the food source. 

Ingestion is calculated by the following equation: 

I= ArFG 

where I is the ingested material (g • m·' • day·'), A is the dry 
weight of the animal group (g/m'), r is a maximum specific 
feeding rate (g • g·• • day· 1), and F and G are scaling factors 
with values between zero and one. 

The first scaling factor, which accounts for an exploitation 
component of competition, is given by: 

F = min { 1, max [O, (E-p)/(q-p)]} 

where Eis again the effective food available, pis the value of 
E below which ingestion does not occur, and q is a value of E 
above which the maximum feeding rate is unaffected (Fig. 
5). 

The second scaling factor, which accounts for an 
interference component of competition, is given by: 

G = min {l, max [O, (q-A)/(q-p)]} 

where A is again the dry weight of the animal group, q is a 
value of A above which ingestion does not occur (which in 
practice is never approached by the model), and p is a value 
of A below which there is no interference (Fig. 9). 

Material is then removed from each food source according 
. to the following equation: 

Ri = (1/E) ciXi 

where R is the amount eateri from the i'th food source (g · m _, 
• day·') and all other symbols are as previously defined. All 
classes of carbon in the ingested material are summed, and a 
portion of this total is allocated to the labile carbon pool of the 
animal to counterbalance respiration losses. Constant 
proportions of any remaining carbon are allocated to each of 
the classes of carbon. Constant proportions of non-carbon 
constituents are also added to the animal biomass, and any 
remaining material is transferred to litter. 
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SOIL HEAT AND SOIL w ATER 
FLOw SuBMODELS (SLHEAT AND SL W ATR) 

These models were written by Paul W. Lommen (Ecology 
Center, Utah State University). The heat flow model is based 
on the following partial differential equation describing soil 
temperature (T) as a function of time (t) and depth (z): 

clT/clt= cl/cl z[o(clT)/(clz)] 

where a is the soil's thermal diffusivity (cm'/day), which in 
turn is the ratio of the thermal conductivity (cal • cm· 1 

• 

day-'· 0 c·1
) and the specific heat capacity (cal • cm·' • ° C· 1

). 

The only inputs required by the model are: 1) the thermal 
conductivity at specified depths; 2) the specific heat capacity 
at specified depths; and 3) the initial values of the soil 
temperature at specified depths. 

The water flow model is based on the following partial 
differential equation describing the volumetric water 
content, 0 (dimensionless) as a function of time, t (days) and 
depth, z (cm): 

cl10/ at= cl/clz[K0( clH)/(clz)]+Az 

where K 0 is the hydraulic conductivity (cm'· bar· 1 
• day·') 

as a function of volumetric water content, H is the soil water 
potential (bars) and Az is the water loss due to transpiration. 
The input requirements of the model are: 1) values of soil 
water potential and hydraulic conductivity for a series of 
values of volumetric water content (typically at volumetric 
content increments of0.01); 2) upper and lower limit~ of soil 
water potential allowed by the model; 3) the largest change 
in volumetric water content allowed during any time-step of 
the water model (this time-step may be as short as 30 
minutes); and 4) initial values of the soil water potential at 
specified depths. Detailed descriptions of these models may 
be found elsewhere (Lommen and Marshall 1976). 

DECOMPOSITION SuBMODEL (DCOMPO) 

Decomposition is calculated by the following equation: 

D = X(a + bT) ( c, min { 1.0, max (0, (W-p)/(q-p)]}:) 

where Dis the flux density of material decomposed (g • m·• • 
day·'), Xis the biomass of the decomposing material (g/m'), 
Tis the temperature of a specified soil layer, a and b are the 
y-intercept and slope of the straight line relating relative 
respiration rate (at optimum soil moisture conditions) to the 
soil temperature, W is the soil water potential of a specified 
layer, pis the value of W below which decomposition does 
not occur and q is the value of W above which decomposition 
is not limited by a lack of moisture (Fig. 5). This equation is 
applied separately to each of the chemical constituent 
compartments in litter and soil organic matter, since these 
compartments should not decompose at the same rate. A 
specified fraction of the carbon in litter that is decomposed is 
lost to the environment (representing respiration by 
decomposers) and all the remaining decomposed material is 
transferred to soil organic matter. Soil organic matter which 
is decomposed is transferred to soil nutrients and atmospheric 
carbon. 
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Table 4. Storage requirements (in words) for DESERT2 
on the UNIVAC 1108 

Subroutine Code 

Table 4, continued 

Local 
data 

Sum COMMON local data 
plus COMMON 

Total 
space 

No. Subroutine Code 
Local 

data 
Sum CO?-IMON 

Local data 
plus COMMON 

Total 
space 

No. 

------------------------------ decomposer sub sys tern -------- --- -----------------

------------- -------------- non-biological procedures ----------------- ----------- 41 DCOMPO 500 84 584 

HAINPR 232 76 JOB 
BLDATA 128 414 542 

----------------------------- mathema t !cal functions ------ -- ---------- ----------

STARTR 116 117 233 
4 HlNPUT 1327 429 1756 
5 DATCHK 146 97 243 
6 READAT 234 100 334 
7 lNlTIL 276 140 416 

42 P\.ILNEC JS 8 43 
43 PWLPOS JS 8 43 
44 GENPDF 46 10 56 
45 RUNAVE 89 24 llJ 

8 CINPUT J86 244 630 
9 EINPUT 269 128 397 

10 EXOGEN 144 58 202 
SUM 17,724 7,212 21,936 

11 STVNEG 145 81 226 
12 TOTALR 454 59 513 

SYSTEM PROCEDURES 5,817 2,402 8,219 

13 DRYMAT 123 23 151 
14 FLOWSS 16 4 20 

COMMON 4,356 

15 PREPAR 158 70 228 
16 REPORT 1096 575 1671 

ABSOLUTE ELEMENT 20,541 9,614 30,155 4,356 2),560 34,511 

17 CRAPIIZ 542 2',24 2966 
18 GETFIG 153 49 202 
19 COPY BY (not used) 

-------------------- ------------- plant subsystem ------------- -------- - - -- - - -----
IMPLEMENTATION OF DESERT2 

20 VEGETA 129 53 182 
2l VINPUT 370 54 424 

22 PHENOL 584 141 725 
23 PHOTOS l,40 136 576 
24 TRANSP 273 126 399 
25 RESPIR 283 72 355 
26 TRANSL 877 185 1062 
27 ALOCAT 253 99 352 
28 STONEW 157 42 199 
29 NUTUPT 89 32 121 
JO DEATirn 379 96 4 75 

--------------------- ------------ animal subsystem --------- --- ------- -- ---------- -

A concerted effort has been made to maximize the number 
of computers on which DESERT2 can be implemented. The 
simulator has been written in ANSI FORTRAN IV and 
divided into subroutines to allow execution in a 24K-word 
partition, provided that an overlay facility is available. The 
core required by each of the subroutines is given in Table 4, 
and a possible overlay structure is suggested in Figure 10. 
Communication among subroutines occurs through 
COMMON blocks as shown in Table 5. 31 

32 
JJ 
34 

ANIMAL 
ANRESP 
FEEDNG 
MANAGE 

87 
175 
893 
285 

59 
58 

154 
120 

146 
233 

1047 
405 

-------------------------------- abiot le subs ye tem -------- --------- ---- ---------
Several features of DESERT2 could be changed to increase 

its efficiency if one wished to take advantage of the large 
amount of core and the more powerful FORTRAN compilers 
and system software available at many installations. Many of 
these feattJres relate to the preparation and printing of 

JS SOILSS 
36 SLIIEAT 
JI SLWATK 

38 TRlOlH 
39 WHALAN 
40 WINPUT 

164 52 216 
540 125 665 

1119 122 1241 
151 64 215 
143 )1 174 
683 164 847 

..... 
Available for .,., .,., 
Systems Procedures -;;.· 0 .,., 

"' 
~ COMMON .,. 

t 

"' ., 
MAINPR ;;; 
STARTR 

;;: PWLNEC ,.._ 
PWLPOS 

1: 
" -0 

·~ 
RUNAVE 

BLDATA GINPUT EXOGEN GRAPHZ VEGETA ANIMAL SOILSS 

MINPUT EINPUT STVNEG GETFIG VINPUT ANRESP 
DATCHK TOTALR COPYBY PHENOL FEEDNG 
INITIL DRYMAT PHOTOS MANAGE 

SL HEAT 
~ SLWATR 
"' DCOMPO 
.,. 

READAT FLOWSS GENPDF 
PREPAR TRANSP 
REPORT RESPIR 

TRIDIM 
WBALAN "' " WINPUT 

;;; 
>-

TRANSL 
ALOCAT 
STONEW 

!'! 

'" > 
0 

,.._ 

~ ~ NUTUPT N 
N 0 ..... .,. 
$2 "' DEATHH :2 "' ..... .,. ,,, 

Figure 10. Recommended overplay st~uct~re for running DESERT2 in a 24-K word 
partition. Area sizes (given in words) are based on storage requi_rements on a UNIVAC 
ll08. 
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Table 5. DESERT2 COMMON block directory 
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HA!NPR 
8LOATA 
<:; HPTP. 
M;"NPUT 
0 ATC 1-tK 
P'. A!:'A T 
! t-1! T ~ l 
G HIPUT . -
f'!NrUT 
[Xl'.l~CU 
<; TVNCC: 
TOTALR 
0°Y~U T 
r LO\./<;S 
PRE PAR 
Rr"PORT . . . 
GPI\ flHl 
r~rr1c 
vrrc r A 
VTN"Ul 
PII( ~lOL 
P•<CTOS 
TPI\NSP 
Rr~Pl~ 
JOANo;;L 
ALrCAT 
S TON[W 
NIITUPT 
Of.A T.,.H 
ANT,-.AL 

A Nn (SF' 
F(fONl 
t" AN i',C[ 

S'C'.!LS$: 
SU'[ AT 
SLWATR 
T~TDIH 
WBALAN 
WtNPUT 
DCOMPO 
PWLN[C, 
PWLP0$ 
CfNPOF 
RUN AV[ 

graphs. In addition, the use of the END and ERR options in 
the READ statements would enable the user to detect many 
format errors in a single run instead of merely the first such 
error, as is often the case with the programs described here. 

ADAPTATION OFTHEI'ROGRAMS 

TO A p ARTICULAR COMPUTER INSTALLATION 

One should be able to implement DESERT2 on most 
computers having at least 24K words of core memory by 
making only two changes. 

The first change involves the call in the subroutine 
GRAPHZ to a subroutine which copies bytes from one word 
to another. If a FORTRAN intrinsic is not available (one is 
available on the Univac 1108 and Burroughs B6700). A new 
subroutine must be written. The subroutine is called by the 
following statement: 

CALLCOPYBY(G, SYMBOL, IL, IW, IB) 

where G and SYMBOL are real vectors and the remaining 
arguments are integer scalars. The subroutine must move the 
first byte of the IL'th word in SYMBOL to the IB'th byte of 
the IW'th word in G. On an IBM the following subroutine 
can be used: 

4 
5 
£ 
1 

q 
10 
11 
12 
13 
1" 
15 
16 
17 
1• 
iq 

~o 
21 
22 
2• 
24 
25 
O< 

27 
2• 
oo 

30 
31 
32 

" 
34 
3~ 
3f 
3' 
38 

'" 40 
4 I 
42 
43 
44 

SUBROUTINE COPYBY (G, SYMBOL, IL, IW, IB) 
LOGICAL*! TDEB(4), TRES(4) 
EQUIV ALEN CE (DEB, TDEB), (RES, TRES) 
DIMENSION SYMBOL(IL), G(IW) 
RES= G(IW) 
DEB = SYMBOL(IL) 
TRES(IB) = TDEB(l) 
G(IW) = RES 
RETURN 
END 

The second change involves the declarations of the five files 
used by DESERT2: a card reader (file KR), a line printer (file 
LP) and three direct access files (files MSl, MS2 and MS3). 
These files are now defined as units 5, 6, 1, 2 and 3. If one 
wishes to assign different numbers to these files, the following 
statements in the subroutine BLDATA will have to be 
changed: 

MS! = 1 
MS2 = 2 
MS3 =3 
KR = 5 
LP = 6 

On some computers it may be necessary to suppress or replace 
the three DEFINE FILE statements that appear in the main 
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program just before the first executable statement. Finally, 
the proper Job Control cards must be written for these files. 
The attributes of the three direct access files are indicated in 
the comments at the beginning of the main program. The file 
"MSl" has a constant number of records (111) and a variable 
record size equal to one plus the number of curves allowed. 
The record size should be 21 for operation in a 24K-word 
partition. The file "MS2" has a constant record size (18) and a 
number of records equal to the number of graphs allowed 
plus the number of curves allowed. The number of records 
should be 20 for operation in a 24K-word partition. The file 
"MS3" has a record size of 4, and one record for each day of 
exogenous data. Files MSl and MS2 are scratch files, while 
file MS3 is an input file. Each record of file MS3 contains the 
daily values of the following four variables: 1) minimum air 
temperature in degrees Celsuis; 2) maximum air 
temperature; 3) precipitation in millimeters; and 4) potential 
evaporation in millimeters. The first record of the file must 
contain the data for January 1 of any year equal to or 
preceding the first year of simulation, and each year's data 
must be organized into twelve 30-day months. The program 
will automatically begin reading from this file at the record 
corresponding to the first day of simulation. (See item 5 in the 
instructions for preparing input to the subroutine EINPUT.) 

A third change that one may wish to make is an increase or 
decrease in the maximum numbers of curves or graphs that 
can be printed at the end of a simulation. No more than 20 
graphs and 20 curves should be allowed if one is using overlay 
in a 24K-word memory. If lack of core memory is not a 
problem, as many as 60 curves could be allowed. One must 
perform the following steps to alter the maximum number of 
curves: 

1. Change the file declaration cards and DEFINE FILE 
statements to reflect the changes in record size and 
number of records in files MSl and MS2. 

2. Set the identifier LIMCUR in the subroutine BLDATA 
equal to the maximum number of curves. 

3. Set the dimension of the vector JADRES in the 
COMMON block GRAPHS equal to the maximum 
number of curves. This block appears in the following 
modules: MAINPR, BLDATA, GINPUT, PREPAR, 
GRAPHZ and GETFIG. 

4. Set the dimension of the vector FIGS in the subroutine 
PREP AR, and the first dimension of the matrix FIGS in 
the subroutines GRAPHZ and GETFIG equal to the 
maximum number of curves. 

One must do the following to change the number of graphs 
allowed: 

1. Set the identifier LIMGRA in the subroutine BLDATA 
equal to the maximum number of graphs. 

2. Set the dimensions of the vectors LMIN, LMAX, AMIN, 
AMAX and NCURVS equal to the maximum number of 
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graphs. These vectors are in the COMMON block 
GRAPHS, which appears jn the following modules: 
MAINPR, BLDATA, GINPUT, PREPAR, GRAPHZ 
and GETFIG. 

PREPARATION OF DATA DECKS 

A data deck for DESERT2 comprises six sections. The first 
section (read by the subroutines MINPUT, READAT and 
INITIL) contains the names and initial values of the state 
variables to be included in the simulation, along with 
specifications of 1) the numbers of state variables in each of 
several classes of state variables; 2) the starting and ending 
dates of the simulation; 3) the length of the time-step; 4) the 
form of the print-out; and 5) the depths of the soil layers (in 
the event that such layers are specified). The second section of 
the data deck (read by the subroutine GINPUT) contains 
instructions for printing graphs at the end of the simulation. 
The third section (read by the subroutine EINPUT) contains 
values of exogenous variables (e.g., precipitation, 
temperature). The final three sections of the input deck 
contain the values of the parameters in the plant, animal and 
soil submodels. Each subroutine reads the parameters 
required uniquely by it. 

Every READ statement in DESERT2 is followed by a 
WRITE statement that prints what has just been read along 
with the name of the subroutine and the number of the 
FORTRAN statement that performed the reading. 
Consequently, it should be easy to locate any error occurring 
during the input operations and to determine its cause. The 
information in the computer print-out, in the instructions for 
preparing data decks and in the description of the model 
should be sufficient for diagnosing and correcting errors in 
the format of the data deck and in the values of individual 
variables. In several cases the program examines the values of 
the data and prints a message if they are not acceptable. 

Columns 73-80 of the input file are not read (with one 
exception) and consequently may contain sequence numbers. 
The exception is that comment cards describing the contents 
of subsections of the input deck are interspersed throughout 
the file, and these comment cards are read in (20A4) format. 

In the following instructions, the number in the first set of 
parentheses in each numbered item contains the FORTRAN 
statement number of the statement which reads the indicated 
data. The second set of parentheses contains the format in 
which these data must appear. 

SECTION I-SUBROUTINES MINPUT, 
READAT AND INITIL 

1. (110 in MINPUT) (18A4) Any comments which the user 
wants printed at the beginning of the output, e. g., 
sources of data. (Any number of cards-including 
zero-followed by a blank card which signals the end of 
the comments.) 



2. (140 in MlNPUT) (18A4} The title of the simulation. 
This title will be printed at the tops of the tabular 
reports. (One card.) 

3. (145 in MlNPUT) (5Ll) Five logical switches indicating 
whether the following items will be suppressed in spite of 
input instructions in the rest of the data deck: 
echo-checking of input read by the non-biological 
subroutines; echo-checking ofinput to the plant models; 
echo-checking of input to the animal models; echo
checking of input to the soil models; extra information 
useful in checking correctness of data decks. (One card.) 

4. (150 in MlNPUT} (6Ll} Six logical switches indicating 
whether the following items will be suppressed in spite of 
the instructions in the rest of the data deck: initial 
report; intermediate reports; final report; graphs; inter
mediate calculations during specified time-steps; 
messages indicating attempts to assign negative values to 
state variables by subtracting increments larger than the 
current values of the state variables. 

5. (160 in MlNPUT) (4Ll) Four logical switches indicating 
whether the following sections of the tabular reports will 
be suppressed in spite of the instructions in the rest of the 
data deck: plant variables; animal variables; dead 
organic matter variables; soil variables. (One card.) 

6. (170 in MlNPUT) (18A4) The units in which biomasses 
are expressed. These units are printed at the tops of the 
tabular reports. (One card.) 

7. (180 in MlNPUT) (815) A single card containing the 
following eight items: 1) the number of non-carbon 
elements included in the simulation; 2) the number of 
carbon types; 3) the number of plant groups; 4) the 
number of plant organs or tissue types; 5) the number of 
animal groups; 6) the number of dead organic matter 
types; 7) the number of soil organic matter 
compartments; I and 8) the number of soil layers. (The 
number of soil organic matter compartments must 
equal zero, one or the number of soil layers.) 

8. (380 in MlNPUT} (12, lX, A3, lX, 14) The date (day 
month and year) of the start of the simulation. The 
month must be denoted by the first three letters of its 
name. (One card.) 

9. (410 in MlNPUT) (15) The length of the time-step in 
days. (One card.) 

10. (430 in MlNPUT} (12, lX, A3, lX, 14) The date of the 
final day of simulation. (One card.) 

11. (281 in READAT) (15) The number of intermediate 
reports. (One card.) 

12. (282 in READ AT) (12, lX, A3, lX, 14) The dates of each 
of the reports. (One card for each report.) 
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13. (281 in READAT) (15) The number of time-steps during 
which the results of intermediate calculations are to be 
printed in order to more closely monitor the dynamics of 
the simulation. (One card.) 

14. (282 in READAT) (12, lX, A3, lX, 14) The dates on 
which the intermediate calculations are to be 
monitored. (One card for each date.) 

15. (505 in MlNPUT) (3A4) The names of each of the 
chemical constituents included in the simulation. (One 
card for each name, with the name right-adjusted to 
column 12.) 

16. (515 in MINPUT) (5A4) The names of each of the plant 
groups (if any) included in the simulation. (One card for 
each name.) 

17. (525 in MINPUT) ( 4A4) The names of each of the plant 
organ or tissue types (if any) included in the simulation. 
(One card for each name.) 

18. (545 in MINPUT) (5A4} The names of each of the animal 
groups (if any) included in the simulation., (One card 
for each name.) 

19. (565 in MINPUT) (5A4) The names of each of the dead 
organic matter types (if any) included in the simulation. 
(One card for each name.) 

20. (590 in MINPUT) (20A4) A comment card which labels 
the following section of the input deck, namely, the 
initial values of the plant biomasses. (One card, which is 
omitted if there are no plant groups.) 

21. (595 in MINPUT) (7Fl0.0) If the number of plant 
groups included in the simulation is greater than zero, 
then for each organ of each plant group, the dry weight 
of the organ and the amounts of each of the chemical 
constituents (expressed as decimal fractions of dry wt) 
are read. (One card for each organ of each plant group, 
with organs nested inside plant groups.) It is possible to 
specify default values of the proportions of dry weight in 
each of the chemical constituent compartments. This is 
done by entering, in columns 11-12 of each card, a real 
number which points to the appropriate column of the 
matrix DEFRAT, Default values for the following tissue 
types are stored in the indicated columns of DE FRAT. 

1 = herbaceous tissue 
2 = woody tissue 
3 = shed seed pool 
4 = mammalian tissue 
5 = unsorted litter 
6 = soil organic matter 

22. (572 in INITIL} (20A4) A comment card labeling the 
following section of the data deck, namely, initial values 
for the shed seed compartments. (One card-omitted if 
there are no plant groups.) 
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23. (572 in INITIL) (7F10.0) For each plant group (if any) 
the dry weight of the seeds in the shed seed pool, and the 
biomasses of each of the chemical constituent 
compartments expressed as decimal fractions of dry 
weight. Default values can be used as explained in item 
20. (One card for each plant group-omitted if there are 
no plant groups.) 

24. (730 in MINPUT) (20A4) A comment card labelling the 
following data. (One card-omitted if there are no 
animals.) 

25. (735 in MINPUT) (7Fl0.0) The population densities of 
each animal group. (One card per animal 
group-omitted if there are no animals.) 

26. (572 in INITIL) (20A4) A comment card labeling the 
following data. (One card-omitted if there are no 
animals.) 

27. (575 in INITIL) (7Fl0.0) For each animal group, its dry 
weight and the biomasses of each of the chemical 
constituents expressed as decimal fractions of dry 
weight. Default values can be used as explained in item 
20. (One card for each animal group-omitted if there 
are no animals.) 

28. (572 in INITIL) (20A4) A comment card labeling the 
following data. (One card-omitted if there are no 
categories of dead organic matter.) 

29. (575 in INITIL) (7Fl0.0) For each dead organic matter 
type, its dry weight and the biomass of each of the 
chemical constituents expressed as a decimal fraction of 
dry weight. Default values can be used as explained in 
item 20. (One card for each dead organic matter type
omitted if there are no such compartments.) 

30. (572 in INITIL) (20A4) A comment card labeling the 
following data. (One card-omitted if there are no soil 
organic matter compartments.) 

31. (575 in INITIL) (7Fl0.0) For each soil organic matter 
compartment, its dry weight and the biomasses of the 
chemical constituents expressed as decimal fractions of 
the dry weight. Remember that the number of soil 
organic matter compartments must equal zero, one or 
the number of soil layers. Default values can be used as 
explained in item 20. (One card for each 
compartment-omitted if there are no such compart
ments.) 

32. (770 in MINPUT) (20A4) A comment card labeling the 
following data. (One card-omitted if there are no soil 
organic matter compartments.) 

33. (775 in MINPUT) (7Fl0.0) The initial levels of each of 
the available soil nutrients in each soil organic matter 
compartment. (One card-omitted if there are no such 
compartments.) 

34. (800 in MINPUT) (20A4) A comment card labeling the 
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following data. (One card-omitted if there are no soil 
layers.) 

35. (810 in MINPUT) (7Fl0.0) The depths (cm) of the 
bottom surfaces of each of the soil layers. (One card
omitted if there are no soil layers.) 

SECTION II-SUBROUTINE GINPUT 

1. (90) (A4) A single card with the string GINP in columns 
1-4 signaling the start of input to the subroutine 
GINPUT. Reading of the data file continues until this 
card is found or an end-of-file is encountered. 

2. For each graph, the following cards are read: 

2a. (140) (Il, lX, 18A4) The number of curves in the 
graph and the title of the graph. (One card.) 

2b. (190) (2Ll, BX, 2Fl0.0) Two logical variables 
indicating whether minimum and maximum 
ordinates, respectively, are to be specified for this 
graph. (Enter T's or F's in columns 1 and 2.) If these 
logical variables are true, columns 11-20 and 21-30 
must contain the minimum and maximum values, 
respectively. If any of the curves in the graph exceeds 
the specified maximum or minimum ordinate, a new 
maximum or minimum will be established. (One 
card.) 

2c. (230) (A4, lX, 315, 20X, 7 A4) For each variable to be 
included in the graph, its code name (Table 5) must 
appear in columns 1-4, its subscripts (if any) must 
appear in three 15 fields from column 6 to column 20 
and a label for the curve must appear in columns 41-
68. Variables which can be graphed and the bounds 
of their dimensions (if any) are listed in Tables 6 and 
7. (One card for each graph.) 

3. The string STOP in columns 3-6, signaling the end of 
input to this subprogram. For convenience, specifi
cations of other graphs may follow this card, but they 
will be ignored. 

SECTION III-SUBROUTINE EINPUT 

l. (110) (A4) A card with the string EINP in columns 1-4 
signaling the start of exogenous data. Reading will 
continue until this card is found or an end-of-file is 
encountered. (One card.) 

2. (140) (20A4) A comment card describing the following 
input. 

3. (150) (3F10.0) Three constants which will modify the 
values of temperature, precipitation and evaporation. 
The first constant is the number of degrees which will be 
added to the daily mm1mum and maximum 
temperatures. The second and third constants are values 
by which the precipitation and evaporation will be 
multiplied. Use of these constants allows one to present 
different exogenous data to the model without creating a 
series of different disk files. (One card.) 



No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

19 

20 
21 

22 

23 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 

38 
39 
40 

41 

42 
43 
44 
45 
46 
47 

48 
Li9 

Code 

VDM 
VDMO 
VDMV 
VDMT 
SOM 
SDMV 
ADM 
ADMA 
DOM 
DDMT 
ODM 
ODMT 
TODM 
vvc 
sec 
ACC 
DCC 

ace 

ASN 

APO 
vccv 

vcco 

veer 

VCA 
ACAV 
VCAD 
VCAT 
sccv 
srA 
SCAV 
ACCA 
ACA 
ACAA 
DCCD 

DCA 
DCAD 
OCCH 

OCA 
OCAH 
ASNH 

rec 

TCA 
SWPH 
SWPN 
STH 
STN 
DUMV 

DUMA 
Dl'.NS 

15 Modeling 

Table 6. A list of variables that can be ~!aphed 

Fortran name 

PDM (7,6) 
POMO (7) 
PDMV (6) 
PDMVO 
SEEDDM (7) 
SEDDMV 
ADM (10) 
ADMA 
DOM (3) 
DDMT 
SOM 
SDMT 
TOTDM 
CVEG (7,6,S) 
SEED (7,5) 
CBIOM (10,5) 
CLIT (3,5) 

CORG (1,5) 

CMIN (1, 2) 

POP (10) 
CVEGV (6,5) 

CVEGO (7,S) 

CVEGVO (S) 

AVEG (7,6) 
AVEGV (6) 
AVEGO (7) 
AVEGVO 
SEEDV (S) 
ASEED (7) 
ASEEDV 
CBIOMA 
ABIOM (10) 
ABIOMA 
CLITT (5) 

ALIT (3) 
ALITT 
CORGH (5) 

AORG (1) 
AC'RGH 
CMINH (2) 

ECOTOT (S) 

AECOTO 
SWPH (6) 
SWPN (8) 
STH (6) 
STN (8) 
DUM}IYV (SO) 

DL'Ml'YA (30) 
DUMHYS (20) 

Explanation 

Dry matter in the J'th organ of the I'th plant group 
Dry matter in the I'th plant group 
Dry matter in the J'th organ (summed over all plant groups) 
Total dry matter in all organs of all plant groups 
Dry matter in the shed seeds of the T'th plant group 
Total dry matter in the shed seed pool 
Dry matter in the I'th animal group 
Total dry matter in all animal groups 
Dry matter in the I'th type of dead organic material 
Total dry matter in all dead organic material 
Dry matter in the I'th soil organic matter compartment 
Total dry matter in all soil organic matter compartments 
Total dry weight of all organic matter in ecosystem 
Amount of K'th chemical constituent in J'th organ of I'th plant group 
Amount of K'th chemical constituent in shed seeds of the I'th plant group 
Amount of K'th chemical constituent in the I'th animal group 
Amount of K'th chemical constituent in the I'th category of dead organic 
matter 
Amount of K'th chemical constituent in the I'th soil organic matter 
compartment 
Amount of the K'th available soil nutrient in the soil nutrient compartment 
corresponding to the I'th soil organic matter compartment 
The population density of the I'th animal group 
The amount of the K'th chemical constituent in the J'th organ, summed over 
all plant groups 
The amount of the K'th chemical constituent in the I'th plant group, 
sunnned over all organs 
Total amount of the K'th chemical constituent in all organs of all plant 
groups 
Total carbon in the J'th organ of the I'th plant group 
Total carbon in the J'th organ, sUlllI!led over all plant groups 
Total carbon in the I'th plant group, summed over all organs 
Total carbon in all organs of all plant groups 
Amount of the K'th cherrical conatituent in the shed seed pool 
Total carbon in shed seeds of the I'th plant group 
Total carbon in the shed seed pool 
Amount of the K'th chemical constituent in the entire animal community 
Total carbon in the I'th animal group 
Total carbon in the animal community 
Total amount of the K'th chemical constituent in all types of dead 
organic matter 
Total carbon in the I'th type of dead organic matter 
Total carbon in all types of dead organic matter 
Total amount of the K'th chemical constituent in all soil organic matter 
compart!l'ents 
Total carbon in the I'th soil organic matter compartment 
Total carbon in all soil organic matter compartments 
The amount of the K'th available soil nutrient in all soil nutrient 
compartments c0mbined 
Total amount of the K'th chemical constituent in all organic matter in 
the ecosystem 
Total organic carbon in the ecosystem 
Soil water pote.ntial of the I' th soil layer (bars) 
Soil water potential at the 1 1 th node (bars) 
Soil tc,rr,persture of the I' th soil layer 
Soil temperature at the I'th node 
Extra stora~e available to plant subroutines for inserting variables to 
be graphed 
Same as DUMMYV, but for animal subr0utinc,s 
Same as DlOOIYV, but for soil subrouti.nes 

4. (200) (20A4) A comment card describing the following 
input. 

7. (620) (Fl0.0) The latitude of the ecosystem being simu
lated. (Expressed as a single read number.) (One card.) 

5. (210) (15) The years when the weather data on the 
random access file begin and end. (Must be four-digit 
numbers.) (One card.) 

6. (610) (20A4) A comment card describing the following 
input. 

8. (660) (20A4) A comment card describing the following 
input. 

9. (670) (Ll) The letter "T" or "F" in column one, indicat
ing whether a message is desired on time-steps when 
precipitation occurs. 
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Table 7. Current contents of the DUMMY arrays. These variables can be graphed. See text and Table 5 

Position in 
Code the array Explanation 

DUMV I Phenological stage of plant I, where I varies from 1 to the number of 
plant groups (NPLNTS) included in the simulation 

DUMV I + NPLNTS Fraction of reproductive tissue that is mature seed 

DUMV I + 2(NPLNTS) Dry matter in mature attached seeds 

DUMV 

DUMV 

DUMV 

I + J(NPLNTS) 

I + 4(NPLNTS) 

I + 5(NPLNTS) 

Adjusted temperature optimum for photosynthesis 

Photosynthetic rate (mg co2 per g dry matter per hr) 

Dry matter fixed during the time-step 

DUMV 49 Cumulative transpiration (mm) 

DUMV 50 Temperature used to predict photosynthesis 

DUMA I 

DUMA 25 

Adjusted maximllD' hourly specific co2 fixation rate for plant group I 

Photoperiod (in hours) 

DUMA 26 

DUMA 27 

DUMA 28 

Potential daily evaporation (mm) 

Accumulated precipitation (mm) 

Maximum air temperature 

DUMA 29 Minimum air temperature 

DUMA· JO Running average air temperature 

DUMS 

DUMS 

DUMS 

2 

3 

Water in the soil profile (mm) 

Cumulative predicted evaporation (mm) 

Standing water (mm) 

SECTION IV-PLANT SUBROUTINES 

SUBROUTINE VINPUT 

l. (1010) (20A4) A card with the string VEGE in columns 
1-4 signaling the start of input to the plant subroutines. 
The program will search the data deck until this card is 
found or an end-of-file is encountered. 

2. (2000) (20A4) A comment card labeling the following 
input. 

3. (2010) (715) For each plant group, a pointer designating 
the soil layer whose water potential values will be used in 
the calculations of the phenology and translocation 
subroutines that concern germination and leafing-out. 
(One card.) 

4. (2000) (20A4) A comment card labeling the following 
input. 

5. (2010) (715) For each plant group, a pointer designating 
the soil layer whose water potential values will be used in 
the calculations of the phenology model concerning 
shifts between the vegetative, reproductive and 
dormant phenophases. 

6. (2020) (20A4) A comment card labeling the following 
input. 

7. (2030) (7Ll) A vector of logical variables indicating 
whether the plant groups are herbaceous. The letter "T'' 
denotes herbaceous species; the letter "F" denotes woody 

species. (One card.) 

8. (2040) (20A4) A comment card labeling the following 
input. 

9. (2050) (7Ll) A vector of logical variables indicating 
whether the plant groups are annuals. The letter ·'T" 
denotes annuals; the letter "F" denotes perennials. ( One 
card.) 

10. (2060) (20A4) A comment card labeling the following 
data. 

11. (2070) (715) A vector of pointers designating the current 
phenological stage of each plant group. (1 
germination; 2 = leafing-out, flowering or both; 3 
vegetative growth; 4 = reproductive growth; 5 
dormancy.) (One card.) 

12. (2080) (20A4) A comment card labeling the following 
data. 

13. (2090) (7Fl0.0) A vector containing the total carbon 
added to new leaves, flowers or fruits created during the 
current phenological stage. (One card.) 

14. (3000) (20A4) A comment card labeling the following 
data. 

15. (3010) (7Fl0.0) A vector containing the elapsed time in 
days spent by each plant group in its current 
phenological stage. (One card.) 



16. (3020) (20A4) A comment card labeling the following 
datum. 

17. (3030) (15) The number of days over which the running 
average air temperature is completed. 

SUBROUTINE PHENOL 

1. (2020) (20A4) A card with the string PHEN in columns 
1-4 signaling the start of input to the phenology model. 

2. (2050) (20A4) A comment card labeling the following 
datum. 

3. (2060) (7I5) For each plant group, the Julian day on 
which the entire contents of the "new twig" 
compartment will be transferred to the "old stem" 
compartment. (One card.) 

4. (2080) (20A4) A comment card labeling the following 
data. 

5. (2090) (7Fl0.0) A single card for each plant group con
taining the following seven parameters: 1) the running 
average air temperature above which (or below 
which-see item 7 below) germination or leafing-out 
might begin; crossing this threshold is a necessary but 
not sufficient condition for germination or leafing-out; 
2) the minimum water potential (bars) of the soil layer 
specified in the data read by subroutine VINPUT that 
must be attained before germination or leafing-out 
might begin (a necessary but not sufficient condition); 
3) the water potential in the soil layer specified in the 
data read by subroutine VINPUT below which a 
reproductive plant group will return to the vegetative 
stage; 4) the number of days a plant group must spend 
in the vegetative stage before it can become reproduc
tive or dormant; 5) the water potential in the soil layer 
specified in the data read by subroutine VINPUT that 
must be exceeded before the plant group can switch 
from the vegetative stage to the reproductive stage; 6) 
the water potential in the soil layer specified in the 
data read by subroutine VINPUT below which a vege
tative or reproductive plant will become dormant; and 
7) the running average air temperature below which 
(or above which-see item 7 below) the plant group 
will become dormant. 

6. (3010) (20A4) A comment card labeling the following 
data. 

7. (3020) (7Ll) A "T'' or "F" for each species indicating 
whether germination (or leafing-out) occurs when the 
soil temperature falls below a given threshold (T), or 
when it rises above the given threshold (F). 

8. (3030) (20A4) A comment card labeling the following 
data. 

9. (3040) (7I5) Two cards containing the dates between 
which germination (or leafing-out) is not allowed to 
occur. The first card contains the starting date of this 
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period for each plant group; the second card contains 
the ending date of the period for each plant group. 

SUBROUTINE PHOTOS 

1. (1010) (20A4) A card with the string PHOT in columns 
1-4 signaling the start of input to the photosynthesis 
model. 

2. (1040) (20A4) A comment card labeling the following 
data. 

3. (1050) (7Fl0.0) A set of two cards for each plant group 
containing values of the following 14 items: 1) the 
maximum rate of net daytime CO 2 exchange in mg CO 2 

per g dry matter in photosynthetic tissue per hr. This 
rate may change during acclimatization; 2) not used
a blank field must appear here. The next four values (3-
6) are constants a, b, c and d (Fig. 4) in the generalized 
Poisson density function relating a scaling factor for 
photosynthesis to air temperature; 3) the temperature at 
which CO, exchange is maximal; 4) the upper compen
sation point, i.e., the temperature when CO, exchange 
has fallen to zero; 5) a curvature constant for the 
descending limb of the curve; 6) a curvature constant 
for the ascending limb of the curve; 7) the soil water 
potential value below which fixation will not occur 
(parameter a in Fig. 5); 8) the soil water potential 
value above which fixation will not be limited by 
scarcity of soil water (parameter b in Fig. 5); 9-10) the 
amplitude and phase shift (parameters b and c in Fig. 
6) in the sine function relating the temperature opti
mum and upper compensation point to Julian day; 11-
12) the amplitude and phase shift (parameters b and c 
in Fig. 6) in the sine function relating the current maxi
mum rate of fixation to Julian day; 13-14) parameters 
a and b (Fig. 6) in the power function relating a scaling 
factor (accounting for the effect of soil nitrogen on 
photosynthesis) to the nitrogen content of the soil. 

4. (1080) (20A4) A comment card labeling the following 
data. 

5. (1090) (2F10.0) 1) a scaling factor that adjusts the pre
dicted photosynthetic rate in the forenoon (when it is 
maximal) to its mean value for the daylight hours; and 
2) a scaling factor used to calculate the forenoon air 
temperature from the 24-hr minimum and maximum 
values. 

6. (2050) (20A4) A comment card labeling the following 
data. 

7. (2060) (7Fl0.0) For each species, a factor by which the 
species' maximum specific rate of photosynthesis will be 
multiplied. (One card.) These values will normally be 
1.0, but can be changed during tuning or sensitivity 
analysis. 

SUBROUTINE RESPIR 

1. (2020) (20A4) A card with the string RESP in columns 
1-4 signaling the start of input to the respiration model. 
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2. (2050) (20A4) A comment card labeling the following 
data. 

3. (2060) (7Fl0.0) One card for each organ, specifying 
values of the following seven parameters: 1-2) the 
intercept and slope of the straight-line function relating 
the relative rate of respiration to adjusted temperature 
(see items 6 and 7); 3) not used-a blank field must 
appear here; 4) the soil water potential below which 
respiration will not occur (parameter a in Fig. 5); 5) the 
soil water potential above which respiration is not 
limited by a scarcity of soil water (parameter bin Fig. 5}; 
6-7) the amplitude and phase shift (parameters b and c 
in Fig. 6) in the sine function relating adjusted tempera
ture to actual temperature. This calculation allows for 
the possibility of acclimatization. 

SUBROUTINE TRAN SP 

1. (2020) (20A4) A card with the string TRAN in columns 
1-4 signaling the start of input to the transpiration 
model. 

2. (2050) (20A4) A comment card labeling the following 
data. 

3. (2060) ( F 10. 0) The conversion factor required to convert 
the units of simulation (specified in item 6 of the input to 
MINPUT) to kg/ha. (One card.) 

4. (2070) (20A4) A comment card labeling the following 
data. 

5. (2080) (7F10.0) One card for each plant group 
specifying the root biomass in each soil layer expressed as 
a fraction of the total root biomass of the plant group. 

6. (3010) (20A4) A comment card labeling the following 
data. 

7. (3020) (2Fl0.0) Parameters a and b in the straight-line 
function relating the transpiration coefficient to poten
tial evaporation (Fig. 8). 

SUBROUTINE TRANSL 

1. (2020) (20A4) A card with the string TRAN in columns 
1-4 signaling the start of input to the translocation 
model. 

2. (2050) (20A4) A comment card labeling the following 
data. 

3. (2060) (7Fl0.0) One card for each plant group con
taining the following six parameters: 1-3) parameters 
a, b and c (Fig. 5) in the piece-wise linear function 
relating the relative rate of germination (for annuals) or 
leafing-out (for perennials) to the soil water potential 
in a specified soil layer (see item 3 in the input to 
VINPUT); 4-6) the fractions of the total carbon trans
located from seeds (of annuals during germination) or 
from storage organs (of perennials during leafing-out) 
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that go, respectively, to leaves, new stems and roots (for 
annuals) or to reproductive organs (for perennials). 

4. (2090) (20A4) A comment card labeling the following 
data. 

5. (3000) (7Fl0.0) Parameters a, b and c (Fig. 5) in the 
piece-wise linear function relating the fraction of 
reproductive tissue that is in the form of mature seeds to 
the time elapsed since the start of the reproductive stage. 

6. (3010) (20A4) A comment card labeling the following 
data. 

7. (3020) (7Fl0.0) Two cards for each plant group: the first 
card contains the decimal fractions of the carbon fixed 
during the current time-step that will be allocated to 
each organ during non-reproductive phenophases. The 
second card contains the analogous decimal fractions for 
the reproductive phenophase. 

SUBROUTINE ALOCA T 

1. (2020) (20A4) A card with the string ALOC in columns 
1-4 signaling the start of input to the model for allocation 
of photosynthate to the various organs. 

2. (2050) (20A4) A comment card labeling the following 
data. 

3. (2080) (7Fl0.0) One card for each of the four 
nondormant phenological stages, containing the 
fraction of carbon allocated to each of the carbon types 
whenever carbon is added to an organ. 

SUBROUTINE DEATHH 

1. (2020) (20A4} A card with the string DEAT in columns 
1-4 signaling the start of input to the model for organ 
abscission and plant death. 

2. (2050) (20A4) A comment card labeling the following 
data. 

3. (2060) (7Fl0.0) One card for each plant group contain
ing the following five parameters: 1-2) parameters 
a and b (Fig. 5) in the piece-wise linear function relating 
the relative abscission rate of transient (herbaceous) 
organs to the time elapsed since the beginning of the 
dormant stage; 3-5) parameters a, b and c (Fig. 7) in the 
piece-wise linear function relating the relative death 
rate owing to drought to the soil water potential in a 
specified soil layer (see item 3 of the input to VINPUT). 

SECTION V-ANIMAL SUBROUTINES 

SUBROUTINE ANIMAL 

1. (2020) (20A4) A card with the string ANIM in columns 
1-4 signaling the start of input to the animal subroutines. 
The program will search the data deck until this card is 
found or an end-of-file is encountered. 



SUBROUTINE AN RESP 

1. (2020) (20A4) A card with the string ANRE in columns 
1-4 signaling the start of input to the respiration model. 
The program will search the data deck until this card is 
found or an end-of-file is encountered. 

2. (2065) (20A4) A comment card labeling the following 
data. 

3. (2070) (2Fl0.0) One card for each animal group 
containing parameters a and b (Fig. 8) in the power 
function relating the quantity of carbon respired by an 
animal to the mean weight of the animals. 

SUBROUTINE FEED NG 

1. (610) (20A4) A card with the string FEED in columns 
1-4 signaling the start of input to the feeding model. The 
program will search the data deck until this card is found 
or an end-of-file is encountered. 

2. (620) (20A4) A comment card labeling the following 
data. 

3. (630) (5Fl0.0) For each animal group, one card contain
ing the following five parameters: 1) the maximum 
relative rate of feeding; 2-3) parameters a and b (Fig. 5) 
in the piece-wise linear function relating a scaling factor 
(by which the maximum feeding rate is multiplied) to 
the total "effective food" available to the animal group; 
4-5) parameters a and b (Fig. 7) in the piece-wise linear 
function relating a second scaling factor (by which the 
maximum feeding rate is multiplied) to the dry matter 
in the animal compartment. 

4. (650) (20A4) A comment card labeling the following 
data. 

5. (600) (415) A single card containing the total number of 
flows (all animal groups considered together) in each of 
four classes of feeding: herb ivory, granivory, carnivory 
and detritivory. 

6. (670) (20A4) A comment card labeling the following 
data. 
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7. (680) (215, Fl0.0) For each feeding flow, a single card is 
read containing the following 3 items: 1) the number of 
the recipient (animal) compartment; 2) the number of 
the donor compartment (a two-digit number for herb
ivorous flows, the first digit being the number of the 
plant group and the second being the number of the 
organ compartment-a single digit suffices for the other 
three classes of flows) and; 3) a preference factor varying 
from zero to one which indicates the animal's preference 
for this food source relative to other sources. 

SUBROUTINE MANAGE 

1. (2020) (20A4) A card with MANA in columns 1-4 
signaling the start of input to the herd management 
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model. The program will search the data deck until this 
card is found or an end-of-file is encountered. 

2. (2040) (20A4) A comment card labeling the following 
data. 

3. (2050) (15) The number of movements of animals onto or 
off the range during the simulation. 

4. (2060) (20A4) A comment card labeling the following 
data. (Omitted if there are no additions or removals of 
animals.) 

5. (2070) (12, lX, A3, lX, 19, Il0, FlO.0) For each 
movement, a single card with the following three items 
is required: 1) the date (the day of the month, the first 
three letters of the month, and the year, expressed as a 
four-digit number); 2) the number of the animal group 
(first, second, etc.); 3) the number of animals/ha to be 
moved (must be a negative number if animals are to be 
removed); 4) the mean dry weight of the animals (if left 
blank, the mean weight of the animals already in the 
model will be used.) 

SECTION VI- SOIL SUBROUTINES 

SUBROUTINE SOILSS 

1. (1060) (20A4) A card containing the string SOIL in 
columns 1-4 signaling the start of input to the soil sub
routines. The program will search the data deck until 
this card is found or an end-of-file is encountered. 

SUBROUTINE SLHEAT 

1. (1010) (20A4) A card containing the string HEAT in 
columns 1-4 signaling the start of input to the heat flow 
model. The program will search the data deck until this 
card is found or an end-of-file is encountered. 

2. (2100) (20A4) A comment card labeling the following 
data. 

3. (2105) (7Fl0.0) The specific heat capacity of each soil 
layer in cal • cm-• • 0 c-1

• (One card.) 

4. (2110) (20A4) A comment card labeling the following 
data. 

5. (2120) (7Fl0.0) The thermal conductivity of each region 
between soil nodes in cal· cm-• • 0 c-'. There is a 
node at the center of each soil layer, as well as one at the 
top surface of the top layer and one at the bottom surface 
of the bottom layer. (Seven values per card.) 

6. (2130) (20A4) A comment card labeling the following 
data. 

7. (2140) (7Fl0.0) The initial value of the soil temperature 
at each soil node. (Seven values per card.) 



SUBROUTINE WINPUT 

1. (20) (20A4) A card containing the string W ATE in 
columns 1-4 signaling the start of input to the water 
flow model. The program will search the data deck 
until this card is found or an end-of-file is encountered. 

2. (80) (20A4) A comment card labeling the following data. 

3. (90) (IS) The number of entries in the following two 
tables (matric potential [bars] vs. volumetric water 
content, and hydraulic conductivity [cm2 

• bar-' • 
day- 1] vs. volumetric water content). The first entry in 
each table is a hypothetical value at a volumetric water 
content of zero. Successive entries are the values at 
increasing and equidistant values of volumetric water 
content. (One card.) 

4. (100) (20A4) A comment card labeling the following 
data. 

5. (110) (Fl0.0) The increment between successive values 
of volumetric water content in the following two tables. 
(One card.) 

6. (120) (20A4) A comment card labeling the following 
data. 

7. (130) (7Fl0.0) A table of soil water potential (bars) 
vs. volumetric water content. (See item 3 above.) 

This table applies to all soil layers. (Seven values per 
card.) 
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8. (154) (20A4) A comment card labeling the following 
data. 

9. (156) (Fl0.0) A factor by which the following values of 
hydraulic conductivity will be multiplied. This value is 
normally 1.0 but can be changed during tuning or 
sensitivity analysis. 

10. (160) (20A4) A comment card labeling the following 
data. 

11. (170) (7Fl0.0) A table of hydraulic conductivity (cm'· 
bar- 1 • day-') vs. volumetric water content. (See item 
3 above.) This table applies to all soil layers. (Seven 
values per card.) 

12. (180) (20A4) a comment card labeling the following 
data. 

13. (190) (2Fl0.0) The lower and upper limits of predicted 
soil water potential which will be allowed by the model. 
(One card.) 

14. (220) (20A4) A comment card labeling the following 
data. 

15. (230) (Fl0.0) The largest change in predicted volumetric 
water content allowed during a single time-step of the 
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water model. The length of the time-step in the water 
model is variable and may be less than the length of the 
time-step of the main program. (One card.) 

16. (260) (20A4) A comment card labeling the following 
data. 

17. (270) (7Fl0.0) The initial value (bars) of the soil water 
potential at each soil node. (One or two cards, 
depending on number of soil nodes.) 

18. (272) (20A4) A comment card labeling the following 
data. 

19. (274) (Fl0.0) The initial value of standing water on the 
soil surface (mm). (One card.) 

SUBROUTINE DCOMPO 

1. (2020) (20A4) A card with the string DCOM in columns 
1-4 signaling the start of input to the decomposition 
model. The program will search the data deck until this 
card is found or an end-of-file is encountered. 

2. (2040) (20A4) A comment card labeling the following 
data. 

3. (2045) (IS) The number of the soil layer whose 
temperature and water potential values control 
decomposition rates. (One card.) 

4. (2050) (20A4) A comment card labeling the following 
data. 

5. (2055) (2Fl0.0) The values of temperature and water 
potential (in the specified layer) below which decompos
ition will not occur. (One card.) 

6. (2060) (20A4) A comment card labeling the following 
data. 

7. (2065) (FlO.0) The rate of respiration of litter 
decomposers expressed as a fraction of the overall 
relative rate of decomposition. (One card.) 

8. (2070) (20A4) A comment card labeling the following 
data. 

9. (2075) (4Fl0.0) For each chemical constituent, one card 
is read containing the following four items: 1-2) the 
Y-intercept and slope of the straight-line function 
relating the relative rate of litter decomposition to temp
erature in the specified soil layer; 3-4) parameters a and 
b (Fig. 5) in the piece-wise linear function relating a 
scaling factor (varying from zero to one, which multi
plies the relative decomposition rate of litter) to water 
potential in the specified soil layer. 

10. (2100) (20A4) A comment card labeling the following 
data. 



11. (2105) (4Fl0.0) For each chemical constituent, one 
card is read containing the same parameters as described 
in item 9 above, but with reference to soil organic matter 
instead of litter. 
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OUHH y.-; f 2 01 , OWA TfR 171 ,O CAA801 51 ,OfNOOG I Fl , ON ITAOI 21 , CPRODUI 61 , 
VRATIOIT ,£,,SI, SRA TIO 17 ,'i I, AR A lTOl 1 Oo SI ,OP I.TIO I 3• 51 ,ORA TIO IL 51, 
f'ACTVI 7, 61 ,FACTS IT 1, fACTAI 10 I, r ACTOf JI ,r ACTOl 1 I, ocrRAT I(., t <,) , 

- NCATfG ,YSPNA" I 7, SI ,ASPNJ.H C 10 ,SI ,ORGNI.H 16 •" 1, rRAhAl''l 5, 31, 
A f.LINAP'll ,Sl 

COH'°ON /CHANGf/ CHANM13171 
C OH HON /l TH I TS/ HAXCH( ,H AXPL A, HA XOR(; ,HA X AN J ol'fA X00f'I., N I.XISOM, 10 lO-IOR 
l"OHHON /GLIMSJ LIHGRA,Ll1'!PGolI"ClJt 
COHHON /GIIJNFO/ VNAHll>DI, !SOUNOIGO ,31, IAOR[S 11:,01 ,N\lflLS 
CONltOH /GPAPHS/ PfRtoO,Jxxt,NGRAfS,NCURY7• 

JCAI1121,IOATf121•lnAT1121, 
LNIN I" 01 oLHI.X I '-0 I• AMINl't 01 ,AHi.,- I '+0 I, 
NCURY'il,O I ,JAOR[<; I (.0 I 

COHHON /SYN[GC/ f'QR'.ilt' ,I<;'IAOA161 
t:'OltHON /XTfNTS/ llH IT, ll~ lO l ,L l"OR 'I' 
Cf)l'fHOh /CALL]/ CALLV,CALLA,CALL'5,lA~lOA 

OJH[NSION IOOUNX 11 Bl) I, IBOUNQ 1180,. x:u~OH 11 21 • I AO Rf 01 60 I 
OTNENSION ocrAf.01<10),0[fRUl'JO) 
OtN[N5IO ... VNANAI 32 I ,WI AKII 1281 o Yff 112101 

[OUIYilfNCF I 180UNO, TqOUNO I 
fOUIYAL(NC[ I orrR AT ,0[(RJ.O I, I V!t ,POI' I 

rATA 8L0fO/• 



Valentine 

.. 
,o 

" 52 

" ,. 
" " " 58 

" ,o 

" " " ,. 
" .. 
" " " 70 
71 
7Z 
7l 

1' 
75 

" 77 
78 

" 80 

" " 8J .. 
" .. 
87 .. 
" 90 .. ., ., .. 
" " 97 .. 
" 100 

101 
1oz 
101 
10, 
105 
106 
107 
108 
10, 
110 
111 
112 
111 
11• 
115 
11' 
1" 
11, 
11' 
120 

'" "' 121 
12' 

"' 12' 
127 
12' 
12' 
110 
131 

'" lJJ 
ll• 

'" 11' 
117 
138 

"' "' 1'1 ,., 
1'1 
1" ,., ,., 
1'7 
1'8 ,., 
150 
151 

C 
C 
C 

llA TA XJJCWOM/ 'J.1'11.' •rrr, ., "l'IAA •• 'APR ••• , .. ,.'• 'JU H •• 
'JUL •,•aur:•, •-;cp•, 'OCT'• 'HOV', •ore•, 

I 'VON ' , , VOl'<:I '• "\l'OIIIV" ,• VOl,ff ', 'SOI!. ','SONY', 0 &01'1 ', • AONi '• 
•oON ·,•DOl'll','00,. ',"00NT','T001'1','VVC •,•sec ·,•At:C '• 
•occ •,•ocr ','ASH ','APO ., .. ,ccv•,•vcco•,•vccr•.•vc• •• 
'VCAV','VCAO','VCAT','Sr-cy•,•sc• •,•scav•,•ACCA 0 ,•ArA ., 

f'lA TA VHANR/ 
'ACI.A' ,•occn•, •cc, • ,'OCAO', 'OCCH' ,'OCA '• 'OCAH• •' .-SHH', 
•rec ','TCA ., .. ;wPH•,•swPN','STH ','STN •,•ou .. v•,•rul'IA', 
'DUNS' I. ., 

DA TA TBOUfrOU 7, T ,£,, Oo 7, 0, 10,0 ,J,O •l •0 10 ,T ,7 •10 ,Jo l• lo 10 oi ,7 o5 o1 ,& , 
1: 7,0, 5, 7,0, 'i, 1D •O ,5 ,J ,O ,5 •l •O•l ,5 ,o •6 ,8 ,,; ,9 ,5(1, 30 ,2C11ll•CI• 
3 £.,12•0,G,S,5,5,"i,2.0•S,S,0,6,J6•0• 
.. ll•O ,S ,111£.•0, 

DA TA ! AOR[Q/0, ,2 ,Ill 9, 55 ,5 i;, {,J ,611, 711 ,1 s, 78 .1,,80 ,81, 81 ,2,2 ,J27 ,3 77, 
1 l'::12, J';l 7, 39q, 11109, qJ q, 117111, 1117 9, S21, 527, SJ It, 5J5, SIii 0, 5ft 7, Siil l", 55 .5o 
1 Sf. J, 5611, 56'3,57 2, 57 J, 57 8, S7S, 580• 582,587,588, 59111 ,602t608,61 6, 
l 666,696,716,717,718,719, 720• 721,722, 72J, 72111 ,725, 726, 

l=HERfU.c,:cus, 2:11000, J:SE[OS it::iAhll'fALS !>=UtfSORT[O LfTTfR, 
f;~SOIL ORCANTC "ATT(R 

D[fRAT Vi Tll( Cll[f'IIC'(_ CONSTITUENTS AS • PROPORTTf'N OF IH!T Ill 
Tll[ LAST COLUHH JS TOT AL rARl'ION A(, A PROPCATlOH OF ORY VT 
DAU OEFA•X/ 

1 • 020, .oeo,. (H>O, .2()0 ,.160, .11120, .020, .o 80, .Ot:iO, ,050, .Jl o, .11 2U, 
2 .050 ,.050, .150,. 2ll O, ,050, ,11111 0, .0110,. QJO, .080,. 230, .1 90,. !':DO, 
J .OUJ, • 100, ,UO'J, .010, .J'!IO, ... o,, ,015 ,. 00:0, ,01110,. 0'10, ,J20, o llOO• 
'I 511•0.0/ 
1 1.020, .oso, .oro, .200, .160, .1120, 
2 ,020• .oso, .060, ,OSO, ,310, ,'120, 
3 ,050• ,050, ,150, ,2ll0, .050, ,'1'10, 

.0110, .030, .on1, ,7.JO, .1,n, ,500, 

.OUJ, .100, ,009, ,010, ,J"IO, ,1109, 
,OlS• ,OJO, .(1110, ,UflO, ,J20, ,1100, 

5 ... ('l,(l/ 

c---- -------- - - -- ----------- -- - - -- - - - --- - -- - -
C HPH•"ERH 
c---- - -------------------- - - ---- - ------ - - -

'>O 110 1=1,32 
110 VNAN(Il = VHAN•ITI 

oo 120 r=1,2s 
J = ]2 ♦' 1 

11.0 VNAf'fJJ : VN•"BH I 
f'IO 1 JO r:1 •12 

110 1"0HT~ITt: XJlO.ONIII 
"LANK : BLAHQ 

c--------------------------- • ---- ----------
c Af"oll c-------------- _.J ____________ --- - ------ - -

rio 200 1=1,1210 
200 VP I I I ::- O, 0 

00 110 f=t,JJ7 
210 l';HANOOIII : O.O 

[PASU" ~ 0,0 
l>O 220 t::-1 ,qO 

z1.oorrRAOIJI :Of"fRU:111 
c---- ------------------------- - - --- - - -- -- - -
C LOGICAL 
c----- -- - - ----- -- - -- ------------- - - - - - - - - ----- - --

[RAOA .r Al S[. 
WIJNT = ,rALSr. 
CALLY : .TRUC, 
rALL• = ,TAur. 
<:ALLS = .nwr. 

C ------- ----- - -- -------------- - ----- - - - - -- - --
C TnT[GrR 
C------------------·--""---------· --- - ---- - -------- - --

"Sl = l 
""2 : 7 
"'SJ : J 
ICP -: 5 
LP : 6 
lf"IT : 31 7 
LT"TOl : 179 
l H1DAY = "2 
LT"PG : 11. 

