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3 Aquatic Model 

PROGRESS REVIEW 

Modeling activities since the 1972 Progress Report have 
been aimed at broadening the model and better adapting it 
to streamflow while maintaining its general characteristics. 
Although goals were initially hampered by the lack of 
modeling personnel, the problem was substantially 
alleviated with the advent of a cooperative use and 
development of the model between members of the Desert 
Biome and those of the Central Utah Project under Grant 
#YNE-074-0. 

New state variables have been added to better mimic the 
diversity found in an ecosystem, and to better track 
materials in and passing through the system. These include 
separating dissolved constituents into four categories, the 
organic and inorganic dissolved constituents in the water 
column and in interstitial water. In addition to these new 
state variables, we have gone from two to twelve channels 
for tracking exchanges of state variables with the 
surrounding environment. Although connectivity is not yet 
complete, these channels include exchanges with the 
atmosphere, upstream, downstream, tributaries, the 
streambed and materials added by way of overland flow or 
lost by water removal. In addition, changes of chemical 
state or the changing from organic nutrients to inorganic 
constituents or the reverse are also tracked. 

Now more than one section of stream can be modeled, 
each with its own particular set of variables, stream 
characteristics and parameters. In doing this, the values for 
the materials that the model predicts as leaving the first 
section of stream are saved and used as input values for the 
second section of stream. 

The model has gained in "generality" by going from 
modeling a square meter of stream to modeling a variable 
length section, with actual length to be decided upon at 
execution. Streamflow also is allowed to change during the 
simulation as opposed to the 1972 version, with a 
corresponding predicted change in ecosystem volume, 
surface area, depth, and velocity. Many other changes have 
come about by allowing flow to occur during time steps of 

simulation as opposed to the original version of between 
time steps. 

As the streamflow changes, so does the host of materials 
flowing into the ecosystem; and it is now possible to monitor 
these changes either daily or in any size block of days, with 
the option of having blocks of data interpolated. 
Interpolation also occurs with many of the driving variables 
such as radiation and photoperiod. 

Input data may be read either in the often-calculated 
square meter figure, or as total composition for the stream 
stretch in question. Output can also be varied, being 
reported as constituents per average square or cubic meter. 
In addition to the state variables reported last year, all 
allochthonous materials and materials leaving the system 
can be reported this year, as well as net productivity. These 
features make it possible to study the dynamics of the 
system, and are a further aid in future development of the 
model, as well as being an aid in better understanding the 
ecosystem. 

One of the problems that is often overlooked or at least 
rarely mentioned, but nonetheless tends to be a major time 
consumer when working with large-scale models, is that of 
"bookkeeping," or making sure that numbers are where they 
should be when they should be. The problem grows with the 
number of individuals working on a particular model, as 
well as the size of the model. To be sure, the General Stream 
model has had its share of these difficulties, i.e. bookeeping, 
and not an overabundance of modelers, but by testing and 
retesting under a variety of conditions the components or 
modules that make up the model, this problem has been 
largely alleviated. 

Other major changes have been restructuring of the 
processes of ingestion and assimilation, and growth, 
scouring and colonization of both plants and animals, the 
addition of behavioral drift of invertebrates, and the 
passage of dissolved materials between the water column 
and interstitial water. 
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INTRODUCTION TO MODELS 

These models are intended to predict the values of a wide 
range of variables in the system simultaneously. They may 
be expected to lack the precision possible in a model 
intended for a special purpose; but by easy modification 
(module replacement -- see below) they can serve special 
purposes reasonably well. And the fact that all elements in 
the system are considered simultaneously (their prime 
function of the present state) makes it possible to do a 
variety of tests to which special-purpose models would not 
lend themselves, and thus they may serve as a guide to 
research priorities. 

The ecosystem is envisaged as a horizontally homogeneous 
stretch of water, with the sediments below it, which may 
receive inputs from adjacent areas and provide output to 
other adjacent areas. 

As a partial means of overcoming the assumption of 
horizontal homogeneity which is built into the model, the 
user has the option of linking simulated stream sections, 
each with its own specific set of state variables, stream 
characteristics and parameters. In using this option, the 
state variables which the model predicts as leaving the first 
section of the stream become the input for the second 
section, those outputs leaving the second section become 
inputs for the next section, and so on through an entire 
stream. This is accomplished by simulating the first section 
of stream for the period of time needed, while saving the 
daily output values on tape. This "writing" tape then 
becomes a "reading" tape for the next section for its entire 
simulation time. 

MODULAR STRUCTURE 

The models can be conceived as composed of a set of 
modules which act as "black boxes" to one another. For 
each, the inputs and outputs are determined by the general 
characteristics of the system, so that it operates on inputs 
and provides outputs which are part of the common 
"language". Internally, each of the modules or submodels 
may have a great variety of structure but this is a matter of 
indifference to the rest of the model, to which it is simply a 
"black box". 

The modules are concerned with the various component 
parts or sets of processes in the system. Initially, these are the 
plants, the animals and the abiotic environment in which 
they exist. These modules or submodels may be further 
subdivided as required. Each submode! may be developed 
at different levels of detail, complexity and sophistication, 
and these alternative submodels can then be combined 
freely to give models which may be highly sophisticated in 
respect of some components, simple in others. At the present 
time each submode! has been developed at only one level of 
detail or complexity, and it is these with which this report 
deals. 

THE VARIABLES 

At the present time the main state variables modeled are 
the quantities of the different organic chemical constituents 
which make up the plants, animals, heterotrophic 
microorganisms, litter and the solute component of water, 
all of which may be divided in a variety of ways, and the 
inorganic constituents, either dissolved or in a particulate 
state. 

Population data and their changes are also included, but 
as real variables representing an average rather than 
integral variables for a specific delimited region. 

Exogenous variables include the materials entering the 
system from upstream drift and tributaries, which can be 
most of the state variables. Also included are the dates 
and daily quantities of precipitation events, with the 
average composition of the precipitation received; the 
average daily amount of solid material falling into the water 
from above, month by month, with its type and 
composition; the dates of events where overland flow enters 
the system, with the amounts of water, solutes and detritus 
of various types carried; the dates and amounts of water 
withdrawal (e.g., for irrigation); and mean monthly figures 
for radiation intensity at the water surface, photoperiod, 
and pan evaporation rate. This list is subject to modification 
as the model develops further. 

CLASSIFICATION OF V ARJABLES 

In any ecosystem, the variables characterizing it may be 
classified in different ways for different purposes. Apart 
from the biological classification itself, one may classify 
different parts of the system as organ types, by age or stage 
of development, or by their topographical location, or 
according to whether they are quantities of chemical 
elements or population data. Plant and animal species may 
be classified not only according to their taxonomic position, 
but by life form, feeding habits, life history, etc. And all 
these different cross-classifications may be relevant to some 
part of the functioning of the ecosystem -- some of the 
processes leading to changes in the values of the state 
variables. 

Cross-classification of state variables (and of some of the 
parameters of the system) is accordingly a dominant feature 
of the models. This makes it unnecessary to describe 
separately the processes in which each state variable is 
involved. Instead, it is necessary to give separate 
specifications only for those classifications and cl.asses which 
are relevant to a particular process in question, all other 
classificatory sub-divisions of the state variables being 
ignored for this purpose. If, for instance, for a particular 
animal species, feeding habits are the same for mature and 
immature individuals, then the model uses a common 



description for feeding processes of the different age 
categories, while in that part of the model describing 
reproductive behavior it is clearly of first importance to 
distinguish these age categories. 

FUNCTIONAL FORMS 

Most of the variables being real, and most changes being 
continuous, it is usually appropriate to describe the rates of 
change in terms of differential equations, in which a 
derivative is equated to a function of state variables and 
exogenous variables. No restriction is placed, however, on 
the type of functions used; they may be linear or non-linear, 
with or without constraints. One very common type of 
constraint is imposed by the fact that most of the state 
variables (biomass, population, etc.) are in their very nature 
non-negative, so that the derivative must be non-negative 
where the value of a state variable is zero. 

Though differential equations are the most common way 
of representing changes in the model, functions involving 
discontinuities (such as may be imposed by threshold values 
of influencing variables) or representing discrete processes 
are fully acceptable. The general structure of the models is 
also fully compatible with the introduction of stochastic 
elements in one or more of the submodels, as well as in 
exogenous variables. 

COMPUTER IMPLEMENTATION 

The computer representation of these models is written in 
FORTRAN IV. The intention has been to avoid features of 
FORTAN IV which might be peculiar to specific machines 
or installations so that the models developed might be 
widely usable. The programs are written as far as possible in 
general terms, so that they can be applied with minimal 
modification to a wide variety of ecosystems. In particular, 
the number of classes in each cross-classification of the data, 
and their designations, are decided at execution time, and 
facilities are also provided for specifying or modifying the 
parameters of the system at that time. 

For computer solution, the differential equations 
expressing the rates of changes in the state variables are 
replaced by difference equations over a time step of one day. 
If the approximation by difference equati?ns over this time 
unit leads to negative values of an essentially non-negative 
variable, the program reduces the time unit as required. 

DESCRIPTIONS OF MODELS 

Standardized descriptions of the programs and submodels 
are included in this report. Though the computer programs 
implementing the models are covered in these descriptions, 
their primary purpose is to describe the model itself in 
verbal and mathematical terms rather than the computer 
program -- which can speak for itself to those who are 
interested in the implementation as well as in the 
conceptualization. 

.5 Aquatic Model 

After a brief introduction, a verbal and graphical 
description is given outlining the various processes treated. 
For each process submode!, the verbal description will be 
followed by a mathematical representation of the 
differential (or other) equations incorporated in the model. 
For these mathematical representations (which can be 
skipped by readers who are not mathematically oriented) a 
standard symbolism is being developed. Since the number of 
distinct variables and parameters required with prolifera
tion of further submodels may be very large, it is not 
expected that it will always be possible to use consistently 
the same symbols for the same variables (or parameters) in 
all models, though this will be done as far as possible. 
Consistency is, however, being sought in respect of the 
classes of symbols, and in the use of subscripts, as follows: 

l. State variables are designated by X, subscripted to 
indicate the particular state variable in question. It is 
intended to reserve X, ... X. for state variables having to 
do with plants, X11 ... X19 for animals, X,. ... X,9 for the 
heterotrophic microorganisms, X" ... X,. for dissolved 
organic material, X◄ 1 •• • x.. for organic detritus, 
X" ... X,. for dissolved inorganic material, X61 ••• X69 

for inorganic detritus, and X11 ..• on for other state 
variables. It will be convenient to consider the exterior 
as specified by a series of dummy state variables, whose 
absolute values may be meaningless, but changes in 
which represent the exchanges of the ecosystem with 
its environment. These dummy state variables will be 
represented by Xo, ... Xo•• 

2. Rates of change in state variables are represented by a 
superposed dot, as: 

3. Parameters of equations in the system -- values not 
changed by the system, though sometimes varying in 
step-wise fashion -- are indicated by a P. 

4. Exogenous variables are signalled by a V, for instance: 

V 
12 

.5. Temporary variables: variables required in the course 
of calculation, or for purposes of explaining an 
algorithm -- are designated by a subscripted Z, as: 

z 
2 

6. Output variables -- those calculated from state variables 
for output purposes only, and playing no part in the 
dynamics of the system -- are signalled by Y, as: 

7. A sub-division of the rate of change of a state variable -
usually, a particular flux -- is indicated by an italic 
capital used as prior subscript. Thus, 



may represent that part of the change in X which is 
attributable to herbivory, say -- that is, the direct flux 
from plant biomass to animal biomass. 

8. Classes of variables or parameters are indicated by 
lower-case italic letters used as posterior subscripts. 
Thus, for a state variable classified in two ways (say, 
by animal species and cohort) 

would represent its value in the a'th species and the h'th 
cohort. The same subscripts may also be applied to 
parameters. 

9. The following posterior subscripts have been 
standardized: 

a 
C 

d 
g 
h 
k 
l 
m 
n 

p 
r 

animal species 
organic constituent 
organic detritus types 
plant organ 
animal cohort 
dissolved inorganic constituent 
animal population 
heterotrophic microorganism 
particulate inorganic constituent 
plant species 
route of exchange 
inorganic detritus types 

10. For certain of these subscripts, different values have 
meanings which have been standardized in the 
descriptions of earlier versions of the submodels, as 

organic constituent 

f=l 
f=2 
f=3 
f=4 
f ='5 

k = 1 
k=2 
k=3 

d=l 
d=2 

r = 1 
r 1= 2 
r=3 
r=4 
r=5 
r = 6 

carbon 
energy 
nitrogen 
phosphorus 
other ash elements 

inorganic dissolved constituents 

carbon pool 
nitrogen pool 
phosphorus pool 

organic detritus 

fine 
coarse 

route of exchange 

from atmosphere 
to atmosphere 
from overland flow 
by water removal 
from upstream 
to upstream 

6 

r=7 
r=B 
r = 9 

from downstream 
to downstream 
from the stream bed 
to the stream bed 
from tributaries 
to tributaries 

r = 10 
r = 11 
r = 12 
r = 13 chemical change within the ecosystem 

11. Where it is useful to define a subset of subscript values, 
this subset is symbolized by an italic capital. Thus, 
of the set of chemical fractions or constituents indicated 
by the subscript f the subset containing the carbon 
fractions only is designated by 

C = (3,4,5) 

The subset of elements other than carbon is designated 
by 

M=(l,2) 

Operations limited to subset of values are indicated by 
the symbol E. thus, 

y = p X 
p ';, 'pgf 

p € A 

indicates that this function applies only to cases where 
the subscript p is included in the subset A; and 

p c A 

indicates that summation is limited to these cases. 

12. Some readers may not be familiar with the pi-product 
notation, parallel with the sigma notation for sum
mation; thus, 

n 
IT X =P X = X X X , , , , , • , , , , X 

p=l 1pgf 1pgf 1 lgf 1 2gf 13gf 1ngf 

and 

p ,: A X = X 
'pgf '2gf 

X 
14gf 

X 
'?gf 

where the subset A is defined as: 

A = (2,4,7) 

13. Other conventions used consistently include the 
following: exp is an abbreviation for "exponential"; i.e. 

exp (a) a 
C e 

Ln is used for the natural or Napierian logarithm: 

Ln (a) = log
0 

a 



Max is the abbreviation for "maximum" and min is an 
abbreviation for "minimum", thus: 

min (X. , X s) 

indicates the smaller of the values X, and X,, while 

max (X.,,X,) 

indicates the larger of the two values. A subscript 
placed below max or min: 

max(X ,Z ) 
12 sf 9sf 

indicates that the expression which follows it should be 
evaluated for all values of the subscript, and the largest 
(or smallest) of the resulting quantities taken. 

14. Since materials leaving by way of the downstream 
vector may become input to another simulated stretch 
of stream, changes in these output variables are tracked 
and signalled by 

15. 

y 

The equation forms are those used in FORTRAN IV, 
where the right hand variable is equivalenced to the 
left hand side of the equation. Occasionally the same 
variable will be seen on both sides of the equation. Here 
the variable on the right side will have a previously 
assigned value, and after calculating the right side of 
the equation the answer is assigned to the variable on 
the left side of the equation. For example: 

(l) 

(2) 

In equation (2) the right side of the equation is 
calculated using a value for z, assigned in equation (1), 
and then the new value is assigned to z,. 

7 Aquatic Model 

The mathematical description is followed by a list of the 
symbols used, with their FORTRAN equivalents, units and a 
list of the equations in which that symbol is used. The means 
by which particular processes may be deleted or set for zero 
change are then discussed, followed by limitations imposed 
by array dimensions. The model des~ription ends with a 
listing of the parameters and switches needed for that 
particular model. Program listings and examples of input and 
output may be found in the Appendices. 

The following storage requirements (words) and 
simulation times (C.P.U.) are for the UNIVAC ll08 for the 
programs described. 

Program Code Data Total 

MAIN 3319 7831 lll50 
REPORT 2193 789 2982 
GRAF 533 3800 4333 
EXTERN 1378 2255 3633 
PHYSIC 662 200 862 
VARIED 454 174 628 
DYX 193 43 236 
SENS IT 917 3346 4263 
SENOUT 452 1880 2332 
DERIVD 98 441 539. 
MEDIUM 1218 313 1531 
ANIMAL 3155 929 4084 
VECET 1522 310 1832 

TOTALS 16094 22311 38405 

Besides the above, there is also a requirement for common 
storage, which is dependent on the needs of the user. The 
total core storage used for the example given (Appendix L) 
was 57,730 words. 

The C.P.U. time required for initial input was 2.19 
seconds; for each day of simulation between 0.150 and 
0.162 seconds. In addition output for one time period in 
tabular form was 1.615 seconds, and between 0.358 and 
0.368 seconds were required for each graph. 
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DESCRIPTION OF MODELS AND 
USER'S GUIDE 

CALLING PROGRAM 

INTRODUCTION 

The computer program to be described in this section of 
_the report provides a common framework for the aquatic 
models. It does not itself model the dynamics of the system -
a task performed by subroutines, which may be varied 
independently of the main program and of one another. The 
main program described below organizes most of the input 
operations, including the calculations of quantities required 
only as collective input to the subroutines, and performs the 
incrementation of the state variables in accordance with 
calculations performed by the subroutines. 

The program is designed to cover a wide range of stream 
ecosystems in which the state variables consist of the weight 
of various organic chemical constituents and energy 
contained in plant material, subdivided by species or species 
group, and by organ group (though this last facility is not 
used in the present implementation); animals, subdivided 
by species or species group and by stage of development; 
different types of organic and inorganic detritus, suspended 
or in bottom sediments; and different types of heterotrophic 
mieroorganisms. The state variables also include the 
population of each animal group, and the dissolved 
composition of the water mass, along with certain physical 
characteristics of the water. Additional state variables may 
be introduced by the subroutines. The main program then 
treats them in the same way as the other state variables, and 
provides facilities for printing them out if wished. 
Exogeneous variables are acquired through the subroutine 
EXTERN, while output is organized by the subroutines 
REPORT and GRAF. 

The parameters of the system (i.e., the constants 
incorporated in the equations expressing rates of change in 
the state variables) do not figure in this program, but are 
introduced in the programs implementing the process 
submodels, which are called as subroutines in the course of 
the main program discussed below. 

This calling program, as stated above, is designed for use 
with a wide variety of process subroutines which may be 
developed in the future. The process subroutines in use at 
present, however, do not make use of certain of the options 
provided. A listing of the calling program can be found in 
Apendix B. An example of an input deck can be found in 
Appendix K, and output in Appendix L. 

INPUT ORGANIZATION 

The successive cards required for input, many of which 
are optional and determined by the special requirements of 
the model in question, are detailed below. Constraints are 

placed on these input data by the array sizes of this report. 

I. Comments and Table Heading 

Any comments to be associated with the output may be 
printed out before the output proper by inserting cards 
bearing the comment information at the beginning of the 
input deck. These cards should finish with a blank, or be 
replaced by a blank if no comments are needed. The blank 
ending the comments is followed by a single card providing 
a heading for tabular output. 

II. Instruction Cards 

II. A Dimensions, specifications, input/ output instructions 
and switches 

The next three cards contain (in 1615 format) the 
following information in successive fields of five columns, 
right justified (the FORTRAN name is included in brackets): 

Card one 

1. The number of plant species or species groups 
(NSPECV) 

2. The number of animal species or species groups 
(NSPECA) 

3. The number of plant organs or organ groups dis
tinguished (one for the model being described) 
[NORGAN) 

4. The number of inorganic particulate elements 
or compounds [INORGP) 

5. The number of dissolved inorganic elements or 
compounds (INORGD) 

6. The number of types or sizes of organic detritus 
distinguished; the same list of detritus types applies 
both to suspended as well as benthic sediments 
[NOLIT] 

7. The number of names to be read in for animal 
cohorts or stages of developm«':nt [NCHOR) 

8. The number of types of heterotrophic microorgan
isms [MICROB) 

9. The time step for simulation (in thousandths of a 
day); if this field is non-positive, the time step is 
taken as one day (one-day time steps are used in the 
models described by this report) [NUNIT) 

10. The number of entries in the "Instructions" array 
(see 11.C below) to be passed to the subroutines 
[NOINST] 

11. The number of entries in the "Repetitions" array, 
determining the time units for the subroutines 
(11.D below); if this value is zero, all subroutines 
are assumed to use the same time units as the main 
program -- that specified in 11.A.9 [NOTIME] 

12. The number of types or sizes of inorganic 



detritus distinguished; the same list of detritus types 
applies both to suspended as well as benthic 
sediments [ISTRTM] 

13. The numerical designation of the section of stream 
being simulated. If this value is more than .. l" all 
values for materials entering the ecosystem are 
read from tape [NSTRCH] 

14. The logical unit number where values of constitu
ents flowing downstream are to be saved, or zero 
if the values are not to be stored [JSAVE] 

15. The number of organic constituents distinguished 
(includes energy in kcal) [NFRELM] 

16. A switch pertaining to tributaries flowing into the 
section of stream being simulated. "0" (zero) 
indicates no tributaries; 'T' indicates values for 
materials entering from tributaries will be read 
from cards; "2" indicates materials entering from 
tributaries will be calculated from material flowing 
in the main stream [NTRIB] (See also Ill.A of 
subroutine EXTERN) 

Card two 

17. The starting date of the run, counting from the 
beginning of the year [JDAY] 

18. The year in which the run is to begin [IYR] 
19. The number of the day on which the run is to finish, 

counting from the beginning of the year in which 
the run starts [NDA Y] 

20. The number of tabulated reports required after 
the initial reports [NREP] 

21. The number of line graphs required [NOGRAF] 
22. The number of block graphs required [NOHIST] 
23. A switch which allows for state variable output to 

be specified in square meters (when "2") or cubic 
meters (when "3") [NPORT] 

24. A switch which allows for initial state variable 
input to be read for the total ecosystem (when 
"0"), or to be calculated from square meter 
averages (when "l") [NDATSZ] 

25. The numerical designation (see IV .D ) of the 
organic constituent (less than or equal to NFRELM 
[II.A.15]) which is to be reported in tabular 
output as material entering or leaving the eco
system [NPORTI] 

Card three 

26. A switch for debugging purposes; if this is positive, 
extra information is printed out by many of the 
subroutines in the course of their operation, from 
day of simulation it specifies [MDEBUG] 

27. A switch to complete the debugging operation 
begun under the previous instruction. If this value 
is less than that in the previous field, the debugging 
operation will continue to the end of the run 
[LDEBUG] 

9 Aquatic Model 

28. A switch for timing purposes; if this switch is zero, 
no timing information will be included in the 
output; if it is set at 'T', timing information will 
be given for each report and graph produced; 
if it is set at "2", the C.P.U. time for each time 
unit simulated will be reported [NOSECS] 

29. A switch which must be positive if error sensi
tivity analysis is to be performed (!SENSE] 

30. A switch for tabular reports [NO REP]: 0 = initial 
and final reports, together with reports on any 
intermediate dates specified; 1 = all tabular 
reports are to be omitted; 3 = the initial report 
is to be omitted 

31. This and the next field give facilities for a portion of 
the parameter list to be printed before simulation 
starts. If the value in this field is positive, it 
causes values in the COMMON block /PARAM/, 
from this address onwards, to. be printed out 
as soon as they have been read in by the process 
subroutines [IPARAM] 

32. This field gives the last address for values in the 
COMMON block /PARAM/ to be printed 
out under control of the switch Il.A.31 above 
(JPARAM] 

33. A switch to provide (when positive) for the state 
variables to be read (in binary form) from a 
mass storage file designated as Unit 0, instead 
of from cards [NEWBEG] 

34. A switch to provide for the state variables to be 
dumped at specified times, in binary form, into 
mass storage files designated as Unit 10, Unit 11, 
etc. The number of such dumps is punched in 
this field [KDUMP] 

35. If the previous field (Il.A.34) is occupied, the 
dates (from January 1, etc., in the first year of 
simulation) on which dumps are to be made are 
specified in these fields. The dates must be in order, 
and the number of fields occupied is equal to the 
number in II.A.34 [DUMP(I)] 

11.B Tabulated report dates 
If the value at II.A.2 is positive, one or more further 

cards in format (1615) are read in giving the dates 
(calculated from the beginning of the year in which the 
simulation starts) at which tabulated reports will be 
required. The number of such entries will be equal to the 
figure in Il.A.20. If Il.A.20 is zero, only initial and final 
reports will be provided (see also Il.A.30). 

II. C Instructions to subroutines 
If II.A.IO is positive, a number of integers equal to the 

value in this field is read in, in (1615) format.These entries 
may be used for communicating with subroutines at 
execution time, and conveying instructions modifying their 
mode of operation. 



II.D Repetitions of subroutines 
If II .A. I I above was occupied by a positive value, a series 

of cards equal in number to the value in this field is read in. 
Each of these cards has in the first field of five columns a 
number, right-justified, representing one of the subroutines 
(''l'' for VEGET, "2' for ANIMAL, and "3" for MEDIUM; 
other designations will be allotted later as required); the 
second field of five columns (6-10) contains, similarly 
right-justified, the number of times this subroutine is to be 
repeated within each of the time units simulated -- or, in the 
case of a nested subroutine, within each operation of the 
subroutine which calls it. In other words, this provides a 
facility for varying the time units within subroutines, but 
limited to integral submultiples of the time unit used within 
the main program. 

II.E Transformations of elements and compounds 
The constituents that make up the ecosystem are 

described and used as being in one of two chemical states. 
Both have compartments which may be either particulate or 
dissolved. They are: (1) organic constituents, which are 
those that make up the plants, animals, decomposers or the 
fraction of detritus originating from those compartments, 
and (2) inorganic constituents which, as an example, may be 
clays and sands in the particulate form or carbon dioxide in 
the dissolved form. To allow for cycling, or changes of 
chemical state of constituents within the ecosystem, or the 
use of a particular element in an array, a series of switches is 
used which can be varied at execution time. For example, 
the carbon used in photosynthesis can come from a different 
number of inorganic sources, with the following switches 
allowing for this type of choice. [All cards are in 1615 
format.] 

Cards 1 through 5 are five "sets" of switches which are 
used when one's interest is the organic elements. The switch 
indicates from what particular position in an array (say 
from inorganic dissolved constituents) a particular organic 
constituent will come from or go to. For each card the 
number of switches is equal to the number in II.A.15. Cards 
6 through 10 are used when the inorganic particulate 
categories are the main interest. For each card the number 
of switches is equal to the number in II.A.4. Cards 11 
through 15 are used for the inorganic dissolved categories. 
For each card the number of switches is equal to the number 
in II.A.5. In the models to be described only the•first two 
sets of switches are used (although 15 cards must be read in), 
the first for the transfer during respiration of organic 
constituents to the dissolved inorganic categories, and the 
second card for the transformation from inorganic dissolved 
elements to the elements which make up the plants during 
photosynthesis. If, for example, during a particular 
simulation the plants are made up of carbon, energy and 
nitrogen, and the dissolved inorganic elements which are 
being modeled are calcium bicarbonate, carbon dioxide, 
carbonic acid, oxygen and a nitrogen pool, the set of 
switches on the first card would read: 2 0 5 
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In this case the carbon for photosynthesis would come from 
carbon dioxide and the nitrogen from the nitrogen pool. 
[Energy sources come from outside the system.] 

II.F Information to be reported 
For each tabulated report desired, all or part of the 

available data may be listed as output. This is controlled by 
a series of switches in the first 26 columns of the next input 
card. A ''l'' in a particular column allows for the printing of 
a section, while a zero will cause a section to be skipped. 

I. Physical stream characteristics 
2. Biomass of plant constituents 
3. Biomass of animal constituents 
4. Animal populations 
5. Biomass of heterotrophic microorganism constituents 
6. Amounts of suspended litter categories 
7. Amounts of benthic litter categories 
8. Amounts of dissolved organic elements 
9. Average quantities of organic matter in the ecosystem 

10. Net gain or loss of organic matter to the ecosystem 
11. Amounts of suspended inorganic particulate matter 
12. Amounts of benthic inorganic particulate matter 
13. Amounts of dissolved inorganic matter 
14. pH and temperature 
15. Net gain or loss of inorganic matter to the ecosystem 
16. Plant biomass entering and leaving the ecosystem 
17. Animal biomass entering and leaving the ecosystem 
18. Animal numbers entering and leaving the ecosystem 
19. Heterotrophic microorganism biomass entering and 

leaving the ecosystem 
20. Amounts of litter entering and leaving the ecosystem 
21. Dissolved organic material entering and leaving the 

ecosystem 
23. Suspended inorganic material entering and leaving 

the ecosystem. 
24. Net productivity of plants from the beginning of the 

simulation 
25. Net productivity of animals from the beginning of the 

simulation 
26. Net productivity of heterotrophic microorganisms from 

the beginning of the simulation 

II. G Stream length 
One card is read (Fl0.2 format) specifying the length of 

the stretch of stream being simulated [REACH]. 

Ill. Stages of Development 

If the value in II.A. 7 is greater than one: 
l. A card is read in with the number of distinct stages of 

development for each species of animal, in (1615) 
format. The number of entries should equal the number 
of animal species or groups in Il.A.2. 

2. This card is followed by one card for each species 
defined in (1) as having more than one stage of develop
ment, and less than the maximum number specified 
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in II.A.7. Each of these cards contains, in (1615) 
format, the numerical designations of these stages of 
development, corresponding with the names to be used 
for them in output (see IV.E below). 

IV. Names 

IV.A 
If plants occur in the system (if the value at II.A.I is 

positive), the names of plant species or groups are read in, 
two to a card, with up to 28 characters for each (i.e., the 
fields used are columns 1-28 and columns 29-56). The 
number of these names should correspond with the value in 
II.A. I. 

IV.B 
If there are animals present (if the value at Il.A.2 is 

positive), the names of animal species are read in, in the 
same way as those for plant species. They should correspond 
in number with II.A.2. 

IV.C 
If plant organs are to be distinguished (i.e., if the value at 

II.A.3 was positive) the names of these organs or organ 
groups are read in, three to a card, with up to 24 characters 
for each (i.e., the fields used are columns 1-24, 25-48 and 
49-72). Differentiation of plant organs cannot be used in the 
models presented in this report. 

IV.D 
The names of organic chemical constituents are read in, 

up to 12 characters for each, and in (20A4) format. Carbon 
has the first and energy the second place in the list. The 
number read in should match the number of II.A.IS. 

IV.E 
If the value at II.A. 7 is greater than one, the names of the 

stages of development for animals are read in, five to a card, 
each with up to 16 characters (i.e., the fields used consist of 
columns 1-16, 17-32, 33-48, 49-64, and 65-80). The number 
of entries is equal to the value at Il.A.7. 

IV.F 
If the value at Il.A.6 is positive, the names of different 

types of detritus are read in, following th~ same format as 
for stages of development (IV .E above). The number of 
entries is equal to the value in II.A.6. 

IV.G 
If the value at Il.A.8 is positive, the names of different 

groups of heterotrophic microorganisms are read in, 
following the same format as for stages of development 
(IV.E above). The number of entries is equal to the value at 
II.A.8. 

IV.H 
If the value at II.A.4 is positive, the names of the 
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inorganic particulate categories are read in, following the 
same format as for reading plant organ names in IV .D 
above. The number of entries is equal to the value at II.A.4. 

IV.I 
If the value at II.A.5 is positive, the names of the 

dissolved inorganic categories are read in, following the 
format in IV .D above. The number of entries should equal 
the value in II.A.5. 

IV .J 
If the value at Il.A.12 is positive, the names of the 

different types or sizes of inorganic particulates are r~ad in, 
following the format in IV.D above. The number of entries 
should equal the value in II .A.12. 

V. Initial Values of State Variables 

The cards in this section give values for the state variables 
at the starting point of simulation. The quantities of the 
various chemical constituents may h<e read in grams per 
square meter or grams per total ecosystem (see 11.A.24). All 
values are in (8Fl0.4) format. For each card specifying 
organic chemical constituents (V .A to V .G below) the 
number of values should equal the number specified in 
II.A.15, and in the order specified in IV.D. 

V.A 
For coch plant species group and each of the organ types, 

a card is read in with the initial values of chemical 
constituents. The first species is taken first, and cards equal 
in number to the number of organs (II.A.3 above) -
assumed one, if this entry was zero -- are read; these are 
followed by a similar set for the second species, and so forth. 
The total number of such cards should accordingly be the 
value at II.A.I multiplied by that at II.A.3 if positive. 

V.B 
For each animal species a card or series of cards is read in 

giving the population figures for successive stages of 
development (the number of such figures being equal to the 
corresponding entry in Il.A.2). Then there is a sequence of 
cards, equal in number to the corresponding entry in 
III.A. l, each containing the quantitiy of chemical 
constituents for each of the successive stages of development. 

v.c 
If the figure at Il.A.8 is positive, a series of cards is read in 

for the quantity of chemical constituents in the different 
types of heterotrophic microorganisms, one for each type, 
equal in number to the value at II.A.8. 

V.D 
One card is read for each of the organic detritus types, 

giving the quantity of the various chemical constituents in 
suspended material of this type. The total number of such 
cards is equal to the figure in II.A.6. 



V.E 
The quantity of chemical constituents in the diferent 

types of detritus in the bottom sediments is read in, in a 
series of cards parallel with those for suspended detritus in 
V.D. 

V.F 
One card for the quantity of organic chemical 

constituents dissolved in the water column is read in. 

V.G 
One card for the quantity of organic chemical 

constituents dissolved in the benthos (interstital water) is 
read in. 

V.H 
A series of cards equal in number to the value specified in 

II.A.12 is read in, with each card containing the values of 
the inorganic suspended particulate materials in the same 
order as specified in IV. H. 

V.I 
A parallel series of cards to V .H is read in, this time of the 

inorganic benthic particulate materials. 

V.J 
One card is read in for the quantity of inorganic chemical 

constituents dissolved in the water column. The number of 
values should equal the number in II.A.5. 

V.K 
One card is read in for the quantity of inorganic chemical 

constituents dissolved in the benthos (interstitial water). The 
number of values should equal the number in II.A.5. 

VI. Parameter Input Required by Subroutines 

Each of the process subroutines may require parameters 
and other specifications to be read in. Where such 
information is needed, reading is performed by a 
NAMELIST statement. The first card for each reading 
operation begins with 

b$NAMEb 

where NAME represents the name of that NAMELIST in 
the subroutine in question, and b represents ·a blank 
column. This and subsequent cards then contain entries in 
the forms: 

A = a, B (3) = b, C = c,d,e, n*f, 

where A is the name of a variable and B and C are names of 
arrays included in the NAMELIST; a, b, c, d, e, f, are 
constants of the appropriate type; n is an integer, which 
allows n values off to be inputed into an array. The first 
column of each card must be a blank. Each NAMELIST 
input is concluded with 

b$END 
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For this purpose, the NAMELISTS are called in the order, 
EXTERN, PHYSIC, MEDIUM, ANIMAL, and VEGET. 
The list of parameters needed for the subroutines covered by 
this report can be found in the description for the subroutine 
in question with a partial explanation in the definitions lists 
(Appendix A). 

VII. Specifications for Graphical Output 

VII.A 
If the value at II.A.2I is positive, a series of cards is read 

in specifying the line graphs required. For each of the 
graphs in succession, the following cards are needed: 

1. A card specifying which variables are to be graphed. 
These are expressed as addresses in the state variables 
array (COMMON block /PRINTS/); the addresses in the 
sums array for state variables (COMMON block 
/TOTALS/) increased by 10,000; the addresses in the 
external exchange array (COMMON block / ACC/) 
increased by 20,000; the addresses in the sums array 
for productivity (COMMON block /PROSUM/) 
increased by 30,000; the addresses in the total 
productivity array from the beginning of the simula
tion (COMMON block /PRODUC/) increased by 
50,000; or the addresses in the array of additional 
accessible variables (COMMON block /OTHER/) 
increased by 60,000. These addresses are punched in 
(1615) format, and may not exceed eight in number 
for each line graph. 

2. A title card for the graph; all 80 columns may be used. 
3. A title for the Y-axis of the graph (the X-axis always 

being in days). This title may occupy_ columns 1-40 of 
the card. If the word "ZERO" is punched in columns 
41-44, the Y-axis of the graph will include zero; 
otherwise, it will extend from the minimum to the 
maximum value of the variables graphed. 

4. If VII.A.I designates more than one variable, these 
are followed by a series of cards equal in number to 
the entries in VII.A, 1. Each card gives a brief 
explanation of one of the variables included in the 
graph, in the same order as their addresses are listed in 
VII.A. I. Twenty characters are allowed for each, 
which should be in columns 1-20 of the card. 

VII.B 
If the value at II.A.22 is positive, the following cards are 

required for each graph. 

1. A card specifying the variables for which block graphs 
are desired; these addresses are coded according to the 
same rules as in VII.A.I. 

2. A title card for the graph; all 80 columns may be used. 
3. A title card for the Y-axis, limited to the first 40 columns 

of the card. 

VIII. Sensitivity Specifications 

If the value at II.A.29 is positive, specifications for 



sensitivity tests are read in. These are discussed in the report 
on the sensitivity subroutines (Noy-Meir, 1973). Listings of 
these subroutines can be found in Appendix G. 

IX. Exogenous Variables 

After all other information has been inputed, the 
exogenous variables are read in. This input is discussed in 
connection with the EXTERN subroutine. 

OPERATION 

The central part of the program is responsible for 
incrementation of the state ~ariables. When calculation of 
all the increments over a single time unit (of which 
submultiples may be used for some of the subroutines) has 
been completed, they are tested to ensure that none of them 
would cause state variables to become negative, where this 
constraint is appropriate (which is true of most state 
variables in ecological systems). If some of the negative 
increments are "too large" in this sense, all increments are 
scaled down in such proportions as the most limiting 
constraint requires, the increments are applied to all state 
variables, and the subroutines are called again for the 
recalculation of increments. These increments are then 
multiplied by the complement of the proportion already 
applied to the state variables, and the test of their 
magnitude is repeated. The process continues until a set of 
increments can be applied in tutu. Briefly, thb is e4uivalent 
to dividing the time unit over which the difference 
equations approximate the underlying differentials into 
arbitrary portions such that the constraints can be met. This 
process, central to the program, may be represented as 
follows: let Xii be the value of the i'th state variable at the 
beginning of the j'th iteration, and AXij the increment for 
one time unit as calculated by the subroutines for that 
iteration. Then: 

Xi,j+l X. 
i.,j 

+ t. X. 
i.,j 

where: 
t. = -( (-1 
J 

Iteration is completed when: 

E t .= 1 
J j 

J 

!),X .. 
_1',L ))-1 

X .. 
~J 

Exchanges between the ecosystem and its surroundings 
are accumulated by the calling program from data 
provided, time unit by time unit, by the subroutines. These 
quantities, together with any state variables not constrained 
to take non-negative values, are incremented in proportion 
to the increments mentioned in the previous two 
paragraphs, so that the whole program is operating in time 
units shorter than that prescribed whenever this proves 
necessary. 

In order to avoid difficulties when a state variable 
gradually approaches zero, an arbitrary limit is set below 
which that variable is set to zero. This limit for the aquatic 
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program is set to 0.000000001. In addition, if one of the 
variables of a plant, animal or microorganisms group is set 
to zero, all other variables of that group are also set to zero. 

Sums of state variables for all classes and many 
combinations of classes are required for output, and may 
also be needed for sensitivity analysis. These summations are 
performed by the main program initially, and at present 
after each time unit of simulation if graphical or tabular 
output is required. If summation is required for sensitivity 
analysis, the user is cautioned to remove statements MA1560 
and MA2005 (Appendix B). 

The calling program also calculates state variables from 
input data in the case where input data is in grams per 
square meter, simply by multiplying input data by the area. 
Also, state variables may be divided by the area if output is 
wished in grams per square meter, or by the volume if 
desired output is grams per cubic meter. 

If the stream section being modeled will receive inflowing 
materials from upstream by way of a previously simulated 
stream section (if Il.A.13 is greater than 1) a reading tape 
must be available to the system (logical unit 9). Similarly, if 
the values from the simulated stream section are to be saved 
for subsequent sections. a writing tape must be available 
and is designated as logical unit 8. 

AKHA Y DIMENSIONS 

The use of the program is limited by the dimensions 
allotted to the arrays, and these limitations need discussion 

AAQUA(C) BPINR(E,J} DETIN(D,C) NDRIFM(G) STATE(Q) 

AAQUAB(C) BPINRT(J) DGAIN(L,K) NDRIFV(F) STNG(S) 

ABDINR(l() BPINRQ(E,J) DGAINQ(L, K) Nl'RT(Z) STRNAM(E, 3) 

ABPINR(E,J) CBACT(G,C) DGAINT(K) OHORE(X) SUMPR(W) 

ACBACT(G,C) CBACTP(G,C) DINAM(K,3) ORGNAM(L,6) SUMS(T) 

ACBIOM(A,C' CBACTQ(G,C) DNORG(K) PASUMA(C) TCOMPN(C) 

ACLIT(D,C) GBACTT(G) DRIFPO(A) PASUMS(B,G) TDETIN(D,C) 

ACORG(D,C) CB!OH(A,C) DRIFTA(A,C) PATOTA(C) tDNORG(K) 

ACVEG(F ,L,C) CBIOMA(C) DRIFTM(G,C) PATOTS(D,C) TDRIFA(A,C) 

AGAIN(L,C) 

AGAINQ(L,C) 

AGAINT(C) 

ALINAM(D,4) 

AMAXI(M) 

AMINI(M) 

ANIH(B,C) 

APBACT(G,G) 

APBIOM(A,C) 

APOP(A) 

APVEG(F, l,,C) 

AQUA(C) 

AQUAB(C) 

AQUABQ(C) 

AQUAQQ(C) 

AQUATT(C) 

ASPNAM(B, n 
AVEIND(A) 

AWDINR(K) 

AWPINR(E,J) 

BACNAM(G,4) 

BDINR(K) 

BU!NRQ(K) 

CBIOMP(A,C) 

CBIOMQ(A,C) 

CGAIN(L,J) 

CGAINQ(L,J) 

CGAINT(J) 

Cl!NG(S) 

CLIT(D,C) 

CLITQQ(D,C) 

CLITT(C) 

COHNAM(J,4) 

COMPIN(C) 

CORG(D, C) 

CORGQQ(D ,C) 

CORGT(C) 

DRIFTV(F,L,C) PBSUM(C) 

DUSTIP(E,J) PBTOT(C) 

EVERY2(U) PCBACT(G,C) 

EXOG(A) PCBIOH(A,C) 

EXPLA(5,Q) PCVEG(F ,L,C) 

EXPLAN (5, N) 

f'IG(Q, 70) 

FIGS(N,70) 

FLOGO(V) 

FRJ\NAM(C,3) 

H20(L) 

H20QQQ(L) 

INSTRU(Y) 

KINRGD (5, K) 

PINAM(J, 3) 

PlNRTT(J) 

PNORG(E,J) 

POP(A) 

POPQQQ(A) 

POPSP(B) 

PRTOUT(Q) 

PRTP(R) 

PSTAT(R) 

CVEG(F,L,C) K!NRGP(5,J) PVSUM(C) 

CVEGO(F,C) KORGSW(5,C) PVT<Yr(C) 

CVEGQQ(F ,L,C) LlGRAF(N) RAlNCO(C) 

TDRIFM(G,C) 

TDR!FO(A) 

TDRIFV(F ,L,C) 

TITLES(H, 20) 

TOT(C) 

TOTAL(C) 

TPNORG(E,J) 

VSPNAM(F, 7) 

S'DINR(K) 

S'DINRQ(K) 

WDINRT(K) 

wPINR(E,J) 

WPINRQ(E,J) 

WPINRT(J) 

XCOXPN(C) 

XDETIN(D,C) 

XONORG(K) 

CVEGV (L, C) LISTER (H) RAINDI(K) XDRIFA(A,C) 

CVEGVO(C) MGRA(O) RUl'-.'DEB(D,C) XDRIFM(G,C) 

CVEGP (F, L, C) MREP (P) RlJNDNR(K) XDRIFO(A) 

DADUST(D,C) NCOH(B) RUNPNR(E,J) XDRIFV(F ,L,C) 

DECINC(Q) NCOHOJ (B) RUN SOL (C) XPNORG (E ,J) 

DECP(R) NDRIFA(A) SOURCE(>, L) YAXlSS(H,10) 



so that the user may be in a position to modify them as his 
particulr requirements indicate. Above is a list of arrays 
included in the calling program, in which the dimensions 
which may appropriately be varied are indicated by letters. 
Dimensions of other arrays, and dimensions indicated by 
numbers, are subject to other constraints, and changes in 
them could call for other changes in the program. 

The dimensions indicated by letters define the 
maximum values possible for the following quantities: 

FORTRAN NAME 

Total number of anilll81 cohorts or size classes NSPCOH 

Number of anitiial species or groups NSPECA 

Number of organic components tracked (including energy) NFRELM 

Number of types of organic detritus NOLIT 

Number of types of inorganic detritus ISTRTM 

Number of plant species NSPECV 

Number of types of hctcrotrophic microorganisms HICROB 

Number of plant organ types 

Number of different names for animal cohorts 

Number of inorganic particulate components tracked 

NORGAN 

NCHOR 

INORCP 

Number of dissolved inorganic components tracked INORGD 

Number of channels for gain or loss to or from the system NC~ 

Number of separate graphs NOHIST 

Number of variables to be graphed 

Number of curves on a .single vraph 

Number of tabulated reports to be provided 

Total number of \..'Ords in common blocks STAT, CHANGE, 

and PRINTS 

Total number of words in common blocks PRODUC, PRODCH, 

and PRINTP 

Total number of t.•ords in common blocks ACC and ACCINC 

Total number of '-'Ords in common block TOTALS 

Total number of t.·ords in common block EVERYl 

Number of possible materials flowing in and out of the 

system 

Total number of t.'t>rds in common block PROSUM 

Total number of t.'Ords in common block CYrHER 

Number of instructions to be trant:iferred to subroutines 

Total number of sections in each report 

NRF.P 

LIMIT 

LIHPRO 

LIMACC 

LIMTOT 

LlMEVR 

NPASS 

LIMSUM 

NOINST 

It should be noted that, if the dimensions of any of the 
arrays in the common blocks are changed, not only must 
these blocks be changed in any subroutines where they 
occur, but the arrays equivalenced with the common blocks 
must be changed to correspond, as also the variables 
specifying their limits where applicable. Thus, 
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Common Block ~ Limit 

ACC STNG 
LIMACC 

ACCINC CUNG 

PRlNTS PRTOUT 

STAT STATF: LIMIT 
CHANCF. DECINC 

TOTALS SUMS LlMTOT 

PRlNTP PRTP 

PRODUC PST AT LU{PRO 

PRODCII DECP 

OTHER OHORE 

PROSUH SUMPR LIMSlr.1 

F:VERYl EVERY2 LlMEVR 

Also, the variables FLOSEC, COMPIN, DETIN, DRIFTV, 
DRIFPO, DRIFTA, DRIFTM, PH, PNORC, DNORC, and 
WTEMP of the /METEOR/ common block are 
equivalenced with the array FLOCO with the limit being 
specified by NPASS. Since another part of the /METEOR/ 
common block is equivalenced in the subprogram 
EXTERN, care must be taken in adding variables or 
rearranging the present variables in this common block. 

Arrays that must match in their order and dimensions are 
1s follows (as read across): 

cv,x; C\IEGQQ ACVEG 

CORC CORGQQ A.CORG 

POP POPQQQ APOP 

CBIOH CBIOMQ ACBIOM 

AQUA AQUAQQ AA"(lUA 

CLIT Cl.ITQQ Act.IT 

CBACT CBACTQ ACBACT 

AQUAB AQUABQ AAQUAB 

IIDINR WDINRQ A WDINR 

WPUll"R WPINRQ AWPINR 

BDINR BDINRQ ABDINR 

BPINR BPINRQ A BPINR 

PCVEG CVEGP APVEG 

PCBIOM CBIOt-!P A PBIOM 

PCRACT CBACTP APBACT 

AGAIN ACAINQ 

H20 H20QQQ 

CGAIN CGAINQ 

OCAIN DGAINQ 

COKPIN XCOMPN 

DETIN XDETIN 

DRIF'IV XDRIFV 

DRIFPO XDRIFO 

DRIFTA XDRIFA 

DRIFTH XDRlf"M 

PNORG XPNORG 

DNORG XDNORG 
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SUBROUTINE REPORT 

At times when tabulated output has been requested, the 
values of all state variables may be printed together with 
their sums. The tabulated report may also include, on all 
occasions except the initial report, a listing of elements or 
compounds exchanged with the ecosystems surroundings, 
and of productivity for the major trophic levels. 

Since one may be interested in only certain aspects of the 

ecosystem, the user has the option of printing in tabular 
form only those areas of interest. For these options, refer to 
the calling program sections II.A.30 and II.F. 

There are no dimension limitations particular to this 
subroutine. A listing of this subroutine can be found in 
Appendix C. 