LI"GRA : llO 
Lf"CUA : 60 
"AXCH[ = 'i 
!OXPLA : ? 
HAXORG : 6 
HAXANT : 10 
"axoo" = J 
"'AXSOPt = 1 
IOXHOR ::- I', 
N".AT[G -::- 15 
HVBL5 : 60 
N'> : NVBLc;:•J 
DO 1100 t:l dfO 

i.oo TBOUNOITI = J~OUNXfll 
DO 1110 T::-J ,NVBLS 

~10 JADA(S:IJ): JA(}A.-OIIJ 
ISVA0Pll I -::-1 
JSVAOAf?. I : 211 
J'iVAOR I JI =2116 
f<;:VAORIIII = 2~6 
tSVAORI<;) : Jll 
J<:•OORl61 = Jl6 
NSHPS :; 0 
FffTUAN 
[NO 

SUBROUTINE ST ARTR 
BIO"[ •O[SEAT2SY"l 1 I, STAATR 

l SU8ROUTTN£ StARTq 

10 
11 
12 
1J 

" 15 
16 ,, ,. ,. ,. 
21 

" 2J 

" 

LOGICAL ~RROR,PATNT 
LOGICAL CiLLY,CAUA,CALl.S 
LOCTC•L SUI NIT tSUTNT", SuL •5' tSUCRFS 
LOG I CAL SUPLHT ,SU•NI H, SUDO", SUSOIL 
CO"NON /r"IL[S/ 11.R, LP, PCSl, NS2, ,-53, "SlR(C, "S2AfC, NSJP(C 
CCHPtON /NU"S / NPlN TS oH ANT "S, "IOR(U,h' ,N[L[MS, lffP I CT , NOLJT , Nf RAC l., 

Nf" REL H ,NfR[LP ,HOROEP I 61 , HHrP t l, H SCl'P T 
C'll"NON / TTf1[ SI IT RDA T ,HOA T, HONT"I, !TR, JYP, l(Tll, l OIY, JO• Y ,II.OAT , 

X'"OHTHI 121, IS fr"P, H'iT(PS ,HfUT'i 
COf'IPtOH /PA lIHfl/ l11'[P ,NA [P, HA [1> I 211 , TPRIN t, NP" INT , HPPI NH 21 I, PR UH, 

PL •cc 1181 ,UNI Tc;: 18 I 
COHl'IOH I SW TCHS /SU I t.'I T, SUJN 1 H, SUL AST• SUGRfS ,SUPL N l, SU UI 1 I', S UO Ot1 • 

SUSOIL 
C'>HHON r"tSCI [IIR(IA,'lCH(Ck1201,8LlNI( 
(O"PtON /VRLS/ P0Ml7,f;l ,POHOI Tl ,POJIVl61 ,PnHvO,S([')()Hf7J ,Srr)OIIV, 

1. AOH 1\01 ,AOPC•, OOH I JI •ODPC T ,SOH 111 ,SD,.1 • TOTl'.IH,CV[t;fl ,6 ,5 I ,S.-[O f7 ,S 1, 
Z CBTOl'U 10 1'i I ,CLIT CJ,~ I ,COACH ,51, C"IN11,21,PIH'l 10 I ,CV£CVI £,, M, 
l CV(OOI 7, Sl ,cvcr.vo I"' ,Avrc I 1, {,J ,AV[GVl61, IV[GO( 71, •vtcvo, 

srrovt SI ,AS.[£011) t AS[[OV ,cn10 .. • 1 s1 ,ABI0,.1101 ... e1011• ,CLIT TC 51, 
•L TT I JI, •LI TT, COAC:HI SI, •OR GI U, •ORGH ,CHI NH 12 t ,CCOTOT IS I, 
A[COTO ,SWPHI 61 ,SWPN 18 I, (,lHIG I •S TN I 1'111 ,Otl"HYV 150 I ,f)Uf1MT H JUI , 
OU"HY<:1701 •0IIAT[Rt 71 ,Of•R80C5J ,O[NOOGtr.l ,O'-IITAOl 211,0PROOUI £,I, 

22 

25 a VAATTOn ,£,,SI, SRAT ·011, SJ, AR A rto Cl (I, ~I ,mu 1 IO I 3, 51 ,ORA TIOI l• ~I, 
26 fACTVI 7 1 61 ,fAC TS C7 1, fl CT A 11D I, F"ACTf'I :JI •f•C'T Oil I, O(f"R.IT If. ol 51 , 
27 - HCA Tr C ,VSPN•"C 7, SI, ASP NU, I 10 ,S 1,0RGNA" 16 ,ll I ,FR ANA" 15 ,JI, 
28 • Al.INAMl1,SI 
2'3 COHNON /t':ILL1/ f:~LV,rlLLA,CALLS,l.lS.TO• 
JO 
Jl 
JZ Wl'!IHILP,101 
J3 10 f0R"AT('1'///TJ0,121•••••••1,2t1T3(1,•••,Ta'J,'•'I 
J'I - /T30o'•',tSS,'0 CS r Al Z',l8'3,••• 
35 - /TJ0,'•',15",;,•:;::::::::: = =•,T89,'••,7fl130,'•••TJll'l,'••I 
36 - /T30, ••',Tll9,'UNIT[D Sf.T[S OCS(PT 810lff' ,T8'1,'•' I 
JT ~IT[ ILP, 121 
J8 -/TJO,•••,t8'J,'•' 
J'J 12 fOAf1•T ( T30,•••ot8'3,••• 
'10 - /TJ0,'•',15 .. ,•(rosTSl[M l'QO[L',lll!:','•' I 
111 VAtT[ ILP,151 
ll2 - IT ]0, • • • ,t8'J 1' •' 

113 l "> roR"•T I r,o, • • •, 11\'J, '• • 
1111 - ITJU,'•',lS6,'"APCH 1'37~ •, TP'l,••• 
'IS WRIH ILP,llll 
116 - /T]O ,• •• ,T8'J, • •' 
'i7 18 f"OPPtAT I T30•'•' ,T8'l,'•• 
't8 - /lJO,•••,TSlo'L•(,T uPD•TC - F[I\ 1'378',Tfl",'•• 
119 - ,21,TJO,•••,Tflq,'•'I/T]n,12f'•••••'I///' 
50 CHL "TNPUT 
51 JJ' '"PRJNTll) .ro. Jo•n PAINT s: ,TRU(, 
!>2 !f"INPLNTO:.,[Q,O 1C•LLV~,fllSf • 
5.S IrlHAHIM'=,£0,0ICI.LLA:c.l"I.L'=f. 
S't If"fliOLIT.l"o.n ,ANO. ~Cf'IPT.[O.o .010, /iHOOI1.ro.mC•L1.!s:.l"H(', ... 
SS C•LL TOTILR 
56 C'LL OqTMlT 
<;7 f•LL rJNP!JT 
58 tr 1f'RIHTI WRTTf IU',0:.01 
S'J so l'')AH.IT f ·n '• Tl], 'DU-."'f v•RTlBL[ f'l10fCMCY UHE .. c vu,U"L(S cu, 8 
GU -r CAAPHPH - -• I 
1:.1 - 12S, 'f)Ut'Al)UI', TSn, •quNNJN(l •vr-i,.r,!' .. r,N AIR T[l"PrA•TUR['/ 
E.2 - lZS, '"Utt•12'JI'• r5n. 'M!NIHUH •IP T[MPrPAJUR['/ 
6J • T25, •ru,u11t1•, f",;0, .... ,xIMUH iJQ T[HPF:AATUR['/ 
F,11 - Tl5, •ou .. Al711', TSfl, 'ACrUHULATr"D PP['"IPJT•TH'N' I 

6'i - l2S, •ow•11zr,1•, '""· •rot[NTI-L nAILY fVAP(\QATfON•/ 
6b - f25, •ou•AIZSI', 1511, 0 PHOTOP[Ril"l'I'/ 
b1 - 12s. •ou .. Alll', 150, 'U)JU<;:T[O "11.X HnuRLT SPfCIF!C CO2 rirATIOt< R 

68 - U[ f"OR tot AHT 1' I 
61 - rzs, 'tlUl"Sll)', 1511, 'HH or WAT(P Tli r"QOf"IL('/ 
70 - 125, 'CUl'Slll ', T<;1.. •ruMULATlvr Prt(OTCT[O rv,PoR•T JON'/ 
71 - 125, •f'lu•Sf!I', 1511, ''-UNOTHC ..,,,rR•1 
11 If" IPRJNTI WRIT~ ILP,!-'il 
1J S'i l"ORtUT I' '• T2 1•,. 'OIHVIII', TSO, 'PHrNOLCGJr"AL ,;;f•G£ IWHfRC I v•P 
H -Jr-5 fROJol l TO NPLNTSI' / 
75 • l2~, •nu11vrr • •1f'LNVil', TSO, •rq..cfIOI-. (If" llf"PRC'IOuCtiv[ TfSqJ[ H! 
16 -•T IS "&J\IA[ S.f.[{l' I 
77 - TZ5, 'OUNVll • 7•tf'LNT<I', TSU, 'l)PY H•Hf.A IN "•Tull£ ITl.C'tlfD 
7!I -<:[[OS'/ 
7'J - T25, •nvHV(J • ]•NPL~lSI', TSO, ••OJUSTrr> OPTIP'tJJol TfHP[RITl!Rf F('~ 
80 - PH0lOSYHHt£<;!<; 0 / 

81 - r2s,•OU'"VII • l!•NPl.tlTS1°,150,•PHOTOSYlilK'"TIC PAT(, NC C07 Pm GO 
&2 -RY NOHP PrR HR'/ 
8J - 125, •nu,.vlJ • S•HPLNT(,1•, TSO, 'OPT "ATT[R rrxro OUATNC TIH'f-S:T( 

_,., I .. 
" " 87 

- 125• '0UJolV1'4'!1', 15/"I, 'CUHUL•TJVf TPUtSPJPATIOf,I'/ 
- 125, *l'U"Vl!)OI'• T':lU, 'f[l',P[RATURr u<:rc '~ ttRfOICT PHOTO'sTH~[Sf(, 
-RAT[') 

88 OLL (TNPUT 
89 CALL cxor:rN 
90 IIRI1£ ILP,GO I [RPOR 
•u 60 r-oA"•T 1 • fARCR : ., L 11 
92 !rlCULVICALL y[rru 
9l UOtTC ILP,.01 (RPOP 
'3111 ff"lCALL•ICALL •HtHAL 
'JS WATT( ILP,GOI (RROR 
'iG rr1c•tt<:!CALL SOH.SS 
'37 IIRIT[ ILP,601 [RROR 
<!8 WRTT!"llP,1'01 
'Jq l'O FOPNATI ·o•,501•=••1/' •,so••·=·,, 

100 !fl.HOT,r-tHiORIGO TO 100 
101 IIATTCILP,"'(11 
1'12 80 l'OR"ATI 'OR£AOit,1G Of" INPUT ""IL[ COHPLCT(n -- ['IC[CUfIOt.i AI\OPHO 
10J -flU[ TO CRJlORS NOTfO MlOY(' I 
10,. STOP 
105 100 WRTT(ILP,12f'>I 
106 120 FOPIUTI 'ORt•DING Of" INPUT flL[ COMPL[HO -- NO OfTfCUBLf [ARO 
107 -PS •1 
1U8 LASTOA:TTROAY 
10'1 NOA\'S : Cl 
110 '-ISHPS = 0 
111 Tf'l,NOT.SUGRf"SIC,.__L PR[PU 
112 If" l,NOT,'-UINITIC•LL A(PORl 
11] Pf TURN 
114 FNO 

SUBROUTINE MINPUT 
8 IQ"C •Ot: SE AT 2SH 11 I, NI HPVT 

~UBAOUTTNr NlNPIJ T 

10 
ll 
12 
1l 

" 15 
16 

" 18 

" zo 
21 
22 

" " 25 
26 
21 ,. 
" 30 
J1 
J2 
3J 

" 35 
36 

LOGICAL SU[XlA,SUCAi. r, SUCUHE 
LOGICAL SLl"tNP,SUVJNP, 5UUNP ,SUSTHP 
LOGICAL £RROR,PRTNT 
LOGIC •t <;:U?Nl T ,SUINT Mt SUL AS l, SU6Rf<; 
LOCI CAL SUPLNT ,SUANI"• SUOOH • SU SOIL 
CON"ON /[ CHOCH/ SUH INP ,SUY INP. su• TNP. !-IIS THP 
COMMON /FILES/ KR,· Lf', "S1, HSZ, !"SJ, HSlA[C, "szqcc. M'SJtt[C 
COM HON ,NUHS/ NPLNTS ,HANT t'S, NORQAH t N(L(MS, HFR ACT ,NOL TT , NFRI.C 1, 

1 ffr-A[L" • NfA[LP ,HOROEP I GJ , HHl'IAT Z, NSCHPT 
COH"ON / TYflt[ S/ I YRDA Y, "DO ,HON TH t I YR ,JTR ,KTR • TOA T • JO AT, KO• T • 

1 ll'"ONlHl121tlSt£P,Nc;T[PS,N0AYS 
C-OHl'ION /PRTING/ t R[P tH REP ,HR[P C 211 , TPRINT, HPP INT , l'PA I '111 21 I, 

1 PR!NT,PLA<:fll81,UNITSISI 
CO"tt;OH / <;IITCHS/ SU IN IT' SUINl"• Slll.,. ST ,suGRf" s 'SVPl.NT ,s u•HTH I 

1 SUOON,SUSOIL 
co""ON /HlSC/ [RROA,WH[CKC201 ,Bl IHI( 
COMMON /VBLS/ P0Hf7,£,I ,POHOl 71 ,PO"Vl61 ,f'O,.VO,S[EOOHl71 ,S[OO"V• 

l AOttllOI ,AO"A,00"131 ,OOMT,SOH(ll ,SOl'fltTOTOH,CV[G0 ,6 ,SI ,S£[017 ,51, 
2 CBIO"I 10 ,51,CLIT I] ,5 I, CORC 11 .s,, C"'INll ,2 I ,f>OP I WI, cvrcv 16, 51 , 
] CV[GOl 7, 51 ,CV[GVOI 51 , .VEG I 7, 61 ••WtGV IG), Ayrr;o 171 ,AV[GVO, 

S[[OVI SI , AS[[O 17 I , AS EEOY ,CB IOM • I SI ,ABI0" 1101 ,A IHO"A, CLIT Tl SI • 
.I.LIT I JI, AL TT T ,COAGHI 51 ,AORGI 11 ,AORGH ,Cl'ITNH 12 t ,(f:OTOT IS I• 
A[COTO,SIIPHl61,<;:WPNl81 ,STHHil,SlNIII ,0UMHTVIS.Oh0UPCl'ITAl301, 
OU"HTS 1201 •OIIO[R I '1l ,OtARROl 51 ,OCNOOG I l',I ,OHITROI 2l, OPROOU1 61 • 
VRAT!Of7 ,6 ,~ I ,SR• TIO 17 ,5 I, AR U!O 110, 51 ,CR.I.TIO I J, SI ,ORA TIO 11• 51 , 
f' ACT VI 1, 61 ,F AC 1S17 l, F'ACTA 110 I, fACTDI JI ,r .ACT O 11 I ,DEF RAT l 6,151 , 
NCAT[G,VSPN•" I 7 ,SI ,.I. SPNAH f 10 ,5 I ,ORCNAPtl6 ,111 ,,-R•N•l"IS ,JI, 

A ALIHA"'IJ,51 
ro""ON IL I H Its/ "• lCH( '" •rPL A, HA xnPC: '"AX •NI. "A XOOH, l"Al SOM."· )'\iQR 
C0f1HOH /MAA77/ SUCAi..C, sur-u"c 

OHA NOIM/21/ 
O•TA A"ON/' •,, SU0NAll/ 0 PtJHP'/ 



" ,. 
" .. 
" ., ., .. .. .. 
" .. .. ,. 
" " " .. 
" ,. 
" " .. 
•• 61 
•2 ., .. ., 
66 ., .. ., 
TU 
71 
72 
Tl 

" 75 ,. 
" ,. 
" •• 
81 
82 

" .. 
85 
86 

" 88 

" ,o 

" " " ,. 
" '' ., ,. 
" lOO 

lOl 
l 02 
lOJ 
,o, 
10, 
l06 
107 , .. 
,o, 
llO 
lll 
112 
113 

ll' 
11' 
116 
llT 
11, 

"' 120 
1'1 
122 
123 
1,. 
125 
126 
121 
128 

"' 130 
131 
132 
lJJ 
13' 

"' 136 
137 
1J8 

"' ,.. 
"' 1'2 

"' , .. 
1'5 
1'6 ,., ... 
"' lSO 
151 
152 
153 

"' 155 
l56 
1 ST 
158 

"' 160 
161 
162 
163 ... 
165 

166 
l67 
168 ... 
170 
171 
172 

20 fORJUTfl'•TSI 
]0 F'ORIUfflOA•t 
•O f0RtUiTl70lll 
50 rORIO,T 1 Tl ,ts,• IHNPVT ', 11X ,ZOo\lfl 
60 roR,.ATIT7,IS,• NlNPUT' ,1r16.51 
10 roRtU.TITT,15,' J1lNPUl' ,111131 
30 roRNAJ(l7,I5," "INPUT' ,11X,20hl 
'30 roRMATITT.IS,' NlNPUT' •10l5l 

·100 roR1u.rc,TJ0,8t"• 'l•"•'/TJO,'• [RR O 11 •'l'T]0,81'• .,, ••• , 

c----------------------------- ----- ----
c PPINT H(AOING<; 
c--- -- -- ----- - __ _, ____________ - --- - - - ----- - - -

wR?T[CLP,1201 
c------ -- - - - --- - -.J---------- - - --- --- ---- - --
c R[AO [XPL,t,,UJORY TNf'OPNATION R(GAROINC THE CURR[NT 
C S-TKULATION lf'OLLO'll[O av A 8LANI( CAROi ~-----------------------------------

TR[,.0-=:110 
110 RrAOIKR,lOIPLAC[ 

IIRITft LP ,8011 A(AO, PL AC[ 
r-o 115 r:=i ,1s 
Ir fPLAC[fII .N(. Bt~MI GO TO 110 

11 S CONTHIU( 
12n fORflAT 1 •o· ,ux,c• -·I/• 8£(.;JNNTNG [X[CUTION OJ" SU8POUT IN[ "tfiPur 

1- O[FJN!TIONS ANO INITIAlllATIONS er SfAff VAATARL[S•11x,·1001•-• 
1 I I' 'I 

23 

c- __._ ------------------------ - - --- - - -- -- - - --
c AfAO TITL[ or SIHULAT!OH 

~-----------------------------------
1]0 TA[A0:1110 
1110 R[AOIKR, JO IPLAC£ 

WRJT(f LP .~o, IR[ AO, Pl Ar£ 

~------------------------------------c ltt"AO LOGICAL VARIA8LfS IJ CAROSJ ~-----------------------------------
J:R[A0:1'15 

l'I s Rf AO I KR. f!O )SUN INP. Su VTHP • SUA INP, SUS INP ,surnq 
If" 1. NOT. SUNINP I\IR T TE IL p' go I IA[ ,a ,SUJHNP. SUV INP ,su•n•r. SU SINP 

- ,SUE HR 
PRUT : • TRUE. 
IF' ISU(XTRI PAINT ;:: ,fALSf, 
tAEAD=lSO 

1 so Rf AO I KR, 110 JSUINI T, Su '?t-1 '", SU LAST, SUGA rs ,sue ALC ,Su 0.H'I[ 
If C •NOT• SUfllNP IVAITE IL P, 40 I IRE AO ,SUtH IT ,SUTHTM ,SUL AST, <l,IGRrS 

• SUCALC •SVCUNf 
tR[AC'=lfiO 

lGO Rr ADI KR, 40 ISUPLNT, su-. IN ,,;uooN ,SUSOlL 
Ir I. HOT. SUN IN P )IIR I TE IL P, '30 I IR[ AO ,SVPL NT, SuUtl P' ,s LOON ,SUS OIL 

(------------- ----------------- --------- ---
c Q[AO UNITS lH IIHICH RJOHASS(S -'Rf GTY[H, f .G., KILOORANS PCR HA 

c----------------------------- --- -------- - - -
JRCAO=llO 

170 R[A011(R,J:01UHITS 
tr I. NOT. SUNTHP IIIRITC IL P, 801 HIE AO ,UH I T'S 

c----- - -- - - -- -- - ----------- - - - - - - - - ---- - - --
c REAO NUHBERS or NON-CARBON CH[NICAL CONSTITUrNTS, t'AR80H l'yp[S, 
C PLAN-Y GROUPS, PL.lliT ORGANS, A!iitlAL GROUPS, OrAO ORGANIC l'UTT(R 
C TYPES, SOIL ORGAN"'C MAHER CONPAATM[NTS, ANO SOIL IHORJ'llONS 

~-----------------------------------
JP[AD=ll'IO 

UlO R[AO I ICJh 20 IN[L ENS, Hf Po\ CT ,NPLN TS, NOPC: AN ,NAN INS ,NOLT T, NSCMPT, It f<IR lZ 
If I• NOT• SUNINP IIIR rt[ IL P, 70 I IRE AO, HELENS, NrlUCT ,NPLNT S oNOROA N , 

NANIMS, HOL IT. NS C"F'T ,NHOR I1 
t.'rlUCl =NfL(MS + 1 
HrR[UI; :N[L [N'S+NrRA CT 
HfCR[LP = NfR(LM + 1 
tr I. NOT• SUN INP I\IR ITC IL P, 130 IN[L[N S, tirR ACT, NPL NTS ,NORCUI ,N AHl,rl;, 

- NOL IT, HSCNPT ,NHORI2, BLANI( 
190 roR .. ATl"0",119,' HONCA'180N CH[NICAL CONSHTU£HTSISP/ 

1!10,' TYP(ISI OF CARBON•/120,' PLANT GROUPISl'/!70,' PLANT OJlGANIS 
21•1120,• ANJNAL GROUPISl'I uo.· TYP[ISI Of O[AO ORGAHTC J,UJT[R'/ 
J: 120•' SOTL ORGANIC tU,TT[R COMPARTM(NTISI'/ !20,' SOTL HORIIO-.CSI' 
4 /A41 

If" I h'fRACT ,CT .O ICO TO 210 
[RROP::: •TRUE, 
WAIT( ILP,1001 
IIRTT[C LP,200 I 

·200 roR"ATl"OHUNR(R Of CAP80N TYP[S MUST er CP[AT[R THUi ?[Rn• I 

210 Tf!H[L["'i.GT,11100 TO ?30 
[RROR=. TRU[ • 
WPITf ILP,1001 
WRIT£CLP•2201 

220 fOR"HI 'Of,;UHB[R OF' NON-CARBON COHST!TU[HTC: NUST "![ Gll[AT(Q PUN lF 
\RO I HITP0"3[N ,'1UST ('[ INCLU0£01 'I 

230 rFINPLNTS,LC.NAXPLAIGO TO 250 
rR'ROR:::.TRUC, 
WRIT[ ILP,1001 
wn IHI LP •2'-0 )HOPL A 

240 l"QR"U( 'ONUM8[R OF PLANT CAOlJ>'S r11crcos LIMIT or • ,121 

250 TrthANI"S.l[,NAXAHIIGO TO ?TO 
ff'l'ROR=.TQU(. 
ioRH[ ILP,1001 
WRIT£! LP,260 INAXANI 

260 fORNATl'ON\JNfl[A or ANTMAL GROUPS [XC[[OS LINH or •,121 

270 JffNrR[LM.LF.MAXCH[IC'O TO Hn 
[RROR::,TRUE, 
ws:tJT( ILP,1001 
WR IT[( LP, 2 80 I" AX CH£ 

280 roRNUl"ONUMB(R or CH[l'l1'.CAL CONSTTTU[NTS [XC[(OS LIMIT or •, 121 

290 lf'fNORGAN.Lf.HUORt.lGQ TO 310 
ntROR:: ,TRUE, 
IIRIT[ ILP, 1no1 
WRIT[< LP ,JOO IMAXOPG 

JOO roRMATl 'ONUHBEA Of PLANT ORGANS fll:C[[OS Ll~TT or • ,IZI 

310 If"tNHORTZ,L[.NAXHORICO TO no 
£RROR::,TRur • 
\IAIH (LP,1001 
IIAIT[I LP, 120 IKUHOR 

J2Cl roRMATl"0NUH8(A OF Sr.'fl HORIZONS (XC((OS L!KIT OF•,Ill 

330 IF"INOLIT.LC.NAXOOMIGO TO JSO 
(RAOA= •TAU(• 
WRIT( ILP,1001 
IIRlH ILP,3401 MAXDOM 

340 fORMATl'ONUNB(R OF T'IP('S or O[AO ORGANIC MUT(A (XC[EOS LINI r OF 
I ,I 21 

350 IflNSCHPf,[Q,0 .QA:. NSCMPT,(Q.l ,OR,. NSCHPT.£0,NMORY?ICO TO 370 
ERROR=. TAU£. 
IIRIT[ ILP,1001 
~ Il[f•LP, 160 INA:CSO M 

360 roRNATl"OHUNB[A OF SO[L ORGAN[C MlTT[A COMPARfNrNls MUST rou.«. zrll 
10 OR oNr OR ll'f HUHBrR or SOIL LAY[RS l•,r1,•1•1 

JTO CONTTNur 
c-------------------------------- - - -- -- - ---
c Af:AO STARTING OATf Of SIMULATTON 
c---- ____________ __, ___________ - --- -------- - --

lP£ •D= Jl'ln 
3110 A:£ AO I KR, 3901 LO A'f , AMON, L Yll 
1,0 roRNAT 112, 1X ,AJ:,T"i I 

'" 1,. 
175 
116 
1 77 

"' ,,. 
180 
l81 
1'2 
183 
18' 
185 

"' 181 

"' "' 1'U 
1'1 
1'2 

'" 1,. 
1'5 ... 
l97 

"' 1" 
200 
201 
2U2 
203 
20, 
705 
206 
207 
208 
20, 
210 
211 
212 
213 ,.. 
215 
71< 
717 
218 
21, 
72U 
221 
222 
221 ,,. 
'" ,,, 
2 21 

'" 22, 
230 
231 
232 

"' 2" 
235 ,,. 
237 
238 ,,. 
2'0 
2'1 
2'2 
2'3 

'" ... ,.. 
2'1 , .. 
2" 
250 
251 
252 
,SJ 

25' 
755 ,,. 
257 
258 

"' 260 

'" 262 
2•J 
26• 
2GS 
2•• 
267 

"' 2•• 
210 
211 
272 
213 
27' 
215 
276 
211 
216 

"' 280 
281 
282 
283 ,.. 
285 
286 
287 
28' ,., ,,. 
2'1 
2'2 
2'3 
2,. 
2'5 
2'6 
2'1 
2" 

"' JOO 
JOI 
302 ,., ,.. 
305 ,., 
307 , .. 

I"' l. HOT, SUN I NP I WA: 11[ IL P, lfBOI lR[AO,LOA r ,AMOH,L rR 
ltOD 1"0RHATIT7,JS,' HINPUT' ,IS,U,A3,TSI 

~-,Y:;;l('J,IY 
SAY[HO JS US:(0 H,i roATAo\H STAHM["IT 21!1 
SAYft\O:AHOH 
! TR:::L YR 
JYR-::L YR 
("ALL O.ITCHKILOI\Y ,UIOH, LYll,LMONTHoL YRO,.Y, !Jt[AO ,11 
MONTH=LMOHTH 
TYROO :: L YROAY 
IOAT;.IYRflAY 
Jr.A Y :I YROA Y 

Modeling 

c------------ - ....,__, _____________ ---- - -----------
c P[AO LENGTH Of lIN[ STEP TN l"AYS 

c------ ------------------------- - - --- ---- -- - ---
TPEAD:::1110 

1110 A[AOll<A,201lST(P 
HI. NOT. SUHlNP HIRTH IL Po 701 !R( AO, J,;;Jrp 
?r'CISHP,L£,OIIST[P;.1 

c------------------'-"'------------ ---- - -------- ---
c A:[AO [NOINC OAT[ or 'i=-ll"ULATIOH 
c----- ------------------------ - ---- ------- - --

1130 RrAOll<R,J,OILOAY,ANON,LTR 
Ir I• NOT• SUHINP )WRITE ILP, 11001 IA(UhLO AY ,AHON ,L YP 
KTR=Ll'R 
CALL QA TC MK I LOAY , ANON, LY o ,l Nt'IN, NO• l', IP[ AO, 21 
Kr AT =NO A y 
KST[P'i::: fLOATIK".IY-J"ATI I FLOAJlgffl''I • 0,'!9 

11,0 WRTT[C LP ,11'50 , .. DAY, SA Vfl'IO, JYR ,LOA y, .... ON ,K yp ,JOAY, 1(0 AV, Isrrr,w,;r [PS, 
1 EILANK 

450 '"ORIUll'0',122,'SIMULATION WILL Ru~: rAON',l3•1X,AJ,'5, •TO',!], 
1 U,AJ,T'i/ 

122,"JOAY ;•,T4o6Y,'l<OAY : 0 ,I6/ 
T22 ,'L[NCTH or Tit"[-STfP rn on~ :::• ,li+I 

Cl 122,'NUKB[H or TINf-ST[PS OUR•!NG 'SIML'LAT!{IN ':'',1'5/lfll) 
T'"IK{lAY.r;T.JOATIGO TO 4Tn 
fOROR=,nwr.. 
WRITE ILP,\001 
WPIT[ILP,4&{)1 

<11;6(1 F CANU I• O(NOT NC {HTC Cr S. !HULA TION rouALS OR PA[C-f.0£ S ST A<tTI r,t; OAT 
1r•1 

47(1 KLitlll -: 1600 
IF 111.'iTEP'S ,LC, KLitlftl ~O 10 lf90 
[QROP : .TAur. 
Wfl!T[ ILP,1001 
'WPIH ILP,41801 1HIHT T 

11!0 r'ORIUTl'O',T20,'NUMer 0 QI" TIM[-ST[P'S cxcr.ros LIMIT or•, YG/ 
1 120, '11ATA IIIU 8[ R[AO BUT Slt'ULATlICN WTLl HOT er P[ArOA~o• I 

ll'HI roNTJNur 
C --- - - - - - - - ________ _. ____________ - - --·- - - -- ------ - -- -

C A[AO OAT£'- or INTl"RN[rlo\Tr REPORTS 
c------ ------------------------------- --- - - ------ - ---

r•LL PE AOA 11 HA[P ,Kl' J,-c, NR[P, H~EP, [11Pr-R, RC~fCK, 11:R ,Ll'I ,JI 
c----- - - - - - --- - - - ------------------- - --- - - --- ---- - -- --
c ll!"AO OAT(<; roR PATNJP-4G IHTCRMEOTAT[ C.t.LCULAtlONS 
c----- ______________ .., ____________ ----- - ------ - ---

c ALL Rf AOA T IMPRINT ,M MM, NPA INT, IP9 I" T, ERROR ,ACH(CK .1<R ,LP, 4 I 
c---- -- -- _________ ., _______________ -- - -------- - --
c RfAO r,(rINifl('N,r,; IHAOl.fSJ or STAT( YAPIAAL[S 
c----- ---------------✓--------- ---- - - ---- - --

500 TPE AO= SO'> 
DO 510 l':'l ,Nf"R[LM 

'!>05 P[AOIKRt]OltrRANo\Mll.Jl,J:::l,JI 
51 D !f I, HOT .SUMI NP JWR IT( IL P, 80 I JR[AI', If PA HAN I I, JI ,J=t ,J J 

T>I NPLNtS.Lf.,U IGO TO S 110 
I Rf AO; 51 "i 
00 S20 T:t ,NPLNTS 

SlS ~AUIKA•301lYSPHANll,Jl,J':l,~J 
570 tf I, NOT. SUMlNP IWRTTC IL P, 801 IR £AO, IYSPNAHI I, JI ,J=t ,5) 

IR00:'525 
00 5JO I:t ,HORGAN 

525 A[A0tKA,.101IOAGHANII,Jl,J=l,ICI 
530 Ifl,NOT,SUHlNPIWRTT( ILP,801 TR(AO, IORCNAK(I,Jl,J=l,411 
51110 IFINANIMS,L[,OIGO TO S60 

me Ao-:s, s 
00 550 I:-\ oNANJNS 

5115 R[AOll(R,JOIIA"-PNAHll,Jl,J:1,SJ 
ssn tF I. NOT. SUH I HP IWAIT[IL P, 80 I IR( AO, I A'SPMA" tT ,J) ,J= 1, SI 
560 H'llHOLlT,L£,01CO TO SIIO 

lR[AO:SfiS 
00 570 T=t,NOLIT 

565 Pl"AOIKR,JOIIALINAl11I.JtoJ=l,SI 
S10 If I. NOT• su"IHP IWR1T(fLP, 801 IR[ AO, f ALINA" IT ,JI ,J-::1, 51 ~-----------------------------------

c P[AO PUHT INITIAL. C(INOITIIONS 
c--------------__.,__, _________ - - --- - ----- - --

s8o TF"INPLNT'i,L[,OICO TO 720 
TR£ AO: 540 

590 P£AOIICR,301RCH£C)( 
IF I• NOT. 'SUMIHP IWRIT[ IL P, SO I IR£ AO ,R CH(CIC 
IRE AO:: S'J S 
flO 710 I=l,NPLHTS 
00 710 J:::1 ,NORG AN 

s,s R[AOIKR, 10 IOW, IVRATTCIII,J,I( I ,K=t oH,.-A[LNI 
1>00 IF I. NOT• SUNINP IWR IT[ IL P, GO J IR£ AO oOII, I YRl TI Oil, Jo KI , K :1 , NrR[LMI 

lr-'IIRUIOll•J,11 
lf'IO.LT,0.9100 TO 660 
TFINFR(LM.[Q.SIGO TO 610 
ERROR= .TAU£, 
IIRIT£ ILP, 1001 
IIRIT[I LP ,610 I 

610 :roR"ATl'OO[fAULT VM...UES OF CH[HICAL CONPC'SITION HAY 8[ US(O ONLY 11 
lW"N TH[A( AA[ J CARBON FRACTIONS PLUS NTTPOGfN ANO ASH [L[HfJ,/"fS'/ 
l • [X[CUTIOH or ,r,;uSROUTIN[ A SOR TEO., 

GO TO BfiO 
620 L=a•o.1 

IF(L,l£,NCAT[CIGO TO 6~0 
"11'1TfllP•1001 
IIR IT£ CLP ,r; JO INCA TfG, !A[AO, 0 

630 fOPNATf' POtNT[R TO OHAULT VALIJ[S fOA CHCNCU.L COMPOSifl!CN Ot•Cfft' 
15 LIMIT Of',IJ,SX, '[RPOR oCCLRR[O AT roRT'IAN SlAT[N[NT' NO,•, I,/ 
2 • UNROUNO[O YALU[ or POINTER IS 1 ,r6.JI 

f:O TO 710 
6~0 rl) 650 i<=I ,NfA[LH 
650 VRUIOtI,J ,K 1:0ffRATIKoLI 

SUN = OfrPATINFR[LP ,tt 
60 TO 6,e 

660 'iUN:O. 0 
00 610 K=NfR&Cl,HrR(U4 

670 SUN::SUN+VRATIOIT,J,K I 
lf!SUH,GT,0,0100 TO i;qo 
wntT[ILP,1001 
IIA ITEi LP ,f.80 I TR[ Al) 

fj,8ff f"ORNATl'OCH[NlC•L COlfO'itTto•r YALU[S "T'iSINC AT fORTAAH STATfN[NT 
lNO, • ,JIJ I 

(RROR=, TAU£. 
W"IT( ILP,1001 
r.o TO T\O 

6'1(1 OF :: 1,0 l'iUN 
rACTVCT,Jl:::Of 
TOTAL CARBON rIMf'- or [OUALS Ol>Y WT 
00 700 K=l ,NrR[LM 
C\l[GI I ,J ,)( 1:ow•VR ITT ('II T, J,K I 
YRATIO 15 SCAl[O SO IT [OUALS CH(,.ICAL CONSTITU(KT A,r,; A PAOPOPTIOH 
OF TOTAL CARBON INSTf•O or A PROPOPtll'lN OF CAY "•TT[R 



Valentine 

,., 
llO 
Jll 
ll2 

JlJ 

"' 115 
11• 
ll7 

"' '" "' 321 

'" "' '" "' ,,. 
327 

'" ,,. 
.BO 
JJl 
JJ2 
JJJ 

"' "' '" 337 
lJ8 

"' HO 
l'l 

'" HJ 

'" ,., ,., 
J'1 ,., 
"' ,,. 
J51 
J>2 
J5J 
J" 

'" "' "' "' "' 360 , .. 
J62 
J'3 , .. ,., 
"' '" "' "' 370 
l71 
172 
J7J ,,. 
:ns 

loo \IQATJOfl,J•KI; VP.lTIOtI,J,IO•Df 
HO COIHUwr 

c------ - -- - ----- ----------- - - - -- - - - --- - - -
C RrAO ,C,H(O S([O POOL INITIAL COHOTTIONS 

c---- - - --------- ----------- - --- - ------- ---
c ALL lNIT 1L t srco ,SAA TIO, ,o,xPu tl'IAX CH( ,N PL HTS , HFR[LM • ornu. T, 

1 Hf'R(LP,NCAT£G,FACTS,HFRlC1 ,ERROR ,IClhLP> 

c---- ------------------------ ---- ------ ---
c lffAO IMIT!A.l. AHil'IAL POPULATION 0£NSIT1£'i 

c--- - - - -- - -- -------------- - - - - - - - ------ - -- -
120 lf"IUNTMS .LC. 01 00 TO 750 

TR£ AO::: no 
lJO O[AOll(R1JOIRCH(CK 

tr C •NOT• SUMINP IWPTT( n. P, 50 I IR( AO ,R CH£CI( 
TREAO:ns 
00 7110 T:l ,h'ANil'1'S 

135 RfAOCKfhtOIPOP(II 
lq O IF I. NO t • SUHINP 1w1nn IL P, 60 I JR[ •o ,POP II I 

c---- - - - - - - - - - - - _______ ,.. ______ - --- - - -- - -- - ---
c Pf•C INIT IA.L VALU[S Of ANIM•L 8IO~ASSfS 
c------------------------------- - --- ------- - --

CALL I NI TTU CBI 0~, AIU T 10 , ilAX ANI,"' A XCHC', NOl'IMS ,NfA[L I" ,DEFRA T, 
1 NFR[L P, NC• T(G ,f ,t.CT A, NrPACl ,ERROR d(R, LP I 

c----- - - -- - --- - - -- - __, ___________ --- - - ---- -- - --
c Rl'"AD INITl.l,L. IHOMAS<;[S OF Df•O ORGAHTC MATT[P. TTP[S 

~-----------------------------------
7'50 If'" INOl IT .Lf. 01 GO TO 71.0 

r A LL TN I TTL I rt IT ,ORA Tl o, IUIOOK ,MAX CH[' N OLl T ,N rR[LN ,O(FR AT. 
1 NF REL P, NC ATr<;, r A CT I', NrPACl ,[RROR, KP, LP I 

c---- ---- -- ------------------ --- - ------ - ---
c RrA,0 INITIAL e10,ussr,; or SOIL ORGANIC MI.TT(A 

c----------------- ---------------------- - ------ - ---
11,n l'" I NSOIP'f ,L[o 01 GCI TO 790 

r•LL INTT!LICORG,OIU PO,"'XS!"H,f'IXCH[,NSCIOJ>f .~rP[Lw,ornat. 
1 NFR(LP ,NC •T [G ,r ACTO ,NfRACl, [RP')P, l(R ,LPI 

c---- ----------------------------- - --- - - -- --- - - --
c R'"•O INITIAL Y6LU[S -,r AYULAPL[ SOIL NuTn!rNT'-

c---- - --- ---------------------------- - ---- - - ------- - ---
lR[A0= 77n 

770 •ffAOIKR, JO IACH[CI( 
If'" I. NOT .SUH UH' )Wr.' T Tf'" 4L P, ~o I !R[ AO ,RfHrr.l( 
rnc1.c=nr; 
CO 781J t=l ,NSCHPT 

115 lffAOIKR o 10 11 CHIN IT tK I• I(: l ,N[l[~S I 
7ij0 l r,. NOT. SIIHINr> !WP J Tr IL P, f>O I JR[AO, I CKIN 11 ,I( I, ,c::: l ,Nr L[H<; I 

c-------------- ------------------ - - -- - - ---- -- - ---
c R<"AO O[J'THS or LO\ICP '-URFACfS OF" ',Oil LlYrRs 
c---- - ---- _____________ .., ____________ - - - -- - - - -- - -- -- - -- -

7C!O Tr INHORP.Lr.01110 TO 8'i0 
T"![ 1.0: 110n 

1100 Rf ID O<R, JO IRCH[CK 
tr c. NOY, SUNtNr I \IR 1 TT l LJ', 50 I JR[ AO ,?CH[CI( 
lR[AO:l\\n 

I'll O R[AOI ICR, 10 1 IHORD[PI I I• J: 1,NHOR Tl I 
ff I. NOT. 5UMTNP IWPIT[ IL P, £,0 I IR[AO, I HORO[P l JI, 1= 1 ,N40RI l 1 
l'-"fHOROrP1 llolC.O.OtGO to lnO 
f'IO 820 lc:?,NHORI7 
ff"fMOROrPlil,L[,HOROfl'III-ll!GO H' "130 

ll20 CONT INU[ 
C~ TO li!5(1 

8]0 rRROR=.rRu[. 
~JT[ llP,1001 
WRH[llP,8'+01 IHOR0ff'ITl,J:-t,NHOPT11 

e .. o FORHATl"OrRROA IH OfPTHS or SCIL HOPIZON'j:.',f,J:,•O(PTH"; .lR(',GF7.0I 
ll!iO CONT JNur 
860 prTURN 

fND 

SUBROUTINE DATCHK 
8 ION[ •OE S[R T ?S H'I 1 I, OA tCHK 

10 
11 
12 
lJ 
1' 
15 
16 
17 
18 

" 20 
21 

" ZJ 

" " " 21 

" " JO 
Jl 
lZ 
JJ ,. 
J5 

" J7 

" " •• '1 ., ., 

SUBROUTIN[ OAT CHK IL D.I. Y, ANON ,L YR ,LNON TH, NO AY, TR[ Aft di I 
lOGICll !:RAOR 
COHHON rFlLCS/ KR, LJ>, H'H, 11$2, 1'53, NSlRfC, HS2PCC, "53R[C 
CONNON rT Tl't[S/ IYROAY ,H 01. Y, HONT H, IYR, J'fR, I( YR, I DAY , JO 1.Y, KOAY , 

rNONTHf 121, IS TrP,NST[PS,Hl'>I.VS 
COMilON rHTSC/ CRROR,RrH[CKl201,BL•HI( 

IFILOAY.NC.]t>GO TO 20 
VR I T[I LP ,11'II L OAY , lMOH, l YR, AIOOH, l YA 

10 rORMATl'O• YfAR COHS•St,; or TWClVf J0-0.Y HOHTH'S• THC OAT[• ,lJ, 
- 11,Al,l5,' \ITLLB( CHANr-CO TO JO• ,13,ISI 

LOAY=JO 
2ft ll"ILOAY.L[.O .QA. LDAY,GT.JOll'lO TC 100 

IF f LYR.lr 0'1 I GO TO 100 
00 70 1:1 ,12 
lflAHON ,CO. XMONTHITI IGO TO "'20 

70 CONTINO[ 
·100 ClfROfr-'., T RU[. 

WRIT[ ILP,!17,_!il 
ar .. s rORNAffrTJ0,81 '• 'I, •• 'ITJU, •• [ A R C P •'ITJ0,81 •• • ,, •• 'I 

GO TO 11011102,lOJ,tOIJ,II 
'101 WRIT(fLP,1'."IOIL0.0,ANON,LYR 

GO TO 800 
102 \IRlT[l lP,Z20 ILDAY, AN rN •lYA 

GO TO '100 
10] WATTCILP,l';IIJILOAY,AHCN,LYR 

GO TO 800 
10'1 WRIT[ILPtl221LOAY,lHfli,LYA 
19D roRHATl'OTHC F"Oi.LOWING OIT( or THC SHAT or THE SIMULITION IS H[AN 

-TNGLCSS' ,l OX, 12, lx ,Al, IS I 
220 roRMATl"OTH[ rDLLOWINC OAT[ or THE [HO or TH[ STHIJlATroN TS f'CN.UN 

-GL[SS' ,lOX ,I? ,11 tl.J,JS I 
290 roRNATl'OTH[ FOLLOWIHG OAT[ or A R[f"ORT rs N[AHINGL[SS•,·1ox,I2,1x, 

-AJ ,{51 
]22 fOAHATPOTH[ FOLLOWING OAT( roR PRTNTING IHT[RM[OIATC RfSULTS IS H 

-rANINGL[SS •, lOX,12 ,11, Al ,T 51 

800 RrTURH 
820 lMOHTH = I 

NflA'f:]O • 4LHONTH-ll • LD•Y 
JF!LTR.FO.JYAIGO TO 'JOO 
HnAT: llYR-ITRHJ60 • NOIY 

·900 Rf TURN 
[HO 

SUBROUTINE READ AT 
BJ OH[ •DE S[RT7ST~I I I, R[AOAl 

1 SUflROUT IN£ R(AOI T o,RrP '" OIH, HR (P, TPrP, [RROR ,RCH[ CK, IIR, lP, T SW TC HI 
2 LOGICAL rt:11i'OR 
J LOGICAL SUMINP,SUYIHr, SUAINP ,SUSTNP 

10 

COHN OH /[/".HOCH/ <;UHINP ,SUYINP, SUA TNJ' ,SUS IHP 
OJH[NSTON NAfPIHOTHI ,RCMrCll 1201 

l roR,.•rn-151 
T f"OAMATIT7,I5,' A[AOAT' ,111re1 

11!10 l'"ORl'Afll2,U,Alf'"I 
HS FOAK•Tct7,IS,• R[AOAT',TS,U,.l,l!il 

24 

11 RfA.0 HUNRCR Of' OH(S 
12 
1] TR[ AO: 281 
111 281 MAOIKR,21NRfP 
15 If" I. NOT. SUHTHP IWPT Tf IL Pt 71 IR[AOo NR[P 
lG l""INACP.[Q,O IGO TO JO" 
17 
18 PCAO OIT(S 

" 20 IRCA0::2e2 
21 00 JOO 111:~P::] ,NR(P 
22 282 lffAOOtA, ll!OllOAY •AHO,_., LYP 
ZJ Ir I• NOT• SUH I NP t WAIT( IL P, 11'1 5 I TR [AO ,LOA Y, ANON, l YR 
2- NHIHUS:MOTM-1 
25 IFIIR(P,t.r,ilHTNUSIGO TO 28A 
26 [RAOA=. TRU( • 
27 WAIT[ ll.Pt8711"il 
28 87,_5 FORHATI/TJ0,81'• 'l,'•'IT]O,'• [RAO P •'tTJ0,81'• "l,"•'I 
2<J GO TO tZSJ,Z&J,2~J,2~1,J'iWTCH 
30 283 WRif[C lP ,285 INHINUS 
31 GO TO JOO 
32 28,_ WRIHlLP,7861HHTNUS 
33 GO TO 300 
l'I 285 roA,UTl'OIOIITMUN OP ,IJ, • INT[RM[DUT[ ArPORTS HAS 8E[N fXC[[O[Q•I 
lS 21£, rORNATC•OMAXTNUH OP ,Tl,' OAHS f'OR PRINTING THJ[AH[OU,Tr CAl.CULAT 
JG -!CNS HA"i MEN £XC([0£1)'1 
37 288 CAll OATCHKILOAY ,lHON,LYR,Ll"ON,HOIY, 111:[IO, lSWTCH) 
38 NR[PITA[PI =NOAY 
39 300 CONT IH'\JE 
'10 Irflrl'A(P.Lf',1 IGO TO ](7' 
Ill 00 308 1:2 ,NR[P 
112 TFfHR[PIH.GT.HAfPCI-\ IIGO TO ]0111 
113 fAROA : ,TRur. 
•- \IRJf( ILP,8711'il 
-s GO TO Clm ,J01,Jm ,lU?l,tSWJCH 
._, JOI IIRIHILPolOJI 
Ill GO TO 306 
._II 302 MRJHI LPoJ0-1 
-9 '303 roRIOTl'GOAHS or REPORTS ARE OUT or ORO[R'I 
so ·1011 roR"AT1•oonrs fOA PAINTING JNT[R,rf()IAT( rALCULATIOHS ARf OUT OF 0 
51 -ROCA •1 
52 J06 WRJT[ILP,lOTlfNAP'tlltL:1,NRfPI 
Sl JD7 FOA"All' 0.lT[S .lR£ ',70151 
5._ 388 CC'NTINUf' 
5!i 'JO, HR[PINArP•U=,,,, 
56 C'O ll.JI TArP:l,NRFP 

57 HIMR(Pl!R[PI.G[.JDAYIGO TO ]11 
58 310 COHTINU[ 
S<J 311 RrTUAJrj 
60 £HO 

SUBROUTINE INITIL 
8TOH(•O[S[RT2<;TNI 11. INITIL 

SUBROUTlNf INITIL l'i.\', XR•TTO,"l,Nl(,f•I,NK,OffRAT,NfR[U',NClTFC, 
- FACfl,HffUC1,rnuoR,l(R,U'I 

LCGICI.L SUH THP ,,;uvtN r, SU4 TNP, -:us INP 
LOGIC•L roqop 
C ONMOJ<t /[ ".1.tOfH / "2HH NP ,<;UY 1 NP, SUI. tNr ,sue; HIP 
01 H[HS ICN SV IHI •"KI, lP AT 10 1,.r, NI( I, FACT XI IOI I ,PCH£""1( 1701 
l'TH[N'ill'"I Of.FRlTINfA[lP,NC,TFGI 

8 1 roRKIT(Tr10.01 
'J ] '"l"RMU17.n•~I 

10 !'i f"fRKllll7,I";,• IN!TIL' ,'4X,20AIII 
11 (, '"CAHlT!l7,IS,• 1NtlIL',7f"l£,,SI 

" ll 
1, 
15 
1' 
17 
18 
1. 
20 
21 
22 
2J ,. 
" " 27 

" " JO 
Jl 
JZ 
JJ 

" J5 

" 37 ,. 
" .. 
" ., ., .. 
" .. ., .. .. 
50 
51 

" " " " 

81'+5 n•Rlllll/T~U,81'• .,,.,·,1:,u,·• 
!A£ •o: ST? 

'51? RrAOft<P,]IRCH[CK 
rr,. NOT. <;uMINP IWRilf IL P, s I IRr,o. RrH[CI( 
IR£AO=S75 
'OC S'lS lc:t •NI 

57S R(lO IKR, UOW, IXR•T TO IT ,II: I, K:l, HK I 
rr •• NOT .'!,,IJM JNJ' J\10 l J[ CL p, f, I TR£•'), DW ol IPIJ"OI T ,111, K:1 ,NI() 

flfCAUSC or TH[ ra..LOWlNG qAT[H[NT, TM[ flRST CHD'lCH CONSTJTU[NT 
c;;HOULD N[Y[R B( IOOA[ TH•N 100 P(R (l'"NT 0'" ORT HATT[R 

L=XAIT!OIT,1 l•lJ.01 
IflL-lT.llGO TO 578 
trll-lf.NCAT[GIGO TO .-,76 
(RRCR:.rRu£. 
VRlT[ IL"•87,_5 I 
\IPJY[l l P ,Iii '43 HIC urc, TR[IO, L 

'+-l roRHAl C •o•,rzo,•PoTNT[R TO otr•ulT YALU[S ron CH[~ICI.L 'Ct"t1P1>Sntr 
-N [XC[[O<; LIHIT Of',1J/T20,'CPROR OCfUR[C AT FOATDO STAT[K[WI" 1-0, 
-',H•• or SU6ROUTINC INITlL•IT21lt'YllUC OF POINTl'"R WAS'f'll 

GO TO 'i'lS 
5T6 1:10 577 1(-:J. ,NK 
577 X'UTIOIT ,KI ::: O[FP:IT II( ,LI 

SUH : O[F"RATINrR[LP,ll 
no To ses 

s1e c;uH:o. n 
DO 580 K:NrRlCl,NK 

58ll 5UM:SUH•XAATIOfl,KI 
rr1su11,or.o.01co To !'illl!i 
CP.ROR : , TAU[ • 
WRITE ILP,87._S I 
VRIT£1lP,._601JR[l.0 

460 roR"ATl'OCH[HICAL CO~OSITION YlLU[S NfS"iING ,r f"ORTRAN STAT[H[NT 
-NO,' ,15, • IN SU8POUT!H[ TNlTIL'I 

GO TO S'l~ 
585 r,r=t.O/SUt' 

t'ACTXfll:Cr 
no 590 H:1,HK 
1-YI I ,K 1:(IW•IAITT!'f I, 11:1 

S'JO xRaTJOfl,l(l=xRATIOtI,Kt•OF 
595 CONTINUf 

Rf"TURN , .. 
SUBROUTINE GINPUT 

8 JOH[ •0£ SC RT 1SY I'! 1 I, GINPUT 
1 SUBROUTINf GINPUT 
2 LOGICAL SUH!NP ,SUVIN r, 'iUAlNP ,SUSTNP 
l LOG TC AL SUINI T ,SU IN l 11, SUL• ST, SVGRFS,L Hlk tLN• X, CAR OR 

LOGIC Al <;UPL NT ,su•NIH. SU OOH. SUSOTl 
COMMON /[C'HOCH / 'illN HI' • suvr NP' SUAlHP ,<;USINP 
COHHOH /FILE'il ICR, LP, HSI, HS2o IIS], IIS1R[C, HS2R[C, '6]RlC 
C01'1HON / SWTC!tS /SUIN It, SUTN l H, 'iUlAS T, SUGRrS ,SUf'LNT, SU ANT H, SUDO", 

1 SUSO!l 
COMMON /NTSC/ £RROP,QCH[(llfZOl ,8LlNI( 

10 C'OHHON /'lLIHS/ lINGRA,LlNPG,LlMCIJR 
11 COHMON /GRIHFO/ V>IAN1601,TB0UNOC60,lt,hD1!(~1601,HV6LS 
12 COHHOH /ORAPHS/ PrRTOO,JUXtNGRHS,NClJRYl• 
lJ JOAlllll,XOATl121,lOATl121, 
1, 
\5 .. LHIN I'+ 01 ,UUXf 1101, Al'l/'I Ill 01 ,AMI.I I 'IOI, 

NCURYS 1110 I• JIORE<; I £,0 I 
nIM[NSTON JJIJl,flLLfRllll,TlTL[l11'1 ,£1(PL,NITI 



17 
18 

" 20 ,. 
22 
2l ,. 
" 2• 
27 ,. 
" JO 
l1 
l2 
Jl ,. 
JS 
J• 
ll 
J8 

" ,. 
" ., 
., .. 
'5 ,. ., 
•8 .. 
50 
51 
52 

" ,. 
55 
56 
S7 
58 .. 
60 

" •2 

" .. 
" .6 
67 

" ., 
70 
ll 
l2 
ll ,. 
75 
76 
11 
l8 ,. ... 
81 
82 ., 
84 

" 8• 
87 
88 
8. 

•• •• ., ., .. ., .. 
91 .. 
•• 100 

101 
102 
lOJ 
10• 
105 
116 
107 
108 .. , 
110 
111 
112 
11J 

'" 115 
116 
117 
11• 
11' 
120 
121 
122 
123 ,,. 
125 
126 
127 

"' 12, 
llU 
lll 
132 
llJ 
1,. 
1 l5 

"· lll 

"' ,,. 
1'0 
1" 
1'2 
1'J 
\ .. ,., ... 

£0UlVAL(NC( IJJfll,JJll, IJJ421,JJJI • IJJl31,JJKI 
Olitl FJLl,.fR/11•0•0/,c;;\JBNAt'/'G!NP'/ 

25 Modeling 

SUBROUTINE EINPUT 
OAU ~TOPP/'STOP'/ 8IOMC•0£S[RT2'i't'PIC 1 ).[INPUT 

10 fORHAT I •o• ,100 I'-• II' 8((;1JHf!NG B£CUTION Of SUBf>OUT !N[ GJNf'Uf 
1- R[AOTNG or INSTRUCTIONS FM GR4PHICAL OUTPUl'/lX,lOOl •-•11 

20 fORIU,TlllllSI 
JO fORf'l.'11:,0"'+l 
110 fORMATf'O',T20,'GIUPHICAl lHPUT WILL 8[ SKIPPr-0 AS R[OU£ST£0"1 
so roRPUT C All, lX ,l 15 ,2 OX ,7 ., I 
60 roR1'1ll1'0',T20,'R .. QU['UE'O NUHA[R or GRAPHS [XC[[OS lll'IT or•,!31 
TO f"ORPUTI/TJ0,81'• 'l,'•'/TlO,'• [RR OR •'ITJ0,8f'• 'l•'•'I 

Tf I. NOT, SU/1 INP IWIH1£ IL P,·101 
T<;AV[ :: 1 
Tf"f, NOT. SUGRf'i tGO TO '\ 0 
WRfT(ILP,1101 
GO TO TTn 

80 TR[AD='JO 
'JO R[ADIKR,JOIRCH(CK 

If I. NOT. SUM IHP IWR nr I\. p' 1001 lR [ ao, ~c: HECK 
fflRCH(CKI l).H[oSU8HAIOGO TO 'tO 

100 roRHAT IT7,l5•' GIHPUf",IIX,20l'tl 
l<C:URV IS l COUNTER F~ CURV[S IN TH[ SlHULlTTON 
TCURV Tl l COUNTrR fOR CUAVES HI l SINGLE GRlPH 

KCURV=O 
120 FOPMlT (T7,I5,' GTHPUT",1'lHJI 

TGRlf:O 
c....., ____ ----- ---- _-.J_., __________ - -- - - - - -- - - ---

c BfGIN LOOP FOR [lCH GRAPH 

c---- ----------------------- --- - - ---- - - -
135 C(HHINllF. 

JR[lO:HO 
'NC" IS Tl'[ Hl1N8[P or CURVES ON TH[ GRlflH. 
'TITLE' l'i TH[ TITLE Of TH[ GflPH 

1"0 Rfl01KR,1'50JNC,Tlfl.E 
150 fORHlT I Tl, 1)( ,l 8l'l I 

rr I. NOT. SUNHtP )WR 1 TE I\. P, 160 I TR[lO,NC ,T lfll"" 
160 roRNlT (T7,I5,· l"'TNPtJT',IS,lX,20llll 

IF tT11L[111 .ro. STCPPJ no TO l]A 
JGRlf!: HlRlF+ 1 
IF I IIHUF ,GT. LIM6Pl I no 10 33!> 
H52R[C ;- TSlY[ 
WRIT£( H'i2 • HS2RfC IT IT LC 
J<;;AV[ = ISAV[ • 1 
Jf''lkC,L[,ltHPG ,ANO. NC,GT,01 GO TO 180 
[RiROR=. TIW[ • 
WRIT( ILP,7(11 
WIHT£1 LP ,1 7D I IGRlf' ,L D4 PG 

17D fORMlTC'OREOU[ST[O NU-08CR Of CURVES TN GRlPH HO,'• 
1 13•' El'C[[OS LYP'1T or•,rJ1 

HIil NCURVS I TGRlf )-::NC 
IREAO=l-tO 

l'JO RfAO IKR,2CIJI UtlNIIGIUfl,LHll'IIG'!AFl,APIINITGR.t.rl,lNAXflr.PAf"I 
200 f"ORPOT 12Llo8llo2r10,01 

tf' (, NOT ,SllHINP IWRIT[ CLP ,210 I 1Rflli0,UHN ITGA:Ar I ,l"lX I IGR lf" I, 
- llHNIIGRAFI ,AHAXI JGRAFt 

210 f'"ORfUT IT7tlS,' l"'TNPUT',lll',2L1,8%,2fl0,21 
c--------- _______ __,_., __ ·------ --- - - -- --- - ---
c RfGlH LOOP f,()F, [ 11,CH CURVE IH THIS c:tUPH 

c-------------- - -------------- ---- ------ - ---
IR[ ao= 2:rn 
tlO 320 TCURV=t ,NI'" 
KCURv=KCURV• 1 
Tf" (KCURV ,lE, LJNCUPI GO TO 230 
[RROR= • TRU[. 
WRIT[ ILP,101 
WRIT fl LP ,220 I L Il~CUR 

220 FOR"lrl'OA[OU[STEO TOTAL NUNB[R Of" CURV[S EXCE[OS Lt"IT or•,IJJ 
C:O TO J70 
•STOA:[' f(OLOS TH[ VlPTlBL[ HAM[ "TO 8£ GAAPH[O 
'JJ(TI' HOLDS THr 3 S.U8SCR!PTS Cif" lNYIOf" TH[ [l[l'l[NT IN TH[ 

VlRllBLf NAME, lT IS [Qll!VlLENC[O TO JJT,JJJ ANO JJK 
'[XPLlN' MOL OS Jl,I[ L .t.AEL or Tt4[ CURV[ 
•fILL(R' IS 11, DUMl'tY .t.RRlY user, TO HAKE Tttf R[COPI) U:NGlH 18 

W(IR!>S, THE ';lMf. AS THE LENGTH Of' TKf" 'TITLE"' ARRAY 
2JO R(AO tKR,SOI STOR(,JJ,[XPLlN 

Jf""l,NOT,'iUNINPIWRlf[ ILP,21t0I IREAO, STOPr,JJ,fXPLll,N 
2110 FORMAT ( T7 ,IS,' t'INPVT '• IIX ,Alt, u: ,Jl5,20X ,7lll t 

MS2R[C = TSAV[ 
wRITrl HS2'MS2R[C I [XQ ~ ,f"Ill(R 
y-.;avr = J'i;AV[ • 1 
00 250 J:1 ,HVRLS 
1rcsTOR[.(Q.VHlMll)ln) TO 270 

2 SO CONT INUf" 
ERROR = ,TRU[, 
WRIT[ ILP,701 
'IIRITE1 LP •260 IS TO Pf, IM lF 

260 FORNlTl'OTfi[ Vll,RIA8Lf NAM[ '"',lit,•• 1 IH GJUf" NO,' ,IJ, • IS ltHlLTf' 
1 'I 

P-0 TO 370 
•t • NO R-OTNTS TO TH[ VARIABLE NAHE BEING GRlPM(D 

27tl 00 280 J=t ,J 
TrfJJCJl,GT,I80UN01l.JIICO TO 290 

280 CONTYNUE 
CO TO 310 

2'JO (RROfr-.TRl,lf. 
WRllf" fLP,101 
W~IT[ ILP,30UI J,o;roru"",JJolJ80UP.01l,Kl ,k"=t ,) I 

JOO rnRl'tltl'OYll..U[ or OIHf"NSION',lJ,• CF• ,li.,•1•,t2,•,•,t1,•,•,12, 
1 'I JS TCO HTGH",SX•'BOUNOS AR[ l',J2,'•'•11•'•'•T2,'l'I 
r,:o ro no 
NOW CONvrpT TH[ 'i;UBSNHPT AOO,[S', 1<' TH£ r>[L4llll'E .t.flORESS TN' 
Cf'!R[ USINC TH[ <;HNQ,¥,:0 f."ORMULA, ANO P.[H[H8(RlNC THAT 'lt. roRmAH 
lRR.t.YS TY[ FIRST 'iUOSCRirT VARI(<;; r.1.sT(ST ANO TH[ LAST 'i;UPS(Q!PT 
VARICS SLCWFST 

J10 ll=O 
IF IJJl<.\'T.OI Ll.=T80l~O<I,11•I90UN011,;>t•IJJK-ll 
ti=o 
TJ"" (JJJ,CT,01 L2=1B0tj,l"Qll,ll•CJJJ-ll 
Jr IJJI.Lf",01 JJI=l 
JlOR['\ IKCURV I =I lORESI t I •Ll• L7•JJJ 

320 CONT lNtJf 
J]O no TO IJ'i 
JJS WRIT£ ILPd)O I lIMr:IU 

!GRAf':-JGRi\r-1 
c-------- ---- --- ___ ..,_.., ____ .., _______ --- - - - ----- - - -
C PIO LOOP fOR (ACM GRK"H 

~-----------------------------------
JJ8, CONTINUE" 

NGRll,f."S ;- IGR.lf 
]110 Tf I, NOT. <;UMINP IWR IT[ IL P, J5011<C~Y,NCPHS 
]50 roRMAT ('0',TZJ,'.l TOTAL or•,!],' CURY[S WILL er PLOTTEO ON', 

l TJ,' GRAPHS'! 
NCURYZ = IICURV 
rrt.NOT.-..vlHHPIWOITf ILP,)601 IJlf")RfStl) ,I::J.,NCuoVZI 

360 f."ORH AT I T1 J, • AOOP(SSfS or YAPI .l~l[ S TO 8( GllAPH(O;- ', 
1 10(1173,1011011 

J70 Rf TURN 
00 

1 SUBROUTTN[ t!NPUT 
2 
l Vf"RSJON fOR USE WITH PlHDOM lCC(SS f'"TL[ 11r fXOGENOVS 1')4fl 

QrAL llT 
l OCIC.ll SUM INP ,SUV IN P, SUl HIP ,SUS INP, Rl IHCH ,[~ POQ ,PR TNT 
COM"ON /(CHOCH/ SUMHP ,'iUVINP,SUllNP,SU'i!NP 
COMHON lf!L[S/ KR, LP, MSl, PIS2, P\<;;J, M'i;lR[C, '4S2't[C, P"SJ°CC 

"J C OH MOH I T't'M[ S/ IYRl'llY.,. OlY, MONTH, TYR, JYR ,KYA:, IIUY, JOl Y ,KO .t.y , 
10 l XHONTHl121,JSTf"P,HSTEPS,t-0lYS 
1l COHMON I PfH ING/ I PCP .,. R[P, HR(P 1211 , IPR IHT, NPrrNT , l'IPRI N Tl 21 t. ~HP, 
12 1 f>LAC[f181,UNIT'it!II 
lJ COMMON /NTSC/ [RROR,f1CH£C111201 ,BLANK 
111 COMl'.ON /WT 1-iRV/ DAT HIN, OA TMlX ,I) AR AJN, O.l CY lf' ,OlPIIO T 
15 CONHON /WTHRP/ fAClOll, lPHT,BPHT,fUIHCH 
16 COMto!ON /(XSlVC/LOf"C, J't'R(XO, KYRf""XO, l.lSPC-C 
17 l"'ONHON IVTHRP2 / r lCT T, f ACT[ 
18 0.ITl 'iU8NAH/"[JNP'I 

" 20 
21 10 fORMH C 7f."10.0 I 
22 20 fORHATUOISt 
21 25 fORNAT IT7, J<;, • (TNPUT', t.X, 10151 
211 JO roRN.lTllOf"S,01 
25 110 f'"CRN.lTf70lft) 
26 SO f"ORMAT IT7t15,' El~lJJ',IIX,20.lftl 
27 60 fORHll I Ll I 
28 11 f"QRNAT CT7,IS,' [HiPUT',ttX,Lll 
2'J eo roR"ATI/T,Q,81'• ·1,·••tT]O,•• [PR 0" •'IT)0,81'• .,, ••• , , . 
l1 
3' ~S If"l,NOT,SUNINPIWRTTE llPolOOI 
Jl 100 fORNlTf'0',1001'-'I/' 8[C1"NHING C:X(CUTION or SU8"!0UTTN[ [INPUf 
311 1- R[-'OTHG or [JQG£f'()U', \IARil8L[<;•1u,1ro1•-•11 

35 c-------------------------------- - ------ - --
J& C PEAD H(lt"lfR CARO 
)7 c--------------- ---------------- ---------- ---
J!I IR£ •o=no 
J'J 110 R[AOIKR,110 ,[Nf!='JOO IRCH(CK 
110 Ifl.NOT,SUNINPI WQITf CU',SOI IR[lO,RCH[CI< 
"11 lf'"IRCH[Cl<tll,Nf:.SUllHlHIGO TO 110 

112 c-------------------------------- - --- -- ----
IIJ C RfAO FACTOR<; i,,HJC~ MU. TIPL't' TfNP, PAIN AMOUNTS, ANO [YAPOOlftON 

1111 c----- - ----------------------- ----- ------- - ---
115 !"A[AO = lt.O 
it6 1110 RfAO IKR,1101 RCM(CK 
117 tf 1,NOT, SUHTNPI WRIT[ ILP,50) TREAD, RCH(CK 
118 IR[AO=t'iO 
4g 150 Rf.lO tlHl,101 f"ACTT, flCfOA:, ncrr-
so TJ" t .NOT. SUHINPI WRIT[ ILP,1601 TPElO,f.lrTT,f"lCTOR,f.t.CT[ 
51 1611 fOR".lTfT7,I<;,• r'J>tPUl' ,7f"16,'ll 
52 c---- ---- ------ _ _.., _________ ------ --- ---- ---
5] C RfAO T[.lR$ WH[N WfATlfE:R Olll ll[GTN B[GIP. AN'O [NO 
Sit C--------------- ------------- -- ---- - ------ - --
SS TREAD -: 200 
56 200 Rf.t.O IICR,1101 Q(Hf"CK 

57 lf (,HOT. SUHTNPI WRTT[ ILP,501 IR[AO, RCH[CIC 
!>II TR[AO ;- 210 
S'J 2'10 Pfl0 I KR,701 JYR[XO,K't'R[XO 
60 IT t.HOT. su"IN'PI WRTT[ ILP,251 JOfAO, J't'P[XO, KYP[XO 
61 LlSRf"C -: tKYP[XO - JYQ[XO • 11 • ]60 

H ~-----------------------------------
63 C R(AO LATTTUO[ 
bll C---- - - -- ---------· - _ _, __________ - - -- - - - ---- -- - --
I.Iii TR£AO - 1.10 
66 610 R[AO IKR,1181 RCH[CK 
67 rr l,NOT,SUMINPI WRITf" fLP,'iOI TRC,,O, RCl-lr.CK 
68 TR[A.0-:620 
6'J 620 R[ll,OIKR,lOIL.lT 
70 tr I, NOT ,'iUMINP IWRTT[ I\. P, 6.HI I TR (AO,l AT 
71 630 f0RIUTIT7,I5,' EIHPU1',r16,S) 
12 IF llAT ,GC, 25,0 ,lNC. LIT ,L[, itS.QI GO TO 638 
73 WRIT( CLP, 63 71 
711 637 f"ORNIT t' =•=•=•= P0SSIBL( [RROR =•=•-::.: VlLUC fCR LlTITUOC LOO 
75 -KS SUSPICIOUS' I 
76 6]8 CONTINUf 
77 A.PHY = 7]0,0 - 0,27•LAT • 0,007'JJ•LAT•LlT 
78 SPHT = .111,2 - 0.78•LAT • O•l•llT•LlT 

H G-----------------------------------
80 C R(lO wHrTH[R RAIN ,1,1'.0UNTS Will er PRINTEO OUIIIN(l SI11ULArrit'N 

81 c------ ---------·---------- ---- ---------- ----
82 TAElD = 660 
83 660 R[.lO IKR,1101 RCH[CK 
8't tr (,NOT, SU"TNPI WRIT[ ILP,S(JI IRfAO, RCH£CK 
85 IR(A0=670 
86 610 R(AOIKR,601RATNCH 
81 rr c. NOT. SUNINP tWPTT[ 0... P, 70 I JR[ AO·" A INCH 
ae ·<Joo Rf"TURH 
8'J [HO 

SUBROUTINE EXOGEN 
8IOKE •OE SERT2S.YN 111, EXOG£ H 

1 SU8ROUTTN[ EXOG[N 
2 
l V(RSION FOR US[ WITH RAHOOM ACCESS FILE or EXOGENOUS OAT A 

10 
11 
12 
1l .. 
15 
1• 
11 
18 

•• 20 
21 
22 
2l 

" 25 
26 
Zl 

" " Jg 
J1 
l2 
ll ,. 
l5 ,. 