SUBROUTINE GRAF 

Graphical output is available on the line printer, in the 
form of either line or block graphs, in each case occupying a 
single printer page. Line graphs use continuous strings of the 
symbols A,B, ... H, to represent the time course through the 
simulation of up to eight different variables. All are plotted 
on the same scale, which is adjusted so that the extreme 
values attained can just fit into the page. In the block 
graphs, the time course of a single variable only is plotted. 
Each type of graph is provided with the appropriate title. 

The X-axis of the graph is always the time in days. The 
Y-axis is scaled so that all values graphed are within the 
range -10 < y < + 10, and an integral power of 10 is 

specified in the title as the scaling factor. If the values extend 
outside the limits ± 10' 0

, an error message results. If all 
values of Y are identical, a small range of Y values around 
this point is graphed. 

The graphs are printed after the final tabulated report. 
Refer to section VII. A .1 of the calling program for a listing 
of the variables for which graphs are permitted. 

There are no dimension limitations subject to change by 
the user. A listing of this subroutine can be found in 
Appendix D. 

SUBROUTINE EXTERN 

INTRODUCTION 

Subroutine EXTERN provides for the initial input of 
meteorological and other exogenous data and for the supply 
of values of these variables to the process subroutines 
requiring them. A listing of the subprogram can be found in 
Appendix E. 

INPUT ORGANIZATION 

The list of parameters needed (previously read as input, 
see section VI of the calling program) are included in the 
following list. Explanations can be found in the definitions 
list (Appendix A). 

APWIDE 

LIMEXO 

PHB 

PHIi 

TEMPS 

TEMPW 

TRBFAC 

TRBH20 

The input required when this subroutine is called occurs 
after all other inputs. Unless otherwise stated all cards are in 
(8Fl0.4) format, and the values in grams per cubic meter of 
water. For each of the cards having to do with organic 
constituents, the number of values should equal the number 

specified in II.A.15 of the calling program and in the order 
specified in IV .D of that same program. The cards or 
groups of cards required are as follows: 

I. Variables from the Atmosphere, Overland Flow, and 
for Water Withdrawal. 

I.A 
Organic detritus falling into the system from above. For 

each month of the year, a series of cards equal in number to 
the value at II.A.6 of the calling program is read in, 
providing for the quantity of each chemical constituent (in 
grams per square meter of surface area) contained in a 
particular detritus type. 

I.B 
Inorganic detritus falling into the system from above. For 

each month of the year a series of cards equal in number to 
the value at II.A.12 of the calling program is read in, 
providing for the quantity of each inorganic chemical 
constituent (in grams per square meter of surface area) 
contained in a particular detritus size class or category. 
Each card should have the same number of values as 
specified in II.A.4 of the calling program and in the order 
specified in IV .H of that program. 



I.C 
In format (1615), values for: 

l. Number of days for which precipitation is recorded. 
2. Number of days for which surface flow from adjoining 

land surfaces is recorded. 
3. Number of days on which water is withdrawn for 

irrigation or other purposes. 

I.D 
If the figure in I. C. l above is positive, the following block 

of cards is read: 

1. The dates (from the beginning of the starting year) of 
precipitation events are recorded, in 1615 format. 

2. The quantities of precipitation (in mm water) on the 
dates specified in I.D .1 above are read in. 

3. One card is read in which includes the dissolved organic 
elements in rain water. 

4. One card is read in which includes the dissolved 
inorganic elements in rain water. 

I.E 
If the figure in I.C.2 above is positive the following block 

of cards is read; 

l. In format (1615), the date (from the beginning of the 
starting year) of surface flow events. 

2. The quantities of water imported (in cubic meters) 
on the dates specified in I.E.l. 

3. For each date specified in I.E. l the following cards are 
read: 

I.F 

a. The amounts of dissolved organic material imported 
on each surface flow event. 

b. The amounts of dissolved inorganic material 
imported on each surface flow event. 

c. A series of cards (equal to the number in II.A.6 of 
of the calling program) with the amounts of the 
constituents of the different organic detritus types. 

d. A series of cards (equal to the number in II.A.12 of 
the calling program) with the amounts of the 
inorganic particulate elements of different types or 
size classes. 

If the figure of I.C.3 is positive, the following cards are 
read, 

1. The dates (from beginning of the starting year) on 
which water is withdrawn. 

2. The amounts (cubic meters) of water withdrawn on 
the dates specified in I.F.l above. 

I.G 
Two cards giving the monthly mean pan evaporation rate 

per day (in mm). 

I.H 
Two cards giving the monthly mean photoperiod per day 

(in hours). 
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I.I 
Two cards giving the monthly mean radiation intensity 

(kcal per meter square per hour). 

If II.A.13 of the calling program is equal to or greater than 
"2", materials in the water column entering the system as 
drift or suspended material arc read in from tape (logical 
unit number "9"). Information concerning the running of 
more than one section of stream can be found under 
Operation of the calling program and limitations under 
Array Dimensions below,. and the user should skip the 
following input concerning the materials from upstream. 
If the values at II.A.13 and II.A.16 are both 1, and mon 
than one block of data for either will be read in, the user is 
cautioned to read the section on Operation below. 

II. Materials from Upstream 

If the value at II.A.13 of the calling program is 1, the 
following cards are read: 

II.A 
Daily values for the stream discharge in cubic meters per 

second (366 values). 

11.B 
For each block of data on inflowing material the 

following cards are needed: 

1. A cart! i11 2015 format containing 
a. A number signifying the number of days for which a 

block of inflowing data will be used. 
b. A switch which indicates the use of a block of 

inflowing data: 
"l" no interpolation 
"2" interpolation with the next set of data 
"3" interpolation with the previous data set 
"4" interpolation with the previous data set as 

well as the next data set (see Operation 
below). 

2. The concentration of dissolved organic nutrients or 
elements. 

3. A card for each litter category specified in II.A.6 of the 
calling program specifying the elemental concentration 
of that category, 

4. For each plant species group a card is read in with 'their 
concentrations of chemical constituents. The total 
number of cards read should be the same as read in 
V.A of the calling program. 

5. For each animal group or cohort a card is read in with 
their populations and concentrations of chemical con
stituents. The number of cards should be the same as 
for the initial state variables for constituents read in at 
V.B of the calling program. Populations are punched 
in columns l to 10 and the constituents from 11 on. 

6. For each heterotrophic microorganism category (II.A.8 
of the calling program) a card is read in with their 
concentrations of chemical constituents. 

7. One card is read in with the water temperature 
(Celcius) and pH. 



8. For each inorganic particulate litter category (11.A.12 
of the calling program) a card is read in with the 
concentrations of matter for that category. The number 
of concentrations for each card should equal the 
number of specified in 11.A.4 of the calling program. 

9. One card is read with the concentrations of 
dissolved inorganic elements or compounds, the 
number corresponding to II.A.5 of the calling program. 

III .Materials from Tributaries 

III.A. 
If the value at.II.A.16 of the main calling program equals 

'T', the following cards are read for each block of data: 

1. A card in 15 format containing the number of days 
a block of data is to be used. 

2. The discharge in cubic meters per second. 
3. The concentrations of dissolved organic nutrients 

or elements. 
4. Litter material as specified in 11.B.3. 
5. Plant material as specified in II.B.4. 
6. Animal material as specified in 11.B.5. 
7. Heterotrophic microorganisms material as specified 

in 11.B.6. 
8. Inorganic litter as specified in II.B.8. 
9. Dissolved inorganic material as specified in II.B.9. 

If the value at II.A.16 of the main calling program equals 
"2", Lhe parnmelers TRBFAC and TRBH20 must l..>e set. 
Explanations can be found in the definitions list (Appendix 
A). 

OPERATION 

After input cards have been read in (including a set of 
materials from upstream and from tributaries if II.A.13 and 
II.A.16 of the calling program are "l") control returns to the 
main program. The subroutine is called again at the entry 
point EXOGE2 whenever a new day is simulated. If 
rainfall, surface flow, or water withdrawal occurs on that 
day, the appropriate values are transferred from storage to 
the METEOR common block. Similarly, appropriate 
monthly values for other meteorological variables are 
transferred. 

If more than one block of data for materials from 
upstream and from tributaries is available, care must be 
taken to sequence them properly through time, which may 
mean mixing of these blocks of data. Special care must be 
taken with materials from upstream, for initially two blocks 
of data are read if interpolation is to be used. 

Information concerning materials flowing into the system 
from upstream are usually not available on a daily basis, 
and monthly values seem to be more in line with most 
studies. To help alleviate the problems that may be caused 
by "surges" or "depletions" of material in inflowing water, 
the user has the option of having blocks of the data 
interpolated in a linear fashion according to: 
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where: 

Aquatic Model 

1 

6 

8 

9 

The quantity of the c'th organic dissolved 
constituent in the inflowing water 
(COMPIN(C)) 
The quantity of the c'th constituent of the 
d'th organic detritus type in the inflowing 
water [XDETIN(D,C)) 
The quantity of the c'th constituent of the 
g'th organ of the p'th plant in the inflowing 
water [XDRIFV(P,l,C)) 
The quantity of the c'th constituent of the 
h'th animal cohort in the inflowing water 
[XDRIFA(H,C)) 
The quantity of the c'th constituent of the 
m 'th type of heterotrophic microorganisms 
in the inflowing water [XDRIFM(M,C)) 
The population (in numbers per cubic meter 
of water) of the l'th animal cohort 
[XDRIFO(L)) 
pH of inflowing water [XPH] 
The quantity of the k'th inorganic dissolved 
constituent in the inflowing water 
[XDNORG(K)] 
The quantity of the n'th constituent of the 
t'th type of inorganic detritus in the 
inflowing water [XPNORG(T,N)) 

and z., IP, is a fraction of the number of days expired since a 
block of data has been used to the number of days it will be 
used and the temporary values (Z) are for the materials read 
in under 11.B above. Variables not defined are the second 
set needed for interpolation. 

Certain rules also govern the use of the switch for 
interpolation (II.B. 1. b above). 

l. If only one block of data will be read in for an entire 
simulation the switch (JFROM) must be "l". 

2. "l" cannot follow "2" or "4", or be in front of "3". 
3. "2" cannot follow "2", "3" or "4", or be in front of "l". 
4. "3" cannot follow "l" or "3", or be in front of "4". 
5. "4" cannot follow "l" or "3", or be in front of ''l'' or 

"2''. 



Values that are read in as monthly means are also 
interpolated. The subscript "b" will be used to signify 
months. 

y 82 

v42 
de 

v62 
tn 

v1s 

vn 

where: 

2s2 + [ <Z9/Z93 ) (Z82 - 2s2 ll 10 
b b b+J b 

7 + I <Z9/Z93 ) (Z - 242 ll 11 
-4 2bdc b 42b+J,dc bdc 
262 + [ (Z9/Z93 ) (Z - 262 ll 12 

btn b 62bn, tn btn 

z78t, 

z77 
b 

+ [ (Z9/Z93b) (Z 
78b+J 

- 21s ll 13 
b 

+ [ <Z9/Z93 ) (Z - Z77 l l 14 
b 77b+l b 

The current day of the month [NUMMON] 
The number of days in the current month 
[MONDA Y(B)] 
Pan evaporation in millimeters per day 
(EVAP] 
Pan evaporation for the b'th month in milli
meters per day (EVAPOR(B)] 
The amount of the c'th constituent for the 
d'th organic detritus type falling into the 
system from the atmosphere in grams per 
square meter per day [DADUST(D,C)] 
The amount of the n'th constituent for the t'th 
inorganic detritus type falling into the system 
from the atmosphere in grams per square 
meter per day [DUSTIP(T,N)) 
Daily radiation in kilocalories per square 
meter per day [DAYRAD] 
Daily photoperiod in hours [DAPHOT) 

The following table lists the symbols used in the previous 
equations, their FORTRAN equivalent, the number of the 
equations where the symbol is used and the units for that 
symbol. Many exogenous (V) variables have for units 
.. variable", for they are first used as grams per cubic: rneter 
of water flowing into the system from upstream and then as 
grams per ecosystem per day entering the system from all 
sources. The following abbreviations are used: 

cu 
g 
hr 

~ 

p 1 

VL 
pgc 

V llhc 

Vlll 

v21 
me 

V 31 
C 

V 41 
de 

V 42 
de 

V Slk 

V 61tn 

V 62 
tn 

cubic kcal 
gram or grams mm 
hour pop 

sq square 

Fortran Equivalent .Eguations where used 

DIPROM l to 9 

XDRIFV (P, G, C) 

XDRIFA(H,C) 

XDRIFO(L) 

XDRIFM(M,C) 

XC011PN(C) 

XDETIN(D,C) 

DADUST(D,C) 11 

XPNORG(K) 

JCT)NQRG(T ,N) 

OUSTIP(T ,N) 12 

kilocalories 
millimeter 
populations 

Units 

dimensionless 

variable 

variable 

variable 

variable 

variable 

variable 

g •sq m 
-1 -1 

•day 

variable 

var table 

g •sq m -1 ·day -1 
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Variable Fortran Eguivalent Equations where used Units 

v13 XPH 

vn DAPHOT 14 hr -1 
•day 

v1a DAYRAD 13 kcal ·sq m -l ·day -l 

Ya2 ~:VAP 10 mm ·day -1 

;pgc 
ZORIFV(P,G,C) g • cu m -l 

22 YDRIFV(P,G,C) • • cu m -l 
pgc 

-1 
211. ZDRIFA(H,C) • ·cu m 

nc 

2uz ZDRIFO(L) pop ·cu m -1 

Z12,w 
YORIFA(H,C) g ·cu m -1 

212 l YDRIFO(L) pop ·cu 0, 
-1 

2
21 21lRH11(H,C) g ·cu rn -1 

m~ 

2,, YDRIF~(M,C) 
me- • cu m -

1 

231e ZCOMP~(C) ·cu m -l 

212 YCO~IPN(C) •cu m -1 
g 

C 

z4l,Jc 
ZDF:TIN(O ,C) • cu m -1 

2
42, YDETJN(O,C) g ·cu m 

-1 
,.c 

zt.2!,+!,dc 
DUST(B+l ,O,C) 11 g sq m -l ·day -l 

24 2 OUST(B,ll,C) 11 g • sq m -l "day -l 
bric.• 

Zs,, ZPNORC(K) g ·cu m 
-1 

ZS2k YPNORC (K) g 'cv m 
-1 

z61tn 
ZDNORG (T, N) g "cu 1'll -l 

2
62 llUSTPC(B+l,'f,N) 12 g "sq Ill -l·day-1 

b+l, tn 
-1 "day -1 2

62 DIISTPI(B,T,N) 12 g •SQ ID 
Im, 

z&2t,1 
YDNORG(T,N) g •cu m -1 

273 ZPH 

271, YPH 

znb+1 
PHOTOP{B) 14 hr day-l 

hr day-l 

z77b PHOTOP(s+l) 14 

z78b+1 
RADIA(B) 13 kcal •sq m -l.day-l 

-1 -L 
2,s IW)JA(JH~~ 13 kcal ,sq "II .day 

282/;;l 
EVAPOR(B+l) 10 m.m. •day -1 

282b EVAPOR(B) 10 o. m. ·day -1 

2
91 DIFROM 1 to 9 dimension less 

2
92 NUM!-ION 10, 11, 12, 13, 14 day 

293b 
MONDAY(B) 10, 11, 12, 13, 14 day•month-l 

ARRAY DIMENSIONS 

Limitations imposed by dimensions for arrays used in the 
EXTERN subroutine, but not in the main program, are as 
follows: 

DUST (12,g,f) RUNON (b) YPNORG (S,1) 

DUSTPI (12,h,c) RUNORG (b,g,f) YDNORG (j) 

ERODED (b) RUNPJN (b,h,.i) ZCOXPN (f) 

EXO (s) WATIRR {e) ZDETIN (g,f) 

FLOPAS (n) YCOMPN (f) ZDRIFV (1,d,f) 

MIRRfG (e) YDETIN (g,f) ZDRTFO (k) 

~IRAIN (a) YDRIFV (l,d,f) ZDRIFA (k,f) 

MRUNON (b) YDRHO (k) ZDRIFM (m,f) 

RAIN (a) YDRIFA (k, f) ZPNORC (h, i) 

RUNDPl (b,j) YlJIUFM (m,f) ZONORG (J) 

RUNMIN (b, f) 



The dimensions indicated by letters define the maximum 
values possible for the following quantities: 

Number of days of precipitation to be read 

b. Number of days • .. dth surface flow to be read 

c. Total number of •.:ords in COMHON/l'{ETEOR/ that must be 
reinitialized at the start of each day 

d. Number of plant or~an types 

e. Number of days on which water is withdra',lt\ to be read 

f. Total number of organic constituents tn1cked 

g. Number of organic detritus categories 

h. Number of inorp.anic detritus categories 

i. Number of particulate inorganic constituents tracked 

j. Number of dissolved inorganic constituents tracked 

k. Total number of animal cohorts 

1. Number of plant spedes or groups 

Number of types of hcterotrophic microorganisms 

Number of p0ssible materials "flowin~" in.and out of 
the system 

FORTRAN NAHE 

NllAlN 

NRUNON 

I.IMEXO 

NORCAN 

NIRRIG 

NFRELH 

NOL IT 

ISTRTI1 

INORGP 

INORGD 

t.COHOR 

NSPF.CV 

HICROB 

NPASS 

Care must be taken if array dimensions in the COMMON 
block/METEOR/ are changed. Variables WIRRIG, 
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RUNSOL, RUNDEB, DARAIN, DAYRUN, RUNPNR and 
RUNDNR are equivalenced with EXO and their number 
should equal the value of LIMEXO. Variables FLOWIN, 
XCOMPN, XDETIN, XDRlFV, XDRIFO, XDRIFA, 
XDRIFM, XPH, XPNORG, XDNORG. and XWTEMP are 
equivalent with FLOPAS and their number should equal 
the value of NPASS. Since another part of the /METEOR/ 
common block is equivalenced in the calling program, care 
must be taken in adding variables or rearranging the present 
variables in this common block. 

Arrays that must match in their order and dimensions are 
as follows: 

COKPIN XCOHPN YCOHPN ZCOMPN 

OF.TIN XDETIN 'fllETIN ZDETIN 

DNORG XDNORC YD NORG ZONORC 

DRIFT/\ XDRIFA YOR IFA ZDRIFZ 

ORTFTH XDRH11 YDR(FM ZDRIFM 

DRIFPO XDRlFO YDRIFO ZORIFO 

DRIFTV XDRIFV 'fDRIFV ZORIF'V 

PNORG XPNORG YPNORG ZPNORG 
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SUBROUTINES PHYSIC, VARIED AND DYX 

Subprograms PHYSIC, VARIED, and DYX are being 
developed in cooperation with the Central Utah Project, 
under Bureau of Sport Fisheries and Wildlife Grant # 
YNE-074-0. Descriptions and explanations of expanded 
versions of these subprograms are given by Jeppson (1974). 
Because these subprograms are an integral part of the 
general stream model, the user should be aware of their use 
and implementation. 

Subroutine PHYSIC is called by the MAIN program 
immediately after calling subroutine EXTERN, which 
passes on the average amount of water entering the 
ecosystem in cubic meters per second. With this and other 
informations received through the NAME LIST, this 
subroutine, along with the subprograms VARIED and DYX 
which it calls, calculates and passes to the biological process 
wbroutines the following information: 

a. the average depth of water of the ecosystem [DEPTH] 
b. the average amount of water in the ecosystem 

[WATSYS] 
c. the average water velocity [VELOCT] 
d. the surface area of the ecosystem [AREA] 
e. the wetted perimeter of the ecosystem [PERIM] 
f. the average width of the ecosystem [WIDTH] 

Since information concerning the physical characteristics of 
the ecosystem are controlled by factors upstream and 
generally also downstream from the ecosystem, a longer 
reach of stream is "looked at" by these subprograms, and the 
ecosystem then becomes a subset of these waters. For this 
reason, care must be taken not to confuse the section of 
stream being modeled biologically (calling program 11.A.13 
[NSTRCH]) with the sections of stream used in the physical 
subprograms. Also, the input data for these subprograms do 

2 3 4 5 6 7 

not have to match the boundaries for sections. To better 
explain this, the following example is given. Please refer to 
Figure P l. 

On a particular study, stream characteristics were 
measured starting from some arbitrary point A and moving 
downstream to point L. Starting 10 meters downstream 
from point A is a homogeneous stretch of stream lasting for 
20 meters which we decide to model. It is known that the 
water in this stretch of stream may be controlled by factors 
from point A to point L. We arbitrarily pick a size for 
stream sections, keeping them about the same distance as 
used for measuring stream characteristics. Five meters is 
selected for this example. For this simulation, the following 
subset of switches and parameters is used. 

NSl • 12 (water in the stretch of interest is controlled by 
12 points, A through L) 

NSO .. 13 

NSECB • 3 

NSECE • 7 

XBU:: .., 0 

XI( I) • 0 

Xl((•) .. 11., 

XI(]} • 34 

Xl(IO) • 49 

(points of prediction, 1 through 13) 

Xl(2) • 4 

Xl(S) • 18 

XI(8) • 38 

XI(ll) • 54 

XI()) • II 

Xl(6) • 26 

Xl(9) • 46 

XI(l2) • 59 

If a second ecosystem (NSTRCH = 2) is to be simulated 
for the next 15 meters downstream, the parameter set used 
above would still be valid except for NSECB and NSECE, 
which would become 7 and 10, respectively. 

The values passed to the biological subroutines are the 
averages of the values between and including sections 
NSECB to NSECE. 

K 

5 5 

I 
8 9 10 11 12 13 

'------y ______ A____ _ __ J 
V 

ECOSYSTEM FOR NSTRCH = 1 ECOSYSTEM FOR NSTRCH = 2 

Figure Pl. Relationship between stretch of stream being modeled biologically [NSTRCH], input data for stream character
istics (letters), and points of stream characteristic prediction (bottom row of numbers). The top row of numbers refer to the 
dis la nee between input data sets. 



ARRAY DIMENSIONS 

The use of the program is limited by the dimensions 
allotted to the arrays, and these limitations need discussion 
so that the user may be in a position to modify them as his 
particular requirements indicate. Below is a list of arrays 
peculiar to the subroutines PHYSIC, VARIED and DYX, in 
which the dimensions which may appropriately be varied 
are indicated by letters. Dimension limitation of other 
arrays used in these subprograms can be found in the main 
program. 

AA(n) SI(b) 
Rl(b) S7(a) 
B7(a} TOP(a) 
FM(n) V7(a) 
FHl(b) Xl(b) 
FN(a) X7(a) 
FNT(b) YN(a) 
PP(a) Y7(a) 
Q7(a) 

The dimensions indicated by letters define the maximum 
quantities possible for the following quantities: 
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Fortran 
equivalent 

a. the number of points of prediction of stream 
characteristics NSO 

b. the number of input data sets for stream 
characteristics NSI 

p ARA METERS AND SWITCHES 

A list of all the parameters and switches for the 
subroutines PHYSIC, VARIED and DYX follows. 
Explanations can be found in the definitions list, Appendix 
A. Letters used for dimensions are explained above under 
Array Dimensions. 

BI(b) NSI 
FLODIF NSO 
FHl(b) Q7(a) 
FNl(b) Sl(b) 
INFLW XBEC 
NSF.CH XI(b) 
NSECE XINC 

YSTART 

A listing of these subroutines can be found in Appendix F. 
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SUBROUTINE MEDIUM 

INTRODUCTION 

One of the purposes of the aquatic model is to track 
separately water and allochthonous material entering the 
ecosystem from different sources, as well as leaving through 
different pathways. All bookkeeping for values representing 
materials entering the ecosystem is handled by the 
subroutine MEDIUM, and it is here that concentrations of 
constituents of any dissolved or suspended material are 
calculated to flow through the system. Coagulation of 
dissolved materials, scouring or deposition of organic and 
inorganic detritus, and transport of dissolved materials 
between the interstitial water and water column are also 
handled. A listing of the MEDIUM subprogram can be 
found in Appendix H. 

VERBAL DESCRIPTION 

It is assumed that all incoming material, be it water, 
organic or inorganic constituents, enter the ecosystem at the 
head of the stretch being modeled, and that uniform mixing 
takes place so that concentrations of dissolved and suspended 
materials through the system remain constant over the time 
unit of simulation. 

Water in the system is incremented from upstream flow, 
from tributary flow, and from precipitation and overland 
flow. Decrements occur as water flows downstream, is 
withdrawn for irrigation, or is evaporated. All of these 
figures are input data except for water flowing downstream, 
which is calculated taking into account the above factors as 
well as the average amount of water in the system for the 
present as well as previous time periods. Water contains 
dissolved constituents, and these are tracked as they enter 
the system through the same four sources as water. All 
particulate detritus categories, both organic and inorganic, 
are accounted for as they enter the system from upstream, 
tributaries and overland flow as well as falling into the 
system from the atmosphere. Live material, or those 
constituents which make up the plants, animals and 
heterotrophic microorganisms can enter the system from 
upstream or tributary flow. 

Coagulation of dissolved organic carbon and its associated 
energy in the water column takes place at a constant rate, 
with the products incrementing the finest organic detrital 
category specified. 

Organic and inorganic detritus may be scoured or 
deposited, with this occurring as a function of water 
velocity. Graphical representation for scouring is presented 
in Figure Ml, and for deposition in Figure M2. 

Dissolved constituents pass between the water column 
and the interstitial water, this occurring as a function of the 
number of times the water in the column has been 
exchanged in a time period and as a measure of the thickness 

of the benthos and the constituent concentration difference 
between the two areas (Fig. M3). 
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Figure M 1. Scouring of detritus as a function 
of \\' a ll•r ,·el oci ty. 

o'------------------WATER VELOCITY 

Figure M2. Suspended detritus deposition as a 
function of waler velocity. 
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Figure M3. Exchanges of dissolved con
stituents between the sediments and water 
column. 



MATHEMATICAL DESCRIPTION 

The equations described here follow the order in the 
program itself, except where a particular "thought train" or 
process is being developed. The equations are numbered on 
the right side of the page, while the numbers in brackets 
preceded by an "ME" refer to the actual FORTRAN 
program equation in Appendix H. The names in brackets for 
the variable explanations are their FORTRAN equivalents. 
At the end of the Mathematical Description is a table listing 
the symbols, their FORTRAN equivalent, all equations 
where that symbol is used as well as the units for that 
variable. The classification as to types of symbols used for 
variables is explained in the MAIN Introduction. 

Water Balance 

The amount of water in cubic meters flowing out of the 
system is calculated as: 

y80 = max(O., zl - z2 + z3 + V79 - y86 + z4 - X75 + ZS) 

[ME0375) 

where: 

1 

Y 80 = The amount of water flowing out of the 
system [FLOUT] 

Z
1 

= Vs3 86400 [FLOWS] and 
V83 = Flow from upstream in cubic meters 
per second [FLOWIN] 

y86 = 

z = 
5 

Y8,/1000Xs, [EVAPO] and 
Y 8, = Evaporation per day in millimeters 
per day [EV AP] 
X81 = Surface area of ecosystem [AREA] 
V8,/lO00X., [PRECIP] and 
V •• = Amount of rainfall in millimeters per 
day [DARAIN] 
The amount of overland flow for the current 
time unit in cubic meters [DA YRUN] 
The amount of water withdrawal for the 
current day (in cubic meters) [WIRRIG] 
The amount of water in the system on the 
previous day [W ATDA Y] 
The amount of water in the system 
[WATSYS] 
V •• 86400 [FLOWTR] and 
V 8, = the amount of water added to the 
system from the tributaries in cubic meters 
per second [TRFLOW] 

The total amount of water in and passing through the 
system in a time unit becomes: 

where: 

[ME0390) 

The total amount of water in and passing 
th rough the system [WA TTOT] 
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V 83 86400 [FLOWS] and V 83 = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
The amount of overland flow for the current 
time unit in cubic meters [DAYRUN] 
V8s/1000 X81 [PRECIP] and V85 = Amount 
of rainfall in millimeters per day [DARAIN] 
Y.,II000 X81 [EVAPO] and Y., = Evapora
tion per day in millimeters per day (EVAP] 
X81 = Surface area of ecosystem [AREA] 
The amount of water h the system on the 
previous day [WATDAY] 
v., 86400 [FLOWTR] and V8 , = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 
The amount of water in the system 
[WATSYS] 

Exchanges with the surroundings are tracked according 
to: 

where: 

e'1·16 ~ z3 [ME0395) 3 
. 1 

i16 = -Z2 [ME0400) 4 

E.'x76.: = v,9 [ME0405) 5 

E.'X76
4 

= -Y86 [~!E0410] 6 

tj76 = zl [ME0415) 
5 

EX76
8 

= -Yao [~!E0420) 8 

x = z5 prno42s l 9 
E.' 7611 

v.,11000 Xs, [PRECIP] and V,. = Amount 
of rainfall in millimeters per day [DAYRUN] 
Ys,/1000 X8, [EVAPO] and Y,, = Evapo
ration per day in millimeters per day 
(EVAP] 
Xs, = Surface area of ecosystem [AREA] 
The amount of overland flow for the current 
time unit in cubic meters [DA YRUN] 
The amount of water withdrawal for the 
current day (in cubic meters) [WIRRIG] 
V 83 86400 [FLOWS] and Vs, = Flows from 
upstream in cubic meters per second 
[FLOWIN] 
The amount of water flowing out of the 
system [FLOUT] 
V., 86400 [FLOWTR] and v., = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 

Thus, the water level is allowed to fluctuate, but only 
down to a level which would allow a pool to exist if all water 
incrementation went to zero. If bottom geometry is such 
that a pool would not exist the program is stopped when 
water incrementation goes to zero. 



Most of the state variables can be gained to the system by 
the same pathways as water. It is assumed that all incre
ments occur evenly over a time unit, that they are added to 
the head of the stretch being modeled, and that immediate· 
mixing takes place. Thus, the inflowing water for a time 
unit contains the same constituents as to types and amounts. 

Incoming Dissolved and Particulate Organic Constituents 

For each of the incoming dissolved organic constituents: 

where: 

z 

z 

z 

z 

z 

7 
1, b 

= 23 v32 
e 

[ME0525] 10 

v79 v34 [ME0530] 11 
7 J, b e 

21 v31 [ME0535] 12 
7 

5,b e 

7
11, b 

Zs v37 
e 

[ME0540] 13 

x31 [ME0545] 14 
713, b e 

The amount of the c'th organic constituent 
dissolved in incoming rain in grams per 
cubic meter [RAINCO(C)] 

v34 = 
e 

The amount of the c'th dissolved organic 
constituent in water from overland flow in 
grams per cubic meter [RUNSOL(C)] 

vn = 
e 

The amount of the c'th organic constituent 
dissolved in water from upstream in grams 
per cubic meter (XCOMPN(C)] 
The amount of the c'th organic constituent, 
dissolved in incoming water from tributaries 
in grams per cubic meter [TCOMPN(C)] 
The amount of the c'th organic constituent 
dissolved in the water in the ecosystem 
(AQUA(C)] 
One plus the number of litter categories 
Vs,/ 1000 x., [PRECIP] and V •• = Amount 
of rainfall in millimeters per day [DARAIN] 
The amount of overland flow for the current 
time unit in cubic meters [DAYRUN] 
Vs3 86400 [FLOWS] and Vs, =Flow from 
upstream in cubic meters per second 
[FLOWIN] 
Vs, 86400 [FLOWTR] and Vs, = The 
amount of water added to the system from 
the tributaries ir. cubic meters per_ second 
[TRFLOW] 

Totals, averages and amounts of dissolved organic ma~ter 
incoming, outgoing and in the ecosystem for the new time 
unit are calculated for each particular constituent. 

13 
Zs • L 21 

[ME0590] 15 
r=1 r,b 

z9 • Z8/Z6 [MEOS95] 16 

y31 
e 

• Z9(Z6 -X75) [ME0600) 17 

v31 • Zs - X31 [ME0605] 18 
e e 

~l e 
• x75z9 [ME0660] 19 
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Zs Total amount of an organic solute in the 
system during a day for the constituent in 
question [TOTSOL] 
A means of tracking the constituent in 
question [A, (R,NOLITI)] 
The average amount of an organic solute in 
the system in grams per cubic meter of 
water [SOLA VE] 
Total amount of water in the system during 
any part of a day (WATTOT] 

\ 5 The amount of water in the system 
[WATSYS] 
The amount of the c'th organic constituent 
dissolved in the water in the ecosystem 
[AQUA(C)] 
The total amount of the c'th organic solute 
entering the system in a time unit 
(XCOMPN(C)] 
Total amount of the c'th organic solute 
leaving the system in a time unit 
[COMPIN(C)) 

For each constituent of incoming particulate organic 
matter, 

where: 

z = v42 xs1 [ME0551,] 20 
101,b de 

z = v19 v44 lOJ,b de 
[HF0560) 21 

z = 21 v41 105,b de 
[ME0565] 22 

Z = Z V 
1011,b 5 47de 

[ME0570) 23 

Z = X 
101 J,b 4lde 

[ME0575] 24 

v41 = 
de 

The amount in grams of particulate organic 
material per square meter entering the 
system from above (DADUST(D,C)] 
Surface area of the ecosystem (AREA] 
The amount of particulate organic matter 
in grams per cubic meter entering the 
system in overland flow [RUNDEB(D,C)] 
The amount of particulate organic matter in 
grams per cubic meter entering the eco
system from upstream in a time unit 
(XDETIN(D,C)) 
The amount of particulate organic matter 
in grams per cubic meter entering the 
ecosystem from tributaries in a time unit 
[TDETIN(D,C)] 
The amount of particulate organic matter in 
the ecosystem (CLIT(D,C)] 
The amount of overland flow for the current 
time unit in cubic meters [DA YRUN) 
V83 86400 [FLOWS) and Vs, = Flow from 
upstream in cubic meters per second 
[TRFLOW] 
Vs, 86400 [FLOWTR) and v., = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 



Totals, averages and amounts of suspended particulate 
organic matter incoming, outgoing and in the ecosystem 
for the new time unit are calculated for each particular 
constituent. 

where: 

2 = 
10,.a 

y41 = 
da 

[ME0620) 25 

[~IE0630) 26 

[ME0635) 27 

[ME0640) 28 

[ME0655) 29 

The total amount of the d'th suspended 
particulate organic matter category for the 
constituent in question that is in the system 
during the day [TOTLIT(D)] 
Amount of thed'th detritus category entering 
through the r'th route of exchange [A(R,D)] 
The average amount of the d'th detritus 
category in grams per cubic meter for the 
con-stituent in question (AVELIT(D)] 
The total amount of the c'th organic consti
tuent of the d'th litter category leaving the 
system in a time period [DETIN(D,C)] 
Total amount of the c'th constituent of the 
d'th litter category entering the system in a 
time period [XDETIN(D,C)] 
Amount of the c'th constituent of the d'th 
litter category in the system [CLIT(D,C)] 
The total amount of water in and passing 
through the system (W ATTOT] 
The amount of water in the ecosystem 
[WATSYS] 

The gains of organic constituents to the ecosystem are 
tracked. 

where: 

001,. = ,a 

N0LITl = 

For each 

zu 
1 

zu 
3 

2i 35 

N0LITl 

I 2 
b=l 7,.b 

30 

The change of the c'th organic constituent 
by the r'th channel (AGAI~Q(R,C)] 
A means of tracking the constituent in ques
tion (A,(R,NOLITI)] 
One plus the number of litter categories. 

incoming dissolved inorganic constituent: 

= z3 vs2 [ME0720) 31 
k 

= v19 vs4 
k 

[ME0725] 32 

= 21 V 
5lk 

[ME0730) 33 

z13 = z
5 V 57 [ME0735] 34 

11 k 
Z = X 

1313 51k 
[ME0740) 35 

25 

where: 

vs4 
k 

vs1 
k 

V 5 7 
k 

Aquatic Model 

The amount of the k'th dissolved inorganic 
constituent in rain in grams per cubic meter 
(RAINDI(K)] 
The amount of the k'th dissolved inorganic 
constituent in overland flow in grams per 
cubic meter [RUNDNR(K)] 
The amount of the k'th dissolved inorganic 
constituent entering the system from 
upstream in grams per cubic meter 
[XDNORG(K)] 
The amount of the k'th dissolved inorganic 
constituent entering the system from trib
utaries in grams per cubic meter 
[TDNORG(K)] 
The total amount of the k'th dissolved in
organic constituent in the system 
(WDINR(K)] 
V 85 / 1000 x .. [PRECIP] and V ss = Amount 
of rainfall in millimeters per day [DARAIN] 
The amount of overland flow for the 
current lime unit in cubic meters 
[DAYRUN) 
V 83 86400 [FLOWS) and V., = Flow from 
upstream in cubic meters per second 
[FLOWIN) 
V8 , 86400 [FLOWTR) and V,. = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 

Incoming Dissolved Inorganic Constituents 

Totals, averages and amounts of dissolved inorganic 
matter incoming, outgoing, and in the ecosystem for the 
new time unit are calculated for each constituent. 

where: 

13 
214 ~ I 213 [ME0750) 36 

1'=1 l" 

2
1s 2

14126 [ME0755) 37 

\1 215 <26 - X75l [ME0760) 38 
k 

V = 
5lk 

214 - \1 [ME0765) 39 
k 

\1 = 
k 

x1 s 21s [ME0770) 40 

y51 = 
k 

vs1 = 
k 

Total amount of a dissolved inorganic 
constituent in the system during the day 
[TOTNRD) 
The average amount of a dissolved inorganic 
constituent in the system for a time unit 
[AVENRD] 
The amount of the k'th dissolved inorganic 
constituent leaving the system in a time unit 
(DNORG(K)] 
Total amount of the k'th dissolved 
inorganic constituent entering the system in 
a time unit [XDNORG(K)] 



The amount of the k'th dissolved inorganic 
constituent in the system [WDINR(K)] 
The gain of the dissolved constituent in 
question by the r'th route of exchange 
[AINRD(R)] 
Total amount of water in and passing 
through the system [W ATTOT] 
The amount of water in the ecosystem 
[WATSYS] 

The gains of dissolved constituents to the ecosystem are 
tracked. 

[ME0780] 41 

where: 

x = The change of the k'th inorganic dissolved 
E''03,,k 

constituent by the r'th channel 
[DGAINQ(R,K)] 

z
13 

= The gain of the dissolved constituent in 
" question by the r'th route of exchange 

[AINRD(R)] 

Incoming Particulate Inorganic Constituents 

For each inorganic constituent of a particulate category: 

where: 

z xa1 v62 [ME0845] 42 161t t,n 
z 

lfi 0 t v79 v64 [ME0850] 43 
t, n 

z ' 
zl v61 [ME0855] 44 l65t 

z 

z 

t,n 

Zs v67 [ME0860] 45 l611t t,n 

16z3t 
x61 

t,n 
[ME0865] 46 

The amount of the n'th inorganic constituent 
of the t'th detritus type entering the system 
from above in grams per square meter 
[DUSTIP(T,N)] 
The amount of the n'th inorganic constituent 
of the t'th detritus type entering the system 
through overland flow in grams per cubic 
meter of water [RUNPNR(T,N)] 
The amount of the n'th inorganic constituent 
of the t'th detritus type entering the system 
from upstream in grams per cubic meter 
[XPNORG(T ,N)] 
The amount of the n'th inorganic constituent 
of the t'th detritus type entering the system 
from tributaries in grams per cubic meter 
(TPNORG(T ,N)] 
The amount of then 'th inorganic constituent 
of the t'th detritus type in the system 
[WPINR(T ,N)] 
V 8 , 86400 [FLOWTR] and Va. = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW 
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Surface area of the ecosystem [AREA] 
The amount of overland flow for the 
current time unit in cubic meters [DAYRUN] 
Vs, 86400 [FLOWS] and V ., = Flow from 
upstream in cubic meters per second 
[FLOWIN] 

Totals, averages and amounts of suspended particulate 
inorganic matter incoming, outgoing and in the ecosystem 
for the new time unit are calculated for each particular 
constituent. 

where: 

13 
217 I 2

16 
[ME0885 l 47 

n 1'=1 l't 
2

18 = z17,;z6 [ME0890] 48 
n 

y 61 = 218 (Z6 - X75l [ME0895] 49 
tn n 

v61 = 217 - x61 [ME0900] 50 
tn n tn 

x61 = x7s 21s [ME0915] 51 
tn n 

The amount of the n'th suspended 
particulate inorganic matter category for the 
constituent in question that is in the system 
during the day [TOTNRP(N)] 
The amount of the t'th inorganic detritus 
category entering the system through the r'th 
route of exchange [ AINRP(R, T)] 
The average amount of the n'th inorganic 
detritus category in grams per cubic meter 
for the constituent in question [AVENRP(N)] 
The total amount of the n'th inorganic 
constituent of the t'th detritus type leaving 
the system in a time period [PNORG(T,N)] 
Total amount of the n'th inorganic 
constituent of the t'th detritus type entering 
the system in a time unit [XPNORG(T,N)] 
The amount of the n'th inorganic consti
tuent of the t'th litter category in the system 
[WPINR(T,N)] 
The amount of water in the ecosystem 
[WATSYS] 

z
6 

The total amount of water in and passing 
through the system in a day [W ATTOT] 

The gains of a particulate constituent to the ecosystem are 
tracked. 

where: 

ISTRTM = 

ISTRTM 

[ME0930] 52 

The change of the n'th inorganic particulate 
constituent by the r'th channel 
[CGAINQ(R,N)] 
The amount of the t'th inorganic detritus 
category entering the system through the 
r'th route of exchange [AINRP(R,T)] 
Number of inorganic detritus categories. 
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Incoming Animals For the zooplankton (populations): 

The animals coming into the system are handled in one of 
two ways. The zooplankton are handled in the same manner 
as incoming detritus, but since the normally non-planktonic 
animals that may be drifting are not considered as state 
variables, they must be treated differently. 

For the planktonic-like animals (biomass): 

where: 

[ME097 S] 53 

[ME0980] 54 

[ME0985] 55 

[ME0990] 56 

[ME0995] 57 

[MEl000] 58 

[ME1005] 59 

Z1 V s3 86400 [FLOWS) and V 83 = Flow from 
upstream in cubic meters per second 
[FLOWIN] 

Zs V •• 86400 [FLOWTR] and V •• = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
fTRFLOWl 

z
6 

Total amount of water in and passing 
through the ecosystem (W ATTOT) 

x75 The amount of water in the ecosystem 
(WATSYS) 

Ffo15a= 

l-0111=: 

The change in the c'th constituent due to 
flow in from upstream [AGAINQ(5,C)] 
The change in the c'th constituent due to 
flow in from tributaries (AGAINQ(ll,C)] 
Total amount of animals for the constituent 
being considered that enter the system in a 
day [ANTOT) 

Vll = 
ha 

yll = 
ha 

The amount of the c'th constituent of the 
h'th animal group entering the system in a 
time unit. In equation 55 this is in grams per 
cubic meter from upstream, and in equation 
58 this is total grams from all sources 
The amount of the c'th constituent of the 
h'th animal group in the ecosystem 
[CBIOM(H,C)] 
The amount of the,c'th constituent of the 
h'th animal group entering the system from 
tributaries in grams per cubic meter 
[TDRIFA(H,C)] 
The average amount of the animal constit
uent in question entering the system in 
grams per cubic meter [ANAVE) 
Total amount of the c'th constituent of the 
h'th animal group leaving the system in a 
time period [DRIFTA(H,C)] 

221 = 21 v11 + x11 + 2s v11 
l l l 

[MEl0l~J bU 

½2 = 221126 [ME1020] 61 

yllz = 222<26 - x7S) [ME102S] 62 

V = Z - X 
llz 21 llz 

x11 z = z22 x1s 

where: 

[ME1030] 63 

[ME103S] 64 

V., 86400 [FLOWS] and V s3 = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
v., 86400 [FLOWTR] and v., = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 
Total amount of water in and passing 
through the ecosystem (W ATTOT] 
The amount of water in the ecosystem 
(WATSYS] 
Total population of animals in the system 
during a time period [POPTOT] 
In equation 60 the population in numbers 
per cubic meter of the /'th group entering 
the system from upstream, and in equation 
63 it is the total population entering from 
all sources [XDRIFO(L)] 
The population of the l'th animal group in 
the system (POP(L)) 
The population of the l'th animal group 
entering the system from tributaries 
[TDRIFO(L)] 
The average population in grams per cubic 
meter for the animal group being considered 
[POPA VE] 
The total population of animals of the l'th 
group leaving the system in a time unit 
[DRIFPO(L)] 

For the non-planktonic animals (biomass); 

where: 

yll = vll zl + Zs vl7 
ha ha ha 

[MEl0S0] 65 

Exo1 = v11 21 [MEJ0SS] 66 
Sa ha 

; - Z V 
0111a- 5 17ha 

[ME1060] 67 

vn = vn zl + Zs V 17 [ME1065] 68 
ha ha ha 

\ 

V In equation 65 and 66 the amount of the 
117,c 

c'th constituent of the h'th animal group in 
grams per cubic meter entering the system 
from upstream, and in equation 68 the total 
amount entering the system in a time period 
[XDRIFA(H,C)) 

y 
11 

= Total amount of the c'th constituent of the 
he h'th animal group leaving the system in a 

time period [DRIFTA(H,C)] 



X 
E 01 

Sc 

V 17 
he 

V 83 86400 [FLOWS] and V 83 = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
V,. 86400 [FLOWTR] and V8, = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
(TRFLOW] 
The change in the c'th constituent due to 
flow in from tributaries (ACAINQ(ll,C)] 
The change in the c'th constituent due to 
flow in from upstream (ACAINQ(5,C)] 
The amount of the c'th constituent of the 
h'th animal group entering the system 
from tributaries in grams per cubic meter 
[TDRIFA(H,C)] 

For the non-planktonic animals (populations): 

where: 

[ME1075) 69 

(ME1080] 70 

The population of the l'th animal group 
entering the system from upstream (grams 
per cubic meter) in equation 69 and the 
total population entering the system in 
equation 70 
V 83 86400 [FLOWS] and V 83 - Flow from 
upstream in cubic meters per second 
[FLOWIN] 
The population of the z'th animal group 
entering the system from tributaries 
(TDRIFO(L)] 

z = 5 V8, 86400 [FLOWTR] and V8, = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 

Incoming Vegetation 

Vegetation coming into the system is handled like the 
animals. 

For phytoplankton: 

z23 = z1 v1 + x1 + zs v7 (ME1125) 71 
plc pla plc 

z24 = Z2/Z6 [ME1130] 72 

r!o15c = z1 v1 (ME1135] 73 
plc 

x = Zs v7 (ME1140) 74 
E Oll lc plc 

yl = z24(Z6 - X75l (ME1145] 75 
pJc 

Vl = z23 - x1 [HE1150] 76 
plc plc 

Xl = z24 x1s (ME1155] 77 
pla 

where: 

28 

V 
lpJc 

where: 

The total amount of the constituent being 
considered for the plant group under 
question entering the system (VCTOT] 
V8, 86400 [FLOWS] and V83 = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
V8, 86400 [FLOWTR] and V8, = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 

In equation 71 the amount of the c'th consti
tuent of the p'th plant group in grams per 
cubic meter entering the system from 
upstream, and in equation 76 the total 
amount entering the system 
[XDRIFV(P, l,C)] 
The amount of the c'th constituent of the 
p'th plant group in the ecosystem 
(CVEC(P,1,C)] 
The amount of the c'th constituent of the 
p'th plant group entering the system from 
tributaries in grams per cubic meter 
[TDRIFV(P,l,C)] 
Total amount of the c'th constituent of the 
p'th plant leaving the system 
[DRIFTV(P, lC)] 
The amount of water in the ecosystem 
(WATSYS] 
The total amount of water in and passing 
through the ecosystem [WATTOT] 

(ME1050] 78 

(ME1055) 79 

(ME1060] 80 

(ME1065] 81 

Total amount of the c'th constituent of the 
p'th plant leaving the system 
[DRIFTV(P,lC)] • 
V s3 86400 (FLOWS] and V ., = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
V8, 86400 [FLOWTR]and V 84 = The amount 
of water added to the system from the 
tributaries in cubic meters per second 
[TRFLOW] 
The amount of the c'th constituent of the 
p'th plant group entering the system from 
tributaries in grams per cubic meter 
[TDRIFV(P,l,C)] 
In equation 78 the amount of the c'th consti
tuent of the p'th plant group entering the 
system from upstream in grams per cubic 
meter and in equation 81 the total amount 
entering the ecosystem [XDRIFV(P,l,C] 



Incoming Microorganisms 

Heterotrophic microorganisms coming into the system are 
handled like the animals. 