LOGICAL RANGRN, G[R"OK 
,LOGIC.t.L PRINT, RltNCH 
COHNON /f"TLES/ KR• LP, NSl• MS2t PISJ, NSlR(C, MSZR[C, f'ISJPEC 
COM NON / T't'HES/l 't'ROA't' ,M Ol Y • HON TH, l't'A, J't'R, KYR, 10AY, JOA T ,KO l't' • 

XNONTH I 12 I, rs T(P, NST[PS •NDlYS 
fOHNON /PATTNG/ IR[P oHR[P,NRO> 1211 ,IPRTNT,NPRTHT ,PIPJllNtf211,PRlHT, 

Pl.lC[ll81 ,UNITSl8I 
COMMON /VBLS/ P01117,61 ,POPIOI Tl ,P0fl.Vt61 tPOMY0,5[[00Ml71,srnONY, 

1 lD"llOI ,lOMA,OOM I ]I ,DON T ,SOMI 11 ,SOMT • TOTOHtCY[C O ,6 ,s I• ,;[[On ,5 1. 
2 CBIOPII 10 ,5 t, ClITI l ,S 1,CORGll ,5 I, rMIH 11 •2 I ,POP I 10 I, CV(GVt 6, SI • 
J CVEGO(l,51 ,CWCGVOISI tlV[GCT,61 ,1v[GVl61,orno111,av[GVO, 

S[[OVC 51 ,lS([Ol71,ASCCOV,C8IO"l(S) ,A8IONllltl ,i1,RlONA,CLITTI 51, 
AL IT I] I, AL JT l", COR8H (51 ,lORGI 11 ,lORGH ,CHINN 12' I t[COTOT (51, 
A[COTO,SWPH( 61 ,SWPN C 81, STHl6 It STN 11:11 t0U11HYV I SO I• OUNNT.l I JOI • 
DUHN YS 12 01 ,own ER I 71 ,OCAR80( 51 , O[NOOG I (,I ,ON ITRO I 21 t OPROOlll 61 • 
VRATIOIT ,6 ,SI ,SRUTO 17 ,SI, AR lTIOllO• 51 ,ORATIOC ], 51, ORATlOI LSI , 
f.l(TVI 7, 61 ,f lCTSll 1, f"lCT l(l91, f"ACTOl 31 ,FlOTC 111 • D[f"R.t.T 16 ,1 Sl, 

- NCAT[G ,VSPNlH I 1, SI , .l SP NAM flO, 51, ORGNlfll 16 ,II I ,rlUHA" 15 •JI , 
l ALIH.lHIJ ,5 J 

C"OMNON / IITHRV/ O lTNIN+ Ol TNlX ,0 A.RA IN, Ol[V lP ,O lPHOT 
CO"MON /WTHAP/ FACTOR,lPHTt8PHT,R.tl"CH 
CONNON /[XSIVE/'l.REC, JYR[XO, KYREXO, LlSRFC 
CONNON / WTHRP2 / f ACT 1, F lCTE 
COHMON /RlTNGN/ RlNV[Clt.l, RANGRH, GERHOK 

tr CIOlY ,OT, JOlYI ro TO 105 
LR[C = C!YA·JYR[XOI • 360 T't'AOAY - y,:;T[p 
nu"""' 1711 -:: o.o 
..R[C = LR£C + 1 
WRfT[ ILP,100) JREC 

100 roR"lTl'OrtAST RECORD R[AO f'ROM wtATMCR flt£ Will ec•,n, 



Valentine 

Jl JI' CJRrc .LT. U WRITf llPt1021 
38 102roR"liff••'•'SJ,'+-.:GO'I 
H DO 104!1 l =t ,11 
11D 10111 RAHV(CILI = 0°0 
111 RANGAN :: ,fAL<;C. 
Ill C[R"OM :: ,ro\LSC, 
Ill ·105 CONTINUE: 
llll 7:CJTAnlHZ80.J+J,llll6/180, 
ll5 Oi PHOT ::( APHT +BP~H •SIN I Z I I /GO• 
116 01 :: 0 .o 
117 Q? :: 0 .o 
't8 Q] : 0 .o 
ll'l 011::0,0 
50 JA[C :: lA(C • 1 
51 KRCC :: I.REC ♦ IS f[p 

52 00 260 TR(C :: JRCC ,KACC 
SJ NSJR(C :: IREC 
511 yr IHSJR(C ,LT, 1l PISlA[C :: HS3R(C ♦ ]GO 
55 2•0 Jr lHS3Rt'.C ,LC- L 1,Sqf'CJ GO TO 250 
SG N<;]ACC :: "SJR(C - 360 _ 
51' rr. TC 740 
58 250 N<;JSAV :: .. SlRfC 
5q RfAO INC,~•ttSJP(CI 0All11N, 0,Ul'AXt J'PT, OA'"VAP 
GU !F IRAINCI-' ,ANI), PPT ,GT, U,01 W"1f[ ILP,2511 TYPOAY, ~J'>,l.1/o 
(,1 - 'HHl!N, r"IAH4A)(, f'Of, 0.\,.-VAP, 0APH01 
62 2,1 rcRNAT 111;,•]TAOAY,lJ''C,OftHHN,Oo\HUX,PPT,OlrvttP,n .. pHf!T:', 

GJ - 2te.,sr10.21 
611 00 252 L=l•l 
GS 252 RlNVlClll : R.t.NV'"f'IL•I I 
£.6 RANV[CIIII : PPT 
67 <;uH : n.o 
£.8 0025lt:1,4 
69 251 'WH : <:UH • F?ANV<"CIL I 
70 If ISUH .t;(. tO.O) R1'lGR1o> .TAUJ"• 
71 01 :: 01 • 0AH41N ♦ FACTT 
72 17 :: 02 ♦ l'\AHUX • F.t.CTT 
7J Ol :: OJ • PPT•f•CTOP. 
711 011 :: Oll • Oo\(YAf' • f•crr 
75 260 roNT JNOf 
16 lR[C : MRCC 
11 OATHlN : 01 I lSTfP 
78 OATl''llX :: G2 I lSTfP 
79 OARAIN : OJ 
80 {'IA[V"P : CII I lSHf' 
Bl JJ" I IOAY .co. JOAYJ OAPAJN : n.o 
82 0W"1U!f11:0wH[Rlll•OUU,IN 
8J •r tPAINT .OR, IO-'Y .,o. JOA't'I WPlTJ" llP,JUll OAJl'TN, rul'&X, 
811 OARAINt OA(VAP, ON'flOT 
85 JOO f"OAH.lT 1 '0-,-• [X[CUHNG SUBROUTIH( [JOG[N'/Tl,' OATl'/JN OATIUX 
8G -OARATN l)A(V.•P OAPHOT•t Tl.5F8,ll 
87 Jr 10ATH1N ,GC, DATHA)' .OR, OAUHN olT, -20• ,OR, OHP'Ar ,(';f, 115,1 
88 WAfH ILP,IJOOI CATHIN, OAHtU, TYP, IYP0A¥,JAJ"C 
89 q(l(l rn,uur I "OTNF FOllOWTNG YALU[S or MTN ANO HA)( TrHP[AHuOF LC('M( SUS 
'JO -PTCIOUS -•, 2FlO.l/ 'Y[,HI :',15,5ll,'JULTA"I PAT -:c'.JS,SX, 

"R[COIHl :',ISi 
0UH"TA41'JI OAH4JN 
C'UHNT"121U 0.1.THAJI' 
C'UNNTAl2Tt 0UHHYAl7' I • DARI.TN 
011NNU 12£.1 01.[VAP 
OUNNTA12f;t OAPUOT 
P'"TURN 
[HO 

SUBROUTINE STVNEG 
8IOMC•OCS[IH2SYNI 1 t. STVN(G 

l <:U8ROUTTN£ STVN(G I I JORo A, )I, SUf;Ulll"I 
Z LOGICAL SUCUHf 
l CONNON /FIL(S/ KR, ln, HSl, NS2, HS3, H'ilR(C, MSZA[C, NS3i;>[C 

COHHON , TYN[S./I YA OAT .N OAT, NO NTH, TYP, JYR, KTq •!OAT, JOA Y ,KOA't, 
ll;NCNTHI 121 • IS f<°Po'N'!T[PS ,NOi 't'<; 

CONl'ION /GRI NFC/ VH AH 16 Cl I 1 !80 UNO C 60 ,JI, UOO[S 1601 ,HY8lS 
CONNON I ~YN[GC/CR ASU~, TSVAOR I 61 

q DI.TA NOO/lJ/,NNI.N[S/~/ 

10 
11 HOO IS TH[ NO. 0,- VI.R!AOL[ NAN[S Pi:l(C(OUr THf" STAT[ VA.,U8Lf 
ll NI.HCS IN Ht[ /VBLS/ f)}HHON BLOCK 
1l 
111 Tl.OR IS TH[ AOORrss or TH( [L[~[NT R[Lol.TTV[ ro CV[Ofl,1,11 
15 IFIIAOR,£0.0lf.0 TO 600 
lG DO 10 I:l,NNAJ14£S 
17 11.:NNAHfS • l -I 
18 !fllADR.Gf.TSVAORIKI lf'O TO JO 
l'J 10 CONTINU[ 
20 WRI1[1LP,201 
21 20 f"OANATl'fl',T20,"CRROR IN SU8ROUTTNf SfYN[I"'/ 
22 - T20•'CN[CK CONNON a..oCKS ANO INITI.ll VALU[ SUT[N[NTS'I 
23 r;o TO 'JOO 
241 Jll'R IS THC AOOA[SS OF Tl-I[ [L["NT R(LI.TIV( TO TH[ f"TRS T [L[N[NT 
25 :T,; TH[ KNO'TH Vo\RTABL[ NI.fl[ l"' TH[ /Y~LS/ CONNON !tLOCk 
26 JO JIOR=TAOR-lSVAORIK 1•1 
27 KNQ : I( ♦ N0tl 
28 KNQ POINTS TO THI" Y8L NUH' IN CON,-ON 
Z'J J\ =: IBOIHH:'C KN!l, 11 
JO J1 :: IflOUIIOCKN0,21 
31 J'.' : IflOUNOCKNO,H 
JZ 11 :o 
Jl T?::O 
311 n::o 
JS yr IJl,rO,OIGO TO q£,O 
36 rr IJ2,Nf",01GC TO JS 

37 Tl =JAOR 
J:11 00 TO IUiO 
J'J JS CONJINU( 
ttO NCW we HAV[ [lTH[R A 7 011 J OIN I.RPAY 
Ill IrtJJ,£0.D!GO TO 60 
111 3 OHi APRA't'S 
IJJ JJ::Jl•J2 
llll L1 :JAOR/JJ 
q5 JAOA=HCOIJAOR, JJ I 
116 T:3:Ll• l 
117 l'"IJAOA,N(.OtGO TO GO 
H !3:Jl-l 
4'J J•OR ::JJ 
50 70 TS NO\I ,-IX[O, ANO ;J Ol"'S 1.R[ Lf,-T TO Vl'JRK WITll 
51 'i(l Ll :JAOA/Jl 
52 JlOA:-NOOIJ.t.l')R,Jl I 
SJ J1:Ll•J 
541 rr1JAOR.N<".OICO TO en 
55 12:11-1 
56 J.t.OR::Jt 
57 Tl tS NOW FTll(O 
58 !O It ::JAOR 
5'3 '160 tRRSUJII : [RRSUH •X t A 
60 1r I sucuNr I GO f(l SSII 
61 ~ fT[l lP ,o;OO INOA'f't XNC'tf THI .. ONT~ Io IYR, VNA,!(l(Nf'I 1, ll ,JZ, IJ ,X , A ,CQPSU,. 
E,2 500 FOAfll.lTI' ',T2,lX,A3,lX,l11,41X,,.,,,,.,r2,•,•,r2,•,•.12, 
£,J - ., :: •.G1,.r.,sx,•ocrTNC: ',G111,6,10X,'CUKULATT'Yr [APOR :• oGl'li,G 

26 

61J - I 
65 550 CONTtNur 
6G GOTO'IOD 
6T 600 WRif[(lP,6101[RASUN 
68 6UI fORfUTl'OCUHULATJYC [RROP IH O[CINC AT [NO or SINJLI.TION ::•.Gt.J.51 
E,'J '!100 Rf TURN 
70 rNO 

SUBROUTINE TOTALR 
BIO"[ •OC SEAT ZS TIH l I. TO Ul R 

1 SUBAOUTINf TOT ALA 

. 
5 COHNON /NUNS/ NPLNTS oHAHINSoNORGAN,N[L[JIIS,NFRACT ,NOlllhNrPACt, 
6 NI" ll[LH ,NFR[LP ,HORO(P C 61",NMrPI?, NSCl'IPT 
7 CONNON /V8LS/ POIHT,£.1 ,PO"OllltPOP'Vl61 ,PONV0,S[[00N171,SCDOflV, 
8 1 AON I UII , AONA, OOH I 31 ,OOtlT, SOM I 11 , SONT ,·TO TOH •C V[G fl., ,s 1 , srco 11, 5 ,. 
9 2 C8IONfl0o51,Q.ITCJ,Sl,CORGlltSl,CHINfl,ZloFOPf101,CV(GVCG, 5', 

10 3 CV[OOI T, 51 ,CVEGVO 151 ,AV[G I 7, 61, AVEGVl61, •vcr.o C 71 ,AV[GYO. 
11 S[COVI 51 ,I.Sf CO IT I , AS[(OV ,CBIONAI 51 • A 810N Cl 01 ,A SJOIU, CL IT Tl 51 , 
12 ALJT I 'JI, ALITT ,CORGHl!d ,.lORG 111 ,I.ORGH ,CflTNHI 2 I tCCOTOT IS I• 
1l AtCCTO ,SWPMI GI ,SWPNC 81 ,STH CG I, SfN 181 ,OUNHYV f 50 I ,OUHM't'll JOI , 
111 OUN MTS I 201 , OW UCA I 71 ,O CARBO 151 ,OCNOOG I 61 tON l7RO I 21 , OPROOUI GI , 
15 VRAT IOll ,6 .s I, SRATTO IT,!> I, AA •rro 110, 51 ,llAATfOI l• 51 ,ORATIOI U SI , 
16 FACT VI 7, 61 ,r ACTSll I, FACT.l 110), FACTO I JI ,r ACTOl 11, Of'.f"RAT l 6 .151 • 
17 - NC.lHO ,VSPPUN I 7, 51 ,A SP HAN f 10 ,5 I, ORGNAfl IG ,II I ,FRI.N.ll'IS ,JI, 
111 " ALINAIIU ,51 
1'3 CONNON /XT(NTSI LlNIT,LlNTOT,LHIOR'f' 
20 [l)UJVAL[HCr ISUNs,cvrnv, 
21 
22 
21 no 200 J=t ,LINTOT 
211 ZOO SUN'Sft 1::0.0 
ZS c~--- --------- - ----------- _____________ _ 
Z& CONPIIT[ TOTALS or PLI.NT STAT[ YAAIARL[c;; 
27 c---- ------ ___________ .. ________ - - - ---- - ---
28 IF 1 NPLIOS .LL 01 GO TO 'l'JO 
Z"t 00 1135 I : l ,NPLNTS 
10 c=o. o 
31 !"OIIJOJ::1,NOR""N 
12 e=o. o 
J:J [10 1128 K : l tN!\.(NS 
311 A:: CV[C::ll,J,KI 
JS CV[GOIT,KI:: CV[GOII,ICI 
JG 11211 CV[GVIJtKI:: CV[GVIJ,KI 
J7 00 II l'J I( =NFRACl olffAU N 
J8 A : CV[OIT ,J ,KI 
l'J 8::B•A 
110 CV[GOI ToKI : CV[GOlI ,Kl 
'11 't29 CV[CVIJ,111 -:c CV[fcVIJ,KI 
112 1.V[Gll,Jl:8 
Ill o\V[GVCJl=AY[CVtJl•6 
1111 IIJO c:C• 8 
115 AV[G01Il==C 
416 IIJS I.V[Gvo:Av[GVO • r 
117 00 1160 J=l ,NOAGAH 
1111 00 1160 K -:c l ,NrR[LN 
1$9 1160 CY[CVOIKI : CV[GVOIK I• CV[GYlJ,KI 

so c- ------------- ------------- - - --- ------ - --
51 CONPUtr TOTALS Of O[AO ORGAN TC N.llJ[R c;;JAT[ VART•6L[S 
SZ C ·---- - - -- - -- --------------------- ---- - ---- - - --
53 'l'JO IF' IHOUT ,L<", 01 CO TO 520 
511 oos101:1,NOLIT 
55 9:-0. 0 
SG 00 11 911 ti : l • Nrl CHS 
51 ll'J8 fltlTCKI: CLTTTIKI • CLTTll,11.1 
sa DC 500 K -:c Nl"P•Ct,N,..C''"LN 
5'J A:: CLJYll,Kl 
60 CLTTTIKI: CtllTIKI 
61 500 R::8t A 
£>2 ALTTIJl:B 
6J SlO ALITt::ALlfl•B 
611 c----------------- ----------------- --- - -------- - ----
65 CONPUT( TOTAL<; nr <;r.It 'ilATf v•PIBL[S 
r.6 c--- -------- ______ .., ______________ ---- - - ------- - ---
67 C.70 P'INllOR'1,lf,OICO lO 560 
6,8 no 5'10 T : l ,NSC!otPT 
G'J P.-:cO. O 
70 f10 528 K -:c l ,H~L[f!S 
71 COAGHIKI : COR'C~IKI • COPt:ll,KI 
72 528 CJIIINHIKI: CMJNHIICI • CNltlll,KI 
7 J 00 5,JO K -:c NfRlCl ,Nf"ofLN 
74 A :: CORIH J ,KI 
15 CORGHI IC I : COR(;H IIC I 
TG 530 8-:cB•A 
71 AORGltt:R 
78 51JO •ORGH::AOACH• B 

7<J c------------------------------------------
80 CONPIIT[ TOTALS Cf ~l•[O S[fOS 
81 c------ - -- - ---- ____ ......, ___________ - -- --- - - -------- - ----
82 560 rr I NPLNg ,LC. 01 r.o TO 700 
83 00 585 T : l ,NPLNTS 
1111 ~::o. o 
85 1'0578K::t,H(L(NS 
86 578 5£EOVIICI: S£fOVIKI • S[[OII,kl 
87 DO 580 K :: NF RA.Cl ,NfP[LN 
88 A :: SU:011 ,IC I 
ll'J 0-:.8 ♦ 1. 

'30 5!0 S[[OVI Kl :: SCtOYIK I • A 
91 AS([OIIl::P 
'J2 58~ AS[£0V::AS£[0V+8 

'JJ c---------------- ------------ - - - - - -------- ---
'JII CONPUT[ TOUlS er ANIHAL SHTf VARH8U'.S 
'JS c-----------------'--------------- - ---- -- ----
'J6 '700 fF IHANTN'i.LC,01 CO TO 7qo 
'J7 00 730 T :: l, N.INJHS 
'J8 8::(1,U 
<J'J POPA =: POPA • POPIII 

1(10 OC 720 K : 1, N[L[NS 
lUl 728 CAIO"A11<1::C8JONAIKI • CBIONfl,KI 
1U2 DO 72"5 K::NfAACloNFA[Lfl 
lOJ A:: CBIO"II,KI 
10'1 ft:6• A 
lUS 725 CBIONl.fKI :: C8IO"I.IK I • A 
lOG lftIOHI fl :: 8 
1U7 131!1 ABJOHA :: ABIONI. • 8 

'" ~-----------------------------------
109 CONPUH TOTALS ~OR TH( VHOL[ (COSYS1£N 

110 ,-------------------------- -------- ---- ---
111 T'tO 00 7SO K:1,NFA[LN 
112 75(1 [COT OT CK I :Cv[CVOIK I• S([OV II( I •CB 10,,.AIKI •Cl I TT I ti I +CCPGHIK I 
llJ AfCOTo:n.o 
1111 l)O 770 k::firRACl,J,/F'AEU4 
115 170 AfCOTQ::l.[COTO•(COTOTIKI 
116 R(TURN 
117 (NO 



SUBROUTINE DRYMAT. 
8 IO"[ •OE S[JH 2S YN I J 1. OR Y"AT 

1 SUflROUTHI[ OQ'f'fl'IAT 
z 
J O!N[NSTON fHHOT'il821 

COl1"0N /NUNS/ NPLN TS <N AH I 11$ ,'NORG AN, N[L[MS, NFPA er ,NOL Ifh NF RAC 1. 
N~ A[Ut, NFJlflP ,HOAD(P I 6J , NHOP T Z, NS0t"T 

COl1HON /V8LS/ PO.,. I Tf" ,p OMO I 11 ,PflPI\I 161 ,POK\/ C ,S[[O(h4 f 71 , S [00" V, 
1 AO" 1101 ,AON.\, D01'1131 ,t'ON T ,SONI 11 1SDNT, 1TOT''K,CV[G 11 ,G ,SI, SE(O f7 ,SI, 
2 CBIONI 10 ,5 I, CLIT IJ ,5 I• CORG Cl ,SI• C""INI 1 ,2 I ,POPI 10 t ,CV[GV U., SI , 

lu CVEGOI 7,51 ,CVEGVOISI ,AV[Gl7,61 •AV(GVIGt, •v£G0(71 ,.&V[GVO, 
11 SHDVI 51 ,AS[[Ol7 I, A'>.[[OV ,CfllOJO.I 51 ,A6l011UOI ,.&AIOl'A ,CllTTI SI, 
12 Al IT t l I, Al.ITT, CORGH I SI, AORG( 11 ,AORGH ,CK!NH 12 I ,rcoror 15 I, 
13 A[COTO ,SWPHi 6 I ,SWPNI 81, STHt& I, STN 181 ,OUMMYV I SO I, OUMMYAI JOI , 
H DUHN VS 11 0 I ,OW.HER 171 ,O r:ARBO I 51 ,OENOOG I 61 , ON ITPOf 21 , OPROOUI £,J , 

15 VRATIOl7 ,6 ,51 ,SFUTIO 17 ,5 I• AA uron o, 51 ,ORA TIO I J, 51, CRA TTOf l, 51, 
lb f ACTV( 7, 61 ,f ACTS 17 I, FACTAf 10 I, FlClOI JI ,f" AOTOll J,O(rRlT f6, l SI , 
17 NCATf"O ,VSPNlH( 7, 51 ,A SPNOl 110 ,5 Jo 011GNAtc(6 •• 1, f"RlNlP1(5, JI, 
18 l ALINA"'Cl ,51 
1'3 roHHOJ'f /XT[NVi/ llNIJ,LT"'TOl,LINORY 
20 [QUIVll[NC( IONTOTS,POHI 
Z1 
2Z 
23 P = o. 0 
2• c=o,o 
25 DO 50 J:1,LINORY 
26 so o,nors111:o.o 
27 00 200 I=t ,NPLNTS 
28 o::o. 0 
29 00 100 J=t ,HORGAN 
JO A : AV[Gll,JI • fACTVll,JI 
31 PDHYCJI :: POHVIJI 
]2 POHi I,JI = A 
JJ ·100 o:o+ .1 

J• P!lHOfl I : 0 
35 0=8•0 
36 A: ASEEDlll•f'ACTS:11 I 
J7 '5[(00HCll=A 
38 ·2ao c=c+A 
39 PDHVO : B 
•a SfOOHV =r 
•1 00 •DO T=l ,NANlH'5 
112 A : AfflOHlll•f'ACT.tfl) 
fl] An,u Tl =A 
1111 ·11eo AOHA::AOHA• A 
115 00 SDO T:1 ,NOllT 
116 A : ALTT'fll•fACTOIII 
117 ODHI Tl ::A 
•e ·500 ooHr =00"1+" 
ll'J 00 600 t::1 ,HSCHPl 
50 •:: AORGHl•f,t,CTOIII 
51 SOM I II = A 
52 ·r,oo SOHT:SOHT + A 
SJ TO TOH= PONVO-. 5[00 H'f' •A t"1'I' A• OOHT +so, T 
511 RC TURN 
!'iS E'NO 

SUBROUTINE FLOWSS 
BI ON[ •O( S[R T?S YI" I t I. fl ow<;<; 

1 ~UBRCUTTNf ru:ws,; 
2 ('(ll'IKON /V8LS/ P()HC 7, r.1 ,P0)'0(71,nnwy1r,.1 ,POMV0,5[(001'1171,<;(~0M'h 
J 1 AOtHlOl ,ADPU,00~(ll,~Ot1.f,S01'1111,SC'HT,JCJ1"11'1,C\lrr.11,6,S1,,;r(o11,'51, 

CBI0"'-1 10 ,SI, CLI TI J •"> I ,CORG 11 ,SI, C~lNll •2 I ,t>('PI 10 I, CV(GV f (,, SI , 
CY[GOI J, SI ,CV(G\10 I .... , A\l[G I 7, 61 , &V(GY 16 I, Avrro I 71 ,Av[r.vn, 

4 srcov1 SI, AS~r.nn I, A<;;([OV ,C'3IOH.lt 51, ae ll"H 1101 ,& l'IIOIU, CLIT JI SI , 
S ALJJ 111, ALI TT, CORGIII SI ,AORG( 11 ,AOPGH ,C,TNUl'l 1 ,f~OlOT IS I, 
6 &[COTo,c:;;wrHt6) ,<;WP0.131 ,c;JHllil,STNIBJ ,l"!U"'H1'VISOl,OuH .. Uf]lJJ, 

'3 OU'1MYS I ?01 ,ow• TCR I 71 ,OC ARB a IS I ,Ori.1onr I 61 , OH IP T Of 21 , ODROC'UI 6> , 
1U VIU.T 1017 ,6 ,SI, SPAT TO IT ,51, AR ATICll O, 51 ,"IRA TJrtl J, SI ,ORI TIO I 1, SI , 
11 rACTVl7,61,F"ACJSl11,rACTAl101,rA(TDfJI ,fACT0111,nr•PATl6,lSI, 
12 NCITfG ,VSPll.lN 17, SI ,ISPNAH I HJ ,SI ,OPCNA,- 16 ,q I ,rRU1.l" 15 ,JI, 
1] ,t ALI/1,Al'IIJ•'il 

" 15 ,. 
17 

OCAReOfSI: OCAR80fl> - IOC&RllOl:Zl•OC&RROIJl•C'CIRIJOIC!II 
or>AOOuc,,: OPQOOlllll • OPROOUl21 

" " 
Rt" TURN 
r,o 

SUBROUTINE PREP AR 
81°"£•0[S[RT2SYP!f It. PRCPAR 

l '-UB'10UTTN[ PR[PAR 
2 LOGICAL LHIN ,LNAX 
J COHl'ION /,-YL(S/ kR, LP, fl'ISl, NSZ, l"SJ, NSlPCC, kS?~fO:, l'ISJ'l[C 

CON HON / T TH(S/ I YfiOAY ~ OA Y, HOloT H, 11' R, JYR, K YA, l0A1', JOAY ,KOO, 
rMONTH C 12 I, IS IT P, NS T[PS ,NOA YS 

COM .. ON /YRLS/ V8lS&llJ501 
C011HON tf;RAPHS/ P[Rlr!',JXIIX,NGRAF'"'i,NCURVZ, 

JnATll 21 ,XOHl121,Ln•Tfl21, 
LHlNIC! 01 ,LHO: 1110 I, Al11NIII 01 ,AHAXC lj{I I, 

.10 NCURVSno,,JAOR[Sftn1 
11 COHl101i /PSJ.Vrt fR'5,t,yf 
12 O!l'l[NSION flGS1601 
13 
H Hll04Y.GT.Jl>,t.1'1GO TO 100 
l S JX:l 
16 TRSAVE s:: 1 

ll P(RIOO::THf L(NGJ14 or TIH( IIN OAY'il Rrr>r;rr-s[NTfO .. ., CN[ or 
18 T"I[ 110 X-AX-'5 1NT[RV4L'i IN TH[ GRAPH<; 
l'J P[IHOO=f'LCAT IICOAY-JOAY 1/110, 
20 co to 2no 
21 100 JX=fTOAY-JOATl/f'(r>JOfhl,l 

2Z J)l:COLUIIN or TH[ GR,t,PH TO 8[ f'lllEO DURIN~ THI" CURRENT [X[CUllO)j 
2J or TUI<; SUBROUTIN[ 
z• JXXX=THE H(XT AYITLAa.f COLUMfl ArT[p TH( ON[ fH4J WAS rtLL(D 
25 DURING TH,_. LAST CALL TO 'PREPAR" 
26 lf"IJX.[Q,JXXXIR(TURN 
27 100 no JOO l=l ,N0:URY7 
28 Jl.":'JAf'lRf<;;ITI 
29 i,:;:TH[ A0DR['5S HI TH[ /\IOL'i/ COHl"ON BLOCK or TH( I'TH YAPTIBLf 
JO TC 8[ GPAPH[O 
Jl •JOO f"lGSIIJ:VqlSACIO 
J2 S50 JllXX::"JX 
JJ ~SlR[C : TR'SA'f'( 
J• WRIT[IHSl'HSlRfCJJll,fJGS 
JS YRS.IV( : fRSAVf • l 
J6 Jl"IJX.[0,lUIGO TO &m 
J7 r,rfURN 

Jl'I c-------- - --- ------------------ - - -- - ------- ---
J'J C lf'T(R 'i!"'ULATION IS COHPLfT(. S(T UP LAf'flS ,.OR x=AXI~ or GRJJ>HS 
itO C-------~---- -- _ __, ______________ ---- ------ - --

27 

" " 
'600 ;,::::rLOUl~OAY-JOAYl/11,0 

r=rLOAT( JOAY 1-Q 
IIJ l')O 100 T=l,111,10 
II• P:P• O 
ti5 JC::::ACCUNULAT(O JlA.HN OIY 
116 l'l::::P•O ,1 

Modeling 

Ill NOW [XTR&CJ TH[ Y(.tR, HONIH ANO OIY 0,- "'0NYH 'ROI-I '10' 
.. 3 J1':JYR•Jn/J60 
11'1 JY:Y(&R 
50 IK:f'!O~ITtl 
51 .... :DAY or NONfll 
52 JJ::::t1.00IJF),J60I 
5J T•IIJ.fO,OIJJ:]61"1 
51f J/":I IJ-11/ llJ•l 
55 H:HOOIIJ,]0) 
56 JFIIA.Co.o,u:JO 

57 K=ttlO♦ l 
58 JflATfKl:JI 
SCJ XOATft<l:XNONPIIINI 
60 LnAT 11():11' 
61 100 r.ntHIHur 
62 JlflURN 
6J [NO 

SUBROUTINE REPORT 
810"'[ •D[ sr RT 2S1' N 11 ,. Rr PORT 

1 <;USROUTHH' R(PORT 
2 R(AL HNTNPR 
] LOCI CAL SIJ[NIT ,SUINT Pt. SULA ST ,SUGRF"S 

LOG JCAL '5UPLN T ,SUlN IN, SU OOH, SUSOTL 
LOGICAL PHNT 

10 
11 
12 
lJ 

" 15 
16 
17 
18 .. 
20 
Zl 
22 
Zl 

" 25 

" Z7 

" " 30 
31 
32 
33 
3• 
35 
3& 
37 

" " ,o 

" " '3 .. ., .. ., .. 
" so 
SI 
52 
53 

" ss 
56 
57 
5' 
s, 
&u .. ., ., 
" &S ,. ., 
•• 
" 70 

" 7Z 
1J 

" " " 77 

" 79 
,o 

" 82 

" .. 
85 .. 
88 ., 
'" " " 93 .. 
,s ,. 
" .. .. 

100 
101 
1 oz 

C 
C 

COl'IHON tf1L[S/ KR, LP, l'ISl, "'S2, l"SJ, HSlRfC, HSZR(C, HSJP[C 
COHMON /HUHS/ NPLH TS •N AH f 11s, NORG AH ,N£LEHS ,NrRACT ,NOL If• Jrf,.R .. C L 

Nf A(L M, NFR[LP ,HOIW(P I 61 , NHOPJ 2 ,NSCNPT 
COHN OH I TYfffS/ l 1'R0AY ,H OAY, HO NTH, TYR, JYR, ICYR, JDAV , JOA y ,KOAY , 

XNONHH 12 I, IS Tf PONST( P'S •NOA YS 
COhHON /PRT ING/ IRE'P tH R[P, l'IR [P 1211 , IPAINT, HPR INT d!PRINH 21 I, PRINT, 

PLAC[ fl 81 ,UNI TS 181 
COl'INON I SW TCNS /S UlNI T, SUIN TN. SUL AS l, SUGA rs ,SUPLNT. SU AHTM ,S UOOH' 

'5US01l 
COHHON /Y8LS/ POH17,61 ,P0,.,0171 ,PONVf61 •Pf'J"4VO,S[(00111171,Sf00MV. 

l &OM 11D1 • .I.OH A, DON I ]I ,MlH T, SONI 11 ,S0)'T, TOTl)H ,CVEC 17 ,6, 5), <;[[0 17, 5 lo 
2 C8l0HC 10 ,SI, CL ITI J ,SI, COR6 I 1 ,5 I, CMlM 11 ,2 I ,'POPI lil I ,CVEGV 16, 51 , 
l CY[GOI 1, 51, CY[GVO ( St ,AV(GI 7, 61 ,avrcv 16), Avrco, 11 ,AYEGVO, 

srcovt 51 , AS[!:0 C 'II, AS [[DY ,CBIOMA I 51 ,A8IOM 11 01 , A ero,u ,CL TT 71 SI , 
Al TT I JI, Al.ITT, CORCH 151 ,AORGI 11 ,AOPGH ,C .. TNH 121 o[COTOT 15 I, 
A[CO TO •SWPHI 6 I ,Sll'P NI 81 •'-1Hl6 I, SHI C 81 ,OUMHTV 150 I ,OUH"YA I JOI , 

7 nu"NTS 1201 ,ow.tT£RI JI ,OCAR80l 51 ,O[HOOCI 61',0HlTROt 21 ,OPROflU( 61, 
8 VRAJ!Ol 7 ,6 ,SI ,SRAT TO I 'I ,SJ, AR Afl011 O, St ,l')IUTIO I J, SI, ORA TIO 11, 51, 
'3 rACTVI 1, 61 .r ACT<; 17 J, f'ACTA 1101, fACTOI 31 ,f'&CTO(l 1, O(f"RAT (6 ,19 , 

NCAHG ,VSPNAH 17, 51 ,ASPN&H f 10 ,SI ,ORGNAMf6 •• I ,fRANAHI 5 ,l 1, 
4 ALIHAPIIJ,SI 

CON HOH IHHP2/ PROOSPI 71 
<'OH HON /FLUX2/ f'LUXL 0171 
CO"NOH /FLUXJtrx l I 71 ,r X2C 71, fx ]171 ,ru 17 J 
CONl'ION trLUXIJ/ fll6 ,Fn ,rxs ,f'X'} 
CONNON /fLUXS/ rx10111 
COHHON tf'LUX61rx1s110, 
COHMON If LUX 1/fl' 1111 r1 ,fl(l 2110 I, ,.Xl] 1101 ,rx1 ~· 10 I 
COHNON lfLUX8/ FY1619, SI 
COMltON /C"VASAY/ ~SUH 
t'.:OHHON /CONSAV/ cvr 
COMIION /S&VWIP/ HMINPR 
OJ .. (NSION TOTCARIJl,r~l .. Alll oPPPIJI 
O.tTA TOTCAR/' •,• TOT',",t,L C•t 
OATA OR1'N4 /' OR•,•y MA','Tl[R•t 
f'IATA PPP /' •, • [)EN·, •sTr 1'' / 

~-----------------------------------c If" THERE TS ONLY 1 CARSON fR.lt"'TlON, TH[H 1)0 NCIT PRIHT IT A$ ON( 
C Of TH( CH[HlCAL CONSTITUENTS l\[CAU5f TT WILL AufO,U.TICALLY nr 

r'RlNTCO AS TOTAL CAROON, HfR(lM J1i R(S(T TO ITS PROPfR 
C YALU[ AT (NO Of SU8ROVTIN( • 

c---- ----- ---------------- ---- - - - ---- ----
TSAY[:NrR(LI'( 
IFI HfRHT ,LE .1 tNrPEL '°"'" NClrNS 

c- -- - - ------------------------ - - - -- - ---- - - --
c NIINT H(&OINCS 

c--- - -- -- --- - -- ------------- - - -- - - ----- - - -
WRJT[ILP•l01PLAC[" 

UI FOR HAT I" 1' ,20AIJ I 
!f'IIOAY.(S.1<0n1r.o Tl' fin 
t•rtOAY,GT.JOAYlf'O TO JO 
W()lJflLr,;:,01Hf'IA't',XNONfHl"ONJHI ol1'P ,'(YRO.lY 

zo FORN&Jl'OINTTl'AL CON')ITIONS OH',T],1X,A],l5,7X,'JULT,t,N OlY :',llll 
r,o HI 101"1 

ln WR TTfl LP ,11 O It REP ,M OA Y, XHOtlT HI )'0HTH I , I YR, IYRO A Y, NO"-Y'Sh t. srcns 
~O FORll&TC'UAfPORl HUN"'fi:>',IJ,' ON•,tJ,lX,AJ,lS,7X,'JULIAN 0A1' 

- Jlt,7'1',•0AYS [l&PS(O =•,15,n::,•T!Ht"-<;T[f'S fLAPS[O ::-',T51 
re , o 1nn 

60 lo'P TT fl LP ,T 01 HOO •'<M0NTHP'ONY4I, IYR, TYRO.I.,., NOAY~, 'lSTrrs 
70 ,.flRHATl'OflNAL R[PORJ ON',IJ,1X,&lolS,7X,'JULfAN DAY ::::•,111, 

- 1)1,'0.tY'i ELAPSfO :•,ts,7x,'TTH[-Sl(PS fLAP<;;fO =·•151 

100 T'"CTOTOM.LE.0,UIGO TO ll?C, 
WRITEILP,10SIUNTTS 

lOS ,.ORHATl'O•LL BIOtUSS 1/NfTS Ar.c • ,l'IAIII 

C ---- -------------------------- - - --- --- - --- - ---
C f'PTNT PLANT 8TOl'tJSS£S c-----------------------------------

lflSUPLNTI GO TO 2'J5 
1r1 td'LNTS,[Q,0 IGO TO 'l'JS 
WRITE'ILP,1101 

110 roRMUl/'OCONSifTU[NT'i or \l[GfTATIONAL sro11ass•1 
Wll'IT[I LP ,120 111 rl?ANAN I I ,JI ,J::::1 ,JI• I= 1,NFR(l.fll I, lCTC .tR ,OR1'1'U 

120 FCRHAT Ct21 ,'ICJA~ 11 
00 1•5 J:\ ,NPLNTS 
WRlT(f LP ,29011 YSPN"HI l ,K 1,K=l• SI 

'DC' 130 J:l oNORG.tN 
ff(POMIT,J),l[,O.OIGO TO 130 
WRJT[I LP ,1110 1 IORGNAPI I J ,KI ,I(: 1, Ill , I cvrcn t ,J ,I( I ,t<= 1 ,"4fR(ll'l 1, 

,t,y[GII,Jl,POPIII,JI 
lJO CONl!NUf 
14'0 rr)RH&TISX,IIA1Jo'}f'l2,. I 

1115 WQ:IT[C LP ,150 11 cvcr.o It, JI.I ,w:1 ,NF'R[l"'t ,&V[GO I I I ,PO"tO( JI 
150 roRHAJt<tX, 'TOY&L •,r21,'Jr12.111 

tr I HPLNTS,[Q.1160 TO 260 
WRIHf LP ,210 I 

210 fCRtUTI• &LL SPCCICS'I 
no 220 J=t ,HORGAN 

220 WRIT[ I LP ,lllU I IORGN AM IJ ,I( I ,K: 1, Ill, I cvrcv C J,K 1•, ic=1 , NrR(LHI , J vr NI J 1, 
- PONYIJI 

WR IT(( LP ,1 !ioO 11 cvrcvo ( I( I ,IC= t, NfR(L NI, AV(CV'> ,POl'VO 

C ------------------------------- - --- -- - --
C PR INT SHfO S££0 POOL P Io••ssrs 
C ________________ .., ______________ - -- ---------

260 wa,JTr ILP, 2701 
270 l"QRNHll'OCONSTITU(NTS or Stl[O srros•, 
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'OJ ' .. ,., ,., ,., ,., 
' .. 
110 
lH 
112 
Ill 
11' 
115 
11' 
117 
11' 
11, 
120 
121 
122 
121 

12• 

"' 12, 
127 
12, 
12, 
110 
131 
112 
13] 
11' 
l '5 

"' 131 

"' "' ... 
1'1 
1'2 .. , 
1 .. 
1'5 

"' "' 1 .. .. , 
150 
151 
152 
153 

"' 155 

"' 157 
158 

"' 160 
1'1 
1'2 
1'3 ... 
165 

"' "' "' .. , 
170 

171 
112 
I 7J 
1" 
175 
176 
171 
I 78 

"' 180 
181 
162 
ISJ ... 
"' ,., 
161 
166 .. , ... 
191 

"' 1'3 ... 
1'5 
19' 
1'7 
196 
l,S 
200 
201 ,., 
203 
20• 
205 
20, 
207 
208 
20, 
210 
211 
212 
21' , .. 
215 
21' 
111 

"' 21' 
220 
211 
222 

'" ,,. 
"' "' 2" 
226 

"' "" 231 
212 

'" '" 235 

'" 237 

"' 

111"' JT(l lP ol 2U) I lr!IANAN( t ,JI ,J::l ,l 1, J:: loNfQfll'I I, TOTC UI ,ORYIU 

ro 280 t::t,HPLIHS 
280 WPIT[l lP ,2'30 J t VSPNAH If ,II I ,1<::1, 51 , I ,;([01 I ,I< 1,K::l ,1'ffA[UO, A<;[[Dl 11, 

- S[[ODIO TI 
2'!0 roR,Hl1X,5lll,'!fl2.II I 

ff CHPL!n'i.[0.11,.0 f(l 2';15 
WRIT(( LP ,t 50 11 scrovc l(J ,K: I ,Nf'R[lHI ,Asrtov, S(DO"V 

PRINT ANIMAL. IHOMASS('i AND POPULATION DCNSTTI£5 

2'!5 Y-.-l'iUANTHIOO TO 335 

TF I NANIHS.[Q,0 I GO TO l JS 
\IA IT[l LP, 300 11 fffUNAKI K, l I ,t:1, l I ,I(: loNfR.-LK I• TOTC AR ,OFN'HA ,P~ 

]OD FORN.lTl/'OCONSTITU[NT<; or ANIMAL RIOHiSS, ANO ANHUl POPUt..UtnN 0 .. 
-NSITl[S"/T22 ,g13._ 11 

00 J 10 1:1 ,NANIMS 
Jl O WR lT[l lP ,JZO 11 ASPNA" f I ,KI, K:: I, SI, I CfllOK f I, Kl ,11=1 ,t,1rR[L"I , 

- A6IOK4IJ,AOl1111,POJ'III 
J20 fORKAl11X,SAlll,'.'lf12.SI 

?J" lN.IIH11"i,[OollGO TO JJS 
WAIT(I LP,.] JO 11 CBIOMA I KI ,K:l, NfR[L KI, .t810H.t ,AOl'A 

]JO fORKATl'JX,'TOTAL',T22,'JF"l2oSI 
C _____________ ____. __________________ ------ ---

~INT RlOt'.tSS[S Of OfAD ORGANIC MATl[R 

315 1,-ISUOOJIIGO TO H,5 
J,-INOLIT,[Q.OIGO TO 3-65 
WRITfflP,lflOI 

]1$U fORIUTll'OCO~STITU[Nf'i or ()[AO OR(:.t,N!C l',tJ[RJH'I 
MPlT[ I LP ,12'(11 f I FRANA"'I l ,JI, J::t .JI, I= t ,tffRfLM I ,TOTC AR ,Dl>TMA 
00 150 I::t,HOLJT 

JSO WPITfl LP ,JGO I I M.INMI t ,K 1,K::t, 51, ICLIT I I ,k l,K::J ,HF"R[LJll,AL IT IT 1, 
- 1)0Hl I I 

JGO rORHATllX,5All,TZ2,'Jf12.21 
!F"CNOLIT.fO,llGO TO :J-5 
WR ITEi LP ,,,2 I IQ. TT TI I( I ,K::t ,HF"R [LHI ,.tl 1TT ,Of!lfT 

.H,2 rORIOTl'3X,'lOTAl.',T22,qf"12.2t 

f'QINT 8TOIUSS[S or 'iOlL ORGAH!C KATT[R 

36,!. n-csuSOTLIGO TO 38~ 
TrlHSCHPT.[Q.OIGO TO ll!l5 
WIHT[I LP,170 I 

]70 roRKATl/'OCONSTITU[Nf', or SOlL ORGANIC "'fT(q•1 
WRIT[( LP ,120 11 lf"PAN.lKt I ,KI ,K::l. ,JI, I: loNFl>[LM I, TOTC .tR ,DPYMA 

A=O. O 
00 360 T=t ,11SCHPT 
11:HOROfPf TI 
IFINSCMPT.[Q.1 IG=HOPOJ"PIHHORU I 
VRIT[I LP ,J lS I A, 0, I co GCI I, KI ,11(=1,NfRfll'C), •OR".:I I I, S'JMC I I 

J75 FCRM.lTIJX,rJ..t,' ro•,,-6,1,' CK•,<Jr-12.21 
JIIO A::HORO(PI TI 

I,-INSCHPT.(Q.llCO TO 165 
vn t T[ I LP, l 6?. If CORI':., 110 ,I( ::1 ,NrR (l" I , AOPGH ,s 0111 

PRINT !l!Io••sscs or T?T.tL ORGANIC "ATTER TN [COSY'iP't' 

3115 lolllT[ILP,:1901 
]')0 roRM.lTll'OCOWSTllU(N f'i. or lOHL ORt-.lNIC MATHP IN ,-COSYST,-1\' I 

WR ITCI LP ,120 If I FPAHAN I I ,KI ,1<=1 oJ I, 1:: 1,Hr<Jrt• I ,TnTC AR .~RYM • 
1,/R ITfl LP ,J ')'i I t[COTOTI IC I, K=t, Nf"A[l l'C I, arcC'TO ,TOTOl'C 

J'JS rORl'CATIT22•'Jrt2.2I 

?ro.-sc,cPT.[Q,OIGO TO •15 
1r1su,;01uGo TO 11qs 
VRTT(t LP,1100 I 

loOO ,-Ofl"ATl,'t1AVA[LA8Ll. <;O!L l'IN(nAL!;'I 
WRJT(I LP, l 20 I I 1rqAHOll I ,I< I ,K=t ,l I, I= 1,N£l,-1'4S I 

A=O. 0 
')0 1110 I=l ,NSCltPT 
Q::HORDEPI J) 
rr I HSCMPT ,LT .NHOR!Z I') =t10RD[PINI-IOIP7 I 
VR!T[I lP ,J 751.t ,Q, tCHINI t ,Kl ,K=l, NFLfM SI 

-10 .t-:-HOAl'!(Plll 1 
rrc NSCHPT .GT -1 IVR IT[ IL P, J621 ICH INH I K 1,K:: l, NCL rMs I 

l"JJIHT YALll('S or SOIL W.IT[A POHNTTAL .. NO SOTL TrMP(AAJUA[ 

1125 !,-IPWORIZ.£0.0IGO TO -.-s 
WRIT[( LP•-JO I 

llllCJ roR"ATl/'O'rlJX,'SOIL WlT[R POT[NTIAL IAAl't51',IIIJC, 
- •,;orL TF.:MP(RATUR( lC[LSIUSI' I 

-t-:-o. o 
00 111110 T=t ,NHOR12 
WRIT[ILP,,JTI A,HOROTITl,SIIPHlll,,c;yHII) 

'-31 roR11ATl]X,F6.1,• ro• ,r6.1,• CM',T22,r10.1,zox,r10.11 
11q O A= HOROf Pl It 

C ----------------------------------- ---
C PRINT W.l'ffR 8UOG£T 
C _______________ __, _____________ --- - -- ----- - --

lt'-5 CCNTINUf 
MRIT[C LP ,II 50 I 

q50 FORl'C.IT I 'OWAT[R suocrr (l'CTLLIN[HR'SI ., 
- 10X,'PRCCIPITAT10N'• 5X, 'TRANSPIR.tTION', sx, •rv.tPORATtON• I sx, 
- 'WA1'[A JN PROFILE•, SX, 'CHANG( IN PROfIL[',SX,•STANOING 11.tT•[fl'I 

'MNINPR' II.IS CAl.CUt.lTfO BY SOilSS AT START or SINULATDON 
OWAT(Rl'-1 ::.- MMINPP ♦ OW.ll[Rlll - OWAT(ACJI - OIIAT[Rlll 
OII.IT[RC'-I• I.r. CY.IPOR.ITION, IS NOV ASSIGN[O ... YALU[ IN SLw.1m 
O[LTPR ::: OWAT[RCTI - KKINPR 
WRITE ILP,'-601 0\1.tT[Rll), 0\1.tT(Rfll, OWATEIH'-l• OWAT(Rlll,O(LTPR 

,OUHHYSI JI 
.,o FORK.IT crz142. fl6.2, F'lG-2, F21.2, r-22.2, F1,.z1 c----------------_.., ____________ -- - -- ----- - --

c PRlNT ACCUMULATED FLOIS 
c--------------- ----------- ---------- ----

IFllOAY.[0.JO.l't lGO TO '.'100 
If"ITOTDH.L£,O,OIGO TO '.'JOO 
wnITEILP,111701 

ll70 roRHATI 'OACCUMLI..AT(O rxCHANG[S OF CARBON 8£T11££N rcOSYST[t' AM) ATN 
- O".i PH(R[ • /1 OX,' CARBON FIXATION' , 5 X, 
-'PLANT RESPIRATlON',5'.'fo'.lNIHH R(SP1R.ITIOH',5Xo'D[CONPOS£R R£5PIRA 
-TTON•,sx,'N[T CHANGE IN (COSYST[H'I 

MqlTEILP•'-110> OC.IABO 
'-110 f"ORKAT ff1J .2 ,F2l.2 ,F 2' .z ,F2T ,2 ,r:'26 o'l I 

VRIT[llPo'-'301 
"'JO f"ORNATC '0SEL(Cr£D CUl1llL.lTlYC [NOOOfNOUS ClR80N FLOWS'/ 

- 10.ll, "GPANIYOR'l''o5Xo'H(R81YOR'f' ,SX, 'V.lST.lG£',5X• 'ABSCT•, 
- ss ION ANO OCATH. ,sx. 'G[RH INA 7f0N.' SI! •• LC •rtNG-our • I 

WR IT£1 LP ,SOIi i O[HOOG 
·son roANAT Cf17 .2 ,r 1111.2 ,F 12 .2 ,f2J .2 ,r11 .2 ,F 16 .2 I 

WQJHt LP ,510 I 
510 Fl')R"ATl'O(STIM.IT[O CUMULATIVE N(T PPOOUCTIOH or OR't HATTrR•t 

-inx, 'ANIWAL· ,5X, 'P[R~NIAL', SI! ,'PRlt'A.PT' o5X,'S(CON0AOY', 
5X, 'ANNUAL-BG',SX ,' PCRENNTAL-l'G'I 

WR rrr IL p ,c;io I oPAOOu 
!:>20 fORNAT I FIS .2 ,r1111 .z .r lZ .2 ,F'l• .2 ,r1• .?. ,r 17 .2 I 

VPH[C LP,538 t 
5]0 fOAMAT I '0.ICCUNUL nr.o NITROG[N rtows• /lOX ,'HIN[RALI2.l TION', 

- 5lt: ,"PLANT UPTAKE' I 
i,q IT(I LP 15'-D I ONITRO 

5'-C fCR"ATlr'l'-•2,Fll.21 
c-------- -------------------- - -- --- - --
c ~INT FLOWS BT PL.INT GROUP ~-----------------------------------

23' ,.. 
2'1 ,., ,., 
2 .. 

'" "' ,., 
2'6 
2'-'J 
zso 
251 

'" 25] ,,. 
255 

"' 257 
256 

"' ,.. 
261 

'" '" , .. 
'" '" '" , .. 
"' ,,. 
271 
272 

'" 21' 
275 
21, 
211 
278 

'" 280 
261 ,., 
78 l ,.. ,., ,., ,., 
?.811 

'" "" 
'" 1'll 

'" ,,. 
295 

'" '" ,,. 
"' ]00 
ml ,., 
lUl 
JO• 
JOS ,., 
'"' ]08 ,., 
JlU 
Jll 
J lZ 
llJ , .. 
JlS 

'" 317 

"1'?IT(ILP,5501 IPRODSPCit,1:l•NPLNTSI 
550 roR"AT I 'OCRO'iS ORY M.tTT[R PRODUCTION 8't PLANT 8ROUP'/7f'10.] I 

WRIT£ ILP,5601 
560 roRNAT 1 'OCAR60N FLOWS SY PLANT OROUPS' I 

WRIT[ CLP,5701 ffLUXUlfll, l::1.,NPLHTSI 
STO F'ORNAT I T<;,•CfRNJNUTON AND L[AF"INC-OUT• ,Tl5,7rtO.Jt 

IIRIT[I LP ,580 I If)( 1 II I ,T ::1 ,NPLNTSI 
51!1(1 J"OR"AT I T"i, 0 PHOT0SYNTH[Sis•,ns, 7flff.JI 

wq IT[I LP ,5'JO I IF'Xl tl I, t=l ,NPLNTSI 
5'JO f"ORNAT C T"i,'R(SPIRATJON',TJ5,7rtO.JI 

IIR ITEi LP ,600 I 1rx101 I If 1::1 ,NPLNTS I 
GOO roR"AT CTS, 0 5££0 NATURATIOH',1'JS,7'10.JI 

~IT£CLP,Gl0JIF'XJIII ,I::.1,NPLNlSI 
610 •FQRNU IT5,'S££0 SH[OOtNO',TJS,lftO.JI 

lfRIT[I LP ,620 IC FXll 1 I l ,t::.-t ,NPLNTSI 
62(1 F"OR".IT CH, 0 ABSCJ,;s1"" ANO OUTH',TJ5,TF'10.JJ c--------------_..,_.., ________ --- - - ----- ----

c PRINT OEJCONPOSITIOH ft.OWS c--------------_.., ______________ - ------ - ---
WRIT£ lLP,GIIOI F'l:6,Ft7,FX6,FX'J 

G80 FORMAT C 'OLOSS fRO" ,C,TANDTNG 0[.tO • LITT£P1 'PORTION PAS'Sffl TO 1S0TL 
- ORGANIC MATT£R, P0Rf1'0N LOSl AS A[SPIRATION, RESPIRATION LC'iS nm 
-M SON'ltX,llFlO.Jl 

~-----------------------------------
c ~INT rLOVS BY .tNIIUL GROUP c------------_.., _ _.., _______________ - - ---- - --

rr INANl"S .ra. 01 GO TO 1-g 
MRIT[ CLP, 7001 

'700 l"OR"AT C '0CAP80H FLO MS BT ANl .. AL CROUP'! 
WRIT[ CLP,7101 IF'"X1511),T:t,NANl'fSJ 

710 rORNAT CT'.i,'R(SPIAATJON',TJO,lOF'J.JI 
wqIT( ILl>,7201 tfXUIIl,I=l,NANINSI 

720 roRNAT ITS,'H[RBIVORY',T]0,10f'J.]I 
WQIT[ fLl>,llOI 1rx1211,,I=l,NANl"St 

710 FORNAT C l"i,'GR.INTYOA'f' ,TJn,1or,.:s, 
WRIT( ILP,7"01 ff'"XlJIIl,J::t,NANIHSI 

71110 f'OAN.IT C T'i,'CAONIYORr ,,10,1or'J.]I 
WAITE ILP,7501 ffXl'-lflol:::l,NANtH,;J 

l'iO FOAKAT I T5,'0(TRirtYORT',TJ0,1or,.J1 
Jqg CONTlNUf 

c------------------_.., __________ - - --- - - - - -- - ---
c PRhT PHOlOS'l'NTHAT[ .lr)D[O TO £.ACH OPGlt.l nr [.tCH Pl.JAIH CROUP 

c- -- - - - - - - - -- ------------- - - - -- - -- - - ---- - ---
'!'X :: NPLNlS • l 
TXX = NPLJHS • l 
c;._ ::: o.n 
flO 7'Sl J:t ,I-IOPGAN 
c; = n.o 
f)(l 1 ',1 T:'I ,NPLNT ._ 

751 S:: S • ,-11611,JI 
f"XJGllr,JI : c; 

7'.,2 <;.S -:- SS • 'S 
y,- ISS .l[. 0.01 "C 7J 755 
re 7SJ J':'l ,110PGU1 

TS~ flCH,IJJr,JJ-:, rxl61!r, JI/ 'j;C 

1"i5 vqtf( 1Lf',7G(ll HOPG.tN,NPLNTS 
760 J"ORMU t 'OPHOTOSYNTNf?IC CAR8t'IN Al'I0,-0 rr. rAC:H or•, I],' QOG.tNS or 

-[ACH or•• tJ, • c;rccrrs. u,rn lOT.tl TO (A(:4 llRGAH roR .tll <;P[CI£S,• 
_,. ANO LATTfQ lOTAL A<; PrRC[NT.tC .. or ~RANO TClTAL'I 
OC 110 J::\ ,P<fOIIG.t., 

17('1 WOJTf ILP,1!1111 Jolr,:tf.11,JJ, l=ldU:I 
1'10 ,-r"RHAT ll5, !5, 1zrq,11 

{'--------- ---------------------- --- ------- - --
c PRINT \l<"IGHT[I': POT£NT1.tl rv,PnR.tTToi,; •NC IRANSPIRAlt('I~ corrr~~I[NT 
c--- - ---- --- ---------------------- - ---- - - - ----- - ---

H tOC.tRSn111 .Cl. 0.111 AV(Cl =HSUI' / CfAREIOllll • JSTfP 
•rvf• 1rPCM TRA/olSPI CONY[ng F'ROH U)ojJT<; or Sll'IUL.tflO'i 10 ICC/IIA 
QT::.- OCAR 0 0IJI • 1,5 • cvr 
'OVAT[RIOI' IS TP.tNc;rTPATJON IN Ht' 
t1NC "" or wAHR -= 1om.n wc,~11, 
IF" IOT .GT. o.o, VU[':' own£P(JI • 1.0,-11 / r)J 

wotrr fLr, 8001 Avrr1, wur 
eno roRMAl I 'OM[AN Wf!GHJT"O POT[NTl.ll [Y.tPOP.tTION IHH/OATl'ofS.1, 

- l'SX• • TPAN<;PJQUION co,-rr1cI[NT', f7 .o I 
'lOO NrREL"::J':,Ay[ 

VRTTflLP,'llOI 
'310 roR"ATl/111 

R,-TURN 
FNO 

SUBROUTINE GRAPHZ 
B 10"£ •0£ SCAT 2S'I' l"C 1 I, GR .tPH? 

1 SU6POUTTN" GR.IPH2 

' J 

' 10 
11 
12 
lJ .. 
15 
16 
ll 
16 ., 
'" 2l 

" " ,. 
25 

" 27 ,. 
" JO 
31 
J2 
JJ ,. 
" ,. 
37 

" " .. 
'1 

" ., .. 
" .. ., .. .. 
50 

INT[C[R G,S'tK80L,f'LUS,IUR,8LANIC 
LOGICAL Lt'IN,LM.IX 
COMMON lflL[S/ KP, Lr, "Sl, HS2, "'SJ, H,;lR[C, HSZP(C, ttSJR[C 
CCNHOH /GRAPHS/ P[Rl 00 ,Jxr x, •mpars ,NCIIRY7, 

JOATf121ol!0Alll21,UIAT11ZI, 
LHINIIIOt,ltcl)(CltOt,AHlNUOI ,AHIX14()I, 
NCUR'fCi. C..111,JAOR(SI GO I 

COHHON /VRLS/ P.lOllJSOI 
!)l"[NSION Gllll!l'31,S'tfflOLl81ofIGSl60,Ull ,TITL[llllJI ,fXPLAHlll 
""'"[NSION 51"11,rncut 
[OUlV.ll[HCr CG,PAOI 
O.tTA SYl"BCL/'A','0','C','0','[•,•f','G','.,'/ 
l"ATA 8.tAI'- •1, PLUS/"• •1, AL.INK/' 'I 
ClATA NJ/118'1/, NftYf[S/11/ 

NRYT£S ':: NO or SYT[S US£0 tN [ACII 111\PK or STOA.tO[ IKAY A[ l[SS 
THAN rnr NUl18[R or P.'/'TES IN .t WOROI 

Nl:HO. or WORDS or STORAt:r HH0£0 TC PQINT ON( Lllff 
N1::WORO'i or STOAAOE N[[O[n fOA S lIH[S 
NJ::.-wOROS or STOAAG[ Nf[OfC TO PRI"IT TH[ vi.ootr GAAPH '" I LIN[C,I 
HSlR(C POINTS JO TH[ N£XT R[CORO TO 8£ R[AO rPOl'C LOGICAL UNIT KSl 
H<:;ZR(C Pl'lINTS TO THE H[XT ACCORD TO Bf Pr.to Fl,01'1 LOGIC.tL UNI 1 1'1S2 

NJ :NJ/Ill 
N1::Hl• 5 
y,;;.1,y( = l 
CALL C('l'fTG frJC!-1 
Kl':UR~::O 
00 '300 TGRAr=t ,NGPAJ"ot. 
00 10 t::1,NJ 

10 OIIl=6L.INK 
JCURY=K('Uqy+ 1 
K(:URY:: JCURY• NCURVS I J to A( 1-1 
(';tG::.--q.q[JO 
~KALL:q.q(JO 
I,- f LNINI IGR.lf I ISM .t LL ::ui TN I TGR.t r I 
I,- I LHAJC( TGfUr t 181 G=.t11.t XI TCRl r1 
HS2R[C '=' l'S.IV[ 
R(AO I KS2 •,cs2qcc 111 ll r 
J<.AV( :: ISAY[ • l 
IIRI 1£1 LP oJOl l J Tl F 

10 roR•1.tTc·1•,2ox,1~u1 • 
~2Rtc = •s•v£ 
RfA~INS? '"'SZR(Clf"l'Pl _.. ,r:'IL 
ro;;;,.,r = yc;.1,vr • 1 
1r1HCU~Y<;:(JGR.lf1.ro.1.ANO.[XPL.tNl11 ,f'O.PLU.KIGO TO 15 



" S2 

" " " " " ,. 
" ,o 

" " " .. 
" " " " " 70 
71 
1Z 
13 ,. 
75 
76 
77 

" " 80 
81 
82 

" .. 
" " " .. .. 
90 
91 
n 
9J .. 
9S 
96 
91 ,. ,. 

100 
101 
102 
103 
10, 
10s 
106 
107 
108 
109 
110 
111 
112 
113 
11, 
11' 
116 
111 
118 
11, 
120 
121 
122 
123 
12' 
125 
126 
1Z1 
\28 
12, 
130 
lll 
132 
133 

"' 13S 
136 
131 

WP!T(I Lf' •501 SYN!H\l 111, rxPt..Ah 
Lll ::NCURVS I 1G qAF I 
TF"llll.f:'.l.llf,O Tf' 3', 
00 JJ 1=7,LLL 
MS2R[C = l'j&y( 

ll[ADll'IS? 'MSlRrc,rxPL ,,. ,fTL 

J'iAV[ = l'>AV[ • 1 
JJ WRIHILP,<;OIS'f'N80Lll 1,£,CPLAN 
J!> OC ,o IC:UPV:JCURV,l(Ct.PV 

00 ,11 J::ct,111 
Q:FtG'S'I J!':URY ,JI 
TFI Q .GT,!\ IC IR TG::C 
Jr' 10 ,l T • ._,.ALL ISM .t.L L': ~ 

,n C'lNTHWr 
50 roRNATll':ill:,At,•:: ,,71.q1 

WRl1'(1LP,<;S) 
55 FORl'llTC' 'I 
60 YOTV:I (llG- SN ALL I ✓,O, 

"Tl't'OIV,L£.u.n1no TO fl60 
YntvR:1.0/YOJV 
Q:BJG•YDIV 
00 TO J::t, ,1 
o=o-,orv 

HJ «;;1 l) :o 
1\0 100 T:t ,loiJ,Nl 
GII1.:.8AR 

·mo GI I• 281-=IUR 
00 200 T::1,NJ,N2 

C:I 1•261-=PLUS 
·200 r-1 II :PLUS 

L=O 
no JOO TCURV:JCUPV ,KOJRV 
l':l• 1 
DO 300 J::-l ,111 

TL POINTS TO TH( LIN~ ICOUNT!'NG nio" l()P or PAGEi WHfRf n-.c ro1,,(• 

TO Bf. GRAPHED IS LOCAT[D 
TW POIHTS TO TH[ \IORO IM TH[ "G' ARRAY WHf"R( TH[ POUH WILL A( 

Pl.ACCO 
TB POIHT'i TO fH[ B't'Tf WHCR( TH[ 'PCl~T WTlL 8[ PLAC! I ASSU)IJHG 
TH[ LEF"T- .. OST BrH or TH[ \IOifO TS TH( ..-YASTI 

TL =•1. 5-- ! f'IGSC ICURY, JI -SJt,Hl I• lOTYP 
TW =l •I IL -1 I •Hl •J nt8TTP"" S 
11\=NOOIJ•l ,HBTT[S I 
Tf' 118.ro.01 te:::H!'!TTr:. 

ust TH[ N[IT 2 r,·rcuuBL[ SUT[P,(NTS f'OR THf PURRCIUGM<; ')670(J 
Hill : 111 - C!<l-11•11 
GITW): COHCATIGIIWl,SYHftOLILl,IBTT,'17,81 

C 
C US[ TH[ N[IT [X[CUUE\.[ STATUt[HT roR 
C Tli[ 18" 3fi0/65 U CTTTN IJtOHTP[LLHPI 
C OR TH[ HCP AT THC AH[RI-:AH UN!Y[RSTT'I" IN ("AfPO 
C CALL COPYBY IC,SYl'!f!OL,L,!W,TBI 
C CHL COPlflY IGoSY~BOL,L,TW,181 

C 
C US[ THC fOLLOWIN(l [X[CUTA8L[ STIT[H[HT "TTH Tl-'[ UNIVAC 1108 
C f'LOC 118-11•6, 6, GllWI t f'l.010,6,STMROllllt 

~01 fIB-11•6-• 6, (;tJWI I : FLOIO,fi,STH'JOLILJ) 

'300 COHTINUf' 
VRtf[I LP ,H!O I 

1,-AIOXll 18SIBTGI ,ABSl<;HAlll I 
Nf':l 
R:100000. 
DO J80 T=l ,'3 
R:R•0.1 

J80 If'IQ.tT.RH1f':I 
00 550 T=-t , .. 1 
Ml :::1 l-11 •Hl• l 
M2::Ml• Nl-1 
GO TO 1'115,ll25,1135,'1'6,'155,'165,'17S,118S,11'5>,Hr 

•ts WRIT[CLP,SlilllSIIl,IGIJ),J:1u,K21 
GO TO 1i5(1 

'125 WRIT[ILP,5021SIIl,IGIJl,J::KJ,M21 
me To 550 

1115 WRIT[I LP,5031<; I I I, I GIJ I ,Jc::Kl ,Mll 
C"O TO 550 

,-,5 VRITCCLP,-.~ISIIl,fGIJl,J:MJ,M21 
r.o TO 550 

'155 VRITECLP,5051SIIl,IGIJ1,J-::Ml,K21 
GO TO 550 

'1£.5 VRIT[I LP ,Se£. IS I I I, I 01 JI, J::Kt ,K21 
GO TO S!'in 

'175 WRIT[CLP,'i071Slll,f01Jl,J::Kl,M21 
GO TO 550 

138 '1!15 WRJTr.tLP,508)5111.CGIJl,J:MJ,M21 

13'l r.o TO S!'iO 
l'IU '1'!5 WRIT[fLP,SO'JISIIlolGIJl,J:::MJ,M21 
l'H ·so1 f"OR"ATCIX,f'lJ.0,2X,:Z9A'IJ 
1 .. 2 '501 f'ORIOTl1X,f'l3.l,:ZX,:Z~Alil 
1113 "503 f'"OR"ATflX,fl3.2,2X,2!'1.III 
141'1 50'1 F'OR"ATllX,F'lJ.J,2X,l'!AQI 
1115 ·sos f'ORNATtlX,F'lJ.'l,2Y,29A'II 
111£. 50£. roR"ATllX,F13.S,2X,2'lA'II 
1117 "507 f'OR"ATl1X,Fl3.£,,2ll:,29Alll 
1118 "508 roR"Al(lY,FlJ.7,2X,2"A4J 
1'19 509 roR"ATUX,[13.5,2X,2~1.'II 
1'50 ssn CON1'INUC 
151 WRIHILP,7001 
152 MPlT[ILP,I.OOIJOAT 
l5J VRiffltf',£.50JX0AT 
1511 MRtl[ILP,Gfflll.OlT 
155 '600 f"OR,.ATl8lt,12!101 
156 650 roR"ATfftX,121H,Alll 
157 700 roR"ATC17ll:,111'•-------•,,••·1 
158 GO TO '!00 
159 880 WRIHILP,89018IG 

29 

1£.0 890 f'OR"ATI//I///T20,'HJHT,.UH ANO HAXIMU" YALUf'S Of' THIS GRAPII (WAL', 
161 - GIJ.51 
162 900 CONTINUE: 
\£,l Rf'TURH 
16'1 [NO 

SUBROUTINE GETFIG 
810'1[•DCSrRT7.STJtf 1 I, Gf"Tf'tr. 

1 <;t!SROUTTH( 1,fT'l" lf"Jf":SJ 
2 LOGICAL Ll'IN,LHilC 
l COHHON /f' TL(SI KR, Lr, MSl, HS 2, I'S], HS lRfC, HS 2R[C, HS Jl"[C 

rOHHON 1r.t JHS/ L lHGR A, L I 04PG ,L fHCUR 

• 
' 10 

11 

" ll 

" 

COHHOJ, 1r P lPHS/ 0 ':RIOl'I ,JXX:X, "',RAr<;, "'CURV ], 
J"ATll:Zl,XOAT112l,LDAfll11 • 
l"IN Ill 01,uuxt 1101, '"HIii! 01 ,AHil(I lfO I, 
NCUR~no1 ,JlOR(C:.I r,n I 

p~ Hf N'S TON f' tGS 160, 1111 

ViAVf ::c 1 
HC.}R[C : TS1vr 
P[AOI MC.I '"ISll~fC I JX, 1 r"GSI I, 11, I: l, l T14CUR I 

T'>AV[ : TSAY( • 1 
Tf"IJX.N[.l IWRITf(LPo 'il)JX 

Modeling 

15 
16 
11 
18 

50 f"OR"AT(•IJ(qR'JR IN SUPROUT1H[ G(TrJr.. rnr f"Ji:l'if VALUf or J)' <;!(IULO 

" 20 
21 
2Z 
23 

" ZS 
Z6 
27 

Z8 
2' 
30 
ll 
3Z 
J3 

" 35 

" 31 

- "f l• BIil IH'>T[Ml IS' tl?OI 
JY::C2 

100 MSlR(C : l<;AV[ 
RfAOCH<;:1 'HSlP(CIJX ,tf"JGSI T,.JXI ,I:l ,L 1 04Cur1 
TC:.AY[ : TC:. AY( • 1 
!f"IJ:X.[ll.JYIGC TO ~•• 
<;JHCr Jl( IS Gls[AY(i;' l'IAN JY vr JtUST f"ILL rOLUl'HS J'!' TO 1Jx:::1 I RY 
lIN(AA JNHRPOLAT'OH 
JXA:Jl-1 
O:t.01 IJX-JY♦ l t 
00 350 T::ct ,NCURY? 
e=rIGSfT,JY-J) 
A:Cf"lr'tSI I ,J:X 1-1!1 •0 
00 3~U J<":"JT,JXA 
e :S•A 

350 f'tG511,Ml::CA 
son JY :: Jr • 1 

TflJX.lf,lll)t.O Tn tUU 
A'"lUAN 
[NO 

SUBROUTINE VINPUT 
SIOM[ •0£. SERT ?S Tfl 11 I. Y INPUT 

1 C:.USROUTTH' VlNPUT 
z 
J PPOGRAM f"OR R(AOJHG :HPUT H[[O[O AT "OR( THAH ON[ f'LAN T SUB"OO(L 

LCGICAL rAROR,PAIHT 
LOGICAL OINUAL ,NPlP 
LOGICAL 'iUNTNP,SUVINf',SUAlNP ,SUSlHP 
co .... oN /CCIIOCH/ ~UH?t#' ,SUV!NP,StJAINP,SUSTNP 
COKHOH lf'TL(SI KA, Lf', KS\, "52, P'S1, HS1Arc. HS2R[C, HS30[C 

10 CtlHHON /NUNS/ HPLHT'S oN &Nl'"S•"'nRGAN ,Nf.L[,.5,Ni:-tl:ACT ,'-'OLIT ,NrRAC l, 
11 H'R[LH,HfR'lP ,H0R0fPl6I ,NHnlHZ,NSt"H,..T 
ll COMMON ITTM[<;/ITROAT ,HOAT,P'OHlH, 1TP,JTR,KTP.TOIT ,JOAT,KOlY, 
13 lNCNTHl121,IST[P,Nq[pS:,ND•TS 
1, ,..OHHON /PRTIJ,,:C/ J'l:fP ,NR(l",HR[P 1211 ,lPPTNT,Nf>PlNT ,NPR"NTf2l I, J'PlNT, 
15 PliC[l 181 ,UNJT<;:18 I 
1£, COHtlON IHTSC/ (Rll',QR,RCH[(ICf201,BL•NII 
17 CO/'OION IVBL'SI POM.c1,tl ,PC"OI 71 ,PD"Vl61 ,PnHVO,Sf[D0MC71 ,S["IOHV, 
18 1 AOHllUI ,AOHl ,00'" Cl I ,nOH l, SOH I 11 ,<;OHT, TC TON ,CV(G Cl,£, ,SI, S'"CO 17, 51, 
11 2 C8IOK11D,'51,CL!TIJ,-.1,CORCf1,Sl,C"IHll,21,P0Pll01,CV[GVlb,51, 
18 3 CV[COI 1, '51 ,CV[GVO C 51 ,AV[C 17, 61 , AV[GY I& I, lVEGO I 71 tAY(GVO, 
21 S[[OVi SI ,ASf[017 I, AS[[OY,C6IOMAl51 ,ARIOMIJ.Ol ,ARTO"'A,CLITTI SI, 
22 5 AL JT 131, .U. TT T, COAGf1151, •OR I;( 11 , AOPGII ,CHI NH 12 I ,£'COT OT I 5 I• 
2J A[COTO ,'>WPH 161 ,<;wP'-'181 ,<:THl6 I, STN 181 ,ru1-onv l so>, OUH"U I JUI , 
211 ruHH YC:. 1101 , ow• T rA I 11 ,oC•ABtH 51 , OfNOOt'l f ~I , OH l TRO ( 21 , OPROOU I bl , 
25 YRATJ017 ,6-,51 ,SRATTOl7 ,51,ARAllOll 0,51 ,ORITTOI J,'51 ol'IRo\TIOI LSI, 
26 r ACTVI 7, fd , r ACT•;! 7 I, rACT A I lO l, rACTDl 31 ,ro\Cl cu J ,O(F PAT 16, l SI , 
27 NCAT[G ,v'iP"'AM 17, 51 ,ISPHUI I lU ,5 I, ORGNA,.lfi ,II l ,P""RANA"'I 5 ,JI, 
28 l &LTNUIIJ,51 
2, COHHON /V£GCON/ IH,IW,IP,IR,IS,ILf,TNS,IOS,Tf'D1JRT,TLAY[J1171, 
JU t lNNUALf 71 ,1ffR8( 7 I, ?PH[NOt 71, T ISHfVI 7) •T J04 r I 71 ,PHS AJ[ ,1, sr or RA 17 I 
31 f:C,.l'ON /FLUX2/ FLU:iLf'l71 
32 CONKON l'LUXJ/FX]l71,rx2111,rx111,.rx1111, 
Jl CONNON /VTMRV/ 0.IITM I'-'• OAT H.IIX ,DAR Al~, DA(VAP ,flAPHOl 
JCI CON"ON /RtJ"'A/ AVrATIJO), LRI 
JS Cl'IM,.Oh /LrlLAYRI JL.ATfRll I 
36 OITA SUtlHl"l'VfG['I 
31 C 
J8 l'UOO roR .. uc•n·,1001•-·11· BEffNHING RC•OING or INPUT TO PLANT SUOROUTT 
3<1 -Hrs•11x,1001•-•11 

110 TR[ A0:::1010 
11H 1010 PfA01Ki:t,10201RCM[CK 
'12 rr l. NCT .suvtNP JI/JI TT[ IL P, 1030 ti RE ,o ,RCHFCK 
,.l TFIRCH[CMl11,N[.$ll9NAHICO TO 1010 
'JII 1n2n f"ORtUTl20AIII 
ll'j 1030 f"0RfUTIT7,{<;,• YINPUl' , .. :X,20AIII 
Q6 1050 roRHATl1'1151 
.. , lOS"'i 'ORNAflT7,IS,• YlNPUT' ,11+181 
ll8 l 060 rORl"H 111n 11 
11'1 lfJ6"', 1'"0AHA11T7,IS,• VINf'Ul",JCIL81 
50 1070 roRHATl7rt0,0) 
51 1075 roR"ATIT7,l5,' YtNPU~ ,TrJ6,5) 
52 C 
SJ '!READ ::c 1"80 
511 l~lllO RF•D fMR,10201 RC1<fC1< 
SS tr I.NOT. SUVINPI MRH[ ILP,10301 IP[AO, RCl1£Clf 

5£. Ji:t[ AO ::: 1~'30 

" " s, 
,o 
61 ., 
63 

•• 
" 66 
61 
6S 

" 70 
11 
1Z 
13 
H 
7S 
76 
11 
78 

" 80 
81 ., 
83 .. 
85 ., ., .. 
" 90 ., 
92 

" 9. 
,s 
,6 
97 
90 ., 

100 
101 
102 
103 
10, 
105 

19'!0 RCAO IKR,10501 IJLAY[RIJJ, 1:1, HPLNTSI 
lf' (.NOT, S.UYINPI wpTrr ILP,10551 IR[AO, fJLlY[RITl,T=l,NPUHSI 

TR[A0::200fl 
2000 RfAOIKR,10201ACHfC:lt 

HI, HOT• SUV I NP IWRll[ IL P, 1fl JU I IR(AO•RCH[CM 
TR[ AD::2010 

2010 P[AOIKR,10501 IIlo\T[PIII• I::1,NPLNT<;;I 
IF I, NOT• SUV I NP IMR !TE ILP, 10551 lR[AO • I ILAT[P II I, J::: 1, NPLNTS I 

TR[AD-::2020 
2020 RCADIKR,10201RCH[CK 

yr , • NOT• SUVINP tWR n£ fl P, 10 JO I TR[ AO ,RCH(C'< 
TR[ AD=21'110 

2030 A[AO OCR, 1060 11 H[R81 I I, J: 1, NPLNTS I 
Jr I. NOT. SUYINP IWRll[IL P,'10651 JR[ AO ,I Hr RR II 1, T= 1 ,NPLHTS I 

JR( AO::: 20 110 
20110 RfAOIKR,1020 tRCll[CK 

IF I. NOT• SUV I NP I WR TT£ IL P, 10 30 l!A[ AO ,RCH[CK 
IP[ A0::20!>0 

2050 R(AO IMR, 1060 I I AHNU AL, IT I, J: lo ~LNTS I 
If lo NOT. SUVIHP IWRlTCIL P, ln6S I IR[AO, I ANNUAL II I• J: loNPLN lS I 

IRE .110::: 20 60 
2(160 RfADIKRtlO:ZO tRCHECK 

If I. HOT• SUYI NP IWR Il[ ll. P, 1030 I IR( AO ,RCHE:CM 
TAEA0-::2010 

2070 Rf AO IKR, 1050 IC IPH[NO I I 1, I~l,PFLJrCTS I 
If IO NOT• SUYINP IWPIT[IL P, 10551 TR[AO • I IPHf.NO I I 1, 1-:: 1, NPLNT";; I 

TA!"A0-::2080 
208e RCAOIKR,10201RCH£CK 

If I. NOT• SUYINP tWIHT( IL P, 10 30 I IR[ lO ,RCH[CM 
IA£ A0:20'!0 

2010 Rf AO IMR, 1010 I I TISH[WI TI, I-:: 1,HPLNTS I 
Tf 1. NOT• SUVINP IWJIITE IL P, 1075 IIR[ AO, I TISH(V I I I, J::: 1,HPLH TS I 

IR[A0:::3000 
JOOO R£AO!KR,10201RCH[CK 

If' I. NOT• SU Y INP I WR TT£ IL P, IO 30 I Ht[ All ,RC'HfCK 
tir.r AO::: 3'0 10 

3010 Rf AO I KR,10 '10 11 Tltffl I I, J::c l, NPlHTS I 
If'!. NOY• SUYTNP IIIIR IT(ILP, 1075 I TR[ AO, It I"f. IT I, I::c 1,HPLHTS I 

IP(AO = 3020 
3010 R[AOIICR,1020 I RCHECM 

Ir !,NOT. SUVTNPI WRIT[ fLP,10301 IRCAO, RC'H[C:K 
TR[ AO : l030 



Valentine 

106 
IU1 
108 
10, 
110 
111 
11' 
11l ... 
115 
11' 
111 
118 
11, 
110 
171 
122 
12l 

"' 125 
126 
1 '7 
128 
12' 
130 
131 
132 
1H 

"' 135 
136 
137 
ll8 
13' 
1'0 
1'1 
1'2 
1'3 

JOJO AfAO fKfhlOSOI LIU 
T~ t.NOT, SUYTNPI WAlT( !LP,1055) IRU,0, lRA 
tr I uu .l(. 301 GO to ]050 
[AROR ::: ,TRUf, 
WRIT[ llP,,011101 

JO'IO rnRKAT I 'O[RROR =•=r.•=•=•=·=•=•:::•=·=••t 
- • P[IHOO OV[R WHICH RUNHlHC AYfRAG[ ATP TE'"P[RATUPE TS CO,.l\)J[[\ 
-n-cccoc;; JO)(lNUH or JO DAYS"! 

]050 CONTtNUf 
Q =IOAHUN • Oo\TNIXI • 0,5 
OU,.HTAl]OI :: RUNlYflAY(ATolR&,O,l'i:T(P,11 

111 :: 1 
lW :: 2 
TP = J 
JP :: 11 
TC,= s 
ru- = 1 
THS ::: 'l 
1JCS ::: J 
TfR ::: ,_ 
TAT ::: ~ 

Clll PHENOL 
CALL PHOTOS 
CALL R('iPIR 
Cl.LL TIU.NSP 
ClLL HU,NSLl<l,01 
Clll UOCATf0,0,01 
CALL O[I.THH 
DO 8000 f:::l,NPLHTS 
fLUXLOITI : 0,0 
fXll Tl :: 0,0 
Fll'llII :: 0,0 
rx 3111 = o .o 

Rf TURN 
mo 

SUBROUTINE PHENOL 
11'1[ •0[ Sr;IH 25 YI' I 1 I, PH[ NOL 

1 ,ueAouTTN[ Pll[NOL 

' 3 PH[NOLOr-Y HODfL . 
5 
6 
1 
8 

' 10 
11 

" 1J .. 
15 

" 11 

" ., 

C 
C 
C 
C ,2 
C 
C '3 
C 
C 

P7 

so IL TPf' [fH ll•H Tl-lP[o;;HrL O HU.I "V" T 8[ CPO'iC:(r 
l[llH[R k)y • ruLJNG fr"MPCRATuRr OR A, A PI<:JNG 
f[MPfRA lUR(, O(P[HOIHlt ON TH( PLANT t:Pl'IUI" I fl:fTCQr 
C[RHINA TlON OR Lr lF'lNG-OUl IS ALL~wro TO orcuR. 
SOIL WAll'"R POT[NTU.l THl:1[$HOLO PUT l'UST •u· 
cxcrrorr. rQQ G[PNINHirN OR l[HIHC--OUT TO orcuo 
TH[ <";OIL w.urR POT[NTUl BfLOW WHICH • JUtoP WlLL 
OCCUR f"ROH !Hf RTPRODUCTTV( STAG[ TO Hff v(r[1,rlY[ 
STAG[, PROVJC[O TH( ACTUAL pnT(NTlll J<; NOT c;o LO\I 
AS TO Coil.IS[ o\ s~rrr TO TH[ flORI0,-1 'il IR,(:[• 

,,INHtUpt N\mB[R OF DAY'- SP[HT hi V[C[fATIVf suer 
!\[FOR[ ~ JUMP Tr. R[PROOUr.TTV<" SUGE CAN orc:uR 
SOJL WAT.-R POT(NTJll THR(SHOLO T.,AT HUST P[ (XCf"(Of"O 
f'OR ..-LOWfQJN(i Trl BCGl"f 
SOIL WATfR POT[NflAL VALU[ 8£l0W WHICH THf PLANT 
wILl 13f OOR,oi 4N l 
JS TRUE IF HMP •uST sr BELOW Pt FOR C[R"IUrtON 
IOR L[ll'"ING-OUTJ TO t'ICCUP 

20 
21 
2Z 
23 
2' 
25 
26 
2l ,. 

pg, 9 JULIAN OATES 6(TWC£N WHIC:H G!:RMINlTION IOR 
LEAFING-CUTI IS NOT ALlOWCO 

2' 
JU 
JI 

" 3J 

" 35 ,. 
J7 

" 3' 
,o .. 
'2 

" .. 
" .. ., .. ., 
50 
51 
Sl 
53 

" ss 
5• 
51 
58 
s, 
60 

" '2 

" .. 
65 

tr NO 

HNP[RAl\JR( TURt'iHOLO, WHICH WH[N CRO<;;SFO l(ITH[P 0" 
A FlLLINC TCf'P[RlTUR[ OD A'I' l RTSlNfl T(HP[RHURr, 
O[PrNOJNC ON THC PllU.T GROl/PI WILL r•usr A JUNP TO 
THC llORHlHT PH[HOPHA'5f 
JULIAN OAT[ OURING OFF-SFASON 11H[N N[W TWTt; 
8101'1.ASS !S 1RANSF[R<1f0 TO OLO '5HM ltlOl'AS<i 

TNTCGCR P! ,P'J 
LfiGICAL RlNGRH, GrRNOI\' 
LOGIClL PT 
LOGICAL JUMP,ANNUAL,~RB,CRRM ,PRINT 
ILCOICAL SUHTNPoSUVINP, su•TNP,SUSTNP 
COHNON /[ CHO CH/ SUJotlNP, SUV INP, SUHNP ,SUS TNP 
COMMON /FJL(S/ kR, l"• MSl, NSZ, l'<iJ, NSlRCC, HSZl~[C, Jl'SJPlC 
COHl'ION I HUHS/ NPLN TS ,N AJf IMS, NOROAN, Nfl[MS, NFP ACT ,'IOL TT oH'IUC J., 

NFR(Ut.N1"P[LP ,HORO[Plf>I ,NHORIZoNSC'NPT 
CONNON I T'l'N(S/1 'l'ROAT 011 OAT ol1QNTH, IYP, JTR ,l<'l'R, I OAT ,J0,1, 'I', KO &'I' , 

J:MONTH I 12 >, IS Tt P, NSTEPS, NO• TS 
CONNON / PPT ING/ IR(P ,N REP ,NR E'P 1211 , lf'P INT, NPP INT , MPRINTI Zl I, P$I INT, 

PLAC(U81 oUNTT'SC81 
CONNON /MTSC/ CRRORoPCHCCKC201 ,BLANK 
CON PION I VBl S / POH C 7, E, I ,rONO I 7 I ,PDl'Y I 61 ,PDPIVO ,sec oo,,u 71 .srnoH v, 

1 AO" t101 oAOIO, DON I JI ,O°"T, SOH( 11 ,SOMT, TO TON ,even IT ,6 ,5 I, S[[O 17, 5 1, 
Z CBI Qt-If 10 ,SI, Cl I Tl J ,SI ,CORGI 1,51, CNIH 11•21,PCPf 10 l, Cy[~VI E,, !,a , 
J CY[GOI 7, 51 ,CV[GYO I ~I ,o\YEGI 7, 61 , I\V[CY 16 l, AY(GOf 71 ,AY[GYO, 

S[(0Vf 51 ,AS[[OC7J ,A',CrDY,CBIONAl51 ,ABIONC101 ,AFIIOl'IA,CLITTC 51, 
Al If IJ I, Al.ITT, CORGH f 51 ,AORGI 1J ,o\ORCH ,Cl1TNH 12 I o[COTOT 151, 
AECOTO •'i li'PH 161 ,,;:vpNc 81 ,STHl6 J, STN 181 ,OUl'IHYYI 59 I, DuNl'IU f ]01 , 
OUNl'IYS 17. 01 ,OVAf[R 171 ,O CARBO( St , OFNDOC f U , nNITAOI Z 1,, OPROOUI 61 , 
VRUIO 17 ,6 ,5 I ,SAATIOl7 ,5 I, Aff ATIO 110, 51 ,ORA TIO I J, 51'• ORA TIO IL 51, 
FACT VI 7, 61 ,r o\CTS I 7 Jo FACT o\l lOlo rACTOf JI ,f ACT OU I ,O[fAAT 1611 S, , 

- NCAT[G ,V SPNAN 1 T,51 ,ASPt.AH 110 ,St, ORGNAl'l 16 •• I ,fRo\NAlrll S ,JI, 
A AlINANIJ,51 

CONNON /VEGCONI IN,IW,IP,TA,IS,ll1",lNS,I0S,TF"R,IAToTLATfRC7I, 
1 AN,.UAU TJ ,HCR8 I Tl, lPH[NO C 71 ,T ISN(V1 71 oTTN[I Tl ,PlfSAT[ ,I ,SfOF RA 17 I 

COMMON /PH[SAV/ Pl111,P2'171,PJl71,P11171,P517>,P6171,J[N017>, 
1 JUMP I 71 ,P 7 I 71 ,P 81 71 ,P'J( 71 ,A 08 tPR(VA ,PA(\10 ,LSl 
2 ,PlO I 7l 

CONPION rLCLATRI .Jl.ATr.RC7 I 
COMNOH /PH[SAZ/ TTN[Zl71 
COMl'ION /RAINGPI/ RANV(CU I, AANGRM, C(PPIOk 

66 DATA SU8NAM/'PHEN'I 
61 C 
68 C 
6'J IFUOAY.[Q.JOAYICO TO 1000 
TO lflPRJNTIVAIHILPolOI 
71 10 FORHATC 'OP-• EXECUTING SUBROUTIN[ PH!NOL' I 
1Z T!H[Cl 1=TlH[I li•TST£P 
7J ..IINPlll=.F".llSC. 
711 LSOIL = !LAT[ACII 
7S L<i01L1 : JLAY(RIJ 1 
76 8=SVPHILSOILI 
71 87 = SWPHILSOIL21 
78 r=TIN[lll 
1, l",TAG£=IPH[fril01 l) 

80 ACCUl'tULATC TH'IC SINCf G(RMINUION ('R L[AFIN0-0UI 
81 yr I ISUC( o£Q • .-;1 60 TO JO 
31 TJPt(ZIJI: fIM[ZITI • I~Tfp 
SJ COTOtJO 
e• JO TTMfZI II = o.o 

30 

.. .. 
87 .. .. 
•o .. 
92 
'3 .. 
,s .. ., ., ., 

100 
101 
lUl 
lUJ 
10, 
105 
1 06 
101 
10, 
10, 
110 
111 

"' Ill 
11' 
115 
116 
111 
118 
119 
120 
121 
122 
12J 
12' 
1'5 
126 
121 
128 
12, 
1JO 
131 
132 
l]J 

13' 
135 
13' 
1 J7 
138 
l]. 

1'0 
1'1 
1"2 
1'3 

"' 1'5 ... 
1'1 
1 .. 
1" 
151 
151 
152 
Hl 

ts• 
155 
156 
157 
158 
15. ... 
1'1 
1'2 
1'3 
16' 
165 
16' 
1'1 

"' "' .,. 
111 
172 
173 
11, 
175 
176 
111 
118 
179 
180 
181 
182 
183 ... 
185 
186 
181 

"' ... 
190 
1•1 
192 
19' 
19• 
195 
196 
191 
198 
1'9 
210 
201 
202 
203 
,o, 
205 
206 
201 
208 
709 
21U 
211 
21' 
21] , .. 
'" '16 
711 
218 
21• 
2 20 

tJO CONTTtcur 
L07 :. L~OTL 
tr I ISUGE ,fQ. 51 UH = LSOIL2 
•Ttr' rs ONLY US(O FOR PRJNTfNG 

"" = e 
TJ" IIST.lGf .f.Q. 'ii y-. = n 
If tPRINfl WRIT[ ILP,501 AoTll,C,L07, ISUGf',"llTl,PllJt,P]IH1 

PIii II ,PSI I I ,Pl;il JI .P71 I I ,P81 Tl ,P'JCIJ ,PtD 111 
so FORMAT I 17,. A&AT =· ,Fs.1, o: •' swp: •• rG .1 ·"X· ., I"f'= • ,rs ,ll ,. Jf • 

- 'lSOil=" ,12,'IX,'TSTAG[:' ,IZ/17,'PARM'i= ',Grs.1,11r,Ll,ZlR,r(. ,11 
GO TO 12no,zoo,JOOollfJ0,1uo1,ISfAG[ 

c--------------------'---------------- - -·---- - - -
C PLAN? TS OORM.01! 
c------------------- ------------------- - - ------ - ---
c lrST FOR JUMP rRO" OOR"ANI SUG( ?O C[flPITNAflN(' OR v·u-tNC-Ollf 
C O::U.G[ 

·100 fONl 1'wr 
yr I P~ITI .CT. P"llTI 'GO TO un 
JF I lTIIOAT .cc. PRIil .•NO. TYR04'1' .LC. P'Jlll I no TO 60n 
re TO un 

110 :r I l'l'Pno .cc. a:>s1?1 .oA. ITAOAT ,Lr. P1111 I :'/) TO "GOO 
120 f(IHTJNU[ 

H I P71 I I I CO TO 1 ~ 
JUPIP WlffN T[HP Jl-lR[Sl<JLO TS ["(C(rnrn 
TF"IA,LT.PHI1.QR.!32.Lf,P11Jll".O TC f;I)() 

tr(&,LT,Pllll ,co f(l r,on 
IF (A ,L". PRfVAI GO TO r,no 
r,o TO JUI 

150 CONT ffW<"" 

JUNP VHDI TEMP IS L[SS THAN THRESHOLD 
If IA ,GT. Pllll I GO TO 600 
Tl" 0. .Gt. PlCII ,OR, 62 .Lt. P2(l11 GO TO 6t'ln 
ff CA .er. PRrv.-1 GO TO GOO 

160 CONTIHU[ 
JF C AHNUAUI 11 GO TO 170 

16"i JUPtPIII :: .TAUC. 
lPH[NOIIl-:2 . 
ti" I ANNUAL I I I I lPH[NO 111 -:1 
ClO TO 600 

1 TO CONTIHUr 
JF" I .NOT. G£RNOK I GO TO 175 
G[RNOK = .rus[. 
AiHGRN = .r.-LSC. 

17 5 JI" C RANGR .. I GfRN()t( :: • TRU[, 
GO TO 600 ~-----------------------------------c Pl.ANT JS G[R"INATtNG OR lf"AF"JNG-OUT 

G-----------------------------------
r;(RPIINATION ANO L[Af)'lrlG-OUT AR( TRCAT£0 A'i OISCA[Tf [V[HTS 

280 CONTlHUr' 
..-11'1PII 1::. TRur • 
IPH(NOIII:] 
M TO 600 

G-----------------------------------
C Pt.ANT IS VCG[HTTV[ 
c---- - - - - - - - -------------- ---- - -- - - - - --- - --

TrST F"OR JUPtP n~o" y(r..[UTIV£ STACE TO OORIUNT SUGE 
300 CONTINUE 

If ITI"'(Zfll .u. P•CIII GO TO 600 
Ir18.C(,Pi.CT11GO TO J?O 
ALlOII Tll'lf FOR RAINS or N[W S[ASOp,j TO R[&CH tLCW[R LAYEftS 
yr IC .LT, 21-I'iHPI r:o TO ]20 
JUMPlll:.,TAur. 
TPH[MOIIl=5 
r-o TO 600 
CH[CK VH(THCR TOO COLO OR HOT 

320 If IP71Ilt 00 TO 330 
JUMP 1'" TOO C"OLO 
IJ" I A .er. PlDIIII 00 TO JSO 
CO TO •10 
JUMP Ir TOO HOT 

no ]FIA .LT. PlOIIII GO TO 35(1 
00 TO 1110 
TEST FOP JUHP fPON y(r,(TAJlV( ST.lC[ TO R[PROOUCTIV[ STAG[ 

JSI IflC.LT.POIIIIGO TO FUO 
IF"C8.LT.P5fil)G0 TO GOO 
JUMP 111-:= •TAU(• 
lPHENOfI 1:11 

CO TO 600 ~-----------------------------------c PLANT I~ PEPROOUCTIY[ G-----------------------------------
T[ST FOR JUMP FROH RO'ROOUCTIV( STAG[ TO OORPtANT 'iTAG( 

·11100 IFt8.Gf.P6fIIIGO TO SDO 
11110 JUHPII)::,TRUC, 

IPH(NOfll=S 
GO TO 600 
CHECK VH[TH[R TOO COLO OR 100 HOT 

500 IF I P7 CI 11 GO TO 5 JD 
.A.IMP If TOO iCOLO 
H IA ,GT. PlOllll CO TO 550 
GO TO Ill 0 
.A.IMP IF TOO HOT 

530 P' CA .LT, PlOCIII GO TO 550 
00 TO 1110 
res, FOR JUNP fROH R[PROOUCTl\lt STAG[ TO V[GETATIY( STAG[ 

550 ff 18 .or. PJIIII GO TO 600 
JOMPIII ::: .JRUC. 
IPH[NOIII :: J 

G-----------------------------------C liRAP~P 

c---- - -- - --- -------------- - - --- - - ----- - -- --
·6tJO Tfl.NOT.JUNPITIIGO TO 630 

•or• IS ONLY USED FOR PRINTING 
0'1' ::: POMII ,IO'il • POMfI,IRTI 
IF" IHER81111 OY = POMII,IRTI 
IF IANNUALIIII QY:: SCCOOMlll 
WR IT( CLP, 6101 I ,HOA Y, XNONTHI MONTH I, IYRo lTROiY o]St AG[, IPH[NO II I, A 

oTII, Q'I' 

610 fOANAf I• CHUtGE IN MICNOPHAS[ or SP(CJ(S' ,IZ,IS,llC,AJ,IS,JX ,•JULY 
-AN 0AY 0 ,Ill,JX,'0LO=••Il, ]lC1'N[ll::•.r1,:n, 
- 'RAAT'::'of5,1 ,Jl(, 'SloP=• ,r1.1, Jl(,•~TOR[: ',f1.II I 

TTH[IIl=O,O 
ns11cwrr1=0.o 

630 If I PRINT IWRTTr IL P, 6111 01 lPH[NO I I I• JUNP II I, TTSNCV I I I, TIH[ II J 
G•fl fORNATIT7,'PHENOLOGICAl STAG( =••t2,6X•'JUMP ::',Ll,6X, 

- 'TISNEII =•,r<J.fl,6X,'1IMf' =',f5.0t 
If" CTENOIT).Cf.IYROAY .ANO, TCNDIII.LE,lTROAT•IST[P-11 GO TO 1j.•59 
GO TO 700 

65(1 00 668 K=l ,NfR[UI 
CVEGII,IOSolC): CVCCII,IOSoKI • CY[GII,TNS,KI 

660 CV(CII,JH<i,Kl ~ Cl,O 
700 qCfURN 

C ------------ ·---~-------------- -- - ---- - --
C HIPUT UO lNlULl7ATION 
C ______________ .., _______________ --------- ---

1000 lFl,NQl.SUVINP)V'HlCILP,lOlOt 
lOlCl fORNATC'O--• BECTNNING RfAOING Of INPUT TO SUBPOUTIN[ PH(';NOL' I 
1020 ,.OAl'IUIZnAIII 
1025 F"OPlUTH7,I5,' PHfNOt.',<+X,ZOUI 
lOJO roRH&T 11'1 HI 
10J5 roRNATIT7,I'S,' PHFNOL' ,ltJ[81 
1050 fORNATl7'10.0I 
1055 fl'ANATH7,I<;,• PllfNOL' ,51ll'3,7F16,~/II 
1060 Ft)Rl'IAT 11nu, 



1'1 

'" ?2] 

"' '" ,,. 
22' ,,. 
'" 230 
Zll 
23t 

'" ,,. 
'" 236 
237 

"' 23' 

1065 F"ORl'llT C TT, rs,• Plo4[~Q. '• IIJ ,lOLJI 
C 

1qr.1.0=202n 
1020 R£.t.OO<R,102'01JICHfCK 

If" I. NOT, SUV I NP )WRT TE IL P, 1025 I TR£ AO ,RCHfCK 
!rtRCH£CKl11,N(,SU8NMIGO TO 2020 

rnr •o= ?n'in 
20SO l;>[lOCKR, 1020 )QCH(CK 

Jr C, NOT, SUVINP IWRT l[ IL P, 10251 JR[ AO ,RC"4f'"K 
Hl[A0=206U 

7060 R(AOIKR,10301 lt[Nl'llll, 1-:-l,NPLNTSI 
tr I, NOT, SUV!NP IWl?fT[ ILP, ]OJ5 I Hf[ &0, I l[NO I I I, J ::1 ,NPLNT Sl 

~lffl0::20erl 
2060 Q(l0CKR,t0201RCHHK 

rr I, NC T, SIJV!NP )WPTH IL P, 10251 TR[ l('I ,RCH[CI( 
JQr AO:: 2flCWl 
00 lOOCI f":1,NPLNTS 

2'~0 2U90 R£401KR, 1050 IP 111 I ,P 21 TI ,p JI II ,p~( 11 ,PSI II ,P6l JI ,P}O I JI 
z,n rF I, NOT, SUV I NP IWRJT[IL P, 10 ss J Ill[ ,o ,Pit Tl ,r21 fl ,PJI Tl ,PIIC J 1 ,PSI JI , 
2112 P61IJ,P10f11 
2C.J :rooo CCNTT ... llf 
2H C 
21l5 TJ:!(AO :: 3010 
2116 3010 R[AO lk.P,10201 RC!l[Ci< 
21n Tr I.Nor. SUVTNPI WRIT[ ILP,102-.1 IR[.lO, IH~[CM 
2cia rqrAo = Jo20 
2119 J020 R[AO CICP,t0601 IPl'ill, I:1,NPLNTSI 
250 Jr 1.J,:QT. SUVJNPI WRIT£ ILP,10651 IR[AO, fP7fll, t:1 1 ,~Pl.NTSI 
251 TR[ AO = 1030 
252 JOJO P£.l0 IMP,10201 RCH(CI': 
253 rr t.HOT,SUVI,..PI WRIT( lll'ol0251 tRrAO, 11t:M[{I( 
2511 IR[ AO = 301+0 
<'55 JOIIO Pf"AO IMOtlOJOI IP81I), 1:1,NPLHTSI 
25b Tr 1,HOT.SUVJNPI WRIT"" ILPolOJSI JP[A'l, fP8IT1,!:1•,~PLNTSI 
257 TR£.l0 : 3050 
7.58 3050 R[AO IKR,10301 IP<>IJ ), T::t,NPLNTSI 
25<J JO l.NOT.C:UVINPl VRITr ILP,10351 lr::![.ln, IP9fll,t=1,NPLHTSI ... 
261 A : OUHl"'fAIJOI 
262 fl :: o. 0 
263 LSL = L'iOll 
2611 00 J060 J'::t,NPLNT"; 
265 3060 THt[21 II : 0,0 
266 RrTURN 
267 [NO 

SUBROUTINE PHOTOS 
8 IOfl[ •0£ S[RT 2SY1t11 t • PHOTOS 

l SU8ROUT IN[ PHOTOS 
2 
] 

10 
11 
12 
1J .. 
15 
16 
17 .. .. 
20 
21 
22 
2J ,. 
25 ,. 
27 

" " JO 
J1 
J2 
]j ,. 
35 
J6 
37 
]8 

" ,. .. 
" ., .. ., 
" ., 
" ., 
50 
51 
52 
5] ,. 
" 56 
57 
5g 

" 60 
61 
62 
6J .. 
65 
6G 
67 

" " 70 
71 
12 
1J 

" 15 
76 
11 ,. 
" •• .. ., 

C 
C 
C 
C 
C 
C 
C 
C 

PMOTOSYHT~[SIS Nono.. 
C01'1PUT(', NET C.lRAON n:u.TION 8T PHOTOSO.'Tif[TlC TISsur rufHNr'l 
DA TL IGHT HOURS 

Pl l"AX R.llf IN HG CO2 P[l1 G DAY ltATT[R <>[A Hl;\,IR 
NOT USE"' P2 

PJ- r, PUAl'l[T(RS IN G(NCRALIZCO POtSS'OII: OfNSITY ruNrTION 
R[LATtNG SCALING r,,CTOA roP f(MP TC DAILY HTOH TrMP, 
LOWrR ANO UPP[R AR[All'POIHTS [N PT(C[WIS[ l[Nrrn Pl- 1' 
fCTN RCLATINC 'i:WP 'i:C•LINC F'~CTOll TO S:IIP 

P'J,10 PAAA,t[HPS TH SIN[ rUNCT!OH "[LATING OPTIMUM 
TfNP(RA TURf TO JUL faH OAT 

Pl l ,12 PAAo\M[TtnS IN SIH[ rC-TH A£LATING MAX PAH TO 
JUl.}.liN t'IAY 

Pll ,111 P.lRAM[T(RS .l AHO 8 TH THC'POWfR fUNCftOH R[LATING SOIL 
NlTROG[N SCo\LING ro\CTOR TO trfTflJOG[N CONT£Nfl r.r nt[ SC 
SOIL 

SCALrF ADJUSTS o\CTUAL PS RAT[ JN r(U>[-NO<'N WH'EH IT 1.S HAI 
TO A 1'1f.lN YALU( FOR TH[ OAY-LIGMT HOUR$ 

TP P.lRAH(TfR usro TO c•LCULAT( T(ltP US[O TN 
CONPUT.l fION or RA1[' er CAR~ON F'IUflON 

LOGICAL (PROR,PRT .. T 
LOGICAL ANNUAL ,H[A0 
LOGICAL SUHJHP,SUVlNP, SUATNP ,SUSINP 
C OHIIOH ✓[ r.HCCH/ SUN I NP , SUV INP, SUA TNP ,SUS TNP 
COIIIION ✓ f'IL[S✓ KP, LP, NS\, MS2, 1"')3, HSlR[C, HS2AfC, 11SJA[C 
COHltON ✓ NU11S ✓ NPLNTS #. AN J ,,5 • NORG AN ,N[l [l'IS, NfP A CT ,NOL ITI, NF' PAC h 

N~R[Ll1,NfA[LP ,•IOROCPI £.I ,NHOPll,-,SCMPT 
COHNOl'I ✓ T 'Ot[S/IYROAY ,It DAY, KO NTH, I'f' R, JYR, KYR, IO.IT, JO A Y, KO AY , 

XMCNTHI 121, rs TCP, N<; T(PS ,NOA y,;; 
COHMON ✓PR TING✓ I R[P oHREP, HR(P 1211 • !PP IHT, NJ"fHNT ,MPIH HT( 21 I, Pf> TNT, 

PlAC[fl81 ,UN] TSl81 
co""ON /MfSC/ [AROR,RCH(CKl201 ,BLANK 
COMl'ION I V8lS✓ POH t 7, t.l ,PONO I 71 ,POl'V I 61 ,PDHVO, St( 00 I'! f 7' ,5 [001' V, 

l AOMI 101 ,ADMA,OOHI 31 '"°" T, SOHi 11 ,SOMT OTOTOH,CVfC f7 ,6 ,SI, S££1) 17, SJ, 
2 C0I0Hf 10 ,51,CllTIJ ,51,CORGfl ,St,Cfllkll. ,2 1,POPf J,01,CV(Gylr,, 5), 
3 CVCGOf 7, SI ,CV(GVO I SI ,AV[GI 7, GI ,o\V[ GV 16 I, AV(GOl 71, AV(GVO, 

S££0VI SI ,AS[[O 171, AS[[OV ,CBIOHAI 51 ,ARION 1101 ,A 8101'A ,CLJT TI SI , 
AL IT f 31, Al.ITT, CORGHI 51 ,AORGI 11 ,AOPGH ,CJ'tINH 121,r.coror IS I, 
.l[COTO,SWPHl61 ,<;WPNf51,STHl6t,SlN181 ,OUflHYVl~),OUKl'YAIJOI, 
OUHflYS 12 DI , OWA T[R 111 ,O CARBO C SI ,O[NOOG f 61 , ON lTROl 21 , OPROOU I 61 , 
VRA.TlO 17 ,6 ,51, SRAT IO 17 ,SI, AR ArIO 11 O, SI ,ORATIOI J, 51, ORA flOI I.o 51, 
f'ACTVf 7, £,I ,FACTS 17 I, f'ACTA llO I, FACT Of 31 ,r At'TOl 1 lo O[fAAT 16 ol SI , 
NCAT[O ,VSPNANI '1 ,51 .,1, SPNAlt 110 ,5 t I ORGIU1tf6 •-I, f'R ANAP'l S ,J 1, 

A AllNAMl3,51 
COHMOH /WTHAV✓ OAHUN, DA TMAX ,O.lR.lJN, D.l(VAP ,l'\APHOT 
COMMON ✓ V(GCOH ✓ IN,TW,IP,IR,IS,Tlf,TNS,IOS,TPt,IRT,TLAYfRl71, 

l ANNUAL I 71 ,H£R8 I 71, IPH(NO I 7t, TlSN(WI 71 ,TTHfl 71 ,PH'S Alf ,I ,S!"Of RA 17 I 
COMHON/PllOSAV✓Pl 17 J, P'l 11 t ,Pl 17 I, PC! 17 I ,PS 17 1,PF.171 ,P7171,P817 I, 

l P'JC 71 ,PlO f7 I ,Pl lf 71 of' 1211) ,Pl 31 71, F'H 171, SCAl(f ,f P 
COMltON ✓ HKPU PRQDSP171 
t.OHltON ,'fLUXJ✓f'X1171,rx2171,rxJl71 ,f'XC!f71 
COMMON ,'[VASAV/ fSUM 
COHflON ✓PHOT[M,' OHT, TPSAV[, TOPT 
OIH[NSION Pl Ml 71 
DATA SUBNAH✓ 'PHOT'/ 

TfflO.lY,CC.JOAYIGO TO 1000 
trtPRINTIWRIHILP,10 I 

10 rriRMAlc•n--• [J[CUTING SUBROUTIH( PHOTOS· I 
rr IPRINII WRIT[ lLP,tSI P11l1,P21TI ,P31II ,P-fil,P51Il,1'>6fT), 

- P71Tl,P81ll,P<JIJJ,r,,o111,p11111,P121r1 ,PtJITl,PlC!III 
15 rORHAT ffl,'PA'!AH£1£R'S-',lllf8.JI 

L"OTL = TLAY(AI TI 

SfCTION fOR AOJUSTINC, .lCCOROTNG TO JULIAN OAT, THE l'IUIHUK 
NFT f'IXATTON RAH AN n THC T£NP(RATUR£ .lT W>HCII TT IS 4CHHVCO, 
ANO TH[ TCHP[R.lTUR[ AT WHICH TH( UPP[R COltP(NSATION POT,_.f 
JS A TT A TNEO. 

PSRMu:rUNSINtPl II) ,M HI I ,P12 I I J, IYROAY I 
THJ=ruNSINIP~ I JI ,P9 f 11 ,P 10 I I I, IYRnAY I 

C -------- -- ____ __, ___________ - -- ------- - ---
C --;r-cuoN f'CR Cf'f[CT or TEMP(RATUR( 
C ______________ __, ______________ - ------- - ---

31 

., .. 
g5 
86 ., .. ., 
,o .. 
" " ,. 
" .. 
" ,. 
" 100 

101 
102 
10] 
10, 
105 
106 
107 

••• 10, 
110 
111 
112 
113 
11' 
115 
116 
117 
110 
11, 
120 
121 
122 
IZJ 
12• 
125 
126 
127 ,,. 
l 2' 
130 
131 
132 
1]] 

'" 1]5 

136 
1J7 
1JS 

"' 1'0 
1'1 
1'2 

"' ... 
"' ... 
"' ... ... 
150 .,. 
152 
15] 

15• 
155 
156 
157 ... 
15' 
1'60 
161 
162 
16] 

16• 
165 
166 
167 

"' "' 170 

171 
172 
17' 

'" 175 
176 
177 

"' 1" 
180 
181 
182 
183 
18' 
185 
18G 

1" 
us 
18' 
1'0 
1'1 

l" 

Modeling 

Tf'KPr:o. (I 
IFf OMT ,LT,TtHIT[MF'r=GfliPOffTOPT,1HI,PSIII ,P61TI ,o,n, 
Jr lPRINTI WRIT[ ILP,7CI T[l'tPF,TOPT,THl,P!;llt,P6111,0IH 

20 fOR~ATITl,'Tfl'tPf, TOPr, THI, PS, PG, OHT, ',E.f'l?,C!t 

C -------------- --------------- - ---- -- ---- - ---
C 5fCTION fOR TH[ [H[CT or W.IT[R 
C _______________ ___, _________ - - -- -- ------- - --

v1, HRf:::PWLPOS IP7 I I I, P8l Tl, l.O, SWPHl LS OIL 11 
c---- - - - -- - - - ---- -J--------- -- -- - - - - ----- - ---
C srcttoH roR (ff'[CT or SOIL tHHIOG(N P(RC(NUG( 

c----- --------------------------- - -- ----- - --
Sfl!LNF' ::: 0 .Q 
Q = CMINHI 11 
H IQ ,GT, 0.01 SOILNf: Pl31TI • O••Pt,tTI 

CALCULATE RU( ANO Pl?INT R[SUL TS 

C --------------------•-------- - - ----- - ---
C 
C P<;R.IT( IS IN HG CO2 P(R C ORY H.lTT(R P[R HOUR 

P<;R.I TC=PSRH.l)(. T[HP,.. VA T[Rf• son Nf 
OUMHYVIJ • IJ•NPLNTSI = PSRAt[ 

PHSAT(:PSP.lTC•POMCI,Lfl•l2• ✓1lll.••001•0APHOT • 0.611 
PllS.lTf=PSAATC•POHII,D.fl•OAPHOT • 2.Tz72C-~ • SCAL[F 
OUIOIYVIT • 5•NPLNTSI = PHSAT£ • IST(P 
oc AR80 11 I =oc ARBO fl I +PH SA l[• IS T (P 
rr C PRINT I WR ITC ILP, 12 5 IPSPl'IAX ,T [l'IPf' ,WAT [Rf, PSP AT[ ,PHS AT (, .... ., .. I l, Ilf t 

,O.lPMOT,SOILNf 
12 5 roR1tAI 16 x, 'PSRMA x, T( If> r, w A T[Rf ,PSR ATC, PH SAT[, POl'I ,D APHO T,ISCIUF : • • 

- /T7, 8Gll ., I 

tr I PtHNT IVRJT[ ILP, 12 £.tPJl 11 ,PC! IT h PS II I I P6 II I, TOPT ,THT ,OHT • T[NPf 
126 roRH.lT!T7,•11 PARMS, rTRST 2 AOJUSTrO, TtHP, TfHP fACTOR',' 

- T7 ,8G12, 51 
Ta : 2 
Tr I ANNUAL 1111 to= l 
Y = PH'l,lfE•2.5•JST£P 
n:u11 = rx11r1 • PHSATf•tSTEP 
OPROOUfHI) = OPROOUIIOI ♦ Y 
PROO:SPI 11 = PAOO:S:Pt I I • y 
[SUit = (SUM • PHS11( +OA[VAP 
JJ'CPHS.lT£+GT+O,OICA.i..L TRANSLIPHSATCI 
Pr TURH 

C --------------------------------------
C l'tPUT AHO INTTALllATlON 
C ____________ _. _ __,_,.. ___________ - ----------

l'ODO Tfl,NOT.SUVHtPllfRIT(ILP,10011 
lDOl rQRMATl'O--• 8£GJNNlttG ·READING Of' INPUT ro SUBROUTYH( PHOTOS' I 

JR(AO:tQ10 
ttllO R[A01KR,1020JRCH£CM 

lf I, NOT, SUV IH PI lfR TT[ IL P, 1030 I TR( AD ,A CHECK 
lO'ZG f'ORIOTt20A~I 
lDlO roR1tAflT1,I5,• PHOTOS','IX,204'1 

rrcRCH[CKCll,N[.SUBNAMIGO To 1010 

JP£A0=1acio 
10'10 RrAOIKR, 1020 IRCN[CK 

Ir t •NOT, SUV JNP IWPfl[ IL P, 1030 I IR( AO •FlCtt[CM 
IA£ A0:1oso 
no 1065 J::t,NPlNT" 

lUSO R(AOI KP, 10(,Q I Pll TI ,P 21 l t ,P JC II ,P" It ,PSI YI ,P6 I II ,Pl! Tl ,P81ll , 
l P9CJl,P10fll,Plllllol'lZIIl,PlJfll,PHllJ 

1060 rOPltATIJF'\0,01 
Ir1.NQT.'iUVINPIWRIT£1LP,1070IIR[.I.D,Pllll oPZlll ,P31TI ,Plllll•,P5fII, 

P6f TI ,P711 I ,P8f !I ,P91 II ,P 10 fft.Plll Tl ,PU ITI ,Pl JI 11 ,Pt, 11 J 
Tf IP'III ,GT. PJIIII GO TO 10611 
WATT[ ILP,106ll P31! I, PIIIII 

10&3 roRMATf 1 =•=•=•= (RR>R =•=•=•= PC! MUST 8( OR[AT[P THAN PJ•J 
106'1 CllNI JHUl 
1065 COPH!NUE 
1070 f'OR•HTIT7,T5,' PHOTOS' ,7r16,S,SI/Tl'J•7f'"l&.SI I 

C 

C 

7R£AO = 1080 
1080 R[AO IKR,10201 RCH[CM 

Ir I.NOT. SUVIHPI WRITE ILP,lOJII IR[AO, RCHCCK 
TREAD = 10'30 

lO'JO R(AO I MP,1C6CI SCAl[f', TP 
TPSAV[ : TP 

Jf I.HOT, SUVINPI 'IIRTT(ILP,10701 IAfAO, SCAL[Fo TP 
p- fSCAL(F .GT. o.o ,ANO. SCAL[F .LT. l•DI GO TO 2020 
(RROR = . TRur. 
llflTT[ lLP, 2000 I 

zooo roRNAT .I. =·=·=•= (AROR SCALING rACTQl1 HAS UHR[A'SONAelf 
- VALU['I 

2020 IF ITP .G!. o.o ,ANO. TP ,LT. 1.n, GO •re 20IJO 
(RROR = .TRU(. 
WRIT[ ltl",ZOJOI 

:':OJO fORKAT I• =•=•::•= ERROR 

-TUR[ HA,;; lJNRF''IS0t0.8l[ VALU['t 
20110 CONT INU[ 

PARAltET(R roR AOJUS TING T CHP[RA 

C pr-1.0 l"UlllPLtlR or NA.1 PIIOTOSTNTll(TTC P6Tf'1, 
IP[IO : 2050 

C 

1050 pr-AO IKA,102111 RCll[(I( 

If f.No,. SUVINPI WRIT[ ILf>,lOlOI IRrAo, PC11rrM 
lP[AO = ;,:nr;o 

7060 R[AO IK'1,\fl6UI lf'lKITI, t=l,"IPUflSI 

rr I.NOT. suvtNPI WATT( ILP,1070} IP[AO, lf'lHl?l,l=tl,~PlNlSI 
00 2U70 l=l•Nf>lNVi 

201'0 rtfll = Pllfl•Plfllll 

f'-UH : n,n 
00 Jnoo f':1,Nl'LNl'-
TOPT=f'UNS IHlf'll It, P91 JI, PlOI II, lYPl'\AYI 
OIIHIOVIT ♦ J•NPLNTSI = TOPI 
PSRltAX::fUHSINIPl I I I ,Pl 11 I I ,Pl21 I 1, lYP(HY I 
OUKHYAI fl : PSRKAX 

3nnn CONTTNUf'" 
RJ'"TURN 
f.NO 

SUBROUTINE TRANSP 
BI OH[ •DE sr RT 2SYl'II t I. TRAH5P 

l SU9ROUTlNr TRANSP 
2 LOGICAL fRROR, PRINT 
J LOGICAL ANNUAL 1HfP8 

10 
11 
12 
1J .. 
15 
16 
17 ,. 

LOGICAL '-UKINP ,SUVlNP, SUITNP ,SUSTHP 
COltHON ✓[CHOCH✓ 'iUMINr, SUV INP, SUA TNP •SUS INP 
COMltON ✓ f'"IL[S,' KR, LP, KSl, HS2, "53, KSlPr.C, HS2Q[C, ~3nrc 
COMltON ✓HUHS ✓ Nf'LN TS .N ..... 1"5, NORG AH, H[L c,-s, NF'P ACT', J,,.QL IT , lrifRAC 1, 

NrR[LN, Nrfl:CLP, HOROCP I & I , HHC:,PT l, NSC"PT 
COKltON ✓ 1 YH(S✓ I YAOA Y ,M O.l T, MON tH, 1Y P, JYR, I< TR, TOAY ,JOA 'f' ,KO AT , 

XNONTHC 121, IS lf P, N"iT(PS,HOI ye;; 
C OKltON ✓PQTTNC✓ IR(P ,l,IR(P, HR(P I 211 , TPnIN T, Nf'f' INT , ,-p11:y NT 121 1, l"'I TNT, 

Pl •cc 1181 ,UN Jr;; 181 
COHl'tON ✓ ltISC✓ (RROA,Pf.H(CKf201 ,BLANJII 
COHflOH ✓ VBLS ✓ POM f '1, l,I ,PO "0 I 71 ,POl'Y f 61 , pr, .. vo, S[[ oo .. 11' I .~r'lt>fl V. 

l 'IONI 101, A.ONA, DOM 131 ,t'IOH T, SONI 11 ,SD"'T• JCTrtlO ,CV[GC 1 ,6 ,5 I, sr CO Ir, 5 I, 
2 C010HI 10 ,51 ,CLITI 3 ,5 l,COROll ,51 ,CfllNfl ,2 l,POPI 10 I ,CV(GV 16, SI, 
J CV[COl l', SI ,cvcrvot ~I ,AV[G 11, 61 , AV£'CVl6 I, ,y(r.r, I 71, A\'[C:YO, 

- S(rOvc 51 ,AS[[D11' ,.,srcov,C1HOl'IAISI ,A8I0fll101 ,.lfl.10111.l,CLJT TC SI, 



.. 
20 
21 
22 
2J 
2• 
25 
2• 
21 

" " lU 
l1 

" ll ,. 
JS ,. 
" " " .. .. 
" " .. ., .. 
" .. ., 
so 
51 
52 
SJ 

" 55 ,. 
57 

" " 60 
61 ., ., .. 
" .. 
" 68 ., 
10 
71 
72 

" ,. 
75 

" 11 
78 

" 80 
81 
82 

" 8. 
85 
86 

" 88 
89 ,. 
'1 
n ., .. 
" ,. 
" " .. 

100 
101 
10, 
lOl 
10, 
105 
106 
107 
10• 
10• 

AL IT fl I, AL 1 TT ,CORGHf 5 I ,AORGf 11 ,AOPGH ,Cl'ITNHI 2), [COT OT IS J, 
A[COTO,'iWPHl61,SWPN131 ,'iHHG1,STNC81 ,OU,..HYVCSDl,OUNJIY.tl30I, 
OUMN y,:;: 12 01 ,QIIA T[R I 71 ,O CARBO I SI , on~OCG I 61 , O"'TTAO I 21 ,OPRDOuc 6J , 
YRATtO 17 ,6 ,5 I ,SRAT •o 17 ,c; I, AR AT 10110, SI ,l'IRAT Io I J• SI, ORA TIO! 1, 5 I, 
f ACTYI 7, 61 ,f ACTS! 7 I, rACTA I 10,. J"ACTDf JI ,f'"ACTCll I ,O[rlUT I G, 15) , 

- HCAT[G,YSPNlH C 7, 51 ,ASPNA" 110, 5), OPGNA,-16 ,It I ,fRAI-Ut'IS,] I, 
A ALIH&Plf l ,5 I 

Cmo•OH /IITHAY/ OATHlthOIT"'X,OARAIH,Ol(Ya,P,OAPHOT 
CDHHOH /Y[GCOJlt/ IN,Iw,IP,TR,IS,ILf,IHS,IOS,IrR,IRT,JlAY[Rlll, 

l INNUALI 71 ,H'.:RBl 71 ,IPH[N(I I H, TISHfWf 71 ,T INfl .,, ,PH'; AT[, I, sror RI, IT I 
COKKON/V T'JWI, r I CVRl':'S T l7 .al • CV TSPR 17 I 
('OKNOH /lflPSAV/ CONVf, Pll71, P2171 

C0l0f01' /'CCNSAV/ CVF" 
f'\AT.1, SUBNAl1/ "TRAN• I 

JfllOAY.£0.JOA'l'IGO TO 1000 
!l"CPRINT1WRITflL"'10 I 

10 rORl'I.Ht•n--• ['.IC[CUT!"NC SU8ROUT1N[ TRHSPP' I 
ORYKAT = PHSAT[ • 2.5 
WAHR: OPYHAT • IPllll ♦ P211) • OA['tlAflt 
WAHR NOn(L RrQUHl[S TRAH'iPIRAtlnN IN l<ILOGIUKS f'CR HfCTARf. 
TH[ H[Cf<:i;'i.ART CONV[ASIOH TS NOV P[PrQr)H[f'I 
)' = v•TrR • CON'tlr 
'CVROST" TS TH£ POOT '1JSTll18UT10N 8'f' HOAT70N IO(CTNIL (R.l(TIONSI 
'CVTSPR•, WHICH I'i p&<;;S[O to TH". 'iOJL WAHR ",UBl'(IO[L, rs TH[ 
'R[OU['i.TrO' Al10UHT af TAANSPIRAJIICN O(G/1-4,t,J 

CVT'i:PRCTI : X 
'OWAt(AIJI' IS IN NN 
0\1.1.T(R(JI = OVAT[RIJI • x,1.ot-11.rstrP 
OIIH,UVCll"II = OV.1.TfAI 11 
IF IPRfNTI WRJT( CLP ,JOI W.I.J[A,PHSATf,ORYKAT,OA[VAP,X,Pllll, P211I 

]0 J"QRIUJCT7, 'R[QU[ST[O Tls.l.NSPIRATION IN UNTTS or SIKULATTON :• ,f15,5 
- /T7,'PHSATE,ORYIUT,rA(V.I.P,CV'iTPl!,Pl,P2 =· ,Grt5.51 

pr-fUAH 

C ----------------------------- - ----- - --
C THPUT ANO !NTY.I.LT7.I.T TON 
C ------- -------- - _., _____________ - --- - -------- - ----

1000 ffl,NOT.SUV!NPIVPIT[flP,10101 
lUlO ro~11.lT( •o--• errfNNlNG P[AOTfolC Of INPUT TO SU8AOUlTNr TR.II-ISP• I 
1020 "OAKAff20•-• 
1025 roRKATIT7,l5,' TPAN'iP· ,11x,2ou1 
1oso roR,ut11rio.01 
1055 f"l'UINATITl,15•' TAAN5r>' ,7,.16,51 

' IRE AO= 70 20 
2(120 R[AOIKR,1020 IRCH(rK 

If I. NOT• SUVJNP IVR 1 HIL P, 1025 I IR[ U) ,RCH[CII' 
fflACH(Cl(fll,Nr.Su8Nlt'IIGO To 2020 

Tl![AD--:2050 
2050 R(AOll<R,102UIACH[CK 

Jr I• NOT, SUVHIP IWRTT( It P, 1025 I IR( ao ,ACHE'CK 
IP[ AD::20f.O 

2060 A(AOIKA, 1050 I COHvr 
rr <•HOT .5'.U'tllHP IWATT[ IL P, tn55 I !R[ AO, CONvr 
cvr = CoNvr 

20611 If ICONYr .GT. 0,01 00 TO 2068 
CRAOR = ,TRU(. 
WAIT[ !Lr, 20661 

2U66 rDAl'AT c • =·=•=•= fAPOR =·=•=•= CONV(RS!DN (ACTOR KU'i' ar CR[AT 
-[R THAN 7CRO' I 

2068 CONTINU[ 
C 

TR[A0::2070 
7.070 RrAOtKR,tOZUIRCH[CK 

If' I. NOT. SU'tllNP IWA 1 TC IL P, 10251 IA[ AO ,ACH[Ck 
TA£A0:20AO 
00 1000 l=t,NPLNTS 

2080 AfAO 111:At lOSO IC CVAOST It ,JI ,J:l, NHOA T1 I 
If' I. NOT• SUVl·NP IWRIH IL P, 10551 IA( an, I CVAOST II, JI ,J: l,NHOAU J 
OS : O 
00 2(1~5 J:t,NHOAl7 

2085 OS = as • CVR OS ff I ,JI 
Tf IQS ,GE, .'J9'3 ,A.NO, OS ,LE, 1,0011 GO TO JOOO 
[AAOR = , TAU!'.• 
VAil( ILP,20'301 OS 

2090 rORIH1T I' =-•=•=•= £RADA =•=•=•:: ROOT OTSTRIBUTTON VALl..f'S PUST<:; 
-UK TO ON[ RUT INSHAO THEY SUN TO' ,CU ,JI 

l'OOO CONTTNU£ 

IA[.1.0 : JOlO 
JOlD R[AO (l(A,10201 RCH(Ck 

Jr I. NOT• SUVTNP IVRTT( IL P, 10251 IR£ AIO ,RCH[CI< 
lP[AO = J020 
00 JOlO I=l•NPLNTS 
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YJ28 IS H'[ CARBON It/ ATTACH[O, HATUR[ srros 
X]2'J TS T~C CARDON A'l0(0 TO HATRU[ AHACMfn Sf[O<j DOPINC 
TH[ CtJRR,.~T TTH[-'ST[r 
02e: AY[GII,IFRI • <:;[0f"RAf11 
11']29 : n .n 

Jf.'H[NOllt IS TH( CUR~fNT PH[NOLOGICAL STAG( or TH[ l'TH "LOT 
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J:-:""fRKJNATlON 
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J:V[GfTATlY[ 
ti:-R[Pf?ODUCTTY[ 
1'.,:00RHAHT 

~<:H,G[:IP .. [NOI I I 
L<;OJL: ILAY[IHJI 
L<;Oll2 : JLAYCRIT I 
JFIAHOUHT.GT,O,OIGO IO ~(Tl 

r:o TO 11no,zuo,,u'JO,IIIUJ,600J,ISTAG( 

r:rRHIHATION S(CfTON 
crRH!HATION !'S TR[ATf"' A'S A OISCR(Tf [YfHT -- IT IS lftHl[P[HOfNT 
er Hff l'ENGTH or rnr T I1<1r ST(P 
(,f"RNJ/1,ATIC,,_ COK[S FRON fll'T[RNAL SOURCf 

·100 COHTINUf 
TPAf[: PVLPO'SCP11l1P2111,P31IJ,'SVPHIL'S0Il211 
MHSLC -:: TRAH • SOPOOL 
WRTT[ ILP,1201 TPNSLC, TRAT[ 

120 roRHAT I TSO, 'CARPOH lPANSLOCAT[f' =·, c:i2.,,sx. 
'SPfClf"[C RAT( -::•, Cl2•' t 

rLUJ{LOITI : rLUXLOC 11 • TPNSLC 
OfNOOGl~I : O[HOOGl5 I • TRHSLC 
Tf SH[V I I)::: Tl'SH[WI 11 • lf"'NSLC 
Tll[ FOLLOWINr. DIYISICH HAK[S SIZf or TRN'\:LC lt,O(P[NO[NT or-
TIH[-STfP 
TRNSLC::: TRNSlC/J'ST[r 
AllOCAT[ TO ORGAN AN!' CAAPON fRACTlOH, 
Q:;TRN'SLC•Plll(l 1 
CALL ALOCIHilf",Ot 
oo:TRHSLC•PSI I I 
CALL ALOCATIINS,OQI 
00(1 : TR"l'SLC • P(, 111 
CALI ALnCATtlAT, rHH) I 

CARBON HAS ll[[N TPAHSf[RR[O, NOW lRANSH"I<' NOH-CARBOt.' COHST!TU::HT'S 

no 1.30 l<=l•N[l[HS 
CY[GQQl1,1LfoKI: CY[GOQII,tLf,KI • 0 • VtUf]Oll,lLf",1(1 
CY[GOOlloINS•KI: CY[GOOII,lHS,1(1 • 00 • VRATIOIJ,TNS,1<1 

130 CY[GQOll,IRT,KI :- CY[GQQIT,IRT,KI • 000 • VRATIOII1IAT,KI 
GO 10 600 

C ----- -------------••----- -- ---------- ----
C L[Af"ING-OUT OR fLOWrRING ANO LEAf"ING-OUT 
C TR[ATf'D AS OI'SCRrT[ ry[HT IHO[P(NO[NT or l[HGTH or Tl1'[-Sl(P 
C __, _____________ .,, ________________ -------- - ---