For planktonic microorganisms: 

22s 

2
26 

tjOl 
Sc 

?01lfo 

y21 
me 

1/21 
me 

x21 
me 

where: 

= 21 1/21 + x21 + 2s V [ME1240] 82 
me ""' 

27mc 

= 22s126 [ME124S J 83 

= zl V 21 [ME12SO] 84 
me 

= Zs 1/27 [ME12SS] 85 
me 

= 226<26 - x1sl [HE1260] 86 

- Z - X 
- 25 21'"" 

[ME126S] 87 

= x7s 226 [ME1270] 88 

The total amount of the constituent being 
considered of the microorganism in question 
which enters the system [HETTOT] 
In equation 82 the amount of the c'th 
constituent of the m'th group of hetero
trophic microorganisms entering the system 
from upstream in grams per cubic meter and 
in equation 87 the total amount entering the 
system [XDRIFM(M,C)] 
The amount of the c'th constituent of the 
m'th microorganism category entering 
the system from tributaries in grams per 
cubic meter [TDRIFM(M,C)] 

y21 = 
me 

The amount of the c'th constituent of the 
m'th category of microorganism leaving the 
system [DRIFTM(M,C)] 

z. 
0 

The amount of the c'th constituent of the 
m'th microorganism group in the system 
[CBACT(M,C)] 
V 83 86400 [FLOWS] and V., = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
V8, 86400 [FLOWTR] and V., = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
[TRFLOW] 
Total amount of water in and passing 
through the ecosystem [WATTOT] 
The amount of water in the ecosystem 
[WATSYS] 

For attached or benthic microorganisms: 

y21 = 21 1/21 + ZS 1/27 [HE1290] 89 
me me me 

EXOl = zl V 21 [ME129S J 90 
Sc me 

x = Zs 1/27 [ME1300] 91 E Olllc me 
1/21 

me 
= zl 1/21 

me 
+ 2s V27 

me 
[ME1305] 92 
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where: 

Aquatic Model 

The amount of the c'th constituent of the 
m'th category of microorganism leaving the 
system [DRIFTM(M,C)] 
V83 86400 [FLOWS] and v., = Flow from 
upstream in cubic meters per second 
[FLOWIN] 
v., 86400 [FLOWTR] and v .. = The 
amount of water added to the system from 
the tributaries in cubic meters per second 
(TRFLOW] 
The amount of the c'th constituent of the 
m'th microorganism category entering the 
system from tributaries in grams per cubic 
meter [TDRIFM(M,C)] 
In equation 89 the amount of the c'th 
constituent of the m'th type of micro
organisms entering the system from up
stream in grams per cubic meter, and in 
equation 92 the total amount entering the 
system[XDRIFM(M,C)] 

Coagulation 

Organic matter in solution may coagulate at a fixed 
rate. It is assumed that the transfer includes only organic 
carbon and chemical energy. 

221 

C~31 
C 

Cy 31 

" 
Cy41 

. 1,o 

CX41 
1," 

where: 

= P/Z28 [HF:1340] 93 

= -Z27 X31 c ~ 1 and 2 [HE1350] 94 
C 

I 

= -V31 [(Z27 Z28) - z27 l c = 1 and 2 [HE1355] 95 

" 
V31 [(Z27 z28l - Z27l c = 1 and 2 (ME1360] 96 

z21 
" X31 c = 1 and 2 [HE1365] 97 

The fraction of coagulation occurring during 
one "change" of water in the system [COAG] 
The fraction of dissolved material coagulat
ing in one day [COAGUL] 
Z0/X 1, = The number of exchanges of water 
in a day minus l [CYCLE] 
The change in the dissolved c'th constituent 
due to coagulation [AQUAQQ(C)] 
The change in the c'th dissolved constituent 
leaving the system [COMPIN(C)] 
The change in the c'th particulate constituent 
leaving the system [DETIN(l,C)] 
The change in the c'th particulate constitu
ent in the system (CLITQQ(l ,C)] 

Scouring and Deposition of Inorganic Materials 

Inorganic particulate material may be scoured or depos
ited depending on the water velocity. 
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For scouring (when X73 is greater than P,t) 

229 

2:i 0 

SX6l 
tn 

Sy61 
tn 

SX63 
tn 

where: 

x73 
min[P

3
, max(0.,{P 4 - P4 t t 

[ME1430] 98 

[ME1450] 99 

[Mf.1455] 100 

[i!El460] 101 

[i!El465] 102 

229 x63 126 
tn 

2Jo x7s 

230<26 - x75l 

= -Z30 z6 

The fraction of the particulate constituent in 
question which is scoured in a day [SCOUR] 
The largest fraction of a state variable which 
can be decremented in a days period due to 
a process (ALIMAX] 
A quadratic coefficient [SDRF2(T)) 
Water velocity (VELOCT) 
The water velocity above which particu
lates will be scoured (STRHI(T)) 
The amount of detritus for the constituent in 
question which is scoured in grams per cubic 
meter (GOES] 

X63 = The amount of the n'th constituent of the 
tn t'th particulate type of inorganic detritus in 

the system as benthos 
Total amount of water in and passing 
through the system (WATTOT) 
The amount of the n'th constituent of the 
t'th type of suspended inorganic particu
late category incremented as a function of 
scouring [WPINRQ(T,N)) 
The material leaving the system which is 
incremented as a function of scouring 
[PNORG(T,N)] 
The benthic particulates decremented as a 
function of velocity [BPINRQ(T,N)] 

For deposition (when X,, is less than Pst) 

2
31 

2
32 

PX6l 
tn 

Py61 
tn 

p'l-63 
tn 

where: 

p X 
min[P

3
, max (0 .• { p 6 5t - p 73})] [ME1480] 103 

t 6t 

2J/ 2
2s 

[ME1490] 104 

-X61 2
32 

1 
[ME1505] 105 

tn 
-Z32 V61 [ME1510] 106 

tn 
232 v61 + x61 232 [ME1515] 107 

tn tn 

The fraction of suspended material being 
deposited in a time period [FALLS] 
A quadratic coefficient [SDRF3(T)) 
The velocity of water below which settling 
occurs [STRLO(T)] 
The fraction of suspended material being 
deposited during one "Flowthru" of water 
[DEPOS) 

X 
p 61 

y 
p 61 

pX 
63 

tn 

tn 

tn 

The amount of the n'th constituent of the 
t'th type of particulate material entering 
the system in a day [XPNORG(T,N)] 
The change in suspended material due to 
deposition (WPINRQ(R,N)) 
The change in suspended material leaving 
the system due to deposition[PNORG(T,N)) 
The change in benthic material due to 
deposition [BPINRQ(T ,N)) 
The largest fraction of a state variable which 
can be decremented in a days period due to a 
process [ALIMAX] 
Water velocity [VELOCT) 
z.;x,. = The number of exchanges of 
water in a day minus 1 (CYCLE] 

Scouring and Deposition of Organic Litter 

Organic particulate material may be 
deposited depending on the water velocity. 

scoured or 

For scouring (when X, 3 is greater than P,d) 
X p 

= min(P
3

, max(0., {P 73 
- P 7d})] 

Bd Bd 

X 

(ME1570] 108 

[ME1580 J 109 

[ME1610] 110 
S 41 

de 

= 2Jo<26 - x7sl [ME1615] 111 

(ME1620] 112 = -z z 
30 6 

where: 

x 
S 4ldc 

Sy41 
de 

SX43 
de 

A quadratic coefficient [CDRF2(D)] 
The velocity above which organic detritus 
will be scoured [CLITHI(D)) 
The amount of the c'th organic constituent 
of the d'th benthic detritus type in the system 
[CORG(D,C)] 
The change in suspended detritus due to 
scouring [CLITQQ(D,C)) 
The change in suspended detritus leaving 
the system due to scouring [DETIN(D,C)] 
The change in benthic detritus due to 
scouring [CORGQQ(D,C)) 
The fraction of the particulate constituent in 
question which is scoured in a day [SCOUR] 
The largest fraction of a state variable which 
can be decremented in a days period due to a 
process (ALIMAX] 
Water velocity (VELOCT] 
The amount of detritus for the constituent in 
question which is scoured in grams per cubic 
meter (GOES] 
Total amount of water in and passing 
through the ecosystem (W ATTOT] 
The amount of water in the ecosystem 
(WATSYS] 



For deposition (when X,, is less than P.a) 
p X 

= min[P
3

, max(0., P 
9
d - P 

73 
)) 

10a 10a 
[ME1635) 113 

z32 

PX41 
. de 
y 

P.4lde 

i4J de 

where: 

plO = 
d 

P~41 = 
de 

[ME1645) 114 

[ME1670) 115 

[ME1675) 116 

[ME1680] 117 

The fraction of suspended material being 
deposited in a time period [FALLS] 
The largest fraction of a state variable which 
can be decremented in a days period due to a 
process [ALIMAX] 
Water velocity [VELOCT] 
The fraction of suspended material being 
deposited during one ··FJowthru" of water 
[DEPOS] 
The amount of particulate organic matter in 
grams per cubic meter entering the. 
ecosystem from upstream in a time unit 
[XDETIN(D,C)] 
The amount of particulate organic matter in 
the ecosystem [CLIT(D,C)] 
Z 6 /X 75 = The number of exchanges of water 
in a day minus 1 [CYCLE] 
The velocity below which organic particu
late material of the d'th type will start 
settling out [CLITLO(D)] 
A quadratic coeffieicnt [CDRF3(D)] 
The change in the c'th constituent of the 
d'th organic suspended detritus type due to 
decomposition [ CLITQQ(D, C)] 
The change in detritus leaving the system 
due to deposition [DETIN(D,C)] 
The change in benthic detritus due to depos
ition [CORGQQ(D,C)] 

Mixing of Dissolved Constituents 

Dissolved materials pass between the water column and 
the sediments at a rate dependent on the weight of benthos 
and the amount of times the water in the column has been 
exchanged. The fraction mixed equals: 

z 33 = 1. - exp {-z 34 (z 28 - 1.)) 

where: 

[ME1760) 118 

The fraction of dissolved constituents mixed 
[AMIX] 
Z IX = The number of exchanges of water 

• 75 

in a day minus 1 [CYCLE] 

and 

z34 = r1./{Z35f<X77 P12lllP11 [ME1755) 119 
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where: 

z 
34 

xn 

pl2 

where: 

Aquatic Model 

Temporary variable used in calculating 
mixing of dissolved constituents [ CURVI] 
The wetted perimeter of a section of stream 
in meters [PERIM] 
The length of the stream section being 
modeled in meters [REACH] 

[ME1735, ME1750) 120 

The amount of benthic materials in grams 
per square meter [BENTH] 
The amount of carbon in the d'th organic 
litter category (CORG(D,l)] 
A factor for converting grams carbon litter 
to wet weight [WETFAC] 
The amount of the n'th constituent of the 
t'th particulate type of inorganic detritus 
in the system as benthos 

The actual amount of organic solutes mixed depends on 
the fraction mixed and the concentration difference of the 
two areas according to: 

Z36 = Z33 Z37 

where: 

[MF.1795) 121 

and 

The amount of solutes mixed (AMIX2] 
The fraction of dissolved constituents 
mixed [AMIX] 

Z37 = (X31 /X75l - (X33 !Z33l [MF.1790) 122 

where: 

and 

" " 

The difference in concentration between the 
sediments and water column [DIF] 
The amount of the cth organic constituent 
dissolved in the water in the ecosystem 
[AQUA(C)] 
The amount of the water in the eco
system [W ATSYS] 
The amount of the c'th dissolved organic 
constituent in the benthos [AQUAB(C)] 

238 = 235 p 14 

where: 

['!F.1765) 123 

The amount of benthic materials in grams 
per square meter [BENTH] 



A factor which converts the weight of 
benthos to the weight of water contained in 
the benthos [CFAC2) 
The amount of water in the benthos in cubic 
meters [BENW AT) 

Appropriate variables are then incremented or 
. decremented. 

where: 

and 

where: 

z 
39 

[ME180n] 124 

[~El80S l 125 

[ME1810] 126 

The amount of change of the c'th dissolved 
organic constituent in the benthos 
[AQUABQ(C)) 
The amount of solutes mixed [AMIX2) 
The amount of water in the benthos in cubic 
meters [BENWAT) 
The amount of change of the c'th dissolved 
organic constituent flowing out of the 
system (COMPIN(C)) 
The amount of change of the c'th dissolved 
organic constituent in the water column 
[AQUAQQ(C)) 

[HE171lO] 127 

Proportion of water leaving to total water in 
and passing through the system [CJ 
The number of exchanges of water in a day 
minus l [CYCLE] 

Inorganic solutes are handled in a like manner. 

z (XSl /X75) - (XS3 /Z38) [ME182O] 128 37 
k k 

2
36 ZJ3 

~ 
MS\ ZJ6 

11? Slk = -z36 

J --z 
Slk - 36 

where: 

ZJ7 [MF.1825 l 129 

2
3s 

[Mlll8JO] 131) 

z38 z 39 ['IF.1835] 131 

2Js <1. - z39l [MF.184O] 132 

The difference in concentration between the 
benthos and water column [DIF] 
The amount of solutes mixed [AMIX2] 
The fraction of dissolved constituents mixed 
[AMIX] 
The amount of water in the benthos in cubic 
meters [BENW AT] 
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The amount of water in the ecosystem 
[WATSYS) 
The amount of the k'th dissolved inorganic 
constituent entering the system from 
upstream in grams per cubic meter 
[XDNORG(K)] 
The amount of the k'th dissolved inorganic 
consituent in the benthos [BDINR(K)] 
The amount of change of the k'th dissolved 
inorganic constituent in the benthos 
[BDINRQ(K)) 
The amount of change of the k'th dissolved 
inorganic constituent flowing out of the 
system [DNORG(K)] 
The amount of change of the k'th dissolved 
inorganic constituent in the water column 
[WDINRQ(K)] 

TABLE OF SYMBOLS 

The following table is supplied as a user's aid. It lists the 
symbols used in the mathematical description, the 
FORTRAN equivalent, the equations where the symbol is 
used, and the units for the symbol. The classification of 
symbols is explained in the Introduction; listings in the table 
are alphabetical according to variable type and then 
numerically according to subscript number. The following 
abbreviations are used: 

C centigrade hr hour 
cu cubic kcal kilocalories 

ecsys ecosystem mm millimeters 

g gram pop populations 

sq square 

Many of the exogenous variables (V) have for units 
"variable" for they are first used as grams per cubic meter of 
water flowing into the system from upstream, and then as 
grams per ecosystem per day of material entering the system 
from all sources. Also Y is used as grams per ecosystem per 
day leaving the system, or as grams per cubic meter of water 
leaving the ecosystem as downstream flow. 

Fortran 
Symbol F.9uivahnt ~:!luations where used Units_ 

pl COAGUL 93 g •• 
-1 

day 
-1 

p2t STRHI (T) 98 m•second-l 

p 3 Al.I.MAX 98, 103, 108, 113, dimensionless 

p4. SDRF2 (T) 98, di.mensionless 

Pst STRLO(T) 103 tn•second-J 

p 6t SDRF3(T) 103 dimen!'l ionless 

p7 d CLITHI (D) 108 m·second-l 

p8d CDRF2 (D) 108 dimensionless 

P9d CLITLO(O) 113 Tll' second-I 

Plod CDRFJ(O) 113 dimensionless 

PU CFACl 119 m·g-1 

p12 REACH 119 

pl) WF.TPAC 120 rl imcnsion 1 ess 
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Fortran Fortran 

~ Equivalent F.guations .... here used Unlts Symbol Equivalent F.guations where used Units 

cu m• • -1 XSJ -1 
pl4 CPAC2 123 . k ROINR{K) 128 p:•ecsys 

71, 73, 78, 1/sJk BDINRQ(K) I JO p;"e csys -l ·day 
-1 

V lplc 
XDRIFV(P,1,C) 76, 1•. 81 va!'iable 

-1 x61 -1 
v1 TDRIFV(P,l,C) 71, 74, 78, 80, 81 i·cu m tn WPTNR(T,N) 44, 46, 50, 51, 105, 107 A 'ecsys 

p1c 
rX.1 g"ecsys- 1•day 

-1 

Vu! XDRIFO{I.) 60, 63, 69, 70 variable . tn WP!NRQ(T,N) 105 

?61 tn g'ecsys- 1•day 
-I 

Vu XDRIFA(H,C) SJ, 55, 58, 65, 66, 68 v.1riahlc WPIMRQ(T,N) 100 
he -I x63 -1 

Vl7! 
TDRIFO(L) 60, 60, 70 ooo•cu m . tn RPTNR(T,N) 99, 120 ~·ecsys 

-1 
PX63 g'ecsyt-l'day 

-1 
vu TDRIFA(H,C) SJ, 56, 65, 67, 68 g'cu m BPI:iRQ(T ,N) 107 tn 

he 

v21me 
XllRIFM(H,C) 82, 84, 87, 89, •o, •2 variable 

,.x63tn 
RPINR\.'(T,N) 

-1 -1 102 A ecsys day 
-I 

v27mc 
TDRTFM(H,C) 82, 85, 89, 91, •2 g"cu m 

x73 Vf.LOCT 98, 103, 108, 113 -I 
m second 

V3lc XCOHPN(C) 12, 18, 95, 96 v,1.ri,1hle X 75 WATSYS l, 17, 19, 27, 29, 38, 40, 49, 51 

-1 
57, 59, 62, 64, 75, 77, 86, 88, -1 

v32e 
RAINCO(C) 10 ~•cu m 100, IOI, ltO, 111, 122, 128 cu m· ecsys 

V34 RUNSOL(C) 11 -1 
?-16, 

H20QQQ(l) 
-1 -1 

g•cu m cu m·ecsys 'day 

e -1 
V37 TCOMPN(C) l3 -1 

;.l,762 
H20QQQ(2) cu m•ecsvs- 1•day g•cu m 

e 
cu m•ecsys -l•day-l 

v41 XDETIN(D,C) 22, 28, 116, 117 variable l-163 
H20QQQ(J) 

de 
V 42 DADUST(D,C) 20 9.·sq m- 1,day-l ;.,64 

H2()QQQ(4) Cu m'ecsvs -l.day -l 

de -1 
v44 RUNOEB(D,C) 21 9. •cu m 

-I 
,J,76.5 

H20QQ<l(5) cu m·ecsys -l.day 

de 

v47 TDF.TTN(D,C) -1 
£*16. 1120000(8) 

-1 -1 
23 ~·cu·.,, cu m"ecsys "day 

de 

VSlk 
XDNORG(K) 33, 39 FJ7o 11 

H200()0(11) cu m"ecsys- 1 •day 
-1 

varh.ble 

V52k 
RAlNDl (K) 31 jl:"CU m 

-1 xn PERlH 119 

V54k 
DUNDNR(K) 32 -1 xa1 AREA 20, 42 sq m"ecsys 

-1 
i:t:•cu m 

V57k 
TDNORG(K) 34 g•cu m 

-1 y l DRIFTV(P,l,C) 75, 78 variable 
pie 

V6ltn 
XPNORC(T, N) 50, 106, 107 variable 

\ 1hc 
ORIFTA(H,C) 57, 65 variable 

v62 DUSTIP (T, N) 42 ,2'sq m-1 .day-l v, 1i nRUPO(L) 6 2, 69 variable 

tn 

v64tn RUNPNR (T, N) 43 p:";:u in 
-1 

\i,,,e 
DRIF'TM(M,C) 86,89 variable 

v67 tn TPNORG(T ,N) 45 g·cu m -1 
\1c 

C:OKPIN(C) 17 variable 

V79 DAYKUN cu m•ecsys ~l .day -1. Ct3le COMPIN(C) 95 -1 -1 
1, 2. 5. u, 21, 32, 43 g·ecsys ·day 

VaJ FLOWTN -1 -1 Mf31 COMPIN(C) 125 9.•ecsys- 1•da:,-l 
cu m•ecsys •second 

-1 -1 e 

Va4 TRFLOW cu m•ecsvs 'second y41 DETIN(D,C) 27 variable 

mm•day 
-1 . de -1 -1 

Vas DA.RAIN Cy41 DETIN(l,C) 96 g •ecsys ·day 
• le -1 -1 

/'01ra 
AGAINQ(R,C) 30 -1 -1 Py41 DETIN(D,C) ll6 g•ecsys •day 

g•ecsys •day 
• de 

i·ecsys- 1•day 
-1 

lo1 5 c 
ACATNQ(5,C) 66, 73, 79, 84, -1 -1 

S y4ldc DETTN(O,C) lll 55, 90 9. • ecsys • d3.y 

8~
1

11e 
ACAINQ (11, C) 56, 67, 74, 80, 85, 91 

-1 -1 
>lk 

DNORC(K) 38 variable s·ecsvs ·day 

9.·ecsys -l•day -l g•ecsys- 1•day 
-1 

E_ 03rk 
DGAINQ(R,K) 41 1/51k 

DNORG(K) 131 

ifo4.,n 
CGATNQ(R,N) 52 s·ecsys- 1 •day-l \1 PNORC(T,N) 49 variable 

tn 
Xl CVEC(P,l,C) 71, 76, 77 -1 pf 6ltn PNORG(T,N) 106 -1 -1 

p1e 
9. •ecsys g•ecsys •day 

Xu. CBIOM(H,C) 53, 58, 59 g •ecsys 
-1 

ec i61 
PNORG(T,N) 101 ~·ecsys- 1·dav-l 

Xll! POP(L) 60, 63, 64 pop ·ecsys 
-1 tn 

y80 FLOUT l, 8 cu m• ecsys- 1 .day-l 

x21mc CBACT(M,C) 82, 87, 88 9.• ecsys 
-1 

y82 EVAP mm•dsy 
-1 

X3lc 
AQIJA(C) 14, 18, 19, 94, 97, 122 g•ecsys 

-1 
cu m• ccsys -l·day-l Ya, WIRRIG 1, 

c\1 AQUAQQ(C) 94 g·ecsys -l •day-l 
zl FLOWS 1, 2, 7' 12, 22, 33. 44, SJ, 55, 

-1 -1 

e 
cu m·ecsys ·day 

,,/21 AQUAQQ(C) 126 -1 -1 60, 65, 66, 68, 69, 70, 71, 73, 
g•ecsys ·day 78, 79, 81, 82, 84, 89, 90, 92 

e 
x33 AQUAR(C) 1Z2 g•ecsya 

-1 
cu m'ecsys -l.day -1 

e z2 EVAPO l, 2, 4 

J.ne AQUABQ(C) 124 g•ecsys- 1 ,day-l 
Z3 PRECIP 1, 2, 3, 10, 31 

-1 -1 
cu m' ecsys • day 

x41 CLIT(D,C) 24, 28, 29, 115, 117 
de 

g•ecsys 
-1 

Z4 WATDAY 1, 2 -1 
cu m' ecsys 

c1<41 CLJTQQ() ,C) 97 g• ecsys -l. day -l Zs l'LO\/'l'R l, 2, 13, 23, 34, 45, 53, 56, 60, 
-1 -1 

cu m• ecsys •day 
. le 65, 67 • 68, 69, 70, 71, 74, 78. 

p\1 CLITQQ(O,C) 115 g•l!csys- 1 ·day 
-1 80, 82, 85, 89 I 91, 92 1 81 

, da 

Sxt+1dc Ct.ITQQ(D,C) 110 g• ecsys -l·day -1 
z6 WATIOT 2, 16, 17, 26, 27, 37, 38, 48, cu na·ecsys=~•dsy-l + 

x43 R'e csys -l, 
49, 54, 57, 61, 62, 72, 75, 83, cu m• ecsys 

de 
CORG(O,C) l 09 86, 99, 101, 102, 109, 111, U2 

~43dJ CORC(D. I) 120 
-1 

z7 lb 
A(l,NOLITl) 10 g • .!csys -l •day 

-I 
9.' ecsys 

p\3 GORGQQ(D, C) Ul g•ecsys- 1 ·day 
-I 

z, 3b A(3,NOLITl) 11 9.•ecsys-
1 

•day 
-1 

. de 

SX4J g•ecsys- 1•day 
-1 

z, 5b A(S,NOLTTI) 1?. g •ecsys -l ·day 
-1 

de CORGQQ (D, C) 112 

>lk 
128 -1 

z, lib 
A(ll,NOL!Tl) 13 g ·ccsys - l •day 

-I 
S'DINR(K) 35, JQ, 40, 9.'ecsvs 

,,Xs1k \JlllNRQ(K) 132 9. •e csys -l, day 
-1 

z, 131> A(l3,NOL1Tl) 14 g 'ecsys 
-1 



FORTRA~ 
~ F.guivalent 

l7rb 

ZS 

z9 

zlOld 

zl93d 

2
10 

z S,d 
1011,d 

z10i 3 d 

7.o,.a' 

2i.1a 

Z12d 

Z13 
r 

zlJl 

Z133 

Z135 

l1311 

Z1313 

Z14 

21s 

zl6lt 

z1•3e 

z165e 

z16llt 

zl6J 3t 

216~t 

z" n 
z18 

" 2
19 

z20 

z21 

z22 

z2J 

z24 

z25 

;6 

221 

; 8 

A(R,B) 

TOTSOL 

SOL.AVE 

A(l,D) 

A(J,D) 

A(5,D) 

A(ll,O) 

A(13,0) 

A(R,D) 

TOTLIT(O) 

AVELIT(O) 

AINRD(R) 

AINRD(l) 

AINRD(J) 

ATN'U>(5) 

AHIRD(ll) 

AINRD(lJ) 

TOTNRD 

AVP.NRJ) 

ATIIRP(l, T) 

AlNRP(), T) 

ATNSP(S,T) 

AINRP(U,T) 

ATIIRP(lJ, T) 

AlNRGP(R, T) 

TOTNll:P(N) 

AVENRP(N) 

ANTOT 

ANAVF. 

POPTOT 

POPAVE 

Vr.TOT 

Vr:AVE 

IIF.TTOT 

HETAVE 

CO,\C'! 

r.vr.u-: 

SCOUR 

GOF.S 

FALLS 

DEPOS 

AMIX 

CURVl 

BF.:ml 

AMIX2 

OlF 

F:9uations where used 
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1.5, 16, 18 

16, 17, 19 

20 

21 

22 

23 

24 

25 

25, 26, 28 

26, 27, 29 

3€, 41 

31 

32 

33 

34 

35 

36, 37, 39 

42 

43 

45 

46 

1,7, 52 

47, 4A, '"'n 

48, 49, 51 

SJ, 54, 58 

54, 57, 59 

60, 61, 63 

61, 62, 64 

71, 72, 76 

72, 75, 77 

82, 83, 87 

83, 86, AB 

SJ, 94, 95, 96, 97 

93, •5. 96, 104, 114, 11s. 121 

98, 99, 108, 109 

99, 100, 101, 102, 109, 110, 111, 
112 

103, 104, 113, 114 

104, 105, 106, 107, 114, 115, 116, 
117 

118, 121, 129 

118, 11° 

119, 120, 123 

121, 124, 125, 126, 12Q, 130, 131, 
132 

121, 122, 128, 129 

I1n1cs 

variable 

g'ecsys:!•day-l + 
ft"eCSY!l 
g•cu m 

ft"ecsy111-l"day-l 

Jt ·ecsya -l•day -l 

~••••Y•-l•day-1 

~-ecsys- 1 ,dav-l 

Jt•CCsya 
-1 

variable 

i;t'ec.sy(~•day-l + 
~•ecsys 

-1 
R"CU m 

sr.·ecsvs- 1 ·dRy -I 

~•P.csys- 1·day-l 

1t;•ecsys- 1·dav -l 

~••••Y•-l•day-1 

g·ecsvs- I •day-l 

-1 
A" ecsvs 

-1 -1 
ll;"ec9ys_

1 
•dav + 

~' CCSY!l 
~·cu m 

•·•••••-l•d••-1 

l!•ecsys- 1 •d11v-l 

R"ecsvs- 1 •day-l 

g·ecsys- 1 ·dav-l 

-1 
~·ecsys 

variable 
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i::, • ec:oyo -l •dny - l +g • ecava -l 

-1 
fl"CU ffl 

R • ecsvs -l ·day -l +i • ecsys - l 

-1 
R"CU m 

-1 -1 
pop·ec•y"-i 'day + 
!lOp"e.CSV!l 

POP'C~I ffl 

-1 R·cu t1 

g • ecsvs - 1 ·dav - l +R • ecsvs - l 

-1 
g•cu m 

di11tensionless 

-I 
day 

-1 
g·ecsys 

122, 123, 124, 125, 126, 128, un, cu m·ecays- 1 

132 

125, 126, 127, 131, 132 dimensionless 

PROCESS DELETION 

Just as the MEDIUM subroutine acts as a "black box" to 
other subroutines and the main program, sections within the 
subroutine act as "black boxes" to each other. The user may 
elect not to use some of these functions, and this may be 
accomplished in two ways. One, a particular section may be 
left out of the program during compilation, or two, 
parameters or switches may be set to skip certain sections, or 
to predict a change of zero. The latter is by far the most 
useful, for the user may wish to change particular state 
variables by a process and not others, and a recompilation 
would not be necessary. Both methods will be treated. The 
numbers prefixed with (ME) refer to the program sequence 
number (Appendix H). 

PROCESS 

Coa11;ulation 

Inorganic det rttus scour inP, and deposit lon 

Organic. detritus scourinp ;tnd deposition 

Hh:ing of diuolved materi1:1l between the 
beri..:hos and water column 

PR0CRA'4 SECTlON 

'iEl325 to HE1370 

HF139S to "fE1530 

~1535 to KE16~5 

!iEl 705 to HE1840 

Switches and parameters should be set as follows to "set to 
zero" certain processes. 

PROCESS PARAMETER 
FORTRA~ 

EOUTVALr.h"T SF.TTINr. 

Coa11:ulation 

lnor,~anic detritus scourinit 

Inor11:11.rtlc detritus deposition 

OrRanic Utter scourin11; 

OrRimJc litter de:position 

Diasolved constituent lllixin,:t 

ARRAY DIMENSIONS 

COACut 

SORP2(T) 

SORF)(T) 

CORP2(0) 

CDRPJ(D) 

CFACl 

The use of the program is limited by the dimensions 
allocated to the arrays, and these limitations need discussion 
so that the user may be in a position to modify them as his 
particular requirements indicate. Below is a list of arrays 
peculiar to the MEDIUM submode!, in which the dimension 
which may appropriately be varied are indicated by letters. 

A(lJ,a) 

AINRD(l3) 

AINRP(lJ,h) 

AVELIT(C) 

AVENRP(b) 

CDRF2(c) 

CDRF3(c) 

CJ.ITHI(•) 

CLIT10(•) 

SORF2(b) 

SDRFJ (b) 

STRHJ (h) 

STRLO(b) 

TOTLIT(c) 

ronnu>(b) 

The dimensions indicated by letters define the maximum 
values possible for the following quantities: 

Number or organic detritus cate~ortes plus one 

NLD11ber o( inorg."r.nic detritus t)'l'@S or size classes 

Number of organic detritus categories 

FORTRAN NAMF. 

NOI.ITl 

ISTRTK 

NOUT 



PARAMETERS AND SWITCHES 

A list of all the parameters and switches needed for the 
MEDIUM subroutine follows. Explanations can be found in 
the definitions list, Appendix A. Letters used for dimensions 
are explained above under Array Dimensions. 

ALLMAX 
CDRF2(c) 
CDRF3(c) 
CFACl 
CFAC2 
CLITHI(c) 
CLITLO(c) 

COAGUL 
SDRF2(b) 
SDRF3(b) 
STRHI(b) 
STRLO(b) 
WATDAY 
WETFAC 

35 Aquatic Model 
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SUBROUTINE ANIMAL 

INTRODUCTION 

All processes concerning a change in the biomass or 
populations of animals are handled by the subroutine 
ANIMAL, except for those changes in zooplankton due to 
flow. At present, these processes include ingestion, egestion, 
respiration, assimilation, scouring and colonization, 
mortality, cohort transfer, birth, emergence, and drift. This 
subroutine also handles the processes of the heterotrophic 
microorganisms. 

For a generalized model flow chart of the animal 
processes, refer to Diagram A 1, and to A 2 for the 
heterotrophic microorganism processes. A listing of the 
animal subroutine can be found in Appendix I. 

VERBAL DESCRIPTION 

The animals within the system may ingest any plant, 
animal, detritus type or microorganism, whether it be 
suspended or benthic. The foods they actually ingest are 
controlled by a preference-availability factor for each of the 
possible foods, as well as by the amounts of each of those 
foods. Thus, Figure A2 shows it would take larger amounts 
of a food source with a lower preference-availability factor 
for an animal to have the same intake as for a food with 
smaller amounts but a larger preference-availability factor. 
Also, if the food sources all contained the same amounts, the 
ratio of the intake would equal the ratio of the preference
ability factors. 

The maximum amount of food ingested by an animal 
group is controlled by an input parameter which is a scaler 
multiplier of the weight of that group, with this amount 
being scaled down by a number of factors. First, the amount 
of weighted foods available to the animal group lowers 
actual ingestion according to Figure A2. 

A further reduction in ingestion occurs as a consumer 
reaches its maximum size (Figure Al3). Finally, temperature 
affects ingestion (Figure A4). 

Respiration occurs as a modified exponential function of 
temperature (Figure A 5), and since assimilation is a 
constant proportion of ingestion, and growth equals 
assimilation minus respiration, growth occurs in an 
envelope as a function of temperature (Figure A'6). 

The maximum ingestion of Figure 2 can only be reached 
with unlimited food supplies by a cohort that is at its 
minimum weight and at a temperature for maximum 
growth. When the individuals of a cohort are at their 
maximum weight, ingestion balances respiration and 
cgcstion, which occurs at assimilation rates below unity. Part 
of the egested material may go into solution, with the 
remainder being added to specified litter categories. All ratios 

of chemical constituents or energy to carbon are kept 
constant within an animal group, with possible variations 
because of the diet being egested. Energy of respiration is 
considered lost to the ecosystem by way of the atmosphere, 
with other respired products entering the dissolved inorganic 
compartments, either benthos or water column, depending 
on the habitat of the organism in question. 

For the transfer of animals of one size class or cohort of a 
species to the next larger size or older cohort, several 
alternatives are provided: 

1. The rate of transfer may be a function of accumulated 
mean daily temperatures, in excess of a specified 
threshold, starting from when animals entered a partic
ular cohort, with the transferred animals remaining 
within the ecosystem. 

2. The rate of transfer may be as an exponential function of 
temperature on a particular day. 

3. The transfer is regulated the same as for number 1, 
except here the transferred animals leave the system as 
flying adults. 

4. Transfer occurs on the last day of the year. 
5. Transfer occurs as a function of the weight of an average 

individual above a certain specified weight. • 
6. No transfer occurs. 

At the time of transfer, not all of the biomass may enter the 
more mature cohort. A fixed proportion may be transferred 
as exuviae to specified detrital categories. 

A number of alternatives are also provided for the type of 
transfer from cohorts to the eggs of the same species: 

1. Transfer to eggs occurs during specified times of the year 
if the temperature lies within a certain range. 

2. A constant reproduction occurs between upper and 
lower threshold temperatures. 

3. If the species is of the variety that has aerial adults, and if 
adults hatched on that day, then a constant number of 
eggs are laid for that species. 

4. No eggs are laid by the group. 

Animals also have non-predatory mortality, which is fixed 
for each group, with the dead entering any of the detrital 
categories specified at execution. 

Many invertebrates drift into and out of the ecosystem; this 
is divided into two categories in the model, catastrophic and 
behavioral drift. Catastrophic drift occurs as a function of 
water velocity, with animals drifting into the system being 
allowed to colonize during periods of low flow (Figure A 7), 
or animals in the system being swept away during high water 
periods (Figure A8). 
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Figure A3. Ingestion as affected by the 
weight of an individual. 
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AMOUNT OF FOOD 

Figure AlO. Percent of suspended animals 
rl'maining in the s~,stern as a function of food 
supplies. 
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Figure All. Decomposition as a function of 
temperature. 

AMOUNT OF SUBSTRATE 

Figure Al2. Decomposition as a function of 
substrate availahle. 
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Figure Al3. Scouring of microorganisms as a 
function of water velocity. 

WATER VELOCITY 

Figure Al4.' Deposition of microotgan
isms as a function of water velocity. 

Behavioral drift is considered as a: function of carrying 
capacity monitored as the ·difference between the amount of 
food an animal "wants" to ingest and the amount it is allowed 
to ingest as a function of food quantities (Figure A2. Thus, the 
lower the food supplies, the greater fraction of aninials 
leaving the stream section (Figure A 9). Immigration is 
calculated as the complement of emigration (Figure AlO). 

Microorganisms 

The microorganisms of the system act to decompose any 
of the benthic or suspended detrital categories and the 
dissolved organic constituents. The use of these substrates by 
different categories of microbes is expressed, as in the case of 
animals, by a preference table. The total substrate 
utilization is calculated by a Michaelis-Menton function 
using temperature and the weighted total of the substrates 
available (Figures All and Al2). 
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The amount of substrate mineralized is a constant 
fraction of the substrate used, with the elements entering the 
dissolved inorganic compartments of the system. Another 
constant fraction is added to the protoplasm, with the 
remainder being lysed or leaked and added to the dissolved 
organic compartments. The microorganisms that are 
attached to substrates in the water column or that are in the 
benthos may also be scoured or deposited as a function of 
water velocity (Figures Al3 and Al4). 

MATHEMATICAL DESCRIPTION 

The eqµations described here follow the order in the 
program itself, except where a particular "thought train" or 
process is being developed. The equations are numbered on 
the right side of the page, while the numbers in brackets 
preceded by an "A" refer to the actual FORTRAN program 
equations in Appendix I. The names in brackets for the 
variable explanations are their FORTRAN equivalents. At 
the end of the mathematical description a table can be 
found listing the symbols, their FORTRAN equivalent, all 
equations where the symbol is used as well as the units for 
that variable. The classification as to types of symbols used 
for variables is explained in the MAIN Introduction. 

The following table lists the processes that affect the 
animals along with the equations which treat these 
processes: 

PROCESS 

Ingestion 
Respiration'.Egestion-Assimilation 
Cohort Transfer 
Non-predatory Mortality 
Animal Scouring and Deposition 
Behavioral Drift 

EQUATIONS 

1- 48 
49- 95 
96-131 

132-143 
144-149 
150-156 

For the animals the following subsets are defined: 
A (1) 
B (2, 3, 4) 
C (2, 3) 
D (4) 

Where 1 = plankters, 2 = animals scoured because of high 
water velocities, 3 = behavioral drifters, and 4 = free 
swimmers found in the water column [as specified by 
NDRIFA(H) ]_. 

Also: J = 1,2; K 3 

where: 

1 animals whose habitat is open water 
2 animals whose habitat is in vegetation 
3 benthic dwellers 
as specified by LIVEAN(H) 
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Ingestion 

The amount of food available to a group of animals is 
determined by an availability-preference factor for foods, as 
well as the amounts of those foods. 

The amount of vegetation available to an animal group 
is calculated by: 

21 = xl pl 
p pl,1 hp 

or 
h ~ A and p € E 

h € B and p € F 
[A0560] 1 

er 

where: 

E 
F 

h € B ;ind p £ E 

phytoplankton 
sessile plants 

[A0575] 

The weighted amount of the p'th plant 
category available to the animal in question 
(FEEDV(P)) 

X = The carbon content of the p'th plant species 
1
Pl,l [CVEG(P,1,1)) 

P The preference-availability factor of the h'th 
lhp animal group for the p'th plant group 

[PREFV(H,P)] 
V = The amount of carbon of the p'th plant 

1pl,l group entering the system in a time period 
[XDRIFV(P, 1, 1)) 

For the animals (as prey): (Predator = .h.) 

z = (Xll 
2h h1 

Z = V 
\ 11hl 

Z = X 2
h 

11
hl 

where: 

h £ A and h £ A 
h £ C and h £ C 
h £ D and "!i_ £ D 

[A0635] 3 

+ V )P 
11

hl 
2
!'._h 

h £ A and !I_ £ B [A0650] 4 

p p 
2!'._h 3!!, 

[A0665] 5 

p 

h £ C and h € 0 

(1-P
3

) (A0675] 6 2
hh h 

The weighted amount of the h'th animal 
category (as prey) available to the animal 
(predator) currently under consideration 
[FEEDA(H)] 
The carbon content of the h'th animal 
category [CBIOM(H,l)) 
The preference and availability factor of the 
h'th animal group (as predators) for the 
h'th animal group (as prey) [PREFA(H,H)) 
The fraction of a normally sessile animal 
(prey) which is taken from the drift by the 
h'th animal group (predator) [FEDFRM(H)] 

42 

The amount of carbon of the h'th animal 
group (as prey) drifting into the system in a 
time period (XDRIFA(H,l)] 
The weighted amount of the h'th animal 
category (as prey -- normally sessile animals) 
available to the animal (predator-free 
swimmer) currently under consideration 
[FEEDAD(H)] 

For suspended detritus: 

Z = X P 
4
d 41d1 4hd 

[A0745] 

where: 

h c 8 [A0755] 8 

The weighted amount of the d'th suspended 
detritus category available to the animal in 
question [FEEDL(D)) 
The carbqn ~ontent of suspended detritus 
in the ecosystem (CLIT(D,l)) 
The preference-availability factor of the h'th 
animal group for the d'th suspended detritus 
type [PREFL(H,D)) 
The carbon of the d'th suspended detritus 
type entering the ecosystem in a time unit 
[XDETIN(D,l)) 

For benthic detritus: 

Z = X P 
5d 43dl \a h € B [A0730] 9 

where: 

The weighted amount of the d'th type of 
benthic detritus available to the animal in 
question [FEEDO(D)] 
The carbon content of the d'th type of 
benthic litter (CORG(D,l)] 
The preference-availability factor of the h'th 
animal group for the d'th type of benthic 
litter [PREFO(H,D)] 

For heterotrophic microorganisms: 

z6 = x21 p 6 or 
m ml hm 

h £ A and m c G 

h € !l and m € H 
[A0815] 10 

or 

where: 

G 
H 

h € B and m € G [A0830] 11 

planktonic microorganisms 
attached or benthic microorganisms 

The weighted amount of the m'th micro
organisms category available to the animal 
group in question [FEEDM(M)] 



x
21 

= The carbon content of the m'th type of 
ml heterotrophic microorganism 

(CBACT(M,l)] 
The preference-availability factor of the h'th 
animal category for the m'th category of 
microorganisms [PREFM(H,M)] 
The carbon content of the m'th group of 
microorganisms entering the ecosystem in a 
time unit [XDRIFM(M,l)] 

43 

The total possible intake for a unit of biomass of a 
consumer is scaled down based on the amount of weighted 
foods available. 

22s = p25 {l. - exp(-P26 2a )) 
h h h h 

[A0905) 12 

where: 

and 

l
25 

= The proportion of the weight of a consumer 
h ingested in a time period based on the 

amount of foods available [EATS(H)] 

p25 = 
h 

p26 = 
h 

The maximum possible intake of the h'th 
animal group in grams per gram animal 
[TAKE(H)] 
Rate of curvature factor [CURVE(H)] 

la = l7!Xa1 
h 

[A0870] 13 

where: 

and 

The weighted amounts of food available 
to the h'th cohort in grams per square meter 
[EATS(H)] 
Surface area of the ecosystem in square 
meters (AREA] 

z
7 

~ Ell + El2 + El3 + EZ4 + EZ5 + El6 pphhhhddddmm 
14 

where: 

The sum of the weighted foods for the 
animal group currently being considered 
(SUM) 
The weighted amount of the p'th plant 
category available to the animal in question 
[FEEDV(P)) 
The weighted amount of the h'th animal 
category (as prey) available to the animal 
(predator) currently under consideration 
[FEEDA(H)) 
The fraction of a normally sessile animal 
(prey) which is taken from the drift by the 
h'th animal group (predator) [FEDFRM(H)] 
The weighted amount of the d'th suspended 
detritus category available to the animal in 
question [FEEDL(D)] 

Aquatic Model 

The weighted amount of the d'th type of 
benthic detritus available to the animal in 
question [FEEDO(D)] 
The weighted amount of the m'th micro
organisms category available to the animal 
group in question [FEEDM(M)) 

Each animal group that ingests (if TAKE for that group is 
greater than zero) is checked for maximum possible growth, 
and if this is zero or negative the program is stopped. 

p29 p31 /lO. 

Z h h 
26 = p25 p27 - {P28 p30 <2 - )} 

where: 

h h h h 

p28 = 
h 

p = 
. 29h 

p30 = 
h 

[A0920,A0925) 15 

The · maximum possible growth for the 
cohort currently being considered [GMAX) 
The maximum intake of the h'th cohort in 
grams per gram animal [TAKE(H)] 
The proportion of ingested material which 
is assimilated by the h'th cohort (ASSIM(H)] 
The minimum weight of an individual of the 
h'th cohort [WMIN(H)] 
Rate of increase of log respiration rate with 
log individual biomass of the h'th animal 
cohort [SLOPE(H)] 
Respiration per time unit by an animal of 
the h 'th cohort of minimum biomass at zero 
degrees centigrade [CONST(H)] 
Temperature at maximum growth for the 
h'th animal cohort [TOPT(H)) 

The total possible intake for a unit of biomass of a 
consumer is further scaled down as a function of body size 
and temperature. For body size: 

l27 • {l26 P32 /(P32 - Pza >l -
h h h 

where: 

{(Xll IX12 )Z2/<P32 - Pza )}[A0975, A0980) 16 
he t h h 

p28 
h 

P32 = 
h 

X = 
llhc, 

The growth potential for the cohort current
ly under consideration [GPOT] 
The minimum weight of an individual of the 
h'th cohort [WMIN(H)] 
The maximum weight of an animal of the 
h'th cohort [WMAX(H)] 
The amount of the c'th constituent of the 
h'th aninal group [CBIOM(H,C)] 
The population of the l'th animal cohort 
[POP(L)] 

For temperature: 



where: 

p31 = 
h 

p25 = 
h 

P33 = 
h 

Temporary variable for intake scaling factor 
[Bl 

Temporary variable for intake scaling factor 
[BJ 
Temporary variable for intake scaling factor 
[BJ 
Scaling factor for calculating intake for the 
animal group currently under consideration 
[BJ 
Temperature at maximum growth for the 
h'th animal cohort [TOPT(H)] 
The amount of ingested material which is 
assimilated by the h'th cohort [ASSIM(H)] 
The maximum intake of the h'th cohort in 
grams per gram animal (TAKE(H)] 
The temperature at maximum ingestion for 
the h'th cohort [TMAX(H] 
The water temperature in degrees centi
grade [WTEMP] 

Respiration for the cohort under consideration is 
calculated for use only as output. 

p p 
29h 3lil0. 

Z34 • (X11 f\ 2 ) P30 (2 
he Z h 

[A'l915 J 21 

where: 

p29 = 
h 

p30 = 
h 

Respiration for the cohort under considera
tion at the temperature for their maximum 
growth (RESPAC] 
The average size of an individual of the 
h'th cohort [BODSIZ] 
Rate of increase of log respiration rate with 
log individual biomass of the h'th animal 
cohort [SLOPE(H)] 
Respiration per time unit by an animal of 
the h'th cohort at zero degrees centigrade 
[CONST(H)] 

P 31 = Temperature at maximum growth for the 
h h'th animal cohort [TOPT(H)] 

This final temporary variable (Z.,] is used to calculate the 
actual amount of intake of a particular cohort. 