·200 0 7 0. 0 
00 201 J-::TRT ,NOAG&N 

'201 O'=Q•POHII,JI 
O ::: Q • PONII olOSI 
•o• IS TH[ ORY NATTCR TN DONOR ORGAN'S 
rr10.L£,O.OIGO TO 600 
roR TH[ TIN[ B(ING TII( TPAN'SLOCATION RAH orP[NOS OH TH( SOil 
WAT(f:I POTOHIAL ONLY 
TRATC: PWLPOSIP11Il~2tll,P31H,'SWPH1L'i0Il211 
TRAT[ = TPAH / IST[ P 
TRNSLC:::0,0 
00 105 J:HIT ,HORGAN 
,t,-::TRAT[•CY[GI I ,J ,lAI 
CY[GOOI I •J ,IR I :cvrGQOI I ,J, IR 1- A 

20S TRNSLC:frtN'SLC•A 
B-::TRAT[•CY[Gl I,IOS,Ir:'1 
CY(GOO I l, lOS, IR 1-::CY[f",QO f J, IO 5, IR 1-R 
T<?NSlC=TRNSLC"•B 
'TRNSLC• TS NOW TH[ TOTAL CARRON T11i\N<;LOCl T(D DURING ON[ OAT 
X7.] ::: TRAT[ • IS1£P 
X211 : TAH<iLC• ISJt'p 
WRIT( fl"• 1201 x:2-. , J" 23 
O(NOOGl61 : O[NOOGl6 I • X2' 
TTSN[Wlll : TISNrwcr, • X111 
FLUXLOITI-:: f""LUXLOlll • Xlti 
0-:::TRNSLC•IPl!ll) • PSfTJI 
·o• IS TH( TOTAL CARA:IN TRAN'SlOCATfO TO PHOTO'SYNTH[TIC rxor;;sur 
yrcQ,L(,O.OIGO TO 21n 
IF I PRINT I WRIH ILP, 20, I 0 

'208 fORNUCT7,'TRAN'SLOCAT'" Fl~ON STORAGf TO PHl'TOSTNTH[TIC TlS'iiU[ :•, 
- r.15 .SI 

C4ll ALOCATITLf,01 
,t0Y( NON-1':ARBOH El.(HCNl'S fROK STORAC:( TO LC4HS 
("All S TON[ iii CI• llF ,Q, Y'U TIO , iUXPl A, >'I ,t,·xoRG ,HA XCH( • CV [GOO, CllfG, 

- T RT ,NOPGAN •10S ,H£l[H'S I 
210 (r-TRNSLO•r6tll 

·o• ts HOW Hl[ TOTAL CARBON TRUISLOCAT[O TO FlOW[RC, 
It'IQ.L[ ,n.OIGO TO 22(1 
tr CPRJNTlii1RlT(llP,2l£ HJ 

·206 fORNATfT7o 'TRANSLOCAH FflOH 'STORlG( TO fl!'WEPS:' ,GlS.SI 
CALL ALOCATIIFR,01 
HOY[ NON-CARBON rLCh[NTS FRO~ STOl>AG[ TO rtowrRs 
CALL S TON[ iii I I, I fR, 0 • \ff AT IO , NAXPl A," A Xl'!RG ,NA XCH[, CV [GOO ,C Y[G, 

- IRT,NORGAN,IOS,H[L[NSI 
220 f.0 TO 600 

c-------------------------------- ----- --- -- - --
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C PJl[NOPHA<:;[S 

~-----------------------------------< 
C 
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C 
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AH Nu'il BC ALLOCU(O TO TH[ PROP[R Of:"GA,..S ANO CARAON TYPfS 

11100 no SlO J:l ,HORGAN 

•'SSUl't[ roP NOW UlAT "-l PlANl GROUP<; HAvr TH[ SAH( PARAN[T[R 
VALUC'S 

33 Modeling 

181 
182 K-:1 
t8J !fl ISTAGC.£0,, ll't::'.2 
18'- o=u•OUHT•PTALOCIJ,J, "I 
185 f"X16Cl•JI : fX1611,JI • O•lSl[P 
186 rr1J.[O.trRtl!SN[iill IJ:TlsHfWIIl•O• IST[P 
187 TF CJ,[0,Tf"RI X.l2'J: O•JST[P 
181S If" C PRINT I WR ITC ILP, so 51 J, O,PT ALOC CI ,J ,,,., , ANOUHT, T'ST AG[ 
189 "505 roR1tATITl,'CAR80N .ll.LOCATCO TO CRGAN HO.•,Jz,• :',GlJ.S, 
190 - 6X,•8[JHG',f7,lll, 0 ('f" •,Cll,So6X,'TSTAGf-::••l21 
191 rr,o.L(.0.0100 TO !i10 
192 J~IJ,L"l".IRTIGO TO 50'i 
193 JrlANHUA.UII IGO TO sm 
19'- OPRODU16 ):(IPR00Ul6 I •O• 2• S• !STEP 
195 ("O TO 50q 
1'16 ·soe CPROOU1t;1-::0PRQOUISl•O•Z·S•IST(P 
197 ·509 C .. ll ALOCAT!J,01 
198 S10 CONJIHU[ 
199 JFIISTAG(.N[,ltlGO TO 600 
200 c---------------------------- - - -- ------- ----
201 C HWIT ,oTURATION 
202 A'SSUN[ HUT HATUR( S[[O PIOMASS (XPR[SS[O AS A rRaCTIOH Of 
20J TH[ SIONA<:S or TH[ R[PPOOUCTIY[ TISSU( I<; A PIEC(-IIIS[ L1N[AR 
2011 C r11NCTION Of OATS [LAP"s[O <;INC( TH[ ,;;1,t,Rf or TH[ fPUITlHG ,;ua: 
205 c-------------------------- - - - -- ------ ----
206 scorRA I I ):PwLPOS I PSF 11 I I ,PSF2C II .rsr JI ti ,TJH[ I I I I 
207 11'330: IAY[G(IoirRI • X32'll • SEOf"PAltl - XlZe 
2oe JF IX3JO .GT. 0.01 fHOCll : rx101t1 • X330 
709 If I PRINT I WRIT£ CLP, 5S 01 srorRA I I I 
210 S50 roRKAT IT7, 'TIN(,S[OfR&:• ,2G1s.s1 
211 600 RfTURN 

'" ~-----------------------------------
211 C ]NPUT ANO INTlAL17ATION SfCION 

21111 c---------- ----- - -------------- -- ------------ ----
115 1'<100 JFI.NOT,SUYINPIWRTT[ILP,10101 
216 lOUI fORNUl'O--• S[CIHNING R(AOING OF INl>UT TO SUBROUTIN[ TRANSL' I 
217 1021 fORKATl21HI 
218 1025 f0RfUTIT7tIS,• TRANSL' ,,X•20Ailll 
113 1030 fORfUTIHTSI 
220 10.35 rORl'IATIT7,IS,• TIUNSL' ,IIIX,1111151 
221 1050 t'ORKAT17f"10,0I 
222 1055 fORNUITT,IS,• TRANSL',SIT19,7F16,S/II 
123 C 
22'1 TR(A0:7120 
"225 2020 R(i\OIKR,lOZOIRCH("k 
216 tr I. NOT. SU YINP )WR TT( fl r. 1025 I [RE AO ,R CH(C k 
227 T'"IRCM(Cll111,H[oSUIJH ... IGO TO 2020 

'" 2 29 TR[ A0:20 50 
1.30 2050 Rf AO IKR,t02fJ I RCtffCK 
2.] l Ir I• NOT. SUVINP IVR T TE IL P, 1025 I IR[ AO ,RCHECII 
232 JA[A0:1060 
233 00 2080 J:1,HPLNT'S 
2.lill 2060 Rf.AO llt:P,10501 Pllt1.P21Tl,P3fil,PIIIIJJ,P51lhP61Il 
l3S If f. NOT• SUVINP IWR IT£ II,. P, 1055 1 IR(AO ,Pll II ,P2111 ,P 31 II oP'lf 11 ,P 51 l) • 
2 .]6 P61 I I 
2.37 0: PIIIITI -t PS!II • "5111 
2311 If co.GT •• '199 .ANO. O ,LT. 1.0011 GO TO 2080 
23' [RROR : .TRU(. 
2110 WRITf ILP,20701 0 
21111 Z070 r""ORIUT I' :o:o:•": (PA'09 =•=•::.: PARAMETERS q, 5, ANO£, HUST SU" 
21112 - ,o OM[ 8UT IHSHA.0 11-lfY c:;uH ,o•,r10.1111 
2111.l ZC80 CONT tNUf 
211111 C 
2111s TR£Ao=20~ 
21116 20'30 A£A.011(R,J021JIRCHCCK 
21117 IF I. NOT. SUYINP IVRIT[ \. Po 10251 IR[ A.0 ,PCH[CII 
2'11S TRfA0-=.3000 
2'-'3 00 JOOl J-::1, NPUHS 
250 lOOO pr,0111:R,lOSOIPSf"lfll 1>sr21r,.psf31II 
251 lOOl lfl.NOT,SUVINPIWRIT£fLP,l0551lR(AO,PSf11TI •PSF21J1 ,PSf"l(II 
252 C 
25.l IREAO:JQlO 
25111 301(1 RfA011t:R,102DIRCH,.CI( 
255 IF I, NOT ,'SUIIINP IWP TT[ l. P, 1025 I TR[ AO ,PCH(CK 
2 5& TR( AO: J020 
257 DO 3021 J:l,NPLNT'S 
251S 00 3021 N:::1,2 
25'3 .3020 R(AOIKR,10SOIIPTAt.OCl'",J,Kl,J:l,NOPGANI 
260 3021 If" t. NOT ,SUYlNP IWRTTE IL P, 10$5 I IRE AO, IPTALOC ct ,J ,H 1 •J: 1,NORGIA1' I 
261 C 
262 00 3050 t:1,NPLNT'S 
26J 3050 n10ct1 : o.o 
26111 IX -:: HPLNTS • 1 
265 00 3060 1=1,lJC 
266 ')0 .3060 J-::1,NOROAN 
267 .3060 fX161IoJI = O.O 
2611 RrTuRN 
26'3 £NO 

SUBROUTINE ALOCAT 
810"'£ •0( Sf"R T7<.T1'11 J. ALOCAT 

1 <;UBROUTIN,. ALOr"AJIJ,111-oO-.JIHI 
2 
3 l"ROGRAH TC' ALLOCAT[ i ',IYF"N AMOUNT or CAPRON TO [4(H or TH( (AReoN 

ff'i\CT[O,';S IH THf J'l" ORG•H ~r JHr l'TH Pl'"' GROUP PI• TS 

10 
11 
12 
13 

" " 16 
17 
18 

" 20 
21 

" 2J ,. 
25 

" l1 

" " ,. 
" 32 
JJ ,. 
" 36 
37 
J8 

" .. 

P4 S'S(O lHrlOUCH COH"O nl 

P•ALOCIN•ll FRACTION or CARPON ALLOCAHO TO THf N'TH caPPOfl 
FRHTIOH OuPJN~ TH( l 'TH f'HfHOLOr;JCAl c:;ur.r ITI-O"S 
t'J?ACTlON or TH[ l'Hl ('RGAN TTP[ fl:t rc11 H[R"'ACl"OU'S 
OR:;AN'S, l :;, f"Olt WOOl'IY CPr.O<;) 

LO'ilCJ..L rl.POR,PAINJ 
LOGICAL <itJN INP. SUYIN r, 'SU" hiP. Su'S INP 
LOGICAL i\NNUAL, HHIB 
COM .. OH /( CHO CH/ SIJHt ~ •SUV JHr>, su• TNP ,SUS TNP 
t:OK"ON ,rncs, KR, L"• HSl, 1'1$2, 1'$J, HSlR[C, MS2R[C, NSJP[C 
CONNON I NUHS / HPLN TS ,NAN t~'S, NORGAfl, t.[l(t'S, Nf"P A CT , NOL In, Nf PAC lo 

NrR[LN,Hl"P[LP ,'IOPO[Plr.t ,HHtJPil,~Srttf'T 
COHHOt, / TYl'I[ St lY'tOAT tH Oi\ Y, NOHTH, !YP, JYR• K YR, l OAT ,JO• Y, IC OAY , 

X,_.CHTH f 121, I'S TfP, NST(PS•HOAY<; 
f"OHKON /PRTTNG/ IR[P .f.lR[P,HR[P 1211 ,lPRlNT,NP"lNT ,~P/H!,:11211• Pf)Ift,:J, 

PLIC:[1181 ,UNl1'>l81 
COHNON /HTSC/ £RPOR,r>CH[Cl<l20l ,8LANK 
((JHNON /Y6t.S/ POH C 7, hi ,P0.,0171 ,POt'\'161 ,f'f}t4YO,S[f00NI 7) , .. Ff'OH V, 

1 AOIII l 01 oi\Ol'tA ,OOH I JI ,OOH l, SOHi 11 , SO•T, TOTl)N ,CV[C 17 ,6, SI, 'S[[O 17, 5 I, 
2 CBIONI 10 ,s I, CLIT 13 ,c; 1,CORGll ,SI, CH1Nl1,21,POPf 10, .cvtGYHu 51, 
3 CYCCOC 7, 51 ,CV[GYO I !)I ,AY[G I 7, 61 , ftY(GY ri; I, AYCGOI 71, i\V[ClYO, 
i, SHOYI 51 1A5,([017 l,A<;;([OY,C810"Al51 ,A6IOHl101 ,A8IO~A,CLJT Tl SI, 

ll ITC "11, Al I1 T, CORCH f 51 ,AORC:f 11 , AOPGH ,CMIHH I 21 ,rr OTOT IS,. 
AfCOTO ,<;;WPH 161 ,SWPNI 81 ,S TH16 I, STN I e1 ,OUlolHYV I 50 I, 0UH1'YA I JUI , 

7 OUHMYS 1201 ,OVAT[R I 71 ,OCARSOI 51 ,OfNOOGt 61 ,ON JlROI Z I, OPRnov, t>I , 
YRATI017 ,&,SJ ,'SPATfOl7 ,51, i\RATTOllCJ, 51 ,ORAllOl l,51,0RAlJOl 1, SI, 
r ACTYI 7, 61 ,r •CT'S! 7 ,. FACT AC 101, rAcTot JI ·" ACT Oil 1,0f''RAT 16,151 , 
NCAffC ,YSPNA" I 1, 51 ,A Sl'Ni\H 110 ,51, 0RGNA1'116 tit I, rRANAM 15, 31, 

A AL!NAHl"\,51 
C"HNOH /C .. AHC[ / CY[C!'n I 7 ,6 ,51, scrooo 17 .s I, CBJOH0 11 O, SI• 

CL! 1'}01 3, SI ,cn•r,o (JI 1, SI ,CH lNOOl 1, 71 
COl'tHOH tYrCCON/ TN,IW,IP,llhIS,Ilr•TN'i,IOS,Il"Q,HH,IlAYfOl7I, 

1 ANHUAU 71 ,Hf RS f 71, IP'--l[NO I 71, T ISNf"WI 7) ., 1"[ 171 ,r1fS Al[• I, <:ror RA.I 1 I 
,.OHNON/AlO'SAY/PAA.LOCI J ,? I 



Valentine 

" ., 
" 
" ., ., .. .. 
50 
51 

" SJ ,. 
" ,. 
57 

" " ,o .. ,, 
63 .. . , 
'' " G8 .. 
70 
H 
1l 

" " 75 

" 77 

" ,. 

O;"N[H'itON Olll 
OATA SUfl;•UM/'ALOr'' I 

T"'IIOAY,[G,JOAYlflO TO 1011n 
Jf' I PAINT lWRJTf ILP, 10 I 

lu rl}Rtu.r IT7,'--• rx[CUTlt,iG SURAOUTl"'[ ALOC'Af'l 

Afl0 CARBON TO A[SERYr If lATTfR l'i O[PL[TfO 
A=Cv[GII,J,IRI 
B=AY[Gll,JI 
JFlfl,Lf.O,OIGO TO 90 
c-.1i,n 
TFfC,C[,O,llCO TO 90 

rt=.UIINll &l'OUNT ,0 I 
CV[GQQI I ,J, IR I =CvfGQ :)I 1, J, IR I •O 
Jf"I PRINT lWRTTf ILP, 80 IJ ,C, AMOUNT, n 

80 roRHATITlJ,'ORGAN:: ',11,SX,'RC/TC =•,f(,,11,SX,'.IHOUNT =•,c12.'1,SX, 
- 'AOoro TO R(S[RVf:: ',G12,fll 

IHOUNT ::-uccUNT-0 
JJ" f .lHOIINT ,L[ ,0,0 18(1 l.PN 

qo ,rrNTIN\1£ 

l'ISTRHWT[ CARBON .ll10NG CARBON TYPrs 
TF" 1H[R81lll GO TO ,c; 
lZ :: 2 
Jr IJ .ro. JU' .(lit. J .Ea. HRI l2 = 1 
GO TO '17 

,s l:! = 1 
'17 CONT JNU[ 

{10 100 K:NfRACt,NfR[lJ" 
t:K-N[Ll"HS 
Qfll : AHCUNT • PAltnr,t,L21 

100 CV[GQQ IT ,J ,I( 1:cy(r:001 T •J ,IC I •o ll I 
rr ,rRINTl WRIT[ ILP,15011),A,..OUNT,J 

150 l"ORtUT IT13. 0 INCR[H[NTS TO CJIIRBON rRACTTONS:•,3c15.s,s1. 
- 'TOTAL =',Gl5,515X ,'OIIGAN',121 

R[TURN 

34 

80 
81 
82 
83 
8, 
85 
8& ., 

G-----------------------------------

88 .. 
90 

" " " " 95 

" " .. 
" 100 

101 
102 
103 
10, 
105 

C INPUT ANO JNTYAL17AT!ON c------------- ____ ., ___________ - --- - --- --- - ---
1·oon Jf" I. NOT .~UVINP )WP IHIL P, 1010 I 
1010 FORHlfl'O---• 8(1"INNHIG AfAO!NG or- INPUT TO SUFIR0•1TlNr Alf'CAT 0 I 
1020 FORMAT 1201111 
1025 rORHAllT7,I5•' ILOCAT',llX,20•111 
1050 r(IRl'l.l117<""10,01 
1055 l"(lR,-ATIT7,l5•• ILOCAT' ,71"JE..51 

C 
!P( A0-:C2020 

2070 P[AOCKR, 1020 IPCH[CIC 
Ir I, NOT. SUV INP IWR t T[ IL P, 1n25) P:t[ HI ,PCHfC 11 

"'FIACH[CKlll,N(.SUBNJNIGO 10 7020 

J1.>[ lO-:: 20 .-.0 
10'50 R£A01KR• 102U IRCHUK 

tr C, NOT• SUVINP )WRl T ( fl P, 102S I TR[ 10 o<"lf:HrcM 
1R[A0=1060 
1"10 201:.5 l2=1 •2 

2060 R[AO IKRt 1050 11 PlJl. OC I K ol2 I, K=l, lffP AC Tl 
2065 Jr I. NOT• SUVJNP IWRl TC (l P, 10 55 I TR[AO, (Pl .I.LOI" fl( ol21 ,K=l o NfRAC ti 

RrtUAH 
r,o 

SUBROUTINE STONEW 
810NC•DCS[RT?STIC4 l I. STON[W 

10 
11 
12 
lJ 

SUB ROUT n1r S TON[WI I, J, o, YR, I l, 12, T 3, cva, CV ,YIU ,NO, IOS,Nr I 
flIH(NSION VA111,I2,lll ,CVQll1,I2.J3I ,CVl11,I2ol31 

00 lOU K ::1 ,Nr 
'IJ' IS TH[ CARBON TR~SLOCAHD fROH SlORAG[ IROOTS ANO ntr 
SHHSI 
'A' IS TH( ANOUNT Of" NON-CARSON CONSTTTU[NT N[[Ofl) AT TH<"" 

RrCIPHNT ORGAN 
'SUN' lS TH[ IPIOUNT AVATlALll[ IN DONOR o~r::os 
A-:O•VRIT,J,KI 
e:CvlT,TOS,KI 
SUN=B 
00 JO JJ:tRT ,NO 

111 30 SUH=SUH•CVII,JJ•KI 
15 H 1SUH ,l[, 0,01 GO 10 100 
16 RSUH=-1,0/SU/'1 
17 0 : A/ SUit 
18 CVQll,J,Kl=CVOII1J,1Cl•A 
19 CVIHl•lOS,KJ:CVQll,IOS:,Kl-8•0 
20 no '10 JJ:lRT ,NO 
21 '10 CVIHl,JJ,l(t:::cvolJ,J.J,1(1-CVlloJJ.Kl•O 
22 100 CONTINUf 
23 Rf TURN 
211 [NO 

SUBROUTINE NUTUPT 
8lc»1(•0( S(RTZSHII 11, NUTUPT 

' • , 
10 
11 
12 
1J 

" 1S ,. 
17 
18 
19 
2U 
21 

" " " " " " 28 

" JO 

SUBROUTINJ' NUTUPT 

NUTRJ[IH UPTIK[ MOD[l 

AT PA[S[NT, THIS HODO. oars NOTHING PUT TAI<[ UP NITROG[N '"iO AS 
TO t'llINTAfN A CON'-UNT PAOTrJH CAA80N TO NlTROOfN 
RATIO IN ILL ORGANS. 

LOGtCll [RROR,PR!NT 
LOGIC Al liNNUAl ,H[R8 
COHHOH ,rit[St KA, LP, HSl, MS2• NSJ, HSlR[C, HS2R[C, J5JR(C 
COH,.ON /HUHS I NPLN t S oN AHl HS, NORGlN ,N[L(HS, HfR ACT , NOL IT, Hr AAC 11 

Nr A[U~ ,NfRflP ,HOROCP 161 ,NHORl2, NSCMPJ 
COHHOH /TYH[S/J YROAY ,H OAT, HO NTH, TTR, JTR ,ICYR 1 !DAY ,JOA Y oKDIY , 

XIMONTH 112 I, IS T[P, NS T[PS, NOl ye; 
CON HON tPRTlNG/ I R(P IN R[P. 1'1R(P I 211 , lPRI NT• NPR INT , HPRIN T 1211 o PR INT, 

PLAC( 118 I ,UNI T'i 181 
COMMON /HJSC/ [RROR,ACH£CKC201 ,BLANK 
COH.,.OH I VBLS / POH 17, f, I ,PO"O 1 71 ,POJIIV I £.I , POHVO ,'5££00H Ill ,S [OOH V, 

AOH 1101, AOHI, DOH 1 JI ,OOH l, SOHi 11 ,SO.,.T ,'TO ION ,CY[G 17 ,6 ,51, SC[O n, 5 I, 
C810MI 10 ,5 I, Cl IT tl ,5 t • CORO 11,51, CHIHI) ,? I 1POP I 10 I, CVCGV 16, 51 , 
CVCGOI l, 51 ,CY£CVO f SI ,.n[G f 7, 61 , t.V[GV 16 J, AV[GO I 71 • A Y(GVO, 
St[ OVC 51 • ASCCD 17 I, AS[[OY ,C8IONA I 5) 1A SJOH Cl 01 ,A 810,-A, Cl IT Tl 51 , 
•LIT I JI• AL ITT .coRGHI .51 ,t.ORGl ll ,AORGH ,CHINHl2 I, F:COTOT 15 I, 
A[COTO ,SWPH 161 ,S\ilPNI 61 ,STH 16 I ,S lNI Al ,OUHNTY I 50 I, OUHHYA I JOI , 
OUHl'IYSl281 ,OWliT[R f 71 ,OCAABOl 51 ,0£N00Gff.l ,O+IITROI 21 ,OPAODUI f,,) • 

VA A TYO 17 ,6 ,51 ,SRATTO 17 ,51, M ATIO 110, 51 .ORA TIOI l• Sl'o ORl TIO It., 51, 
fACTVC 7, 61 ,f ACT-. I 71, rACTA 110 t, rACTOI 31 ,flC'TOll •• O[fRAT IE, •l 51 , 
NCAT[O,YSPNAHf 7, ~ I ,lSPNIH 110 ,51,0ACNA" If, ,fl I ,,-RUcU,t(5, 31, 

A lLINAJIIIJ,51 

31 

" l3 

" " " " " " ,o 

" ., ., 
" .. 

COPIMON /CHANGE/ CV[G0'1 f7 ,f; ,5 I, S[[oon C 7 ,SI, C610MQl1 O, 51, 
Cl l1QO fl, 51 ,COPGQOf 1, 51 ,CMIHOOI 1, 2t 

CONNON /Y[GCO"/ IN ,IW,IP ,TR,IS.JLF,INS,10S ,IF'A,IPT ,ILAY[IHH, 
l lNNUAL( 7' dffRBf 7), IflHNO 171, rISNJ:WI 7t ,T Hl[l 71 ,PlfS AT[ ,I ,sroFRA C 7 I 

H!IOAY,£0,JOIIYICO f('I 1000 
U- I PRINT IWRTT£ lL P, 10 01 

100 fORIUTl'O--• [X[CUTING SU8ROUT1Nf NUTUPT' I 
00 200 J::-t ,HORGAN 
UPT: 4 CV£GI I, J•IP I •CY 'l'.;1)1) I I ,J, IPI I• Q. 32-CY£GI I, J, IHI 
Ir IUPT •l T. 0.01 UPT=O. D 
Jr I PAINT tWRIT[ ILP• 150) J, UP T 

150 roRtU.T I TZO, 'ORGAN' 1 I 2. sx, 'NI TROGfO. UPT AK[~' ,Gl s.s I 
JJ"IUPT,tr.o.01Go TO ;no 

116 CV[GQO 11 ,J ,INI :cv[GQOI I, J, lN J•UPT 
~7 Cl'IINQOIJ ,IHI ::-CHINQOI lo !HI -UPl 
IIA ONITROO'l:ONITROl"ll•IPT•TSTEP 
'l'J 200 CONTINU[ 
50 l 000 C:ONTINUf" 
51 ArTURN 
52 If J.D 

SUBROUTINE DEATHH 
81 OH( •0£ S(RT "lS TH I 11, O[ lT HH 

0:U8ROU11N( O[ATHH 

. 
' 10 

11 

" 13 

" 15 

" 17 

" 19 
20 
21 
22 
23 

" " " " " " 30 
3l 

" JJ 

" 35 

" " " " •• 
" " ., .. 
,s .. ., 

" •• 51 
52 

" s, 

" •• ., 
" 59 
,o 
'1 

" 63 .. 
•• ., ., 
•• ., 
'" H 
72 
7J 

" 1S 

" 11 ,. ,, 
80 .. 
82 ., ., 
85 

•• 
" •• 
" 90 
91 

" " " 95 .. 
" " " 100 

101 
102 
103 
10, 
105 
1 o, 

HODEL or ORGAN AflSCT<.""C;TON ANO D[UH 

Pl,? 

P.l, 5 

ORA Tf 

PARAN[TfRS TN P!fC(WlS[ LlNfAR F"UNCTlON R[lllING 
R[LATTYC l8SC1SSION RAH TO TJNC [LAPS[O 
IN ruARnlT Pl-t[NOLOGICAl STAG[ 
PARIN[T(PS IN Pl(CC'WlS[ LlN(IR ruNCTION R[LAllhG 
D[I.TH RlT [ 10 SOll WAHR POTfNT!ll 
R(LATIV[ Af\SrJSSION OR O[ATH RAT[ 

LOGTC.ll fPROR,PAJNT 
LOGICAL AltNUAL ,tffll8 
LOGJCll ,:;:uH TNP ,SUV IN P, SU A TNP ,SUS t1,.P 
CON HOH /(CHOCH/ SlltU W •SUV INP • SUA TNJ' , SUS !NP 
COMMON /J'll[S/ 1(11, LP, 1151, HS2, MSJ, HSlR[C, MSZRrc, "53ll[C 
C CHHON /NUNS/ NPl HTS ,NAN l.,S •HORGAN• N[lff'S, NrRli CT , P,,:QL IT • Nf fll C 1, 

N .. A[L H ,Nfll[LP ,ICOPrr p I f,J 'NHORT l, NSCNPl 
COMMON / T YH[ S/1 YR OAT ,1'1 OA Y, HO Nllh TYP, JTAt K YR, I DAT ,JOI Y ,I( OAY • 

J:otCNTH I 12 I, IS If P, N"' TCPS:, NO l TS 
CONNON /PR TING/ I R[P ,N A(P ,11R [1> I 21 I , IPR INT, NPQ INT , Hf'RIN TI ?l I• PP 1 NT, 

PLIC<""ll81,IJN1-r:;.l"II 
COMMON /HTSC/ (IHIOR,A("HfCKl201,BllHI( 
COMMON / VB LS/ POM I 7, bl ,P {'IMO I 71 ,POl'VC 61 ,POMVO 1S [[00ot l 7 I •Sff'OH V, 

l IDHl101 ,AOHA,ODH131,C~T,S0NI 11 ,SDMT,TOT"H,CV[Gl7 ,6,51 ,srro 17 ,SI, 
2 CP!OHC10,51,C\.IT1361,COAGU•Sl,CHINll121•POP(lJJl,CVfGVl6,51, 
J CV[ cot 7, s, ,CV[GVO I~, ,AV[G C 7, £,I ,AV[GV 161, AYfGO( 71, AV[GVO, 

S[( Ovc 51 ,AS[[O 17 I , A'- [CDV ,C810flAI 51 ,ABIOH 11 01 ,l 81 Of' A• CL IT 11 51 , 
AL Tl f JI, .U. ! TT, CORCH I ",I ,liORGf 11 ,AOPGIC ,CMTNH 12 I ,CCOTOT tS I• 
A(COTO,SIIPHIE.t ,<;:WPHI tll ,STHl6 ).5,TNl61 ,CUHHYVf.50 lo0UH"'Tll301, 
OUl'IHTSl"lOI ,OWAl[R f 71 ,OCAABOl 51 ,OfNOOGIE',1 ,ONJTPOC 21 ,OPRonu1 (,I, 

8 VRlfl017 ,£, ,5 I ,SnATTO (7 ,c; I, AAAT111110, '>I ,{lRATlOl 3, 51, OIU110I lo 51 • 
flCTVI 7, E,I ,rtCT'il 71, f"A(fll 101, fACtOl 31 .r t.CTOU 1,0[fAATCf, ,151 • 
Nt"AT[ G ,V SPNIN 17, 51 ,ASl'NAH I lU ,5 I, Ol>GHUI If, ,41 I ,rRANA,,C~ ,JI, 

A AL1NU1fl•51 
COHHOM /CHANG£/ CVCGQOl1,6,51,SCE00011,51,CBIOM0110,51, 

CL T 1101 3, 5 I ,CCIRGOQ 11, 51 ,CH~NOOI l• 21 
COMMON /V[GCOH/ lfl, n,. IP, IR, Is, lLf, lNS, IO'- ,T.e-~, IRT , TLlY[R 111 , 

1 AWHUALC 71 dffHD I 71, lJ>~(HO I 71 t T ISwrwf 71 , l IM[ C 71 ,p,r;; ,\l [ ol, ccror PA 4 7 I 
COMHON/D[ASAV/Pl 171, PZ 171 ,P317 I ,pq 171,PS 17 I 
rOHHON trLUX:3/l"J:Jl71,f":r:n11,rx3111 ,f"ll:4171 
DAU SUBNAH/'Df'T'/ 

l<""IIOAT.[<:,JOAYIGO TO tOOn 
rr I PR'INT I WRIT[ ILJ>, 10 I 

10 roRHlll"O--• BCrTNNlNG f:r[CUTION Of SUB~,,UTIN[ OfATHH'I 
"iUHl::0 .0 
SUMB::-0 ,0 
L°'OlL = ILAY£RI 11 

c------- ------- ------------------ ---- - -------- - - -
C COHPUT[ l.OSS or TPAN .. !Ofl ORGANS AS • f"UN("TIOl'I Of" TlM[ 

c---- ----- ----- ---------------- ------------ - ---
0 :: lo 0 
4PAH!:PWLPOSIP11TI ,P£HI, O,THfflll I 
Ir llRATr•tSHP .r:T. 1,01 ARAT[ = 1.otf"LOl l<ISTfP1 

lfU,RAT(.l,-.O.OIC:-0 TC 250 
'ARA.TC' IS TH£ R[llTTV[ Al'ISCISSIOH RAT[ 
NOW P[Rf"ORM TH( TPANSF(RS 
DO 200 J=l ,MORGAN 
HIPOHIT,Jl,l[,O.OIGO TO 200 
IfUNNUlLITI IGO TO lCJI 
Jl"f.HOT.t-trABtttlr-O TO 50 
lf"fJ,G(.tRTIGO TO 20.0 
GO TO 10D 

5D IrlJ,NE,Ilf,ANO,J,NE,HAIGO 10 200 
100 00 150 l<=l ,NFRCL/'1 

Q:: lRA Tf• CV[G t I ,J ,I( I 
02 = G 
!JC fO•ISHP ,l.(, CV[G1T.J,Kl ♦CV[GOQIT,J,KI) 'GO TO 120 
02-:: CV[GII,J,Kt / lST[P 
0 : o. 0 
CV[GII,J,KI:: 0,0 
CV[GOGIT,J,1(1 = n.o 

12n t:nNTINU[ 
If" C K,GT, N[L[HS JSUHA-:;9.JHA•02• TS TCP 
CV[t;QQI I ,J •K 1-:::Cy[GQQI l •J, 1(1-Q 
Tf"IJ,N[.IFRIGO TO 150 
GO=OZ•SfDfRAC I I 
S[[OQOI I ,IC 1:S[[OO(II I ,II" I •OO 
If CK.GT.N[L[/'1$1 J'J:Jfll : f)l'31Il • QO•ISTfP 
02 = Q2 - QO 
TIIIS HODfl ASSU"[S TICR[ rs ONLY ONf TYPf" Of ("1[,10 ORGANTr "ITT[R 

lSO CLITOQl1,MJ-:;CLITOOl1,M"lt02 
200 CONTINU[ 

G-----------------------------------
C COMP UT£ 0[ I TH our TO nRoU 1H 
c--------------_..J---------- - --- - -- ----- - --

250 ORAH-:CPWlN[OfP]IIl,PIICIJ,P51TI ,SWPHILSOILI t 
lf IDRlT[•ISTfP .~T. 1,01 DRAT[:: 1,0/f"lOlTIIST[PI 
IFIORATt,l[,0,0IGO TO 500 
00 '160 J=-1 ,HORGAN 
tr CPOHIT,JI .L[. 0,0I GO to '160 
00 4150 1(-:::1 tNfR[l H 
O=OR.I.T[•CV(GI I •J •KI 
02 -: Q 

Tf I O•IST£P oL[. CV[GU, J.KJ •CV[C:-001 l,J, Kl I GO lO ZGU 
02: CV£GtI,J,l(I I IST£P 
0 : o. 0 
CY[GfI,J,MI-: Q.O 
CV(GOOfT.J,Kl = 0,0 

26D CONlINU[ 
rr 1 K .G l • NEl[HS IS UH a: SUHB•O 2• IS TCP 
CV(GQI) I..- ,J •K I =cvcoa IH I, J •Kl- 0 
THIS NOO(l ASSUH[S TH[R[ !S ONL'/" CHf TYPf or DUO Ol'GANIC Hl TT[fl 

11159 CLITOOll •II" l=CLITOOfl ,K 1•02 



I 01 
108 
10• 
110 
111 
112 
lll 
11' 
115 
11G 
117 
lU 

1" 
lZO 
121 
122 
12l 
12' 
125 
126 
121 
120 
1,. 
130 
lll 
132 

ill 
ll. 
135 
llG 
ll7 
lJO 
ll. 

1160 CONTIHUf 
·soo CONT HtU[ 

O[NOOG 111 )::O(NOOG Ill I+ SlJMH SUM8 
rx11111 = fXIIIJI + SUHl + SUMB 
Ir IPRHH IWRITEfLP,600) IIIUT[, ORATE, THff II I, SU~A ,SUH9 

600 '0RMATITT•"RfL, ABSCISSION RlT( =· ,G12.111,sx,"R[L, DEATH FUT£::•, 
- 012,it,SlC,"OAYS rLAP9"0 DURING PHfNOPHASE ::',012,11/ 
- ll,'TOT,t,L ABSCISSION :: 0 ,G12,ll,SX,'TOUL OE.I.TH ::•,G1ZAI 

Rf TURN 

~-----------------------------------c INPUT .UtO INTlAl.llATTI>N 

~-----------------------------------
1-oao IF I, NOT, SUVINP IWRTTE IL Po 1010 I 
101, roRIUTI "0--• 8[G1NHING R[AOJNG Of INPUT TO SUBROUTINE O[HHH' I 
1020 F'ORM .. Tl10l1U 
1025 roRl'U,TITT,15,' O[ATHH"' ,,x,2ou1 
1051 roRHATITrJ0.01 
1055 FORMATITT,JS,' O[ATHH' ,7f16,SI 

C 
~[A0::2020 

2020 RfAOO(Rol0201RCH[CK 
If 1. NOT, suvrnr )WATTE rt. P, 1025 I IR[ AO ,RCH(CK 
rr1RCH[CK(l1.N£.SU8NAHIGO TO 2020 

IR[ AO: 10 50 
2050 RCADCKR,10201ACH£CK 

If I. HOT• SU YlNP )WA tT [ IL Po lDZS I tR( ,t,O ,RCH£CK 
!R( AD: 20 EiC 
f'02068 t:l ,Nf't...HTS 

7060 R£ADl KR, 1058 I Pl I I I ,P '11 I I ,P31 ll ,Pll f ll oPS( 11 
206! If,. NOT .SUYIHP urn IT£ I\. P, 10 55 tIA[AO ,Pl I II ,P21 I I ,Pl( Tl ,P .. , II ,r SI Tl 

RrTURN 
[HO 

SUBROUTINE ANIMAL 
81011£•0£ SfRT2SYl'l l I, J.NTNAL 

1 <:•ICROUll'-.- AIOMAL 

2 
l C•LLihG PJIOCPlH rrR 4,HUL ',UP-l"IODrL<; 

10 
11 
12 
ll 
1' 
1' 

" 17 
10 
1' 
20 
21 
22 
2] 

2' 
25 
2G 
27 ,. ,. 
30 
l1 
32 
ll ,. 
" JG 
J7 
JS 

" ,o 
'1 ., ., 
" " .. ., .. .. 
50 

LOGJC,t,L '"RROR,PA~"IT 
L CG ICAL <;UH TN r ''iUY INP, Su A 'NP • '-US TNP 
COHJ,<ON /"[CUOC>(/ SU11HP ,SUVINP,SUUNl',,;;us!NP 
tNOION rr!L[S/" Kq, LP, 11Sl, "'->2• "<;"J, H'illlfC, "S7P[C, '°'i 3P(( 
-:Ol"IKOH / TYl1[S/" I '!'AOAY ,I' 0,t, Yo HO "1l H, l'I' I"', JYR • K YR, 10 Ay ,Jl\,t, Y ,K OAY • 

Y"lONTH 1121, IS T"P, ""'P(PS, NO ,v<; 
(011110N /l"RTINC/ IP(P ,"IA[P ,HRf'P I 211 • JPPJ10 o Nl"D INT ,l'PRI N Tl 11 I, rq lh '• 

PL ,er 1181 ,UNY Vi 181 
l'')l'lflON /NUl1S' NPLN IS ""' AN I "s. NtRO At.. HrL( "S. Nl"I> ~ Cl • NOL tT • Nf"I' AC u 

NI" P[L 11, HF Rf LP .MOIH1fp I 61 • NHr.~J 2, N 'if"" T 
COMl'OH /'1TSC/ [RPOR,ffrM[Cl<l2UI ,BLAl,/1< 
C011110N/AN' SA VI I, RSPTR" 
()ATA 'iUBNAl'!/"'lNil"i'/ 

l"tlOAY,£0,JOAYIGO T(l 1000 
TFCPRINT IVRIT(lLPtlO I 

1n roRNATl'U',1001'•'11' B(GHfNtNG [ll[CUTICJ./ or ANHUL 'ilJflROuTlN'"S'/ 

- 1ll •1Cl0( '•• 11 
l"t) 1no T:t ,NANIH'
If"IPRINTI VRIHILP,2fll ! 

,o roRMATl'O',TlJ.t]Pl'-'J/ 
- 111, •c;;uRTTNG CYCLr roR ANTMAL GPOUP NO, ',TJ/ 
- Tl 1, JIii '-• II 

CALL ANR[SP 
CALL FT[OM> 
CALL IUNAG( 

too CONT INtJf" 
Pf TURN 

C ------------- ------------------- - -------- ----
C INPUT AHO INITIALJl,\fTON 
C --------- ---------------- - ---------·--- ----

t·OOO Jc-1.NOT,'iUAINPIWJIJT( ILP,10101 
1U10 rORNATl'(l',1('(11'-'II' 8[G!NN1HG R[,t,DING OF" INPUT ro ANl11Al <;LORCUT 

--tt.ES'/' •,10uc•-•t1 
1020 rORl1Ul20AIII 
102S f0RPUTIT7,I5,' ANTHAL' ,4X,20AIII 

TP[A0~2020 
2020 R[A01Kt1, 1020 lRCM[CK 

Jr I. NOT• SUAINO IVP:TTE IL Po 1025 JI R[ ll'l ,PCH~CN: 
IF(RCH[CKI ll,Nr,su8NAl1IGO TO 2020 
ClLL ANR[SP 
CALL rrrDNG 
CALL HU.AG( 
R[TURN 
fNO 

SUBROUTINE ANRESP 
81011£•0£ S[RT2SYNf 11, ANR[SP 

1 SU8ROUT!N[ ANR[SP 
2 
l ANIMAL Rr"iPIRATTON 11or,n 

Pl• 2 PARAl"l[T[PS 0, POWfR fUNCTICN R[LATING R[L.tTTV( 
P[SPIRATION RAH TO fl(OI WEIGHT Of ANTl'IALS tN 
!'TH GROUP 
CARRON Rf:°SPTJ?[O IMAS'i P[R AREA Pfll OA'1'1 

35 

RSPTRO 
R R(LATl"[ R(SPIR.tTION RAT[ IKJlOGPAHS CARBON R[St'IR[C 

10 
11 
12 
ll 
1' 
15 ,. 
17 
18 
1' 
20 
21 
22 
Zl ,. 
25 
26 
27 
28 ,. 
30 
l1 
l2 
l3 ,. 
35 
JG 
J7 
33 

PER KILOt!RAk' DRY WEIGHT IN TH[ T'TH AN"t"NAL coouP 

LOGICAL [RROR, PRJN T, ANNUAL ,H[R 8 
IL CGICA L SUMI NP •SU"IN r, SUA TNP ,suSJNP 
CONNON /[CHOCH/ SUM UP ,SU"INP,SUATNP,._USINP 
C011110N /f'll['S/ KR• Lr, HSl, HS2, l'Sl, HSJPrc, 11S2PEC, "'53R[C 
COMMON /NUHS/ NPLHTS <NNfil'IS,NORGAN,Nf'L[P"S,HFPACT ,NOLfT ,P.:f'IUCl, 

HF"'f!(LM,Nfl)(LP ,~OR0£Pt6, ,HHf'fH2,NSCHPT 
COM NON /" TYl1(S/ lYR!lAT ,H Ol Y, HOHTH, IYfh JYR,KYll, IDA Y ,JOA T ,K OAY , 

XHONTIH 121, !Sff"P,HSI[P'S ,NOA TS 
C 011110N /Pf!T ING/ I RlP ,N R[P, HR £P I 2 11 • IPR INT, NP~ JNT ,11PP1N Tl 21 I, PR INT, 

PL •CC 1181 ,UNIT'; 181 
COHHOH r11rsc, £11ROR,PCH(CKl201 ,8l011( 
CONHON /VBLS/" P01111,f.l ,PO"otn ,P0"Vl61 ,PPHVO,S((OOHI 71,,;;roo11v. 

l AOl'lll 01 ,,\O!'IA,OOH I JI ,nOH T • so~u 11 ,so.-T, TOT"l1 ,C'HG f7 ,6 ,5 1, <;rro 17, 51, 
2 C8I011110 ,St ,CLITll ,o; t ,CORGll ,51,CMINll ,21 ,POPI 10 I ,CY[GY 16, SI, 
l C"(GOl 7,51 ,CV[GVOI !">I ,O[Gl1,6l ,AV[GYIGl,AVrr~o,11 ,AV[Gvn, 

SHOVC SI ,AS[(0111,AS[(OV,CPIOMAfSt ,,t,8101!1101,ABIONA,CLITTI 51, 
Al IT I :3 t, AL IT t ,CORGll I SI ,AQ~Gf 11 ,AORGH ,CHTNHl2 I ,ff.OT OT 15 I, 
A[COTO ,SWPH 16 I ,SWPN 181 ,STHII> I• S TN C 81 ,OUl'OU" 150 I ,OUl1NY& llOI , 
OU1111 Y'S 1201 , OW A TCR I 71 ,OC AR801 51 ,OfNDOG 161 , 0"1 TT RO I 2 I , OPROI" I.If 61 , 
VRlTtO 17 ,D ,St ,SPAT JO 17 ,~I, AR AT IC 11 D, 51 ,CIRA TIO I lo SI, ORA tr 011, SI , 
r ACT YI T, GI , FACTS 111, f"ACTA 110 I, F"t,CTDI ll ,,- AC-TC 111, Off'PH Ir. o1 <"ii , 
NCATfO ,YSPNAH 17, !.>I ,AST'l<U11 f lU ,SI, OPfNAN 16 ,q Io rR AhAl'I IS,] I, 

A ALtNAHl"l,SI 
rnNHOH /C~ANG( I C\l[GOO 17 ,r,, 51, S[(OGIQ If ,5 I, CBI ONO llU,51, 

CL TTOOl l, ~I, Cl'\QGQOt lo 51 ,CH JNOGI 1, Z) 
COMHON/"AHTSAV/1,R'iPJR" 
C Ol"IHON /"lHRSA Y/Pl I t, I , r7 I 8 I 

,. .. 
" " ., .. ., 
•• ., .. .. 
50 

" 52 

" ,. 
5S ,. 
57 

" ,. 
GO 
Gl 
62 
6l .. ., 
•• 
•1 
68 ., 
70 
11 

" 73 ,. 
75 ,. 

" ,. 
80 
81 

" " .. 
85 

Modeling 

(011NOP'I/V((C0'1/IN, I W •IP, JQ, IS, IL F", IN'i, 10s ,I n1, TRT ,LSOtL, 
I ANNUALI 11 ,Hr RB 17 I• IPH[NOl71 t Tl S"I[ WI 71 , Tl"r C 11 , Pl,SATr, l l , ... £Df1h 171 
COMNQN rrLUXE./"f"ll lStlOI 
OATA SUBNAHl'ANRf"'/ 

•r11oj'f.[G,JOAYIGO TO 1orin 
Tr l PRINT IVRYH ILf', 10 1 

10 fORNATl'O--• 8[CINH'NG [X[CUTION or SUBPOuTtNr .. ANQ[<;P"•I 
P=Pl 111• fAOMII I/POPI"'! 1 .. P21 II 
RSPIRO:RoPQPl I I 
f!ON'T Rrc;PIRr 1100[ THAN IS TH[R[ 
A--:CBIOl'I l, IR I 
•rt RSPTRO,GT .A IRSPIRO: A 
C'" TOHO f I, JRI =caIOttOf T, ?R 1-RSPJRn 
or APBO I l I =OCAF:80 I l I • rsP IR!h 1 ST[P 
"XJ51TI : rx151t1 ♦ P"';PIRO•"!ST[P 
rr (PJITNII Wl>JT[ILP,;:JIOI PSPIRD,A0Hftl ,PO"f11,Plltl,P21tl 

zoo roRHAllT7,'R[c;;ptRFO, ORY HATTER, Oft.Sill', Z PARHS:•,5G13.~1 
R"TURN 

C ------------ - _.__, ___ ----- - ---- - ------- - ---
C :..,PUT ANO 1NtTIALl2AT!OH 
C ---- -- - -------- ------------- - - --- - -------- ---

1·onn Ifl.HOT.SuAINPIWPIT[ILP,10101 
1010 l"f'!RNATf'O--• B[OlNHTHG p[,t,DING nr INPUT TO SU8ROUT!N( ANO[SP' I 
101.0 re RN AT 120l41 
1025 f"ORHATIT7,l5,' ANIHSP',',iX,2QA4I 
U!SO f"OR,.Afl7f"l0.0I 
105~ fORIUTIT7,15,' ,\NA[SP' ,7fll>.5I 

C 
TR[ &Q: 2020 

2020 111"AQIIIR,1020IRCH[rK 
!I'" CO HOT• SUAlHP IWRTTf IL Po 10251 JR[ Al) ,RCH[CK 
tr1RCH[CKCl1,Nf".SU8NA11JGO TO 2020 

~R[AO : 20£,5 
2065 Rf"AQ IKP,10201 RCH(CII 

11'"1,NOT,SUAINPIWRTT[ ILP ,10251 TR[AO,RCHrt:11 
!QfA0:2070 
00 2075 l:""l,NANIMS 

2070 P[AOIKPol0501PllJl,P21:II 
2075 tff.NOT,SUAT"IPIWRITEftP,t05SllA[&n,p11t1 oP21II 

tr IIR,fO,OITR:11 
00 ]Ol)O t:},NAN!l'I<; 

3000 rx15111: o.o 
Rf JUJ;!N 

"' 

SUBROUTINE FEEDNG 
8101'1£•0£S£RT1SY"I J 1. Ff[ONC 

l SUBROUlYN[ F"[fDHG 

. 
' • 1 
0 

• 10 
11 
12 
lJ 
1' 
lS 
lG 
17 
10 
1' 
20 
21 
22 
2l ,. 
" ,. 
21 
20 
2' 
JO 
ll 
l2 
3l ,. 
35 ,. 
" 38 

" .. 
'1 

" " .. ., .. 
" .. 
" ,. 
SJ 
52 

" 5• 

" ,. 
" " ,. 
60 
61 ., 
6l .. 
" .. 
67 .. 
•• 70 
71 
72 
73 ,. 
15 
1• 

" " ,. 
80 
01 
02 

'If"ROM' H A V[CTOR CF' POINHRS DESIGNATING THE SOUPC[ 
C011PART)ff/'iTS Of (ACH Of A 11AllINUN or • 10111• F"r(DIN6 F"LCIIS- 'no• 
J<;; A VECTOR Of POINTrRS 0£STG"NATlNG TH[ RF"ClPl[NT COMPARHl[NT<;, 
'PP[f• Jc; AN ARRAT Of SCALING F"ACTORStVAPYIHO F"ROM l[RO "TO ON£, 
THAT INDICATl rnr PRrr[R[HC[ fOR OCH fOOO SOURCF". TH[ fIRST "NH' 
[L[HfNTS TN (&CH VECTOR RfPR[S[IH llr"R91YOqYt HIE' '1()(T 'H(:O 
[L[H[NTS R(PR[S[NT O~AHIVORY, TH[ lffXT 'NC• [l(H[NTS RfPPfS["'1 
C•RNIVORY AHO TH[ N[XT 'NO' (L(M[NTS P[PRCSEHT OrTRITIVORY. AT 
PR('i[NT, ~[(DING '""LOWS O[P[NO ON ONLY TH[ LEVELS or HIE RrctPI[NT 
COIIPARTH[NTS lNO TH[ WfIGMT(O L["E:LS or JIIE DONOR COl"fPARTM(t.TS. 
[ACM R[LATIYr RAH Or f'([OING IR[LAfl"[ TO fHr LfV(U Cf TH[ 
R[CIPI[HT COHPARTN(Nll fOUALS A H,t,XINUH RfLATIV£ ct.UC MULTIPlr£0 
~T liJO <;CALlNG FACTO,,... YARYINC FRO" zcno TO ON[ I TUAT ArCOUNf 
fl:PLOtTATION ANO ItHrRf[R(NC(, R[SP[CTIWrl.Y. THESE TWO F"AOTOPS 
ARE PrfC[-VlS[ LTNfAR fUNCTlONS OF TH( Lf:"[lS Of" THE DOHOP At«) 
PfCIPI(NT COl'tPARTHENTS, R(SP[CTI"[LYo 

LC:GlClL fRRORtPRtNT, .. HUAL.H£R8 
L061CAL SUNINP ,SU"1NP, SUUNP ,SUSTHP 
COHMON /[CHOCH/" su11INP ,SUVINP, SUA!NJ"I ,SUSTNP 
CCNl'ION /F"JL[S/ KR, LP, NSl, 11S2, MS3, 11S1R(C, 11S2R(C, MSJR[C 
CONHOH /HUMS/ NPLN TS ,. ...... JMS, PIO RO AH ,N(l (NS, HFRl CT ,NOL IT., ,_.FR AC l, 

HF"R(Ut,NF"R(LP +HOR0£P161 ,HHORtz,NSC"PT 
COH110H IT THE SI" I l'ROA Y °"OAT, HONT H, IYP, JYR• K YR, l DAY, JOAY ,K DAY • 

1 XH0NfMl121,ISTEP,N'iT(PS,t!OAYS 
COHN OH /PRTJHG/ I REP ,N RH, HRfP t 211 , TPR tHT, NP PINT ,MPRTN T 121 I• PR TN To 

l PLlC(f181,UNIT,;;1a 1 
COM HON /t"ITSC/" [RROR, Rr:H(CK 1201 •BLANK 
ro11110H /Y8LS/ POI' C 7, f,t ,P 0"01 71 .POIIIY( GI ,PDHVO ,SC[ODMI 71 ,S(OONV, 

1 A0Mll01 ,A011A,DO~tll ,nOHT,SOl"flll ,SDMT,•TCTOH,CY[Gl7 ,6 ,SI ,SC[D17 oSI, 
2 C8I011t 10 ,s I, CLIT t 3 .st, CORO fl ,S 1, CHINCl ,2 I ,POPI 10, .cvrcv 16, s, , 
l C"(GOC 7, SI ,CV[GYO( 51 ,lll[G C 7, 61 ,&YC-0\1161, AV[<'O( 71 ,lV(GYO, 

S([OVI 51 ,AS[[Oll I, l..<i[[OV .calOHAI 51 ,ABIOM 1101 ,&8101'1&,ClIT 11 SI, 
ALTTI J 1, ALI TT ,CORGHf SI ,,t,QR GI 11 ,AO ROH ,CMTNHt2 I o(COTOT 151, 
A ECO TO ,SWPHI 61 ,swP NI 81 ,STH 161, STN I 81 ,OUMMT"I 50 ► ,OU1111YA I 301 , 
DuM"YS 11 OJ , CWUf:R C 71 ,oc ARBO I 5 I" .or NOOG 161 ,ON ITPO I 2) ,OPROl)UI 61 , 
VRAT IOI 7 ,£, ,S 1,SRAT IO I 7 ,51, AR ATJO 110, SI ,ORA TTOt lo 51",0RI TIOI l, SI, 
F ACT"I 1, f,J ,r ACTSl7 ,. raCJA 110,. fACTOI 31 ,r,c,011 I ,O[rRAT 16 •l SI , 
NCAT(G,VSPNAl1C7, SI ,ASPNlHI 10 ,SJ,ORGNA111Ei ,QI ,FRANAl'IC5 ,JI• 

A ALJHAl'lll ,51 
COM"OH /CHOG£/ CVCGIJIJ 17 16, 5 I, S[[DOQ I 7 ,~I, CBI OHGl10, 51, 

t CL lTOO I J, 51 ,C OPGOO 11, SI ,Cl"ITNOOl 1, 21 
COHMON/Y[GCOH/"lN ,Iw, IP, IR, IS, ILf", INS .10s, IfR, !RT ,CSOIL, 

1 ANNUAL! 71,M[RBI TI ,T04[N017J ,TISN[WI 71 ,TIH(l 71 ,PHSAT[ ,ll ,S(OrJ!AI 71 
CONNON/ANlSAV/"l ,RSPl"1' 
COl1MON/f[(SAV/IfP.OHI 1~01, ITO 115a 1. PR(F' fl 50 I ,Pl IS I, P2 l8 I ,Pl C8 I, 

1 P• 181, PS 181,NH ,NG, NC' ,ND, SUH! 51 ,HGG 1NCC ,MOO ,NT 
CCHMON ,rLux 7/F"ll 111101 ,n12110 Io l'"Xll 11 OJ ,F'Xl ~, 10 I 
OATA Sy8NAH/'F"f(0't.fOIN/lSO/ 

trtIOAY,[O,JOAYIOO TO 510 
JF" I PRINT I WRtlf ILP o 10 I 

10 ,.ORMATl"O--• 8[GTNN 1 HG fX(CUTIOH or SUBPOUTINr "F'([ONG"'I 

C -----------------~--~--------- --- - ----- - ---

CALCULAH TOHL rrioo &VA!LAOLr TO ANIHAL "ROUP 

W"RRIVOR'f 

rcoo:o .o 

2(1 Jr Ill .GT. NH! CO f(I QO 
H ITTOCIII - Tl ~5,:"tl,'10 

30 U>:=IrRONI lAI 
11=l0/ 10 
JQ:L0-10•10 
F"'COO='"OCO•POHI 10 ,JGI ~ R[f I lA I 

JS 1A : TA • l 
GC TO 20 

,n T A:NM• l 

"<I Alflll(IPY 

sn yr IIA .GT. NGG-1 r.o Tl'I 81) 
rr (TTOCUl-tlT0,60,"1"! 

60 Jr=IrRO"I TAI 
rooo:rooo•SOl'!ltr l•PPr.- c 1a1 

70 I•:Jh J 
r.c To 50 

90 •• :NGO• l 



Valentine 

" .. 
" " ., .. ., 
,o 

" ., ., .. 
" 96 
'7 .. .. 

100 
101 
102 
10] 

10, 
105 
106 
107 
1U8 
10, 
110 
111 
I 12 
11] 

11' 
115 
116 
117 
118 
I 1' 
1'0 
121 
122 

"' "' 125 
116 
127 
128 
12, 
llO 
lll 
1]2 

lll 
lJO 
llS 
I JG 
1J7 

"' "' 1'0 
1'1 
1'2 
1111'.': 

"' 1'5 
1'6 ,., ... 
"' 150 
151 
1'2 
lSJ 
1,. 
155 
156 
157 
158 

"' 160 
1'1 
162 
1., 

'" 165 
166 
167 
1'8 

"' 170 

171 
172 
17] 

17' 
175 
176 
177 
178 

"' 1'0 
1'1 
182 

"' I,. 

185 ... 
187 
188 

"' 1'0 
1'1 
1'2 

"' "' 1'5 

"' "' 1'8 
1gg 
200 
211 
202 
ZOJ , .. 
205 ,., 
101 ,., 
20, 
210 
211 

'" '" '" Z15 

'" 717 
218 

100 !f" fIA .er. Nf"CI GO 1) 1Jn 
Jr I ITOI IAl-11120 ,110 ,1 Jn 

110 !f":lfRO,.fl.ll 
f000:-1'1"100• AONI IF I •PR£'" f Ill 

120 r•=u• 1 
r.o TO 100 

O~TRtrJVO'IY 

150 rr I TA .GT. HT I r.o rn 180 
If I YT Of 111-11170 ,160 ,180 

160 If ::tfROfl IT A.I 
rooO:fOOO+ 001'41 If I• pp('" f I., 

170 11:U• l 
GO TO 150 

160 COHTlNUf r-----------------------------------
CALCULATC R[LArIV[ rrr·or ... G RAH ANO AMOUNT QI' ORT N,llT[R 
TNG£ST£0 

JJ" lf'OOO .L[ .• o.n, r-o TO 1190 
rt :PVLPOSI PZ I I I ,PJI TI, 1.0, rooo I 
f7:-PWLN£GI P•1 I I ,PS! I I, t.0, AOMI II I 
Rf"R::Plflt•Fl•f2 
un:RfR• ADHf 11 
FRAC:::,OH /FOOD 
If I PPIPH IWRI Tr llf', l'J (H Rffl, Pl I I I, fl ,r 2, Al'IT, roon ,nu,c 

1'30 fORIUT C •OR[L RAH, NAX RAH, r•CTOP l• fACTOR 2• NIY NATT[A r 
lAT[N, rrr[CTIV[ ORY 'IHH.R AVAlLABL[, RATIO or LA'ST 2 TT[N'S'/ 
2 7Gl 5. St c-----------------------------------c O[CR[N[Nf FOOD COHPUITH[NTS ANO ACCUHULATf .\NOUNT OF r.t.CM 

C C!l[IUCAL CONST ITU[NT TNGfST[O, 

r-----------------------------------

r 

00 2[10 K=t,Nf"A[Ll1 
200 su,uK1=n.o 

4£R!HVOAY 

T.ti=l 
210 Tr IIA .GT. NHI ro f(' 2~0 

rr l If 01 I I I I I 2 JS •2 20 • 2 110 
220 L9=IFROMIIAI 

IIJ=L0/10 
JO=L0-10•10 
nn 230 K=t ,NfR[Ll'I 
o::cv[GI Io, JQ ,KI ,F"RA(" ~Aff"C IA I 
CV[COO 110, JO ,K 1=cvcc 00 I Jg ,JO ,IC 1-0 
TF Cl( .';f, N[L[NSI rxt 1111:: rxi111, • O•TSl[~ 
yr 0: .GT. Nfl[N'il oniOOGl21-:: OOWOGl21 • O•J'iTU' 

2'l0 <;UNIKl=SUMIKl+I) 
215 JI -:: IA • l 

GO TO 210 
2110 Jl::NH+l 

GR .tiNIVOA'I' 

250 Tf" I IA .GT, NGGI r.o fO 290 
IfCJTOCIAl-1>280,260 ,7.'JO 

2b0 lf:lfROIHIAI 
00 270 K::l ,NfA(LM 
0:: S[[Oflf',KI • F!UC • PR[fll.11 
Ir CK .OT, N[l[HSI rn 2111 :: rx12u1 • O•TSTCP 
If CM ,GT, N[L[NSI OCN00Glll :: OfHOOGlll • l)+IST[P 

270 S[[OQOllf",K)::S[[Ono1Tr ,11'1-0 
280 H::TA•l 

00 TO 250 
2'30 TA :NGG•l 

]10 Tr CU ,GT, NCCI GO t) 150 
lrl ITO! 111-113110 ,120 ,l 50 

320 Tf":lfROMI IAI 
01) 330 K=l ,Nf"R(LN 
G :- C8T0'1flF,M I • FR.IC • PREJ"IUI 
yr fl( .er. Nfl[NSI ,.,, ]Ul:: fXlJIII ♦ O•TST[J> 

HO CfHOMQ1J1",Ml=CBIONOITF,K)-0 
JIIO JA::TA♦ l 

GC TO 310 
150 JA:NCC•l 

C orrRITIYOP'I' 
C 

370 rr I ]A .(:T. NT l Go TO "10 
Jr I ITOftAl-1 ,~oo ,3110 ,1110 

l.!JO Tf:::TfAOMI TAI 
00 390 l(:'l ,NFR[L,-; 
0 : CLITIIf,MI • FRAC • PR[FIIAI 
If (I( .GT, N[L(HSI F)l.111111 ::: rx111111 + Q•JSTfP 

HO CLTTQQIIF,Kl=CLITOQII,. ,Kl-0 
1100 1,t,::Ihl 

CO TO 170 
1110 CONTINUE 

fC:'0.0 
DO 1120 M:-NfRACl,Nf"R[LH 

11,!0 Tr=lC•SUNf Kl 

NOW .\LLOC.ITE TN[ lNGf'SI(O MATCAIAL TO (.ICH Of TH( CH[l'lC.ll 
CON'STITU[HT'S, flPST 't.LOCATC TO lA8lL[ CARBON AS MUCH AS WA'S 
RESPIR[O, TH[ R[HAINO[R, If A.HY, IS ALLOCATED TO CARBON TYPfS 
ACCORDING TO TH( RATIOS IN TH( "AIUTIO' HATRIXo ffl[SPIAATTON 
M00£L HUC.T 8[ CALL (0 "(FOR( THE r[£OtNG HOO[l • I 

Q=TC-R'irTRO 
1r1011110,1130,4110 

1130 C'~IOHQIT,IR1=reTOHOtl,IRt•TC 
CO TO 1170 

4'10 CPIONOII,IRl::CBTOMOIT, IRt+RSPTRO 
00 111150 l(::lffAACl,NrPEUt 

.. so ca IOMQ IT ,K 1:C8IOH/Jf I ,I( I •O• ARAT Io CI ,IC J 
00 IIGO K=l tNH[MS 
T: 0• .IA A Tl O I I ,K I 
'SUHIKl='i:U"ll(I-T 

llbO C~IOH91I,Kl::C8IONOII,Kl•T 
q7ft CONTINU[ 

ff IPRINTt WRIT£ ILP,11751 SUH 
1'17S F'OR"AT I T7 ,'SUMI •I'=' .5G13,!il 

00 II 80 K=l ,NfL[fllS 
1180 CLITQOll,KI:: Q.ITC>Ofl,KI • .IHUlfO.O,SUHIKII 

RrTURN 

~-----------------------------------c HO AVAlt.ABL[ •crr£CTTV( Fooo· 
c---- -- -- ------ . ......, ___________ - --- - ------- - --

11,0 TT I PRINTl WRITE: ILP ,SOOI 
son f'OA"" 1 •01<10 ,v,1L.18l.f rrrrctrvc rooo•, 

!?(TUAN 

r-----------------------------------
c INPUT ANO lHITIALHATTON 

c-----------------------------------
510 ITI.HOT.SUUNPIWA11£1LP,5'0I 
5ZO fORIUTI '0--• 8[61NNTNG A[ADINC Of' INPUT TO SU8AOUTINC F[f.ONG' t 

36 

"' 220 
ZZl 
2ZZ 
ZZJ 

'" ZZ5 

"' 227 

"' '" ZJO 
Zll 
ZJZ 
Zll 
ZJ4 
Zl5 ,,. ,,, 
Zl8 

"' 1'0 ,., 
'" 2'l 
2 .. 
2•5 ,.. ,., 
2'8 ,., 
150 
151 
zsz 
ZSJ ,,. 
155 

'" 257 
250 
25• , .. 
2'1 

'" ,. J , .. 
165 , .. 
'" ,., , .. 
270 

'" 271 
Z7J 
27' 
l1S ,,. 
"' 278 

'" ,., 
181 ,., 
"' '" ,., ,.. 
'" 238 ,., ,,. 
'" ,., 
'" , .. 

530 f"OAKATl20.l'II 
5110 '"ORKATfT7,!5,' f"([ON-.,. ,11Xo20AII I 
S';iO roRIUTflllTSI 
560 roRMATIT7,IS,• rrrONG' ,111T81 
5'lO roA,uTnFtn.01 
600 1'0RNATCT7,l5,• Ff[ONG' ,fFl(,.51 

IR[AO:&tn 
610 AfAOIKR,5JOIRCH(CM 

IF I. NOT, 'iU.IIHP IIIAJT( t. Po 51101 TR [AO, PC:H(CK 
TFfRCN[CMfll.1-U:.c;ueN.INIGO TO 610 

IRCA0:620 
620 R[AO fKRoSJDIRCH[rK 

IF I. NOT ,SU UHP IWRI T( t. P, 51101 TR [AO, llCHECK 
IRCA0::6]0 
00 &~ I::t ,N.ININS 

6JO RrAOCICP, S'301Pl CI I ,P2 II I oP31 l 1,PIIII 1,PSII 1 
1-110 Jr- I• NOT .SUAINP IWRJTflL P,6001 IR (AO, Pl 111, P'2 U I ,Pl 111, Pl! fI I• PS 11 I 

TREA0:650 
650 REAOIMR,SJOIRCH[('I( 

rr 1. HOf • SUATNP )VPTT[ fl P, 5110) TR [10, PCH£CK 
TR( AO:: 669 

660 R[AOIKR, 55(1INH,Nl',NC ,NO 
Ir Io NOT• 'SU A INP IWFI' ITC IL P, 5£.0 I TR [ AO, NH ,NG, NC ,NO 
NCG=NH+Nr. 
NCC:NGG•NC 
NOO=NCC•NO 
NT =NH+ NC •NC+ NO 
LtMIT = lO•NPLNlS • P<:RG.IN 

JR[ .1D:: 67 0 
610 R(AOCICR,5301ACH[CK 

Tf" I. NOT, SU A INP IWR JT[ IL p, 5~ 01 IR ( AO, Pl'H[ CIC 
JP[ AO:= 69 0 
'>O b'30 1=1 ,NT 

690 R(AOIKR, 1'001110111 ,t FR ON IT I, PR [f• 1 I I 
IF I• NOT• SUAINP IWRfT[ll P, 7101 m [AO, ITCII JI ,lfROl'HI I, PREF fl I 
Ir I lTOI II .or ,1 ... NO. IrOIII .LC.NAHIHSI GO TO fi82 
[RROR: .TRUE, 
WPIT[ ILP,6911 

(,81 1"0RtUT c • =•:.•=•= rrnoR =•=•=•= ITO V.ILU"' IS OUT Of 80UN0S" I 
682 rr II .or. NH) G(I TO 6811 

Tr CH'RONfJI.Gf.10 .AHO, rrROHflt.L[.LfHill GO TO 68" 
[RROR: .TRUE. 
WRif( ILP,6931 

613 l"ORMU I' =•=·=·= (PROA =•=-=·= I FROM VILU£ IS OUT or POUNDS· I 
Gall Tf f 1 .LE, NH ,OR. I ,GT, NGGI GO TO b86 

H' IIFROMllt .G[. 1 ,ANO, lf"ROHfll .u--. Nl>LNTSI GO TO 6U, 
fRROR : • T RUr • 
WAit( ILP,61131 

686 Jr II .u. NGG .OR. I .GT, NCC) r.:o TO 698 
IF IIf"RONlll ,G[. l .&NC. lfRONfll ol[, NANl"Sl 1'0 TO UII 
[RAOR :: ,TRUE. 
WAITE ILP, b8ll 

619 Jr t I .l[. NCC I GO TO £,'JO 
lJ' llfROMfll ,GE. l .AND. IFRONITI .L[• NOLITI GO TO b~ 
ERROR :- , T RUf. • 
WRIT( llP,Gell 

6'lO CONTIHVC 
11D FORMAll2TS,rtO.OI 
710 roR"ATCT7,IS,• f[[OHG',211\,rt&.SI 

Jr IHT .LE. IOIMI GO TO 7SO 
[RROR = .IRur • 
IIRlH tLP, 71101 10TH 

111n l"CR!Ul I'=•=·=•- l"POR =·=·=·= NU"'8('1 or f[[OINI'; fLow,;; (XC[[O(, 
- llNtr or·,I<;I 

7Sn CCNTHUlf 
oo eoo r:1 ,N.1Nlt1<; 
rn1111 :- o,o 
rx 11 t I 1 - u ,U 
rx13111 - o.o 

eno f"XHlll - u.o 
fl!"ltJRt,1 
r•o 

SUBROUTINE MANAGE 
8lOM(+O('SfRT2~Yf(I 11. "ANAG( 

l <;U8ROUTIN[ 11.INAG( 
z 
J 

• 5 

• 7 

• • 10 
11 
12 
1l ,. 
15 
1• 
17 

" ,. 
20 
Z1 
22 
Zl ,. 
25 

" Z7 ,. ,. 
JO 
l1 

" JJ ,. 
JS ,. 
ll 

" " " " " " .. .. .. ., .. ., 
50 
51 
5Z 

LOGICAL (RROR,PR!NT 
LCG IC AL SUMI NP ,SUVIN P, SU ITNP ,SUS TNP 
COIINON ,ccHOCH/ SUHI"" ,'SUVINP' SUA!NP ,SUSTHP 
COMMON /f"TL['S/ KR, L"• MS1, MS2, HSJ, HSlA[C, Hs2qrc, MS~(C 
COHHON I T'l'H[ S/ I YROAT ,M 0.1. Y, HO NTH, J'l'A, JTA, MTR, IDA T ,JOA T, ICOAY, 

)!.'MONTH I 121, IS lf P,N'iT[PS,NOAYS 
COHMON I PA TING/ I REP ~ RCP, NR [p C 211 , IPRIHT, NPRlNT ,NPR IN Tl 21 I, PRINT, 

PL&C[ll81 ,UNITSIB I 
roNNON /H tJH'S / NPLH T'S ,N AH I f'IS, NOACAN ,N[l[,.S, N"P A Cr, NOL IT, Nf'PAC 1, 

Nr ll(Ll1 ,HfFl'[LP ,40ROfP I£, I • NHOPil, N SCMP T 
COMMON /MTSC/ [IIROR,RCH[CKC201 ,BLANIC 
COMMON 'V8LS / PDM I 1, £.I ,P 0110 I 7' ,PO"V I 61 ,P nMvO ,set 00-.1 71 ,S rno" V, 

l AO" 1101 ,AOHA,OON ( JI ,hOttT,SOM 111 o'SOMT, TOJOM ,CV[Gf7 ,6 ,5 I, SECO 17 ,5 1, 
2 C8I011t 10 ,51, CLIT tl ,5 t, CORG It ,SI• CMIN11 ,2 I ,POPI WI ,CV f(lVI b, SI , 
J CV[COI 7 • 51 ,CV[GVO f 51 ,A V[GI l, 61 ,AV(GV I b I, AVCGO I 71 , AV[ GVO, 

SHOVI SI ,AS[[OIT 1,.1srrov,ce1o"AISI ,ABTONllUI ,A8IOMA,CllTTC SI, 
ALIT I l I, .\LITT ,COACH! 51 o.lOR Gt 11 ,AOAGH ,CHTNH 12 I ,£f:OTOT 151, 
A[COTO ,C.WPH 161 ,SWP ~I 81, STH (61, STN 181 ,OUMH'fV f 50 1,0UMl'TAf 301 , 
OUHM TS 12 01 ,OMA HR 111 ,O CARBO I 51 ,OENOOG I GI , ON tfQO 121 , OPROOU C 61 , 
VRUIO 17 ,6 ,SI •SRATIO 17 ,,; I, .IA.It 1011 O, 51 ,DRATIO I 3• SI, CAA TIOl l.t SI , 
r ACTVI 7, bl ,,.ACTS 17 I, FACT Al 11) I, rACTOl ]1 ,r AOT Oil 1,0EfRAT 16,151, 

- NCAT[G ,V SPH.IH ( 7, SI ,ASPNOtC 10 ,51,0AGNAI' 16 ••I, rRANAl'IS ,31, 
A ALINAl'IIJ,51 

Cf'M"ON /NANSAV / NMOV [, IM OV[, MOVO ATC 1 51 • I GPOUP 115 I, XNUl'I fl SI ,O WI l S I 
OlH[NStON 02151 
DATA SU8NA"/ '"AH.1° I 
OATA HOJM,15/ 

If" f !OAY .fQ.JOAT I GO TO lno0 
10 tr I lOA't' .LT oHOVOAT I T~V£ 1 I GO TO <tOO 

l : lOROUP I IMOV[ I 
f : XNUMITHOV[I 
fJ : DWIIHOV(I • POPILI 
rr (G .ca. o.o, r, = .IONILI , POPIL) 
rr ,r .LT. o.o .ANO. r .CI, 0.01 G: -G 
POPIU : POPILI • f 
no 100 K=l ,NfR[LN 
C>21MI ::: G • 0.11 • .lr.>ATIOIL,MI 

100 CPIQMIL,MI: C8IO"llol<I • 021KI 
WRIT[ ILP,1101 MOAT,»'IONTHIHOHTHI, T'l'R, lGROUf>ILJ, XNUMILI, 

nw1u. G, (02fl(I, IC=l,Nf"R[LHI 
110 fORKAT 1 •0H[PO NANAG[N[HT (V[N•, 15,AII ,15,SX,'APUl'I.IL GROUP', 12, 

- 5X, •hUNR[R P[R AREA : '• FlO.l, 5X ,'Hf AN W[IMIT P[R .ININAl::•, 
- SX,'TOT.IL WfIGHT PfR ARfA ::•, "10,l/ 
- • TOTAL 100£0 TO [.IC\i CH["YC.ll Cl'!f.•,;;nrunn =·· !'if12,Sl 

!MOY[ : l"OVf • 1 
GO TO 11'1 

,no RrTURN 

c--------------------------------------



37 Modeling 

5J 

" ss 
5. 

" " ,. 
•o .. 
•2 

" .. 
• 5 

•• 
•1 

" •• 70 
71 

" 7J ,. 
75 
1• 
11 
78 

" 80 
81 
'2 

" .. ., .. 
" •• 
" ,u 

" " " 

C JfflO IHPUT 
c--- - -- - -- - - - - _ __, _________ - - - -- - - - - ---- - --
100■ CONTINU[ 

IF C •NOT• SUUNP IWIP TrlL P, 1"10 I 

1010 fORtUTI '0--• 8[GlNN~G fffAO!NG OF' lNPUT TO SUBROUTtN[ f'ANAG[' J 
1020 fOR"ATl21'.UIII 
1025 roR .. ATITT,I5,• NANAr.[•,111•,20.n, 
HtlO '"orour I u:;151 
lOjS fORNAT (TT,J5,' tUNAG[',llll',lf,15J 
101110 fORNAT 112• lX, Alo lX, II!, 1'3, 2Fl0,01 
10,s l'"ORtUT (17,15,' IUHAGF'•,12,1x,a1,1x,r11,I!:1,2r12.21 

C 
YR(A0::2020 

2020 RF'A00i:R,1D201~CHCCK 
IF I• NOT, SUAlNP IWRrT( I\. Po 10251 HI[ AO ,RCH(CI( 
1TIRCH[CK(ll,lff,SUBNAMIGO TO 2020 

TR[AO :: 20140 
201l0 Rl"A00(Ro10201RCH[r'I( 

I"' (,NOT,SUAlNPI WRIT£ ILP,10251 TR[AOtRCH[CI( 
Hl[AO : 20~ 

2050 R[AO IKR,lOJOI Nl'IOV[ 
JI'" t.NOT. SUAlNPI WR!"T[ ILP,10351 IP[AO, ~Novr 
If INHOV£ .l[. 01 CO TO 3000 

C 

If CNNOYf .L[. "OINI "'OTO ll!5S 
[RRCR : • TRU[ • 
WRITE ILP•205JI 

21153 fORNAT I'•=-.=•=• [fPOR 
-Cf.EDS tUXlHUM NUHB[R o\LLOV[0•1 

2055 CONTTNU( 

IR[ AD : 2060 
2060 R[AO IKR,Ul201 RCH[CII' 

NU"erR or ANI•UL "0VfNPffS (X 

Tf CoNOT. SUAINPI WRTT[ ILP,1£12SI IR[AO,RCN['CM 
IR[ AO = 20 7D 

OC 2080 T=l,N"OY[ 
2070 R[AO IMR,101101 Il,A8,1CJ,ICROLPIIl,XNUNIIl,0VITI 

H' C. NOT• SUATNP )WRIT[ rt. P, 10115 IIR(AO, J 7, AB ,TCJ, ICROuP IT t ,lnl!,,...11 t, OW IT 
- I 

00 2071 ~=1,12 
Tf IA8 .Co. X"ONT'IIN II GO TO 2072 

H 2011 CCNTTJIU[ 
CJS 2U72 >'OYOATIII = 1l,-J'f'Rh360 • 04-11•30 • fl 
'36 2080 CONTINUE 
'37 I"OY£ = 1 

" " 100 
101 
102 
lOJ 

"' 105 

00 20'30 t=l•N"'O'l'f 
Tf' IHOVOAfl[) ,L[. J~ YI r,o ro 2085 
GO ro J:OOO 

2085 Tt~OVE : Il'IO'l'f 
20'30 ('ONTlNU( 
:YOOO CONTINUE 

RfTURN 
<NO 

SUBROUTINE SOILSS 
BI ONE •OE S[ RT 2SYP. 11 I. SOIL SS 

1 '.'.UBROUTTN[ SOilSS 

• 
1 

• • 10 
11 
12 
lJ .. 
15 

" 17 

" " 20 
21 
22 
2J ,. 
25 ,. 
27 
28 

" JO 
J1 
32 
JJ ,. 
J5 ,. 
J7 
J8 

" ,o .. 
" ., .. ., 
•• ., .. ., 
so 
S1 
52 
5J ,. 
55 
5. 
57 

" ,. 
•o .. 
•2 

" .. 
" " b7 .. 
" 70 
71 
77 
7J ,. 
" 1• 

PNN = HO, Of" NOO(S 
PMDT = LENGTH or TIN[- SHP TN DAYS 

LOGICAi. SUHlNP,SUYlNP, '>UATNP ,<:;USTHP 
LOGICAL ERROR,PR!NT 
R(AL NJHNPR 

•JHT[G(R PWN 
CONNON /( CH OCH/ SUMI fP, SU'i INP, SUI.TNP ,SUS lNP 
C0"'10N 1r1L[S/ l(R, lf'1 l'ISl, MS2t ~Slt "SlRfC, .-s2R£C, l'fi3"[C 
CONMON I TYP1£:S/I YROAT oft OA 'f, NONU<, l 'fP, JTR tM YR ,lOl Y, JOA y ,MOAT, 

XNONTH f 12 I .XS HP t N'ST[P SI NOl 'fS 
C0'1 .. 0N /NU'1S / NPLN TS Ill AH Jo,jS, NOROAN ,N[L[ft'i, HF~.l CT , NOL IT , Hr RAC 1, 

NfR[lH ,NrR[LP ,ti ORO(P f 61 , NHOl1J l, Ii SCNPT 
CONNON I PR TINO/ TR[P oH R[P, NR[P 121) , tPRlNT, NPR INT ,NPRIN f1 211, PQ INT, 

PLACE 1181 ,UNI T'S I 8 I 
COPI .. ON /"tSC/ (RROR,RCH(Cl<1201 ,BLANI< 
CONNON / VBLS/ PON I 1, &I ,POMO 171 ,POl'VC61 ,l'OMVO ,5[£00141 71 ,SEO ON V, 

1 AON 1101 ,AOKA ,OOH I 31 ,')8" T, SOMI 11 ,'SONT,·TOTl)PI ,CY(Gfl ,6 ,5 I, S[[O fl', "i I, 

2 CB ION I 10 ,SI, CLIT IJ ,o; I, CORGI) ,5 t. CNINll ,z J ,POPI 1£11 ,CV(GV I 6, SI , 
3 CHOOI 1, 51 oC\l[G\10 I !ii ,A\IEG 17, 61 ,A\l[GY 161 • ol.\l(GO 11) ,AY(G\10, 

srcovc 51 ,A 5£[017 I, A'> (COV, CBIOIU I 51 ,,. BIOM 11 01 , A BIO,.A, Cl IT Tl SI , 
ALTT I J: I, AL ITT ,CORGH I 51 ,AORGI 11 ,AORGH ,CPITNH 121 ,[!':OTOT 151 • 
A(COTO,SWPH 161 ,swP IH 81 •'> lHl6 I, STN f 81 ,OUNN'f\1150 I ,OUMHYA I JOI , 
OUNN'fSl201 •OWATERI 7t ,OCARBOI SI t0£HOOGl61 ,ONTTROf 21,0PROOUI 61, 
VRATIO IT ,6 15 I ,SRAT T'O 11 ,SI• AAATIOll O, SJ ,f'IRATIO{), 51 ,ORA TIO IL 51, 
rACTVI 7, 61 ,FACTS! 7 I, FACT A 110 I, rACTOI 31 ,FACTOll I, O[rRAT 16,151 1 
NCAT[O ,YSPNAMI 7 • 51 ,A SP NAN 110 •S 1,0RGN.11'116 ,1 I ,rRANAMIS ,JI, 

.l ALTNAPU J ,SI 
COl'INON /WTHRV/ 0 o\T NTN, DA TNAX ,O AA AIN, OA [YAP ,OAPHOT 
COHHOH l'SCLCON/ Pl'IN, CH 01 81 ,CKIX I 81 ,CHO XX 18 I, CWPS II 6 I ,XHSOL Tl I'll 
C0'1HON/VATSAV/PWWCI 81, PWK I 81, TWAI 81, T',j8f 81 1TWC 181, TW0181 , 

l TWTHAI 81,TWTH818 I• TWHA18 I, TWHB 181, TWWA 18 I• TVWB 181,PWI< 1Nf6G Jo 
1 PWHI 60 lof'WKSUNlf>OI .PWTIGOl ,TWUl81, TWTSPRl81 ,TWKSAl81, 
l TWHHAI 81 ,TWOTHP 181 ,TWTHo\A I 81,, TWTHTSC 81 ,TWA AA CS), ll 18 J, TWTA 18 I, 
, rwnu 81,TWOT,TVTRH,TVTTOT,Y,ltlW[\IAP.T'IIR,TWRATN,TWRP,TVSTNO 
S, TWOTP, R, PWTl IH ,S:,T ,J,TVJH, Hf., TWSf, TWTK ,PWLL l" ,TGON[ ,PWN, TV JA • 
G PWOELW, TWA A, TV THC, TWJ8 ,PWHW(T, PW HORT •TVS re ,nHN, TV SFO, TWOT o. 
l TWWIN • TWSTRO ,P',jRNRf", PIIM C o\l , TWl •l PIN t', XIIS THO ,CW INF 

C0f'l'10N /VTOWAT/ CYROSTIT,81,CVTSPRCll 
CONNON I WA TSA2 / RSf"CL" , T WCUf'I, STOCUN I YAP CU" 
CONHOH /SA\l'lllP/ Nl'IINPR 
DA TA SUBNA"/ •so IL• 1 

yr C IOAT.[O.JOAYI GO TO ·1000 
If ( PRINTI 'IIRTTC ILP ,201 

20 rrCRf'IAT I• 0' ,1001 • •• )/ • B(GTNNTNG (l'(CUTION or SOIL SUBROUTTN[ C:• I 
- 1x,1elt•••11 

If I NHOIUl .re. 01 GO TO 100 
Col.LL S:lH[AT 
CALL SLWATR 
CO"PUT[ MM or 'IIATCR ~ TH( SOIL PROFIL[ 

lO SUH = 0.0 

00 ltO 1-1.NHf'IRIZ 
l = HORO[Pll I 
•r IT,GT.l) T = HOROIT'{JJ - HORO["ll-11 
A = SWPHI: I 

00 10 J:;?,Pv~ 
<>7 =- PWt'CJ I 
yr- IA .Lr, 821 GO TO l !. 

10 ('ONJINUf 
15 fll = PWHIJ-11 

rs ™r \IOLUNl'."TRTC WAHR CnNfr'HT 
Y : IA-Rll I 182-Bl l • PVO[LW + IJ-Z I PwQflV 
•y• • 10, TS O[J>TH or 'iOTL LAY[R 1"1 MM 

110 <;oM = su~ ,. v • T • 1u.o 
01 = ,;;ul" • 0 • l 
')? = I SU'f - ltNINPO I • 0, J 
•r IPAHH .oR. IOAY .rQ, KOA'fl WRIT( ILP,,SI 01, n2 

IS r-nRN.lT I Tl£,, 'WAlfR IN SC'IL PAOrTLr·, T81, f"ll.3/ 
- fl6, 'CHANG[ JN PROflL[', 11!1• FIi.Ji 

OWAT(Rl71 : SUH 
N!NltYS 11 I = SUH 

77 

" " ,o 
81 

" ., .. 
85 •• ., .. 
" 90 
,1 

" " .. ., ,. 
" " .. 

100 
101 
102 
lOJ 

10• 
105 
10• 
107 
1U8 
Io, 
110 
lll 
112 
Ill 

11' 
llS 

OWAT[Rl'O : "HINPR • OVAHRftl - 0WAT[Rl31 - OWAT(Rl7I 
OVAT[RP.I), l,(. (VAPOP'1ION, rs NOW ol.S'>ICN[O A YALU('"' SlVATIR 
OIIHHYStll : OWATfRIII I 
T" I JOAY .GT, JOO I 00 TO 80 
H"INPR = '-UN 
wqJH fLP,601 SU~ 

&o fORMAl C ·o•,T20, •i,c" 

-N =• , IC~ .1 I 
OIIAffRCI~ I : 0,0 
flU'1~YSl21 = O.O 
C:C TO 1070 

80 CONTTNU( 
100 Cf'NTTNU( 

11•TER IN SOIL PROrTLE .,, ST AQT Of" St"u Alto 

lf"INOLTT,H.O ,OR, Nc;rMpf.GT.UICALL OC'OHM 
RrTURN 

c--------------------------------- - - --- - - - - -- - --
c TNPUT AND INTTIAL!HlTON 
c----- ---------- - ----------- - - --- -------- ----

1·000 Jl'"I.NOl.SUStNPl',jqJlr ILP,10101 
1010 f"ORIUT I •o•,100<•-•1r B[r.?NNING P(A.OING or INPUT TO SOTL SUl?'ROUTT 

-H"S"I' '•1001'-•11 
1020 f"nRl'A.J 120-"1 
lUZS roR1tA.T I n.r~ .• Sl)lLS~•,qx,ZOA. 10 

TREAD ':' 1060 
1060 Rf AO I KR, J020 IRCH(CK 

If" I. NOT• WSTNP IWRT Tf IL P, 111251 TR( AO ,RCH(CK 
lf"IRCHrc1u 11.N[.$U8NN1 l GO TO lOGO 
Vf>TT[ llP•l06!il fCIROP 

1U6'i f"ORP'IAT I' [RROR : '• L 11 
lf"l~HORl7,GT.0)CALL SLHCAt 
ll'f'tl( ILP,1£lf>SI fPROP 
l'11HHORT1,(ll.OICALL SI.W.lTR 
IIPJT( ILP,10651 £RROF' 
f'f'r lO :SU 

1010 CONTtNur 
H"INOLJT.GJ.O ,Oo, NSCNPT.GT.QICALl OtOl'IPO 
WQJT[ CLP,106'il fPROP 

Rf TURN 
r.o 

SUBROUTINE SLHEAT 
BTO"[ •OC: S(RT?'iYP,I t I. SLH(AT 

SUBROUTtN[ '>LH[lil 

10 
11 
12 
1J .. 
15 
1• 
17 
u 

" zo 
21 
22 
2J 

" " ,. 
27 
28 
2' 
JO 
J1 
J2 

" ,. 
J5 ,. 
J7 

" " ,o .. 
" ., .. .. .. ., .. .. 
50 
51 
52 
5J ,. 
" ,. 
57 

" " .. .. ., ., .. ., 
•• ., 
•• ., 
'70 
71 
72 
7J ,. 
75 
1• 
77 

" " .. 
" " " .. 
85 

•• 
" •• 

THIS rs THf" '"IR'>T ORAfT Of" n•E H(AT sueNOO(L Of HI( DESERT 
BJOM( BOX rL'l(R NOO(L, JUNf 7, 1'Till PAUL LONNFN 

THI"- PROGRAN IS JUSl AS It WAS RUH JN G[~[RATlNG OUTPUT f"OA TH[ 
C(S(Rl 8I0M[ INf"ORMATTONtt f,f[[TING, l"ARCH, 1175. 
IIRTTT[N BY PAUL v. L01'9t(N 

C OCS(RT 810'1( - ECOLOGT f".[NTfA UHC 52 
C UTAH SlH[ UNl\lfRSltY 
C LOGAN, UUM 8'322 
C 
C NOOIF'HO BY V. O. V.11..f.NTIN[ fOR IN('LUSION INTO '0£S[Rf2•• 

"iUNl'l[R 1<;175 

fOA THIS FTA'>T ORAf"J rnr FOLLOWING SlHPLtF'ICATIONS AR( HAO[. 
C 
C ON(• f"OA SOil SURf".lC( HNPERATURE I-LL US[ TH[ lffAN DAILY TEMPERATURE 
C OR MA\lf A Hf.lSUR(O OP STHULAHD T[l!PfRATUR[ READ TN. IF' O[STR(O AN 
C (·NfP<:Y 8.llANC[ APPROACH NIGHT 8[ 8(Tlf'R1 ALTHOUGH R. J. HANKS 
C THOUGHJ THAT WOULO A( PrlfTJ'f HAlRT 1.i,;o Hf'NC[ PROBABLY NOT WORTH\tllL( 
C fOR us CR(r. W,A. Rf'Cl(NAN, J.w. NlTCHfLl, ANO w.p. PORT£P, 1973, 
C TH(RMAl ltOD(L FOR PRfOICTlON or A O(SlRT IGUANA'S OA!LY ANO ,;;(ASONn 
C B(HAVIOR, TRANS. ASl't[, SfRHS C CJ5, 257-262.1 
C 
C TWO, FOR TH[IINAL Olf"fUSIVTTY PLL ASSU"( lJ''S INO[P[NO(NT er WATER 

CONTENT. BOTH H[AT CONDUCTIVITY ANO Hf.IT CAPACITY 11.l'4'( A OEPCN0£NC( 
ON WATER CONTENT BUT OiffUSl'l'ITY, TH[IR RATIO Ho\S' ONLY A ll(AM WATER 
O[P[NO[NC( u. J. HANK'S , P[RSONAL CONHUJrflCATTONS s-z,-1-,, 
Ir Of'HR(O wr CAN INCLuOr Wo\TCR AS IN R.J. HANKS' o.o. AUSTIN, 
ANO 11.T. ONOR[CH[N, SOIL TEHP[RATUR[ [STlNATtON BY A NUMERICAL 
H[THOO, SOIL SCI, SOC. If'!. PROC, 1'171 ORHnf'E l'HOo THEY 01\1[ A 
s1,ipl( RELATIONSHIP R(Tvf(N HEAT CAPACITY ANO WAT[R CONT(NT, 
roR H[AT CONOUCTIVlT'f THfY 'US( HCTHOO or 0[ VRirS, O.A., 1"'63, 
TH(RNAL PROP(RTIES Of" sous. CH.t.PT(R 7 IN PHYSTCS or PLANT 

C C'NY!<l:ONH[NT, [0. 6Y VAN II JJI(. JOHN WILEY ANO SONS, THC., N(W 'YOJ!M • 

THR((, roR TH( BOTTOM BllJNOARY CONOTTION, I•LL SAY FOR NOW THAT TH[ 
SOIL HHP[RATUR[ AT &0 Ot (QUAL'i TH( N[AN MONTHLY AIR T(NPfRUl.R[ AT 
2H IHITCH[Ll CT AL.• OP. err., ANO or VRI[S, OP, en., . 

TH( PROGRAM IS Ul<(N PRCT TT P'IUCH FROII R.J. HlNl<S • o.o. AUSTIN, 
ANO W.T. ONOl'l(CH[N, l9Tlo SOlL Tr.'1P(RATUR( fSTINATTON BY A NUHERICAL 
l'[THOO. SOIL scr. ,;oc. ""· PROC. JS, 6G5 • 
OCCA'>IONAL INSPIRATION ]S TU[N FROM HINKS, R,Jot INDS.A • 
80W£RS. l'lfi2. NUPl[RICAL SOLUTION OF TH( MISTUR[ rLOW EQUATION fOR 
IMTILTRUIOH IN LATERCO '>OILS. SOIL SCI. SOC. A.HER. PROC. 2G,5;D-531t 
Ttt[ rtHo\L PROOUCT rs CONCEPTUALLY ALPIOST TH[ SAH[ AS T"[ T£1'1P(RATUR[ 
SECTION or R.A. GRIFFIN, R.J. HAMMS, ANO s. CHILDS, 1<;173, 't4CO[L 
rOR (STIN"11NG WATCR, Sil. T, A.NO T(NP(RATURE OISTRlBUTTON IN TH( SOil 
PR0r!Lf, US/IBP O(S[RT BlOH[ PROGRAN PUBLICATION USU, LOCJN, UTAH. 

THIS ROUTlN( NU'if 8£ CAU.[0 ArT(R IH[ WAT(R '5U8ROUTIN[ IF A TH(TA. 
O(P[HD[NC[ ON Otff'USI\IITY rs TO 8[ INCLUDED • 
6-T-n nu-.: O[P[NO[NC( TS NOT NOW INCLUOEO 

6•7-711 roR NOii TH[ T[NFCRUUR[ or TH[ WAT[R NOVIHG q'fTll((N LIIY(RS 
IS NOT CONSID[R[O IN TH( T[,.P(RATUR[ or TH[ LAYf'R. NO \IA:PORt2•noN 
OR CONO[NSATTON £Fr£CTS AR[ INCLUO[O [JTH(R. 

DON ANO I HAY( TO O[CIO( SOf':(THlNG ABOUT lHAIRT. TILL THEN T'LL 
INCLUDE S(PARAT£ OTN(NSTOH STAHH[NT 

!NT[G[R PNN, TH'! 
LOGICAL (IIROR,PRTNT 
LOGICAL '>UNINP ,Sll'l'IN p. SUATNP ,sustNP 
CONNON /[CHOCH/ SUHI Jf> ,SU\1I HP, SUA INP •SUSTNP 
C0'1'10N /flL[S/ KR, LP, NSl, "S2• MS], MSlP(C, NSZREC, "5J:R[C 
COH"!ON /HUHS I NPLN TS iH AHTMS, NOROAN, H[L[NS ,NrR ACT, HOL In, ltf"AAC 1, 

NJ' R[LN • NrRfLP ,HORO[P I 61 tNHORll, NSCIIPT 
C0'1PIOH /T YN( S/I YROAY ,HOA T, '!ONT H, !YR, JTR, MYR, IDA y ,JOA 'f, MOAY , 

XNONTH 112 I, IS T(p, N5T[PS •NOA YS 
COHHOH /PfiTIHO/ lfl[P '"RCP,HREP 1211 ,TPRINT,NPIHNT ,NPRINTOl 1,PRINT, 

PLIC(f18t,UNITS181 
CONNON /HTSC/ [RROR,R('H[CKl201 ,BLANI( 
C'ONNON / YBLS / PON I 7 • El ,P OHO I l J , PO"'Y I &I ,PON\10 ,S[[OONI ll ,S£001'1 V, 

1 A0Nll 01 ,AOIU, DON 131 ,08" T, SON 111 ,SOMT ,1TOTOH ,CYCG 17 ,6 ,SI, S[ CO 17, 5 I, 
2 CBIOHI 1D ,51, CLTT I l ,5 J, COROt 1 ,5 ,. CNINU ,2 I ,POPI lD I ,cvrov 16, SI , 
l CY[OOI 7, 51 ,CV(G'4' Of 5J ,AVfG IT, 61 , A YfGY I£. J, AV[ GO t 71 ,A YE OVO, 

S[[OVt 51 ,ASr[OI 71, AS[[D\I ,C8IOl'IA I 51 ,ABTOMl101 ,A BlOl'IAt Cl TT TI 51 , 
.lLIT CJ: I ,AL.ITT ,COROH 151 ,AOR 8111 1AOPGN oC'1lNH'2 I tfCOTOT CS I, 
A[COTQ,S',jPHlr.J ,SWf'NI 91,51'Hf6 l,STHl91 ,OUl'IHTVISO),OUNNYAl]OI, 
0UNMV'5121ll ,OWATCRI 71 ,OCARBOl5J',OfHDOGIEil ,ONTTR0( 21,0PROru, r.,, 
YJUTtO 17 ,£.,SI• SAAT tO 17 ,SI, MAT IO 110, 51 ,OAATIO I 3, 51 ,ORATJOI lo SI, 
rACJ Vt 7, 61 ,f ACTS 17 I, rACTA 110,. Fo\CTDf 31 ,r ACTOCl I ,OEFAAT I&, 1 SI , 



Valentine 

.. 
,o 

" " " ,. 
" ,. 
" ,. 
" 1'80 

101 
102 
UJ 
10, 
115 
10• 
107 
108 
10, 
110 
111 
112 
11J 
11' 
115 
11• 
117 

118 
11, 
120 
121 
121 
l2J 
12, 
1'5 
12• 
127 
12' 

"' J JO 
Ill 
1 l2 
lJJ 

"' "' 136 

"' llB 

"' 1'U 
1'1 
1'2 

"' 1" 
1•5 ... ,., 
1'8 

"' 150 
151 
152 
l SJ 
15• 
155 ... 
157 

"' 15' 

- NCAT£ 0 ,W SP NAM f 7, ~ l ,A SP HAH f 11 ,S), DR:GNAIC 16 1\ I ,flU,N.UHS,] J, 
& ALINANfJoSJ 

COHIIOH I VTHA'U OAHU N, OA THU ,OAIUIN, D.l[VAP ,OAPHOT 
CONNON /H[ASU/ lHAIQTlJ11,PHCVl81 ,PHKl81oTHTAf81oTHTBf81,THAfll, 

TH818 I, THCf 81 ,THOt 81, THUi 81 ,THN ,TH, THNA,THTHA te I, THTHBI 8 I 
rototON /SOLCON/ p,.)t,C'40C81,C.«JXC8t ,CHOXXf81,CWPSil61,XHSOLTf81 
OATl NDlH,11/, SUBNANrH[AT'/ 

7lIRl : IOATN,lll • OATMINI • 0,5 
PN0T : l'iHP 
PNJO.H : IYRO.I.T 
If" ITOA't ,£0, JO.I.YI (0 TO 1000 

5 IF' IPAifrilTI WATTE ILP,101 
\D roRNATl'ft---• [X(CUTING SUBAOUTlN[ SLH[AP, 

JPHH : PNN-1 
l<PNN : APOl-2 ~-----------------------------------

c IHJTIAlil( H"P[RATUR[S 
C SET THE r[-MP[RHUR[S CAlCUl.l.T[D LAST Tl"[ ST[P COR JUST R[tD IMI 
C HWAL TO THUi.i, TH( TC"P[RATUH AT TH£ B(GINHIHG Of" TH[ TI"[ 9TCP 
C THTA :: T[HP Of" HOO[ IT [NO or TIN[ STEP 
C THTB :: TEl'!P Of" HOO[ IT (ND or TIN[ STEP 

c--------------..-J-----------------------
l llil flO 16 J :: lo PHH 

16 HITAIJI: THT!\CTJ 
C 6-1-7.. • ...... UI'\[ rrq MOW flUT '>URF'AC[ T[HPrRATUR( [OU•lS ?AJRT 

11 Tl-Ill' I 11 :: 71rq T 
r 1,-1-1 ... •so;;;u,.r T(HP(R,l,fU~[ At 60 CH TS A\l[RAG[ •JR T(.-P[RATU"[ F'OR 

THI"TY PRr\lIC'US rAYS 

Ll'N :: THH-1 
no 1e 1=1,urn 

18 7UAIRTl1}:: 7HAJRfll•ll 
71•Al1Hff'-l.,I :: lAJRT 
Tt• :::o. 
r C ?O I :: l • THH 

2fl TII:: TH ♦ lHAIRTl!I 
T"HP -::: ftH' 
T•nalPHN) : TH I f!-01"' 

c- --- - -- - - --------- - ----------- - - - -- - -- - --- - --
c 1r A WATfR CONHNT Ol"P(NOENCr OH SP[CJf'JC H[AT AfolO TH[Rl,UL 
C CONOVCTI'tllTY IS TO flr IN"'LUOro SOH(flAY IT CAt. Go I,,. lffR[ 
C CV WILL ,uv[ TO 0( AN AYfflACf OVER OT 
C l"OR I( WILL Nrro VALUES AT B[r.'INNTNG ANO (NO r,r OT 
C 11[Rr AR[ Tl-l[ HAIN [OUAT 'ONS 
c------------------------------ - ---- ------ - --

28 lltl JC I=l,l<P"H 
JO TH011l = THTAIII • T.,THAlll • THTAII•ll • 

• llHTHBCII - THTIIA1"1 - fHIHAll•ll I• THU!f~I • THTlUfJ ♦ ll 
C HOii TH£ rfpq AHO LAST nuAT!OH~ N[[fl TOUCHTNG UP. 

T40Clt:: Tl40tl) • THTAlll • THJHlll! 
THOIPKN-21.:; THOH'l'IH-71 • TIIT"IPHNI • THH•A ◄ Pl'IN-11 

c---- - --- ------ ----------------- --- - - - - - --- - - -
C NOii CALL TPIO!H TO G'"T THOS[ PHN-2 Tf'KPrJUTU~H 

c------- --- ----------------- - - --- - --- --- - ---
f"ALL TIHOUHIHA, THA, THC, T40o THU, PHN-21 

c---- - ------------------ ------ - - ---- ----- - ---
c NOii LOAO Tl-lTA ANO XH'-OL T 
c-------- - ---------------------- - - --- - - ------- - --

00 32 I=l,IIPHN 
12 THTRCI·tl I .:; THUil i 
6-7-7'1 f'OLLOIIJNG CALCULATION NAK(S XHSOLT Tl-f[ AV[RAra[ TE.-P[A.lTLA[ 
01" Hi( NOD[ DURING PNOT 

00 Jq t::1,P~O~ 
H XHSOLTIII: ITHTAIII • PH81111 / 2• 

nn r.n J:t,NHORil' 
(;0 .-;JHC II .:; JHSOL TCT•ll 

tr C PRINTt WRll[ ILP ., 80 I )(HSOL T 
E,80 1rcRHU l 'OSO!L TEl'IP[F)tiTURES=',10r6.21 

38 

22' 
22' 
227 

228 

"' 2JQ 
2Jl 
2'2 
2JJ 
2l' 
2J5 

"' 2J7 

"' 2JS 
2'0 
2'1 
2'2 ,., 
2" ,., ... ,., ,.. 
2" 

"' 251 
252 
251 ,.. 
25' 

'" 257 

"' '" ... ,., ,., ,., 
2 .. 

265 ,.. 
267 ,.. ,., 
270 
271 
272 
27) 

"' 275 

"' '" 21• 

"' 280 
201 
282 
28J ,.. 
295 

2•• 
287 
288 

"' 

3010 CONTJNUf 
C 
C P"'AO SP[Cif"IC H[ATS f'OA EACH or TH£ IPMN-Z I ,;;C,JL LAYrRS 

SURROUNDING INNER NOOrs 
Mr Ao=21nn 

2100 Rfi\Oll(R, 1020 IRCH[CI< 
Ir c. NOT. SUSI NP I WATTE IL P, 1030 I IR[ 4f) ,RCHrcx 
TP( 40.:; 21 O._ 

2105 Rf ADI KR, 10110 I CPHC\I 11 J, I::: 1,NHOR IZ I 
TT I• NOT. SUSI NP IWRlT[ ll. P, 1050 IIR[AO, IPHCV I I 1, I::1,NHORI7 I 

Rf.AO CONDUCTIVITIES OP [ACH Of' TH( IPNN-11 REGIONS er.twt[N NOn[S 
lR[ AO.:; 2110 

2110 Rt:AOIKR,1020 IRCH(CK 
ff 1. NOT. SUS!NP IWATT( rt. P, 1030 I IR( 40 ,RCHECK 
JREA0::7tzo 

21ZO RfAO IKR,101f0) IPHMllt1I=t,JPKHI 
If'I.NOT.SUSlNPtWRTTE CLP ,10501 IR[AOtlPHKI II oT:::t ,JPMNI 

R[AO INJTTAL SOIL T(PP[AAIURES AT OCH Of rnr PNN Noor~ 
fP[AD::-21JO 

2130 R(AOIKR,10201RCH[CK 
rr C. NOT• SIJSTNf' IVR TT[ IL P, 10 30 I TREAD, RCH[CK 
Tfl(it,Q:::21110 

21'0 AfADIKR,10..0 I I ICHSOLT I Tl, l:1,P.1011 
rr 1. NOT. SUSlNP )WAITE fl P, 1050 I IR£ An, l XHSOL TIT I, I= 1,PHNI 

ll[AO PA[VTOUS Jl OAYS or AIR TOH>rs. 
!R(Ao=21so 

C2150 RrAOU<Ro10201RCHECK 
C If I. NOT. Su SINP I WR! T£ Q.. P ,·10Jo) IRE AO ,RCH[CK 
C TR[A0=2l{l] 
C216G R[AOOCR,lOllilOt'ZHAJRT 
C rr I• NOT. SUSINP IWRlT[ ILP, 1050 I TAC:AO ,lHA IAT 
C U"i[ CURll'ENT T[MP AS YALU( Of •IR TfNP roP LAST 30 DAYS 

no 2110 K=1,J1 
2110 lUAlRTIKI .:; ?AIRT 

C 
C Pf'"RfORH OTHER INITUlTZATIONS 
C 

00 120 I:l,PMN 
lZO THUltl=XHSOLTIII 

THN IS TMf ClOS(ST HKEG[R TO TH£ NO. Of TtHr ST[PS IN 30 DAYS 
TH11=-J1.,1p,ioT 
SINCE HO TM£U 0[J'[)fnfNC£ ON CV OR K INCLUO[O, THCS[ 
CAlCULATTCNS HAVE 10 6[ •AO[ ONLY ONC( 
00 1-0 t :::1 ,JPMN 
TH THAI II ::PHK I I 1/CHOX )(t t t 

lllilO THTHBlll=-2.•PHCVl!l•CHOXCII/PHOT 
PMCVIPHH-11 ANO CMOXIP11N-ll AR( NOT US[O SO CAN JUST LOAD 
l[RO[S IN 

THAI II =THTHA IT •l 1 
THBI II =THTH8 I I I •THTH Al I I• THTHA I 1•1 I 

160 THCI I) -::TMTHA I 11 
THAIP,.Jrrt-11:0. 
TMCI 11 ::0 • 
[ND or EQUATIONS VHI~ CAN B[ CAlCULAT[O ONLY 01'1C£ If' NO 
TM(TA O(PrNO[NC( "'S INCLurco tH CV ni;, I( 
00 170 I=t oPl1H 

11'8 nns111=-XHSOLTltl 
00 l 7S I::1 ,NHORI'Z 

11'5 STHIU:: tH50LTII•ll 
Rf TURN 
£HO 

SUBROUTINE SLWATR ... 
1'1 
1'2 .. , 
1 .. 
1•5 , .. 

Ar.TURN 
c------------- -------------------- - - - ----- - 8 I011f •['[ <;f PT,?'sY"I 11. SL WI TA 

167 
l .. 
1., 
170 

171 
172 
17J 
l H 
175 
17• 
177 
178 
17, 
l8U 
181 
1oz 
l!J ... 
135 ... 
107 ... .. , 
1,0 

191 
1'2 

"' 1,. 
1'5 .,. 
197 .,. 
1" 
200 
ZOl 
202 
20J 
20• 
205 
2u• 
207 
208 
20, 

210 
211 
712 
21J 
21, 
215 
21' 
11'1 
218 
21, 
220 
221 
222 
22J 

"' 

C TNPUT ANO HUTIALI2ATTON 
c---- - --- - - ---- ----------- - - --- - - ------ - ---

1'000 IFl.liOT.SUSINPI WATT[ILPolOOll 
1'001 l"(UIK.Ul"O--• BfGTNNTh'C ~rAOING OF' INPUT TO SUBAOUTYN[ SLH[AT' I 

r11cA0=1nrn 
1010 REAOll<A,10201FICHECk 

II" I. NOT• SUSI NP IWRI T[ IL P, lOJOHR[ AO ,PCH(CK 
lf" IRCH[Cl<C 11.N(.SU6N .tN 100 TO 1010 

1020 fOAIUTl20AIJI 
1030 F"ORKATIT7,I5,• SLH(Al',!JX,20hl 
10\0 roRHATl71'10.0) 
1050 roRtOTIT1,l5•" SLH[AT' ,1ft6.S,101/T1711F16.5}1 

C 
C Nl'IO[S OCCUR AT TH[ NTOOl[ OF [Y[RY HORIZON ANO AT TH[ TOP or THE 
C rtRST HORt20N ANO THr 80TTON Of TH( AOTT0"1 HOPI70N. 

C 

THEA[ AR[ 3 T[RHS or YNT[R[Sl= NOOE.-;, R(GfOHS BETW[[H NOO~s. AHO 
LAYERS SURROUHOING TH[ !Nt[RJUl HOOES 

C P"N = NUHB[R or NODES 
C PKN-1 :: NUHB[R or R[GIONS 
C PMN-2 = NUNS( A or LA Y(RS 
C 
C w•HA POTrNtrAL ICVPSII H CALCUlAHO AT TH[ CPNlt-21 TNT[RNAL 
C NODES, ANO THESE VAi.iTS ARE Ul<[N AS THE H[AN YAlU(S f"OR TH[ 
C IPNN-21 LAYF.JrS. TC:HPrRATUR[S IKHSOLTl APE CAlCULAT[O AT rvtrrr 

C NOOE • 
C 
C PfGIONS= CONOUCTTVJT![S 
C LAHR'i= SP[CIF'IC ll[AT, WAT[R R[NO\IAL, WATER 'CONTfNT, WAT[R POTENT. 

C 
C CHO.:;O[PTH.-; TO NODfS IPHN VAlUfSI 
C ("HQ)(:THICKN(SS[S or LAY[RS AROUND OCH NOOE CPHN-2 VALurs, 
C CHOXX=OJSTANCES 8f.TWITN NOOfS IPNN-1 VALU[S I 

PNN.:;NHOPI 2 +2 
JPKN :: PNN-1 
l<PN/rl :: PNN-Z 
('"HO( 11 =o.n 
Cl-IOI 2) =t"HOROf Pll I- 1. 01 n. o• 1.0 
CIIO C PHN I =I HORO[P1 liHO on 1-HORO[P I NHORil -l H /Z .o•HOROf PI lfl-lOR 1Z I 
JMl :: NHORI'Z-1 
00 ]000 t=l,JML 
Q::HOROE PIT I 
Cl-104 I• 21 ::( HQRO[P 11 •l 1- QI /1 • 0♦0 

.roo0 CllOX It• 1 I :HOROCP t T • l I- HORO[P 111 
CHOIIL t=IHORO[PC11-C~t21 l•Z 
00 3005 I!loJPHN 

1005 CHOXXIJl.:;C'"HOIJ•ll-C~n1[) 
Irt.NOT.PR!NTIGO TO lllO 
WR nee LP ,30061 fHORO(P I I I, 1:: 1, NHOR 171 
IIRITflLP,10011 ICHOITI ,I::10PHNI 
WRJT[(LP.J0081 ICHOXl11,l=l,MP11NI 
..,-.nr1 LP ,]0091 ICHOXXIIJ ,T::1 ,JPfONI 

JOOG r'ORHn I T7J, •MORD(P ::• ,1or10.21 
3007 roRMAT tT23,'CHO ="'•lOfl0.21 
JOOS roRMAT C T73• ·CHOX ::-• ,1or10.21 
J009 fOAfUT !T23,'CH0XW ::• olOFlO.zt 

WRIT£ ILP,-OO'll 
\OO'l roRHAT IT30,''40RO[P:: OfPrnS Of BOTTOM <;UPf"HES or SOil lAYff!";'/ 

TlO,'CH['I ::: n(PTHS TO Nonr·s•,1 
TJO,•CHOX = T•trCMN[S'i[S ~r LAYfQ<; AROUND rACH N(ll)[•,t 
T30,'C'4DX'/l : flISUNC[S B[Twf"CN HOors·, 

1 'iU6ROUTl',/r 'iLWifl' 
2 
3 THIR ... roitl~N or SUf!f'OUTIN[ WAHR FOR noxcu:,-A, 12-13-7" P.IUL LO!-il1[N 

' lU 
11 
12 
lJ 

" 15 
lb 
17 
16 ., 
20 
21 
22 
2J 

" 25 ,. 
27 

" ,. 
JO 
J1 
J2 
lJ ,. 
" ,. 
" " " •• .. ., ., .. .. .. ., .. ., 
50 
51 
52 

" ,. 
" .. 
57 .. ., 
,o 

" ., 

WAITT[,.- BY PAUL W. LOl'N[N 

C 
r 

O[.-;[AT 810H( - rcoLOGY cr11TrQ UHt: 52 
UTAH STAT( UNIY"RSHY 

C THI.-; PROGRIH JS JUST AS IT WAS RUN JN G[N[RATlNG OUTPUT fc,R TH( 
C C[S[l>T RIONf lN,.OR"ATIONAL HCCTING, flARCH, l'\75, cxcrPT FOP 
C cxn:~sJvf COSKfTIC C'iANCfS 11ADf RY v. o. YAlt''lfTN( roi;, !NClUSICN 
C or TII[ SUAPOUTINr INTO TH[ '('l[S[AT2 • STHULAT(IP 
C 
C 
C 
C 
C 
C 
C 
C 

CH01101 

CHCXClOI 

CHOn: 1101 
CV ViPRI II 

Cl/INF' 

CWP"TllOI 
PHC l 
P,NN 

PVCH'4' 
PWH (l;OI 

PWHOA Y 
PWHW[T 
PIVMI 101 

PWkCllL 
PWKJNl601 

f'WkSUHI 60 I 
PVllJH .. , 
PWR~I" 
Pwr u;o1 
PWTLTK 

Pl/WCI 10 I 

SWI "'1 T 
TVA.I. 
TW.I 1101 
TIIAAAllUI 
TWellfll 
,we~1101 
TWCll 01 

C TWC 11 01 
C TWCT 

TWCTHPI 1.0 I 
TWCT~ 
T·W[YAP 

lWFR1 N 

nrPTH<;, CH. or NOO[S BfLOW SURfACf IA Nnor IS - tAOINl 
VM[ll( A WAT(r PoTrNTIAL IS CALCULATCOI SHAT ING AT SUffACf 
THICKN(SS or A[G!ON CfNTfr>(O ON N!"'O[ WHERE COUNrING 
STARTS AT fll'iT NOOE BELOW ,;;uAfAC[ ANO GO[S oow,-· 
C ►OICXIIl=CHOfl•ll - Cl-fOIII 
KC/HA Of TAAH'iPIAAlION WAT[R P[OUfSTfr. BY PLANT Nr(l(L fOA 
["TH PLANT G1JOur. 
NET SURfACl n.ux (IN C/11 Ouf':IWG P"OT, NOT INCLUOIHG 
TRAN'iPIRATtON 
'iOIL WAHR POTENltAL, BARS, YALU[ AT [NO OF PMOT 
TIK[ ST[r O[TrR11IN[O TN IUIN, DAYS 
NUMB[R Of Nonrs, SAfl[ A'> ,..Ul'l8(P Of NOO[S TN H( AT, 
COUNTING STA~TS AT 5~fAC( 
INCR[H(Nl IN YWC, TYPICALLY Q.ot-0.02 
TABLf Of' HYORAULlC PR[SSUR[ H[AO VERSUS TH(T A, P,AASo 
ll<i[NG SAl'I[ THrH SCAL[ ANO SPACING AS PWKIN 
AlLOWABLr LOW PRfSSURE Ll"IT FOP ANY LAYER 
ALLOWA8L[ HIGH PR[SS~[ L 1Hll f'OR ANY LAY[R 
HYDRAULIC CONOUCTIYITY, CNZ BAR-1 0AY-lo f'WIIIII IS 
CONDUCTIVITY AV[AAG[O 01/[P TWOT, TN R[GION BfTll([N HOO(S 
1 ANO I•l• w...-Rr COUNT!HG STARTS AT SUAfAC[. 
COliOUCTIVllY OF CALICH[ LAYfR 
UBL[ Of CONDUCTIVITY 't/[PSU'i THflA, r"Jl2 f!AR-1 OAY-1, 
STARTTNG IITTH VAlU( AT TH(U = O.O, P(.AO IH IN WINI J. 
ARRAY US[O TO CALCULATE AV(RAGE K, CCH-6APSI /OAY 
LOl/fR LIHIT or TH[U, OIM(NSIONlrss 
CAlClA..AT(n IN WlN1T ANO.:; '-UN Of' l'.ONOUCTIIIITY X O[LTA H 
NU/1B[R or [NlftIES IN CONOUCtlVITY ANO PR[SUP[ TABLES 
PUNOfol TO RUNOr1" RATIO P(A nn 
APRAY CONTUNJHG UNlFOR"LY OISTRI8UTrO VlLU[S Of TH(U 
L4RG[ST CHANG£ IN THETA AllOWrO roR NOOrs Z TO PMN-1 
OURTNG ANY T 1)1[ ST(.P Tl/OT. TYPICAL VAlU( .01 TO .02 
WAT[R CAPACilY, lhR-1, or ll'rGIONS SuPPOuNOIHG NOOfS, 
COUNTING SHRTS IT rtRST NOOf' 9(LOII SUPrAC[ 
TNITI •L v,LU[ or ~TANDI NG WAT(R 
rllACTION or PVO[LW INTfRVAL, US[O JN INT[RPOLATlHl'l 
PU{A"[T[R A fl)R TRI-DIAGONAL HATRT7 POUTtNr !TOM AOU TTHE I 
ARRAY CONTAINTNG VAlU[S 01" TVTHAfTI FOR J-:::2,PJON-l 
PAAAH[TER B FOR TOH ROUTINE 
CONTAINS ORO(R[O VALUES or Tl/AAA. 
PARAM[T[R C J'OR TOl1 ROUT[H[ 
PARAM[T[R O roA TOM ROUl'lP,,:f 

ACTUAL TIN[ STEP WATm rs USING 
CHAHGr IN THCTA DURING LIST Tl/OT 
LENGTH or PR(llfOUS WATER TIN[ SHP 
EVAPORATIVE DrHAHO, HH, VAT[P TO f'VAPnlUT[ f"ROM SUPl"AC[ 
OURlNG R[HAINO[R or PMOT 
u1ur If' TrHP(RAtUR( Of UPP[R SOlL L-'YrA .l[. -1.0 



., .. .. .. ., .. ., 
lO 
11 
12 
lJ 

" " 76 
11 
18 

" 80 
81 ., 
8l .. 
8S 
86 
81 .. .. 
,o ,. 
" " .. 
" '6 

" ,. 
" 100 

101 
1U2 
103 
10, 
105 
1U6 
107 
108 
10, 
110 
111 
112 
llJ 

11, 
us 
116 
117 
118 ... 
120 
121 
122 
123 
12• 
12, 
12' 
127 
128 

"' ,,. 
1Jl 
ll2 
lJl 
13' 
135 
136 
137 
138 

"' 1'0 
1'1 
1'2 
l<l ,.. 
"' ... 
1'7 ... 
1 .. 
150 
151 
152 
15l 
15• 
155 
1'6 
157 
158 

"' 160 
1•1 
162 
16l 

"' 165 
1'6 
10 
lU 

"' 170 
171 
112 
17l 
1,. 

"' "' 177 
178 

"' 180 
181 
182 
183 
1 .. 

"' 186 
187 
1'8 

"' "" 1'1 
1'2 

"' 1 .. 

"' ,,. 
1'7 

"' 

TWHAI 10) 
T~HRI 10 I 
TWfHfA 
TWHllR 
TWIN 
TWJ-' 

c rw.rn 
TWJto 

TWKSA 

TWl<SB 
TWON[ 

TWA.IT N 

TWRP 
n,sr-

TW'HC 
HIS""I 
TVS TNO 

TWT Al 10 I 
TWHUAf 10 I 
TWHUllUI 
TWHff'llOI 
TWTHC 

HIT HT SI 10 I 
TIil O::f'RI 10 I 
TWT TOT 

PA(S<;:UR( HEAD AT 8[GJHNTNG Of Tlirif, BARS 
PIHSSUR( H(AO AT urn Of rwor. 8ARS 
INT[RPOL'-1'(0 VALUES OJ-" PWH 
IJrrtl[RPOLAT(O VALUE'i 0,- PWH 
fQUAlS ,TRUE. If sunr.t.C[ PRf<;SURf ts WtTHfN LIHYTS 
INT[G[R US[O IN PICKING VAL!JfS or I(, Horr TABLES 
TNT[G[R usro IN PfCKIHG VALU£S Of I(, H Orf TA<\L[S 
INT[G(R COUNHR uoe:.co TO LIMIT NUtt8£R nr two, HAt.VINGS 
INT[RPOLAT[O VALUf or PWKSU,. 
INT(RPOL.t,f[O VALUE or PWKSUfl 
~OUALS .TRu[. IfrJRST Of.LU THETA APPPOXHUTION HAS 
ALR[AOY B([H OOH[ OURING ClJPP[NT ,wnT. 
RAIN CIH NNI THAT HAS Y[T TO 8[ DJSPOS[O or ouinNG 
RF'"NAIHO[R Of' <>HOT 

r OUA LS • TRUE. H RA IN OC CUPS OUIHNG T WOT 
f'OUALS .mu£. rr TWrtATN \IAS TRU[ L~T T'llnT. 
THIS TS r-JRST TH[ R[OU[ST[O 18£f'OR[ LAe[L 3801 AH(' Jl£N 
TM( ACTUAL IArT[R Ufl[L l!!OI SURFACf f'lUY ITN Cfll rC'R 
T~[ TWOT 
ClLCUt.AT[O S~f'AC[ fLIJX e'Qp 11101 USING TWH6111 um P\l<fl) 
rouAt.S Twsr- rwsrc 
STANOTHG WATf'R, Nfl, AFT!';R ~UNON•PUHO,-,- ASSUl'PfJl'l'-l,. H.W[ 
Bf[H COHS'f()(Pf'O. 
1/IT(R AY.lit.H\.[ !N LAY[RS, OIH[NSTOHLfSS 
VOLUH(TRII" WAT(R CONTENT AT BfGINHINC or PHf}f 
YOLUJol[TRIC ""f[R r'ONT[Nl 1vwr.1 AT B[GIHHJHG or TWOI 
vwc •1 ENO or 111C't 
THETA AV[RAG'TI OY£R TWOT ror, WHATf'YPl LAY[R W['Pf 
CALCUL lTING AT THf MOM[NT 
l"IUHNIHG SUN; CVfR TWOT'S or TJUl<SPIRATTOH qy LAYrR, Cl" 
TP4NSPIRATI0h LOSS FRON L lY[RS OUPIHC TWOT 
TOTAL THI( T'IAJ HAS [LAP<;(O JN P .. OT. oors NOT TN('LUOf 
CURRfNT TWOT, On<; 

Jl/1\1( 101 TIUNSPIIUTIONAL OF,UNO BY '"UNCTTOIOL GPOVP, Cl' 
TVVAC 10 I US[O IN sr11 lNG UP C".ILL Tn TO,. 
TVWflllOI IIS[O IN SfTTTNG UP C.lll TO TOM 
XVTHTAflOI tl'(JA AT fNO or Pl'OT 
lRIHT IHINfALL Ttfff"NSIT'!', ,..,../HQ 

TNT[GfR PP'N,PW"'•lllJl ,lVJll,TWJM 
LOG TC.IL TWIN, T VR l IN, I w RP olWOH[ ,PRTH f • 1wrpz N 
COM"'OH /f'lLfS/ KD, LP, l'ISl, MS2, l'<;l, l'l'SlPfC, M52R[C, -.SJ(lrr 
f""OHl'l'ON I NUNS I NPLN TS .ti 114 I "S, HC"R~ 01, N[l ["S, Hr 0 ACT , NOL YT , Nr P .lC L 

1 H,- R(L N, NfRrLP ,HOROfP I l 1 , NHr'D Tl ,N SCMPT 
COHNOh / TYMf~tIYROAT ,,-. 0.1 I', "'0NTH, t YD, JYR,KYD, I'lAY ,JnAy ,KfUr, 

l XMONTHI 121,rs1--D,NSl(PS,,..OAY<; 
tOHl'ON /PAT THG/ IR[P ,NR(P,HR(P f Z 11, IPR Jh1 ,HPD TNT ... rcn HT I (1 ,. Pr I HT, 

1 PLAC[ll81,UHTT<;IA) 
CONNON /Y8LS/ P01'117,61,r0"'CI 71,P('P'ylE,) ,Pf'INV0,S[[001tl71 ,S,-rlOl'IV, 

1 AOMC 101 ,AONA,00"' l ll ,OONT, SlJl'll 11 ,so .. ,, Tnl"M,CY[G 17 ,& ,s I ,o::rrcn, St, 
2 CBIONl10,51,ClITIJ,c;1,CORGll ,S!,f"NlNll ,2'l,PCf'llOl,CY[CYIE.,!:,I, 

J CV(COI 1, 51 ,cvrr-vo I 51 ,Av[C 17, GI ,AV[GV 161, •vrGo I 71 , IV[C:VO, 
S((OVI 51 ,Ac;[[OC1 I, A..S[[OV,CflIO"USI ,ABIOHll 01 ol8lOHA,CLITTI !:,I, 
AL IT I J 1, .ll J TT ,CORCHf SI, AORGI 11 ,AORGH ,CH{filH 12 I, [1":0TOT 15 I, 
A[COTO •SVPHI E, I ,SWP ,.,, 81, STH16 I ,',TN 181 .ou .. HYY I 50 I• OUl'IP'YA I 101 , 

7 OUHMY~C 201 ,OW,U[RI 71,OCUl:60151 ,O[NOOGI r,i ,ONTTROl 2) ,OPROf!UI f,I, 
8 YRATTOC116 ,51, StUT ~o I 1 ,SI, AR Al"IOll O, 51 ,"IRA TIO I l• 51, ORA TTOC 1, 51 • 
'I r ACTY( 7 .61 ,r ACTli 17 t, fACT A I U) I, ,.ACTO( JI ,r 101 011 I, Off"RAT (6 ,1 !ii , 
- NCAT[G ,YSPNAM( 1, !,) ,I SP NAM f 10 ,5 I, ORGHAfl 11; ,111 I, f"RANAl'i IS, l 1, 
I ALINlMfJ•'.il 

COMMON /WTHRY/ OATMIH,OITMAX,OARATN,OA[yAP,OlPHOT 
COMMON /SOLCOl'I/ PMN,C40181,CHOXl81,CHOUl8J,r11PSTl61,XH<;OLTl81 
COMMON/VATSAY/PWWCt8 l,PWK 181 ,TWAl81, TWBI 81 ,TWCl8 I ,TWOC 1:11, 

1 TWTHAI 81 ,TWTH81 81, T\IHAI 8 I, TWM8 I 81, TWIil if\ I, TWW8 f91,PWI( JH I £,0 I, 
2 PVHl601,Plfl(SUNl601 oPWff601,TVIJl!IJ, TlffSPR181,1WKSll81, 
J TWHHAI 81 ,TwnTMP 181 ,fWTMAA( 81, TWTHTSI 81 , TWA U 181 ,LLC"', TV TA 18 I, 
'l TWTWI 81 • TWOT, TIITPN, Tl/ TTCT ,'f ,l, TW(VAP, TlaP, TWRA llC ,TWRP, T\I STNO 
5, TWOT P.R,Pi,jlL IM,<: .T • .,1, fWJl'I, Jti,, T\ISI", TWTM ,l"WLL tll, TOflHr ,PWt1, n, .µ,, 
6 PWO[LW •lWAA, TV THC, HIJ9 ,PWHWf'T, PWHORY ,rwsrc ,lWJH, TWS,:-0, 111101" Q, 

7 TWWIN, TVSTRO ,PVRNRF", Pl/KCAL ,T\11 ,ZPINT I llWSTHO, CVTNr 
COMMON /YTOWAT/ CVR0ST17,81,CVTSJ'R171 
COMICON /VATSAJ/ CWINf"T 
COMMON /WAT'iAlil/ SWIHIT 
DIMENSION l'WTHU I 81 

TrlIOAT.[Q.JOATt r;o Ttl 680 

~-----------------------------------c INITIAL O(Cl<;ION'i urn sn TING UP CMAO[ CNC[ [ACM CALL 10 WAJl"RI 
c----- -- - -- __________ .., _____________ - - ----- - ---

IF IPRINTI WRITE CLP, 101 
1C FORMAT PO--• EXECUTING <;U8ROUT1Nf WAHR• I 

rr ( IOAT .[Q, JOAY • IST(P' SvINll = TWSTNO 
PMOT :: TST[P 
JPHH = PNH-1 
KPHH :: RMH-2 
LPHN = P,J1N-J 
ZZRINT :: ZRJNT 
111101=-PMOT 
CWINF:o.n 
TVTRN:o.o 
TWTTOT=tl. 
TWf"RZH : ,FALS[. 
Ir IXHSOLTl21 .Lf, -1.0J TVfR?H = .JPU[. 
TW(YAP: OA(VAP • lSTrP 
TWR :: OAPAIH 

rr ITWR ,Lt, o.o, lR:DIT = o.o 
C INITIALil[ VOLUH[TRIC WAT(P CONTCHT IYVCI AHO PRf"SSUR[ H[AO 

oo 2a t=i.P"N 
TH[ FIRST TIHE THROUGH THTS PROGRAM TWTHRl•I ANO TIIH81•1 (""OM!" rROM 
SU8ROUTIJrf£ WINPUT 
TVTHAAI Tl::Tlf1H81I I 
TWTHAC 11 =rwTH81 I I 

20 TVHA II >=TWH81 I I 
TWTHAA HOLDS vwc AT B(GDINING OF Pl'IOT WHICH lsN•T ALWAYS TH[ sue 
AS TH[ 8(GINNING Of TlfO T. 
TWTH.t. ANO TVTH8 NOW CONTAIN VWC AT 8[CIHNIHG OF TVOT 

C TWHA ANO TWH8 NOV CONTAIN PR[SSLR( HEAD AT 8£CDHHNG OF TWOT 
00 30 I=l,KPHN 

JII TWTHTSIIl=a.o 
TWTWIII I'i WAT[R D~ ,r.i D 01'" THE I•TH FUNCTIONAL PLANT CROUP fOR 
14[ PMOf, JN CN 
CYTSPR TS HI KILOGRAMS P[A H(CUA( 
00 1110 T::t,NPLNTS 

'lO T\ITVCII = .omm. • CVTSPRIIl•IST[P 

•-----------------------------------
1,TAT[N(NT LABEL 50 l S TH[ START OF TH[ LOOP "FOR rnr INNFR 

C TlM[-ST(P 

c-------------------------------------
c INITIAL SUB AT TVOT 
C [,. CONDITIONS AR[ ROUGHLT TH( 'iAN[ as PAST TIME STEP, l((EP TltOT SA,.r.. 
C 11'" RAINf'ALL DURING P"OT IS GREATER THAN -Nii, SAT, MAK( TIME ST[P,JN 
C WAT[A l/'18 'lAY(1/lll8::0 0 0208JI, 

50 CONTINUf 
JF I.HOT, TWrRZNI GO TO 60 
TWAAIN=.r1Ls[. 
T\l(VAP:::-0 ,0 
T\IRP::.FALS[. 
001090 

611 Ifl11WA+TWSTN01,ll".III.IGOT070 
TWRllN :: • TRUf • 
TVDT = o.o:zeu 
y.-- I TWRPI GOT080 
t'lO TO 110 

70 TllR&JN=.r-AlS(. 
80 TWOT=TVOTP 
'90 CONTINO( 

39 

"' 200 
201 
202 
20l 
20, 
2D5 
20• 
207 
7.08 
20, 
21D 
211 
212 
21J ,,. 
215 
21• 
217 
218 

"' 220 
221 
222 
223 
22' 
22' 
22' 
227 

"' "' 230 
lll 
232 
13l ,,. 
'" 23' 
7J1 
238 
23' 
2'0 
2,1 
2'2 
2'3 ,.. 
2,, ,., 
2'1 , .. 
2,S 

200 
251 
252 

'" ,,. 
,ss 

'" 25' 
2sa 

"' 2'0 

'" H2 
2'1 ,.. 
2'5 
2'66 
2'7 
260 , .. 
270 
271 
272 
27J 
27' 

"' ,,. 
277 

"' "' ,.. 
281 ,., 
28J 
28' 

285 
286 
287 
288 
28' 
2'0 
2'1 
2'2 
2'3 ,,. 
2'5 
2'6 
297 

"' 20, 

JOU 
lOl 
302 
3D3 
30• 
l05 
306 
307 
l08 
30. 
310 
Jll 
l12 
31J 

"' 315 
l16 
317 

"' "' 320 
321 
322 

'" "' 325 
]26 

'" J28 

'" JJO 
JH 
J32 

'" '" 

Modeling 

C R[FJN[O TWOT [Slll'l&T,. l,._.23-7 .. 
C CHECK IF llRC(ST v•LU[ CF TWOTHP, CHANG[ IN TH(U L-'if TwOT Is 
C 8[TWf""[H o.l &NO 0.9 TIN'"S PWTLIN. If IT IS fSTIMATf N[Xl TVOT ntOH 
C IT. 