For planktonic animals: 

For non-planktonic animals: 

h E A 

h £ A 

h £ B 

[Al040) 22 

[Al045] 23 

[Al055] 24 
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where: 

The amount of carbon ingested by the h'th 
animal cohort during the time they spent in 
the ecosystem [FOOD(H,l)] 
The number of turnovers of water minus 
one [CYCLE] 
Total carbon intake for the cohort currently 
under consideration [TAKING] 
The proportion of the weight of a consumer 
ingested in a time period based on the 
amount of foods available [EATS(H)] 
The amount of the c'th constituent of the 
h'th animal group (CBIOM(H,C)] 
Scaling factor for calculating intake for the 
animal group currently under considera
tion [BJ 

The actual amount of each particular food consumed is 
calculated taking into account the total amount of food 
ingested for a time unit, the preference-availabilitv factors 
and the amounts of different foods available. , 

The amount of vegetation removed by animal 
consumption equals: 

where: 

htA and pcE 
or hcB and pcE 

[Alll0, Alll5] 
25 [Al2IJ5, AllQ5] 

h£A and pcE 

[All35, AlllS] 26 

[AllBS ,All55] '27 

[All85,All5/J) 28 

The amount of the c'th constituent of the 
p'th plant group ingested by the animal 
group currently under consideration 
[CVEGQQ(P,l,C)] 
The amount of the c'th constituent of the 
p'th plant group present in the system 
[CVEG(P,l ,C)] 
The amount of the c'th constituent of the 
p'th plant group which would have been 
washed out of the system but instead has 
been ingested [DRIFTV(P,l,C)] 
The amount of the c'th constituent of the 
p'th plant group entering the system in a 
time period [XDRIFV(P,l,C)] 
Total carbon intake for the cohort currently 
under consideration [TAK ING] 



The weighted amount of the p'th plant cate
gory available to the animal in question 
[FEEDV(P)] 
The sum of the weighted foods of the 
animal group currently being considered 
(SUM] 
The carbon content of the p'th plant species 
(CVEG(P,1,1)] 
The amount of carbon of the p'th plant 
group entering the system in a time period 
[XDRIFV(H,P)] 

The amount and populations of animals (as prey) 
consumed by predators is calculated and removed (predator 
= h. ). For zooplankton eating zooplankton or non
planktonic animals eating non-planktonic animals: 

[Al280, Al260] 29 

IXll = -{Xll 2 10 22 /(Z7 xll )]} 
r Al150, Al365 J 

ha he h hl h e: A and h c A 

}12 = -{X12 2 10 22 t<Z7 xn ll 
h c 8 and !i: C 8 

z Z h . h1 [ Al26fl, Al265] 
30 [Al350, Al355) 

[Al295, Al260) 31 

h c /I and !!, c A 

fA1270, Al260] 32 

For nonplanktonic animals consuming zooplankton: 

}11 = -[X 210 22 1121<V11 + xll l J l 
[Al280, Al330] 33 

ha 
11

hc h hl hl 

r*12 = -[X12 210 22 1121<V11 + xll ) J l r Al265, Al330] 34 

z z h hl hl he A and h 2 D 

r'fu = -[V 210 22 1121<V11 + xll )}] [Al295, /\1330] 35 
ha l\a h hl hl 

r'f12 = -[V12 210 22 f{Z7(Vll + xll l J l [Al270, Al330] 36 z z h hl hl 

For normally benthic animals that are drifting and being 
consumed: 

r"Yu = -{V 
ha 

11
ha 

/i 11 = -!V12 
z 

where: 

210 23 /(Z7 Vll ) }j 
[A1395, Al410] 37 

h hl 
h £ C and !!. £ D 

2
10 Z3 I (Z7 \

1 
) } 

[/\1395, Al400] 38 h 11 

The c'th constituent of the h'th animal 
group ingested by the animal group (as 
predator) currently under consideration 
(CBIOMQ(H,C)] 
The c'th constituent of the h'th animal group 
present in the ecosystem [CBIOM(H,C)] 
The population of the /'th animal group 
ingested by the predator currently under 
consideration [POPQQQ(L)] 
The population of the l'th animal group 
present in the ecosystem [POP(L)] 
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y 
I 12 Z 

Vll. = 
nl 

Aquatic Model 

Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of the h'th animal 
category (as prey) available to the animal 
(predator) currently under consideration 
[FEEDA(H)] 
The sum of the weighted foods of the animal 
group currently being considered [SUM] 
The carbon content of· the h'th animal 
category [CBIOM(H,l)] 
The amount of the c'th constituent of the 
h'th animal group which would have been 
washed out of the system but instead has 
been ingested [DRIFTA(H,C)] 
The amount of the c'th constituent of the 
h'th animal group entering the system in a 
time unit [XDRIFA(H,C)] 
The population of the /'th animal group 
which would have been washed out of the 
system but. instead has been ingested by the 
animal group currently under consideration 
[DRIFPO(L)] 
The population of the l'th animal category 
entering the ecosystem in a time unit 
[XDRIFO(L)] 
The amount of carbon of the h'th animal 
group (as prey) drifiting into the system 
in a time period [XDRIFA(H,l)] 
The weighted amount of the h'th animal 
category (as prey -- normally sessile animals) 
available to the animal (predator-free 
swimmer) currently under consideration 
[FEEDAD(H)] 

The amount of suspended detritus taken equals: 

x41 = -!X z 2 /(2 x4 >l} [Al465, Al475J 39 
I de 41da 10 4d 7 1d1 h c A 
Iy41 = -{V41 210 24 /(Z7 x41 )} fA1465, Al480] 40 

do de d dl 

de do iv d dl dl h E 8 
rx41 = -rx41 z._ z4 /!27cx41 + v41 >ll} rA1495, 

Iy41 = -[V41 210 24 /{Z7<\1 + v41 )}] [Al495, 
de do d dl dl 

Al510] 
41 

Al505] 

where: 
42 

The amount of the cth constituent of the 
d'th type of suspended detritus ingested by 
the animal group currently under considera
tion (CLITQQ(D,C)] 
The amount of the c'th constituent of the 
d'th type of suspended detritus present in 
the system [CLIT(D,C)] 
The amount of the c'th constituent of the 
d'th type of suspended detritus which would 
have been washed out of the system but 
instead has been ingested [DETIN(D,C)] 
The amount of the c'th constituent of the 
d'th type of suspended detritus entering the 
system in a time unit [XDETIN(D,C)] 



Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of the d'th suspended 
detritus category available to the animal 
in question [FEEDL(D)] 
The sum of the weighted foods of the animal 
group currently being considered 
[SUM] 
The carbon content of suspended detritus in 
the ecosystem [CLIT(D,l )] 
The carbon of the d'th suspended detritus 
type entering the ecosystem in a time unit 
[XDETIN(D,l)] 

The amount of benthic detritus taken equals: 

Ix43 = - x43 210 2s /(Z7 x43 ) h c B 
do do d dl 

(.A 1555, Al565) 43 

where: 

The amount of the c'th constituent· of the 
d'th type of benthic detritus ingested by the 
animal group currently under consideration 
[CORGQQ(D,C)] 
The amount of the c'th constituent of the 
d'th type of benthic detritus present in the 
system [CORG(D,C)] 
Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of the d'th type of 
benthic detritus available to the animal 
in question [FEEDM(M)] 
The sum of the weighted foods of the animal 
group currently being considered [SUM] 

The amount of heterotrophic microorganisms taken 
equals: 

where: 

h CA and m £ r; 
or h £ A and m £ H 

[Al615, Al630] 44 [J\1690, Al700] 

h c A and m c G 

[J\1615, Al635] 45 

The amount of the c'th constituent of the 
m'th type of microorganism ingested by the 
animal group currently under consideration 
[CBACTQ(M,C)] 
The amount of the c'th constituent of the 
m'th type of microorganism present in the 
system [CBACT(M,C)] 
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The amount of the c'th constituent of the 
m'th microorganism category which would 
have been washed out of the system but 
instead has been ingested [DRIFTM(M,C)] 
Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of the m'th micro
organisms category available to the animal 
group in question [FEEDM(M)] 
The sum of the weighted food of the animal 
group currently being considered [SUM] 
The carbon content of the m'th type of 
hetcrotrophic microorganism 
[CBACT(M,l)] 
The amount of the c'th constituent of the 
m'th type of microorganism entering the 
system in a time period [XDRIFM(M,C)] 
The carbon content o"r the m'th group of 
microoganisms entering the ecosystem in a 
time unit [XDRIFM(M,l)] 

The total intake for a time period for an animal group 
thus becomes: 

z = -L X -[ y -L X -Ly -[ X -[ y 
9ho PI lplo PI lple hI llho hI llho °jl 4ldo dI 4ldo 

where: 

X 
I 11 

110 

X 
I 41 

do 

y 
I 41 

de 

y 
I 21 

me 

-~rx43 -,Ixl1 -,I 921 48 
a dam mcm ma 

The total amount of the c'th constituent 
ingested by the h'th animal group 
[FOOD(H,C)] 
The amount of the c'th constituent of the 
p'th plant group present in the system 
[CVEG(P,l,C)] 
The amount of the c'th constituent of the 
p'th plant group which would have been 
washed out of the system but instead has 
been ingested [DRIFTV(P,l,C)] 
The c'th constituent of the h'th animal group 
ingested by the animal group (as predator) 
currently under consideration 
[CBIOMQ(H,C)] 
The amount of the c'th constituent of the 
h'th animal group which would have 
been washed out of the system but instead 
has been ingested [DRIFTA(H,C)] 
The amount of the c'th constituent of the 
d'th type of suspended detritus ingested 
by the animal group currently under consid
eration [CLITQQ(D,C)] 
The amount of the c'th constituent of the 
d'th type of suspended detritus which would 
have been washed out of the system but 
instead has been ingested [DETIN(D,C)] 
The amount of the c'th constituent of the 
m'th microorganism category which would 
have been washed out of the system but 
instead hass been ingested [DRIFTM(M,C)] 



X 
I 43 

da 

x 
I 21 

ma 

The amount of the c'th constituent of the 
d'th type of benthic detritus ingested by the 
animal group currently under consideration 
(CORCQQ(D,C)) 
The amount of the c'th constituent of the 
m'th type of microorganism ingested by 
animal group currently under consideration 
[CBACTQ(M,C)] 

Respirati.on, Egestion and Assimilation 

Respiration, egestion and assimilation are calculated for 
all animal cohorts, although only respiration will be positive 
for the animal groups that had not ingested. Respiration and 
assimilation are first calculated on the basis of carbon 
content. 

Respiration equals: X 
72/10.) 

ZJ6 = Xll / XI~ exp (P29) XII PJO (2. 
hl l 1,1 h 

[A1770J 4~ 

Assimilation equals: 

where: 

p29 = 
h 

PJO = 
h 

[Al785] 50 

The amount of carbon respired for the 
animal cohort currently under consideration 
[RESP AC) 
The amount of carbon assimilated for the 
animal cohort currently under considera
ation [ASSICA) 
Rate of increase of log respiration rate with 
log individual biomass of the h'th animal 
cohort (SLOPE(H)) 
The amount of the c'th constituent of the 
h'th animal group (CBIOM(H,C)) 
The population of the l'th animal cohort 
(POP(L)) 
Respiration per time unit by an animal of 
h'th cohort at zero degrees centigrade 
(CONST(H)) 
The water temperature in degrees centi
grade [WTEMP) 
The amount of ingested material which is 
assimilated by the h'th cohort (ASSIM(H)) 
The amount of carbon ingested by the h'th 
animal cohort during the time they have 
spent in the ecosystem [FOOD(H,l)) 

Other constituents associated with assimilation, egestion 
and respiration are calculated. 

h £ B 

h c A 

(Al805] 51 

(Al811J] 52 
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z = ZJ7 Xll /Xll 19 ha hl 
[Al815] SJ 

[Al825] 54 z - z - z 
39 - 9ha 19 

where: 

The amount of respiration for the animal 
cohort and constituent currently under 
consideration (RESP!) 
The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [ASS!) 
The amount of egestion for the animal 
cohort and constituent currently under 
consideration [EXCR] 
The amount of carbon respired for the 
animal cohort currently under considera
tion [RESPAC] 
The amount of the c'th constituent of the 
h'th animal group [CBIOM(H,C)) 
The carbon content of the h'th animal 
category [CBIOM(H,l)] 
The number of turnovers of water minus one 
[CYCLE) 
The amount of carbon assimilated for the 
animal cohort currently under consideration 
(ASSICA) 
The total amount of the c'th constituent 
ingested by the h'th animal group 
[FOOD(H,C)] 

Part of the egested material goes into solution with the 
remainder entering the detrital compartments. For the 
non-planktonic, non-benthic-dwelling animals: 

240 = ZJ9 PJ4 /Z21 h £ B and K [Al850] 55 
h 

GXJl = 240 X75 h £ 8 and K [Al855] 56 
a 

c931 a 
= 240 <Z21 - X75l h £ B and K [Al860] 57 

~9 = 239 (1. - p 34 ) h £ B and K [Al865] 58 
h 

c\3 = 239 
p > p [Al870] 59 

da 3\ 36 

Gy41 = 239 241 
p < p [Al875] 60 

da 35h - 36 

c\1 = 239 da 

where: 

(1. - Z41J p < p 
3\ - 36 

[Al880] 61 

The amount of egesta of the constituent and 
cohort currently under consideration which 
goes into solution in a time period 
[SOLUTE] 
The proportion of egesta of the h'th cohort 
that goes into solution in a time period 
[XCRSOL(H)] 
The total amount of water in and passing 
through the system in a day 
The amount of water in the ecosystem at any 
one time in cubic meters (W ATSYS) 



p35 = 
h 

(Z, 6 - 1.)/Z, 6 

The number of turnovers of water minus one 
in a day [CYCLE] 
The amount of egestion for the animal 
cohort and constituent currently under 
consideration [EXCR] 
The fate of excreta of the h'th animal cohort 
[IXFATE(H)] 
The number of litter categories in the eco
system (NOLIT] 
The change in the c'th dissolved organic 
constituent due to egestion (AQUAQQ(C)] 
The change in the c'th dissolved organic 
constituent leaving the ecosystem due to 
egestion [COMPIN(C)] 
The change in the c'th constituent of the 
d'th detritus type in the benthos 
[CORGQQ(D,C)] 
The change in the c'th constituent of the 
d'th detritus type leaving the ecosystem 
[DETIN(D,C)] 
The change in the c'th constituent of the d'th 
suspended detritus type (CLITQQ(D,C)] 

For the non-planktonic, benthic-dwelling animals 
egested products are calculated. 

where: 

p34 = 
h 

h E 8 and F 

h e Band F 

h E 8 and F 

h E 8 and F 

[Al89O] 62 

[Al895] 63 

[Al9OO] 64 

[Al9O5] 65 

The change in the c'th dissolved organic 
constituent due to egestion (AQUABQ(C)] 
The amount of egesta of the constituent and 
cohort currently under consideration which 
goes into solution in a time period 
[SOLUTE] 
The amount of egestion for the animal 
cohort and constituent currently under con
sideration [EXCR] 
The amount of egesta of the h'th cohort 
that goes into solution in a time period 
[XCRSOL(H)] 
The change in the c'th constituent of the d'th 
detritus type in the benthos 
[CORGQQ(D,C)] 

For the planktonic animals egested products are calcu
lated. 

240 = 2 39 P 34 [Al91S] 66 

C~3l 
h 

= 240 [Al92O] 67 
C 

G~3l = 240 (Z lo - 1.) [Al925] 68 
C 
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Z39 = Z39 (1. - p 34 ) 
h 

[Al930] 69 

[Al93S] 70 

[Al94O] 71 

GX41 = 239 
. de 

Gy41 = 239 
de 

where: 

X 
G 31 

e 

X 
G 41 

de 

The amount of egesta of the constituent 
and cohort currently under consideration 
which goes into solution in a time period 
[SOLUTE] 
The amount of egestion for the animal 
cohort and constituent currently under 
consideration [EXCR] 
The amount of egesta of the h'th cohort that 
goes into solution in a time period 
(XCRSOL(H)] 
The number of turnovers of water minus 
one [CYCLE] 
The change in the c'th dissolved organic 
constituent due to egestion [AQUAQQ(C)] 
The change in the c'th dissolved organic 
constituent leaving the ecosystem due to 
egestion [COMPIN(C)] 
The change in the c'th constituent of the 
d'th suspended detritus type 
[CLITQQ(D,C)] 
The change in the c'th constituent of the 
d'th detritus type leaving the ecosystem 
[DETIN(D,C)] 

Growth (productivity) equals assimilation minus 
respiration. 

where: 

h E A 

h E 8 

[Al96O] 72 

[Al96S] 73 

[Al97O] 74 

Growth for the cohort being considered 
(ASSIT] 
Growth of the c'th constituent of the h'th 
cohort of the animals drifting out of the 
system [DRIFTA(H,C)] 
Growth of the c'th constituent of the h'th 
cohort [CBIOMQ(H,C)] 
The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [EXCR] 
The amount of respiration for the animal 
cohort and constituent currently under 
consideration [RESP!] 
The number of turnovers of water minus one 
(CYCLE] 



Animal productivity (growth) is tracked. 

where: 

h £ A 

h £ 8 

[Al975] 75 

[Al985] 76 

Crow th for the cohort being considered 
(ASSIT) 
The number of turnovers of water minus one 
[CYCLE) 
Productivity of the c'th constituent of the 
h'th animal cohort (CBIOMP(H,C)] 

Respired constituents enter dissolved inorganic compart
ments, with energy being considered lost to the atmosphere. 
When the animals being considered are non-planktonic (h £ 

B) the following calculations apply: 

z43 

x 
R. 012, 2 

X 
R•'ll13,c 

X 
R

0

03l3,c 

RX5l 
k 

Ry 51 
k 

RX53 
k 

where: 

= z38,z21 h £ 8 [Al995] 77 

= -Z43 ½1 i h £ 8 an<! c = 2 [A2000] 78 
I 

= -Z43 z21 h £ B and c -I 2 [A2'll0] 79 

243 221 'h E B and c I- 2 [2015] 80 

243 x15 ,h E Band J and c I 2 [A2025] 81 

z43<2i1- x
7 5

) h c B and J and C f 2 [A2030] 82 

243 z21 h £ 8 and K and C -/ 2 [A2040] 83 

The amount of a respired product in grams 
per cubic meter for the constituent and 
cohort currently under consideration [RESP) 
Loss of energy to the atmosphere due to 
respiration of the cohort in question 
(AGAINQ(2,2)) 

A change of chemical state for the element 
in question (DGAINQ(l3,K)) 
The change in the k'th dissolved inorganic 
constituent in the water column due to 
respiration [WDINRQ(K)] 
The amount of respiration for the animal 
cohort and constituent currently under 
consideration [RESP!) 
The total amount of water in and passing 
through the system in a day [W ATTOT) 
The amount of water in the ecosystem at any 
one time in cubic meters (W ATSYS) 
The change in the k'th dissolved inorganic 
constituent in outflowing water 
[DNORG(K)) 
The change in the k'th dissolved inorganic 
constituent in the benthos due to respira
tion [BDINRQ(K)] 

49 Aquatic Model 

Respiration when the animals being considered are zoo-
plankton (h £ A) is calculated by: 

z43 

x R 01
2 2 . , 

X 
R 5lk 

x 
l/

0

01,J,c 
X 

11_0313,k 
y 

R 5lk 

where: 
24J 

y 
R 51 

k 

= z38 h £ A [A2060] 84 

• -Z43 216 h £ A an<l C = 2 [A2065] 85 

= 24J h c A and C -/ 2 [A]075] 86 

= -Z43 216 h c A and C f 2 [A2080] 87 

243 216 h EA and C 'f 2 [A2085] 88 

z43 (Zl6 - l.) h £ A and C 'f 2 [A2090] 89 

The amount of a respired product in 
grams per cubic meter for the constituent 
and cohort currently under consideration 
[RESP] 
The amount of respiration for the animal 
cohort and constituent currently under 
consideration [RESP!) 
The number of turnovers of water minus one 
[CYCLE] 
Loss of energy to the atmosphere due to 
respiration of the cohort in question 
[ AGAINQ(2,2)) 
The change in the k'th dissolved inorganic 
constituent in the water column due 
to respiration [WDINRQ(K)] 

A change of chemical state for the element 
in question (AGAINQ(l3,C)] 
A change of chemical state for the element in 
in question [DGAINQ(l3,K)] 
The change in the k'th dissolved inorganic 
constituent in outflowing water 
[DNORG(K)] 

Non-planktonic animals 
respire according to: 

passing through the system 

where: 

[A2100] 90 

C f 2 [2115] 91 

C f 2 [A2105] 92 

C -/ 2 [A2120] 93 

C -/ 2 [A2125] 94 

C 'f 2 [A2130] 95 

The amount of a respired product in grams 
per cubic meter for the constituent and 
cohort currently under consideration 
(RESP] 
The amount of respiration for the animal 
cohort and constituent currently under 
consideration [RESP!] 



y 
R 51 

k 

X -R 
0113,c 

The amount of the c'th constituent of the 
h'th animal group [CBIOM(H,C)] 
The number of turnovers of water minus 
one [CYCLE] 
The amount of the c'th constituent of the 
h'th animal group entering the system in a 
time unit [XDRIFA(H,C)] 
The change in the k'th dissolved inorganic 
constituent in outflowing water 
[DNORG(K)] 
Loss of energy to the atmosphere due to 
respiration of the cohort in question 
[AGAINQ(2,2)] 
A change of chemical state for the element in 
question [AGAINQ(13,C)] 
A change of chemical state for the element 
in question (AGAINQ(13,K)] 
The change of the c'th constituent of the 
h'th animal cohort passing through the 
system due to respiration [DRIFTA(H,C)) 

Cohort Transfer 

Where an animal population consists of more than one 
sub-population or cohort at different stages of development, 
transfer of individuals from one stage to another is 

determined in various ways, which may be special to each of 
these cohorts. 

The rate of transfer may be a function of accumulated 
mean daily temperatures in excess of a specified threshold 
starting when animals entered a particular cohort. 

z44 = min[Pl6' max (P42 - p38 )/(P39 - p38) 
h h h h 

where: 
P 37 £ 1 or 3 

h 
[A2320) 96 

A fraction of the cohort in question leaving 
that cohort [HATCH) 
The maximum fraction of a state variable 
affected by a function (ALLMAX) 
A threshold for accumulated temperature 
for the h'th cohort at which time cohort 
transfer begins [THRES(H)) 
The accumulated temperature for the h'th 
cohort at which the entire population is 
transferred (AMAX(H)) 
The accumulated temperature for the h'th 
cohort (ACCUM(H)] 
A switch controlling mode of cohort transfer 
of the h'th cohort (NTRANS(H)] 

The second mode of transfer is an exponential function 
of the temperature on a particular day. 

z44 = min[P 16 , max{P40 exp(P 41 X72))] 
h h 

p 37 
h 

£ 2 [A2335] 97 
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where: 

The fraction of animals transferred at zero 
temperature for the h'th cohort 
[HATCON(H)] 
The coefficient for temperature dependence 
for the rate of transfer of the h'th animal 
cohort [TEMCON(H)] 
A fraction of the cohort in question leaving 
that cohort [HATCH) 
The maximum fraction of a state variable 
affected by a function (ALLMAX) 
The water temperature in degrees centi
grade (WTEMP) 
A switch controlling mode of cohort transfer 
of the h'th cohort (NTRANS(H)] 

For P"h = 4 the animals of that cohort are transferred on 
the last day of the year. Yet another mode of transfer occurs 
as a function of the average weight of an individual above a 
certain specified weight. 

244 = min[Pl6, max {(Z46 - p42,l PJ9 /P42 )] 
h n h h 

where: 

and 

p)7. £ 5 
n 

[A2370] 98 

A fraction of the cohort in question leaving 
that cohort [HATCH] 
The maximum fraction of a state variable 
affected by a function [ALLMAX) 
The weight of an average individual of the 
h'th cohort above which cohort transfer will 
commence [ACCUM(H)) 
A factor regulating the fraction of cohort 
transfer (AMAX(H)) 

The average weight of an individual 
in the cohort being considered 
[ANA VER] 

If P" = 6 no transfer of animals for the h'th cohort is 

established. For the plantonic animals, 

where: 

[A2390] 99 

A fraction of the cohort in question leaving 
that cohort [HATCH] 
The number of turnovers of water minus one 
(CYCLE] 



Population transfers are made. 

247 

TXU 
l 

Ty l2 
l 

?12z+1 

Tyl2 
l+l 

where: 

~ 244 2 IL [A2395] 100 
l 

= - 247 [A2400] 101 

= - 241<216 - l.) p43 £ 1 [A2405] 102 
h 

24 7 p 37 'f 3 or p 43 
h h 

= 1 [A2410] 103 

247(Zl6 - 1.) p37 'f 3 or p43 = 1 [A2415] 104 
h h 

The total number of animals of the cohort 
under consideration which leave the cohort 
(CHANGE)) 
A fraction of the cohort in question leaving 
that cohort [HATCH) . 
The number of turnovers of water minus one 
[CYCLE) 
The change in the /'th population due to 
cohort transfer [POPQQQ(L)) 
The change in the l'th population of animals 
leaving the system due to cohort transfer 
[DRIFPO(L)) 

x = 
T 12z+J 

The change in the population of the 
receiving cohort due to cohort transfer 
[POPQQQ(L+ 1)) 

The change in the population of the 
receiving cohort leaving the ecosystem due 
to cohort transfer [DRIFPO(L+ 1)) 

Not all of the biomass leaving a cohort during a transfer 
enters the receiving cohort. Part of it may be lost as cast 
skins to the appropriate litter compartment. 

where: 

p44 = 
h 

[A2430] 105 

The amount of the constituent in question 
during a cohort transfer which is cast skin 
[SHELLS) 
The fraction of biomass of the h'th cohort 
which is made up of exoskeleton which wHI 
be shed[SHELP(H)] 
The total amount of animals of the cohort 
under consideration which leave the cohort 
[CHANGE) 

Increments and decrements are made for the proper com
partment. For the zooplankton (h EA). 

T:i:41 24a Xll [A2465] 106 
de he 

Ty 41 24a Xll <216 - 1.) [A2470] 107 
. de he 

TX11, = - 247 X 11 [A2475] 108 
,e he 

TXl\ = (Z4 7 - 248) Xll [A2480] 109 
+l ,c he 
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where: 

TXll & 
~e 

TXll 
1:+J_,c 

Aquatic Model 

[A2485] 110 

[A24902 111 

The amount of the constituent in question 
during a cohort transfer which is cast skins 
[SHELLS] 
The amount of the c'th constituent of the 
h'th animal group [CBIOM(H,C)) 
The number of turnovers of water minus one 
[CYCLE] 
The total numbers of animals of the cohort 
under consideration which leave the 
cohort [ CHANGE] 
The change in the c'th constituent of the 
d'th organic detritus type due to cohort 
transfer [CLITQQ(D,C)) 
The change in the c'th constituent of the 
d'th organic detritus type leaving the system 
due to cohort transfer [DETIN(D,C)] 

The change in the c'th constituent of the 
h'th or h + I 'th animal cohort due to cohort 
transfer [CBIOMQ(H,C), CBIOMQ 
(H+l,C)] 

The change in the c'th constituent of the 
h'th or h + l 'th cohort due to cohort transfer 
[DRIFTA(H,C), DRIFTA(H + 1,C)] 

248 xl\e p 45 > 
h 

p36 [A2500] 112 

248 Xl\ (l - Z41) p45 .5. 
e h 

p36 [A2502] 113 

2 48 X 11 241 
p < p36 [A2515] 114 

he 4\-
-Z47 Xll 

he 
[A2520] 115 

<241 - 24al Xll p37 'f 3 [A2525] 116 
he 

= -<24 7 - 243lX11 p37 3 [A2530] 117 
he 

The amount of the constituent in question 
during a cohort transfer which is cast skin 
[SHELLS) 
The amount of the c'th constituent of the 
h'th animal group [CBIOM(H,C)) 
(Z, 0-l.)/Z,,o 
The total number of animals of the cohort 
under consideration which leave the cohort 
[CHANGE] 
The number of turnovers of water minus one 
(CYCLE] 
The change in the c'th constituent of the 
d'th benthic litter type due to cohort 
transfer [CORGQQ(D,Ci)J 
The change in the c'th constituent of the 
d'th organic detritus type due to cohort 
transfer [CLITQQ(D,C)] 



X 
T 11 

he 

p43 
h 

p45 = 
h 

P37 = 
h 

p36 = 

The change in the c'th constituent of the 
d'th organic detritus type leaving the system 
due to cohort transfer [DETIN(D,C)] 
The change in the c'th constituent of the 
h'th animal cohort due to cohort transfer 
[CBlOMQ(H,C)] 
The change in the c'th constituent of the 
h + l'th cohort due to cohort transfer 
[DRIFfA(H + l,C)] 
The amount of the c'th constituent lost to the 
atmosphere due to cohort transfer 
[AGAINQ(2,C)] 
A switch for type of drift for the h'th cohort 
[NDRIFA(H)] 
A switch for fate of shed skins [ISFATE(H)] 
A switch for mode of transfer of the h'th 
cohort [NTRANS(H)] 
The number of organic litter categories 
[NOLIT] 

Where more than one cohort makes up a species, the 
first cohort is considered eggs or young and may be in
cremented from any other cohort of the species. The 
following modes of transfer exist ( as specified by P ••h): 

1. Oviposition occurs in a range of temperatures as a 
function of days of the year. The function is a half 
circle with P.,a being the apex. When Ps,a ~ X,. ~ 
P.,a and P"a < Pso < P«a 

I 

z45 = (P47
2 

-[{(Pso - p48) 2P47 /(P49 - p48 )} - P47 12)
2 

a a a a a a 

p 46 ' l 
h 

[A2650] 118 

2. Oviposition is constant between certain temperatures. 

z4s = P 
53h 

where: 

[A2625] 119 

A fraction of the weight of the cohort in 
question which will become offspring 
[HATCH] 
The maximum fraction of the a'th species 
biomass which will be oviposited in one day 
[RCONST(H)] 
The first Julian day for egg deposition for the 
for the a'th species [NLAYl(H)] 
The last Julian day for egg deposition for the 
a'th species [NLAY2(H)] 
The current Julian day [IYRDA Y] 
Temperature below which no eggs will be 
laid by the a'th species [CONSA(H)] 
Temperature above which no eggs will be 
laid by the a'th species [UPTHRE(H)] 
A fraction of the h'th cohort which will 
become offspring [REPROD(H)] 
The water column temperature in degrees 
centigrade [WTEMP] 
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For these two methods of oviposition, proper variables are 
incremented or decremented. It will be convenient to desig
nate the first or receiving cohort of a species as s (for 
biomass) and e (for population). 

Z49 Z45 Xl\
1 

[A2690] 120 

Z49 Z49/Zl6 P
43 

C 1 
h 

(A2705] 121 

2so 
TXll 

, SC 

,,,Xu 
• he 
y 

T llhc 

Ty 11 
, SC 

i 12 
. e 

Ty 12 
e 

where: 

249 P54 /P54 
ac h1 

(A2720) 122 

[A2755, A2730] 123 

[A2745, A2735] 124 

[A2750) 125 

[A2760) 126 

[A2770] 127 

[A277 5) 128 

2so 
= -Zso 

= -2so<Z16 - l) 

2so<216 - ll 

249/P54 
al 

Z49IP54 (Zl6 - l) 
al 

p 43 C 1 
h 

p54 = 
ac 

The actual amount of biomass of carbon for 
species in question which will be transferred 
to the first cohort of a species [CHANGE] 
The biomass of the constituent and species in 
question which is to be transferred as eggs 
[CHELEM] 
The weight of the c'th constituent of one egg 
for the a'th species [EGCOMP(A,C)) 
The change in the c'th constituent in the first 
cohort of the a'th species being considered 
due to oviposition [CBIOMQ(S,C)] 
The change in the c'th constituent of the 
h'th cohort due to oviposition 
[CBIOMQ(H,C)] 
The change in the c'th constituent of the 
h'th cohort leaving the system 
(DRIFfA(H,C)] 
The change in the c'th constituent of the first 
cohort of the species being considered 
[DRIFfA(S,C)] 
The change in population of the first 
cohort of the species under consideration 
[POPQQQ(E)] 
The change in population of the first cohort 
of the species under consideration 
[DRIFPO(E)] 
A fraction of the cohort in question which 
will become offspring [HATCH] 
The carbon content of the h'th animal 
category [CBIOM(H,l)] 
The number of turnovers of water minus one 
[CYCLE] 
(NDRIFA(H)] 

3. The last method of transfer (for P••h = 3) is of the 
type where the ecosystem receives eggs from aerial 
insects. If z .. was positive for a cohort h, a specific 
number of eggs are laid per surface area. 



i12 
e 

TXOl 
le 

TXll 
SC 

where: 

= PSS X81 
a 

[A2580] 129 

= Pss/s4ac xs1 [A2690, A2595] 130 

= PSS p54 
a ac 

xs1 [A2600, A2590] 131 

The number of eggs laid for the a'th species 
per unit of surface area [EXOGEN(A)] 
The surface area of the ecosystem in square 
meters [AREA] 
The biomass of the c'th constituent entering 
the system from the atmosphere 
(AGAINQ(l,C)] 

p54 = 
ac 

The weight of the c'th constituent of one 
egg for the a'th species [EGCOMP(A,C)] 
The change in population of the first cohort 
of the species under consideration 
(POPQQQ(E)] 

X 
T II 

The change in the c'th constituent in the 
first cohort of the a'th species being con
sidered due to oviposition (CBIOMQ(S,C)] 

SC 

Non-predatory Mortality 

Each of the animal groups has a non-predatory mortality 
which is considered constant for that group, with the dead 
entering specified litter categories. 

2s1 
~ 

p56 1216 [A2835] 132 
h 

/t 12 = -2 V I 2 
i 51 l 

[A2840] 133 

/111 = - 251 Vu [A2855] 134 
• he he 

HX43 = 251 vl\e P57 >P36 [A2860] 135 
de 

/141 
h 

2s1 Vu P57 ::,P36 [A2870] 136 
de he h 

2s1 p56 P43 =l [A2875] 137 

HXll 
h h 

= -x 2
s1 [A2880] 138 

. he 
11he 

; 41de 
2s1 Xll p43 =land p57 <P36 [A2890] 139 

he h h-

043de 
2s1 Xll P57 >P36 [A2915, A2900] 140 

he h 

/141 
do 

2s1 Xll (( 216 - l)/ 216} 
ho 

P43 ill and p57 ::_P36 [A2925] 141 
h h 

HX12 = -x 251 
l 12 l 

[A2935] 142 

[A2950] 143 

where: 
The proportion of animals dying [DEAD] 
The proportion of animals of the h'th cohort 
dying in a day [AMORTA(H)] 
The number of turnovers of water minus one 
[CYCLE] 
The population of the /'th animal category 
entering the ecosystem in a time unit 
[XDRIFO(L)] 
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The amount of the c'th constituent of the 
h'th animal group entering the system in a 
time unit [XDRIFA(H,C)] 
The population of the l'th animal cohort 
(POP(L)] 
The amount of the c'th constituent of 
the h'th animal group (CBIOM(H,C)] 
The number of organic litter categories 
(NOLIT] 
A switch for the type of drift of the h'th 
animal cohort [NDRIFA(H)] 
The fate of the dead of the h'th cohort 
(IAFATE] 

and the fluxes are those due to non-predatory mortality. 

Population change of the l'th cohort leaving 
the system [DRIFPO(L)] 
Constituent change of the h'th cohort 
leaving the system [DRIFTA(H,C)] 
Detritus change leaving the system 
[DETIN(D,C)] 

Hx43de = Detritus change in the ecosystem 
[CORGQQ(D,C)] 

HXll = 
he 

,/ 41de = 

Constituent change of the h'th animal 
cohort [CBIOMQ(H,C)] 
Suspended detritus change in the ecosystem 
[CLITQQ(D,C)] 
Populatiuu d1auge uf tlie /'th cohort 
[POPQQQ(L)] 

Animal Scouring and Deposition 

Animals in the system which are allowed to be scoured 
or deposited are those specified by NDRIFA = 2 or 3. 
Scouring and deposition occur as a function of water 
velocity. 

For scouring (when X,, is greater than P,.h) 

X 
S 12 = 223 Xl2 

l l 

sY 12i = 223 x12i 

where: 

p21 
h - P 22 ) ) l [A3015 J 144 

h 

[A3035, A3040] 145 

[A3035, A3045] 146 

[A 3051) 146 

[A 3052) 146 

The fraction of the group of animals 
currently under consideration which is 
scoured [SCOUR] 



pl6 = The maximum fraction of a state variable 
affected by a function [ALLMAX] 
A quadratic coefficient [ANDRF2(H)] 
Water velocity [VELOCT) 
The water velocity above which the h'th 
category of animals will be scoured 
[ANIHI(H)] 
The amount of the c'th constituent of the 
h'th category of animals which is scoured 
[CBIOMQ(H,C)] 

x
11 

= The amount of the c'th constituent of the 
he h'th animal group [CBIOM(H,C)] 

• The amount of the c'th constituent of the 
?uhe = h'th animal category which is washed out of 

system [DRIFTA(H,C)] 

y 
S 12 z 

The population of the /'th cohort removed 
by scouring 
The change in the /'th population leaving 
the ecosystem 
The population of the /'th cohort 

For settling (when X73 is less than P.,h) 

PXll 
he 

Py 11 
he 

X 
P 12 z 

y 
p 12 z 
where: 

xn P 23 
min (P

16
, max (0., {P24 - P24 h))] [A3060] 147 

h h 

<Z2/Z16) V 11 [A307'l, A3080] 148 
he 

-(Z24/Zl6)Vll [A3085, A3070) 149 
he 

(Z24/Zl6) VIZ 
[A 3086] 149 

z 

- (Z2/Z16) Vl2 z [A 3087] 149 

p24 = 
h 

p23 
h 

The fraction of the normally sessile animals 
currently in the water column which will 
be deposited [FALLS) 
A quadratic coefficient [ANDRF3(H)] 
The water velocity below which the h'th 
animal category will be deposited 
[ANILO(H)] 
The amount of the c'th constituent of the 
h'th animal category being deposited 
[CBIOMQ(H,C)] 
The amount of the c'th constituent of the 
h'th group of animals which would have 
been washed out of the system but instead 
was deposited [DRIFTA(H,C)] 
The maximum fraction of a state variable 
affected by a function[ALLMAX] 
Water velocity [VELOCT] 
The number of turnovers of water minus 
one [CYCLE] 
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V 11 = The amount of the c'th constituent of the 
he h'th animal group entering the system in 

a time unit [XDRIFA(H,C)] 
The population of the l'th cohort added 
by deposition 

y 
p 12 z 

The change in the /'th population leaving 
ecosystem 

VIZ z 
The /'th population entering the ecosystem 

Behavioral Drift 

For the behavioral drifters, when P.,h = 3, the amount 
of animals entering or leaving the drift is predicted on the 
basis of carrying capacity. This is measured as the difference 
between the amount an animal wants to eat and the amount 
it can actually ingest as a function of food quantities 
available to it. 

2s2 = Pzs /Zzs [A3170] 150 
h h 

zs2 

zs3 = min[Pl6 {?58 p59 l l [A3200] 151 
' h h 

Z54 = (1. -Z53)/Zl6 [A3205) 152 

BXll 
he 

= Z54 Vll -
he 

(Z53 Xll ) 
he 

[A3230) 153 

Byll 
he 

BX12 

= z53 Xll -
he 

(Z54 Vll ) 
he 

[A3235] 154 

• 7, 

8Y17. 
z 

where: 

= Z54 vlZz - (Z53 \2 ) 
i 

[A3250] 155 

= z53 x12z - (Z54 Vl2) z [A3255) 156 

p43 
h 

p25 = 
h 

A switch for the type of drift of the h'th 
cohort [NDRIFA(H)] 
The maximum possible intake of the h'th 
animal group in grams per gram animal 
[TAKE(H)] 
The proportion of food ingested by the 
h'th animal cohort [EATS(H)] 
The maximum fraction of a state variable 
affected by a function (ALLMAX] 
The number of turnovers of water minus one 
[CYCLE] 

v 
11 

= The amount of the c'th constituent of the 
he h'th animal group entering the system in a 

time unit [XDRIFA(H,C)] 
The population of the l'th animal category 
entering the ecosystem in a time unit 
[XDRIFO(L)] 
The population of the l'th animal cohort 
[POP(L)] 
The fraction of the animal cohort in question 
leaving the system because of foods 
available [BEFAC2] 
The fraction of drifting animals of the 
cohort in question remaining in the system 
[BEFAC5] 
The change in the c'th constituent of the h'th 
cohort due to behavioral drift 
[CBIOMQ(H,C)] 



y 
B 12z 

The change in population of the l'th cohort 
due to behavioral drift [POPQQQ(L)] 
The change in the c'th constituent of the 
h'th cohort drifting out of the system due 
to behavior [DRIFTA(H,C)) 
The change in population for the l'th 
cohort drifting out of the system due to 
behavior [DRIFPO(L)) 

Heterotrophic Microorganisms 

For the heterotrophic microorganisms the following 
subsets are defined: 

A = (1) D = (3) 

B = (2) E = (1,2,3) 

C = (2,3) F = (1, 3) 

where l = planktonic, 2 = attached and 3 benthic 
heterotrophic microorganisms. 

Dec om position 

The substrate used by the heterotrophic microorgan
isms is based on the sum of the foods available weighted by 
preference-availability factors for those foods. Foods for the 
heterotrophic microorganisms consist of suspended and 
benthic organic detritus, as well as the dissolved organic 
matter in the water column and interstitial water. 

The maximum possible "intake" from the suspended litter 
category equals: 

where: 

mcA [A3385 l 15 7 

The weighted amount of the d'th category of 
suspended litter available to the micro
organisms [FEEDRF(D)] 
The amount of carbon in the d'th suspended 
litter category [CLIT(D,l)) 
The preference-availability factor of the 
m'th category of microorganisms for the 
d'th category of detritus [PREFRF(M,D)) 

While for benthic litter and the dissolved organic material 
in the water column and interstitial water the following 
applies: 

212 = X43 p8 meC' [A3405] 158 
d dl md 

Z13 = X31 Pg m£A [A3435] 159 
1 m 

Z13 = X33 Pg m£D [A3460] 160 
1 m 
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where: 
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The weighted amount of the d'th category 
of benthic litter available to the micro
organisms [FEEDRB(D)) 
The amount of carbon in the d'th category 
of benthic litter [CORG(D,l)) 
The preference-availability factor of the 
m'th category of microorganisms for the 
d'th category of benthic detritus 
[PREFRB(M ,D)) 
The weighted amount of dissolved organic 
material in the water column [FEEDRW) 
The carbon content of the dissolved material 
in the water [AQUA(l)) 
The preference-availability factor of the 
m'th category of microorganisms for 
dissolved organic material [PREFRW(M)) 
The carbon content of the dissolved organic 
material in interstitial water [AQUAB(l)) 

The total possible weighted amounts of substrates 
available to a group of microorganisms becomes 

where: 

161 

[SUM] 
The weighted amount of the d'th category of 
suspended litter available to the microorgan
isms [FEEDRF(D)) 
The weighted amount of the d'th category 
of benthic litter available to the micro
organisms [FEEDRB(D)) 
The weighted amount of dissolved organic 
material in the water column 
[FEEDRW) 

The actual total substrate use per unit biomass of micro
organisms per time unit based on carbon becomes 

[A3495] 162 

where: 

[A3490] 163 

and 

214 = Total intake of carbon per time unit for the 
ml m'th category of microorganisms 

[FOOD(M,l)) 
2

1s A factor relating food intake to temperature 
[BJ 



Michaelis constant for rate of substrate use 
by the m'th type of microorganism 
[CONS(M)] 
The sum of the weighted amounts of 
substrates [SUM] 
Constant, linear and quadratic coefficients 
for temperature dependence of substrate 
use [CONTA, CONTB, CONTC] 
Water temperature [WTEMP] 
Surface area of the ecosystem [AREA] 

The substrate use in the eocystem becomes 

or 

where: 

m c C [A3515J 164 

m £ A [A3510,A3515] 165 

Total amount decomposed [TAKING] 
Total intake of carbon per time unit for the 
m'th category of microorganisms 
[FOOD(M,l)] 
Total amount of carbon in the m'th type of 
microorganism [ CBACT(M, 1)] 
The proportion of actual time spent in the 
ecosystem to the time period used [CYCLE] 

The suspended litter category is decremented by the 
amount decomposed. 

where: 

[A3550, A3560) 166 

m c A 
[A3550, A3565) 167 

The amount of the c'th constituent of the 
d'th suspended litter category in the 
ecosystem decomposed [CLITQQ(D,C)] 
The amount of the c'th constituent of the 
d'th litter category in the ecosystem 
(CLIT(D,C)] 
Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of the d'th category 
of suspended litter available to the micro
organism [FEEDRF(D)] 
The sum of the weighted foods for the 
animal group currently being considered 
[SUM] 

x = The carbon content of suspended detritus in 
41

d 1 the ecosystem [CLIT(D,1)] 

56 

The amount of the c'th constituent of the 
d'th suspended litter category which would 
have been washed out of the system in a time 
unit but instead has been decomposed 
[DETIN(D,C)] 

V
41 

= The amount of the c'th constituent of the 
da d'th suspended litter category entering the 

ecosystem during a time unit 
[XDETIN(D,C)] 

The benthic litter category is decremented by the amount 
decomposed. 

where: 

The amount of the c'th constituent of the 
d'th type of benthic detritus which has been 
decomposed [CORGQQ(D,C)] 
The amount of the c'th constituent of the 
d'th type of benthic detritus (CORG(D,C)] 
Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of the d'th category of 
benthic litter available to the microorgan
ism [FEEDRB(D)] 
The sum of the weighted foods for the 
animal group currently being considered 
[SUM] 

X = The carbon content of the d'th type of 
43

d 1 benthic litter [CORG(D,l)] 

The dissolved organic material in the water column 
is decremented by the amount decomposed. 

D~31 = x31 210213/(Z7X31 )j 
a a 1 

Dy31 = v31 210213f<Z7X31) 
a a 1 

[A3660, A3670) 169 

m c A 

[A3660, A3675) 170 

where: 

The amount of the c'th constituent in the 
ecosystem which is dissolved in the water 
column and which has been decomposed 
[AQUAQQ(C)] 
Total carbon intake for the cohort currently 
under consideration [TAKING] 
The weighted amount of dissolved organic 
material in the water column [FEEDRW] 
The sum of the weighted foods for the 
animal group currently being considered 
[SUM] 

x
31 

= The carbon content of the dissolved material 
1 in the water [AQUA(l)] 



Y• The amount of the c'th dissolved constituent 
D 31 

a which would have been washed out of the 
system but instead was decomposed 
[COMPIN(C)] 

V 
31 

= The amount of the c'th dissolved constituent 
C entering the ecosystem 

[XCOMPN(C)] 
in a time unit 

The dissolved organic material in the interstitial water 
is decremented by the amount decomposed. 

where: 

m c O [A3640, A3630] 171 

The amount of the c'th dissolved organic 
constituent in the interstitial water which 
has been decomposed [AQUABQ(C)] 
The amount of the c'th dissolved organic 
constituent in the interstitial water 
[AQUAB(C)] 
Total carbon intake for the cohort currently 
under consideration [TA KING] 
The weighted amount of dissolved organic 
material in the water column 
[FEEDRW(D)] 
The sum of the weighted foods for the 
animal group currently being considered 
[SUM] 
The carbon content of the dissolved organic 
material in interstitial water [AQUAB(l)] 

The total intake by the microorganisms thus becomes: 

172 

where: 

Z
17 

The total intake of the c'th constituent by the 
ma m'th detritus category [FOOD(M,C)] 

_x - The amount of the c'th constituent of the 
Lr41 - h 

da d'th suspended litter category in t e 

y 
D 41 

de 

X 
D 43 

da 

X 
D 31 

a 

ecosystem decomposed [CLITQQ(D,C)] 
[A3570] 

The amount of the c'th constituent of the 
d'th suspended litter c~tegory which would 
have been washed out of the system in a time 
unit but instead have been decomposed 
[DETIN(D,C)] [A3570J 

The amount of the c'th constituent of the 
d'th type of benthic detritus which has been 
decomposed [CORGQQ(D,C)] [A3610J 

The amount of the c'th constituent in the 
ecosystem which is dissolved in the water 
column and which has been decomposed 
[AQUAQQ(C)] [A3680J 
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X 
D 33 

The amount of the c'th dissolved constituent 
which would have been washed out of the 
system but instead was decomposed 
[COMPIN(C)] [A3680J 

The amount of the c'th dissolved organic 
constituent in the interstitial water which 
has been decomposed [AQUABQ(C)] [A3645J 

a 

Respiration and assimilation are both calculated as a 
fraction of the "food" intake with the remainder being 
added to the dissolved organic category. Respiratory 
products increment the dissolved inorganic elements with 
the exception of energy, which is considered lost to the 
atmposphere. Because the relationship of each type 
(planktonic, attached and benthic) of microorganism with 
their environment differs, these processes are calculated 
separately. 