R"::O. l•PWTLll'I 
S::O. 9•PW TLIM 
T:D. 0 

•f"IO 100 1=1,JPMN 
v= ,as, TIIOTHPI T 11 
Ir 1U. LT• RI GOTO 10 0 
IrlU.GT.SIGOTOUO 
1r1u.01.11T=u 

100 CONTINUE 
JFIT.LT.RIT::R 
Tfl T, L[ ,O,OJGOTOll 0 
TWO T ::0 .~•TWOT • I PVTL IM/ 11 

110 JFITVOT .r.,. crHOT-1\ITTOTH TWOT=P~llT-TWTTOT 
C (NC JN[TUL STAB 11 TWOT 

TWJl'I = 0 
C 11/JM JS A COUNTER IIHICH -'LLOWS A LIMITfO NUIIB[R Of TWOT 
C HAlYTNGS 

c-------- ------- -------------- --- - --- --- - ---
c SUT[N[HT LA8[L 120 IS SURT Of LOOP TO CALCULATf" PR[SSURES OMCf 
C 1'1101 IS SfT 

G-----------------------------------l20 CnNTlNU( 
Twsr = 0,0 
If ITWrRZNI GO TO 160 

C SuRPC[ ,.LUX CONSIO[RS RAIN, ST ANDINO IUT[R ANO [VAPORITION IBUT "HOT 

lR,U~<;PIQATTO!.:), 
WAT(U TN y,;; PLUS, Ot•T IS Hll\US, TMI<; 1S f'OlfNTTAL l"LVX. 

e£G 1 N l'AlN IT(RATION LOCP VlHtJN TWM 
Twsr NOT 1\IS,.C !<; usro F""OQ SlJRfAC[ F""LUX IN f(IUolTION<; <;;[CTION. 
rnr •LT(~NlfTY( IS TO US[ TIJ'SfC INC PHS ('NA COllR(CTTO~ = TWSI" 

C twsr-:: TO Nrx, TIN[ ',T[p. 

SUPl""AC[ rL1JX SCH(M[ P(V /JI-' P(('I 12-J-711 rML 
T\l=AMTNl 111/R, I lR'NT• TWOT •211.11 
(): t wrv•P• TWOT /PHOT 
1wsr ::: I TW • TWSTNO - OJ • 0,1 

1 f,O ("r'Nl INUf: 
( 'Twsr• Vi NOW TH[ lN!I IALLY A(OufST(O SURfAC[ fLUX CTN Cl'II rOR 
C TY[ !NN'"I) Tl.1'1[-St[f'. IT CAN Bf ALTfR[C nuRJNC tHr TWOT HTrR 
C <;TATf~,.NT LAl"fL ]80 Ir THr RHIU[ST CAN '-'OT Af 1'1(1 

c----- -------------------·-------- --- - - - - - - - -·-
c UIN'>PlRATIO~ SrCTION 1-1-15 

c---- - - ------------------------- -- - -- - ------- - --
c Ill PORAW WAT[R rnoH .. L AY[R PROPORTIONAL TC \IU[f' AVAILABLE ANC 
C ,--RArf ION or POOTS TN lNlT LAHR. TWH( JS PDOPORTT('""AL IT y CCHS TANT 
C FOR '"UNCTJON-'l. CAour B[JJ,f(i. CALCUlAJrn. 
C fVTWRI II T<; TRANSPIRATION rROK LAY,--JI I OURHH; TWPT, CK, 

F':::JwOT /Pl'lrll 
('0 170 T=l ,KJ>MN 

170 TWTSPR(lt:::o.o 
,o 200 J::1,NPLHrS 
l IITK =1l .0 
rn 180 1:::1,KPl'IN 

C TWTI TS WAHR AYAILl<>U IN L•Y[R, Oll"[NSlONLf'SS 
TWT4 I! 1:-twnu IT•l 1-P"l...l 11'1 

180 TWTK=t11fK•T11l&fll•CYPOSTIJ,II 
TIITK !:R• TWTWI JI If WTK 
00 l 'lO 1::-1 ,Kf'MN 

190 TwtSPR I I I= TWTSPfl"I I I• 'II lk• TWT Al 11 •r"YROSTI J, II 
200 COHT (HUF 

C f'HO LARG[,;;1 O[LTA TH[TA THI'> WOULD R(<;;ULT JN ,-CR THIS TVOT. 
rw=o.o 

00 ZZO T :-t ,KPMN 
s::rwtSPR I' 1/CHOX I I I 

C HfY[P TAIi[ All TH[ IVATLABLf WATER. 
trl S.t.r • ITWTA II l•0.5 I ICOT0210 
TWTSPR! I 1::t1H A IT I •O. S- CHOX I I l 
.:;:- TWTSPPI 11 

210 CONTIHUr 
,~c1w.L1,s11v=s 

220 CONT !HU[ 
C If Tl/ IS 100 lARG[, QEOuCt TWOT ACCORDINGLY 

If I I TV ,L(. PW Tl IN I ,OR. c T'IIJI'. er. 2) .CD. I 11101. Lt .o .o 201113 11 f0102] u 
TII JH ::J VJN• 1 
TWOT =T 1101 • O. 'J•PIITL IM /TW 
H" I TWOT .t_[ .o .o 2"0fl] 11 wnr::u.0208 J 

GO TO 170 
ZJD CONTJNU( 

(---------------------------- - --- - ----- ----
c G[Jll[RAT[ YALU(S or CONOUCTtvlTY AND SP[CifIC VATCR CAPACITY 
C rRCM YALU[<; or YWC 

c-------------------------- --------- - ---
IF CONDITIONS AP[ ROUGHLY THC SAfl[ THIS TWOT -'S LAST• 
APPRl'XJHAT[ -::HAHCES TN TH[U BT ASSUHl)';C roP NOW THtT CHIHGCS 
THIS TWOT EQUAL CHANG(S L l<;;T TWOT, If" CONDITIONS AR[ NOT TH( SIN[ 
ASSUM( roA NOW THAT 8(CTNNING AHO [NO v•tucs AR[ TH[ SAl'I[. 
GO ll·HlOUCH THIS S[CTTON ONLY ONCf fOR (ACH TWOT 

"!F" 1 fWONf I GO TO 280 
TWON[::. TRUE• 
If(ITWRP ~ANO. TWP.AINI ,OR, 11,NOT, TwRPI .u1c. I.NOT. TWIHINl)I 

1r,0102.so 
GO TO ?80 

250 CONTINUf 
00 270 t -=-1. ,P11N 
S:: TWOT /TVOTP 
tr1s.c,.1.1s=sllRTCSI 
1111::TWT"HBI T l♦ S•TVOTHP It I 
!flTV ,r.[. PWTIP\11111 GO TO 260 
Jf'"ITW ,LT, PVLLlMI TW::PWLLJM 
TWTHBI fl :TV 
ITll.CT,21GOT0270 

R[CAlCUt.ATE PR[SSUR[ YILU( or TOP l&YFq 
PWTITWJAI UtO PWTIT"WJAtU 8RlCK[T TVH4f'III 

l\lJA:::.JWTHBIII I PWO[LW • J. 
C TWU I'i fOR INTERPOLATlNC 

Tl/ lA ::1 Till THD 111-PVTI TWJ.111 /PWOF:L If 
T\IHBC I J::PwH I T\IJA I• fJ>WIII fWJA ♦ 11-PWH I Tl/JAi I• rwu 
(;0 TO 270 

260 J!,jJHBI 11 ::Pwr I PWM I 
TWHBII 1:"WHIPWNI 

2TO CONTTNUf 
280 CMH INU[ 

DO JZO T::2,JPJ1N 
TWTl4C =ITWTHAClltTWTHf\1111 / 2. 
IflTWTHC .or. PWTCPWNI I hlHC::PwTIP\1111 
Tf"(TWTHC .LT, PWLLIMI TWTHC::PWLLYP' 

f PWTITWJAI ANO PWTITWJHJI 8RACK£T TWlHC 
TWJ&::TWTHCIPWO[LW • t. 

Tr!TWJA .G(, PWHI TWJ-=PVl'-1 
C TWAA IS f'OR TNHRPOllTlN'l 

TWAA:::t TWTHC-PWTITVJAI 1/PWn[LII 
C TWl'SA ANO TIIHHA IR( PART or AY[RAG[ f('l,.DUCTTVITY CALCULATION 

TWKSAI 11 =PWK <;UH I TWJA I •CPWKSUMI TWJ.1 •t 1-PWK~UMI II/JAi I •TWI l 
l\lH~Al 11 =Pl/HI TWJA I• I r>w"HI TIIJA•t 1-PWM( TWJl II •TW.I .I 

CALCULATE WAT[R CAPACITY 
IT J<; SINPlY THr RCf'IPROCAl or TH[ <;LOP( 0'" rR[5SURr vs. lHfTA 

PWWCll-ll:: PVO[LW/IPWHIT'IIJA•ll-"WHllWJlll 
rrcI.Lf.?ICOTCIJlO 
1r-11vJ8 .to. TVJAI Co TO JOO 
PWKC I- ll =I TWKSAII 1-Tw'KSAI 1-111 /(TWHHAI JI -TWHHA I I •I 11 
flO TO 110 



Valentine 

HS 

"' '" "' "' HO 

'" ,., ,., ,., 
H5 

"' ,., , .. ,., 
]50 
]51 

J52 
]SJ 

'" '" "' ]57 
159 

'" '" '" '" '" ,.. 
'" "' ]67 

"' ,., ,,. 
]71 

'" "' ,,. 
]75 

"' ]77 

"' '" l90 , .. 
]82 

"' ,.. 
315 

'" '" :\88 

'" l>O , .. 
'" "' ,,. 
],S ,., ,., , .. 
"' ••• •11 .. , 
,o, ... ... ... 
,01 
• 09 ... ... 
•11 
412 . ., 
"' ... 
'16 . ., ... 
"' .,. 
'21 .,, .,, .,. .,, 
'26 
'21 

"' "' '30 
'11 .,, .,, .,. . ,, .,. .,, .,. .,, 
.. o . ., . ., . ., ... ... ... ,., ... ... 
'50 ... 
"' "' .,. 
'55 .,. 
"' "' "' ••o . ., . ., .. , ... 
'" ... 

JOO f'VKl?-11:fPVK!.U"'ITVJA•ll....PIIICSU"(TWJillJ / IPWHITWJ,l ♦ ll-PVHITWJAII 

JlO T\IJB:TWJ• 
C TVJI;\ TS US(O TO HOLD oto1 TO TH[ v•Lur OF' TWJA roR OH[ 110Rf. PAS 'i 
C THROUGH 00 LOOP 

32(1 COHllNU( 
C CHO ~OHOUCTIYITY l[XCCP' roR TOP LA'f'flH AHO WlHP CAP. CHftJLAl TONS 
C- ---- - - - -- -- --------------- - - - -- - - ------- - ---
C eouMJ.tRY CONOITIOH S£CTlON 
c----------- ------------------- ------- - ---
c f"OR THf 80fTON AOUNfllln r"QNDHIOH HUST fir ABLr TO SCT CONOUCTrVTTV IN 

TH[ R[GION HINEOIATn y Af\OY( TH[ BOTTO" NOOE. wr HUST ALSO <;(T 

PRES'iUR[ H[AO Al BOTTOM HOO[. PRESSUR( H(AO Will 8[ ClLCULAf[O 
roR MOO[S 2 THROUGH PMN ➔ 
PWICIPHN-1 I ANO TVHBIPMN I V[Rf' A[AO 'IN IN WlNtT. TH(Y A('PRESOH 
CHTrHE LAYER CHARACT[Rl"-TICSo 

fOP ROUNOARY CONDITION 
rARU[R TN THJ,; ROUTINE i CTUAL SURF'At'[ flU.11 WAS S[T fl'IUAL TO 
POTFHTlAL ['IAPOIUTION OR RAHi 

Ir I TWSf. LT .O.O I GOT OJ 31'1 
rvsr- GR(U[R THAN OR [QUAL TO ZERO 
OU. ,wsr 8[ ~(T WITH Nl.llfHUN IW[TT[ST I CONOHIONS> 

TW H8 ll I :PWHW[ T ' 
TWTH8I1I=PVTIPWHI 
noTOllllO 

.JlO COHTHIUf 
Twsr LESS THAN ZERO 
CA11 TWSf 8£ M[T vrru HAXIHU~ CORT[STI COHOIT!OHS> 

TWHB 11 J:: PW HORT 
T\ITHBI l)::PWLL1" 

HO CONTINUE 
C CA LC ULA 1[ PWK 11 t 

TWTHC=TwrnBI 11 
If!TWTHC ,GT, PWT1PW'4I I TWTHC'=PWT1P"HI 
lflTWTHC oLT. PWLLI"I TVTHC::PWLLill 

C PVTIT"JU AHO PWTfTVJA•ll 8RACIC[T TWTHC 
T\IJA=TVTHC/P"O(L" + J. 
TflTl,/JA .~[. PWHI TWJA~VM-1 

C CH[CIC Ir WU[R COHTrN'TS OF" fIRST TWO NOO[S AO[ 'l[RY CLOS£ 
l"f"UTWICSAl21 .or. PWKSl.ltlTWJA)I .ANO. ITVICSAl2) ,LC- PWl<SUMllVJhl 

1 111 GO TO 350 
C HIAA IS FOR lHTERPOLATIN'.; 

N.lA:I TWTHC-PWTITWJAII /PWOELW 
T\IICSAI 11 :pin( SUH I TWJA I• I PWKSUIH TWJA•l I-PVICS Ufl I TVJA I I+ fW LI 
T"HHAIJl:TWH8Ill 
PVKI 11 =t TWKSA12I-HMSAf1 I I/I T\fHHAI ZI-TVHHA 11 II 
60 TO J&O 

350 PWKlll = IPVKSUHITWJA+ll-P\IKSUHtl\lJAI I/ IPVHITWJA•ll 
1-PWHITWJ.tiJI 

J60 CONTINU( 
TH[ H(')IJ LINE IS TH( ONLY TIH( TWSfC APPEARS TO TH( L[n OF N( 

EQUAL StGH 
TVSfC=PYICI 11 +TYDT • IT VHBf l J.-TVHB 12I +g .aJJ (- lll•CHOXX I 11 I 'CHO.II Jr I 11 
T'F"I TWSf • LT .O .O JGOTOJ 70 
RfQU[ST[O SURFAC[ fl\Jll' I'S POSITIVE• W.llf'Q IS lHf'ILTIUTING 
Ir IT vsrc .G[ • TVSF" I GOT OJ 90 
C:OTOJ80 
R[QU[ST(O SURfACr fLUll' IS N[C:ATh'[• v.tiTER IS rvAPORATlHG 

370 Trcrvsrc.L[,TWSFJGOTOJ90 
380 CONTINUE 

C CANNOT N££T TYSF EY(H lflTH l'tUil"IUH SURFACE CONDITION'S 
T11Jt1:.F".tiLSE. 
NSFO= TVSf-TWSfC 
TWSf=YIISFC 

OOT0-.00 
3'30 CONTINUE 

C CAN H[(T OR EXCE(O O[flo\NO BUT THERE "S NO POINT FINDING NOR[ 
C ACCU1AT( YALUCS F"OR TWHfllll OR PWKCll SIHCC NCtTHCR OOH NOR t 
C US[ EITHER 'OM[. 

TWHI :. TRU[ • 
TVSfO: D. 0 

·qoo CONTINUE 
rvsr, Twsrc ANO Twsf'n AR( HOW HlflUTABLT fTX(D fOR TH( 
RfNAlNO[R Of TH( Y-VDT. HOWEVER I IF POTCNTTAlS AR( NOT WilMTH 
UNTTS, TH[ CALCIA.ATlO'fS roR THIS TWOT VILL 8[ THROVH Q.lf, .oo 
NEW OH[S WILL BE HAO[, INCLUOINO N[W VA.Lur f'OR Tvsr 

OH[CK IF PROflL[ FROHN J-12-7 5 
tr Y(S, OECR[AS( CONDUCTIYITT GREATLY ANO PR(V(NT WATER. ~OV[H[Nf 
WIHH!N PROF'Ilf• LEAVE CALICH( LAYCR CONDUCTIVITY AS JS. 

tr I .NOT• TWFRlH I GO TO '420 
1".10 11110 I:1 ,ICPNH 

til(l PWIC( II =PVIC I ti •1.£-6 
lf2(1; CONTINUE 

C [NC TOP BOONOARY COHOITJON CALCULAJiION 

G-----------------------------------
C HOW• HAUL OUT THE HAIN EQUATIONS, CALCULATE TH[ CO(rf'ICI[NTS 1010 
C CALL TRIOifl I TH( TPI-DlAGON•L-NAffllX ROUTlN( I TC OCT[RMIN( TH[ 
C PRESSURE H[AO U TH( PHN-2 N00£S, 
c----- --- - ----- - ----------- - --- - - ----- - ---
c I :,1 AFRAID SON[ Of TH[ !(JNB(RIHO lH H[R[ CAN 8[ CONFUSING. rnr 
C PRESSURE AT NODES 2 THROUGH PMH-1 •RE O[T[Rl'!INEO BY THE TOI'! 
C ROUTTN[. AT NOOC l• S~f'ACf rLUX OETEAHINES PRESSURC ITVHB111 I 
C AHO AT HOO[ Pl'IN TH[ PR[SSUIH: IS A CONSUNT WHICH IS RE•O ·IN. 
C TH[ COHOUCTIVlllES AR[ AY[RAG[S OV[R TVOT roR TH[ REGIONS 80\l([H TH[ 
C h'OOr-<;. me rtRST VALU[ IS F"OA TH[ REGION BETV[EN NODES 1 :ANO b 
C ANO TH[ LAST VALUE, P"'1C IPHN-11, IS F"OR THE REGION arrw~n, NOOES 
C PJ1N-l lHO PHH ANO IS REA" IN AHO R[PIHS[NTS TH[ CONDUCTIVITY or TH[ 

~ ~:~I~H!r~~~~R~ENT:~io 
11

:!E:o~:P;~:!Y P:~~~i~ !:/:r:~i~1:~R 0
!~~r;'

0
T 

C 2 T~OUGH PMN-lo TH[ THICKNESS Of .ti R[OION CEHT(AED ~N A IHCO[ l•l 
C IS CHOJr:IIt. VALUES ARr HEEO[O roR NOO[S 2 THROUGH PNN-1 • 
C TH(Rf IS ruRTH[R POSSIBILITY FOR CONfUSION R(CAUS[ [OUITION I IN 
C TOp, TS fOR NODE l•l• 
C 
C lT HAS SHN O(CJD[O INOT SY H[ 08YIOUSLTI THAT TH[ UNITS fOR 
C PR(SSUR[ IN THIS SU8POUT!N£ ARE BAAS. THUS, CONDUCTIVITY HAS t.HITS 
C or CH•2 tlAR-l on-1. WATER CAPACITY IS IN B.lR-1. PRESSUA[ H[JOS 
C our TO H[TGHT Olf'f"(R[HC(S HUST 8£ HUL TIPLH·n BT g.enr-llt eAR/CN 
C lO rc-T 8ARS, TO CONV(PT TO PR[SSUR[ UNITS IN CH flUST l'IULTTPLY 
C CONDUCTIVITY BT '9,8JJ[-- SAR/CH .otO G(T UNITS Of" CM/DAT. CAN U'>[ 
C PRESSURE OU[ tO <t(lGHT O[ffER[NC[S OlRfCTLT TH Cl'!, TH[ CONVrRSION 
C FACTOR IS '9.8lJ£-lf 8AR/O. 0~ 11117 CM/BAR, 

00 Ill JO I :t •JPMN 
TWVAlll ::; P"KIII / CW!Jr:XIII 
If'"lt .co. PHN-1I (:O TO C'JlO 
TWVBII):: I2o•PWVCllt•CHOXllll / TWOT 

lfJO CONT TNUF" 
C WTTH TWVA ANO TVVB G[N[RAH ABCO•s roR TOH 

~O If -a l=-1 ,LPttN 
T\IAI 11 : TIIWAIJ+ll 
T\ICC Tl = rvw•n, 
Hl8tll: fWWPflt•TWAl!l•fWCITI 

qliO TVOCTI: T\IHo\CJ•ll•fl\lWBlll-fWAlll-TVCITII HHUIJhTWCltl 
1 • TWHACT•2I•TVAITI • 2.•IPWKlll - PWICII•l 11 •9-SJJ[-11 
1 -2.•TWTSPRIII/JW"lf 

C ('AU'VLAH ~ lRST ANO LAS I VALU(S 
T\/.1,( 11 = HIWAfZI 
T\ICltt-=n, 
h/8I1I:: T\l"Rlll • TWAlll 
TW(llll ': fWHAl2J•ITWW011I-l\lAflll ♦ T\IHAllJ•TWAlll 

l • fV<;r•7./TWOT -7,•PWkl2t•g.8JJf'"-lf 
7 -2.•f\lT',f'Rlll/TllrT 

40 

,., ... ,., 
"" ,11 

"' .,, .,. 
'75 
'76 
• 11 .,, .,, 
.. o .. , . ., . ., 
•8• 
•85 ... . ., 
'8' ... 
••o 
.. 1 

'" .,, .,, 
4'5 ... .,, ... ... 
•oo 
501 
502 
50] 
50• 
505 
506 
501 
500 
50' 
510 
511 
512 
51] 
514 
515 
516 
517 
51' 

"' <20 
521 
5 22 
52] ,,. 
S25 
526 
527 

"' "' SJO 
Sll 
5]2 
5]J ,,. 
5]5 ., . 
'" s,a 

"' ... 
'" ,., ,., ... 
5•5 
5'6 

"' 5U 
5., 
550 
551 
552 
55J 
554 
555 
556 
557 
558 

"' 560 
5.1 
5'2 
5'1 ... 
5'5 
566 
!i67 

"' "' 570 
571 
512 

'" 57' 
515 

'" 511 
518 
57'1 
580 
591 
582 .., 
5 .. 
585 
58& 
587 , .. 
58, 
s,o 
5'1 

"' 5" 
5 .. 

'" 5'6 

"' "' 

T\IAI PNM-2I 
T\IC I PKN- 21 
f',jBCPNN-<'I 
TVOIPKN-2I 

n. 
TVWAIOK'I--ZI 
TVVP.fPKN-2t • TVt'IP•o.:-1I •TVWACl'IIN-11 
r"HA (PNN-11 • I TVMB I P"N-2I-T\IC I P"N- 21 -f WW U r>j,tN- U 1 

1 + TMHAC PKN-1I •l\lf'IPH.N-2) • 2o.YWH~IPHIO •TW\IA(PMN-11 
2 •Z.•CPWKIPflH-2I-PWl<lf'NN-lll •'3,8Jlr-11 
1 -2.•TWT<;PR1PNN-7.I/TWOT 

C [NC -ou.lTlON S[CTlOlol 
c----- ---------- _ __, ___________ - - --- - - - - -- - -- -
C CALL TRIOlH TO C•LCl,\.ATr l>MH-2 PR[SSURfS FOR NOOfS 2 HlROU(;M f'N~l 
c----- ---- ------ __ _, _______________ ---- - - ----- - - -

('"4LL TRIOIMITVA, r"e• TWC, TWO, T\IU• PNN-2I G-----------------------------------
C HfSC[LLAt-lfOUS CALCULATION'S 
c---- ---------------------------- -- - --- ------- - --
c CALCULAT[ TM[TA f"OR HOO[S 2 TO PMH-1 u<;JN(; f'R[SSUt?[ V ALu(c;; JUST 
C OBTATNfO f'"PQj,t TOM. usr VAT(R CAf'ACTlY A LA HANkS. DELTA THrr,: 
C C[LT.l PRCSSUQ[ TJH[S VATrR CAPACTH', 

no II so T=2 ,JPKN 
TWTMBt Tl :TWTHA I I I •PW \ll't 1-1 I• fTWUI 1-1 I-TWHA I I 11 
IF ITVTHBIT I .GJ. P\ITIP\IHI I TVfHBfl l=PIITIPWHl 
trlTWTHBlll -LT, PVLL!KI T\ITHRlll=PwLLTtl 

tiSO CONTINU[ 
C CALCULAT£ TWHB fllOM TVTHP 

00 lf60 !:-Z ,JPHN 
TVJA ::;J WTHB I I I /PWO[LW • 1 , 
TflT\IJA .([, PVHI lVJA:::PVM-1 
TWAA :1 T\ITHB I1I •PVT I TVJAI I /PWO(LV 

1160 T\IHSIIJ:rvH!TWJAl•IPVHITVJA•lt - PVHITWJAI l•T\IAA 
C CH(CI< HANT DELTA THETA'S TOO Lo\RGE. If TCS• R[OUC( TWOT 

00 11170 J~ ,JPKN 
<;=:ABS( Tw T~B II) -T "™'' r 11 
lF" IS ,GT ,PVTL IM 160T01f 10 

1170 COl'!TlNUf'" 
Go To sio 

11180 TFITWJN.or.2IGOT05W 
TVOTQ: TVOT 
TWOT:1'\IOhO.g,p\ln_ tK I'S 
TWJN=-lWJH• 1 

C OON'T LET TVOT GET 'iHALL[R THAM JO HINUT["S 
If' I T\IOT-l T .o .o;,oeJ IT lo'l'IT:o.a2os J 
R: T\IOT /TVOTO 

-g(I 00 SOD T-=2 o.lJ>NN 
T"HBI I l=TwHAI l I• I T\IH8f I I-fVHA I II I• o 

S00 T\lfHBI l 1 :rwTH A I I I ♦ I T\ITH8f I I-TWTHA Ir, l•A 
ro ro 11n 

G-----------------------------------
C ["10 CF" LOOP TO CAL.CULAH PRESS.URI",; ONCE TWOT IS S[T 

G-----------------------------------
SlO CONTTNU£ 

C CHECK WAT[P 0..._AHC[ 
CALL WBAl AN I TVTSPII, TVS r, T \ITHA• T\IT HB • CHOJr oP"lol, TVWI N • J VS TAC o R• 11 
,,.. 1 T\IOT .LT .o .os Ir0To -;z o 

VA Tf'I IS SON[TINES NOT O)NSrRV[O 
VH(p,, THIS IS TH[ CASf, HALVE TWDTo 

11" IC R. GT ."Is. I .oA. I A8SI JWWINI ·LT. o. 0061 
1 .OA.IAB<;t~1.I.LT,(l,01IIr.o,os20 

T\IOT::O .S•TWOT 
R::O, S 
GCTOlf'9(1 

520 COIHINU[ 
c------------------------- -- -- - --- ------ - --
c THIS IS TH[" \IRAP UP S[CTtON. ONCE \I[ •p[ H[R[ wr EITHER RETURN TO 
C CAlllNO PROGR•M OR DO AN)JH(R T\IOT. 
c--- - --- - - - _______ _, ________ - - - - - - - - -- -- - --

If' I.NOT, PRINT! GO TO 550 
TQ = 0 .O 
00 sn l(:J. •KPHN 

522 TQ ::c TO + TVTSPRII( I 
~IT[ CLP, 5251 TWOT. lWRP ,1\/RAIH, TWOM[• TWIN ,TVJN,TW\IIHoT\fSTR(I ,r, 

525 fORNAT I• START INNER TI"[-STEP. LENGTH IN ous:•.r&.Jtlflt 
1 llLlo !If, T70• JGU.11I 

WRITE ILP,SJOI llWTHelKI, l(::;J•P~NI 
530 roAHAT iT6,'fH(TA AT NOOF"S AT ENO or INN(R Ttfll[-ST[P', TGS.8n.JI 

WRIT[ ILP,535I IJWHBll<I, IC:l.PNNJ 
SJ5 r""ORflAT IT6,'S01L WATER POTEttT!Al AT NODES AT ENO or INt-lER Tll'l'(-STf 

lP', 16S• 8f"7.JI 
WRIT£ ILP,S38) TO. n,sr 

SJ8 l"ORNU I T6, •ACTUAL TR.lHSPDUTION ANO SURF"ACr rLUX DURING INNfA TT 
lN[-ST[P :•, T70, 2Gl 2.,u 

WRit( ILP, SJSI TWR• TVSTNO 
SJS roRNAT ( T6, 'UNOISPO sro or RAIN •Ho STANDING \IAT[R .lT START fF TWO 

lT =•• 110, 2GJZ.,1 
ssa COHTJHU[ 

C '-FT '-OH[ VALU[S UP FOR N(XT JWOT. 
TVOTP: TWOT 
TWAP=TWRA IN 
TVOH[::,f'ALS[. 
00 5£CI f:2 ,JPNN 
TVHAltJ:TVHBI II 
TVOTHPCI I:TWTHBII t-TVTHAI I I 
T\ITHAIIl=-TWTHBf!I 

560 CONTINUE 
CWINf::CYINf+ TV Sf 
Jf" I .NOT. TVf'R1H I GO TO S"7 0 
TWSTNO=TV'S: THO• T\IR 
TVA:(!. C 
GO TO GZO 

570 COHTINIJI" 
O[TERHIH[ VHETHEP THERE JS STANOlHG WAHR 
IrCTVINI GO 10 S80 

C TWSFrl : RA.IN ♦ STANDING WUCR - [YAPORATION - ACTUAL SURF"ACi:: rwx 
TWSTHO:TWSf'O •l 0. +P\IRNP f ••TWO T 

If ITVSTNO .LT. n.o, TVSTNO::o.o 
r.o TO 5'90 

580 TWSTNO:o .n 
5'90 CONTINU[ 

C O(T(RNlH( ANOUHT OF" RAIN RCMAINING TO INF"ILTRAT[. 
600 TVR=TVR-1RINT•T\10T•2'1. 
610 lf(TVR •lT• 0.0I TIIR::O.O 
6Z(I CONTINUE 

c CALCULATE SUH or TRAHSP1ffATION, Cfl 
00 6Ja T=-t ,KPHlol 

GJO TvTHTSIIl::cT\ITHTSIIl•T\IT5PRIIJ 
AT THIS POINT, TVTHTS AHO TWTSPR o\P[ ACTUAL TIUNSPIAATJON JN Cfl, 
wHICH MU 8£ LCSS TH.IN R£nUEST£0 TRANSPIAAT!ON 
IF IPRJNTI VRITE ILP,6JSI TWA• HISTND 

635 fORNAT ( Tf>, 'UNOISPOS(O Of RAIN ANrt STANDING WATER o\T ·rNO OF TVOT' 
1 , no, 11,12.,1 

C RESET TINING 
TWTT OT =TvT TOT♦ T\I OT 
TflABStlTVTTOT-PMOTIIPHOTI .GT. tl.002I GO TO 50 

C ENO WRAP UP SECTION F"OR TIIOT 
C-'--- - --------- ----------- -- - -- - - - --- - - -
C fXJT fROH IHN[R T!N(-S:T(P LOOP HAS JU<;;T OCCURRED 
C DO THC LAST COUPLE Of' THINGS N[C[SSARY B[fOR[ DID or SUBROUTTNf' 
c----- -- -- --------------- - - -- -- - - - --- -- - - -

00 61f0 I=l ,KPHN 
,nnHTA IT 1: TWTH8fl• 11 

GlfD C\IPSII 11:TVHBfl•ll 
CVJNfT-: CWINFT • CW~F 
CALL IIBAL AN 1T\ITH T<;, C VINF", TWTHA A, TVTHB, CH OX ,Pfl N, T WW IN, TVS TAO, R, Z) 



... ... .. , 
602 

DO 670 t=l tNHORI7 
f;,70 SW PH fl I = CWPSHI I 

OUNNYSlll :;: TWSTNO 

'" ••• 615 

OW.I.T(Rfllll :;: OWITf'.Rt 1J - OUNNYS131 - CWJNf"T • 10.0 • SVINIT 
01 = OWAT(Rlll • tJ.l 
07 :;: 0UMIO'Sl31 • 0.1 
OJ :;: 0\11.T(RIIII • O.l ... Tf tPRJNT .QR. IO~Y .Eg. 11:0,\YJ WRITr ILP,675) 01, Q2, 03 

617 675 fORNAT 1Tl6,'PRECIPITATIOH', T81, re.]/ 
&18 l T16, "STANDING 111.T[M '• 181, F'8,J/ 
6G'l Z Tl&, •rvAPORUION', Hll, f'8,JI 
610 7RlNT : lZRINT 
611 UTURH 
&12 c--------------......J__. _____________________ _ 
613 C INPUT ANO INITIALIZAHON 
61111 , ______________ __, ___________ ------------ --

615 GIUI ULL WINPUT 
616 CWINF'T :;: D,0 
617 RrTURN 
6UI '[NO 

SUBROUTINE TRIDIM 
BIOHE•D£ S[Rf2S'fNf 1 I, TRIO IN 

1 SUBROUTIN[ TRIOINIA, 9, C, O, U, NI 

5-2 &- 7111 PlUL LONN[N 

6 THIS SUBROUTINE SOLVES A SET Of' N CIH[U> EtUATllONS IN N Ul«NOWNS 
7 If THE CO[fftCIENTS OF ntE UH1<NOVNS FORM A TRJ-OtAOONAL NATRTX. 
a OJFFT.RENCt EQUATION APPRO Xl"ATJONS TO THE OfFFUSDOtl [CIUUIOH ARr 
, TYPICALLY OF TH[ TRJ-OIAOONAL TYPE. THE.A[ ARE SfV[UL MOANS or 

1G SOLV1N6 SUCH A SET OF ECIUATYOHS. THE "OST STRAIOHTFORvARO, ANO T•H[ 
11 ON[ THAT I US[ HERE ANO HANKS uses IN S[VCIUL OF HIS "'00£LS CON[S 
12 C F'RON, R08£RT O. RICHlMY(R, 1957, OIFF[RENCC "flHOOS FOP 
ll C INITTAL-VALU[ PROBL(NS, INT(RSCI(NC[ PUBLISH(RS, nee .• N(V 'TCRK. 
H C SC£ PAGE tal. NOTATION IJS[O HERC IS RICHTfilTCR~•• 
15 C 
lG C 8RI[FLT, THIS ROUTINE GO[S FORWARD THROUGH TI-IE [CIUAlTONS ONC'(, 
17 C ELIMINATING TH[ Ut.JI FOR TH£ SMALLEST .J AT [ACH STEP. AT TH[ 
18 CI N-1 [CIUATYON OH[ IS u:n WITH 2 EQUATIONS IN 2 UHWNOWNS. THEN 
19 C UIH) lS SOLV£0 FOR ANO THDI TH( ROUTlN[ GOES BACKWARDS THROUOH 'MC 
21 C [QUAT IONS SOL VINO FOR A TALUf' or U AT (ACH STEP. 
21 C 
22 A, e, C, ARF THE CO[FfICIENTS or THC u•s TO TH( RIGHT OF lk[ MAIN 
2] DIAGONAL, ON THE DIAGONAi.. ANO Tn TH£ LEFT OF TH[ OJAOONAL 
21t R[SPtCTIV[LY, THE o•s ARC TH[ CONSTANT, RIGHT HANO SIO[S or Tl-£ 
25 C EQUATIONS. TH[ u•s AR£ WHAT IS SOI.YEO FOR. A, 8, c, 0 MUST 
2G 8£ [YALUAl[O IN THE ROUTINE WHICH CALLS TOM. 
27 
21 
2' 
JO nTMENSION UlOI, 8110), CHOI, 0110), [1101, F"llO), urio, 
n nu= u11, eu, 
32 F"lll: 0111 I 8111 
JJ HM = H-1 
JIJ DO 10 r:2,HH 
J5 OD: 8111 - Clll•[fl-11 
JG [III : Alli / 00 
J7 10 F"tll: ( 0111 • CIIl•J"rl-11 I DO 
38 UIHI : ( CINl•f"4M-11 • 0011 I I BINI - CINl•CIM-1) I 
3'J t-N 
110 20 r=t-1 
Ill u1u:u11•11 [IIl•Flll 
lt2 JTII.GT.11GOT020 
•J RrTURN 
1t• ENO 

SUBROUTINE WBALAN 
8101'1!: •0£ S[llT2SYl'f 1 1. W9AL lN 

1 SUl3ROUT IN£ "™ LANI T'i PR ,sr, TH ll I, THTA r, 011' ,f'MN, WIN ,ws, RO ,P lT 10 ,.JI( t 
1 
J 12'-n-7q PAUL L0'4f'lfN 

rnrs r1,t,1CrtOt..1 C~fCl(S '" lfP BALA"IC[ or l lTP,F PDHOO 
TSPR IS TRIN<;PIRATlflN, t>< 

C sr 1'> SURFArr fLUX, ('f'I - INCLUO['S PRrctP ANO [VAP 'WT NOT TRlN<;P 
THT4T IS Tfl(TA l/liITl.lL , CM/~M 
THT.tr IS T~fTA rrNlL, C~/CH 
ex IS: THfCKN(SS[S or LAYfRS, C'1 

10 PM,- ye; NU'1"1fll or SOIL Nl'!'(S 
11 
12 !NHG[R PP,h' 
13 lCGICAL PPINT 
111 COMMON tr ll[S/ 10h Lr, M Sl, f'IS 2• P,SJ, M'SlREC, "'5 2RfC, ~ JR(C 
15 C'OMNON I TY f'lr;:: SI l'I' lll)A Y ,NOA Y •MONTH, lYll, JTR ,KTR, I DlT, .JOA Y, KOAY , 
16 X"ONPtllZI.ISJl"P,NSTl:PS,NOATc; 
17 CONf'ION /PR TING/ IRCP ,NR[P,HR[P 1211 ,IPRlh'T,NPDJNT ,l'PRTNTl21 loP1llNl, 
18 PLAC(lll!ll,UNIT'i181 
l'l rONNON 1,;•vwe., OSF,OA,OWhlolSWlCH,OwSTIW 
ZU OIN[H<;ION TSPRIPMNl,TMTAIIPMNl,HHAfCPtlNl,OXIPHNI 
21 
22 KPl'IN :: Plo!N-2 
2J JrCISwTC~.N[,llli':71GO TO JOO 
21t sn A=o.o 
ZS W'iTRO=o.o 
26 00 100 I=-1,l(PNN 
27 1:A ♦ TSPIU Tl 
28 100 WSTRO=WST'IO•ITHTArll•l 1-THIAIII•ll hOXIIt 
2'l •A• IS THC R[3U($TCO TRANSPIRA TlOH lH CH 
JO ·wSTRO. IS TH( CHANGP IN TH[ ANOUNT or WATfR IN TM[ PROfll[ 
Jl W!"N=sr-A 
]7 'WIN' IS TH( SUN Of JNrLOWS TO ANO OUTf'LOWS fROH TH[ SOIL PRO .. llf 
JJ IT SHOULO [OUAL W'iTRO 
311 lPtA0SIWSTROI.LTol.[-JIRATIO::'J<J.'l 
JS tr C AAS I WST RO I .G(. 1. ( -] IR A no =wIN/WSTRO 
J6 Ir IJK .ca. 11 R(TUR~ 
J1 OSf:: osr • SF 
Jl!I OA=Gh A 
J'l ovn1::ow1N• wtN 
ltO OWSTRO -= OWSTRD • W'S mo 
U tr I ABSIOWSTROI .LT. 1,[-J) R2 = 'l<J,<J 
ct2 I• I .lflSIOWSTRDI .G[, 1,[-JI R2 :: OVIN/CilVSTRO 
ltJ rr (PRINT .QR. ll'lY .co. KOIT) VRTT£ ILP,7r1Dt SF,oc;r,A,OA,VIN, 
ltlt 1 QWJN, WSTllO, OWSTRO, RATIO, R2 

41 

lt5 200 rtiRKAT i '0--• WAT(R flUOG[T AT [NO or TIH(-STfP -- All YALU-'<; AR 
116 -( C£NTTMETERS• I 

1t7 l T61, •roR TfM(-STfP', 181, "CUMULATIVE'/ 
1'8 2 TlG,'SURJ"IC( PLUX NOT (HCLUOING Tl:>ANSPIR,TJC'IN',T6l,GlJ.1t,T8l, 
•CJ J f8.J/ Tl6, 'UHNSr>JRATTOH', T61, GlJ.11, T81, f'"8.3/ 
SU It flf,, "SURfAC( fLU)I INCLUDING UAH<;PIRATTON',T61,GlJ,ll,Hll,rB,J/ 
51 511.£, 'CHANG[ IN PROFILf', T61, G1J.1t, 181, re.JI 
52 6 Tl(,. 'RATIO OF LIN£", J lHO It', l61, (l),11, Tl!llo f'"ll,111 
5J Rf" TURN 
511 ·:,on osr=o.. o 

S5 

" 57 
58 
5' 

•• 

OA=O .0 
OWIN::0.0 
QW'STRO = D,O 
TSWTCH:J 1]27 
G'l TO !'>0 
[NO 

SUBROUTINE WINPUT 
8IOM[ •0[S(IH2SYl'I 11.1HNPUT 

1 SUBROUTINf \jJNPUT 
2 !NT[G[R PMN,PV"oTW.JA ,fWJR, lW.JM 
l LOGICAL rRROR,PRIHT 

LOGICAL TWON(,TWRP 
'LCCICAL SIJNIHP ,SUVINP, SUATNP ,SUSINP 
COl'OtON /( CHO CH/ SUl'l l NP ,SUV INP. 'SUA rnr ,sus INP 

Modeling 

COMMON lflL[S/" KR, LI• NSl, M'S2• MSJ, H'SlR .. C, MS2~[C, >'SJ"[( 

COKMON /NUl'IS / NPLN TS ,N AH f P,S t NnRG lN ,N[L[P,S, N FR ACT ,NOL IT!, Nr0AC 1, 
NrR(LH,NFR!'"lP ,HOR0[Pt61,NHOIH2,NSCMPT 

10 COKMON /" HN( Sil YR OAT ,HOA Y, HO NTH, lYP, .JYR, l(yp, IOAT, .JOl Y ,1(0 AT , 
11 XKONTH C 12 I I IS T(P, N STCPS ,NO- TS 
12 COHHON /PRTING/ IP[P tNRCP,HR£P 1211 ,!PRINT,NP'1INT ,MPRINTl21 I, PRINT, 
13 PL•CE"f181,UNIT'Sll!II 
1 If COMMON/M !SC/ ( RROR, RCH[Cl(f 20 I ,BLANK 
15 COKMON /VBLS/ P0f'l17, 61,POMOCl) ,PONYCGI ,POMY0,S[[00Jitl71,S['l0MV, 
lf, 1 A0NUOl ,l0MA,00Nlll ,OCMT,SOMC 11,S0HT,TOTOM,CV[Gl7 ,6,51 ,SE[Oll ,51, 
17 2 C8JOMf 10 ,'i J, Cl. Tl I J ,51 • CORG 11 oS Io CNIHll ,2 I ,POPI 10 I ,CY(GY IO, St , 
11!1 J CV(GOI 7, 51 ,CY[C:VO f ",) ,AHGt 7, 61 ,AYE GY IG I, AY[C"O 171 , AV[GVO, 
l'J • SUDVI 51 ,AS£(0C7 I• •<;f(OY,CfllQNAC 51 ,AflIOHllOI ,ABIONA,CLITH SI, 
2U 5 AL YT CJ I• Al ITT ,CORGH 151 ,AORGI 11 ,AORGH oCKINII 121,r.tOTOT f5 I, 
21 6 A£COTC,SVPHl£.l,SWPNll!ll,STH161,STNll!II ,OUMMTYCSOJ,OUN"TAIJOI, 
22 7 OU"MYS I 201 ,OWIT[R C 71 •0 CAR801 St ,OENOOG 161 ,ONITROI Zlh OPROOUI £,J , 
23 YRATIO 17 ,6 ,SI ,squ ro 17 ,SI, 11A AT'IOt11, 5) ,ORATIOI ], 51 ,ORATIOf lo 51, 
Zit fACTVI 7, 61 ,f ACTSt7 I ,fACTA 110 I, rACTOl 31 ,f AOTOCl I oO[FRAT 16 •l 51 , 
25 NCAT[C ,YSPNAM 17, 51 ,1 SP NAM I 10 ,5) oORGNAl'I 16 ,If I ,fRAHAMI 5 ,JI, 
2G A AltNAl"fl,51 
27 COMMON l<;OLCON/ PMN,0-'018),CHOXC,i ,CHOXXl81,CWPSIIGl,XHSOLTf81 
21!1 C OMNON/W USAY/PWWCI 15 I ,PVI< 181 ,TWAf8 I, TW81 81 ,TWC 181, TVOC 81, 
29 1 TWTHAll!II ,TVTH81"1,TWHAl81,TWH811!11,TWWAl81,TWW81~1,PWl(INl£,QI, 
30 2 PWHlf,OJ,PWKSUMl601oPWTl60l ,TWUll!II, TWTSPRf8l ,TWK8ll8J, 
31 J TWHHlf81 ,T.,.OTHPtl!II ,TWTHAACl!ll ,TWTHTSl81 ,TWAAA11!11,Lll81,TWTll81, 
32 It T WT WI 81 ,TWOT, TWTRN, TW TTOT ,'I' ,l ,TWfVAP, TWR, TWRI IN ,TWRP I TVSTNO 
]] 5, TWOTP,R, PWTLIM ,s ,T •.J ,TW.J", n,, TW'Sf, TWTK ,PWLL JM, TWON( ,PIIN, TW .JA, 
lll 6 PWOEL W, TWA l, TWTHC, TW.Jfl ,P.,.HVC T, PW HORT ,T ws FC, rw IH, TW SFO, TWOT O, 
35 7 TWWIN, TWSTRO ,PWRNRF, PWM C Al• T\j I ,z RINT ,.IIWS THO, cwtNr 
lb COMMON /YTOVlT / CV ROST 17 , l!I I, CYTSPR 17) 
JT DATA SU8Nlf'll'WATF'/ 

" " lfl IFI.NOT,SUSINPI VRIHILPdOI 
ltl 10 fORMATl'I)--• 8£GtNNPIG READING Of'" INPUT TO SU8ROUTIN[ SL\jAfR' I 
•2 PKOT = I'<;T(P 
Ill IRCA0::20 
lllt 20 R£101KR,JDIRCHCCK 
ltS JF t. NOT• SUSINP IVPI TE n. P, ltOl lR( AD ,R CH(CK 
lt6 JO rORNATC20UI 
1117 ltl f"01UUTIT7o15•• WJNPUT'tltX,20AIJI 
118 JTIRCHECNIU.N[.SUE!NINIGO TO 20 
ll'l 50 FORf'IITl'H'l0.01 
50 55 fORMITITT,IS,' WINP\IT' ,7f"t6.S,10C/Tl'J,7r16.SII 
!1 61' F'ORNATfllllSI 
52 65 FORIUTIT7,I5,' WIN"PUT"ollfll!II 
!'j_l 7 ■ rnRIUTl7r1fl.ltl 
5111 rs J'"QRIUTtTT,I5,• \jJNPUT' ,7(16.llol01/Tl'l,Tfl6,5tl 
55 
56 R[AO HUM8£R Of tNTRifS IH CONOUCTIYTTY AHO PRESSURE ueu,c; 
5T l~[AO:::ao 
sa 1!10 REAOIMR,JOIRCH[CK 
59 tr I. NOT .SUS!NP JWRlff "P, ltO I IR[ AO ,R CH[CK 
60 TR[AO::'le 
61 <JD R(AQIKR,GQIPWM 
62 If I. HO To SUSINP I WRITE Q. P, 651 !RE AO ,PWI" 

" 6ll RfAO INCR[M[NT IN TH(lA JN M'l'ORAULIC CONOUCTIVITT AHO PR[Sc;URf 
65 TULCS 
66 TR£A0=100 
67 '100 RCAOIKR,J'tllRCH[Ctc 
DI !FI. HOT. SUS!NP I WR II( IL P, •O I lRCAO oRCHCCI< 
6'J IR£ AO::: 110 
11 110 RfAOIKR,SOIPVO(LW 
Tl ff I, NOT. SU SINP IVRI T[ IL P, 55 I IRE AO ,PWOCL W 
72 
73 R(AO TA8L( OF HTOflAULlC PRESSURE HCAO YS. TH(TA IIN BARS) 
74 IR[ AO: 120 
75 120 R(AOIKRoJOJRCHCCK 
76 IF" I. NOT. SUS!NP JWRil[ t. P, ltOI TR(AO ,JI CH(CK 
H IREAO=lJO 
715 lJO RFAO(Klh701 IPWHtll,l'::loPWKI 
7'l tr I.HOT. SUSINPI WATT( ILP,751 IRFAO, fPWHfll, I:l,PWMI 

•• 81 C R(AO CONDUCTIVITY Of CALICH[ LATER CM•2 RAR::1 OAY=l 
82 C IR[A0:::1•0 
8] C hO RrAOIKR,JOIRCH[CI( 
e• C lfl.HOT.SUSlNPIWRllEflP,IIOJlR[AO,RCHrCK 
1!15 C fP(A0=1se 
l!IG C 150 R(AOll<R,70JPWICCAL 
81 C Ir"t.NOT.SUSINPl\jRll(ILP,70";)JR(A0oPWl<CAL 
1!11!1 PVKCAL :: o.u·-10 

•• 91 R[AO MVLTIPLI[R or HTORAULIC CONOUCTlvITI[S 
91 1R£ AO = 1.-;11 
'J2 1s• RrAO IKR,JOI RCM(CI( 
'll ff I.HOT, SUSJNPI WJIIT[ ILP,401 TREAD, RCH[CN 
'llll TREAD = 156 
'JS 156 R[AO IKR,501 HCK 
96 lJ'" t,NOT, SUSINPI \jRff[ ILP,SSI IR[AO, MCM ., 
98 PfAO TABLE Of COHOUCTIYITY VS. THf'TA CN•2 eAR=l OAY::1 
9'J IR[A0=160 

100 16(1 RCAOIKP,JOtRCH[Ct( 
111 rr 1. NOT. SUSINP )WRTT[IL P, 11n I IR[ AO ,R CH(CK 
112 TA[AO::J1M 
lDJ 170 R(AOIKRolOt IPwt<INIIl,J:::l,PWNI 
1011 00 175 T=t,P\IN 
105 175 PWKfNIII :: PWKINCTI • HC"I 
106 tr I.NOT, 'i.USTNPI WAH( ILP•751 ~(AO, 4PWKINIJ), 1::1,PWKI ,., 
101!1 Rf.lO uu, ANO HIGH P1H5SuRr Ll"ITS roR lNT LUf.P, IURS 
ll'l IR[AO::UO 
110 180 R(lOIMA,J(IIRCHECK 
111 Tfl •HOT• SUSINP IWRTT[ ll P, 11n1 ]R(AO ,P CH(CK 
112 IR(AO::l'JO 
llJ l<JD R[A04KP,SOJPWHORY,PWHW[T 
l l~ 1r I. NOT. '<;tJ'SlNP I""' T£ IL P, 'i'i I IR[ AO ,"WHf'l"Y,n,HwrT 
115 rr IPWHO~Y.G[.PWllllll GO TO l'H 
116 fRRCR = ,TRUE. 
117 11qnr ILP,t'lll 
1111 1'31 rt'IIUUTl'0',T2l,'L0W[R LlNll ('r PP(Sc;.ur[ H(IO (.ll'crros LlMt• nr TISIL 



Valentine 

"' 120 
121 

"' I lJ 
12' 

"' 1'6 
12' 
128 
12, 
IJO 
131 
1]2 

lJl 
13' 
135 
'36 
137 
1]8 

"' 1'0 
1'1 
1 •2 
1' l 

l" 
1'5 .. , 
1'7 
1'8 

"' 150 
15l 
152 
15J ... 
155 
156 
157 
1'8 

"' 160 
161 
162 
163 
l .. 
165 
166 
167 
168 
16, 
170 

171 
172 
17l 
174 
175 
176 
177 
178 

"' 180 
181 
182 
183 
18' 
1« 
186 
187 
188 
18' 
1'0 
1'1 
1'2 

"' ... 
"' 1'6 
l'7 
1'8 

"' 200 
201 
202 
7.0J , .. 
215 
216 
287 
208 ,., 
110 
211 
212 
2lJ , .. 
215 
216 
211 
7.18 
21' 
220 
121 
222 
223 ,,. 
22' 
7. 26 

"' "' 22' 
'30 

"' 232 
233 
23' 
235 
2]6 
237 
238 
23' 

"o 
2'1 
2'2 
2'3 
H•fll 

"' 2•• 
2'7 
2'8 

"' 1'0 

-r or PR[S<;lJQ[ HfU) vc;. TH(f,l,') 

I'll rr CPWHV[f,LC.PWHIPW!'I' (;Q lO l'ill 
[PROR : • TRUf. 

WPTff ILPd'DI 
l'll r('IHUT t •o•, Tl5, •• = •-: [RQ(Hl •: • = •• , TZ'S, 

I • UPP[R LlHTT or PRt'SSt.JR( lt[lD ()(C[[O<: LIH!T '1F T.18l[ er PA[SSU 
21.[ lf[AO V'i. THfT .. I 

l 'l'I rnn INUf 

' C Pr.An LAPG[ST CHANG[ Tli n1ru lllOW[O OURTNG O'T TWf}T 
IRr•u=:nn 

nn R[AOIKP,J(IJRCH[CK 

Jfl •NOT, SU'ilNP IWR J T[ IL P, 110 I IR£ lO ,R CH[CK 
Tll[AU=2',0 

ZJO lfflOIKR,50 JPWTLIN 
If I, NOT, SUSI NP I WR Hf IL P, C."'; I lP[lO ,PWtl IH 

HCOHJCAT!ON P.'1' 11,D,V, 
CALCULAT[ LO'llfl,' Lhllf or TH[TA 
no 'ZJl T=t ,PWH 
!I" IPWHORY-PWH1llt23fi,23'1,2Jl 

?ll CONTTNUf 
2J' rwLLHI:; 11-ll•f'WD[LW 

r;n TO 238 
236 0 : PWHtl-11 

PWLLIN :' 111-21 • H)-f>WHDRYl/fQ-PWHfllll•PW')(LW 
218 rr1.r.10T.SUSIHPIWR11[ !LP•2J'II PWLLll'I 
219 roRMAT IT2J,'LOW(lt LHtIT or TH[TA :•,re.,, 

C l('"PORAR'f rtx roir ST ... OlNG WAHR 
C 

fWSlNO::O ,n 

'1[A0 RUNOH TO PUHorr PATIO 
TR( AO: 211 0 

240 Rr&OIIOlt301RCH(CK 
tr· I. HOT. SUSI HP IWIHT( IL P, "° 1 IR(AO •R CH[CK 
TR[A0:'250 

250 R[&OIKR,SOJPWRHRf 
11"1 •NOT• ',USTHP JWRTl[IL P, 5"i I IRCAO ,PWRNRr 
N'ltHRF ~ 1,0 

RCAO INITlAl SWP YALUCS AT HOO[S 
TR(A0:2f;(l 

260 R(AOIKR,301RCH[CK 
rr I, HOT. SUSI NP IWR fl[ IL P, tin) IR[AO ,ltCH(CI( 
lR[A0:270 

270 P[AO(l(R,501 ISVPNl!l,f=l,PHHt 
I"l. HOT• SUSI HP IWR!T[ ILP, 55 I JR[ AO, SIIPH 

MOOifICl.flOH 9Y 11.0,V 
CALCULATE ItHlIAl VALU[S or IH[ll fROH lHTlTAL SwP YlLU[1-

oo 370 11:t,PMH 
9? : SWPHI Kl 
nc 275 T=t ,PWM 
tr I02-PWHll1t285,28V.2T5 

275 COHrtHUf 
280 Tlo:TH811(1 : 11-U•PWCR. W 

ro TO J2n 
285 01 : PWHI l-11 

TWTHR(KI::: UT-21 • IOl-Q?l/lll)-PIIIHJJ 11 •f'WOELW 
llO CONTIHUr 

Jrl.HOT,SUS!HPIWIHT[ ll.P,3251 TWTHP. 
J25 roR"ATITZJ,'lNITUL \-OLUl'lf"TlHC Waf[R CQNT[HTS AT NOO[S=•/ 

T23,8f"10.SI 
f"O l28 1-1 ,HHORT7 

H8 SWPHITI = SWPHCJ•ll 

If' I PRINT I Wl'JT[ I LP ,l ]O I NH~ IZ ,PHH 
JJO f"ORIUT I 'O •,TZJ, 'NHORJ7 =• ,T5,7X,'PIO~ :• ,151 

R[AO INIT!At. YALU[ or STANDING WAHR 
!A(AO : 272 

772 R[AO IKR,JDI RCH[CK 
:!f I.NOT, SUSTHPI IIRll[ ILP,~1 IR[AO, RCH[CIC 
JR[AO : 27,. 

2711 R(AO I l(R ,501 TWSTNO 
IT C ,HOT, SUSINPI WRIT£ ILP,551 TR[AO, T...SHff'I 
OUNHYS I JI : lWSTNO 

[NO QI" R[AOJHG NOW 00 INlTULIHTTONS 
TWRP:. l"ALS[. 
TWOfrrl[ : ,f'At..Sf, 
TWOT:P110T 
TWOTP:PHOT 
PWKI P"N-11 :'PWKCAL 
00 J50 T=t ,PWH 
TWI'.:: I-1 

350 PWT1 II :fWT•PWO(LW 

CALCULU[ INITIAL TWO-fl V tLU[S nrn1t TWUH! YALurs ..lJH POD I'-, 

003S1 1:1,P"H 
TWJA =l WTHB IT I /PWOfUf •1 • 
IF"t HIJA ,Gf .PW" )T VJ A:pV "-1 
TWAA =t TV TMB I I I -PVT IT WJ A) I /PIWfl. W 

J'">l TIIH8f1J:=PWHITWJAl•CPWHITWJA•ll-PWHITWJA1 hTWAA 

CALCULAT[ SUN Of" CONOucrrvtn Tl"(<; O[LTA PRf.SSURf. 