For the planktonic microorganisms, respiration equals 

where: 

m c A [A3735] 173 

Respiration for the constituent and micro
organism group currently under consider
ation [RESP] 
The fraction of the "food" which is respired 
by the m'th type of microorganism 
[RESPM(M)] 

z
17 

= The total intake of the c'th constituent by 
ma the m'th detritus category [FOOD(M,C)] 

The respired elements enter the dissolved inorganic 
categories. 

where: 

m £ A and a ,I, 2 [A3750] 174 

[A3765 l 175 

The increment of the k'th inorganic element 
in solution in the ecosystem due to respira
tion [WDINRQ(K)] 
The increment to the k'th inorganic element 
in solution due to respiration which is being 
washed out of the system [DNORG(K)] 
Respiration for the constituent and micro
organism group currently under considera
tion [RESP] 
The number of turnovers of water mhus one 
[CYCLE] 



This chemical change is tracked according to: 

x 
R 0313,k 

where: 

X = 
R 0113,c 

x = 
R 0313,k 

m £ A and c i 2 [A3755 J 176 

m £ A and o ; 2 [A3760] 177 

The amount of the c'th organic constituent 
transformed to the inorganic state as a 
function of respiration [AGAWQ(l3,C)] 
The amount of the k'th dissolved element 
transferred from the organic state as a 
function of respiration [DGAINQ(l3,K)] 
Respiration for the constituent and micro
organism group currently under considera
tion [RESP] 
The number of turnovers of water minus one 
[CYCLE] 

Energy from respiration is lost to the atmosphere 

m £ A [A3740] 178 

Assimilation is calculated and incrementations added to 
the microorganisms. 

where: 

where: 

m £ E [A3770] 179 

The assimilation of the constituent for the 
cohort under consideration [ASS!] 
The fractional part of the food for the m'th 
category of microorganism which is 
assimilated [ASSIMH(M)] 
The total intake of the c'th constituent by 
the m'th detritus category [FOOD(M,C)] 

m £ A [A3775] 180 

m £ E [A3780] 181 

The change due to assimilation of the c'th 
constituent of the m'th type of microorgan
ism which is washed out of the system during 
a time unit [DRIFTM(M,C)] 
The change due to assimilation of the c'th 
constituent of the m'th type of microorgan
ism in the ecosystem [CBACTQ(M,C)] 
The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [EXGR] 
The number of turnovers of water minus one 
[CYCLE] 
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Productivity is calculated as the amount of assimila
tion for a time unit. 

where: 

m £ A [A3785] 182 

Bacterial productivity [ CBACTP(M, C)] 
The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [EXGR] 
The number of turnovers of water minus 
one [CYCLE] 

The difference between "food" and the fraction of it 
assimilated and respired is considered leakage and is added 
to the dissolved organic compartment. 

where: 

z = 
18 

m c F [A3790] 183 

The amount of the constituent for the 
microorganism category under considera
tion which will be added to the dissolved 
organic compartments [AGOORG] 
The total intake of the c'th constituent by the 
m'th detritus category [FOOD(M,C)] 
Respiration for the constituent and micro
organism group currently under considera
tion[RESP] 
The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [EXGR] 

m c A [A3795] 184 

iY 31
0 

= 2 2a216 - 2 20 

where: 

m A [A3800] 185 

The change in the c'th dissolved constituent 
in the ecosystem due to leakage 
[AQUAQQ(C)] 
The change of the c'th dissolved constituent 
leaving the ecosystem in a time unit 
[COMPIN(C)] 
The number of turnovers of water minus one 
[CYCLE] 
The amount of the constituent for the micro
organism category under consideration 
which will be added to the dissolved organic 
compartments [ A GOO RC] 



For the attached microorganisms, respiration equals: 

m £ B [A3810] 186 

where: 

Z
21 

The total amount of water that has flowed 
through the system in a time unit plus the 
water in the system [WATTOT] 

pl4 = 
m 

Respiration for the constituent and micro
organism group currently under considera-
tion [RESP) 
The fraction of the "food" which is respired 
by the m'th type of microorganism 
[RESPM(M)) 
The total intake of the c'th constituent by 
the m'th detritus category [FOOD(M,C)] 

The respired elements enter the dissolved inorganic 
categories. 

where: 

m E 8 and c / 2 [A3825] 187 

m £Band a I 2 [A3840] 188 

The total water in the system during the 
time unit (WATSYS) 
The change in the k'th dissolved inorganic 
constituent in the water column due to 
respiration [WDINRQ(K)] 
Respiration for the constituent and micro
organism group currently under considera
ation [RESP] 
The change in the k'th dissolved inorganic 
constituent in outflowing water 
[DNORG(K}] 

z
21 

= The total amount of water in and passing 
through the system in a day 

This chemical change is tracked according to: 

[A3830] 189 

m £Band c; 2 [A3835] 190 

where: 

nX = A change in the chemical state for the 
01

13,a element in question [AGAINQ(l3,C)) 
Z18 = Respiration for the constituent and 

microorganism group currently under 
consideration [RESP] 

Z21 The total amount of water in and passing 
through the system in a day 
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X = 
R 03,k 

zl6 = 

Aquatic Model 

A change in chemical state for the element 
in question [DGAIN(l3,K)] 
The number of turnovers of water minus one 
(CYCLE] 

Energy from respiration is lost to the atmosphere. 

x s - z z 
R 012, 2 18 21 m E 8 [A3815] 191 

where: 

Loss of energy to the atmosphere due to 
respiration of the cohort in question 
(AGAINQ(2,2}] 
Respiration for the constituent and micro
organism group currently under consid
ation [RESP) 
The total amount of water in and passing 
through the system in a day 

Assimilation is calculated in the same way as in equation 
179, with incrementations being the same as in equations 
180 and 181. 

Productivity is calculated as the amount of assimilation 

m E C [A3855 J 192 

where: 

Aj26 Microbial productivity [CBACTP(M,C)] 
me 

z
19 

= The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [EXGR) 

The difference between "food" and the fraction of it 
assimilated and respired is considered leakage and is added 
to the dissolved organic compartment. 

where: 

m E B [A3860] 193 

The amount of the constituent for the micro
organism category under consideration 
which will be added to the dissolved organic 
compartments (AGOORG) 
The total intake of the c'th constituent by 
the m'th detritus category [FOOD(M,C)) 
The amount of assimilation for the animal 
cohort and constituent currently under 
consideration [EXGR] 
Respiration for the constituent and micro
organism group currently under con
sideration [RESP] 
The total amount of water in and passing 
through the system in a day. 



where: 

X 
L 31 

C 

y 
L 31 

C 

m c B [A3865] 194 

m c B [A3870j 195 

The change of the c'th dissolved consti
tuent in the ecosystem due to leakage 
[AQUAQQ(C)) 
The amount of the constituent for the 
microorganism category under consideration 
which will be added to the dissolved organic 
compartments [AGOORG) 
The total water in the system during the 
time unit [WATSYS) 
The change of the c'th dissolved constituent 
leaving the ecosystem in a time unit 
[COMPIN(C)) 
The total amount of water in and passing 
through the system in a day 

For the benthic heterotrophic microorganisms, respira
tion follows the form of equation 173. The respired elements 
enter the dissolved inorganic category in the interstitial 
water. 

m c O and c , 2 [A3895] 196 

where: 

i,53 [BDINRQ(K)) 
k = Respiration for the constituent and micro-218 organism group currently under consider-

ation [RESP] 

This chemical change is tracked according to 

x = -Z 
H 01 13 c 18 

m c D [A3900] 197 

x = z 
H 02 13,k 18 

where: 

m c D [A3905 j 198 

A change in the chemical state for the 
element in question [AGAINQ(l3,C)] 
Respiration for the constituent and micro
organism group currently under consid
eration [RESP) 
A change in the chemical state for the 
element in question [DGAIN(l3,K)] 

Energy from respiration is lost to the atmosphere. 

m c D [A3865] 199 
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where: 

Loss of energy to the atmosphere due to 
respiration of the cohort in question 
[AGAINQ(2,2)) 
Respiration for the constituent and micro
organism group currently under consid
eration [RESP) 

Assimilation is calculated as in equation 179; incrementa
tion as in equation 181; leakage as in equation 183 
and productivity as in equation 192. The products of 
leakage increment the dissolved organic compartment 
in the interstitial water. 

where: 

m c D [A3930] 200 

[AQUABQ(C)) 
The amount of the constituent for the 
microorganism category under considera
tion which will be added to the dissolved 
organic compartments [AGOORG] 

If attached or benthic heterotrophic microorganisms are 
included in the simulation [NDRIFM = 2 or 3) they may be 
scoured and washed out of the system due to high water 
velocities. For scouring (when Xn is greater than P,sm) 

where: 

pl6 = 

p 
18m})} [A4000] 

[A4020, A4025] 

[A4025, A4030] 

201 

202 

203 

The fraction of the microorganism category 
category currently under consideration 
which is scoured [SCOUR) 
The maximum fraction of a state variable 
affected by a function [ALLMAX) 
A quadratic coefficient [BDRF2(M)) 
The water velocity [VELOCT) 
The water velocity above which the m'th 
microorganisms will be scoured 
[BACTHI(M)] • 
The amount of the c'th constituent of the 
m'th category of microorganisms which is 
scoured [CBACTQ(M,C)) 

8
v 

21 
= The amount of the c'th constituent of the 

me m'th category of microorganism which is 
washed out of the system [DRIFTM(M,C)] 
The amount of the c'th constituent of the 
m'th type of microorganism present in the 
system [CBACT(M,C)) 



For settling (when z,, is less than P,em) 

X 
• min[P

16
, max (0., {P 73 - P

20 

p 
l',)J [A4045] 

20m m 204 

pX21 ~ (Z24/Zl6)V21 [A4055, A4065] 205 
me me 

where: 

[A4055, A4070] 206 

The fraction of the normally sessile micro
organisms currently in the water column 
which will be deposited (FALLS] 
A quadratic coefficient [BDRF3(M)] 
The water velocity below which the m'th 
type of microorganisms will be deposited 
[BACTLO(M)] 
The amount of the c'th constituent of the 
m'th type of microorganisms being de
posited [CBACTQ(M,C)] 
The amount of the c'th constituent of the 
m'th type of microorganisms which would 
have washed out of the system but instead 
was deposited in the ,ecosystem 
[DRIFTM(M,C)] 
The maximum fraction of a state variable 
affected by a function [ALLMAX] 
Water velocity l VELO CT] 
The number of turnovers of water minus one 
[CYCLE] 
The amount of the c'th constituent of the m'th 
type of microorganism entering the system in 
a time period [XDRIFM(M,C)] 

TABLE OF SYMBOLS 

The following table is supplied as a users aid. It lists the 
symbols used in the mathematical description, the 
FORTRAN equivalent, the equations where the symbol is 
used, and the units for the symbol. The classification of 
symbols is explained in the Introduction; listings in the table 
are alphabetical according to variable type and then 
numerically according to subscript number. The following 
abbreviations are used: 

C centigrade 
cu cubic 
ecsys ecosystem 
g gram or grams 
hr hour 
kcal kilocalories 
m meter or meters 
mm millimeters 
pop populations 
sq square 
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Many of the exogenous variables (V) have for units 
"variable" for they are first used as grams per cubic meter of 
water flowing into the system from upstream, and then as 
grams per ecosystem per day of material entering the system 
from all sources. Also, Y is used as grams per ecosystem per 
day leaving the system, or as grams per cubic meter of water 
leaving the ecosystem as downstream flow. 

p •. 

.-ort ran 

~~ Equ3t lons where used 

PREFV(H,P) I, 2 

FEUFR.'-1(!!) 

P~EfL (H,U) 

PREFO(ll,lJ) 

PREFM.f-"(M,D) 

PREfRK (:-1, U) 

PRl::FRU(M) 

CONS(M) 

co::r:,.. 

CO~TB 

CO:\IC 

Rt::SPM(~I) 

ASSHOl(!-1) 

ALU-tAX 

8DRt'2(M) 

BACllti (M) 

BACTL0(M) 

SDRF)(M) 

ANlHl(H) 

ANDRF2(H) 

A.'HLO(H} 

ANDRFJ(H} 

TAK£(H) 

CURVr;(ll) 

ASSHl(H) 

IIHIN(H) 

SLOPE(H) 

COSST(ll) 

TOP'r(II) 

). 4, S, 6 

;, 6 

1. 8 

10, ll 

I SI 

1;a 

162 

16) 

16) 

163 

173, 186 

179 

96, 97, 98, 144, 147, l51 
201, 204 

201 

201 

204 

204 

144 

144 

147 

147 

12, lS, 20, lSO 

12 

IS, 20, SO 

lS, 16 

lS, 21, 49 

tS, 21, 49 

IS. 17, 19, 21 

Units 

J imension Less 

dimen11lonlcss 

dlme1\s I onlcss 

d tmcns lonless 

d lmens lon Less 

d lmens ion less 

dimensionless 

di mens Lon less 

dimenslonlcss 

-1 
g. g 

-1 
g . g 

d imcns ion less 

dimensionless 

-1 m • sec 

-1 
m • sec 

dimensionless 

m , sec: -1 

d lmens ion less 

-l 
• • sec 

dimensionless 

_, 
•• g 
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Fortr.:i.n Fortran 
Symbol Eguivalent Eguations were used Units Symbol Eguivalcnt Eg,uat ions were used Units 

p 32,, \,'}tAX{II) 16 8 V 31 XCOMPlN(C) I 70 variables 
C 

p3), TI1AX(H) 17. 19 de~rees C v41 XDt:TlN (1) I l) 8, GI, ,2 variables 

" di 

p 3',, XCRSOL(ll) S5, 58, 62, 64, b6, 69 • 8 • d.1.y 
-1 

v41 XDt:T IN (l>, C) 40, 42, 167 variables 
. du 

p lS;I 
?XFATE(II) RX AGA I :-lQ (2. 2) 92, 178. 191, 199 

-1 
day 

-1 
S9, 60, 61 78, 85, g . ecsys 

01. ,,,,. 

p36 
RX 189, 197 

-1 -I 
:sour 112. Ill, I 14, 135, 136, 139 AGAlNQ(11,C) 79, 87, 91, 176, g . ecys .day 

140. 141. 142 01 
i'J,,· 

p 37;; ~TRA~S(H) 96, 97. 98. 116, 117 TX -1 -1 

01 !,.' 
Al.,\l:;-.'(l,C} 130 g - ~cys .day 

PJSh 
THRESll(H) 96 degrees C TX AG,\l:lQ(2.C) II I 

-I 
day 

-1 
g . ccys 

01 i(.' 

P39h 
AMAX(H) 96, 98 v,ulable pX 

03 ,r;.:, !· 
Uf.,\J:,;,l( 13,K) 80, 88, 94, 17i' 190, 198 g . ccys 

-1 -1 
.day 

p40tl 
HATCON(H) 97 -1 

xl CHC(P, I, I) 1, ? 25, 26, 27, 28 g . ecys 
;,,i,: 

p 41h 
Tt::MCON(II) 97 

I 1\ Cl'ECQQ(P, l ,C) 2S, 27, 48 -1 -1 g • ecsys .day 

p 42,i ACCUH(II} 96, 98 vadabl~ p, l,c 

-1 
Xllhl 

UJI0:--1(11,I) J, 4' 6. 29, 30, 31, 32, 33, g , ecsys 

r 43 NDRIFA(H) 106, 107, 108, 109, 110, 111, 112 JI,• 3S, 36, SI• SJ• l20 
.. , llJ, 114. ll5, 116, 117, 121, 125, -1 

126, 128, I 37, 139, 141, 142 xu,~ Cl\lOM(ll,C) 16, H, 23, 24, 29, JJ, 49, 51, g . ecsys 

p 44.rl sm:LP(U) 105 
-l S3, 90, 106, 107, lOS, 109, 110. 

g,g 111, l ll, llJ, 114, 115, 116, 117, 
I 38, 1 ]9, 140, 14 I, 142, lli3, 145, 

pl,). lSfATE(H) 112, 113, 114 146, 153, l5li ,, X 12 -1 l POP(!.) lb, 21, JO, V,, 49, 100, LSS, 156 pop , ecsys 

p46h NTRANt:(H) 118, 119 BX cs10:--1,J(H,c) 153 
-l -1 

llhe 
s • ecsys .day 

P.-.7 RCONST(A) 118 
-1 

BX 12 
-l -1 

a g • 8 POPIJl.N(L) 1S5 pop • ccsys .day 
1 

p48u NLAYI (A) 118 
HX -1 

CBlO:--tQ(H,C) 138 
-1 

day 
"he 

g , ecsys 

p49 NLAY2 (A) 118 HX -I _day -1 a 
"1 

POPQQQ(L) 143 pop , ecsys 

P,o IYRDAY 118 
rX CBlO:•tQ(H,C) 29, 33. 48 

-1 -1 

11,,_c 
g • eCS)'S ,day 

PSI CONSA(A) 119 do.!grees C 
a IX POPQQQ(L) 30, 3' 

-1 -1 

12 
pop • ecsys .day 

p 52 UPTHRE(A) 119 degrees C l 

a 
P\1. CBlO!iQ(M,C) 148 

-1 
day 

-1 
g • ecsys 

p5Jh Rl::PROD(H) 119 
-1 day-l 

,,c 
g . g 

s" CBlO}IQ(H,C) 145 
-I -1 

11~ 
g • ecsys .day 

P5,, EGCOMP(A,C) 122, 127, 128, 1)0, lll g . g 
-1 

a,• TX POPQQQ(L) 1?7. 129 
-l 

day 
-1 

121 
pop • ecsys 

P55a EXOCEN(A) 129, lJO, 13 l pop • cu m 
-1 

TX -1 -I 
CBimtQ(H,C) 108, 115, 124 g , ecsys day 

p5b A.MORTA(H) 132, 1)7 -1 
day 

-1 11"" 
g. g 

1, TX -1 -l 
CBlO}tQ(H+l ,C) 109, 116 g • ecsys .day 

p 57h 
IA.l'ATE(H) lJS, 136, 139, 140, 141, 142 11;:+; 

X POPQQQ(L) 101 
-1 -1 

T 121 
pop • ccsys day 

p 58.h BEfAC3(H) 151 
X 

POPQQQ(L+l) 103 
-1 -1 

T 
1 Zl+1 

pop • ccsys day 

p 59" BEFAC4(H) 151 

T\1 
-1 -1 

CBIOMQ(S,C) 123, 131 g . ecsys .day 

V l XDRlFV(P,l,l) 2, 28 variables 8C 

p,J,1 wx -I -1 
CBlOMQ(H,C) 74 g . ecsys .day 

V l XDRIFV(P,l,C) 26, 27, 28 variables llhc 

v~ 1,c 
w\6 

-1 -1 

XDRlFA(H, I) 4, s' 33, 34, 35, 36, 37, 38 varlables CSIOMP(H,C) 75, 76 g , e.:sys .dny 

V 1 I he 
hl -1 

x21 CBACT(M, l) 10, 11, "· ,,s, 116, 47, 16li, 16S g . ecsys 

Vll XDRlFA(HC) 31, 35, 37, 91, 92, 93, 91,, 9S variables ml 
flC 131., 135, 136, 148, 149, 153, 1S4 -1 

32, 38, 133, lSS, 1S6 variables x21 CBACT(M,C) "· 46, 202, 203 g , ecsys 

,J 12 l 
XORIFO(L) 36, me 

A\1 

-1 -1 
CBACTQ(M,C) 101 g .ecsys .day 

V 21 XDRlfH(M, l) II, 46, 47 variables me 
~1 

r\1 

-1 - 1 
CBACTQ(M,C) 4,. 46, 48 g , ecsys .day 

v21 XDRIFM(M,C) 45, 4 7, 205, 206 variables 
""' me 

P\1 
-l .day -1 

CBACTQ(H,C) 205 g . ecsys 

""' 
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Fortran Fortran 
U11its ~ Equivalent Equations were used Units 

Symbol Equivalent Equat Lons were used 

X -l _day -1 y -1 -1 
s CBACTQ(M,C) 202 g • ecsys 

B l2l 
DRlFPO(L) 156 g • ecsys .day 

21 
""' 

X -1 -1 y g . ecsys -l .day 
-1 

A CBACTP(M,C) 182, 192 g • ecsys .day H DRH'TA(H,C) 134 
26 ma 11

i1c 
-I y -1 -1 

X3'J 
AQUA(l) 159, 169, 170 g - ecsys H DRIFPO(L) 133 g • ecsys .day 

12! 

169 
-1 y -1 -1 

XJ~ 
AQUA(C) g • ecs:,s 

l 11. 
DRIFTA(H,C) 31, 35, 37, 48 g • ec8ys .day 

,,c 

o\, -1 - I -1 -1 AQUAQQ(C) 172 g • ecsys .day 
r v 12 DRFLPO(L) 32, 36, 38 g , ecsys day 

e 

c\, -1 -l -1 -1 AQUAQQ(C) 56, 67, 169 g , ecsys .day y 
ORlf'tA(ll,C) 149 g , ecsys .day 

p 11. e 
-1 -1 ,a.::-

c\3 
AQUABQ(C) 63 g •ecsys da)· 

R\1 
-l .day -1 

URIFTA(H,C) 95 g , ecsys 
e 

LX - l -1 
-1 -1 AQUAQQ(C) 184, 194 g • E'('Sys .day 

s\1 DRFITA(H,C) 146 g • ecsys .day JI 
e 

h.: 
160, 171 

-I 
y -l.day -1 

x331 
AQUA8(1) g , ccsys 

T 12! 
DRIFPO(L) 128 g • ecsys 

X33c 
AQUA8(C) 171 g • ecsys 

-I 

T\1 O!llFTA{ll,C) llO, 125 g • ecsys 
-1 -1 

.day 

o\J 
-l -1 ;:.;,· 

AQUABQ(C) 171,172 g , ccsys .day Ty -1 -1 
DRFITA(H+l ,C) 111 g • ecsys . day 

e II 
•I+!,<: 

T yl1 0RlHO(L) 102 g • ecsys 
-1 -l.day 

Ty 12 
- 1 .day -1 

i\3 
-1 -1 DRffP0(L+I) 104 g , ecsys 

AQUABQ(C) 200 g • ecsys .day 
'I e 

-1 -1 
-I Ty 

11 
0RlFTA(II C) 126 g • ecsys .day 

X41dJ 
CLIT(D,l) 7, 8, 39, 40, 41, 42, 1S7, 166, g , ecsys 

167 

-1 wY -1 -1 
X4l CLlT(D,C) 39, 41, 166 g • ccsys 

11 
0RlFTA(li,C) 73 g • ccsys .day 

de 

o\, 172 
-1 -1 

CLITQQ(D,C) 166, g • ecsys .day 

da 
AV 

21 
DRIFHl(:-1,C} 180, 181 g . ecsys 

-1 -1 
day 

GX 41 
-1 -1 rY -l_day-1 CLITQQ(D,C) 61, 70 g • ecsys .day 

21 
DR1F1'H(M,C) 45, 47, 48 g • ecsys 

de ,.,~ 

n\, CLITQQ(D,C) 139, 142 g , ecsys 
-1 

Jay 
-1 pY -l.day-1 0RIFTM(M,C) 206 g • ecsys 

de 21 ,,c: 

r\1 
-1 -1 sY -1 -1 CLITQQ(D,C) 39, 41, 48 g • ecsys .day DRIF'TM(M,C) 203 g , ecsys .day 

de 21 
''r' 

T\1 
-1 -l 

CLITQQ(O,C) 106, 113 g • ecsys .day 
da 

oY 
)IC 

C0MPI~(C) 170, 172 g • ecsys 
-1 -1 

.day 

X43dJ 
CORC(D,1) 9, 43, 158, 168 g • ecsys 

-1 cY 
31e 

cmwrn (C) 57, 68 g • ecsys 
-1 -1 

.day 

CORG(D,C) 1+3, 168 
-1 Ly -1 

.day 
-1 

x4J g • ecsys COHPlN (C) 185, 195 g • ecsys 
de 31e 

0\3 CORGQQ (D, C) 168, l72 
-1 

day -1 Dy 172 -l .day -1 g • ecsys OETIN(O,C) l67, g • ecsys 
de 41dc 

c\J 
-1 -1 cY CORGQQ (D, C) 59, 65 g , ecsys .day 

da 

-1 -1 

41dc 
DETIN (D ,C) 60, 71 g • ecsys .day 

H\3 140 -1.day-l CORGQQ(D,C) 135, g • ecsys 
de 

Hy 

4ldc 
DETIN(D,C) 136, 141 

-1 g . ecsys -l .day 

r\3 
-1 -1 rY CORGQQ (D, C) 43, 48 g , ecsys .day 

da 

-1 -1 
DETIN(D,C) 40, 42, 48 g • ecsys .day 

4ldc 

T\3 
-1 -I Ty -1 -1 CORCQQ (0, C) 112 g • ecsys .day DETIN(D,C) 107, 114 g , ecsys .day 

de 4ldc 

n\, WDINRQ(K) 81, 86, 174, 187 g • ecsys 
-1 

.day 
-l nY -l .day -1 

DN0RG(K) 82, 89, 91, 17S, 188 g • ecsys 
k 51k 

X 
R 53k 

8D INRQ(K) 83, l96 g • ecsys 
-1 -1 

.day z1P 
FEEDV(P) 1, 2, 14, 25, 26, 27, 28 

x12 WfEMP 17, 18, 49, 97, 163 degrees C z2 FEEDA(H) 

h 
J, 4, 6, 14, 29, 30, 31, 32, 33, 34, 
35, 36 

X73 VELOCT 144, 147, 201, 204 m • second 
-1 

L3h 
FEEDAD(H) 5, 14. 37, 38 

X75 WATSYS 56, 57, 81, 82 m • ecsys 
-1 

z4d 
FEEDL(D) 7, 8, 14, 39, 40, 41, 42 

13, 129, 130, 131, 162 sq m • ecsys 
-1 

x81 AREA 

l5d 
FEED0(D) 9, l4, 43 

I y -1 -1 
DRIFTV(P,1,C) 26, 28, 48 g • ecsys .day 

l 
p, 1,c 

z6 FEEDM(M) 10, 11, 14, 44, 45, 46, 47 

B\1 
-1 -1 

0RIFTA(H,C) 154 g • ecsys .day m 
l,c 



Symbol 

z1 

z8. 

" 
z9hc 

ZIO 

Fore ran 
Equivalent 

SUM 

EATS (ll) 

FOOD(H,C) 

TAKlNG 

FEEDRf(D) 

FEEDRB(D) 

Fl::EDRW 

fOOD(M,l) 

CYCl,E 

FOOD(M,C) 

RESP 

ASSl 

AGOORG 

WAITOT 

WATSYS 

SCOUR 

FALLS 

EATS(II) 

z
26 

GMAX 

z27 GPOT 

RESPAC 

fOOD(H, I) 

R1':SPAC 

ASSICA 

RESP! 

EXCR 

ASS IT 

RESP 

Equations were used 

13, 14, 25, 26, 27, 28, 29, JO, 
31, 32, 33, 3,, JS, 36, 37, 38, 
39, 40, /,]. 42, 43, t,t., 45, 46, 
l,], 161, 162, 166, 167, 168, 169, 
170, 171 

12, lJ 

48, 54 

Units 

-1 
g•g.day 

g ,ecsys - 1 .day-l 

64 

23, 24, 25, 26, 27, 28, 29 ,30 ,31, 32, 33, 34, 
JS, 36, 37, 38, 39 ,40,41 ,t.2,t.J,t.4 ,45, 46 
47, 164, 165, 166, 167, lb8, 169, 

170. 171 

157, 161, 166, 167 

158, 161, 168 

159, 160, 161, 169, 170, 171 

162, 164, 165 

162, 163 

22 ,.52 .68, 71, 73, 75,85 ,87 ,88 ,89, 90, 
99,102,104, 107,110,Hl,121,l.25, 126, 
128. 132, 141, 142, 148. 149, IS2, 
165, 175, 176, 177, 178, !HO, 182. 
!85, 190. 205, 206 

172, 173. 179, 183, 186. 193 

173, 174, 175. 176, 177, I 78, 18), 
186, 187, 188, 189, 190, 191, 193, 
196, 19) 198. l99 
53. 54. 72. 179. 180, 181, Hl2, 18), 
192, 193 
l83, 184, 185, 193, 194, 195. 200 

55, 56, 77, 78, 79 ,80,82 ,83 I 186,188, 
189, L9l,193,l95 

187, 188, 194, 195 

14.!i, 1'5, 146, 201, 202, 203 

147, 148, 149, 20,, 205, 206 

12, 22, 2, 

15, 16 

16, 20 

1)' l8 

18, 19 

19, 20 

20, 23, 2, 

20, 21 

22, 23, 50 

,9, 51 

SO, SJ 

51, 52, 72, 7)' 84, 90 

-I 
g • Jav 

- I 
day 

-I -1 
g • 1•('sys .day 

variiible 

vari:iblc 

-I -1 
cu m • ecsys _fay + 
cu m • ecsys 

m , ecsys 
-1 

-I 
•• g 

-1 g . g 

g · ecsys -l .day -l 

g ·c.csys - 1 .day-l 

-1 -1 
g • c.csys .day 

g • ccsys - 1 .day-l 

54, 55, SB, 59, 60, 61, 62, 64, 65, g. ecsys -l day- 1 

66, 69, 70, 71 

55, 56, 5), 62, 63, 66, 67, 68 

60, 61, 113, lH 

72, 73, 74, 75, 76 

77, 78, 79 ,80,31,82. 83. 8(, .65 ,86 .87, 
88 I 89 > 90 > 91 > 92 I 93 I 94, 95 

g • ccsys -l .day-l 

dimensionless 

-1 -1 g , ecsys .day 

v,,riablc 

Fortran 
Symbol Equivalell!, 

z., 
HATCH 

2.s HATCH 

z,6 ANAVER 

z,1 CllA..'\CE 

z,s SHELI.S 

z,9 CHA!\GE. 

1so CllELU\ 

2st DEAD 

2s2 BF.FACl 

ZS3 BEfA<..:2 

Zs, HEFAC5 

Equations were used 

96, 97, 98, 99, 100 

118, 119, 120 

98 

100,101,102,103,104,105.108, 109, 
110,111, llS, 116,117 

105,106,107,109,111, ll2, 113,114, 
116, ll7 

120, 121, 122, 127, 128 

122, 123 I 124, 125, 126 

132, 13), 1)4' 135, l36, 137, 138, 
ll9, 140, 141, 142, 143 

150, 151 

151. 152, 153. 1s,. l SS, 156 

1'>2, 151, 154, 1'>5, 156 

PROCESS DELETION 

Units 

-1 g • g 

-1 
g . g 

g • individual-l 

g • ccsys -l day -l 

variable 

Just as the animal subroutine acts as a "black box" to 
other subroutines and the main program, actions within the 
subroutine act as "black boxes" to each other. The user may 
elect not to use some of these function, and this may be 
accomplished in two ways. One, a particular section may be 
left out of the program during compillltion, or two, 
parameters or switches may be set to skip certain sections, or 
to predict a change of zero. The latter is by far the most 
useful, for the user may wish to change particular state 
variables by a process and not others, and a recompilation 
would not be necessary. Both methods will be treated. The 
numbers prefixed with an (A-) refer to the program 
sequence number (Appendix I). 

PROCESS 

Ingestion } 
Egestion 
Respiration 
Growth 
Assimilation 

Cohort transfer 

Non-predatory morta 1 i ty 

Scouring and deposition 

Behavioral drift(l} 

Mi crob i a 1 decomposition 

Microbial scouring and deposition 

PROGRAM SECTION 

A0460 to A2145 

A2150 to A2785 

A2790 to A2955 

A2960 to Al095 

A3100 to Al265 

A3285 to Al940 

Al945 to A4080 

(1) Since behavioral drift depends 
upon ingestion, the first group must 
be utilized to have behavioral drift. 

Switches and parameters should be set as follows to 
"set to zero" certain processes 
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PROCESS PARAMETER FORTRAN EQUIVALENT SETTING The dimensions indicated by letters define the maximum 
ANIMALS values possible for the following quantities. 

Ingestion P25h 
TAKE(H) 

Egestion p25h TAKE(H) O or FORTRAN NAME 

P27h ASSIM(H) 

Respiration PJOh CONST(II) 

Ass imil at ion P27h 
ASSJM(H) 

Trans fer to more 
mature cohort P37h NTRANS(H) 

Oviposition p46h NTRANE(H) 

Non-predatory morta 1 ity p56h AMORTA(H) 

Catastrophic drift 
1. Scouring p22h ANORF2(H) 

2. Deposition P24h ANORFJ(H) 

Behaviora 1 drift p 43h NORI FA(H) 

MICROORGANISMS 

"Ingestion" P7 md 

{ 

PREFRF(M,O) } 

p8md PREFRB(M,O) 

Pgmd PREFQW(M,O) 

Res pi ration P14md 
RESPM(M) 

Assimilation pl5md 
ASS l~ll(M) 

Leakage P14;:.';1smd 
RESPM(M) + 
ASSl~(M) 

Scouring Pl 7 
m 

BORF2(M) 

Deposition p20 
m 

BORFJ(M) 

ARRA y DIMENSIONS 

l. 

l. 

l. 

1. 

1. 

I. 

The use of the program is limited by the dimensions 
allocated to the arrays, and these limitations need discussion 
so that the user may be in a position to modify them as his 
particular requirements indicate. Below is a list of arrays 
peculiar to the ANIMAL submode!, in which the dimensions 
which may appropriately be varied are indicated by letters. 

ACCUM(a) FEEDA(a) PREFM(a,d) 

AMAX(a) FEEDAD(a) PREFO(a, [) 

A.~ORTA(a) FEEDL(f) PREFRB(d,f) 

ANORF2 (a) FEEDH(d) PREFRF (d, f) 

ANDRFJ (a) FEEDO(f) PREFRW(d) 

ANUII(a) FEEDRB(d) PREFV(a,e) 

ANILO(a) FEEDRF(d) RCONST(c) 

ASSIMH(d) FEEDV(e) REPROD(a) 

BACTHI (d) FOOD(a, b) RESPH(d) 

BACTLO(d) HATCOS(a) SHELP (a) 

BDRF2(d) HATCON (a) SLOPE(a) 

BDRF3(d) IAFATE(a) TAKE(a) 

BE!-'ACJ(a) lSf.ATE(a) TEMCON(a) 

BE!-'AC4(a) IXFATE(a) THRESH(a) 

CONS(d) LlVEAN(a) THRES2(a) 

CONSA(c) NL.AYl (c) TMAX(a) 

CONST(a) NI..AY2(c) TOPT(a) 

CURVE(a) NTRANE(a) UPTHRE(c) 

EGCOMP(c,b) NTRANS(a) WMAX(a) 

EXOGEN(c) PRJ::FA(a,a) WHIN(a) 

FEOFRM(a) PREFL(a,f) XCRSOL(a) 

Nurrter of animal cohorts or size categories 

Nurrber of organic constituents being tracked 

Number of animal species 

tlufl'tler of microorganism categories 

Nunber of plant species 

Nurrber of organic 1 i tter categories 

PARAMETERS AND SWITCHES 

IICOHOR 

IIFRELM 

NSPECA 

MIC ROB 

NSPECV 

NOLIT 

A list of all the parameters and switches needed for the 
ANIMAL subroutine follows. Explanations can be found in 
the definitions list, Appendix A. Letters used for dimensions 
are explained above under Array Dimensions 

ACCU~(a) HATCOB(a) SHELP(a) 

Al.L't.\C 
lL\TCON(a) SLOPE(a) 

AMAX(..1) 

A.MORTA(,,) l,\r'ATE(a) TAKE(a) 

ANDRf2(a) ISFATE(a) TEMCON(a) 

A.'iDRF)(a) IXFATE(a) THRESH(a) 

ANIHI(a) 
LIVEAN(a) THRES2(a) 

ANILO{a) TMAX(a) 

ASSlM(a) NDRLFA(a) TOPT(a) 

ASSI~(d) 
NDRIFM(d) UPTHRE(c) 

BACTtll (d) NLAYI (c) WMAX(a) 

BACTLO(d) 
NLAY2(c) WMIN(a) 

BDRF2(d) 
~TRANE(a) XCRSOL(a) 

SDRFJ(d) NTRANS(a) 

BEFACJ(a) 

BEFAC4 (a) 
PREFA(a,a) 

PREFL(a, f) 

CONS(d) 
PREFM(a,d) 

CONSA(c) 
PREFO(a,f) 

CONST(a) 
PRHRB (d, f) 

CONT A 
PREFRF (d, f) 

CONTB 
PREFRW(d) 

CONTC 
PREFV(a,e) 

CURVE(a) 

EGGCOMP(c ,b) RCONST(c) 

EXOGEN(c) 
REPROD(a.) 

FEDFRM(a) RESPH(d) 



66 

SUBROUTINE VECET 

INTRODUCTION 

All processes concerning a change in the biomass of 
vegetation are handled by the subprogram VEGET, except 
herbivory and those changes in phytoplankton due to flow. 
At present these processes include photosynthesis, 
respiration, death, leakage, scouring, and colonization. All 
materials leaving the ecosystem also are tracked. 

For a generalized model flow chart of the plant processes, 
refer to Diagram V 1. A listing of this sub model can be 
found in Appendix J. 

VERBAL DESCRIPTION 

Photosynthesis depends above all on the radiation 
reaching the plant. The mean radiation intensity at the 
water surface for the daylight hours is an exogenous 
variable, with this intensity being scaled down to the 
average depth of a particular plant group. Attenuation of 
the radiation is due to absorption by the water column, 
dissolved organic and inorganic constitutents, organic and 
inorganic detritus, and any plant at an aver~ge depth 
shallower than the plant under consideration. Self-shading 
is also provided for, with half the biomass of the same 
species (or any other species at the same depth) being 
included in the shading material. The attenuation occurs as 
an exponential decay function as shown in Figure Vl. 

Besides the radiation, photosynthesis also is affected by 
temperature (an exogenous variable), the amount of space 
available for a plant group, and by the availability within 
the plant of nutrients needed to convert photosynthate into 
new cell materials. The temperature effect is assumed to be 
parabolic (Figure V2). The internal availability of nutrients 
is expressed as the ratio of the amount of each nutrient in the 
plant tissue to its carbon content, and it is assumed that the 
dependence of photosynthesis on this quantity is exponential 
(Figure V3). Its dependence on radiation intensity follows 
the curve shown in Figure V 4. The rate of photosynthesis 
realized is thus calculated by multiplying the product of the 
quantities indicated in the preceding sentences by the 
photoperiod, and by subtracting respiration which is 
exponentially dependent on temperature. 

All constants in these expressions are special to each plant 
group included as a separate entity in the model. 
Photosynthesis will take place only to the extent that the 
requisite inorganic constituents are available in the 
surrounding water (Figures V5 and V6). The rate at which 
nutrients are taken up to "match" the photosynthesis is 
proportional to the difference between the internal 
concentration and that which would be in equilibrium with 
the existing external concentration; if the external supply is 
constantly renewed, then the internal concentration will be 
asymptotic to this equilibrium value. 

The demands by the various plant groups for all nutrients 
from the surroundings are summed, and compared with the 
amounts available. If any is inadequate, photosynthesis is 
scaled down by all plants in such proportion as allowed by 
the limiting nutrient. ' 

Plants dying in the ecosystem do so as a function of 
temperature (Figure V7) and as a constant for each 
particular plant group. The dead material increments any 
of the benthic or suspended litter categories, as specified by 
the user at execution time. Those plants dying as a function 
of temperature do so only down to a propagule biomass, 
which is a proportion of the maximum amount of that plant 
occurring during the previous year. 

Plants also leak organic solutes to the surrounding water, 
at a rate which is constant for each plant group but may 
vary from group to group. 

Those plants that are considered sessile in the ecosystem, 
whether they are attached algae or rooted angiosperms, 
may colonize an area at certain times or may be washed out 
of an area at other times. Colonization occurs between 
specified days of the year, but only if the water velocity is 
below a critical value. On these occasions a set fraction of 
the plants drifting into the ecosystem are allowed to colonize 
the area. When the water velocity is above a critical value, 
plants are "uprooted" and washed out of the system 
according to Figure V8. If the plants are uprooted between 
"colonization" days as specified above, then a proportion of 
the plants leaving the system remain viable (see Figure V9}. 
The rest of the "uprooted" plant enters the suspended 
detritus and is washed out of the system. Viable plant parts 
may also leave the system at a constant proportion between 
specified dates. 

Finally, all materials leaving the ecosystem are tracked. 
This is a bookkeeping step and is in the VEGET submode! 
only because it is the last submode! referenced for each time 
period. This step is taken since the model strives to maintain 
a conservation of matter and energy, and also because the 
materials leaving through the downstream channel may be 
saved and used as input for the next simulated stream 

section. 

Water leaving the system does so at present by three 
different ways: evaporation, which is handled in another 
subprogram with no loss of any constituents, and by flow 
either downstream or by way of irrigation. Any dissolved or 
planktonic materials also leave the ecosystem by these latter 
two channels, in the same ratio as exiting water. Any 
suspended particulate material may leave the same way, or 
at the option of the user may exit completely through one 
channel or the other. 
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Figure V 1. Relation between water column 
depth and radiation intensity reaching 
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Figure V2. Relation between temperature 
and photosynthetic rate. 

o.._ _______________ _ 

INTERNAL N/C RATIO 

Figure V3. Photosynthetic rate as affected by 
plant nutrient status, 
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RADIATION INTENSITY 

Figure V4. Photosynthetic rate as a function of 
radiation intensity. 

EXTERNAL P CONCENTRATION 

Figure V5. Change in equilibrium of internal 
. phosphorus/ carbon ratio as P concentration 
increases in medium . 

EQUILIBRIUM N/C RATIO 

Figure V6. Rate of nitrogen uptake in relation 
to nitrogen/carbon ratio in the tissue and the 
medium. 
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TEMPERATURE 

Figure V7. Percent of plants dying as a 
function of temperature. 

WATER VELOCITY 

Figure VS. Percentage of plants scoured as a 
function of water velocity. 

TIME OF YEAR 

Figure V9. Percentage of scoured plants 
remaining viable. 
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MATHEMATICAL DESCRIPTION 

The equations described here follow the order in the 
program itself, except where a particular "thought train" or 
process is being developed. The equations are numbered at 
the right side of the page, while the numbers in brackets 
preceded by a "VE" refer to the actual FORTRAN program 
equivalent in Appendix J. The names in brackets for the 
variable explanations are their FORTRAN equivalents. At 
the end of the mathematical description is a table listing the 
symbols, their FORTRAN equivalents, all equations where 
that symbol is used as well as the units for that variable. The 
classification as to types of symbols used for variables is 
explained in the MAIN Introduction. 

Photosynthesis 

Photosynthesis and growth by the various groups of plants 
are first calculated on the assumption that raw materials in 
the system are adequate to cover all needs. The total 
requirements are then compared with supplies, and if 
necessary, the actual growth and photosynthesis are scaled 
down from these potential figures. 

Photosynthesis is dependent on the amount of light 
reaching the average depth that a particular plant species 
occurs. The light incident upon the surface of the water is 
cut down by organic and inorganic detritus, dissolved 
material, the water column Itself, as wdl as any plant 
occurring at the same depth or above the plant in 
question. 

where: 
[VE0685] 5 

Amount of solutes per cubic meter 
[DISOLV) 
The amount of the k'th dissolved inorganic 
constituent in the water column 
[WDINR(K)] 
The amount of the c'th organic constituent 
in the water column [AQUA(C)] 
Amount of suspended sediments per cubic 
meter [SED] 
Amount of the n'th inorganic particulate 
material of the t'th type of detritus in the 
water column [WPINR(T,N)] 
Amount of carbon in all organic litter 
categories per cubic meter [DETRI] 
The amount of carbon in the d'th suspended 
litter category [CLIT(D,l)] 



The amount of carbon in plants occurring at 
an average depth above the plant in 
question (p E A) plus half the carbon in 
plants at the same average depth (p E B) [A] 
The carbon content of the p'th plant 
[CVEG(P,1,1)] 
The amount of radiation reaching the plant 
in question [RADIA] 
The amount of radiation incident upon the 
water surface [DAYRAD] 
Extinction coefficient for plants [EXTINP] 
Extinction coefficient for sediments 
[EXTINS] 

P 
3 

Extinction coefficient for organic detritus 
[EXTIND] 

P4 Extinction coefficient for dissolved sub
stances [EXTINDJ 

P 
5 

Extinction coefficient for water [EXTINW) 
P 
6 

The fraction of depth where the average 
P p'th plant would be found [PLDEP(P)] 

X
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Water depth [DEPTH] 

The actual factor used for light dependence of 
photosynthesis is based on the ratio of the amount· of light 
available to the amount of light for maximum 
photosynthesis for the plant in question. 

where: 

[VE0705) 6 

z
6 

A temporary variable for light dependence 
of photosynthesis [BJ 

Z
5 

The amount of radiation reaching the plant 
in question [RADIAJ 

P
7 

Radiation intensity for maximum photosyn-
P thesis of the p'th plant [CONRAD(P)J 

The ratio of nutrients to carbon also affects the photosyn
thetic rate. For the plant in question the factor is calculated 
as 

r7 
z7 = aElJ {1. - exp(P 8pa - P9P" X1 /X1 )} 

pla pl, 1 

where: 

D 

[VE0745, VE0725) 7 

Temporary factor of the affect of nutrients 
to carbon on the photosynthetic rate [AJ 
The set of nutrients affecting photosyn
thesis (minus carbon) 
Constant for photosynthesis reduction when 
the c'th constituent is absent for the p'th 
plant (CONNI2(P,C)J 
Proportionality constant for the effect of the 
c'th constituent on the rate of photo
syn thesis of the p'th plant group 
[CONNIT(P,C)J 
The amount of the c'th constituent of the 
p'th plant group (CVEG(P,l,C)] 
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X = The carbon content of the p'th plant 1pl, 1 [CVEG(P,1,1)] 

Light and nutrient factors are then taken into 
consideration with temperature in calculating a possible 
maximum gross photosynthesis for the plant group under 
consideration. 

ZB = z6 exp(l. - Z6)Z7(Pl0 + pll X72 + pl2X72X72) 

where: 

[VE0765) 8 

Maximum possible gross photosynthesis as a 
fraction of the current biomass per hour [AJ 
A temporary variable for light dependence 
of photosynthesis [BJ 
A temporary factor of the effect of nutrients 
to carbon on the photosynthetic rate [A] 
Constant term for photosynthesis depen
dence on temperature [CONTEl(P)] 
Linear term for photosynthesis depend
ence on temperature [CONTE2(P)] 
Quadratic term for photosynthesis depen
dence on temperature [CONTE3(P)J 
Water temperature [WTEMPJ 

Daily respiration for the plant group under consideration 
is calculated as a fraction of the current biomass. 

where: 

[VE0775) 9 

[RESPV] 
Proportional respiration rate of the p'th 
plant at zero temperature [RESPC(P)] 
Proportional increase in respiration with an 
increase in temperature [RESPD(P)] 
Water temperature [WTEMP] 

Constituent requirements for carbon and energy are 
calculated, and decreased as a function of the space in 
which the plants may grow. 

zlO = Xl vn zs - z9 [VE0780] 10 
pl p, 1, 1 

z23 = 1. exp(P 41 x1 /Xs1 1 [VE0785] 11 

zlO - zlO z23 
p pl, 1 

[VE0790) 12 
pl pl 

zlO - plS 210 [VE0805) 13 
p2 pl 

211 - l z10 [VE0815] 14 
1 p pl 

where: 

210 pl 
The carbon requirement of the p'th plant 
group [SPREQ((P,l)] 

vn = Daily photoperiod in hours [DAPHOT] 



zll = 
p2 

pl5 = 

z = 
11 

p41 = 
p 

The energy requirement of the p'th plant 
group [SPREQ(P,2)] 
The amount of energy captured for each 
gram of carbon converted during photo
synthesis [ENERGY] 
Total carbon requirement for all plants 
[REQ(l)] 
A factor used to calculate photosynthesis 
reduction of the p'th plant due to space 
limitations [VSPAS(P)] 
The surface area of the ecosystem 
The carbon content of the p'th plant 
[CVEG(P,1,1)] 
Maximum possible gross photosynthesis as 
a fraction of the current biomass per hour 
[A] 
Respiration of the plant in question [RESPV] 

If photosynthesis is dependent on other constituents for 
growth (if NFRELM is greater than 2) requirements for 
these components are calculated. 