PWKSUNI 1 t:PwK IHI 11 •PWll]H 171 • IP WH121-PWHC 11 l•O• 5 
!PW~ : PW,.-1 
(lC J52 J:2,TPWN 

J'52 "W111-UM I I I: IPIIKIN I I l+PWKIN I I+ 11 I+ IPWH 11+1 I- PWH I U I• Oo S•PWKSUH fl-1 J 

THJS Givr,;; us PWH•l VALur< or PWKSUM. I N(fO PWI<' VALUES, HOK( UP 
LAST YALU£ AY HAKING OJFf[N(NC( 8fHl[fN PWH AND PWK-1 VALUCS 
SAH[ AS 8ETWfEN PW/1-J ANO PWN-Z YALU['>, 

PWKSU/11 PWH t=2 • •PlltSU HI PWM-11-f' WIISUH I PWH- 21 
rr IPRIHTI WRITE ILP,~601 

JliO FORl1AT1•n•,,1J,'f'WK'i~, SUH or OOHOUCTI'IITY THI[<; DELTA PP[S9JRE'I 
trc PQINT I WRIT(flP ,]70 IPWKSU" 

110 ro1:nuT 1101T2J,1P7El2,Jn 1 

lf"PORARY rtx roR RU.,.. lNTfHSITY 11'1"/HRI 

ZRIHT = 1, 76 

Ir IPRJNTI wRJT[ILP,]801 
38!1 fOR"ATI/T23, 'R["f"BER THAT IN CUQR'[NT VERSION OF PROGRAl'I TUER£ IS 

-N(1 RUH-Off OR Ru,..__ON • o\HO RAIN INJ(NSITT IS l"JX[O AT t,76 ""MR• I 

rr TH( PlAHT ftOOrtS AR[ HOT l![IHG USED, wr MUST LOAO 
HOH-ZERO 'IALU[S INTO TH[ FIRST ROW 11.r., PLANT GltOUPl or 'C'AOSl• 

Jf" C NPLNTS ,Gl, 01 GO TO ~00 
'l = 1, 0/MHORI l 
01" 1100 l=-1 ,NHORl7 

1100 CV1'01-1' ct, I I :; Q 

42 

251 
252 

'" 
500 CONT1NU£ 

Rf TURN 
r,o 

SUBROUTINE DCOMPO 
8JO"E •D[ <;[IH ?S YIU 1 I. OCON.PO 

1 SU8ROUTh£ OCONPO 
2 
J "OOEL f"OR O[CO"POS:ItlO N or LITT(R ANO SOIL ORGAN TC "AT TfR 

. 
10 
11 
12 
1] .. 
l5 
16 
17 
18 

" 20 

" 22 
23 
2' 
ZS 
26 

" 20 

" JI 
JI 
]2 

J] 

" " ,. 
J7 
J8 

" .. .. ., ., .. .. .. 
'1 .. ., 
so 
51 
52 
SJ ,. 
" ,. 
" " " 60 

•1 ., 
bJ 
6• ., 
6. 
b7 .. ., 
70 
71 

" 7J 

" 75 

" 77 
78 

" 80 
81 
82 
8J .. 
85 

" 87 

" ., 
,o 

" ., 
" ,. 
" " 91 ,. 
" 100 

101 
102 
10] 
10, 
105 
106 
107 
100 
10, 
llU 
111 
112 
113 

11' 
115 , .. 
111 
118 
11, 
120 
121 
122 

P81 

P82 

POJ 

Pl- 2 

SOIL T[K>[IUlUR( THR£SHOLO 8(L0W WHICH OOCO"POSTTIIOH 
OO[S NOT OCCUR 
SOIL WAHR POT(HTIU THR(SHOLO BCLDW WHICH 
OECO"POSITION DOES NOT OCCUR 
RAH or R(SPlRATION 8Y lTTTflt DECOMPOSERS 
EXPRfSSfO A'i A f'RACTTOH OF TH[ OY[RALL RELATTV[ 
RAT[ or O(CO,.POSITIDK 
PAR-"4£Trns IN TH[ LINH!'? FUNCTION R[lATlING !SOIL 
TDIPCRAl\JRC 10 D£COPIPOSl1'lOH !'Alf OF' LJTTE!t 
PARAN[TnlS IN rnr PI(Cf-WIS[ LIN(AR F"UNCTION 
R[LATING SOIL WAHR POTENTIAL TO OECONPOSTTION 
RAT[ or LfTT[R 

PS- 8 
TLA'frR 

SAN[ AS Pt-Ill BUT f'OR SOIL OPGANTC NATTER 
THC SOIL LAY[R WHOS( Tf"PCRATURf ·ANO SWP 'O,LU[S 
CONTROi. 0£CONPOSITtnH RATES 

LOGICAL [RROR,PRINT 
LOGICAL StJfHNP,SUVhlP,SUATNP ,susr"'P 
CO"HON /((':HQCH/ SUfUNP •SUVINP1 SUATNP 1SUSINP 
COHNON /f"Il[S/ KR, LP, "'a· "sz, l'IS3, HSllt[C, MS?RCC, "SJR(C 
CON II ON /JW"S / NPLN T~ ~A.HIMS, HOROAN ,NEL[l'IS, NFR ACT ,NOL IT , NFIUC t, 

Nr"R[L 11, NFRf"LP ,HOROEP I 61 ,NHORTZ, NSCl'lflf 
COHl10N / 1'YH[S/ I YROAY •HOA Y, "ONTH, IYR, JYR, kYR, IOA'f ,JOA 'f ,KOAY , 

X"ONTH I U I, IS TTP, NST[PS ,1i10,vs 
CO""ON /PR TING/ !REP ,NR[Po"R£ll' f 211 , IPR INT, NPR INT , HPR!N Tl 21 I, PP I HT, 

PLACE 11 8 I ,UNI T'Sl8 I 
CC"NON /ltl SC/ £ RROR • Rr'HECK I 20 I ,Bl ANK 
co""o" /VAL'i/ PO" 17, r.1 ,P0"0I 71 ,POl''tl 61 ,PO"l'IO ,srroo" 171 .scnoN v, 

1 AO" 1101 ,AOIU,OOKI JI ,OON T • SOl111J ,<_;O"T I TC TOM ,CV[G 17 ,6 ,SJ, S[ (0 17, 5 I, 
2 C810HI 10 ,SI, CLIT fl.SI, CORGI t ,51, C"INI l •2 1,f>CPI lD J, CVEGV I£,, SI , 
J cvrcoc 7, 51 ,CV[GYO f 51 ,A V(G C 7, 61 , AVEGY 161, AYrGol 71 ,A't(GVO, 

Sf£ OVI SI ,AS[(OI 7 I , A'i ([DY, C8IO"A I 51 ,A 810M I 1 01 , A 81011A, CL IT 11 51 • 
AL IT I l 1, .ll HT, CORGHI SI ,AORCf 11 ,AORGH ,CNINH 12 J ,[COT OT 151, 
A[COTO ,SWPHff, I •SWPNI 81 •'iTH 1£, Io STH I 81 ,OU"HYV I SO 1,0UH"YA f JOI , 
OUNHY'il201 ,OWAl(RI 71 ,OCARBOI 51 ,onmoc, &I ,OHITROl 21,CPROOVI £,J • 
VA ATl0f7 ,& ,SI ,SRAT TO 17 ,51, AA ATlCU O, 51 ,ORA TIOC J,51 oOR .UIO I 1, 51, 
FACT VI 7t f,I ,f" ACT<'; 17 I, FAC1' A I 10 I, FACTO( JI ,FACTO 11 I ,OErRAT 16, l S, • 

- NCAT[G ,VSPNA" 17, 5 t ,ASPNA/1110 ,5 I ,ORCNAl'l 16 ,Ill I ,rRAHAl'IIS ,JI, 
A ALINANIJ,51 

CO"NON /WTHRV/ OU "IN, OAT ,.AX ,OAR A TH, OA[VAP ,OAPHOT 
CO"l10N /CHANG(/ CVE090 I 7 .r. .s I• <;EF:oon f7 ,SI, CBIO"Qll o, SI, 

CL J TOO f J, 51 ,CORGOnl 1, SI ,CHINOOI lo 71 
ro"MON /OCOSA'i'/ r111,ra2,P113,lLAY£R,Pl1511P21SI ,PJISl,PIICSI, 

PSI 51 ,Pli 151 ,P 71 SI •P3 I 51 
CO"NON /F'LUXII/ F'X6,F'lt7,f'"X8,FX'!' 
DAU SU8HA"/'OC0"'/ 

tr 110.lY.[0,JOAYIGQ TT) 100(1 
TrCPRHHIWAT1'( ILP,101 

10 f"ORIUTC'O--• 8[GIHN~G [X[CUTlOH !'Jr <';U8J?OUTTN[ "0COl1P'"I 
nr=,c;1 ... , ll. •Y[l'1) 
Qw:SWPHI llAYrPI 
T'IOT.LT,r!IJ ,OR.nll.L J.P~21GQ TO 'lnn 

C •-•-- ----- ------- ------------------ - - ---- - - - - - - - -- -
C r,rcoMPO'i !T ION Of" l. II ,.--R I lHCLUOPrn <';TANO!HG Of t.0 HAl [ltTAL ASOV c 
C ANO BfLOW GRQUNOI 

A<SUHE r,c .. CHOUCAL COHSTllU[Nl HA'<' .. OJf'T[R(t.lT R[LATIV[ RAJf' or: 
(lrCOHPOS!flON 
•<';SU'4"[ ONLY Ot.f LllTrR CQ"'PARH1ENT 

!I" I NOL TT ,[Q.O I t;O 10 12ll 
f!O 100 K=-t ,HFR[l" 
•r ICLlTfloKI .Lt. 0.111 GO TO 100 
PAT[ :1 Pl IK I• fl2 IK I •OT I• PWLPOS IP JII( I ,"fl IKJ ,1 ,0 ,OWi 
!f IRAl[•tST(P .('l. 1.01 RAH::: t.O/F'LOATllSTFPI 
O:RAl[•CL!Tll,111 
CL noo I J ,K l=CL ITOOl 1 ,I( 1-Q 
lf" IK.GT .N(Lf"S lt'lO TO !'iO 
CORGQO 11 ,K >= CQIHlQOI l ,I( I +Q 
,-~ TO 100 

50 ,:;P8~•0 
F'1t:li : r>'e. • O•IST'"P 
rr7 : F')'7 • IG-Al•ISTCP 
f't8 : f"XI! • A•ISTCP 
CORGQOl 1 ,K l~CoRGOOf 1,1( I •I 0-A I 
Q("ARBOl•l:OCARBOl'll+h IST(P 
rr 1PRIHYIWRIT(ILP, ~111,IUT[,O 

'JO f""ORKATITlO,'LtTLO'S ff'OH K :•,Iz,• TS •,G15,"i,10X,'QAT( :'',Gl!,,-51 
100 CONTINU( 

C -- -------------------------- ----- ------•• ----
C O(CONPOSTTION OF SOIL ORGAN!!' 11Allfff 
C A<';SU/1( fACH CH(HICAL CONSTITUENT HAS A otrrEREHT RELATIVE RAlf 
C Of" OECOl1POS1TIOH 
C A<';SUH[ OHL Y ON( SOIL ORGANIC "AJTPJ CO"PART14[NT 
C --------------~-"'----------------•------

tZO If IN'-C"'PT.£0,01 GO ro 'lOO 
no 200 K=l ,NfR(LH 
tf ICORGll,Kl .L!.". 0,01 GO TO 200 
RAT( =1 pr; IK l•P6 IK I •OT h PWLPOS IP lfl( 1 ,P8l KJ ,1 ,U, OWi 
IT IRAT(•IST(P ,GT, 1,01 f!AT[ : t.01rLOlTfIST[PI 
a=RAT[•CORGil,Kt 
Tf IK ,(O. INI OHTTROIU: OHTTROlll • O•f'iTrP 
COROOQll ,I( 1:c0Rooo11:,,i1-o 
Jr 111.Gf,HCL[HSIGO TO 150 
Cl1INQQ 11 ,I( I :CHINO'll l'• I( I• 0 
GO TO 200 

150 OCARAO I• J =OC .lR801• I +0• ISl r P 
rx'J = rx, • O•IST£P 
If' I PRINT I WR IT[ ILP, 1 <JnlK, QA T( orJ 

1"10 roRIUTITtO,•soHLOS FRO" K =•,tz,• IS ',015,5,lOX,'PATE =·,GlS.51 
·zoo CONTINUE 
·goo RrTURN 

C --- ---------•-------------- --------- - ---
C INPUl ANO 1Nll1All2ATTOH 

c----------- -----------------------
1·000 Tff.NOl,SUSIHPIWRTT[ ILP,10101 
1010 f"CRHAtf•O--• 8[(lTHNll.'G REAOING nr INPUT TO SU8AOUTIN[ DC'nKPO• I 

1 020 r"OAH U I 1!)A II t 
1025 roR"ATIT7,IS,• OCOMP ',.X,2UAIII) 
1030 f"ORHATfl'IITSI 
lOJ!'i F'OR"ATIT7,IS,• O("OMP • ,111181 
1050 F'OR".ll 17f"l O. 0 t 
1055 fORl1&TIT7,lS,• OCO"P • ,1r16.5•101/T1'3,7Flli.SII 

C 
(" RfAO H(Al)fR CARO 

fR(A0=2020 



43 Modeling 

lZJ 2021 A£1.0fl<A,10201RCHfCK 
17 
18 

'JO RrTUAN 
[HD 12• 

125 
126 
127 
12' 
12• 
1l0 
lJl 
132 
lJl 
1" 
lJS 
1]6 

1J7 
138 
13' ,.. 
1'1 .. , .. , ... .. , 
1'6 
1-' ... ... 
15D 
151 
152 
lSJ 
15' 
155 
156 
151 
158 
15' 
16U 
161 
162 .. , ... 
16S ... 
1'7 
16' ... 
170 

171 
172 
17J 
1,. 
175 ,,. 
117 
178 
179 
180 
1&1 
182 
18l ... 
185 

IJ" Io NOT. SUS INP IWR TT[ ll. P, 10 25 HA[ AO oACH[CK 
ff CACH[CKI 1) .N( oSUAN'" IGO TO 2020 

REAO SOIL LAYER W'HOSr TEHP ANO SWP VALUES CONJROL O[CONPOSif tOH 
TA[ AOs;: 20 110 

lO'lO A[.lOIKA,1020 IACH(CK 
IF I• HOT• SUSIHP IWRTT[IL P, 10251 fR(.lO ,A CHECK 
T<1(.1.t> =?O'lS 

20115 A[AOCICR,103011LAY[R 
Ir (.HOT• SUSI NP JVIHTC IL P, 1035 I IRE AO, IL,IY[A 

Rf"AO HttP AHO swo THA[SHOLOS FOR QUQNPCSITl('N 
TA[AD:20'50 

20SO "l[AOCKA, 1020 IACH[f")( 
rr I. HOT. SUS THP IWAIT[ IL P, 10 25 I I RE AO ,QCHJ:CI( 

IRE 10:= 20 55 
2055 A[AOIKA,10501P81 ,P82 

If I. NOT• SUS(NP IWRJT£ IL P, 10551 IR[AO ,P&l ,P82 

INPUT roR LlTHA OECOl'IPOSIT[ON 

Jl"fHOLIT,[Q,OIGO TO 2080 

A[,t,0 r,u.cTJOH Of' O[COMPOSITION WHlCII IS RfSPJPATION 
!R[A0=20GO 

20£.0 R[AOOl;R, 1020 lACH(CK 
1 f' (•NOT. SUSIHP IWR' TE IL P, 1025 ITR[ lO ,PCH (Ck 
TR( AO: ZoF.5 

2065 R[tO l)(R, 1050 IP$3 
If I. NO l. SUSI NP IWRI Tl IL P, 1055 I IRE 10 ,P8J 

P.rAO PAPAP'[l(PS roR L!Jl(R O(CO/U>C<;JTJON PATf'"<; 
JR[ AO: ?O 70 

2070 Pf.AOO'R, 1020 IRCH[CI< 
Ir {.NOT• SUSI HP IWP!Tr IL P, 1025 I JR[ An ,RCll[P' 
TR[A0-::2fl7S 
00 1.07r; IC-::1,Nf't!(Ltt 

?075 PE.AOl l<J:, lOSO IPU KI ,p 211( I ,p llK I ,P- IKI 
2076 !F" I. NOT• C.USINP IWR ! T( IL P, 1nss IIR[ ,o ,PI 110 ,P 21 Kt ,f' JI Kl , P ~, l'I 

' ' ----------------------
INPUT fOR SOTL Qq~ANJC '"TT(R n(C'lHJ'O<;tllON 

' 2080 HINSCl'IPT.[Cl,01 ro TO )000 

R[lO PARU<[f[RS f'"OR SOl'I OfCOff>OSTfJON 
Hl[AO !" 1100 

?100 RrAOIKR,10201RCH[CK 
Jf' I. NOT, SUSTNP I WR TT[ IL P, W25 I JR[ AO ,P CH [CK 
tRrto:21ns 
0') 2106 l(:J,Nf'A[ll'I 

~!~! ~~:~ !~~: ~~!;!~: !;; t~ :: ;~ !! ~ ~~~=~~~SI Kl ,P 6111 I ,P 71 Kl , P81 ICI 
f'Xf, ;: O.O 
r-in = n.o 
f'X8 : 0,0 
rx~ = n.o 

JOOO RfTURN 
[HO 

SUBROUTINE PWLNEG 

SUBROUTINE PWLPOS 
BI0'1[ •C(S[Rl2SYl"l l I. PWLPO<:; 

1 '"UNCTION PWLP'JS l~,p,r:,XI 
2 
l 

8 

• 
10 
11 

" lJ 

" 15 .. 
17 

" 

[VALUllTO~ or A PJ[C[-WIS[ UP.[lR f'UNCllON CONSISTING Of ... RAl'IP 
!WITH f'OSIT!V[ SLOf'[l B(TW([N TWO ftoDJ20NTAL LIN[",. THf 
Y OROINAT[ roq Tit[ LOWER HORIZOP.TAI LIN[ TS 7fPO ANO TH[ 
Y-OROINATf roP HH tJW[R 1-'0RJ/Oh'l&l LIN[ IS Tf'E NR•H[T[R ·c•. 
'A. I'i THf X·INJrDC[rT or Tiff RA•o·• •NO ·A• TS Tl-If VALur OF X AT 
JI-'( TOP OJ'" TH[ RAHP, 

PWLPO'> : U,0 
0 ;: Ill-A) 
tr 10 .ro. l.l,n, ro Tl'l 90 
11 ;: I Y-• I / D 
Tr II) .LT, 0.01 a: £1,0 
Tr 10 ,r.T, l,nl O ::c 1,0 
PMLPO<; -:: 0 • C 

~O ~f TURN , .. 
SUBROUTINE GENPDF 

8JO"E•OES[RT2STl"l 1 I, G[HPOr 
1 f'l.JNl'.:TTON G[NP(lf' IA,B,C,O,XI 

' l fVALUAlIOH Of' TH[ G[NfRAllHO POl",SON O[HSTTY fUNl':TIOH. •A• TS 

C 

' ' lU ' 11 
12 
1l .. 
15 

•• 17 
10 
19 ,. 

IH[ YALU[ Of X WH[N rnr fUNCTION ATTAINS ! TS HAXTPIUH vuur 
Of 1.0. •e• IS TH( t..rP(R X-INTERC(PT. rnr ruNCTION IS NOT 
OF:fIN[O f'Olf l s. •c• AND •o• AR[ CUllVATUR[ PA'1 .. 11ET(RS fOR ,.,. 
OfSC[HOUHl AHO ASf'.[NOTNG Lil'IBS, Rf",P[CTIVfLT, LAqc;fq 'f'flLU[S 
MAl<f. TH[ LIHS SAG TNWAROS, !ACTUALLY, [lCll PARA"[T[R Af'r[CTS 
BOTH Ll1't.S • RUT 10 OIF'f'[R[NT O[GRf[S,I .,.. IS TH[ VALU"l er 
111[ INO[P[NOrt'IT VARIARL[, AS X B£'COl'l[S vrPY SH .. ll TH[ f"UP.CTION 
lPPROACH(<; A llORIZONUL A<;SYMPTOTC WHOSf VALU[ TS ][RO. 

r ::c 16-XI / 18-AI 
TT' I 6 ,LC• 0 ,0 I r.o f O 'JO 
C:[NPOF = r, .. c fXPIC/0 • 11.0 - G .. o, I 
PfTURN 

'10 G[NPOr : 0 ,0 
R'"TURN 
[NO 

SUBROUTINE RUNAVE 
B IOH[ •0[ S[ RT 7S'1' I' 11 I, RUNA vr 

1 J'"UNCTTON RUNAV!; o:, N', xr, IST[P, ISi 
2 OTHfNSTON XINI 

' ' 
' 10 

•x,i:• TS fl-'[ NfW V•Lur Of' )( 
Jf' •ts• .co. 1, IT tc;; f'fRST DAY Of'" SIPWLATION AHO •x• V(C1'0R 
VllL 8[ flLL[O WITH siNGL[ VALUE. I~ •rs• .ro. o, 'RA• WTLL 
Pf OIRECTL Y CALClA.. At[O 

yr C IS ,[Cl. 11 GO TO !'.O 

8101'1[ •0[S[RT 2SYH4 11, PWLHJ""G 11 
12 
1l .. 
lS .. 
17 
18 
19 
20 
21 

lO L ;: N - TST[P 
00 20 T:t,L 

1 fUNCTION PWLN[G U ,B .C ,,i: I "I ;: l ♦ ts TEP 
20 xrTJ = xoq ' J 

6 
7 

• 
' 10 

11 
12 
1l .. 
lS .. 

£VALUATION Of' A Pl£C£-WIS[ Llll[AR fUHCT!ON CONSISTING ~ A R.llilP 
!WITH N£(;ATJV[ SLOP[I 8£TW££N TWO HORIZONTAL LIN[S. THf 
T OADINAT[ F"OR TH[ LOW[R HORnONTAl LIN£ TS 1fRO ANO TH[ 
Y ORDINAT£ fOR THE UPP[R HORt10NUL LIN[ rs T~[ PARAJll[TER •c •• 
'A. TS TM[ VALUE Of )I; AT TH[ TOP oic TH[ JUHP ANO •e• IS TH[ 
YALU[ Of' THC' r-INT [RC[PT or TH[ Rfll1P • 

PWLN[G -:: 0.0 
0 : IB-A I 
If (0 .ro. 0,01 GO TO 90 
Q: Cfl-Xl/0 
Tf'" IQ.LT .O ,0 I Q : (I. 0 
Tf'" CO.GT. 1.01 0: 1.0 
PWLN[G = 0 • C 

" " " " ,. 

LITERATURE CITED 

LP 1 = L • l 
DC 30 t:LPl,N 

10 XI t I : Xli': 
'i : o. 0 
00 -0 t-::t,N 

-os=s•rcr, 
RUIOVE ':- S I H 
AfTURN 

sn DO so 1:1 ,N 
60 XtJ) : XX 

RUNAV[ : XX 
RfTURN 
fND 

LoMMEN, P. W., and K. A. MARSHALL. 1976. Programming 
phase of water response ecosystem model. II. Abiotic 
submodels. US/IBPDesertBiomeRes. Memo. 76-37. Utah 
State Univ., Logan. 91 pp. 
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111• t'l!NPUJ 
110 '4!NPl/1 
110 H!NPUT 
1111 J'1TNPUT 
11!1 J'1JNPUf 
1111 11T"IPUI 
1111 HTNPIJ T 
1411 tHt1ru 1 
111 ', /'IHIPUT 
1 i,;I, HT NPU T 

H 11 "'TN"IJT 
]711 r,tfN~UT 
l'lU t\ftlPUT 

T•O '1!Nf'UT 
410 MTNP\11 
41(1 l"TNPUI 

2111 R[AOAJ 
2fl2 R[AOA T 
7~') R(AOA T 
7At RrAOA T 
C.05 HJNP11l 
~,n!> HTNPUl 

<;Or; MTNPUT 
sn 5 HT NPU T 

SOS l'ITNPHT 
~1 S '1 TN PUT 
Sl "i KJNPIJ T 
t;J <i J'1TNPU1 

52 S HTNPU T 
!">?.-, MJNPUJ 
'i7~ 11JNPUI 
S7r; MJNPUT 

57 5 Hft,iPUT 
Sf.'> HPlPUT 

5'10 HIN"UT 
5qc, M! NPU I 
<;'1"', HINf'UT 
"i-15 HINPU I 
,:;q,; HINPUT 
5o5 HINPIJT 
!">~!> "IINPU I 
'i-9!- HlNPUt 
~ 0 !., HINPUT 
5q5 HJNPUJ 

5°5 HI~PtJT 
5n,; l'II NPUT 

f>'lS MINPU T 
",'15 MINPUT 
I\~!;, HJNPUT 
<:;"5 MINPUT 

!P2 INITIL 
">15 HHTll 
',7", IN! TI l 
STC, TNI TI L 

"72 lNlTIL 
<;B TNITIL 
'572 INI ra 
0:.TS !11llfl 
770 J'11Nf'Ul 
7?', J'1JNPUJ 
",rln MINPUT 
81U l'tlNPl,IT 
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APPENDIX I 

SAMPLE OUTPUT FOR ECOSYSTEM MODEL 

"'C:"l< l<J7t:; 

LAC:T Ul"CATr • rrn l'l711 

ClJPLI""\/ VI\Llr" '""Ul"'fC!N ':A',I"" <;T1r 
uPl"H(f'I R ore 11 • W!"V 
UP!".t rro " ,uv 111 

UPllATfD U '1~' t"78 
urru,rco 11 J1mr 1-:>111i 
rul?L'V Yi!.LL[Y wfu4r" '"TL,. (.;l""l'jl!_ffl" } 1 Jl!'I,.. 1 '17'1 

CURLrll \IALL,.Y '>0Ufltf0,_. <;,1,f"I'" <;'"fl'" 
r ,. r T 

' ::Ru•,;; f'fri 5.GIISDf ,1rrrR 
7 J • 

NO ... rAIH'O'I (H["'~(.t.l CO'-l"il!TorC:r.T<;l<:J 
JTrft °'' or c.t,ci 0 n.., 
PLANT 1;,:::,ur1c; I 

<; f'LANT rRClotHS I 
II ANl"'l GAOuP1<;1 
1 TYPfl'-1 er '>(Ar or".i.NJ(; ~ATT(" 

<;Otl ')PC.SI/TC '1AlffO COHPADT'tf,11/C:) 
"iOll 4CPI7rr\ll<;l • 

l JAN t'l 7'1 

1 
l J•'I l'lUi 

<,. y,-1,11 AT !ON ;.•'"t.J.. r'Ull l'"RO"' l JIN I 07 j 1" l JJ,',1 1"16 
JlllY - 1 Kr~~ : IUfill 
LfN'"P• or rr,-r-srr-,, •-: o,,,, -

Ntll'tPf~ or fIMf-5.1r-r5. ()CPlt..!'" '.ill'ul.tflCts : 1080 

7 
Jin t':17,. 
JIN l~T<; 

n 
NJ lRO"fN 

"" r'RC TfTN C 

L '" TL[ (' 
,;;r~urr c 

AHT,.,.T<;JA TRJ"ffl l41& 
,tJRJf'L,.X CONri-prJ'"(IL 
Sl l&'l"O~ HY<;lfllX 
Lf Ayr,;; 

HtT"S 
OLO <;Jf.'i', 
INrLnFC<i:CfNC,.<; 

llOOT<; 
l ! TT,. S: 

rLANl BlOtUS._ 
.UfUlltU 

,UtllJUO 
1nn.unnn11 

,OlllflO 
I"J<; .0 1111111 

.0110110 

.!JLJIIOO 

t 'in ,L11J11on 
.uunno 

'lf.1 .011111(1 
,Uot•UfJ 
.OC!OOrl 
,lllMIO!I 
,IJUIJlf) 

'"',llf,11111 
<:££" f'J0'11SS,.'> 

,ll!OUO 
],lllltll!U 
1, SIIIJUf/ 

')[lo" f)A'.:ANIC ,a11~0 
r,2c;.11r.iun 

SOTL ORClNJC .-ATlfr? 

I ,(JlflfJO 
,.uonoo 
,.ounon 
1.onuon 
2.011nou 
1,UMOIJ 
7.Ul'UOU 
7 • 0110110 
t .onnno 
1.uruno 
1.ntUlllll 
1. unoon 
l,000011 
1.urinnn 
1.nn11nn 

1.ununu 
1.000111) 
J,00100 

'i .nnor,u 

.01111un 

.unnoo 

.unoon 
,OOUIIO 
.unum, 
.unnnn 
.urmun 
.nnnuo 
.unoon 
.uooon 
,unnoo 
.t,11000 
.11nom1 
.0111100 
.U[IO(IO 

.onn1111 

.11m1un 
.uourm 

.oooun 

<Jnno.1111t111n F..u11nuo .111111110 
AVAlL48L!" son. ~ ,..,rR•LS 

c;11,uu1rnJ 1nn,l111,n1n 
ocr,,1,;; ')r tCH,rR <;uRf'ACE'S Of' <:.,Tt Lnro,;; --

c;,uu111lfl ir;.nunun 7c;,ur,uon 
fN C!" 

,uruoo 
.umno 
.umoo 
.ucnnn 
.01von 
.oruoo 
.umon 
.1Jllf00 
.{j fllOO 
.orooo 
.uu100 
.un,oo 
.orrmr 
.umoo 
.uruun 

,unrnn 
.UIUUO 
.11,uoo 

.un,oo 

Y .u11rn11 

5rr1~N 1 NG l"l(((UlJON er <;u6POUTTNE. nr .. r,1T --- R[Al'JNC oic l'ISlPUCT!O"'S ro" CPM'HlCAl OUTPUT 

'Jn GJNPUT 
11111 CINPUT 
1111 r.:n1PU1 
210 GINPUl 

211l C:TNPU T 

2311 r.INPUT 
1140 CINPUl 
I ':In rT'IPUT 
2Jfl f'INPU 1 
2lll GINPUT 
'l'lll CINPUT 
11111 f'JNPUT 
l on G!NPUl 
2Jn GTNPUl 

'l"O GlNf>UT 
210 CtNf>UT 
1'1111 CTNPUT 
1911 GINPUT 
2J!l C:I'll"UT 
1410 (lf'IPUT 
1'90 GTNPUl 
2JO GINPUl 

Cl "-'"IJT 
J 1nt•L rQy ··•TTf'l 
rr . on 
on.-, 
OCMT 

ron.- u 
l U'IHl'tfSU 
rr . on 
... o... 0 
vn11 o 
YOH 0 
J ATIHPLfX 
rr • un 
vc... 0 
vr• 
VO• 
l 5.J HNION 
rr • 00 
VOM I 0 
J P'l Clil-t;ROUNO l 'V f 
rr .oo 
\10" 

.oo 

.oo 

.on 

• 00 

rrac, ttlT'" 
";I'll roe l"ATl,.R 

[COS YS T(H 

Lr•r 
T\IJG 

'P.TlMtrSC[N(:( 

LrAr 
TIIT<' 
r"'ru,Rrscc r,;:t 

loPlP(JSIA 

.uoooo 

.unooo 
,UOOOO 
,UOOU'.I 
.uoocr1 
,uon01 
.00000 
.uoo01 
.uoooo 
,uooru 
.uouoo 
.uoooo 
.uoooo 
.uooro 
.unnoo 

,UOOc.l 

.1..10000 
-uUtllD 

.uuo~ 

•UUOllJ 

.oroooo 

.00000 
.00000 
.noooo 
.00000 
.00000 
.00000 
.or.ooo 
.oonoo 
.00000 
.00000 
.00000 

.Of'OOO 

.00000 
.00000 

.OOOQll 

.oonoo 

.orooo 

.oonoo 

.00000 

c, .O"OOO 



vo, 
VOH J .-, 
2 Ol" llYr SHH 
,-r .on .no 
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AJRIPl[X 
"-!HIHO!,' 

VO!'! l AnTEMHI A 
VO,. i O AfPTPl(k 
2 'iOTL W.I.T,.R ror<"N TULS 
FF .OO .OO 
SWPH O lU(P l 
SWPM U O l,Or 0 If 

2 'iOTL IUTfR rornnJ.I.LS 
rr .no .on 
SWPII O L.I.YfP 
SWPI-I 'j U O LAYrQ 
2 SOTL WAT["P r'OTf>4TlALS 
rr .oo .on 
SWPH O l&yro 
'SWPH £. n O LAYro 
1 ""'" or WAJro TN <;.QJL PROF"Jl[ 
rr .on .on 
ou~s 1 u n .. ., TN PRorr-L.-
J WAHQ BUOG(T - P!!LLl.,("Tfp<;, 
f'F .no .nn 
OUMV O TQAt-;SPHUT I Cl~ 
OUP!'i z O rv.1P".IOAJ r-rN 
OUl'IS .1 U O c;JANl'IT~fl WATP' 
7 T(MP[IUTUPCS ust'O PY ("? J'"J'OTION c;uB~l'lll[l 
rr .no .no 
OUMV 50 0 ICTUAL T,-.,,-
0UMV 111 0 lQT, rt>y T l"U .. 
'l CO2 Fl:UTIO'I -- .. ,. C1'17 P(D r:RA" r,Dy ,unro f'fR Hl"jUD 
rr .nu .no 
:)U"A O t,oy, l"AX!l"U"' 
oul'lv u n u All'T, i>prorcu:r 
2 (07 rt:UTIO'I - 'if f"O." PFQ rR,tv ('nv MATJ[P f'!;:Q llOUD 
rr .110 .no 
OUMA O ,;;Jy, "AX!"IU" 

DUl'IY l"i U O '-TT, PRfOICT(" 
J OPY l'IATlfR FD:rr. OURJNC T! .. f-·qrr 

OIJ>tV 
OUHV 

lb 

" 
. oo .no 

flUHV B O U 

ac•rr~1c:.1 A 
ATl)JPU'X 
<rJTl.,,lf't.• 

23n GTNPUT 
z:rn CINPUT 
1110 GINPUT 
l':IU GINPUT 
2 rn GINPUl 
7111 CINPUT 
1'10 G!NPUl 
l'lO GTNPUT 
23n GINPUT 
710 GJNPU1 
)<10 GtNPUT 
J'}Cl GTNPUT 
230 crnPUl 
2:rn CINPUl 
1110 GINPU1 
1'30 CJNPUI 
2JO GINPUT 
nn GJI-/PUT 
1<10 GJNPUT 
1'30 CTNPUT 
2JO CJNPUT 
140 flt.PUT 
l '30 GtNPU 1 

21n GINPUT 
710 r-INPUT 
210 ClNPUT 
l"h (:INPUT 
l'lfl CINPUT 
;no GINPUT 
2Jn CJNPU I 
l'HJ G!NPUJ 
l"ln C.JNPUT 
21(1 GINPUT 
vn GTNPUT 
}<fO ('JNPU I 

l<>(I t:JNPUT 
710 CPIPUl 
710 ('JNPU I 
1<10 GlNPlll 
1 ':!(J C INPUT 
7!0 CINPUT 
21n ru.1ru1 
2311 GU~PUT 
1 'l Cl CI HPU T 
t "11 (:J"1PUT 
?JO G!NPIII 
1"0 fINPUT 
1'!1'1 GTNPUT 
:nn CTNPUT 
:?111 rTNPUT 
pin fJ"IPUT 

l QU•/"1JNC Avrp.1,cr Of l"LAN .1,JO Tfl'IP IJ'iFO ~y 1"4[NOLCCY f'tOCrl 
rr .110 .oo 
au .. , JO c, n 
2 'SOTL 1rMf'P:'JTUP.(S 
rr .no .no 
ST H {l 

S,H 
0 STOP 

A T01'L or 3~ cvrvrs WILL !'IE PLOTT[.0 r'N 17 cr.1P1•~ 
AOMJf,;;s(S or VAPI,BLF<; TO B( crAPll(D-

7" Sl !'17 I ' 
1"! JO 31 15 IG 

!'i~II F; q7 6(,5 i; g, J;')q 
GJl ~31 f.Jl J;Jf4 r.% 

BC'rINNTNG .. xfCUTIO!I or 'iU~ROUTIN[ rrnC>\11 

11 o ru .. 0 01 
JflU !INPUT 
tSII rfNPUT 

20 0 (I NPU I 
71 D rINPUT 
6111 rINPUl 
61.0 [INPUT 
bbO lJ Nt'tll 
671'' rJNPUT 

[ INPUT 

AOJU'ill'l[HT CONST ... TS FOR T[l'P 'Po\Jt., ANO ,.vu• 
.ooon 1.0000 1.ooM 

Y[AffS WHlN wraTHl"R OAT.I, ON Dlc:;1' fH"Gl"' AND (NI\ 
l <J7 J l<l 75 

l4TTTUO[ 
.. ,. .0(1100 

I LAt; t>Dt ClPl TlTTC"N [VJ"tns 
r 

F!RSr RfCORO R[.1.0 FROM WfATH[R FIL[ wllt Af 

--• [,:fC!ITTNG 'itJ11ROUTJNf f'.)[OCf't 
DATM!N on,o,: DAA•IN OArVAP OA,.HOT 

-11 .1 -2.2 .o .o 'J.:< 
[ ORO" :c r 

V[CFT INPUT 
SOIL LAY(R roP lfAf"-OUT . ' . 
SOIL LAT[P ron Ofl'ROOUCfIV[ PiOS[ . 
H[RA 

' ANNUAL 
r r 

CUPRfNT PH[NOLOGICAL 'SUG[S 

' s s 
lJSN(II 

.umoo .00000 
TTMf 

.00000 

10\ll Vh1PUT 
l'lPO VfNPUT 
11'10 V!NPUT 
2000 VI NPU I 
2010 VTNPUT 
1010 VlNPUI 
2010 VINPUT 
1040 VlNPUJ 
2050 VfNPUT 
21160 VINPUT 
207IJ VINPUT 
10~0 VlNPUT 
20':lO I/INPUT 
JOOO VINPUT 
JOlO VINPUT 
3020 VINPUT 
3030 VTNPU1 

.001100 ,00001) .00000 
NUM8[11 or OAY": f'Y' COtoPUTh/C "U"NING AVf (If OR T( .. r> 

JO 

R(rlNNING R[AOlf'iG 0.- INPUT ft" SUfflOUTTNE PH[NCL 

PH,. NOL 

21 

"' f,f;r; 
SOJ 

:t070 PH~NOl 
lOSc• PH[N'Ol 
2060 PH[hOL 
7080 Plf~t.Ot 
20°0 PH[NOl 

JUL tu.· 04T( 0 .. TRANSFFR fRI)"' YCUNr STJ"HS rn Ol.''1 "lf"'i 
I l l 

IHRFS~OLD'i For f'"'fNOlOCY -- O"f( CARO nfp f'l,l'IJ G<>nuP 
1;.01iion -7n.n11nuo -.-,c..011000 -"'l-•Honn 

l0"0 Pll(N'Ol 

20'?0 Pll[NOL 

r.,00000 -21;. onouo 

<;.ON.100 -20.onnuo 

C(RH!l,,AJION W!Tll f"AlllNG fC:f'" 

' ' r 

- 1r. .uflnoo 

- 711 .unoor1 

Jr.uru11n 

JO.UIUl}I} 

301 II Pll(NOl 
JO:>O PHfNOl 
J()lU f>HCNOL 
JOIIO PM[,.-OL 
:!nso PH[,;OL 

CAH'S 6Elwrc,· WHll;H Hl[R[ CAN Rf NO iffHtlh'ATION (IP t[A[I,-,r-our 
l l 

6D 6r) 60 

'ltGINNING R(Ar'JNG (IJ" INPUT JO StJflf'OUTlN( rHOfC'S 
1010 PKOfO'S PtlOJO<; 

0001" •oo 

000171101 

0001'!100 

oom eJoo 

0001-"SOO 

00018700 

00013~00 

Clf')Ol "l 00 
00021,00 

101110 PHOTOS 1-HAXt'AJr., 1-+IOf osro, 4-T(HP, ,--.wP, Z-TfHP 'SHlfT, 
11"'1!,0 PHOTOS 71l.OUOOO .onuuo J<;.un~oo 

-,; .uonoo .01,ouu ;, rn .u(looo 

?-P!A:r ~Alf S~lrT 
Jo.u1uoo 

00027000 
0002 21 00 

~.snooo 

1 nso PHOTO<:; 2P,00000 .otiooo p; .nnnon 
-<; .oonoo -Of'IOOO 2rn .uuonn 

lOSO J'IIIOTO<; 14 .unono .onooo 1c; .onooo 
-'i .ounoo ,OOOOU .ocinon 

10110 P40lOS SC: AL J~IC f ACTOQ lf:l'IP AOJ r • rro11 
10'?0 PHOTO'i; .f;l+flfl'l • 75000 
zoc;o PHOTOS HULTJPLltPS or H iv: PIIOTOSYNT'lf"l!r q1, TrS 
201-U PHOTOS 1.00000 1.onunn 1 ,Of'IOOO 

R[IHNHJNC Rf•f'IING or INPUT TO Su"•'OUPN( R(o;r-1<> 
2020 R[Sl)JR Rf'iPl'l 

2050 RfSPIR 2-rr .. P, 1-NOI usrn, 2-SIIP, 2-rr~p. i"JUSl"fNT 
2D60 RrsrIR .00000 .uooun .onuon 
2060 RJ"SPTR .onnno .onooo .uoooo 

'i .011100 

,n.011100 
<;.un.,nc 

Ju.unmo 
.umnn 

-1110 .o,uoo 
-'+l).un,on 

J40 .uouoo 

l."iOOOO 
1110 .oouoo 

.snom 

.uooon 

OOU2J600 
00021100 

-<:.000(1) 
-"i.00000 

1 -'S~l:'00 
1.00000 

1.rc 1000 
t .00'.101:' 

1.r.onoo 
t .Cl"OQQ 

,flDOOO 
.0"000 

Modeling 

0 .onooo 

0 .0flOOO 

-eo.00000 
.00000 

-R0,00000 
.00000 

-!O.OOOOC 
.00000 

.00000 

.00000 
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706(] RrSP!R 
20{,0 lffSPTA 
2060 RfSPlR 

.(]('100(] 

.1101100 

.onuoo 

.onnoo 

. nroon 

. ounoo 

(l[(;lNNJNC p[anu1C or- INPUT TO SUIPOUTTN[ TR'N'ir 
2('110 TRUISP TRlN'i,P 

46 

.oroou 

.OClOOO 

.uoooo 

1050 TR.INSP CcNvr1n rfiON UNtT) or Sfl'ULATro1. TO Kf':./IU, 
206(1 TRANSP 10,00000 
Zt'lln TRA'-'SP ROOT DISlAJOUTION 1 CARO rriR r,c ... PLANT f"ROUf' 

-IIO,U/1100 
-110.01\JOO 
--110,urvon 

20110 TPU,SP ,15000 ,25000 ,'10000 ,ZIUOO 
ZO!'IU TIUNSP .HIOOO .zoooo .zsonn .21000 
10110 TRANSP ,lOOUO ,20000 ,25000 ,zrono 
JUlU llUHSP PARA,..fJ(RS It• TR~Q>lRAJION ruNCTION - 2 rl'IR (ACM PLU.r GIMUP 

J07(1 TRAHSP 180.llOUOO 10.uoooo 
:rnzr, TRANSP l"U.OUOUO 10,UOOOO 
10211 Hl'Ul~P lP.0,00000 Ul.OOUOO 

--• ij[t:l!lll'IING R[AOING Of' INPUT TO su""OUPN( TRANSL 
2020 TQAH"l TRl..,';;L 

:S FOi? G/LO RATE• l f"OP UIST tC OP:f';AN"s, l CAP"I PED 
-40.00000 -15,00000 ,flS'lOO 
--.o.0C1nuo -1.-;.noooo .0•31100 
-110.uouuo -1c;.ouoon .2noo 

J- ... DACTIOt> or RCrfl 1I<;SUC HI HfD '" (Cf"I or I fl'[ 
2tJ,ODOOO 110,00000 ,c;l'lOuo 
<'O,OUIHJO 4U,OC:UOO .c;noon 
20.olXIOO -.0.00000 .snoon 

Sf'(rJC:; 
1,UIIJOO 
1,UClJOO 
\,tJIUOO 

-",00000 
-.-;.00000 
-~.unor.u 

OOUZIIJIJl 

0002-.600 
,UOOCll 
.1 soon 
,15000 

0002,;,oo 

,OIXJCO 
,00000 
,U0000 

00026000 

,0(MQ0 
,Or'lrQf'I 
.OC'OOO 

.00000 

.10000 

.1oroo 

.ooooc 

.oooou 

.onroo 

20';0 HIANSL 
20GU TRAN~l 
zotu TRANSL 
2060 HLU'H 
20'30 TRANSL 
3000 TRANSL 
JOOU TRAN<;L 
J()OU TIUt.SL 
)0111 HHNSl 
3070 TRANSL 
J02U TR•N'-L 
:rnzu TRAH'>L 
J07U TPANSL 
3n;,o TRAN'-L 
3010 TRANSL 

ALLOCATION or PMt'lOS'YNTHAT[ TO OPGAt.S - ? C.lf:'OS roP !"&CM PLANT GRf'U~ OuCJJ 0183 
.11;non .02000 .nrnoo ,unmo 
,lJOOO ,07000 ,05000 ,tJ~OO 
.1'3000 .02000 .o-.ocio .ucuoo 
.1-.000 .02000 .01000 ,orooo 
.2soo0 .onoon .00000 .uuroo 
,l'JOOO ,IJOUOO ,00000 -UFtJ'OO 

OCC:INNING R[.aru~G Of" lNPUf '" W"POUlhl( Al0,.41 
70:zo ALO CA f lLOC'AT 
2oso ALOCAT ALLOC4TION ,o fAP"ON T'YP(c; KF°R!' 1h10 \l(lQl'lY 
2060 ALOCAT .1-.uoo -"~1100 ·HUOO 
101>0 ALOC:Al .1-.uoo ,111100 .1-.oor1 

R((;INNlNG Rf.UHNG or- INPUT Tl) SU 0 '0UT1N( DUH<., 
2070 O(AlHH oru-. 
20'iCl OfAHlH 7-Afl<;('"T";SION, 
2060 f\[.l THH lq,001100 
201'0 O[i\ T1Hl l<i .ura,on 
2o~tJ C1CA tHH 11i .uooun 

[RROR :: r 
[ PROR 

3 .nr.1 TH 
r.n.011000 
tu.onuou 
f.(l,00000 

80:GJNNlNG R[.lOINC l)f It.PUT TO <;OH SU"lfOUIHff', 

101;0 <;OHS'S 
[RROR :: f" 

'iOIL s INru T 

Mr'T 
SP(Ctnc H(.lT 01' [&CH 'il)lL HOOJ7{1N 

-1111 ,L/0000 
-1111 .unnon 
-100.00000 

10111 su1r•1 
2100 SlH(AT 
2tn!'. StHfA1 
2110 suir,1,T 
2170 SlltEAT 

.08.-;(JO ,OAf.00 ,U!!7fl0 
C~NcurnvtTY ,, f'NN-1 pQY!-fS 

J~.00000 Ho,uuooo 3111.ouooo 

lNlTUL <;CTL l(Hf'(PAlUR('i 2130 SLH[AT 
21<i0 SLH[H -s.~nouo --:.aruon -,;.soooo 

-5 • .-;00CW1 

C(CINNJNC: R(&OJNC f\..- TNPUT TO 
10 WINPUT \IATf~ 
80 \IINPUT NO nHJlJrs 1,: TA'\.(<;: 
'30 WlNPUl 5.1 

100 Wl"1PUl IN('"Pf"[Nl IN T.IPtrs 
111'.1 WJNPUT ,01000 
120 WINPUl HYOIUULTC DR,.'-'iUf'I' Hr&Q UBL[ 
lJO WINPUT - ,8063+01 .,-.'9lt•03 

-.76WO•U2 -.n'lSO•ol 
-.~bGOu•lll -,110'100•01 
·,lf,UO•Ol ·,1J800•01 
-.~AOUU•Ou -.r,zouo•uu 
-.1-.wu•oo - • Jl OUO•OU 
-, 161.llll ♦ OO - • 1<1 000•00 
-.?Ot'llU-111 -.10000-01 

- rv11-

- ,I "167•03 
--20180•02 
•• f.6100•01 
-• ll 300•fll 
-,57(\JO•OO 
~-?"000•00 
-, 170110•00 
-, IU(l00-02 

1511 \IJNPUT 
156 WJNPUT 
161'1 WINPUT 
t1n IIINPUT 

HIJLTTPLlfR or HVl'\>AULlC CCNUU,.TlVTJI['i 
l ,OflOOfl 

180 Wlt.PUl 
l'JO W!NPUl 
2ZII WINPUT 
nn \IINP1'1 

co►1ourTIVITY r&rqr
.l'J'H)-0.S 

.17100-l.12 
, l'f6U 11-01 
, 1~ 2UU•W 
-11700•01 
• IU 711 O•Ol 
• lf3'XlU•02 
, lbUU•OJ 

PWHl'll?Y Plillllol(T 
-1'111,0ITIW 

-r WK Tt.
•21f'i0~03 

, ZJ'i00-02 
• 1 'l•no-01 
• 17600•00 
.15'JOO•(U 
, 1<I 160•02 
,511uu•n2 
, 1'J5JO•OJ 

- ,00100 

ol66U-Ol 
• JI 700-02 
• 7r;eo~o1 
• 7<i ZUO•OO 
, ?2000•01 
, 170Sll•02 
.f.3'>00•U2 
.nno•o.1 

L.lRG(<;l CtlANG .. 1•1 THrTA ALLO\if"l) OuOtNr .~.,. TVOJ 
.ornno 

LO\lfP Ll"l IT or p.- u = . OlSS 

_.- .011100 
-s.u,1100 
-.-;.onr0n 

, 0 88 00 

360,UllfOO 

-S, 7 lllllO 

• ., e.J fl•02 
-♦ i76~H•02 
-. SJ801"♦ 01 
-,'!fl00(.t♦ 0D 

-.520ufl•UO 
-.2suo,~·oo 
- , lOUUfl•·Oo 
-.lOUOfrOl I 

.-.esn-oJ 
,,.l SlJ 0- 02 
.J(;(;Q0-01 
,J112u11♦•00 

, 2"1 J00+-01 
.211'190+02 
.1111uo+o2 
,?'!2Jll♦OJ 

-rwTLT"l- j 

2f',,U lllNPUT 
2711 IIJ NPOT 

INITTAL r'Fl[SSuRr HflO Y.lLU(<; " P"'N w·oi::s - TN OARS 
-i:.Joooo -,;,Jonoo -1.311000 -21,11rooo 

27 2 Ill Nf'UT 
27,. IIINPOT 

rqpoq :: r 

- ,u .c;oooo 
lNill'L VOLU,.(TPlC" \IAT[I? CONT<"NTS '-l NOf'lf<;;:: 

.16287 .162'1'17 ,lSS',r; ,U<IHIII ,0-.7711 
lN!TlAL YALU ... or "'TANOlNC IUTfP 

17 .uoouo 

,.M Of VAT[R 1N C:OlL l'DOf"lL( AT STAPT Oi:' SIMUl'llCN::: 118.11 

A[flNHINf. Pflf'tJNO or INPUT TO SU'-POUTTN[ f'ICOHf'O 
207'1 OCOttP OCOl"I> HOOf"L 
201111 orol'P nn ... R 
2011" OCOl"P II 
2050 oco,-p ST AN"J 'i\lP TH~['iHOLOS 
20,;c; OCOt'P l.UOOOO -·80.00000 
20f;0 C"COPCP R(SP •s ,.RACt'fOH O,. oroHP 
70f.~ 0C0f'P , 75000 
2070 OCOl"P 2-00H RU[ V~. H~P. 
101'> OCOl"P - ,Of'IJUl 
207<\ ~H;:0l'P 
201.-; OCOl'P 
707"i 0C0l'P 
207"i l"C0l'P 
2 100 OCOl'P 
;l)O"i ('IC0f'P 
2105 OCOl'P 
210.-; DCOHP 
1JO"i OCOffP 
no-; ('ICOl'P 

[RPOR :: r 
r RROR -: r 

- ,00001 
- ,U0001 
-,000(11 
- ,00001 

2-"-QH Ri\lf y<., 
- ,00001 
-.00001 
- .00001 
- .00001 
-.urou1 

2-001'1 Riff 
,00001 
,00001 
.00001 
,uOOOt 
.00001 
2-SOH qa1r 
,00)01 
,OUOOl 
,00001 
,OUOOl 
,00001 

ye;, c;;vr 
- AO .ounnn -1.uruol'I 

-'° .o nnuo -1.011,on 
- "0 .nnnon -i.oruon 
- W ,OflOOO -1,U(UOO 
- PO ,OflOOO -1. uruoo 

VS, 's:\IP 
- "U .onouo -1 ,Uf\.100 
-

0 u .on,100 -1 .uruoo 
- ~ .oooon -1.ornon 
- 110 .00000 -1.uruuo 
-<11"1.oooon -1 .un,00 

• 75000 
, 75000 
, 7SOOO 
, 75000 
, 15000 
, 75000 

0002 7J 00 

00027~00 

.u no 12 
•ll02"IO 
,u1sm 

OOOHl'OO 

ooru"~oo 
OOOHOM 

,U!!l'Hll ,O"JOOC' 
000J"21Yl 

l"iU,UOOOO lfl'l,00000 

UOOl"'JII 00 
-c;,1,ooc:u -c; ,60000 

000""]00 

-.FSIIO•U2 
•, 1 ':i360• 02 
-.1.12nuo•01 
-.~1"WO•LO 
-,'i70UU•OO 
-.:nouo•oo 
-.10ouuo-01 

,f,8JO-Ol 
,Sfil00-02 
,S1J00-lll 
... 6300•00 
,'il500•U1 
, 2<1<+00•1.11 
• '92 80 (l♦ 02 

,05871 

000421'00 

,115871 

tlOU'IJ100 
ClOIJ'IJl'IOO 

- ,'!'ll0•02 
-. 1 ""'80• U:' 
-, 3 ! JO(' •01 
-.111000•00 
-.11 .. 000+00 
-. :1'1000• ,)0 
-.r.0000-01 

.'171'0- Ol 
, 79 J00-02 
• "OeOC'-01 
. t 0000+00 
, Sf:i 100•01 
.79300•02 
.tt210•03 

-,o.soooo 

= ·= •=·= ·=•::: •:=•=•= •= •= •= •::•= •=•:: •::•=•:: .:: ·=·=·=•:: .::,:: .:: ,::,::: ·= o::: •-:-•= •-= •::•:::•:: ·= ·=--:: ·=•= «;:C •::: ,::: •::: o:: •=•::• =· 
• -· -··· •• -· -·-· -· -· -· -• -• -• •• -•- •-·-. =--· -•-· -• -· -· -· -· -• -· .... -·-· -· -·-· -·-·-·:a-·-·-·-•-•-.=•=·=•=•= 

,00000 
.O'JOOO 
.00000 

-5. <';0000 

- , 2920• 02 
-,t1JIJU•02 
-.21600•01 
-,Ht'OO•OO 
-,37000•00 
-.\8000•00 
-.110000-01 

,12'70-02 
,10700-01 
,92700-01 
.I' S!lO(l ♦ OO 
,75100•01 
.J6600•02 
• 1 "'670•03 

-]0,50000 



47 

CU9l[W VlllrY SOUT~[~N s1cr '-TH 

INT T t Al CONDI TI!OP.S o, 1 JON l'J7l JUL IA'-' oo, 

,u_ s ro,us,; UNI,.._ .. , GPo\t-1$ PER <;OUAP ,,,- H(T1"'1 

CC'NSlllU[NTS OF' v,.n[HTYCNAL 6TOl1 .t<;S 
NI TROG[N 1<;14 PQOT£I'-' C 

ART[NTSIA TRIOEHHH, 
OLO Slf"flS 6°0000 ~ .01ino 11!1.000U 
ROOTS 1111.1mu 1 •.ci .aooo llf.,\000 

TOTAL 411,Hl{JO 11° ,'!'.Ono 134,1000 
ATRIPL(X CONF'(ATI F'r>L 

OLO 5 T[ MS 1.0000 11 .onno q,uuuu 
ROOT';; 1n ,JC.UO n,44nO SA,0800 

TOTH 22 ,JJ;OO "'l,4oiUO P .nsno 
StT.1.NlON HYSTRIX 

ROOH l ,'34UU r, 7600 5, !1200 
TOUL 1,''11100 T, 7600 5. "200 

•u sP(r.:Irs 
LtAV(S .uouo .ouno .oonn 
r wrr.s .U(YIO .0000 .uoon 
OU> 'Hf KS 0 .onon "'"' .onno 27 .0000 
rnrLOP£SC[HC(',, .pmo .oono .11000 
ROOTS £,(l .UOO 0 2 40, 0000 UIO .oUOll 

TOHL f.>'JoOUOO 2 7f;.0000 zo., .neon 

COH'i'TrTUfHTS Of ,...-o c;:Hns 
""1 T~OC("l "" PPOT(J'I C 

ARHHISIA TRIO(HTPA .onso .nri~o .n1o;n 
ATPTPL[ll C'OHfrRTif"f'L .1500 .} C,OQ •" ~OU 
<;!T ANION llTSTRl )( .0750 .Q7<;Q -72511 

TO UL .2300 .?JOO .f.'J(lfl 

COt,1STlTUrHTS or Cf"AQ ORGt.NTC '1ATPn1ri1.. 
HtlROC[H ~~H PROTff"' C 

LTTT[~ 1.,1J1 £.7.",Q <;.r,7 

COH$T!fu(NTS or SO! L ORC.A"ITC l'l•JT[Q 

""ITROC["l A<:lf PROTr."N C 
.o TO ss.o ,-..., 11~.on .,,a.no 100.011 

CONSTTTUf"HTS or TOTAL ORru,rc HOTfP TH rcOSYSl[,O 

AYAJllBL[ <;OlL l'IIN'"RAlS 

.o ,c ss.n r:~ 

NITAOC[N l',11 ~Olf"!N C 
20£..10 f,Ufl.1] 'i7J.Jl 

50.nu tno.no 

L Aft IL( C 

1s.noou 
%,7!.UO 

lll,7'5l)U 

1.sron 
4!' ,II 00(1 
~~. ')000 

t<1,11mn 
, 0 .11 oon 

.oruo 

.noou 
22 oSlllO 

.noon 
1, .... sso 0 
18" .oson 

L &P IL£ ' .o ?4 II 
• ., 'lOU 
.Jr.Oo 

1.JU<iO 

LHJLf C 
6-25 

L lP Hf 
.lGn .n n 

L lPlLE C 
o;5., .11 n 

<;Oil WAT[R P0Tf"N1TAL IBAP<;) 
.n TO 5,0 CH -6.J 

'.O!L T[ .. rfPATuAr lC[L<;TuS I 
- c;. s 

5. ('I TO l'i.r. r H - l. ~ _ .... !'! 
p;.n TO 25.0 f'"l'I - s. 1 
25.0 TO JS.O r-M 
3o;.n TO ijs.11 r11 
4~.o 10 55.n ,. .... 

\l,t,T[Q r.uncr, P'IllTH(HP<;J 

STRUCTC 

q--,.orun 
5qa.a~10 
f,')2,! ~10 

116,Sl'IIO 
JOl},U':\,0 
Jtl6,5HJO 

1s.s~n 
l 5 .S .no 

.umn 
.uruu 

1n.srnu 
.u(IJO 

<J JS .4 910 
10.-.11.<)1'0 

<; TDU( T C 

.uri;o 
,1 !(10 
,0 750 
o'l3"!(1 

" Tl°>U(' 1 C 
70,15 

c; T<:IU(' T C 
1•eu ,on 

'TAUC T C 
11)71!.')J 

PR(CJPI 14T JON lRANSf'Tr>AT iON 
.nn ,01• 

\IAT(C I" prrrylf 

~t .nn 

f1N4l R(PORT ON l JAN l'JH, 

CONS[TJUfNTS Of VfG(TtT!(l"llL RTQl'IASS 
N!TROCf'I 

A Rl[l'IISIA T RIO(NT ll A 
OLD STfl'I<; <; .1;;811 0 
ROG TS ~• ,u 511 J 

TOHL 11l.7J'U 
llPIPUX CONffATIF"L 

OLD S TfHS 1. .1 81 8 
ROOTS l7 .6,Jl '3 

TOT AL l'J.81'}6 
STT.t.NIOH HTSTl?Ill 

ROOT<; 1.Ci8Jf. 
TOT AL t.58J6, 

•LL SPE cri:::c; 
u A vr s .OUJ fl 
TWlCS .onun 
OLD Sltl'IS ].<1,6,5 8 
INflC!?fSC[NC[<: .OflJ{l 
ROOTS o;7 .7.75 l 

TOT AL 6'5 .1 111 S 

CONST!TUfOJTS 0"' Sl-lfD c;uns 
NITROC[N 

.t.RT[11lSIA TRIOE"HHTA .OHJ~ 
ATRlf'LEX COHF(RTifr,L .l&O't 
SlTANlON 1-'YSTRill ,0l:IJ8 

TOTAL ,2bJO 

;t, .4r,r,5 
l "7..0l!'lJ 
1',? ,47<:;3 

r..f;'81 
"'.11,s 
.... , ... (IJ6 

.nnou 

.nnnu 

,IJU1IO 
,00110 

77,0')lll 
.uonn 

1 )! • 7 878 
2LO .an .. 

ASH 
.on~o 
.1500 
,0750 
.z:sno 

COHSI!TU('NTS Of r.r,o Ol'IOANTC l'IA7(PTAl 
Ht lROC(u "" L TTT(R ]J. '+8 l JZ • 1 b 

CO),t'ifJTUfHYS OF SOIL ORC.&NTC M.lTff'l 
HIT ROfl(M "" .o TO 55. 0 1"'1 130.09 7 62, '12 

l'ROHJtt C 

11,7626 
l 1~ •"' lq6 
1 Jn .r.ez '? 

I;; .81!1111 
55. \ 16 q 

r.1 .q3,;1o 

,OO(lU 
.nunci 

211 .S80Fi 
.oouo 

1 7'! .q81,f, 
20].5£,72 

f><JOTflN C 
.0581 
.1182'+ 
.1.s2 .. 
, 79JU 

PROT[JN C 
1011 .01 

~OHTH C 
]'+5 .81 

CONST HU[NTS OF TOT AL ORC1ANIC HITTf.R " [CCSYST[H 

AVAILA!llf SOIL KIN.-RALS 

.o TO ss.n r:H 

Ii! TAO",[H 
2 28. ')8 

MTTROC[N 
27.)] 

A'iU 
"91, 1 'J 

"" 
111.ns 

PROT [TN C 
65'- ,1 e 

Lt,OJLr C 

12,57117 
fl.II .5')'16 
':17,16"] 

II. 7 Q~ 2 
3°,5060 
1111 .JtJQ 2 

,nonu 
,0000 

lT.Jf'69 
.ouon 

l :'I.'? .511,1.£, 
1 r;~ ,Q 15 ", 

LA(l!L[ C 
.1121 
.A;J09 
.lj')'ll 

1 .11511 

LAf1IU ' 187-78 

L AR lL [ C 
H6,1.2 

L &~TL( C 
li'J) .21 

,0 TO 
SOil WAHR 
s.n rH 

1s.n c"' 

POT(NTTt.L 
-. 2 

C BARS I Sf'IJL T£HP(AATUR[ lf"[LSTUS I 

- Fi. 6 
S. n T~ 

l !i.O TO 
zs.n TO 
J 5. 0 TO 
11s.o TO 

2s ,n r"' 
JS.n r:l'I 
•5.0 CH 
ss.n CH 

- z. 1 
--Gs.o 
-12. J 
-62.1 
-4 ... s 

IU.T[R 8UOOCT lf'!lllTH[TfRSI 

-Fi, II 
-f..1 
- s. 'J 
- s ... 
- s. 6 

<; TPUC T C 

'92.UZJ.5 
f.t6.S3'>2 
l('lll;.Cj$7 

Jr; .4118 
787. J 75 2 
J 22, 1 'l1 U 

13, q tFi G 
1 l .'I lbh 

.orun 

.un1n 
l 77 .lll '+SJ 

,UNO 
"17.JVO 

)Oljll. l TlJ 

._ r,..uc, c 
, 122 2 
, l 37 8 
.Jlfl5 
.r; 1"1:1 s 

<; TAUC l C 
fi. J7 ,91 

~ TPUC T C 
2767 .no 

S lPUCT C 
4" So ,l 'J 

PR[ClPTTATIOM TA.lHSP!flATlCH 
'1112.~0 J'J'l, 1' r, 

rv.t.POAATH"H 
H~.st 

WAHR yr,, PRClflL[ 
56, 1117 

T,, lAL C OR' l'IU TF'J? 

, ?E..uoou Jno.0000 
-'12',7MU l'JJS.0000 
q3,, 700{) 22 34, ')9'}') 

6~ .onuu l"'O,'Jono 
11 06 ,SE,110 ')f,D,QQl')Q 

IIE,'l,5600 llll',0000 

110, TCIOU ')7 ,00')0 
110.hn11 <11.or.oo 

.0000 .ooco 

.onoo .oono 
1 8!t,OIJOU ".-.o .0000 

.unon .oono 
17 60 .non 11 2'J'J~-'J':199 
111111~.onno 3111 ''!,'J99"J 

Tn U.l C OR' l"A T TfR 
.a, .. n .1cino 

I .1200 J.oono 
.6F00 1.s000 

Z ,071110 It .0000 

TnUl C OP' flAT TfR 
255. 62 625 .oo 

TnJal C '" ~4T TfR 
J.Gno .nu 'l000.00 

rnuL C '" MAT rrR 
510b. 6~ l ]07'l,60 

c •t.01ct 1" r.ocrn r 
.ro 

s tumy t.'G WA TrR 
J"'.1]0 

TOT.t.l r: 

1:n.Jo;4e 
.. 7.0 .o~ J" 
'lll?. .110•2 

~ 1.011011 
J81,'J'l% 
q 29 ,UJ '!f. 

.H.P.073 
3'.807] 

.uooo 

.nono 
l G'l. J9118 

.onou 
17 Jll .8f.>UJ 
1'1011 ,2<:; 'il 

ORY l<ATTfR 

Z'!J .J ?O'l 
1!!52.5081 
22111 .a:-a o 

112.onno 
'lM,S :28 

lfl7l o) ?:', 

.onoo 
,0000 

"C'J .J ?O'l 
.0000 

2'JIIO,t qJS 
J]'IJ.116'i'+ 

rout C ORY l'ATTfR 
.JS25 ,8010 

1,5511 J.S'.?53 
.S5fi0 1, 'Jlj5'i 

2-15~6 6-2717 

TO 1"L C ,., l"AITfR 
'l?.9. 70 '177J.I 1 

TOTU C ,., l'AI T[R 
3458. ~2 86"7 .J 1 

TOTAL C "" ~AT T£R 
5795. 6'I l '1210.15 

r ••NG[ •l H PPOFJL(' 
II ,47 

S TINt'lHC VA Tr~ 
.:,o 

Modeling 



Valentine 48 

ACCUNLt.AHrt f')ICH&N''[S or CARBON B[TW["ll [C'O'iYST[M AHO AfJ'OSPHrR[ 
CARBON fJUTTON PL ANT RfSPIRAflON &Nlt'll ~£SPIRA HO"' 

6"il,,... .no .oo 
OCCOMPOV·R A[SPIAAf<ICh 

1 f.7 ,lff, 

t,ff T CH ANG( IN fCO<;YSTrM 
q 111fl,g8 

Sfl[Cl[O CUMULATIYr [NOOl?,.HOUS CUl"ION fLOWC. 
GRANIVOR y H[RBIYORT wAsur[ 

·.oo .oo .on 
,qc;rr5ST0N 1,N0 0(AlH 

b':t6, 18 

[STIIUTEO CUNULAll'I[ N[T 1'1')00UCTION or ORY "-&TTCR 
ANNU.t.l PrJl[NNT AL PRl '1AAY SCC'ONO&RT 

.oo 1628,')'3 1628,"i<J .oo 

,t,CCUIHLU[f) NJTRCO"N rLOW'5 
NINf'RliLJ7&TT0N PUNT UPTIW[ 

, [10 28. '\ T 

GROSS ORT '1,t,THA PPOOUCTTON IJY PLANT rQOUP 
1t5'Ll 711 717,S._,.. 1152,A'JS 

CARBON fLOIIS BY PLHl'l GROUPS 
CCRNINHlON l,lhn Lf.fflNG-OUt 
PHOTOSYNTH(SIS 
RCSPTRHION 
S£[0 MATURATION 
scro 'i.HCOt>tNn 
ABSCJSSION .. NC O(ATH 

J"-61Ci 
l PJ ,270 

.QOfl 

.]11 

.JOII 
1 7q .s 61 

ll,H,n 
287 .010 

.oon 
0211] 
, 2]1 

]2'7."iJO 

lO .6 lll'i 
1111,158 

.ooo 
.252 
.1cir. 

l •'l .O"ll 

G[Rl11 ,or ION 
.on 

P[R[NNTAL-1\G 
1221.qq 

L[AfING-f'IUT 
U,82 

lO".S rROP'I SH,NOI,,f' 0( .. 0 • llTTrR, f'OIH!ON PASSfO TO ~on OPCt.J.111'. ,. .. lf[I), Pl'llT ION l!'l'IT AS R[!:rIR .. TlON, PC<:;PJP .. TTON L,<:,;; f"POI' SOP'I 
z1.:P1 o;.1113 1r..02e 1,r,.11-Jz 

PHOlOSYNTH(TIC CAR80N ADDEO TO £ACII or 5 ORt-ANS or £ACH or 3 srccns, •ND 10ll,l Tf' [A(H CRGU ror All SPrcrrc-;, 
At,{) LATT[R TOTAL .. <; PfRC(NT .. i,l[ or "P .. N:l TOTAL 

1 l8.7l8 51.566 4'2,536 ll7,lL'l olll'J 
2 J.665 s. 1110 .oon <J.11101; .01111 
J 12.~J2 10.88T .ooo 7J.J70 .01r 

."I'll J,5"ii'l 2,753 7.JnJ ,011 
1]1.1452 215.257 ll5,8f.P lt!l8.S78 ,7Sr. 

H[AN lil(TGHT(O POl'~ll .. L CVAP(IRATICN C•/DATI 6.!, 

GROSS PRIH .. RT PROl'UCTION BY PLANT <'ROIP S r-uRINf, TrJ,f't JUST rNQINC 
162,'J'H 2£.6.511 182.,11 

.. : D[AO, LlTT(R 
P ':: 'i:OIL ORG 11A lTCR 
c -: rcoo:;vsrr ~ 

1,210. 
1392'1, 
1J5!1Ao 
132111 7. 
12,nr.. 
l25G5. 
12711. -
11~!12. 

cccccccccccccccccccc. 
cccccccc cc cccccc CC CCC ccccccc cc cccc cccc 

-ccccccc cccccccc cccccc rr. cc 

1\ S!Jl • -
11700, 
1085"1. 
10518. 
10177. 

'HIJS. -
')1111)111. -
91'5]. •B!lP:88888B6PBA8 

cccc cccccc cccccccccccccccc cc 

11812. BBB ROBB ft> 86RRB8P:R888BBR88888R88 R888 BB B886PfUIBBR8R88BIJBBAR888PBRB8eBBB CB88888888888BBefleBeB88888BR -
811171, 
UJO. 
111\"I. 
7111118. 
7106, 
6765. 
6 .. , ... 
6U8J. 
57"2. 
51101, 
5060, 
111719, 
111]77. -
403G. 
]6'!5. 
33,;q. 
rn11. -
2672. 
2]:!'1. ... ••• 
l"'lO. A& .. .t 
1 f.lllt, AAA A .. A .. .l.lAA .. a AA .. AAA A I .... A A .. A A A .... AA .. 
1307, - ..... AA .. u ..... A ...... A4A4A4iAAA.lAMAflAAUA 

'll;,6. ,,.A...... ,.,. ... 
62!> ............ ,. .._ .... A\AA•• ..... AA .. U 
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