= xl /(Xl + zlO ) [VE0845) 
plc pl,l pl 

= P
16 

[l. - exp {P
17 

X51 /( 75 *1000000.))) 
pc pc k 

[VE0850] 

15 

16 

z = pl8 (Xl + zlO )(ZlJ - z12> 
lOpc pc plc pl 

[VE0855] 17 

z =):Z c>2 
llc p lOpc 

where: 

pl6 = 
pc 

The ratio of a constituent to carbon of the 
plant currently under consideration 
[AINTER] 
The ratio of an element within the plant to 
carbon, which would be in equilibrium with 
the current external concentration of that 
element [EQVIL] 
The amount of the c'th constituent of the 
p'th plant group [CVEG(P,1,C)] 
The carbon content of the p'th plant 
[CVEG(P,1,1)] 
The carbon requirement of the p'th plant 
group [SPREQ(P,l)] 
The maximum value for the ratio of the c'th 
constituent to carbon for the p'th ·plant 
group [UPCONl(P,C)] 
Factor relating internal to external con
centration of the c'th constituent of the 
p'th plant group [UPCON2(P,C)] 
The amount of water in the ecosystem 
[WATSYS] 

Z
10 

Requirement of the c'th constituent for the 
pc p'th plant group for photosynthesis 

[SPREQ(P,C)] 
P 
18 

= Parameter used for nutrient uptake of the 
pc c'th constituent by the p'th plant group 

[UPCON(P,C)] 
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Total requirement of the c'th constituent by 
all plants [REQ(C)] 
The amount of the k'th dissolved inorganic 
constitutent in the water column 
[WDINR(K)] 
The carbon requirement of the p'th plant 
group [SPREQ(P,l)] 

Total requirement for a particular constituent is then 
checked against the availability of that constituent and if the 
supply is found short, all requirements are decreased 
proportionally. 

z14 = min 

zlS = z 
14 

where: 

[VE0955] 19 

[VE1025) 20 

The ratio of the element required to that 
available which is in least supply [AA] 
The amount of the k'th inorganic element 
entering the system in a time unit 
[XDNORG(K)] 
The amount of an element for a plant which 
are both currently under consideration 
which is actually used in photosynthesis [B] 
The amount of the k'th dissolved inorganic 
constituent in the water column 
[WOINR(K)] 
Total requirement of the c'th constituent by 
all plants [REQ(C)] 
Requirement of the c'th constituent for the 
p'th plant group for photosynthesis 
[SPREQ(P,C)] 

Appropriate variables are incremented or decremented 

where: 

[VE0990] 21 

[VE1045] 22 

C ,f, 2 (VE1060] 23 

p 25 = l [VE1070] 24 

p [VE1075] 25 
p25 = l 

p 
[VE1085] 26 

p 25 = 2 
p 

[VE1090] 27 
C #, 2 

C ,f, 2 [VE1095] 28 

C -/ 2 [VEllOO] 29 

for 2
15 > 0 (VElllO] JO 

for zl5 < 0 [VF.1110] 31 

The ratio of water in to that passing through 
the system (C] 



The number of turnovers of water minus l 
[CYCLE] 
Productivity for the c'th constituent for the 
p'th plant species [CVEGP(P,l,C)] 

And the fluxes are caused by photosynthesis 

NY Change in the k'th dissolved inorganic 
51k constituent leaving the system [DNORG(K)] 

NY Change in plants drifting out of the system 
_1p,1,c [DRIITV(P,l,C)] 

i Change in plants in the system 
1

p,1,c [CVEGQQ(P,l,C)] 
NX Change in the k'th dissolved inorganic 

. 51k constituent in the system [WDINRQ(K)] 
NX Change of state of the c'th constituent 

_011J,c [AGAINQ(l3,C)) 
NX • = Change of state of the k'th constituent 

03
1J,k [AGAINQ(l3,K)] 

/1. Energy as radiation entering the system and 
011,2 being used in photosynthesis [AGAINQ(l,2)] 

Energy as heat lost to the system 
[AGAINQ(2,2)) 
The amount of an element actually used in 
photosynthesis by a plant which is currently 
under consideration [BJ 

P 
25 

= 1 for phytoplankton and 2 for sessile 
P plants [NDRIFV(P)] 

Plant Mortality 

Each plant species has a daily mortality factor associated 
with it. In addition, plants may die because of low 
temperatures, until a "seed" biomass is reached, which is 
considered to be a specified fraction of the years greatest 
biomass. 

zl6 
p 

z 17 

zl8 

~ 
H 1p1e 

/(41 
de 

HX43 
de 

z20 

2
17 

2
18 

r/t-1 plc 

HX41 
de 

HX43de 

i'43 de 

/(41 
de 

p <P 

[VE1175) 32 

[VE1225) 33 

[VE1235) 34 

[VE1240) 35 

[VE1245) 36 

[VE1250) 37 

[VE1255) 38 

[VE1260) 39 

[VE1265) 40 

[VE127C) 41 

[VE1280) 42 

[VE1285] 43 

[VE1295] 44 

23 - 24 

[VE1300) 45 
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where: 

The amount of carbon in the p'th plant 
species that is seed [SEED(P)] 
The proportion of the p'th plant at 
maximum biomass which overwinters 
(seed) [PERSED(P)] 
The fraction of the plant in question which 
dies as a function of temperature [DEADT] 
The slope of the line predicting the 
proportion of the p'th plant dying as a 
function of temperature [VTDEDS(P)] 
The carbon content of the p'th plant 
[CVEG(P,1,1)] 
The proportion of the p'th plant species 
dying at O degrees centigrade [VTDEDY(P)] 
Total amount of the plant and constituent in 
question dying in a time period (ALLDED] 
The number of turnovers of water in the 
ecosystem in a day (CYCLE) 
The fate of the p'th plant species after 
death (IVFATE(P)] 
The number of litter categories in the system 
(NO LIT] 
1 for phytoplankton and 2 for sessile plants 
[NDRIFV(P)) 

The fluxes are due to plants dying 

Plants drifting out of the system 
DRIITV(P,l,C)] 
Detritus drifting out of the system 
[DETIN(D,C)] 

j43de 

~
1
ple: 

1h1de -

Benthic detritus in the system 
[CORGQQ(D,C)] 
Plants in the system [CVEGQQ(P,l,C)] 
Suspended detritus in the system 
[CLITQQ(D,C)] 
Water temperature [WTEMP] xn 

Xl 
plc 

The amount of the c'th constituent of the 
p'th plant group (CVEG(P,l,C)] 

Leakage 

Any of the plants in the ecosystem may leak solutes. 

z21 = p26 /Zl9 [VE1355] 47 

L\ = -Z21 Vl [VE1360) 48 

. ple plc 
[VE1365] 49 

Ly31 = z21 v1 
a pla 

z21 = p26 for P 25 = 2 [VE1370) 50 

p p 
(VE1375) Lx1 = -z21 x1 51 

. pla plc 
(VE1380) 52 

LX3l = z21 Xl for P 
25 

= 1 
a plc p 

2
21 = z 21 Xl /Z22 for P

25 
= 2 (VE1390) 53 

Ly31 

plc p 
[VE1395) 54 = z21< 222 - x75l for P 

25 
= 2 

a p 

LX31 = 221 x75 for P 
25 

= 2 [VE1400] 55 

a p 
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where: where: 

The amount of the constituent in question 
leaked from the plant in question [ALEAK)] 
The proportion of the p'th plant which is 
leaked in a time unit [SIEVEG(P)] 
The amount of the c'th constituent of the 
p'th plant entering the ecosystem 
[XDRIFV(P,l,C)] 

Z22 = The total amount of water in or passing 
through the ecosystem in a day [W ATTOT] 

The fluxes may be ascribed to changes to plant leakage 

Z
19 

= The number of turnovers of water minus 1 

p25 
p 

? = 
L lplo 

L~3\, 

LXl = 
, pla 

LX3l = 
" 

[CYCLE] 
The amount of the c'th constituent of the 
p'th plant group [CVEG(P,l,C)) 
The amount of water in the ecosystem 
[WATSYS] 
1 for phytoplankton and 2 for sessile 
plants [NDRIFV(P)] 
Plants drifting out of the system 
[DRIFTV(P,l,C)) 
Dissolved organics • leaving the system 
[COMPIN(C)) 
Plants in the system 
Dissolved organics 
[AQUAQQ(C)) 

[CVEGQQ(P,l,C)) 
in the system 

Scouring and Colonization 

Plants that are normally sessile in the system may be 
scoured by high water velocities, or they may colonize by 
seed deposition between specified dates. 

{ P 
X73 _ p p 28 z25 = min[l., max o., 27 27 

p} J 
p p 

226 = 225 x1 
plc 

[VE1490] 56 

[VE1495 J 5 7 

2
21 = p 31P Xlplc for P 3y':P zgp and P 3 ;'_P 30P [VE1500] 58 

228:= {P32 
2 

- [{(P33 - p34 ) 2P32 /(P35 - p34 )} - p32 12)'
5 

• p pp pp p 

[VE1515] 59 

Z29 = min[X
1 

, <<226 2zal + 221ll [VE1540] 60 
plo 

230 = 226 - <2 26 2zal [VE1545] 61 

231 
230IZ22 [VE1550] 62 

232 p36 Vl for p28 < x13 [VE1565] 63 
p pla p 

Fyl = -Z32 + 229 [VE1570] 64 
. pk 

FXl = - 230 - 229 + 232 [VE1575] 65 
, plo 

Fy41 231 (Z22 - X75l [VE1585] 66 
de 

FX41 
do 

231 x15 [VE1590] 67 

~ 
F lplc 
? 

p 1pla 

y 
P 4ldo 

;4lda = 
22a = 

Xl 
plc 

A proportion of the plant in question washed 
out of the system due to high-water velocity 
[VDRFI] 
The water velocity in meters per second 
[VELOCT] 
The water velocity above which the p'th 
plant starts to wash away [VDRF3(P)] 
The actual amount of the constituent in 
question being washed out of the system due 
to high water velocities [VDRF4) 
The current Julian day [IYRDAY) 
The first and last Julian days for seed 
dispersal for the p'th plant group 
(NVDA Y I(P), NVDA Y2(P)) 
The amount of seed washed out of the 
system for the constituent and plant under 
consideration [VDRF6) 
The proportion of uprooted plants dying 
and entering litter compartments 
[CDRF13) 
The proportion of the p'th plant remaining 
viable if washed out of the ecosystem 
[VDRFl l(P)] 
The first and last Julian day that parts of 
plants remain viable if washed out of the 
system [NVDRF8(P), NVDRF9(P)] 
The amount of water in the ecosystem in 
cubic meters [WATSYS] and the fluxes are 
ascribed to plant drift 
Plants in the system [CVEGQQ(P,l,C)) 
Plants leaving the system 
[DRIFTV(P,l,C)) 
Litter leaving the system 
[DETIN(D,C)] 
Litter in the system [CLITQQ(D,C)] 
The proportion of uprooted plants 
remaining viable [VDRF6] 
The amount of the c'th constituent of 
the p'th plant group [CVEG(P,l,C)] 



The following section is in the VEGET subroutine solely 
because this is the last subroutine entered during a time step. 
It deals with all materials leaving the ecosystem as 
downstream drift, or through irrigation. Any dissolved or 
planktonic material leaves by way of both pathways in the 
same proportion as flowing water. The user has the option 
of whether non-planktonic material exits by way of 
downstream, irrigation withdrawal or both. In addition, 
values representing downstream flowing materials are 
converted to grams per cubic meter in preparation for their 
use if more than one stream section is to be simulated. 

• Y86i<Ya6 + Yao> 

• Y8oi<Ya6 + Yao> 

for P37d • l 

for ?37d. 1 

for P37d - 1 

for p37d • 2 

for P37d ... 2 

for P37d • 3 

for P37d. 3 

for P J8p • l 

for P 
38 

• 1 
p 

for P 38 • 1 
p 

for P 38 • 2 ,, 
for P 

38 
.. 2 

D 

for P36 • 3 
p 

for P 38 • 3 
p 

for p39h • 1 

for p39h • 1 

for p 39h • l 

for p 39h • 2 

for P 
3911 

• 2 

for p 39h "' 3 

for p 39h • 3 

for p 39h • 1 

for p 39h .. 2 

for p39h • 3 

for P40t,. 1 

for p 40t "" 1 

for p40t • l 

for p 40t • 2 

for p40t .. 2 

for p40t • 3 

for P40 t • 3 

(VF.1625) 68 

(VE] 6)0] 69 

(VE16JSJ 70 

(Vf.1655] 71 

{VE1660) n 

(VE1665] 7J 

[V>'.I690] 7' 

(nt695J " 
(Vf.I700( ,. 
{VF.1710] 77 

{VE1715] 78 

{VE1725] 79 

{VEl730] 80 

(VE1760) 81 

{VH765J 82 

(VEJ 770] 8) 

fV~:I 7RO] Rt, 

(VE1785] 85 

(VE1795] 86 

{VE1800) 87 

{VE1830] 88 

(VE18)5] 89 

{VE1840] 90 

(VE1850] 91 

{VE1855] 92 

(VP.1865] 93 

(VE1870) 94 

(VF.1890) 95 

(VE1895) 96 

(VE1900) 97 

(VE1935] 98 

(VE1945) 99 

(VE1955) 100 

(VE1985] 101 

[VE1990] 102 

{VE1995 l 103 

(VE2025] 104 

I VE2030] 105 

{VE20)5) 106 

{VE2045] 107 

(VE2050] 108 

(VE2060) 109 

{VE2065) 110 
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where: 
zn The fraction of water leaving by irrigation 

[GOA) 
z34 The fraction of water going downstream 

p 
JS,. 

,}01,;(.' 

)01 

(JOl 1; 

)03 

~o,,;:· 

}04 

[GOB) 
The total amount of water leaving the 
ecosystem either through irrigation or down
stream [GOC) 
The path of the d'th litter category leaving 
the ecosystem [NGOL(D)] 
The path of the p'th plant species leaving 
the ecosystem [NGOV(P)] 
The path of the li'th animal cohort leaving 
the ecosystem [NCOA(H)) 
The path of the (th inorganic particulate 
category leaving the ecosystem 
[NGONRP(T)] and the fluxes are ascribed 
to materials leaving the ecosystem either 
through irrigation or downstream 
[AGAINQ(4,C)) 
[AGAINQ(8,C)) 
[DCAINQ(4,K)) 
[DCAINQ(S,K)) 
[CGAINQ(4,N)! 
[CGAINQ(8N)) 

TABLE OF SYMBOLS 

The following table is supplied as a user's aid. It lists the 
.wmbols used in the mathematical description, the 
FORTRAN equivalent, the equations where the symbol is 
used, and the units for the symbol. The classification of 
symbols is explained in the Introduction; listings in the table 
are alphabetical according to variable type, and then 
numerically according to subscript number. The following 
abbreviations are used: 

C centigrade kcal kilocalories 
cu cubic m meters or meter 
ecsys ecosystem mm millimeters 

g gram or grams pop populations 

hr hour sq square 

Many of the exogenous variables (V) have for units 
"variable" for they are first used as grams per cubic meter of 
water flowing into the system from upstream, and then as 
grams per ecosystem per day of material entering the system 
from all sources. Also, Y is used as grams per ecosystem per 
day leaving the system or as grams per cubic meter of water 
leaving the ecosystem as downstream flow. 

FORTRAN 
Symbol Eguivalent Eguations where used Units 

p EXTINP -l 
0 

-1 
1 • •sq 

p EXTINS • -l m 
-1 

2 •sq 

p 
EXT IND • -I -I 

) ·sq m 

p 
EXTINL 

-l -1 

' 
p. ·sq m 
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FORTRAN FORTRAN 

Symbol Equivalent Eguations Where Used Units ~ ~uivalent __ Equations !1here Used Units 

p 
EXTINW m -1 

Xl CVEG(P,l,C) 17, 51, 52, 53, 57, 58, 60 
-1 

5 7 I 15 t g •ecsys 

p p1a 
g•ecsys- 1 •day-l 6 PLDEP(P) m Fjl CVEGQQ(P,l,C) 65 

pp 
kcal•sq 11!."hr -I 

pla -1 -1 
7 CONRAD(P) 

,lip la 
CVP.GQ()(P, l ,C) 41 g •ecsys ·day 

pp -1 -1 
8 COh'NI2(P,C) Ljl CVEGQ()(P,l,C) 51 g ·ecsys •day 

0 pa p 1a 
g •ecsys -I ·day -l 

9 
CONNIT(P ,C) ,t 1p la 

CVEr.OO,(P,1,C) 25, 26 
p pa -1 -1 

10 
COl'l'1'El (P) 

NX6 CVECP(P, l ,C) 22 g•ecsys 'day 
p pla -1 

pll CONTE2(P) 
>le 

AQUA(C) g·ecsys 
p 

g•ecsys- 1 •day-l 
pl2,, CONTE3(P) 

lXJlc AQUAQQ(C) 52, 55 

-1 
pl3p RESPC(P} X CLIT(D,l) g•ecsys 

41di 
-1 -1 

pl4p RESPD(P) 
)•41Jc 

CLJTQQ(D,C) 42,46 g ·ecsys "day 

-I -1 -1 
pl5 ENERGY 13 kcal ·g 

1A3da 
CORGOQ(O,C) 37, 43, 44 g•ecsya •day 

-I -1 
p 16pa UPCONl(P ,C) 16 ·•g x51 IJ!HNR(K) I, 16, 19 g•ecsys 

k -1 -1 
p 17 UPCON2 (P, C) 16 NX51 WIHIIRQ(K) 23, 27 g·ecsys •day 

pa k -1 
p 18 UPCON(P,C) 17 

X6ltn 
WPINR(T,N) g•ecsys 

pa -I 
pl9p PERSED(P) 32 g,. 

x12 WTEMP 8, 9, 33 deRree.s c 

p20 VTDEDS (P) 33 xn VELOCT 56, 68 m· second- 1 

p 
p 21 VTDEDY(P) 33 x14 DEPTH 

p -I -1 
p 22P 

AMORT(P) 34, 38 ... 
x75 WATSYS 16, 54, 55, 66, 67 cu m•eceys 

-1 
p 23 IVPATE(P) 44, 45, 46 XBI ARE/\ II sq m•ecsys 

p 
p24 NOL IT 44, 45, 46 y I DRIF1V(P,l,C) 81, 82, 83, 84, 85, 86, 87, 90 variable 

. plc -1 -1 
p 25 NDRlfV(P) 44, 45, 46, 50, 52, 54, 55 

/1 DRIFTV(P, l ,C) 64 g•ecsya •day 
p 

g'g-1 pla 
g•ecsys- 1 •day -1 

p 26P SIEVF.G(P) 47, 50 
,/1 ORIFTV(P, l ,C) 35 

. p1c 
g•ecsys- 1 •day 

-1 
p27p VDRF2 (P) 56 

L\ DRIFTV(P,l,C) 48 

m· second- 1 pla 
g•ecsys -l•day -1 

p28 CDRF3(P) 56, 63 
,/1 DRIF1V(P,l 0 C) 24, 48 

p . p1c 

P29P 
NVDAYl(P) 58 Vil DRIFTA(H,C) 88, 89, 91, 92, 93, 94, 98, 99, 100 variable 

ha 
p30 NVDAY2 (P) 58 y21 DRIFTH(M,C) 95, 96, 97 variable 

p 
R0 st-l ""' 

P31 VDRFll(P) 58 y31 COMPIN(C) 71, 72, 73 variable 
p -I 

L V 31 

a 
g•ecays -l•day-l 

p32p VDRP7(P) 59 g•s COMPIN(C) 49, 54 
a 

P33 IYRDA'f 58, 59 y41 DETIN(D,C) 74, 75, 76, 77, 78, 79, 80 variable 

da 

P34p 
NVDRPB(P) 59 

FY 41 DETIN(D,C) 66, 61 g•ecsys -l·day -l 

p 35P NVDRF9(P) 59 . de 
g•ecsys- 1•day-l 

Hy41 DETIN(D,C) 36, 45 
g•g-1 da 

p 36 VDRP15(P) 63 
'51 

DNORG(K) 101, 102, 103 variable 
p • k -1 -1 

P 37 d 
NGOL(D) 74, 75, 76, 77. 78, 79, 80 

Ny5lk DNORG(K) 23 g•ecsys •day 

p38 NGOV(P) 81, 83, 84, 85, 86, 87 
y6ltn PNORG(T,N) 104, 105, 106, 107, 108, 109, 110 variable 

p 
94, 98, 99, 100 cu m•ecays -l •day -1 

p39h ?IGOA(H) 88, 89, 90, 91, 92, 93, 
Yao FLOUT 68, 69, 70, 80, 87, 94, 100, 110 

p 40t NGONRP(T) 104, 105, 106, 107, 108, 109, 110 70 cu m•ecays -l •day -1 
y86 W1RRIG 68, 69, 

p41 VSPAS(P) 11 
zl DISOLV 1, 5 variable 

p 
p42 RESPe(P) 

22 SED 2. variable 
p 

Vl XDRIFV(P,l,C) 34, 48, 49, 63 vuiahle 
23 DETRI 3, variable 

plc 

VSlk XDNORG(K) 19 variable 
24 A 4, variable 

v11 DAPHOT 10 hr•day-l 
Zs RADIA 5, 6 kcal•sq m-1 •hr-l 

V78 DAYRAD kcal•sq m-1 •hr-l 
26 6, 8 

g•ecays- 1•day 
-1 

1lo1 1a 
AGAINQ(l,C) 30 27 A 7, 8 

g•ecays- 1•day -1 

N~Ol2a 
AGAINQ(2,C) 31 

ZB A 8. 10 

)oi, Jo 
AGAINQ(l3,C) 28 g•ecsys- 1 •day-l 

29 RESPV 9, 10 

g•ec.sya -l.day -1 -1 -1 

vX01 
AGAINQ(4,C) 71, 74, 77. 81, 84, 88, 91, 95 2

10 
SPREQ(P, I) 10, 12, 13, 14, !>, 17 g•ec.sya •day 

• 4o 
93, 96 g'ecsya- 10day -1 pl 

R"ecsys- 1•day -1 
tfo1s

0 

AGAINQ(B,C) 72, 75, 79, 82, 86, 89, 2
10 

SPREQ(P, 2) 13 

g•ecsya-1.day-l p2 -1 -1 

.io3lJk 
DCAINQ(l3,K) 29 

211 REQ(l) 14 g•ecsya •day 

x DGAINQ(4 ,K) 101 g•ec-P-ys- 1·day-l 1 
g•ecays- 1 •day 

-I 

U, 034 k zllc 
REQ(C) 18, 19 

g"ecsya- 1 ·day-l -I 

~038k 
DCAINQ(8,K) 102 212 AINTER 15, 17 g•g 

UX04 CGAINQ(4,N) 104, 107 g"ecsya- 1 •day-l 
Z13 EQUIL 16, 17 

, 4n 
g'ecays- 1 •day-l ~•ecsya- 1 •day 

-I 

ifo4 en 
CGAINQ(B,N) 105, 109 210 SPREQ(P,C) 17, 18, 20 

-1 pa 
x1 CVEG (P, l, l) 4, 7. 10, 11, 15, 32, 40 g •ecays 

2
14 

AA 19 
pl,l 
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FOP.TRAN 
Symbol Eguivalent Eguations where used Units 

zl5 2 0, 22, 23, 24, 26, 27 28. 29. 30 g•eceya -l•dar-l 

31 

216 
SEIID(P) 32 g•ecsys 

-1 

p 
g•g-l•day-1 

z11 DEADT 33, 34, 39, 40 

zl8 ALLDED 34, 35, 36, 37, 40, 41, 42, 43, 44, 
45, 46 variable 

zl9 CYCLE 21, 34, 38, 39, 45, 46, 47 day 
-1 

z20 DEAD 38, 40 g•g-l•day-1 

z21 illJW( 47, 48, 49, 50, 51, 52, 53, 54, 55 variable 

z22 WATI'OT 53, 54, 62, 66 cu m"ecsys=i•day-l + 
cu m'ecsya 

z23 SPAS 11, 12 

2
24 21, 23, 24, 25, 27 

z25 VDRFl 56, 57 g • g -l •day -1 

z26 VDRF4 57, 60, 61 g"ecsys-l liay-l 

z21 VDRP5 58, 60 g ·ecsys -1 -1 
"day 

z28 VDRF6 59, 60, 61 g•g·l 

z29 VDRFlO 6a, ~4. 65 g' g -I ,day -1 

z3D VDRF13 61, 62, 65 ~•g-l'day-1 

ZJl VDRF14 62, 66, 67 

ZJ2 VSTAYS 63, 64, 65 
-1 g•g- 1 •day 

z33 GOA 68, 71, 74, 81, 88, 95, 101. 104 dhoensionless 

Z34 GOB 69, 72, 75, 82, 89, 96, 102, 105 dimensionless 

Z35 GOC 70, 73, 76, 83, 90, 97, 98, 103, 
-l -l 106 cu m·ecsys ·day 

PROCESS DELETION 

Just as the VEGET s11hroutine acts as a "black box" to 
other subroutines and the main program, sections within the 
mbroutine act as "black boxes" to each other. The user may 
elect not to use some of these functions, and this may be 
accomplished in two ways. One, a particular section may be 
left out of the program during compilation, or two, 
parameters or switches may be set to skip certain sections, 
or to predict a change of zero. The latter is by far the most 
useful, for the user may wish to change particular state 
variables by a process and not others, and a recompilation 
would not be necessary. Both methods will be treated. The 
numbers prefixed with a (V) refer to the program sequence 
number (Appendix J). 

Process 

Net photosynthesis 

Plant mortality 

Leakage 

Scouring and colonization 

Program section 

VE0390 - VE1140 

VK1145 - VE1315 

VE1320 - VE1410 

VE1415 - VE16D0 

Switches and parameters should be set as follows to "set to 
zero" certain processes. 

FORTRAN 
Process Parameter Equivalent Setting 

lplOP CONTEl(P)) 

Photosynthesis Pup 
CONTE2 (P) 0 

P12p 
CONTE3(P) 

Respiration 
{

P13p RESPC(P} 
0 

P4 2P RESPE(P 

Mortality (constant) p22p AMORT(P) 0 

FORTRAN 
Process ~ Equivalent Setting 

{ 
p 20P 

VTDEDS (P) 
Hortality ( J temperaturf.?) 0 

p21 VTDEDY (P) 
p 

Leakage p26 SlEVEG(P) 0 
p 

Scouring p 27 VDRP2(P) 
p 

Colonization p36 VDRF15(P) 
p 

ARRAY DIMENSIONS 

The use of the program is limited by the dimension 
allotted to the arrays, and these limitations need discussion 
so that the user may be in a position to modify them as his 
particular requirements indicate. Below is a list of arrays 
peculiar to the subroutine VEGET, in which the dimensions 
which may appropriately be varied are indicated by letters. 
Dimension limitation of either arrays us·ed in this 
subprogram can be found in the main program. 

AEXT(b) CONTE2 (a) NGOV(a) PLOEP(a) SPREQ(,,b) VDRF7 (a) 

A!NT(b) CONTE3 (a) NVDAYl (a) REQ(b' UPCON(a,b) VDRFll(a) 

AMORT(a) IVFATE(.,) NVDAY2 Ca) RESFC(a) UPCONl (a, b) VDRFf5 (a) 

CONNI2(a,b) NGOA(c) NVDRF8(a) RESPO(a) UPCON2(a,b) VSPAS(a) 

CONNIT(a ,b) NGO!.(d) NVDRF9(a) RE SPF.(a) VDRF2(a) VTDEDS(a) 

CONRAlJ{a) NCONRP(e) PERSED(.:.i) SIEVEC:(a) VDRF3(a) VTDEDY(a) 

CONTE! (a) 

The dimensions indicated by letters define the maximum 
values possible for the following quantities: 

FORTRAN NAME 

a. The number of plant species NSPECV 

b. Number of org;..nic components tracked (includin,2 energy) NFRELM 

c:. The number o[ animal cohorts or size classes NSPCO;i 

d. The Number of types of organic: detritus categories NOi.IT 

The number of types of inorganic: detritus catego1·ies ISTRTM 

p ARAMETERS AND SWITCHES 

A list of all parameters and switches for the VEGET 
subroutine follows. Explanations can be found in the 
definitions list, Appendix A. Letters used for dimensions are 
explained above under Array Dimensions. 

AMORT(a) EXTINP NVDAYl(a) UPCON(a,b) 

CONNIT(a,b} EXTINS NVOAY2(•) UPCONl(a,b) 

CONNI2(a,b) EXTINW NVDRF8(a) UPCON2(a,b) 

CONRAD(a) IVFATE(a) NVDRP9(a) VDRF2(a) 

CONTE! (a) NDRPll PERSED(a) VDRP3(a) 

CONTE2 (a) NDRIFV PLDEP(a) VDRF7 (a) 

CONTt3(a) NGOA(c) RESPC(a) VDRF15(a) 

ENERGY NGOL(d) RESPD(a) VSPAS(a) 

EXT!ND NGONRP(e) RESPt(a) VTOEDY(a) 

EXTINL NGOV(>) S!EVEG(a) VTDEDS(a) 
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80Pf"Jl •J 

C [\fr•CJIHI 

arrAOf IHI 

C AT I A I 

C 0L ANK 
C 81"1NRP1, NI 

r BrTNPl'l(,..,NI 
Br>IN~T I"' I 
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APPENDICES 

APPENDIX A 
Listing of Definitions used in the General Stream 

Model Program 

AWA IN) CONVf'HfD TO OUTPUT IJNfTS. 
A 00 AB lN ICONV(RTfO TO OJ TP lJT UN! Vi• 
BPI~IHoN) CO"IV(PTfD TO OUTPUT ONIT'S. 
!)f\TNRCNI CONvrnno TO riuTPUT oun,:;. 
tr>Af'TIT,Nl CONVl"f?ffO TO OUTPUT UNITS. 
C"IT~ILoNI CO'IVfRTfO TO OUTPUT UNIT. 
TH[ ACCUHULAHO '"(l'tP[RATVP.f<: I"("•~ OUNf'l"S TN T>f 
L 0 T4 ANIHAL COH(IRT Ir NTR~N-.ILJ fr'?UALS 1 Of'! 3, rr 
THf AV[RAG[ WCTGHT OF AN L' TH TN01VT0U'l AT w1r !:H 
T™f TRANSr[R "-£GIN'S~ NTRAN<ifll r'>U6L'-
CLIT IH,Nl CONVfPTFO TO OUTPUT UNITS. 
conrlMoNI CC,.Vl"PTfO TO CJl!TPUT UNTTS, 
cvrr.1IoJ0Nl CONVl"'IH[O TC OUTPUT UNff<i,. 
THI'" CriNC£N'flUTTO'-l TN WATfR IG.f'(P G.I or ".'4[ •t m 

~AT .. Pf INfLOW nr WATJ"P fQOM UPSTqJ"AM o,i TUf C, fll 
OAV ICUBTC H[f["ffC:/~rc. ,. 
NfT CHANG( TN THf N'TH CONSTTTUCNT IN fH( SYS T t' t<: A 

WHOLE THROUGH TH[ r•T~ OU"ll-ffl. 
CHIINGf r(P TIMI'" UNTT !N ACAINIPoN). 
Nl"'f CHANCf TN TM[ N'TH r"QN<'TTTV[NT TN THf SYST" AS A 

WHOL[, 
n~r RATIO IN PLANT TISSl,( "f T'i( N'TH CH[YiCAL 
C(lN~TTTUCNT TO CARPON. 
NAl't[ !'II"" TH( M'TH r,f"TPITUS FRJrTTC"l, UP TO lf. 
Cl-fA RACT(R<;, 
TUf MA'ICJHUH TUONOVfP RA rr or A "1 ........ VArt.&"L[ ... lF T(! 
ANV ONf PUTIC"ULA PROtrSS 
VAL.LI' or ACCU"'1'flllITO yr.,p((>ATUP .. <;; AT WHTCH TH'" 
ALLHAX fRACTlON or TH( L'TH UITHAL COll"F?T I'i 
TP.AN<;f[R(O IF NTPANS(LI f"OUAL~ l eR J, OR t fr TOP 
USf" Wlf(N NTR4NSIU:-5, ~ITCH RfGULAlf"S rnr fPf('fTON 
Of lNTHALS TRANS.ffR(O fRO~ TH[ l'TH TO rur II.•! 1TH 

COHORT. 
VALIIE fl[LOW w•HCH t;TATf VAPJALA[<; WTLL Pf T 0 f .. TP' A<' 
., r-p o. 
HIN l•'(J'1 VLAU[ or Y AXl'i f(lr' I 'TH C:RAPH, 
Tiff PPOPr:>RTIONH HrRTALfTY pfP lT"1'" tJNll Of nr 
I 'T" PLAUT SP(r'!r<: GROUP, 
PPOPORTION OF T•:rrvrnt••LS 01" THf L'TII AtHMAL "CHCRT 
DYI"IG TN A Tf"4f UNIT, 
A COEfFJCI(NT 11<:[Q !N !'.'.ALt'\ILATT"'" T•/r r- 0 ACTION4L 
PART Of TH[ L'TH AN!HAL COl-'CRT "A:Hf(' AWAY SV fLCW. 
A corrFICI[NT u--ro IN CALrHL•TI••C T•lf" f"OACTtO•;A.L 
PART or T4'" L'"II ANTHAL COtlORT WHI(H .... TTLl""S ~· T Of" 
Hf'" ORifT IN A Tll"'" UN! T, 
Tllr WATER VCLOCIT" ABC'V!'" WHICH TH'" L'TII ANTMAL 
COl40R:T "ILL B[ WASH(I"> ~~~YfH[Tl"R<: r>rA' c;;r'"CNOI, 
TTH[ llNIT fOR <;;IHULAT!ON TN ANTP'IAL StJfH>OUTTN!:, 
THf WA"[R V(LOCTTY B£LOW WHICH THI"' L'TH ,.NTHH 
COflORT WILL $(TTL( OUTI Ht: Tl'"Q<i P!"R <;[('Ot,10), 
CONT[NT or Tiff N'TH C'1'f"TrftL C"ON"=TiTUrNT JN ll.L 
COUQRT<:" or Tiff" K'TH AN"HAL SPC~TfS GO('!Ur. 
TT .. t r"o ANIHAL o;uBROUT !'H C:TNCr l"('HH'"~C(t-"r"•IT (' r TUf 

t l"-f' UNIT Loon. 
OUTPUT UtHTS f'"t"IR r>C!1ACT IT ,NI. 
OUTf'UT UNT'fS fCP PC"BTOHfLoNI. 
POP IL I "ONY(RTfO TO OUTPUT U°'!Vi, 
OUT"'UT UN!.,.S roR PCVJ"GI !,J,NI. 
THI'" APPR01lf1ATr 'f(lP wJ!)TH ('If' TH[ $lf:ll"'At' .• IH(f"'SI 
C'ONT(NT or TH'" N' TH OP(;AhTC CH[~TCAL Cfl~STTTU!:N 1 
l"lfc-<;(ILV(O TN Tl4£ WAT(R, 
Cf:NTrNT OF' THf N'TH ORt:AN!C C!'NSTfTUPIT r,n;SOLVf" 

I'' THr B£N!40.-, 
CHAUG( OURTNG Tti[ TIH[ UNIT ft.I AOUABWI, 
TT .. ( rnR H[OIIJ'1 SUPPOlJTHlf' SINC,. CCHHPIC'("r-Nr OI"' TW[ 
TIM,. UNIT tooo. 
CHANCf P[P T[Mf UNIT IN AQUA INI, 
TOTA.l ti'TH ORGANIC CONSTTTIJ[NT OTSC:t"LVrfl l'N Tlf' WATrR 
T T"H[ UNIT fOR <;J>-1ULATTMfl TN "l(OTUM SU~"OUTTNE • 
SURF'AC[ Ar.EA OF TH( "AT[r TN THr SYSTfH ISO,H.J 
N.lp,!f or TliF' K'TU AN THAL srrcrr,;;; IUP TO 2fl. CIIA.A'l CTfPSJ 
OUA~ITY OF FOOD ASSTH.-LA.TrO pr-q UNTT ('f" r'A 1UH'N 
PER TTH( UNIT '1¥ rnr ANIHAL CO'-'OPT cun°rNTLY v~rirp 
Cf1N<;TOfRA TION. 
0 ROPORTTON OF F'OOO ASSIHIL.&T[O ~y THE' L'TH 4N'HAL 

CNIOl?T. 
THf PROPORTION OF INTAI<[ OF THf T 'TH TYP( OF H'" TT"RO~ 
fr'OPHTC HICROOPCANISH Wl-fln-1 rs Ac;;SfHTLa.T[D. 
TH.:- AVfRAr.( A.MOUNT fGRA.-.S/CUerc ttnrRJ Of" A 
C/"IN<'TtTU[NT or THf , ... TH SUSP[NO .. O O[TRITUS CAT 1:0PY 
TN T4r SYST(/1 IN A DAY. 
AVfRAG[ WEIGHT "N GRAMS CARBON or THr H'TH t::01-f'PT. 
THr AV[RAG[ A!10U'-'l IGRAHS/CUATr HfT(RI OF TNOf":ANTC 
Pa.RT!CULAH HATTER IN TH" H'TH P£'T'tTTU~ 'S":'Z[ LASS 
!t~ Tiff SYSTEl1 IN A DAY, 
WPTNRIP4,NICONVl'"Qff.O TO OOTPUT UNIT'i, 
wrtNR(NI CONV['QT[D TO OUTPUT UNns:. 
NAI"~ Of THr t•TII FJAC"Jt"OIAL C~T[GORY, UP TO 16 
Cl-lARACfER"". 
TH( WAT[R V(LOCHY ASOvf ~llf'H rnr- PTH TYPE fT 
OACT[RIA WILL 'lr SCOUPfO, IMnfPS rfO <;[CONDI 
TH[ WATrR V[LOCTTY P.f.LOW WHICH THI'" PTH TYP[ er 
B.aCTE:PTA WILL 'ifTTL( OUT '"[T(RS PJ;R ,;rcoNnl 
CPN"[N" or Tl(( N'TH TNOPGANIC CONSTITUT[NT OTS-:OLVl"O 
I"I TH,- R'"NfHO<;• 
CHANGf DUQTNC TH[ Tl"[ UNIT TN JtnINRINI • 
A cr-rrFtCHNT u<:ro I"I CALCULJTINC: TH .. l""PACTJOUAL 
OAJ?' Of TH,. T'TH TYP[ r-r Of"COHPO""!:" S'"OURrn !'\" n.ow. 
A C'l(frICI(NT •tSfO IN r'ALnJLlTT'lf: Tl•f l"OACTION'IL 
PART OF TH( 'f""H TYP[ Of 0rC0'1Pfl<'("' orPOSTTED T 1,1 ai 
TTHf t•NTT. 
LINEAR' fACTO~ fOR PRf"OTCf?NC e(HAVIt'0AL ODffT rr- TH£ 
H'TY C'OHORT, 
OUIORATIC f"ACTOP roR PREOil"TING R[HAVIORAL DR'f Tor 
Ttlf IPTH COHOIP • 
THf ~OTTOM WIDTH AT H-£ A 'TH POINT (I~ ST 0 (AH. 
( Hf T(Rc;; I 
ST('IR[O 8LANK roq ll[AD!NC'S. 
CPNT[NT Of" THf "''™ TNORGANIC CN!STTTVfNT or ~if" M' T1-4 
TYPr ('If 8(NTHf(' PAPTICVLAT£ MATT(~. 

CH<\"lf'!f OV"TNG THf TIH( UNIT TN QPINR1ff,N1, 
T"TAl. ('r- TH[ "4'T~ TYPf or INORGANIC 8[NTHIC 

"'t'OOS 
"'rD 10 
"0015 
OOO?C 
rorz5 
f"OQ JO 

"Cr3S 
roo4C 
rcr1ts 
r-cr50 
,, rn ss 
rrrEo 
r>nr~s 

n['Q 70 
nrr 75 

"C'rt1.<1 
r C"' qs 
OCC'l 'JO 
C(l"' "IS 
"Cl DC 
') C1 OS 
r ... 110 
or11s 
r,ri 1r 
"~1 ?5 
t"Ol 30 
""l JS 
"C'l llC 
"!Hfi(' 

"rl 65 
r C'l 7C' 
"rt 7!. 
"f'l 8('1-

'"'('1 BS 
OClO{' 

"01 '15 
"1"2H' 
"02 IS 
"C!"'?C 
"07?S 
"rz !O 
"'C:" !S 
"'0:! ctC 
"0.,c.<; 
"C75r 
",.~ 55 
f\('J 6(' 

002£.S 
"'"'Z 7C 
eriz 1s 
nr:, ec 
"GZ 85 
"01'JO 
"'02<JS 

rr:or 
0 0:!0S 
"'C'11n 
!'C:!15 
"032n 
"0325 
roJJc 
l'.:lCJl!i 
')(3ll(' 

'Jt'.''45 
C'0:!5C 
"'f"355 
l":!'360 
r-c T65 

r03 70 
... ,..3 7'5 

o DJ ec 
DC3B5 
C039C 
"!'395 
f'OitOC 
0QbQ5 
"Cll l['I 
004 IS 
0042C 
r 01125 
f\Qq 30 
004 35 
r'>Qltti(' 
l"IC4it5 
"~450 
o nils~ 
001460 
"01165 
!1047{'~ 
"'!14 75 
OC!t <I(\ 

rr1tP.s 
'"'!"''4'30 
ro4<tt 
t'l0495 
f'CSCO 
l'C'S05 
00510 
N'Sl! 
"CS?D 
1'10575 
f'll}C'3Q 

('10535 
"0'-110 
r-!0545 
00'55C 
1'1("555 
OC'i60 
'lQ5q_5 
00':90 
F'0595 

f'0600 
"C605 

r- ce ACT( T, N) 

r COACTP!T ,NI 
,. C8ACT'll",NI 
r CBACTT INI 

CBI~HI L• NI 

(" Cf\JOHAPII 

,- CP !OMP fl ,II• 

r C~IOttOIL,NI 
U"'f21 Ml 

r- cnofJIMI 

r er ac 1 

,. er ,.c 2 

r- CG Alt..'!", ti) 

r Cf"AlNOlt>,NI 
r CCATUT''ll 

r o,n rM 

r- CH'IG IA I 

Cl) I 11'1 ,r; I 

CL !THT I"' I 

r CltTLOl"l 

CllTOr)f",~11 
r ('t 11'1 M 

er- AG UL 

C(')NNI'ff,NI 

CONrAO I'" I 

CON<:Alll 

C Ct\Nrll LI 

CONJ A 

C"'NT[l ,.- I 

r CCl/H:: <TI 

CONT(JfTI 

COr>GQO IH ,N t 
r CORG 11 •11 

CURV[I LI 

C CV[C IT ,J ,N t 

r CV~Gf'I T• Jo NI 
f' CVfGQQ C'" ,J ,NI 
C CVfC Vl Jo "'I 

r CV[GVr"INI 

r CYCL( 

r OAQU<:'T 1'1 oN I 

r 

OA PH<I!" 
OAR Am 
OAYOAV 

CA YR AO 
f'IA YRUN 

.. Of CHIC ra I 
r Of CJ AN If I 
C OCCPIA I 
r Oft>TH 
C D( TTNI Ko NI 

PAnrrct•LATE HATT[R. 
cnNT[NT {H" THf N'TH Clf'HICAL cnN"<:"TTTU!"NT or Tl-f" T'TH 
BACT[PiAL CAT(Gt"PY, 
CIUNGr OUl?TNG TH[ TJH( UNP TN PCBlCTIT,NI. 
CHA NCI"' !WQJNG 'fH( TIH[ UNIT TN CRA"TIT,Nl, 
TOTAL "<'T'f ORGANIC CONC:'lTU[NT IN ALL t1ACT[RlA.. 

CPrGr"O!f,;;, 
CONT(Nf Q'" TH,. N'nt C~HICAL coNc;;TITUrNT TN Ttf. L'TH 
A"ITHAL C-:lHORT. 
CntlT[N' or TH[ N' TH rl-f'ttTCAL en ...... TTTllfNT TOUL .. 0 
OVfR ALL ANTHAL l"f'll4CRTS. 
CI-ONr.C OU~TNG TH( TTM( UNTT TN f!'(" 0 10HIL,NI, 
CIUNGr QURTNG TH( TJMf' UNIT fN CII.IO,,.IL,NI. 
A C')('rftCl(NT u<'r[' IJ.4 CALnJLATI~G THI'" f"PACTIO"AL 
PAl'n or 1--.r M''"II BfNTl-fIC UTT[P ":ATrr.oPY scoui:rn BY 
f LO 11, 
A C"lf"fJ"tCI!:'lT ll'TO IN fALl"\.ILATJNr: '"Ht f"PACTIO"IAL 
p-OT nr TH[ H"TH <;uc:.PrNOfO oPGA"I!(' LTTT(P (:ATn"'(IPY 

f'f"'t"KtT(D TN A TfHr UNIT. 
ur:r"' TO CALCULATf" Tiff CUr'YATUR[ fACT"R l"'OQ 
Pr>rOTCTl"IG "IIYTNG Of DiS'S!"ILVfD SUPSTANCrS O(TW!:[N 
A .. N 11-10,;; ANO wurP cr.L111'4N, 
f"ACTl)Q IJ'if') fO CALCULATr TH[ O(PTH -,r qr-NTltQS 
F"rOH TH[ WfTGH" nr er-NTHO<: TN A <"QUAR .. MfTrR. 
NfT CHlNG( TN T'ff" N'TH INOPf-ANTC PARTICULATE 
t(lNC:.lfTU[NT T'rPU THf r• 74 CH.urnrL. 
Cll1'"1GI" f"(f' TI14r UNIT TN C~TNIP,N,, 
NfT l':IIANGf OF tH'f N'Tll !NCll:C-ANTC PlRTT"ULATf 
C ,.., .. r r TvtN ... 
NL>-AfPI" OR pqor-01?fJON 0"" etOMA"::'«- fOANSC(RA!:'J INTC 
THr ANT'i.1.L CO~OOT '"URR,.NTLY UNOn~ CONSTD[RATI !'N. 
OUAITTTTY r"[R UNIT AA" .. A Of AN n.[H[NT TRANSffRrro 
fA'C'l"I AllULT<; TO ["'"S ruPJN('" R(f'POO(l!'TICN, 
C4A"4Gf IN .\'TH ArCu~UlAJOA fl~ COHHCN OLOCK o\C"l~CI 
t A• l ,- • L1 MAC CI • 
CC'N•[NT {Ir Tfff N' ,H ('.'H'"M}"AL r'l)I-KlTTll(NT TN Tt-f" H'TH 
(ATrGOOY 0'" 'i!J<"r>[NO[') "[TIHTUS, 
, ... r wA•[R V[LnrTTY AOCV[ WHtrH TH,. f10T4 ORr"ANfC 
LTfTfO CAT[CiORl' VTLL nr <;MUR['l. IH[TrRS PrP ~CON"ll 
Tl-'[ ',IAl[R V(LOCiTV BfLOW 1o•UrH THI'" H'14 cqC,ANrt 
L J;T(R CA•(GORV \.l!ll 'if TT LI" /)U"'". l"'l"T(q~ PfR !1" Q)NOl 
CI/A~cr ruRINC r11r TY"( (INTT IN CLTTl1'4,P.,1, 
Cf'NT(NI or TH .. N' TH Cl-f"H[(AL roN ... TTTu(NT TN Tl-1 
"1 1,.PrNO[O OftRJtus. 
Tl'f P 0 0PC'RTJQN C'f" Qy<;.o:;QLVr1J ORGANIC ~ATTfP CO£ U..AT£ll 
ANO H(NC( ·RAN<;rroRro TO rusf'f"lf\[P r)l"'TPITU,;; TN A 
S~GL( Tl~[ U"ITT !J"RACTTON ~TR C:UOIC "•prp 0.eiYI 
NM''" ('f Tl'[ COUODTS orSTG,•ATE'O A<; 'L' (UP TO lf 
C4Al'tACr(o.-J. 
C/'11,iTfNT 11N G. Prr~ ("IIP!C "'[T(t>J or THI'." N"TII 
CO"<;T..-TU[NI TN '"f'LUTION Itl TH!" r.uTFLCWTN" WATfP, 
L'' f?OOPr'lqTit"l"IAL Off\U('TION IN RAT[ or PH(H('IS'l'O..:Tl-4f"STSI 
f('1 .. ![ r•ry PLANT SP'"'"l[<; GPOUI"' 1,/14[N '"H[ N'TII 
C('Nc;;TTfUEN.- J<: IIPS(NT, 
PPQR'IPTTf'NALITY !'"(INSTANT roR T·ir: [Ff"(CT Of rnr N' fll 

C"'N<:lITU(NT ON DA ff" or ""iOTOSTIHH[SI'S !N Tl4[ .... TH 
PUNT SrECJ[<; CA'rUP. 
RAOTATlON INTP!-.TTY ro 0 HO:!H'I" PHOTOSYNTH[S('" er 
THf TOTH PLANT SPErrrs CQ('•JI' O(CAL./SfH'/HOURJ. 
HtrHArLIS CON,;;rANT f"OR Rft'"[ or SU"STPAfr tJS[ ,,., THt: 
T ''"H C"OUP Of" '-1,.T[RCTR('~ re Hl'"Rf'ORr.ANTS"IS, 
trl"r,f"QATUR( IJr"L('IJ WHI04 NO [0("'; WILL nr LAiO rt 
THf L •Iii COHORT. 
RrSPlPATION Ir.. Of" ClP80Nl P(P TIMc- l!NIT AT ZfRO 
T!'l'tP(RATUR( IJY I\N INOTVIOUAL OF Tl£ l'TH ANlH1l. 
Cf'HOAT CC'NTAINlNr ON[ Gr>A.,. Of r"loRPON. 
CON<;;TAtlf T(RH f"f')R T(HP[PATUR[ orP ... ND[NC"[ oc- SlB SHUTE 
usr 3Y H( TEROT!lOPHI C HT Cl>OORG ANT..;"IS I I. r. LOG 
IHAXIHUH RATEi AT l'[RO Tr-t•P(RlTUR~I. 
LTNf.lR COCFFICI'NT FOP Tf'"'P[RA.TUR.- DfP[NOfNCt: "f 
suAqRAT[ IIS[ toy H'[T(ROTRCPH: ... MTCRO()Pr"ANTSH'S. 
OuAnRATIC CO[FT"!,..IENT c-on TfHPr""RAT\JR[ DCrrND[W'<"" or 
SU~STDATC \IS[ 0 Y H(TfPOTRCPHH" P'tlCP"'Oq!'ANTSHS. 
PQOFOA'TTON OF OPT!HUH PHO"<'SYNT'-Fc;;JS .ftTTATNA0l!" a: T 
7£00 TfHP[RA"U"f BY Tl-I" T •TH r,LA'IIT srrr?f"c;; GRn1r. 

LJNl"l" Q)[f"f"ICIC"IT IN TI-E TrHP[RAl\JR[ OfPfNO[N"( 
f"UNCTTOti f"IJR PHOTO<:;YNTH(SIS or TH( r•rn PLANT ~P[CTfS 
C"OlP. CHANG[ IN A0C:OLUIT PHOTOSYHTH(<;T<; P(P f\EGRfF. 
OUAORATTC CO[rc"ICI[NT IN TH[ Tl'"MPrRATUPf "fP[N'J [Nt:[ 
fl>ICTl('IN fOR PHOTOSYNTlHSTS or THf J"1'11 PUNT rr[clrc;; 

0°O1.P. 
CONTENT OF THr N'1'H Ct£HICAL CON<::TTTU[NT TN Tt-r ,-,•TH 
CATEGORY OF 80T"C'f1 O[TT>TTUS, 
CHANGf DURING TH[ TI"I[ m1TJ TN CORCIH,NI. 
fOTAL CONT(NT OF TH[ N' TH c,c .. ICAL CON'SfTTU(NT n1 

THI'" ROTrOH ocyglfus. 
FACTOR R[LATlN(i rooo 1'1Ut([ IN™" L'T4 Atllf1AL 
COHORT TO 'fH( rrioo '-l'PPLY AVATLAPL(. 
CONTENT Of TH[ '-''TH CON<:TITll[NT TN THr J'TH onr.6"1 ('I" 

THI"" I 'TH PLANT SPCCHS GPOUP. 
Cl-fANGF' OURTNC TH[ TlH[ utlT"T !"I "CV'"GII,J,NI. 
CHANnr OUR!NG TH'" 'flHf UNTT TN CV[C(l,J,NI, 
CONT~NT or TH[ N'TH r:i<H!CAL rm, ... TITU[Nl TN Tl-f' J'TH 
ORr-41-1, C:UHPf[D r,vn~ All PLANT SP£rlTS r.P/"IU"'i. 
C{INT[NT or TH( N'TH c..-~HCIIL ('ONO:-TITunn, TOT 1t.rn 
ALL PLAtH <;P(CT'"S GROUPS ANO ORGA"lc;;. 
TH'" NUP'IB(P Of '::Xf"HANG[S or WATfR !N Tl-ff ';YSTf'' 

IN A 01\ Y, 
Tl-lf A!"OUNl QC" THf N'TH ORt;ANT" C<1N'iTTTU[NT OF r~ 
'1 ''fH TYr£ or O(T'11TUS fNTfRlNC TH[ Sl'<;T(H f"RO!" lAOVf 
Ir../<;;• H ,) , 
PIIOTOP(RIOO FOP THE CIJ1JR[NT DAY lll'tSI. 
AHOlfll OF RAINfALL ON T1£ C"URRfNT "AY 111.H, t. 
J'lTfCRAL p.arJJ or TIH[ S lNCT COt"'•J" 1 1cr"lft.JT OF T "lY. [ 
u,nT Locr. 
RA01A'f0N FO" TH[ CUPPJ"NT CAY fKCAL.l'1.SC,/ 110lPI. 
THI"' AMOUNl OF "UNON ON rnr C"UA'"l"'NT DAY ICU"IC MfT[PSI 
CHANG[ IN A'TH <;TATf VlRTABL[ fA,Lr.LTHITI, 
ASflQ(VlAT[O NAHi" OF Tiff" f 'TH HO"lfH. 
A 'TH VARI AOL[ h' COH/'40N/PP.00f1V. 
THf •HAN O(PTH (If TH[ SYSffM T~ MrTrRS. 
CONTfNT Of THf N°TH CONSlITU[I/T 104 TH'" 1<•TH C K(GORY 
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0'" PLANKTONIC O[TIHTUS IN THf" Ol/Tf\.OWlNG WlTEP. 
IGRA"4S.fCUBtc ~ETfRI, 
Nfl CHANG[ IN TH[ N"TH INORGANIC OTSSOLVEO 
ca..o:;;TTTUENT THAU TH( P'TM CHANN[L, 
CHANG[ PER TIM( UNIT IN OGAINIP,NJ, 
N(T CHANGE OF TH£ N'TH INORGANIC OISSOLVff' 
CONSTITUENT 
N'TH OTSSOLV(O INORGANIC NilHE, UP TO 11 CH.llU.O"rRS. 
TH( ,t,HOUHT OF TH£ N'TH OISSOLVfO IHOAC:ANIC CONS TITU[N 
LfAVING TH[ 'SY<;T[H IG./C.JII.J, 
THf POPULATION or Tl-£ l 'TH ANIHAL COHORT IN Hf" 
ou.,.rtOWING WATEP fP[P CUB!C Hn(RJ. 
THf AHOUN"f OF TH[ N'TH COHSfTTUfNT OF TH(' L•TH 
A'lfHAL CCHORT !"l "flH OUTFlOWINC WAT[R 16AA"'IS/ 
CUBIC H(T(RJ. 
THf AHOUNT OF TH( N·TH CON<;TlTU(NT or TH( T"TH T't'P( 
or HICROORCANI<;H IN Tl.£ Ot/JFLOWING WATERICRAHS, 
CUBTC H(T(o1. 
TH'" AHOUN"f or TH£ N'TH CONSifUTfNT OF HF J"TH 
Qe!G~ TW[ Of THf l"TH Pl,1,NT SP(CT{S DRIFTING OUJ 
OF TH[ <;YS"T[HfGRAHS/CU\IC H[TCFH. 
Tt'f AHOUN"f OF TH( N"TH COHSlflU[NT l'lf" TH£ H'lH 
OrTRfTUS TYP[ [NT[RlNG THf SYSTOI fROH TH( ATK)$PHfR'I" 
IAN AVfRAG[ DAILY FALL or THE r•rH HONTH fN G0 u,s P[R 
!';t>uARr H(T[R.I 
THf AH,,UNT OF l4'f N'TH lNOPrAN .. t PARlI,..ULAT( OONSPTU 
or lH( H'TH TYP( OF OCTP!TUS 0/frOIN" TH[ SYS11"'1 
rROH AROV( IG.t<.H. J. 
Hff AMOUNT or THf N'TH OHHICAL CO"ISTITi.n-tH IN .IN [Cl(: 

rr fHf" I(• HI AN{,oiAL SPfC yr-5. 
FACTOP CONVERTTNf"' CARIH'IN ArOtT!ONS BY PHOTC"sY.,-1-f"'STS 
TCI rN'"RCY Y(Q"I<; IKCAL. ~R G.t 
THF RAT!,, or AN flfHftH WITHIN TMr PLUH l() ("tRPON, 
WHICH WOULD (\f !N '"OU!LmR,..UH WTTH Tl-ff CURR(NT 
()'T(RNAL CONCl"N1'PATTON or THAT ft[~[NT. 
PAN fVAPORATION fOR T~ CURR[NT 'UY 1"4.11./llAV I. 
[VAP()RATION IN lH( TOT,q '"YSTl"fl4. lCUPTC 11rTrnS1 • 
OPLY rJ.N (VAPORAT!ON AV(PAGff'\ Ovro T'-''" f'TH 1'f"NTt1 

I 11. H. I 
p,j( A'T'H TOTAL rnq VALU(S tlOT CONv£RTro TO Avn:>AG( 
VAL llf'- roR ou•P11T i A. tr .L !MEVRI. 
RAl( or [XCR[TION rm UNIT RIOl".A .. <; cor- CAR<>ONI Pf"., 
T!H!' IJNir FOR Off ANIMAL fOHORT f"'lJ"1elf"J,jTlY UNOffi 
CC'N'-Il'lfJ;:ATIONo 
NtJHB(Jr<: (P(R c:o. M. I or INDIVIDUALS or rnr L' 'Ill 
ANTHAL COHORT [WfflHNC: rnr SYST[H f"POM A!!OV( l'".G. 

OVIPOSITIONI. 
IN A r.R,lrplf. EXPLANATION 0,- TH[ A•N VAOTif'IL( - UP TO 

7!' CHARACTERS. 
[XnLANAT!ON (UP lO 7"' CHAPACTfRSI Of 4°TH LINr TN 
HU. Tfe!L[-LTN[ GRAP ... S, TAl((N T!'tGnt£ei. 
f"XTTNCfION corrrrcrrNT fOR LICHT INT(Pr'rPTf'O Er 
ORC:.INT(" OPRITIIS IP(R G. flt°R SO. M. I. 
f)'Jl',ICTION corrrrrt[NT roR LTC~T ]NT(11 ... fPT(O f'r 
OI<;C:.Otvro HATfPHLS.CPf"P G.,AH l'fR SGUARf H(TP'I 
fY1'TNCTION CO~f"rICifNT FOR LfGHT J"IT[OCfPH"O O' 
PLANT HAT(RlAL IPfR Go P[P '-0, .,__ I. 

CXT'!'!-ICT!ON CO!"'"rTCifNT rep LIGHT INT[DCfPT(O [>f 

StJ';Qf"NOEO !NORGANtr HAT[RTA.L !(HQ G. pq~ SQ."'• I. 
[)"f'NCTJON COffflC[[NT roR LIGHT PASSTNf. lHROtrH 
WAY(Q (P[R H.J. 
PRQR')RTl:ON Of TIM( UNIT STILL TO 1W' COHPLrTfO. 
PROPORTIC"N OF A PARTIC\JLAP fO('ln TYP'" TO BE COHSltffl'\ 
SY Tiff ANI/'tAL COHORT QJP.DfNTLY UNOfP CONSTO(RK"JON 
OP THf PROflORTION or TTHE UN!l COHPLfTf"O fN O•( CYr'Lf 
or TH( TIH( UNP lOOP IN TH( N•IN flRQ(l'>AH. 
FAC'TOR CONV(RTINfl surr VARJASL(S lO flUTPUT UN"'T'S. 
THC PROPOR"T!O"I OF TH£ "'TH CATfGORY or SUSP(NifO 
OrlRtlUS RfACH!NO THf E'OTTQH !NA SJNf.:Lf THff UNIT 
IPRa>ORTfON p(o CUBIC .,CTFR P(P. OlYI. 
QUANTTTY or llff" l'TH ANH\Al Cl"'HORT W(Tf.'H![O BY lWf 
0! ... 1'ARY PRff(RA"ICf AN[' AVAlLABTLilY or TH( AN!MAL 
COHoA'T ClJOR(NTLY UNOEP CONSJO(RATJO'!. 
THf" PROPORrTON C'F' ANIHAL rooo or THf L'T~ ANT)'AL 
Cf'll(lRT WHICH y,;; REHOi.-£0 roo"' THE ORll'"T.UlTHHf'".llll 
to"UC:T Bf~ ANO rOt'IO 2 OP 31. 
QUANTTTT Of THE H'TH TYP£ (If ~USPfNO[O OFrn!Tl.6 
wrrr.HT[[\ SY THE ... !EURY PREFTRANCf ANO AVAILABTL-Y-TY 
Of TH( ANIHAL SPECIES ljROUP CURRfNTlY UN0f"P 
CON '-IC[ RAT ION 
OIIANT!TY OF TH( T"TH TYPE or H£Tl"ROTROPHTC 
M!CROORGANHHS, W[IGHlTO RY TH£ OirTARY pqfFTR'\Nt( 
A.NO AVAILABILITY OF Tl-f'" ANTHAL SP(rloS CROUP 
CURO£NTLY UNOf.o 
C,,N'-lO[OATION. 
QUANT TTY OF Tiff" "''TH TYPE or ROTT OH Of TRYTUS, 
Wf"Y~Yf'Q BY TH[ "IffARY PREftRA"1Cf'" AN" AVAILAq"tTTY 
or TH( ANIMAL SPfCHS flROUP CURRP(TL'f UNt'fR 
CQNC.IDf"RATlON 
QUANT'!'TY OF TH'( !"TH PLANT SP(CIES t-ROUP, W(I!HTf"O 8T 
TH( orruoy PR(f[RANCE ANO AVIILABILTTY OF THf ANIMAL 
SP(C1rc; GRC'UP CUDR[NTL'f' UNO(R CONS!OfRAllON. 
IN A GRAPH. VALi•[ ()f TH( A"TH VARIA.Blf roP TH[ R.♦ TH 

COL1."4N. 
VALuES Of A'TH VAPIABLE FOR 70 S'UCCfSSTVE COU,.NS or 
AIL GRAPH<;, TAl<fN TOG(H£R. 
A QUANTITY FRACTIONALLY L(SS TH4.N THf TIHf AT T~ [NO 
or THf CURRENT TIH[ STEP. 
J\,j( AMOUNT OF TH( A"TH MATERIAL FLOWl"11'; OUT 0'" nl[' 
SY~Tf'.H IG,/C.~). 
FLOVL[AV!NG TH( SYST'"tll (C.".r:-rc.,. 
THf' A11CUNT Of WAHR LEAVING THE <;YSffH AS DOWNS TR(AH 
f"Ll"'W. !CUBIC f'ff'TERSI. 
TOTAL INFLOW or WAT[RfCU8TC )t(T[RS/SFC1. 
RAY[ OF INFLOW OF WAT[R I CVBTC' H(T£RS/Sf"CONOI rROH 
U"STRrAH ON TH[ OAY 8rING SIHULAT"". 
rw· Af'f"UNT OF \IAT!R FLOWING INTO Hi[ [CO!:Y'-T[N PfR 
OAV .(CUBIC H[TfR<::J 
ANOlNT Of WATER AOO(O TO TH( (COS~T'°"I" fP011 
TO{~"TAIH(S ICUB!C M[rrRS/OAYI. 
SLOPE l"r TH( CHANNEL ~ICES AT THf A'TII POIN' 0'" 
S.,RfAft. 
... ~NIN~<; N roR TH[ A· Tl1 POINT or STP'"AH. 
TOTAL rooo INHI([ OF rnr w TM CONSTITU(NT RY .ir- K· "M 
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Aquatic Model 

AN"HI.L SP[CT['S r,oour. 
FPAfTfONAL PARl DAY AT "OTNT or rrwr RC::ACl.i!Tl qy 

SH•IJl..,TTONo 
NAM[ or TH£ N'TII CONSTTTUfNT, UP TO l(; CHAQAClrR-S. 
NrT GAIN OR LOS'S or WAT[R THROUGH THf" p•p.1 CH.ltlN'"l 

ICUOfC H[HRSI. 
(UANC'" P(A T!'4~ UNIT "ru H?Ctrl, 
Nrt CHANG( or WAT(R IN TH[ SY5f[H f ... UPIC ,..,.TfoS ,. 
pooPORTTON or n1QHA':S OD TNOTVIf'O~L'S 
ro B( TRANST[Q'P(t1 INTO THf NtXT ANIMAL COHORT. 
C,,N"-lAnT T[RH !N f"t'PR(C::STON fOR qnf Of" TRANSrtR 
INTO THf IL•l PTH AN!H,1,L COHOllT • 
Hll. TirLIER roR TfHPrRATunr O(P["lOfNC[ Cf f?AT[ or 
JOAN':HR INTO THr IL•ll •TH ANHUL COt101H, 
ARPT'lRARILY HTGfl VALU( TO TNITIALTZf HJNIHJZA""ONS. 
THr FAT[ or O[AO eoorro;; or TH[ l"TII AN!HAL CO!-ORT. 
[PUALC:: rnr LITT(P CAT(GORY NUNB(R Tf SUSP'"NOEf OR If 
BfN1"HTC [OtlALC:: TH[ LI TTrP ('Af(GORY NUHB[R PLU'!" flOLTTo 
lH'" NU148(R Of Hf( CURelf"NT TIHr VNn. 
INT(C:f:UL PART (~'1,Y'il 1N TT"'( n Cf\HHENCHCNT or me 
1 !Hf UNil LOOP. 
r~·rrGRAl PART lflAY) TN JHr TJM[ Al r"H"l[TfON ... , TH[ 
TIM( UNIT LOOP. 
J\,jf YALU( ('IF TOA'/" AT WHICH TH( Nf)(T F"IUHP or- 'Sn TF 
VARIA0Lf'S IS TO f!f HAO[. 
AOrR'f'-" or A O:TAT~ VARIABI.[ WHICH ts I•!AO[QUA"l'" 
TO H[TT o1, PROPO'"C::f) OfCPE1otntJ. 
[OUAL~ l roR 'if"[PAG[ rnn ow ANO 7 fOP "lO "S'""!:Plf'[. 
'START!NC' Y[AR Of" '"IHULATION. 
THf' N!ll'IBER OF OT"-SOLVO' !"IORGANIC CON'",TTTUENT'S TN 
fHf $Y'\lfH. 
THI" N!JMR["" or PAPflCULA Tt TNOPGANIC rf'INSTJTU(..,. C: IN 
JMr SYSJ[,t • 
'\WflCH (OR lHf A'l'H TN"iTRUCTION TO nr TRANSFEAHU TO 
suPq()UT'!'Nr'-. 
Tiff LOGICAL UNIT roR TH[ N£)CT OUHP or 
ST&Tf V-'ATAl8fC.. 
TH( A00R£'"'i IN rnr C0'4,o10N f\LOCI< /PARAH/ FROH ~ 1 r:H A 
PRJNr-our IS TO '-lA'-'To 
HI[ '!.[RIAL NUM 1HP OF TIH ,...-xT T A8Ll.AT[O R[POR T 
TO er PRINl[D. 
RlM CC'UNlfR Foo 'S[NSITIVTTY TESTC.. 
SWTfC:H, Pt'l'SITIVf fOR SfN'SITIVJTY T'"STS. 
Tl-If fAl[ OF OfAO BOOI[S or TH( L" TH AN!HAL COl-(IRT. 
[llUALC: rnr LITT[P CAT(GORY NUM8(R If SUSPfNOfn OR rr 
8[N~JC (CWALc:- TH( L!TTfR CAT[GOlq NUHB[R PLU<: NOLlT. 
fHf" NUHB(R or CAff(lORlIC:: OF INORGANIC HATfRIALo 
SW!TC'-' rQR SEN'1UT S.UBROlfTTNf. 
THf fAT( OF O(AO BOOHS. or THf I'm ANTHAL CO~PT. 
['1UAL< Tt1[ LIP[P CATEGORY HUHP[R Jr SIJSPfNOf O OR Tr 
BfNTHTC EGUAlO:: TH[ Llf'""Y ru[GORY NUHl\(R PLUS t-:OLIT. 
THf" !!'AT[ or OfAO BOOIFS 0'" TH[ t•TH ANTHIL COHJRT. 
[OUAL<:: TH( LlfT[P CATfGOPY NUHB[P tr SUSPfNO(O OR IF 
ernmTC [GUAL°' TH[ LITT!"U CAT(GOPY NIIHP[R PLU!:. NOLtT. 
<;UOTfNG Y[AR • 
C!!OR[tlT TlH[ UNIT, COUNTING FROM JANUARY J. 
T£'HPORARY 'STORAGf or TYRQA't' DURING Tlfllr UN"!T LOOP. 

II.ITTTAL DAY or HNULAT!ON. 
THr CURR(NT ADDRESS IN If'lJl"P. 
TrwPnRARY <;TOJ?AG( roR Jf'"ROH. 
THI" NUHP'[q Qt- ~AV~ A Hl.OCK OF TNFLUWlNfl. 
CON<:TTTU(NTS TS TO B[ VSEO. 
A <;WITCH WHICH INOICAffS TH( US( ~ A ~LOCK or 
INfLOWYNG CONc::f!TU(NTS. 1 =NO EXTRAPOLATION, Z= 
[YYRAPOL.foTION \ITTH THI!' N[XT DATA ~T, 3:
(XTRAPOLATION WITH TH[ PREVIOUS DATA srT, 11= 
O'TRAPOLAT!ON WITH TH( PREVIOUS AS WELL AS TH[ Nf"XT 
DATA 'SfT. 
TH[ AOORC'iS IN TH( COl'IMON BLOCK /PARA,oi/ At WH IrH A 
PPINTOUT T'" TO (NO. 
fOUALS ZERO yr VARTASL(S FLOWING rur OF THf <;vrl[N 
Af>f" "IDT TO BE <;AVED, OR EOUALS lH"' LOnICAL UNn 
NlJHB(O UH(R( TH[ VALU[S AR( TC 11[ STORro. 
TH[ OAY ON WHTCH TH[ SUBROUTTNr WAS LIST CALLf!). 
THf FT"IAL AOOO[Sc:: IN lOUHP. 
A 0 TH SWHCH WH"E:N ON[ WHICH ALlOl,'C; usr OF n•r ""rn 
OJ<,"-l)LV(O TNORr.ANIC COtlST TTUENT. 
A •f\,j SWITCH WHPI ON[ WHICH ALLOWS usr or T11( ~:' nl 
PADTJCULAT[ INOPGANIC CONSTITU('.NT. 
A 'TH SWITCH WH[fr\l ON( WHICH ALLO\I"" usr or Tt1( N' TH 
ORGAHTC CON'-T!TUfNT. 
VAl.lJlt" or !DAY AT WHICH (XTRA ('!UlPlJf rs TO CON<LL.Or. 
Df''-TGNATION NU'1B~R OF Tl£ A•TH VARIA8L( TO 1¥" GRAPl-'(D 
sr,r or ARRAY'- SYHG,CHNC. 
ST""f OF ARRAY EV(RV:2'. 
TH( LAST WORD IN TH[ Hf T[OP C'OHMON BLQf"'t( e,rgu ""'?JNG 
RflNITIALIZATION [V(RY TlH( [XT(RN TS r'ALLF"D. 
<;;17( or ARPAY<; STAT(, OECINC • 
SP( or COMMON PLOCt<S PRODUc.ri:ionCH,PRINTP. 
C.P'f' Of COM1'40N BLOCI< PVTOl. 
':iJ7[ or ARRAY "-U""S-
TH( "IUHERTCAL orsICNATTON nr TH[ L'TH ANTHAL rnHORT. 
THf" HABITAT or THr l"TH ANTMAL COH('IRT. t=TH( 1/ITfO 
CQ.LHN 2=TH[ f;.DAC:S C0'1MUNTTY, ,,HF BrtlTHOS. 
NUHB[R or CURVES TO Br lNCLUOrn Hi THf ••TH GC?AP1◄• 
THr NUMBER or TIH[S THAT nt( TIHf UNIT LOOP 
HAS BfEN AT[HPT[O WITHOUT 8fTNG CO,oiPL'l[O. 
VII.ti[ nr {OAY FROM WHICH fXTRA f'l.lTPUT !S TO 9r'lfN. 
TH( A.OORES': Of" TH[ A•TH VAOJA"L( TO A( Ge!ArHrf'. 
TH'" "-'tll"BER or l1TCROATAL CAT[GORf(S IN Tlf[ SYS"l""H. 
TH[ OAT[ or T'-'E T"''TH WAT[P REMOVAL fVfNT. 
THr NlJ,..B(R or f'IAYS IN If£ r 'TH HOW"H. 
Tf"HP()OARY --TORAG[ or MONTH OURTNG TH[ TIH( UN"'! LOOP. 
TH[ !,/tJ,oiB[R or OAYS fPOM JlN.l TO rnr (NO OF 
THf" CURQ(N1" HONTHo 
Tiff CU~RENT HONTII Of TH( 'l"""AP. 
THf OAT[ or TH( (''TH RAIN [V[NT ISTARTTNG (RO" TH[ 

BfGTNNTNG or T~f fTRST Vt"&PI. 
TIM( u,1ns lfRO" BfGTNNIN(' Of" '"!OS"" Y[AP'l ON tji YfH 
RAIN rALL.-. 
OAT [ Of" A •TH Rf POOT. 
TH( OA'"( or TH[ "'TH RUl~O~ rvr"4T. IStJP1"AC'" '"LO,',. 
N VMBC R c,- CHANNEL s fOP rx o, ANf.( w TT H suoROUNO !NC'i • 
SWITCH T~ TNO!'"AT( rJRSl usr l'lf <;IJ'\ROU'!Nf'"'i. 

I" 1775 
rnsn 
1"11785 
"17'lC 
1'1795 
n111on 
01eos 
01!110 
0 1~15 
01820 
0183(' 
r, 1835 
n 1811;0 
01151f') 
f'll85C\ 
01855 
01!'60 
01865 
01t't7C 
!'1875 
0 )1!80 
naa5 
0 llt~O 
nt~'JS 
n1aoo 
l"'t'JOS 
Dl'HO 
01915 
01,20 
01925 
n1a3c 
r, 1"-35 
n1gqo 
r 1,,5 
D 1'350 
"1'355 
01'360 
(I Jq6"i 

Ol'JlC 
01!75 
Ol~flC 
Ol'JSS 
01':'"~0 
r, 1'39S 
')2000 
02005 
01010 
02015 
'"12020 
,,.,,,.,25 

020:ro 
07" 35 
f'\2040 
020 q5 
0 2050 
n 20 ss 
02060 

n2r65 
02070 
('12r.75 
flZ080 
0 2085 
D20,0 
0 2'095 
nnoo 
!:12105 
n211c 
0'!115 
f' 21 2C 
f' 21 25 
n2130 
0 21 JS 
OZ1 qo 
0 21. lfS 
02'15C 
021 55 
02160 
0?165 
021 70 
[' 21 75 
n21an 
on es 
onso 
n n .,s 
!12200 
l"l:'?05 
r,2210 
n2715 
022 20 
07125 
f'l?2 JO 
1"'?2 JS 
,, 2'llfn 

02'2 lfS 
T"':2'25fl 
nzz ss 
02260 
0"2 65 
02170 
"22' 75 
1'12280 
O?Z 85 
D'2'111 
0?2 95 
0?]00 
"?:t05 
rn10 

""?315 
02T2Q 
0;2'T2'5 
f'?JJ"['t 

<' ?l "~ 
r2'Jqo 
n ZJ f.15 



C NC HOHi Kl 

C 
C NCOH IL I 
C NCOHCU fl( I 

C 
f' NC('IHOP 
C NOATSZ 
C 
C 
C NOAY 
C NOEBUG 
C NORHA IL I 
C 

C 
C NORintlTI 
C 
C HORJrv ti I 

NE WB[G 

NGOA IL I 

C NGOLIHI 

·r 
C NGONRPIHI 
C 

NGOVII I 

C 
C 
r NIRRIG 
r NOCOL 
f' NOGRAF 
C tJOHT ST 
C NOHISU 

r 

NOlNC:T 

NOLT l 
Nf"LllI 
NOR[ 0 

(' NORG /IN 
C NO Sf c<; 
C 
C 

C NOSY H 
r, NOTIHf 

NPOfll 

NPOO TT 

C NPRT I A I 

C 
C N!lA 
C NR AI N 
C NR[P 
C NR[P(l lAJ 
C NRUNON 
C NSHORT 
r 
C NS I 

r NSO 
C NSPCOH 
r 
C N<;Pf. CA 
r NS [CB 
C 
r NSCC[ 

N~t'[ OJ 
NS TRCH 
NS U0 <;T 
NTRANF'IHI 

NTRAN'-fHl 

r NTRI B 

r NUHHON 
C NUHH07 
r NUN! l 
(' NVOA'l'l fT J 

NYOAY2 IT I 
r 
C NVORF'B HI 
C 
C NY ORM Cl l 
r 
(' NYROAY 

NutBER OF DEV[LOPH(NTAL CAT[GORltS ICOHORTSI CT THF' 
K 'TH AlilHAL SP[Cl[S. 
NUHBER OF COHORTS IN TH[ l'TH ANTHAL SP[CHS. 
TH'( STARTING ADDRESS IN Ll<:;COH roR TH'"" K'TH ANf PtAL 
SPECICo:;;. 
NUHB[R OF COHOffl NAH[S. 
EQUALS lERO If" INITIAL STAT[ VARIABLE DATA rs TH[ 
AMOLNT IN THE TOTAL [Cf')O:TST[H, OR ONf" tr OATA .. S 
AV£RlGED TO l <iiOUAR[ HET(R. 
FINAL OAY OF STHUUTION. 
SWTTCH WHICH lLLOMS FOR f:l'TRA Ol/TJ'.\.IT. 
A c;wITCH FOR TH[ L"TH ANIMAL (OHORT. l=PLANKTCWIC 
L!K[ ANIMAL, 2'::lN ANIMlL llUT DRins ONLY tis ,\ 
FUNCTION Of SCOURING, "=t J,f'" Sutr AS 2 PLUS 8[Hl V
I ORAL ORlfT, ft:: l FPH SWil'll'IING ANIMAL. 
A <"WITCH FOR THf T" TH HCTfQOTROPHIC HICROORGlN'I' ~. 
l~LANKTONIC, 7:1TTACH(01 J=1!(NTlHt. 
A c:wtTCH roR ffl( l'TH PLAN'T GROUP. 1=~ PLANKTO'-'TC' 
l JKI'" PLANT, 2:A <;(SSIL!" PLANT. 
A 'SWITCH, A PO"ifTIV( VALVr OF WHIOt P(OMTTS TH" "iUT( 

VARIABL(c; TO B£ QE'AO FROM LOGICAL UNTT CJ RATHOl THA"f 
f'ROH CARDS. 
NtJH8(R OF ORGANIC' CONSTITlFNTS C()NS!Orqc:o 
I tNCLUOEc; (NERGYI. 
A c:-wITCH WHICH ALLOWS 0£ L •TH AN DUL COHORT 'IO GO 
80TH OOWN~TR(A"I THROUGH TRRIGATIO"f OUTLrTS fl r ll, 
OR TO GO ONLY THROUGH OUTlET<ii llf 211 OP TO GO ONLY 
DOW~TREAH flf !I. 
A <iiWITCH WHICH ALLCIWS Tt£ H 0 TH 0£TRITUS <'AT!"G~Y TO 
GO BOTH OOWNST"fAH THROltiH Tt:JRIG.ITTl"N OUTLfl'S 
IIF 11, OR TO Go O"ILY THROVr.H OU'TlrTS 11r :-,. oo TO 
GCI (I.ILY OOWN<;'l'OfAM fTF 11 • 
A C:WITCH WHICH Al LOWS H£ H"TH rnoRr,ANTC PlRT,.. tl.ATf 
OfTRPUS CAT(GORV TO GO BOTH OOWNSTRfAM + T4RIJJGH 
!RR IC AT ION OUTLrTS fIF 11, OR GO ONlY THf'OUG4 
OUTLETS !If 21. OR TO ro ONLY OOWNSTRro~ ITf ... , • 
A rwtTCH WHICH ALLOWS TI-CI "TH PLANT ClTfrORY TO GO 
BOTH OCWN<iiTR[A"I THROUGH TRRIGATlO'- "UTlfTS 1•r 11, 
OR m GO ONLY THROUGH OUTL(t<; I If" :!I• OR TO GO ONlY 
DOWN<.TR[AH err JI. 
NlJl,IB(R OF' One; CN WHICH wurR TS W[THDRAWN. 
NUMR£R or COLUHNS IN A HISTOGRAM. 
NUMBER OF llNf GRAPHS PCOU,.R[O. 
NLHB(R OF' BLOCK GRAPllS PEOUIRl'"f'. 
TOTAL NUl'IBER or GPAPHS R[GUIRl"'O. 
NUHB[R OF INSTtlUCTTON<; TO ~r TPANSTfRPro TO 
SUBROUTINES. 
NUMBER OF OEflHTUS CAT(GOt:JHS. 

NCl.IT ♦ l • 
SWITCH fOR TARULATEO Rf PORTS: 1 ff!R OHISSTON (T .\ll 
BUT INITIAL IHPC1RTS, roR OHIC::STON or ALL, J rrR 
OHISSTON OF TH£ INITIAL REPORT ONLY. 
NUHBCR OF ORGA."IS roR [At:'4 PLAUT ,;;P(ClfS. 
A SWITCH WHICH PROVTOE'i '"OR TTNING nr OUTPUT. 
OPfRATIONS ANO TNCO[t:ClHATTONS Of STAT!" VARTlA.(<;. 
10 CAUSES NO T!H(NG: l CAUS(': T!NING l"f OUTPU" 
OPfRATIONS; '! CAUSES TIMINfi or OUTPUT OPfRATI"NS lNO 

INf'.Rf"HfNTAT~ON or[OHIONS ,. 
NU 11 S[O Of VAAIABLES IN A SINGLr GRAPtl. 
NUHRER OF SUBROUTIN(S WITHTN OD-LOOPS• 
A. SVITCI-I WIHC~ ALLOWS OUTPUT TO 8( AV(DA.C[O pn, 

SQUAAf" M[TfR 121 ()Q CUBIC t"OfP. I J). 
THF' NUMERICAL OESIGNATTON or THE ORGANTC (lOHNT 
WHICH T<; ro 8[ REPORTEn AS P'ATEOIA.LS l"NTf"RlNG <\NO 
LrAVING THE ECO<ii'l'ST[H. 
SWITCH, WHEN 1, ALLOWS FOR PRINTI"IG 0'" TH[ A• 'fll ARE A 

01' OUTPUT• 
NUHBER OF RUNS FOR SENrnivnY TfSTS. 
NUP'BCR or DAYS ON WHICM PR'F"CIPIHTTON rs RrcoR"'lro. 
NIJt4B[R or TASULAf(f' R(PORTS. 
NU"!BCP Of RCPHITIONS ~OR TI-C A 0TH S11°fl(!UTINf. 
NtMB£R Of OAYS ON WHlOI SllftfAC[ FLOW IS RF"'OPt""O. 
S\IITCH TO TNOTCATE PROl"RA"4 IS HALTT"n BY "F'ATLIIR( or 
QrCR£M[NTATTON. 
T\.i[ NUHBEP OF STR(AH PO!NT FOR WHICH 1'NPUT nATA 
p· READ. (HUST 8[ AT l.£~ST THRffl • 
TH[ NUMBER OF STP[AH POINT usrn IN r.COSYSTfl-'. 
TOTAL NUHB(R or O[VELOPMENTAL CATEGORifS ICOH~TSI 
or ANIMAL SPEC!('-;. 
NVH8£R Of ANIJOL SPECIES CATEGORtrS. 
THE !iUHBER or TH[ STR[A fit POINT ~tr4 ST AQTS T W' 

[CO'>YSTEH. 
tHr NUt'IBER OF THt STR[AH POINT WHIC4 [NOST, .... 
ECO<;YSTEt'I. 
HU14BER or PLANT SPECl[S CATEGORtrS. 
TH'E' SfCTION or STR(AM B[ING SIHULATF"O. 
(QUALS l PLUS 2 Til'l[S HOL TT• 
A c;:wITCH WHICH REGULATES fGG OE'POSITION 1= AS A 
fl>!CTI('IN OF TIHE ANO T[HPERATURF ?= A CONSTANT NlOV( 
A THR[SHOLO Tl"f'fPERATURE J= recs LAID ON TH[ W.(l'(R 
<:;;UAF'ACE. q: NO [GGS LATO B't' GROtJP 
A 'iWITCH WHICH R[GULAn:s ffl( TRANSFTR or TH( H' ™ 
ANIMAL COHORT J =f°RACTIONAL HA TC HING DfP[NO,..NT ON 
ACCl~ULATEO T[HP(RATURES. -.= HATCHING AS II FUp.N"TTON 
0'" TrHPERATUR( 3= SAHE AS 1 WITH TH[ AHlHALS l!"AVTNG 
TH[ SY"T(M ff= CHANGE AT T~C [NO or THf" Y[AR 
5: 1-lATCHING A<; A FUNCTION t)f SIZF 6= NO TRANSIT°R 
FOR THE H •TH COHORT 
A o:;:wITCH•7ERO FOR NO TRIBIJfARrES, ONF If YNFLN 
HAT[RTAL IS TO 8[ PEAD, f\10 If INF\.OW HATEPIAL fflOH 
TRIBUTARIES I"' TO er CALCULAT(O AS A P[RCfNTA !T" or 
DOWN'STR(A~ now. 
TH( OAT[ WITHTN THr CURROtT MCNTH • 
TfHPORARY STORAGE OF NUHHON DURING TH( TIHf UNIT LOOP 
T TNr UNIT FOR Slt'IULATION IN THOl,l';ANOTHS or A [l,H. 
THr f1'RST JULUN DAY OF SfTD DT<;PfRSAL Of 'THE 
J 1 TH '-J'l(Cl[S. 
TH[ LA<;T JULIAN OAY Of SE(O OISP[RSAL or Tlf[ 
I •r H S~ECI£S • 
THE FIRST JULIAN OAY ON WHTCH UPROOTfr'! PARTS fF 

TH( I"TH PLANT RfMATN VIAnt.E. 
THr LA<:"f JULIAN DAY ON WH]CH UPROOT(O PART<; or 1H 
I "Tl-I PLANT RENA.INS VT ABLE• 
NUH BER OF TIH( UNITo:; IN A Y [AR. 

80 

n2350 
n23,r;5 
I' 2360 
"7:!65 
f" 2J7C 
"'2]75 
02380 
1'7385 
f'l2J90 
n21gs 
!'2400 
071110 
r, 21115 
n71170 
D 2ti 25 
02"1 JO 
0?4 "5 
r 211qo 
0 2'+ q5 
n 2115"' 
n 21155 
r2Hc 
r 11165 
"7fl'l'C 
n 2'+ 'I'S 
n 211 en 
02H5 
r ?119r. 
0 71195 
"2"-Dr 
r 2505 
n?'ilO 
n :,515 
n 2s2e 
r, 2525 
C?SJ'O 
D ?SJS 
nzr~ 

r 25'+5 
O:>SSO 
n 25S5 
r, 25 £.C 
r, 2sr.5 
r2<m 

02515 
"120:,8(' 

"I 75t'S 
r7c;90 
02595 
n 71;.oc 

"7f>05 
r2£.1c 
r2615 
D 7670 
02625 
"2SJC 
nn;35 

"'26'+0 
n ?6115 
026"-0 
r 2G 55 
!)2G6C' 
n 2665 
026 70 
"'26 7S 
o 7c:ao 
D 2685 
02G90 
r 76 95 
"2700 
"2705 
02'1'10 
n ""115 
r 27'/f" 
0 2775 
"2.,.JO 
fl "71;5 
n:n,a 
027'+5 
r 2.,.50 
"27 55 
o .. 16n 
f'2765 
07770 
"27 75 
!l2 7 80 
1"1?185 
D 2""90 
"2795 
['I 2acn 
0"805 
D2~10 
02815 
0 2°20 
nzazs 
f'l78"0 
0 2835 
rnacio 
0 2845 
"2• 50 
02855 
02"60 
02865 
rza10 
0 '.'87S 
0? 0 80 
f'2P.85 
D 7•90 
"2"95 
07900 
OZ<!QC:, 
()?OlQ 

02°15 
1'12<!20 

r NYP0A7 
C ,.,,.OREi ~I 

C ORGNANIJ,AI 
,.. ORIG 
C ORIGTNfBI 
C' PASU"AINI 

C PASU"l<ii IK ,NI 

PA TOTA IN I 

C Po\TOT'-CK,NI 

C 

PPiSUMI NI 

P~ TO TC NI 

PC8ACffT,NI 

PCBIONIL ,NI 

rcVEGI !, .). NI 

Pf RI., 
PrPioo 
P[P'-;(O IP I 

"H 
(' PH8 
r: rHOTDP If I 
C 

•HW 
PINA.Ml H,A) 
PINqTT I"' I 

f'll AC £1 .ti 
Pt DEPI Tl 

POPI LI 
POPOOO IL I 
POP<;PC Kl 

PR[('IP 
PR [F Af L, Ll. I 

r rnrru ,;. "' 

C 
C OO[F'NftloTI 

C 

C 

DO[f01 K• ~I 

PR(FPB CT tH I 

P')[FRF IT ,MI 

PP[fRW I,. I 

PRTOl/TIAI 
PVSUMI NI 

C PRTf>IAI 
CPSTATIAI 
C PVTDTI N) 
C 
C 07 IA J 
C 
C RAOI Al (I 

C 
C RAYNO! 
r 
C RAtNIO I 
C RAINCOCNI 
r 
(' RAJNOI CN I 
r 
C 
C OCON<ii'T llf I 
C 
C C!( AC H 
C R[PROO IL I 
r 
C' C!(OI NI 
r 
r PfSP 
C 
r R(o:;PCI 11 

C R(SPOIIJ 
C 

Tl".-.~RAl'!Y <;lORlG[ or N'l'RDA'l' DUPING THf IIl'I( Ut( T LC'C1P 
VARlABlf EOUIVAtrNC[O WlPl COHHON/OHffR/. 
NA"t OF fHt J"TH PLANT ORGAN IUP TO 711 CHAPAC1"'"R'=I• 
S"'ARTJNG POINT roR Til'tE UN!T OF' '.iINULATIO"f. 
A SWITCH TO AllOW THr B •TH GRAPH TO INCLUOr llltO. 
NP PROOUCT"::VITYIC!'.?OWTHI or TliE N"TH "'H[NTCAL 
C~o:;fITUENT fOQ ALL ANIMAL COHORTS FPf'M THf 
Of'ilHNTNC or T,lf SIMULATION. 
1..rT PROOUCT!VTl''IGROWTH t or Tlf( N'lH CH(MICAL 
CC'NC:f't'TUENT roR TH" K'TH ANJPUL SPECI(<; FRON ~£ 
ere OIN!NG or TH[ SIMULATION. 
Nrl PROOUCTIVP'YIGPOWntl OF TMf N"TH "'HfMJCAL 
COO<;TITUENT f'QD ALL ANIHAL COHORTS f'OR A TIHE UN1T, 
NrT PROOUCTIVJfYIGROWTHI Of THr N°lH Cl-ffMTCAL 
CONc:tTTUEN .. rnn TH[ 1( 0TH ANIMAL o:;PrCTES roR A TJ,.[ 

UNIT. 
NfT PRODUCTTVITVIGROWTHI Of Tt£ N.,.H CHt"H:Al 
Crt-l<TITutNT FOO All HTCROORGANISNS FRO"' TH£ 
B!'(';I"'fNING or TH( <;IHULATION. 
NfT PC!OOUCTTV[l'vCC!l'O\/T'HI Of THE N<'fH CHfMlCAL 
CC"N'-flTl.lEN,. F'OC! All HTCRO('IRflANTSMS fQR A TIM[ UN!T 
Nl'"T PROOUCTIYITVIGPOV~I 0"" THE N'TH f"HfHICAL 
CON<:TITU(NT or TH( l'TH CAT[CORY a: HTCR-ORGAn!S"'S 
fq()H TH[ BEGINNING Of Htr SJHULATION. 
N"'l PRODUCTIVTTYICROWTH) or THf N'TH CH(l'IICAL 
CON<:TlTU(NT or ffl[ L• TH AHTHAL COHORT f'ROt'I THr 
BfGDrnTNG or TH[ <;IHVLATTON. 
N"'l PRODUCTIVITY or THf N'TH CHfMICAL CONSTITlFNT or 
TH[ J'TH ORGAN or THf I'IH PLANT fROl'II Tl-£ 8[GDH'1NG 
or THr SilfULAT!ON. 
wrrrro STR[Al'II PfRJH(TrR. 
Tn,,;r INTERVAL PtP COLUMN CT GRAPHS. 
JHr flHCTTON or THf f>'TH PLANT S.PfCifS WHTCH 

OVfRVTNT'ER'-• 
TH( PH or WAff'Q IN TH[ [COS 't"S TfH. 
HYQROf"fN TON CONC[NTRATION JN T~ RfNTHOS. 
DAILY P~TOP[Rton AVEOAG[O OV[R T~ r•TH H0NTl 1 

11-iOURS I• 
HYQ~GfN ION CONC(NTRATION lN Tl-£ wnrn COLUNN. 
H"TH INCRGAHIC PARTICVLAlr NAHi'. UP TO 12 CHAOACTERS. 
N 'TH TOTAL OF' TNORGANTI; NATtRUL SUHMl'O OVER 
All PART!CULATE CAT[GORtrS. 
HfADTNC FOP All OUTPUT. 
TH[ M"AN PfRC[NTAG[ 01' OCPTH IN Tl-f" WAHR or 11-4 £ 
I 0 T4 PLANT SPfCIES GROUP. 
THf AMOUNT Of TH£ N"TH INOR6lNIC CONSTITUENT tN THE 
M'TH PARfICUlltf TYPF'. Of OCTRITt.r. l(AV!NG TH( <:,STfM 

Ir.. IC •"'•I. 
POPlA.ATTON or TH[ L•TH ANIMAL COHORT. 
CHANCr DURING THE" TIM[ UNIT TN POPtL). 
POPlA.UlON OF All COHORTS Of" TH£ K-TH AN!MAl SPECIES 
GQOIP INUHBER PER so.H. 1. 
TOTAL PR(CIPITATION ON TH( STS'T[H. !CUBIC M(TmSI • 
PR[FtR(NC( ANO AVAILABILITY F'ACToq roR CONSUPIIPTION 
or THf LL 'TH ANIMAL 
SP[CI(c GROUP ?;T THC l" Tlt ANTMAL SPH![S GQOUP. 
PRff[RfNC[ ANO AVAILABILTTYFACTOR FOR CONSUMPT!ON or 

JHf N °TH Tf,,E 
or qJt;P(NO[O orrorrus AY TI-I( K'TH ANIMAL SP'"".:1""S 

Gnot.P. 
PR(R:Rn,cc ANI" lV41L.1.8llTTY r"Al".TnQ r-nR CtlN<;:IIH"'TTON 
or rnr T• TH nPr or 
HrtrROTROPHIC WICROORGANTSHS 9Y Tl-£ K•TH ANIN~ 
SP,..Ctf<" GROUP. 
PP[f£RfNC[ ANO AVAilABilTTY FACTOR r-OR CCNSUN°TJON 

or TH( "" TH TYP[ 
0'" BOTTON OtTIHTUS BY Tl£ K'TH ANDUL SPECIES GROUP. 
PR[f'(R£NC( ANO AVAILABTLTT'I' FACTOR BY TU't t•TH TYPE 
OF 1£TE:ROTROPHIC MlCROORGANJS,. fl"R TH( H-t\.f T'l'P[ OF 
erNTH1C O[TRITus. 
PR[Ft:RENC[ ANO AVAILABILTTY FACTOR AY TH( T•TH TYPf 
QI' 1£TEROTROP'f!C HICROORCANIS" FOR TH( H 0 TH fyt'[ or 
StJ<;PE:NO(D O(TRITus. 
P~EF'£R£NCE AND AVAilABTLTTT FACTOR BY TH( T•TH TYPE 
or t-£TEROTROPH1C MICROORGANISM FOR t'ISSOLVEO CRGANTC 

HATER!AL • 
pD[f'ERfNCf ANO AVAILABILITY fACTOP FOR CONSUMrfION 
or 'TH[ !'TH PL.NT 
sncrrs GROUP BY THE K' TH ANTHAL SPfCTES GROUP. 
THf AMOUNT or THr A'TH STAT[ VARIAl'iLE FOR OUTF'UT. 
NrT PRODUCTIVITY OF THf" N°TH CH[NICAL CONSTITl£NT 
FOR All PLANTc: rRO" Hf"' BEGJN•HNG or THE SIMULATION. 
A 0 TH VARIABLE: TN COHMON/PRH.'lP/. 
A 0 TH VlRUBLE IN COMHON/PROOUC/. 
NfT PRODUCTIVITY OF Tl£ N•TH <'HEHICAL CONSTITICNT 
FOR All PlANTC: FOR A TIHF UNIT. 
srfPA(l[ Lo<,:; oo INrLOW AT Tl-£ A•TH POINT OF' 
STR[Aff. !CUBIC M[TfRSI 
OAllY RADTATION INTENSITY AV[RAOCO OV[P THEE "TH 

MONTH IKCAL./<ii'Q.M./HR.J • 
A"6LNT ~ RAIN flN HN.I ON THE A• Tli TT"E UNIT ON 
WHICH RAIN fAll<. 
THf AMOUNT IH.~., or RAIN ON THE o·TH RAIN EVr"NT. 
TH[ ff[AN (L[M(NTAL C0'9>0SITION OF PRl'rIPITATTQtJ 
IGRAH<ii/CUBIC t'l(T(R) • 
THf AMOUNT OF TH[ N'TH OISS0Lv£0 INORGANIC 
C~<;:TTTU(NT OHrRING THE <;YSTEH TN RATH er.RAH<:/ aJBIC 
HHER). 
HA'IC~UM F'RACTTON or ANil'IAL etrMA<S or TH{" H'TH 
SPfCl(I': Of ANIMALS WHICH IS [GGS. 
THf LE~GTH lHrT[R<;:I Of THf SIHULAT[O STRfAM SITTION. 
THC PROPORTION or ADULT BJriHASS TRANSr[RR[O Tl"' [r;G$: 
PER T!H[ UNIT IN THE L• TH AINHAl COHORT. 
TOTAL R(OUTRtNfNT fOR THE N"TH n1!"'1!CAL CONS"T TI lTNT 
FDR Pl ANT GROVTH IG .P("R O IY I. 
RAT( or R[<:;;PlPATTON P(R UN1T P'l"DMASS PfR TIH[ UNIT 
FOR THf ANIHH COHORT CUoRf"NTlY UNO(R CONSIOEPA HON. 
RfSPIRATION RATE Of T~ I 'TH PLANT <;P(CT(S GRfJJP 0 
ZfRO TrMPERATU0[ 0 PROPORTION PER DAY. 
LN !PROPORTIONAL JNCR(AS( IN Rc-SPmATION QAT[ J 
PrR DfGREE Rl"iE IN TrHP[RATURf OF '!Hf 1°TH PLltlT 

S 0 EC!(<:;; GROUP. 
l'lTSA.AC(H[NT CO(f'r!Cl[NT roR RrSf'~ATTf'\N ('I' ,,r 
I•.- H PLANT S.Pr<' I[ S. 
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R[~PTRATION Of AN ANlHAL ('OHOR" IC:. CIIPBO"I. pn, GRl" 
COHORT PER PROPORTION C'!r TT"![ wnHtN <"C'ISTSff" TN A 
T II"<" UNfTI. 
n,r pqoPORTION Of" INT AK[ OF' THf. T •ru nrc OF If 'JT"RO
TPOPHTC HICRQQO(;ANISN WHlfii IS '-"'J'Q AS R[SPIRnroN. 
CURQCNT R[C::PIRATTON RAT£ fP[R ['AV) or THf PLANT 
sPrctrc:: GROUP UNO(R CON"il (lf"R.t THIN. 
THr A"OUNT or TH[ ~PTH ~l"~JCAL CO'-ISTITVfNT HI Tl-!f 
)('TH flfTRITUS fYf'[ I"PORT9> WITH rnr "iUFffAC[ l"\...OW. 
IGRAVC:/CUBTC H[T(PI. 
N'TH OIS'>OLVEO TNOAGANTC CON<::TTn,rNT rNTf'IHNG TH[ 
S"'i'T[H ON TH[ A•TH RUl+-ON [V[NT. 
TH[ ""f'UNT or THI"" N·TH OTSSOLV[O INORONTC 
CON<;T!TUC:N'f l11POPTrr Wlf\-1 SuRrA.cr F'LOW fGPAHSJClP!t" 
Ml"TrR J. 

THf AMOUNT IGP,OIS P(R CteTC foll"T(RI Of Ttff N"fll 
CONc;-TITUENr IN 'iOLUTION fJ1PORT[O ON THf o•rH fl.OW 
FV[NT • 
Ttlf AHOUNT IGPANS PER Cl.f'IC Hrtfi:?I or suRrAc[ l"LOW 
ON THf O•TH [VfNT. 
TH[ AMr"UMT or TH[ N'TH CONSTTTUl'.NT fGR.O!S PrR curnc 
HfT[RI IN THE t'l'TH Of"TRITUi TYPf [Nff'PINc: THf SYSTftc 
ON rnr o• TH F'LOW [Y[NT. 
N'TH TNCRGANIC CONSTTTU(NT or Tt£ 11•1~ PI.RTIClLATT 
orrRITUS TYPE [NT(RlNC: rnr SYST[N 0"1 THf A'TH 
RUN--ON [VOIT. 
TH£ AMOUNT Of' TH[ N'TH INOPGANTC PARTTC'ULAT[ 
CON"i'TTTLCNT IN TH( A'ffl OCTRTTUS ST]( f'LASS TH'.'ORTrr' 
WITH TH[ SUArA.'"f FLOW IGRA.,.S/C\Jfl!f' ~rTrR1. 
THr AMOUNT or THf K'TH OHltIC,n CONSTTTU£NT IN 
SOLlfTT(\N TKPOOT[D W!TH TIH SURfAC!° fLOW 
f(;Rl.110::/CUBTC KETfP). 
A CO£'FFICl(NT lJ<::[O IN CA.LruLlTI"lG TH[ r"PACTTO,-.L 
PART or Hi[ K"TH TNORCANTC PlRTTCULATr" CAT(60n"f' 
scroLRro BY FLOW. 
A COCffJCI(NT uo;;ro IN CALtiJLlTI'f'C THf r"PACTJONIL 
Pl~T OF" THf. M'TH SUSP[NO[O INt'RCANlr PAFHTCULITf 
CATrGORY O[POo;;!Tf{1 IN A T f"[ UNIT• 
TH[ '>UM or CH[ ... ICAL CONSTITUENTS IN SUSP[NO[O 
INQqGA"lIC KATf"QUL fU~O TO CLAC\.ILAT( LIGHT 
lHTEPCf PTTON I. 
PROR>RTION OF qtOMASS TRANSfERPCD TO l"fTl)TJUS l S 
CA<::T Sl<INS OUR!Nr A TRAN'UTR ft[TW[fN lNil"IAl f''HORTS. 
PPOA)RTJO"I OF 8IONAC::S or rnr L•TH ANTKtl roHOfn" IN 
A TRANSr[A BETw[[N ANTKAL 
COHORT<:: WHICH CONSISTS or CA.ST SKINS. 
SLOPC or CHANN[L AT H£ A•TH f'O!NT ('1" STRUM. 
TH[ RAT[ or u:·.1KAG[ or TH[ N'TH 
CHE:~ICAL CONSTITUENT TN Ttr T •TH PLANT SPECIE,; o>our 
IPrR OlYI, 
RAT[ or INCR(ASE Of LOG I RrSPIR.lT IC""I R"1E I WI Tl LOt' 
(INDIVIDUAL BTOMASSI (:JF Tl-£ L'TH ANIMAL COHORt, 
TH£ AV[RAC[ Al"IOUNT IGRANS/'Cl.eTC N[T[RIOf A OI~OLY"rD 
CONC:TTTUENT IN TH[ SYST[K IN A ..,A'I'. 
NAKf or TH( P'TH CMA"IN[L ,srr 0 AGAHJ• Af'OV[I fOR 
GAIN oo LOSS TO TH( SYST[M, UP TO'.',. CHAl!'ACH"""S. 
RfOUIR[N[NT FOP THf N•TH ()t["!CAL CONSTITU[Nf '"OP 

GROVTH 8Y TH[ I 0 TH PL JN T SP[Ctt"i QJOU"' IC .ro[R rq,YI, 
A•T~ C:TAT[ VARlABL[ (l.Lr.Lll"ITTI. 
A·TH ACCUNIILATOR IN C'OMHON SLOCK ACC A.L£.LJM1rc. 
THf WAT[A V[LOCITY ABOV[ WHICH TH[ K•TM TNORG It/IC 
PtRTTCULATE: CAT(GORY WILL BC srouR(O. Ol[T".'RS PrR 
srCCJ,101 
THC WAT(R Y[LOClTY 8[LOW WICH TH[ M•T~ '!NORGINJC 
PARTICULATf CAT[GORY WILL SCTT\.E OUT. IK[T(AS P[R 
src(J,101 
N'TH INORGANIC LITTER Nll"IC• UP TO 1? CHARlCTC"S. 
wrtGHT[O TOTAL or FOODS AVAILABL[ TO TH[ ANJl"IA. 
SPfCirs GROUP CUPR[NTLY UNO[R cowstDf"RATION. 
A 'TH VARIA8l[ I» COHNONl\. t"SU"/ • 
A'"!H Tl"TAL 11.L[.lIHTOTI. 
HAYIJ,IUM INTAK[ OF CARBON pr'R UNIT Bio ... ,ss ('ARfON 
P(R TIM[ UNIT TN TH( K• 1H ANTHlL SPfC'!f"S rHfOUP, 
WHfN F'OOO SUPPLY IS UNLIJ1ITCO, 
TOTAL rooo TNUI<[ BY n.[ lNHUL C::P(CJl""S ('POUP 
CURR[NTLY UN0['1"1 CONST OCR, TYON. 
CONC[NYRATION or TH[ N· ffl Dl<"SOLVO) oqGANTC 
CONc;-TITt,£NT 8fING ADDED ro THE SYSTEM nm~ 
TPTBUTARY INFLOW fGRAHS/CU'IC ,.Of.A), 
CONTENTfGRAHS/'CUBIC MfTrA) or Tl£ N•TN ORGANT r 
CONC:TITl.£NT TN TH( K• 1H CATfGORY Of 0(TRITUS ff' OfG 
Arioro TO TH[ STSTCH FRON TIURUTARY IN~Low. 
THf AMOUNT or TH[ N·TH INOAGlNTr ris<oLvro 
CONSTITU[NT [NHRTNG ~£ S'YST[H FROM TRI'\UTARY INFLOW 
11:RANC::/CUBTC ti([TfRI. 
THI AMOUNT or THE N'TH CONSTTT1JCHT OF THf l"TM ANl"'AL 
COHOR.,. (NTERING TH£ [CO<::YSTEM F"qC"! TH[ TAHWT.r.Y 
INFLOW CGAAl"IS/CUAIC MfT(R I, 
THf A"tOUNT or TH[ N·TH CONSTTlU[NT TN TH'f T"TI-I TYP[ 
or MlCROORGlH!C:11 [NY[RING TH[ SYC::Tf'M l"DOH TRl'VTIRY 
INrLoW IGRAHS/'CUPIC HCT(R). 
TH[ NUM8[R or THr L"TH ANJHAL COHORT TN TH[ IPELOWTNG 
WATrR I PrR CUBIC HETc-P1. 
THf AMOUNT or THE N°TH COtfiT!TUf..,1 OF" THf T'TH PLANT 
GAOIP ANO TH[ J'TH ORCAN TYPE [NT(OINC: TIH [CCCYSffH 
r"OH TH[ TRI8UTAl'Y TNn..Ow I C:RAHS/CUBTC M[Tc:'.RI. 
Tl""f'ERATUR[ or TH[ B[NTH(lc:;.10[GR'f(S C['NJ'l'GRAO'l 
CO(rfTCI[NT F'OP T[l"IPfRATURC O[PfNOE'NCf or TRU6 rp~ 
INTO TH( IL•ll•TH ANTHAL COHORT. 
TrHf'f.RATUR[ Of" TH( WAT[R COLUNN.IOCGRr[s CJ"NT-PAOCI 
JHr' lJ10UNT or WAHR [NTf"PlNG T4r SYSTrM rPON 

TRJBIJTARHS ICIJPTC KET£RS/OAYI. 
THF LOWER THRESHOLD VA.LI.I[ Of TF'!otP£RATURf OP 
ArCI.JtULAT[O TrHP[RATUA[S f'OR TAANSf'rA INTO THf 
IL•ll 'TH ANIMAL f'OHORT. 
T™r [XPIRF'O t""lNC[ LAST IN"IUTRY. 
TfV'" r~PIRfO "iINC[ LAST INOUIRY. 
TITLE or A GRAPH - IUP TO 80 rHARArT[R'".). 
flTL[ or TH[ a•TH GRAPff, LP TO 8(' CHARACTfRS 
IA.L(.?Q). 
Jf .. F'f'RATURE AT "'lXTNUH TNGf"STTON f'OR TH[ WTH ANYHAL 
COHORT. 
TfMP£RATURC AT MAXtHUH GROWTH roR TH!" H 0 TH AN"NAL 
COHORT. 

CONTENT nF' THr N•TH Cl£HTCAL CON<::TITU[NT TN All 
O'"TRTTUS. 
TOTAL or P•PTH CONSTJTl.('NT TN WHOLE fCCISYSTrH. 
TOTAL •MOUNT or A CON""TITtENT or TH[ M'TH sus,...-NO[O 
orrRPUS CU[Goqy IN 'W[ sYSTEl"I TN A riAYfGRlMS1. 
Hl"AOING ron TOTAL C"OLUMNS. 
TOTAL AHtiUNT or INORGANIC PARTTC\JUTE HATT[O Thi TH"' 
N'TH ('t[TRlTUS "'.17( CLASS TN THC <;YSTrH IN A. 01"1' 
HR»tC: I. 
TOTAL AHOUNT OF A OIS';;OLVEO CONST nur~T IN TH,.. 
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WAT IRR 1n I 

WA TS Y<:: 
Wl TT OT 

CWOINRINI 

WOINPOfNJ 
WOJNRT IK I 
V( TF'lC 

r WTOT14 
r WIRRIC 

C W"lXIHI 

WPTNPI "• NI 

(' \IPINROIN,NI 
C WP!NRT IP,. I 

X8 CG 

XCOMPN IN I 

XCRC::Ol IL I 

XO[T TN CK ,NI 

XO NORG IN I 

C XOOTIAI 
XOPifA IL ,N l 

lt'ORirH It ,N t 

YORIF"Cl IL I 

C )(0RlfV I! oJ ,NI 

XI I A I 
XINC 
)(MAX 

C lt'MTN 
C X"H 

XPNORG '",NI 

(; XT!Tl[ IJ I 
C XWT(KP 

YAXl5"1I•JI 

YOOT 
YMAX 
YMTN 
VS Ul'IT 
YTlTL[ IA I 

Aquatic Model 

SY'iT£M IN AOAY !GRAM<:;!. 
THI" U10l1NT or TH( N°TH INOPGANIC C'lNSTITU[NT :N THf 
N•"H PA.RTJCULA"f UP[ [NT(PING TH[ SYST(M FRO"' 
yp•BlJTARY INFL-,W IGPAMS/Cl11IC MCTrPI. 
fACTOR RrLATI~G YH[ AHOUNT or STATI" VAP.'TARLfS 
("ITfRTNr, TH[ C:YH[M FPOH TRT8UTARY lNl"lOW TO lHO'i[ 
[NT[PINC AC:: OOWNSTRCAM FLOW. 
AHOLHT Of WArro AOO[O TO TH[ fr.O«;l"STf"I l""RCll'I 
TRTBIJTlRtrc:: 1cunrc N[T[RS/S(CI. 
T Tlff UNIT FOR 'iPWLATTON JN f'A'fC::. 
UPlAKf or TH( "l'TH f'ONSTITU[NJ BY THf t•TH PL~T 
SP[Cff<:: CPOUP, PfP UNTT 8TO"IA$'°"' t""ARBON, P(ff Tll'r 
UNTT, ANO PER UNIT BY WHICH fH[ H'1[RNAL qATTO OF 
THJC CON<"TITU["'1T FALLS BELOW TIUT WHff'II WOULD n [ IN 
roUil.J8RTU,. WTTH TH( ["T(RIO?. 
MUlkUH YALU[ fOR RATIO or TH[ N•m CONSTITUENr TO 
CAOOON IN THE l"'H PLAN7 ~[CIT<; GPOUP 
CURVATURE FACTOR FOR P[LA TTON or TNTfRNAL TO 
[X-TfRNAL coocrNTOATTON, f"Of> Tl-£ N°TH CONSTfTUfHT TN 
THC I •TH PLANT SP[t'T£'i GROUP. 
UPP[R TRH[SHOLO VALU[ or T(HP[IUT U'H roR TRA"l !f' fR 
INTO Ttt( L "TH ANT"ll COHORT. 
ff.Ir PfRC(NTAGr or TH[ PLANT Sf'ECJP.. I"I OU['SJTt"'N 
WH!Cli rs UPAOOT(ft AS A FUNC ITON or VflOCITY. 
A COCF'f!Cl[NT 11<;(0 IN CAlOJLATl~ THf l"OUNT Cf" 
C::fC::"IL[ Pl4NTC: or Tl-fl" l'TH SPtrifs UPPQQT[I) AS A 
f'"UNCTTON or Y[LOt'l .. Y. 
THf FLOW Af'"LOW WliICH NOH£ "r TH( !"TH PLANT S"fCl["' 
WILL ~r UPROOT[O. 
TH[ ANI\UNTICRAH<:;J Of TH[ PLANT SJ>[CTtS TN OU!:Sf!ON 
WHICH f~ IJPROOT[O. 
THf" AHOUNT Of' S[[OS W4Sl£0 OUT Of THE S'l'STP~. 
Plf P[RC(I.PAG[ Of' UPROOT[f'I Y[~TATION \IHICH ANA!NS 
VTUILf. 
THf KAXl"U" PfRC[NTAGr or TH[ r•TH uPPOOTro PUNT 
WHlCH P(HllNS VTl8L[. 
T'4[ ,110UNT or OP000T[O V[OCTATTON Rf"AINJNr. 
V UBLf' CINCL U0[" S[[O O IS P'"R"' Al)• 
TH( PrRC[NTAG( OF THf I 'TH PLANT WASHC-Q OUT 0" rnr 
S"C:.TfM l".i S[(O<:; OR VIABLE PLANT PAPTS C8[TW[[N 
NVOA'l'l ANO NVOAY2 I. 
UPROOT(O PLANT<: DYING ANO [NT CRING THr LTTT[R I TOHLI 
UPRIXIT[O PLANT,;; DYING AJ«J ENTfRING THf LJTT[R 
lr..lCUBIC K[Tfl!'I. 
TH( P'"RC(NTACr O' VUl:l.[ PLANT'S ORif"TT"IG THAU rte 
SYC:TfK VH!CH R[l"lllN IN TH[ SYSTf"I. 
T TNr roR V[G[ T SUBROUTINE s INC[ COHJ1[Nf'.~J11"NT rF THF" 

f T"H UNIT LOOf'. 
Jll1f tJNTT J"OR '>INULAT!ON IN V[G[T $U8ROUTitl[. 
WAT[R V[LClCITY fl-'[T[RS/Sf'C) • 
COffFTCUNT ro11 THf' r•TH PLANT sPf'CJ[S roR GRCW fH 
OfP["IO[NC( ON 'SPAC(. 
NAl'E or TH( I"TH PLAHT 'Pt'CifS IU!" TO 28 CHAA.IICT(D!J. 
C::lf'f'E FOR CAL(ULATING PLANT O~ITH A" .. fUNC"TTON or 
T[HPfl?A'UR[. 
rHr- rPACTION or TH[ P'TH PLANT SPfCTES WHTt'H ~~ AT 
HRO DEGREES f'1:NTIGIUOE • 
THI" AMOUNT or WAT(R IN TH( SYST[H ON TH[ l'YDO/tt-1 
DAY. 
TH[ OUANT!Tt[C: or- WATfll WTTHORAWN tCoBTC K[l[l'?SI 
ON THf o•TH (V£NT. 
THf AMOUNT or WAT[R IN Titf SYST[• !CUBIC N(l[F""; ,. 
TOTAL AMOUNT or WA,T[R IN TH[ SYST["4 TN A DAY 
fCUBIC M[T[R,c;J. 
CONTTNT or TH( N·TH INORGANIC CONSTITUE"IT OIS9:JLV£0 
IN TH,- WAT[R COLUMN. 
CHAHGf DURING lfl[ TIN[ UNIT IN llDINRfNl. 
.. OTAL F"OR TH[ K•TH OISSOLVEO l"fORGANIC CONSTT'1ENT. 
A rACT('R uc::ro TO CALCULATE WET WfIGHT or LTTT"' 
FP0"4 LTH£R CAR~OH 
HON WIDTH OF '>IHULATCO STRCAH srrrION. 
THf IKOUNT OF \IAT(P WITl{)PAWN ON THf' CURR[Nl ~ 'I' 
cr.uBIC H(TrRSI. 
TH( "UlMUl"I W'lGHTfGRAMS CARE':ONtOf' TH( H'TH Atr'KAL 

C~HOOT • 
TH[ t4TNINUH 11rrr:HTICRAHS rAR80N)OF' THf H'll-4 AW-H:lL 
COHORT• 
CONTENT or- TH( N'TH TNOqrANTC CONSTITUENT or lH( 
H'TH TYP£ Of "Uc;-P(H0£.0 PIQTICtA..ATf KATTrR. 
CHANGr DURING TII( Tll"I[ UNIT TN WPINRl .. ,to. 
fl'.ITAL lK'1UNT or THf. N'TH PARTICULATf INORGAN'!C 
CONc:rtTUCNT, 
TH[ 0!"7ANC(, TN HfT(R'>, F'POH AN ARB!TRAAY POffiT 
UPSTR'"AH TO TI-F 8ECINNTNG Of TH[ nRST S£rTlON. 
TH[ t4[AN CONCrNTRATION Of TH£" N'TH OTSSOLYJ°O OIPIICAL. 
CONSflTLCN,.. IN TH[ TNFl.OWTNG WATER. lt.RAHS/CUBTC 
Ml"TrR I 
THf PROPORTION Of THE L 'TH ANlHAL COHORTS [XCRr'TTON 
GOU-lG INTO TH[ WA TEA COLUHN A,;;- OTSC:OLYf'O CONS TT rurNTS 
Cf'NTENT IIN G. PfR CUBIC ~[TERI or THf NtfH 
C~C::TlTlCNT J)l TH[ K" m C .IT rGORY or FLOATING 
QrYRJTUS !N T4( TNF'LOWIW: WAT[A, 
THf AHClUNT or TH( N'Ttl OJS'SOLV[O TNOA(:ANIC 
COOC::TJTLCNT E:NTP'TNG TH( ~STf.H AS ORtrT IG.Jr.H.J. 
IN A BLOCK GAA"H• VALLf' roP TH( A-YH COLUHN. 
Ttf" AH'1UNT or TH( N'TI-I (OJ,.f;TTT\J["lT ('IF THf L'T4 
ANIMAL COHORT [NT[RINf IGJCUP.!C H[Tr 0 1 THI"' 
[C"OSYST[H 9Y OOTFT. 
TK AHOUNT Of TH[ N•TH CONSTITUENT IN TH£ I 'T 1t 
TYPr Of HTCRCQP(':UIIS" f.NTEPINC 1c.1cuerc MfTrRI 
Ttf[ (COSYST(H RY ORJfT. 
THf NUMBERS or TH[ L' TH AffTHAL COHORT IN TH[ 
INF'LOWINC WAf(P IPfR CVRJr H[ffr:!'1. 
THC" A!'1('1UNT or THf N'TH COJ.r,TTTU[NT or THf" T·T~ 

PLANT <"f'E:CIES C:POUP ANO T 1-£ J •TH l'tPGA"I TY Pf 
(N•f'RitlG IG./CU8TC H[Tf'RI TH[ [COSYSH-. rtY OR"!'" T. 
THr- X COOROTNATr roR TH[ A• TH s n or MTA. 
OIC::TANC[ 8ETWf[N STRrAH <:;trTION<". IIN K[TfRSJ. 
MAYTKUI-' YALU[ FOP X A).'J'S IN A GRAPH. 
H'rnl)iU,.. VALUE f('D X AXIS IN A r,1up14, 
HYt'AQCrN TON C'ONC(NTRATJON Of Tl-r wnrR rNT[Rl},/( 
THE SY<T[H. 
THf ANOUNT OF THf" N'TH INC'RGANTC' CtlNSlTlU[NT 
In THr H' TH PAl'ITICULA 1£ T 'l'P[ or O("'PTTUS r::NT[OJ tr 
Tl-If C::Y<::TrN ASOATFT CG.J'C.M,I. 
TTTLE foq TH[~ AXIS or A G~APH, UP Tr' 110 ClfAl'IACTEPS. 
WAT[A T(HP[QATUP( or TNCO~INr. w.urn. 
TITLE 11r TH[ 'I AYIS fN rur I'TH GRAPH (UP TO CC 

NOT usro. 
f1AX~UJ1 VALUE ro~ y AXIS IN A GRAPH. 
l'ITu~UH VALUE fCP Y AXIS IN A GRIPH. 
TII[ CONTROL orPTH AT TH( LAST srcTTON or STR[ ...... 
TITL[ rQQ TH[ v AXIS OF A CRAPHt - UP Tl\ IIIC 
C ►IARACTrRS. 
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APPENDIXB 

Listing of the MAIN Program 

All\JJ\ TIC HAIN 
OTHCNS!"N NCGAT[l"Ol FlACflZOltOCCJANl171•l!CJlAFl8f"l1 
!)!HfNSION AHAX II~), M-1 IN I { 40 J,rrco: tan, 7D l, EX PL ANIS ,8rl 
M'l["fST<:N STATrl.,,,-,r+l ,rtrcINc1~rq1,Sl•HS1167'1 ,f'RTOUTI "'i(IJ 
r)'"~[NSION H1[Pl701 ,OR!C1Nflff11 ,(VfPY21111 
f1 ... ,.ffNS!C'IN T!TL[SIIIC,?f' l,YlXl<;:C:(4n, •r,,lIST[RfQr) ,!l)J"'f"IS 1 
0""11[NSTON HGAAl81,n.OGOC1C7loSTN,.l~Il ,i:fflCf2211 
QT Hf NS! n ti PS TA TC 2{1 q I t!l tr r> I 20 4 I , Pl:PP l ?C' "' , S lMPP 11 q11 I, (IHOPff qQ I 

c---------------------- ·-------------- -
C ('!"HHON PL"CK /TOUlSI Cf\NTA!NS SU11S Of Tl-f" SUT[ VARIJ.Blf<i, 
C "ncrTHtY WITH CTnTAtN OTHfR VARIAALrS RfOU! 0 ING TN fl lALIZ&Tl!'N 
C ~UT NOT IN~(HfNTATTOI AT [ACH Tl't[ Will. 

~-----------------------------------
("l'),.HONITOTAt.S/CV[IJVll,,n,CV(GOI 111,111,rVfGVOlti),ePTNRTI f,I, 

l'JPJNRTI 61oP:rNRTTI 61,AOUATTICl),Wl'!TNRTf £1, 
2 '1\JllMAICIJ,ClTTTfCJ),,-00r.Tf\l, 
JT"Tfl./J, POPSPl151,ANI),lll'i,'4l,CBACTTC'IJ,TC'TAL141 

~-----------------------------------c Cf'HHON ALOO<<:..tPROSLtt/,l'PRO'JUC/,/POQOO./ O[Al WITH PROOIJf'T!VlTY 
C" t~l THE c;:Y"iTEH. 

~-----------------------------------
('t'H110N/P"0SUIVPVTOTI ti) ,PBTCTICI ),PATOT<;"Cl 5• 1./J ,rATOT Al 41 ,PV'>UMf- lo 

ll"!JSUHI 4J ,PAS UH SI 1.:. ,4 I, PA SUMA II./ I 
C"OH'10Nlf' qr, OU Cl PC V[Gt S rl, II I, °CBI011 ICI 0, 41 ,PCB AC Tl 3, 41 
CC'HHON.IP"'ODCWCVfGPI 8,1,1111. CBI011f'f4r,'11,C8ACTPl3•4I 

~-----------------------------------c COHHON BLOCl<S/PRTNTS/ ANO /PRINTP/ AP[ STArr VAPIABLrS CONV':RT[O 
C TC' l"UTP11T UNITS. 

c--------- - --------------- - - ------- -- -
COHHON /PPI NT Pl AP yr- GI 8 •l • 11 J, AP BIO°' 14 O, c,1 ,A P9 AC' Tl "?, If I 
COHHON/PRTNTS/ACVrGI 8 ,1,11 lo ACORf;I 5, 1./1 ,APOPI IO I, .ICIHOH l4C, ti), 

1 .U 'lU Al 41 ,A Q IT 15 ... I, Ar RA r T IJ ,4 I, UOOA614 1, 
2AWOHIPI ~I ,AwPDlRI 5, 6 I, AP!'lINOI 61 ,ABPINRf o;, f, I 

COHl"ONl'!"Vf'?Yl/ .. GAINlllll,H20TOT,CGAlNTt 61,0GAJNTI fl 
COHHOH/O"HER/AV('P:Of 4f" I 

~-----------------------------------c TH[ COHHON 8LOC'I< /NAHF:S/ rQNTAINS TH( NAH[S R[QUIRn'l ,-,.,p 

C TABULATfO :'IUTf'UT 

~-----------------------------------
roHMON/NA1'1(S/COHtllHl7f.,'11,8ACNAl'lll,Cll•VSr>NAMI !hTI ,ASPNAM115,71, 

LORGN.Otll,61,f'RA.NA,.f q,JJ,A.LINAMCS,~1,0IN.tHI F.,JJ,PlNAHI E,,JI 
2,<:..TPNAHI 5,JI 

~-----------------------------------
COMMON RLOCK /ACCI COt•TATMS ACCUHULAT(O CH,tN(f"S, WHY~ "AY er 
PIEGATivr. COHHON BLOrK /A.CCTNC/ CONTAINS me TNCfP'HENTS TO T~t 

C ADRAYS IN /ArC/ roR .. STNGLf ""IM[ UNIT. 
c---------- -------------- - - - ------- - - -

CCHHON/ACCIAC:AOl(tJ, 11\ ,HZOllll,Cr-•TNftJ, £.J,t'lr-AlN( 13, E,J 
COHHON/ACCINC/,tGUNOl13,'41,H20<JOOll]J,CGAlNOl13t 61,txiUNOfl~• 61 

c--------- ---------------- - - ---------- -
C r-M1HON !ILOCX /SP[C/ roNTATNS SP(CirICATIONS ANO OTHf"R H/f'"'lPl".ATTON 

COM.HON TO TH( WHCl..( ":[T OF PRl'GRAHS, BUT (Xt:LUOHI!; ~urr ANO 
DOG(NOU'- VARTABLE"S. 

G-----------------------------------
rPNHONr:..P£C/ NCH~ ,INSTRU(Zfl ,. WAT[R ,NSP[C v, NSP[rA,NOPGAM, 

1 PHW,PHB, MJLIT ,NCH[CK,IOAY, ATOT1 IJ'OTO,IYPO&Y,..,RfP(Tf201 

2 ,N COIH 15 I• LI SC OH C 4 0 I ,NCO HC Uf 15 I• NCOHOR ,NSPCOH, NO (8 lF 
J,FLOUJ,l'ICROP , HONTH tLOOP[R,NSTRCH,-.,.::Ay[ 
q ,NSUBS T, CY a.. t, NCL Ill •lOOP, fPUN,<:..OuRcrc ,;, lJ I 
s,rOAYPlhWATTOT,NPRTl"G) ,R[ACH,NPORT,AHIN,11..0\IS 
6 ,NfD[Lfit, I'S TR TN ,I NORGP, ~ ORC::!>, HONO.t Yf 12 I, NU '1HON 
7,KORGSWf 5,111 ,KIN"1GP15, 61,KINRGOI«;, 61 
S,NORifNI 31,NDRIFAlCIQl,NORIFVI 61 
'3 ,NTRI8 , i'PORTI ,T(HPV ,Tf"NPB,NPA<:..S 

~-----------------------------------c r.OHHON 8LOC!c: /STAT/ roHTAINS TH( STAT£ VARUII.E'S, ANO /CHANGf/ 
C T'l(IR TNCPO'IElHS OR nl'"CR[,.(NTS FOP THE Cl.RRfNT TIN( t,t.lJT. 

~-----------------------------------
('f'I HHON IS TII. Tl CY (GI St 1 • CIJ , CORGI St 4 I ,POP 14 DI ,C Pf 011 (4 C, 41 , AQUA( Cl 1 , 

tQITl5~ 1,C'3ACTIJ,lll,AClJASl41,WOTNIH 61,WPfNRfSt 61,1:!0INR< £-1 
2,RPINPIS, 61 

crHHON/CHANGC/CV(GOQ I !!, 1, q) ,C'ORGO(:( 5, 41 ,r CPOOQI 4C ,. r1'IOtt'1f40,lf) 
L,AQUA.00141,CLITOOtS,tll ,CRACT013,CII ,AOUAROI 1:11, 
2IIOINRQI Fl ,WPINR01S, l;J,'30INRfll 61,PPTHRQI~, Iii 

~-----------------------------------
c CrlHJ"ION RLOCK /OlACR/ Cl'.J'TAINS INl'"O~l1ATION R[QUIRfD f'OR GRAPltS. 

~-----------------------------------
COHl'ION/01 "- GR IF JGC 8 ,7 (H ,£ XDU I~ ,6 I, TT TL[ I 20 I, YT IT Lf fl Cl , 

1 YOOTl71I, Xl"AX, XHlNt YPUXt YHTN, NOSYMo !NTTYR 

~-----------------------------------c rnHHON BLOCK /HET[OP/ Ol"ITAI"IS TH( VALU£$ OF £)10ef"N01JS VARIA8L(S 
C r-!'R TH( OJRR(NT T!H[ UNIT. 

~-----------------------------------
1".l'IHHON/Hn fO R/ Wl RP. tG, PUN"OL I "-1 •"UNOE fH ~. 41 ,o A.RAIN, I'll yquH, 

1 r-:UNPNR 15, 61 ,RUH ON Pl 6 I, t"USTIP 15, 61, 
2 TR l'"L ow ,T CO MP NI 'II ,T O[TPH ~. 41 , TOitlr V( 8 ,1 ,ti , • TDRiro (4 Cl • 
3TORYFAl4r,q1 ,TDRif'HIJ,qJ,H'NORGIS, 'il,TONflRGI 61, 
qrVAPtRA.lM)II 61,0t.PHf'T, DAYRAO,OAOU<:..TfS,'U, noo11101,RAINC(l(C11, 
5 fl OS[C ,COM PI NI q) ,OCT TN 15, 11 I, t"RIF TV I 8, 1' '11 ,ORI FPOI 40 t, 
Gt"RIFTAltlf'l,41,0IHfTHl~,41 tPf-l,PNOPCt5, f.l,ONORGI 6J,WTfl'4"• 
7 rLOWIN ,X CO HPNI lfl ,YO[TI NI r:, "- 1 ,XORT!=' Vt 8 ,1 ,4 I I XOPI FO titi Cl , 
811:0RTFAIIIQ,tll ,XORI'Hl",ql ,XPH,XPNoqr.1s, 61,XJJNORGI c l,XWTf"HP, 

rOHHON/PHY SI rL ow ,P(R I!" ,O[P TH ,WA T'S" s, V(LOCT ,A q[ ,., WIOT H 

G-----------------------------------
rr"HMN RLOCK /PARAN/ C'O-.TAIN~ TH[ VALUE'> (IF PARAHCT(~ USf"O BY TH" 

C ""'OC(S<:.. qJAROUTINrs. 

~-----------------------------------
roHHON/P AP AH /P 1q lto 7) 
[OUT VA LE NC£ C'S TN Ci, AG A" './1 , < CHNG, AGA TNQ) , f PP TOUT ,A CV'"G I 
fOUtVAl(HC[ !STAT(, rvr-c1. IOfCINC, CV(GOOI , 1,;;uNs,cvrcv1 
rout VAL( N(" [I fl.. OS[C ,FLO ro I 'I Af';AlNT ,rvrPY n 
rout VA Lf 1'«:: El f"R TP ,A Pvr-r I, IP sr AT, ocv '"G 1, IOl"ORf ,AV( INOJ ., orcr ,c ~ GP I 
,."IUlVAL['l{'f. CSIJHPR,PVTOTI 
OA TA O [C JAN/ 'J .tN ', •rrfl ', 'M IIR '• 'APr> '• •MAY '• 'JUN(' ,' ..IJ LY ', 'AUG 't 

I • SFPT •,'!!CT•, 'NC¥•, •n[C '/ ,Z[OO/ •JrRO' /oOP Jt; !N/11: r, • •t 
['IATA RL&'IK/' •1,NR(P'"Tnr•l/,NPA~5/Jr7/ 
ra TA IA"'T rnP/ .r OOCf'COrt /o NO COL /70/, HIGH /1 .r- 7C /, LINTT/ Io 4/ 
OATA LP•TOT/ 16 7/ ,I l"ArC/.,'Jl/ ,LIMrV0/] 7/ 
rATA HONr.\Y/!l,28•"'1,100!1130,'..'l,31,JO,Jl,"Qf'!l/ 
OAT" NYPOAY/JtS/ ,TPUN/1/,LTHPR0/'204/,LT"<:;UH/l'I~/ 
OA TA N~ AN /1 ::V ,H 4/ CJ,~ .. •\' t .:f'" • JY/';;./ ,NOl[C Kl 0/ ,t.IHr.P. 1/ t{' / 

TT"H[-:: '"'<"'TN[IQ.> 
10 r"'RHAT I//// I 

NA a, r'i 
HI. CD U:: 
,.. (D 1,; 

NA~ ;u 
... OJ 'Jc; 

HAW 3J 
IUCD ~ 
.-11 (D (() 
Jo'IA CD 4'> 
HA CD 9" 
"ACDS" 
HA CD 0C 
HA rn 65 
HAOO "'t' 
NA('() 7S 
1111. ro eo 
HA CD 8'5 
HACD'!IJ 
NACD91=
HA 01 or' 
,.A C!l cs 
"A Cl JD 
NA C11S 
HA 01. 2r 

H.1101 ~ 
N.11 C!l XI 
"Am JS 
"A 01. W' 
,.,.m ,s 
,um !O 
HA rn. 5~ 
11AOJ.F"' 
HA 01 6'5 
11A ()1 tr 
HA Gl 75 
HACD. SJ 
HA 01 85 
,.A 0190 
HA Cl 9!'i 
P'!A Cl IT 
Hj(r2('!i 

HAC?Z 1n 
HA IJZ 15 
HA CZ ,0 

" .. 02 25 
NAOZ l" 
HA 02 J5 
HA C2..., 
NA 02 45 
MA.1]2' 'D 
NA.015!:' 
NA OZ ro 
HAO? 65 
HA OZ 10 
HA(JZ 79i 

"""e tr 
HACIZ8S 
H..ttI2"3 
HA 02q5 
,.,.CD ro 
HA Q3 05 
HA OJ lD 

"· OJ 1'5 
MA00:20 
HA OJ ?5 
HA.a:J :!'I 
MA QJ 35 
JiCAm IQ 
HA ro 45 
11AOJ!I' 
HACT.'55 
HA 03 60 
MAOJ~S 
HAOl 70 
NA OJ 75 
HAOJf'IC 
HA0,,5 
M.I 03!11 
HAnJftS 
NAOII CD 
HA.014 05 
MAOll 10 

""°' 15 
NAl.'lf ;1f' 
HA('lt25 
H.A.°'4~ 
HA()ll J«; 

HA()lf t() 
HA Oll45 
MA()q ~ 
,..AQltt:.5 
HACWllD 
HA Ot 65 
HA 0. 70 
H.1()14 71, 

HA 04 60 
HA[Jl8"i 
MA.Cl'! <'IQ 
HAQ11q5 
HAO!i CX) 

!'IACSO~ 
HA rs lO 
11• OS 15 
HA 05 20 
NA05 2'5 
HAOS 31" 
HA 05 JC 
HAOS~ 
HA CS 45 
1ooc;~ 
H.t f"!5 55 
HAOSOO 
,.AOS~~ 

wPIT[ ff. •l Pl 
20 RfAD 1s,-.c;o1 ISTU[lll, I=1,201 

WP1Trl6,?6('1 ISTU[(Il,I-:: 1,701 
fl"' 3 C T - t, 2 fl 
TF I STATn Tl .N[."L.ANKI r,o TO 20 

30 CONTINUf 
or 110 r-1, LI~QO 

'IC ['lfCPIIJ::r • 
no sot= I, LIMIT 

50 O[CINCfTI-:: r. 
0'1 60 J:::1,LT-.ACC 
STNG ( I 1= r,. 

60 CHNGIII - P. 
c------- -- -- ------------- - - - - ------- - - -
r A HC•OTNG Jr R[AO I"N FM TABULAR OUTPUT ~-----------------------------------DfAOIS,2T) 1A...Af'"[1Tl, T::1,201 
c------- - -- --------------- - - -------- - -
C 'iP[CtrH'UIONS• 'iWITCHr"S ANO fN<;TDtJCTION~ AR[ RE•D IN 

~-----------------------------------
P( AO I 5, n 01 N SP[C'V, Nr P(ra. ,NOD GAN, lNORGP, T NOqc; 0,NOL ! T ,NCC'~OR • 

1 NI en 08 ,NUN TT ,NO"! N'> T ,NO TTH(, I <;TRTM, NS y,:, r,..i .J~A vE ,NfRfUI 
? ,NJRIB 

fffAO 15,?"'QI JOAY, TYD• NnAY, NRfP, NOGRlf', Nf1Hl'-T,NPOIH,N['!AT<;7 
l ,NPORTI 

R( AO IS ,2 '.'(' I Kl(BIIG •LOE BUG, NO S:[CS ,I <;f NS(, NOR( P, JS TA TT ,!PAPUI, JO AR 4" 
t ,H[W8(G,K~NP1IJr)1Jt,fP(ll, I;-1,KDUHPI 

NOHTSU -:: HOGRAF" • NOHT""T 
IOAY :::: JCIAY 
IOAYP'l = JOAY - 1 
T~ INR[P.GT.~I GO TO 70 
NR(P :::: 1 
MR(P 111 = NOAY 
r-o TO 80 

70 RfAO (5,7701 l~fPIIl, T = l• NR(OJ 
80 roNTINll" 

yr C 1"0£ruG.GT,O).,VH'•IHDf:8UG.l[.JOAY1 I J.IJ(BOO 
Tl'" nore1.10.LT.H0(8UGI LOrBVG-:: NOAY 
N'SlJBST = 1 • I i?•OJOlTTl 
NOLITl-:- NOl.TT • 1 
yr INUNTT.Lf.01 NUNIT ; 1000 
UNIT= F"LOATINUNfTI • .001 
!F INOD'iAN.L[,01 HORGAN= l 

Co•••••••• oIN'-TRUCTION<;: TO PAOC['-S: 'SU8"0UTTN[S AR( PROVIOCO 
Jr INOTNq,GT.OJ R[A.015,2201 ITNSTPUITJol'=l,NOJN(:TI 
If INOTTl'C.L[.01 co TO 1cn 

c. ······ ... f"RfQU[NCY or Q(P[TlTIO~ or poocrss ~PRl"UTIWS WITHTN A 
c . ..••...•. TIH[ UNIT I~ SP(CtrJro 

or ,o I = l, NOTTW( 
'30 i;>[.1.0 I 5, 2'""'01 JI N~[PfT IJl 

100 V[GINC::: UNIT/rt.OAHNRn>(Tll 11 .oror1 
ANilNC ;- UNIT/fl.OATINRfl>f112)1 - .roooi 
AQUINC = UNIT/R.OAHNRf'PE"TIJ)) - .rcoo1 
no 110 T=-1,s 

110 11f'"A015,7201fKORG~\ICI,Jt,J::::loNF"R[lHI 

Of\ 120 l:::t,5 
120 R[AOIS,2201 IKINRGPfl,Jl,J::J.oINORGPI 

on lJO I:-t,S 
lJO RfADIS,2'.'f'I lKINRGOIJ,JJ,J=l,INOOr.Ol 

l"f AO IS,7 D II NURTITI, J-:1, 1~ I 
RrADIS,21111 REACH 

~-----------------------------------
THE STAG["t; or OCVF:LOF,tr"N• fOR TH( OIFTCPEHT ANlto!A.L C::P(Ctr'-

c GOOUPS AQf SPCCIFIEO. 

~-----------------------------------no lf" IN'SPfCA..L[.01 GO TO 770 
Jf I NCOHOD.GT.11 GO Tf' 160 
00150 I -::- t, N~PCCA 
NCOHCUIII::: I 

150 P-ICOHIII -:-- 1 
GI'\ TO 27() 

c •••••••••• THE NUH8ER OF STA.r;t:S CE' O[VEt.OPNENT FOR EACH ANIMAL r.r>oUP 

C• •• •• •• •• .ARf O(AO. 
lfiO RfA0fS,2?0lfNCOHlll,I=l,N~P£Ctl 

NCOHCUft I = NCOHll I 
"'l=f' 
00 21D T = l• NSPfCA 
J=.NCOHIIl 
IT II.GT.\ 1 NCOHC\Hil ::: NCOHCUII-11 • J 
IF (J.L(. r1 J: 1 
IF<J.L[.Nr.:OHORJGO TO 100 
VPIT[ If; ,1 70 II ,NCO HOR 

170 rrqHATl'ONUHBER or CCIHORTC:: ror> SP!='Cits•,n,•rxcrrns• ,I"'I 
STCIP 

1801<-::Kl•l 
KJ :::Kl♦ J 
TF<J.Lf.U GO TO 710 
"F" IJ.LT.NCOHORIGO TO "'OC 

c •.......•. rr TH[ NuH8'"P QI'" <;TAG(".. or O(V<'""LOPttENT FC'R nczr SPfrrts 
C• •• •• •• •• .Gt:?01..P I': "OP( THAN (INC ANO L[<:..<: THAN ~[ HA ~HUH• TH'"Y Af''" 
c .......... SPECTFIEO. 

0{"1 1 'JO L -::-K ,Kl 
190 LISCOHfll-=L-K•l 

GI" TO 21 0 
200 REAOC5,22r.llLI~COHIL).L-:-K,Kll 
2J. 0 CONTIHUr 
ZZO FORMAT f 1615 I 
2JO r-oqHA.T18rTII 
2110 rrRHAl 1er10.21 
zso rrflHAT f 2r.Alf I 
260 F"r"RMAT I l'Xt mAlf I 

0-----------------------------------c TH[ NAHES OF THE VARIOUS f'"(O(:Y<;T[H C011POH£NIS 6RI'" tlfN'l IN, 

0-----------------------------------r, D II'" IN SP [C v. GT .o IR rA O t r:, 28 O I 11 y 'iP N Al"i tJ ,J Jo J: 1, 11 , T ::::1 , N o;;r rr-v I 
290 l'"('PHA.T f l'IA~ I 

TFINSP(Ca.G!'.CIR'"ADl'i, 78CI IIASF'NA>tlT,Jl,J:;.l, 71 r'!-=1 ,N'"rrr111 
tr INORG-AN.Lr.11 r.o TO 100 
PfAOl5,29011(QqGNAMII,JI, J = 1, '"I• T:-t,NORCANI 

2")0 rro"AT 1 }tl,Aq 1 

,.. n5.,n 
HIO~ 7c: 

"• 0'5 !IC 
.... r5 •"3 
~ur,;fl() 
Jo1A05nt:. 

ttJ OE. r'" 
HJ(l6r'c: 
,.. 01: tr 
MA 061'"" 
Ml Q{;,n 
MA (16,'JC 
M.I OG'tf: 
l"!A(j;J'S 
HA CE.IIO 
"4An;l+'
HA(){:':itl 
HA(£ 55 
HA ll; 60 
HA CG 6S 
HA~"/0 
1,U(:675 
Ml,Q68r 
MA Cf. '!5 
l"\Qf;C!f" 
,,. 06 q~ 
HA07 (J' 
HAQ7n5 
Mll"7l{l 
,., f'l7 15 
HA('l?:21" 
Hfl 07?o; 
MA01JT' 
Hl(]7"'?~ 

MA OHO 
t,UQ74<:: 
H.107~ 
NA.Q7«;'5 
HA CHO 
f'A. 0765 
!'-AQT7T' 
HA 0775 
HAM80 
H.I 07111:r: 
HII07QC) 
HA 07 95 
HA 08 00 
.,.,r8o,; 
11ACAm 
HArfll! 
HA0"-2'1"' 
NA 082"' 
l't·A08~ 
1111. oe 35 
l'tA081fr 

"" oaci-= 
MA.0950 

H• 08 "''i 
HA.08f(1 
HA 08(,«; 
NA 087'1"' 
HA 08 Tr 
lolAO!ll8f' 
HA CR 65 
MA 08"3 
HA oaqr: 

NAO'HO 
t00"05 
HA C,'311"' 
f'Ufl,15 
M.I o<"'""'r. 
HA0'3"'" 
HA(IC!l"TI" 
"410'1'?'5 
,. .. 00 qr, 

HA O"JCIS 
HA 00 sr 
"'AO'J C:c: 

"'AQ<>r.p 
HAO~r-c 
MA (IC!I 7r 
HA (l"l7o; 
HA OQ-r' 

HA [)"JPIS 

H•C"9r' 
HAO"'J'i 
HA 100P. 
H•H'C'r: 
HA 10 l(l 
HA tr 15 
HA 10 20 
1-lAJn;"i
H.A JD "1!Q 
HA l!) JC 

HA 1G 110 
Hl Ir 115 
,.A 10 sr 
HA lf' rio; 

MA JO F.C 
MA lOfi"; 
HA 10 7r 
HA tr7'i 
HA 10 l!l" 
,.. 10 ec; 
,.AlO<JC'I 

"'•W<t!i 
MA.1100 
11• 11 f'5 
HA 11 tr 
IU1JJO: 
P"IAll'l" 
111. 11 ;,r 

"'A 11 JI" 
t,Ul)'Y,; 



300 Rf"AO 1!,?'10111FRANAt-lI,Jlt J = l.Jh I=t•NnHLPII 
IF <NCOHOR.CT,11 R(AOIS,:'S(ll c1rOMNAHII,Jl,.J:t,~l ,T=l ,NCl'IHOPI 
yr INOLIT ,r.r. r1 R[ADt-= ,150 IC IALYNAHI I, JI ,J=t ,It II I= loNOLITl 
"l"'IHJCOQr>.(;T.r,01 

LRf AO CS,? 5C' I I C3ACNA"II J, JI, J:;J ,q I, T:: 1, IHCPl"\ I 
!F'fINORG 0 ,GT,CI R[AQf'j,'.?qQ)I IPJNAl'll'",Jl,J:lo3l ,T:'1 ,TNC'RG"J 

u·1rnoRGO.GT.OI C!(Af'l5,2'3Cll CIOINUH!,JI ,J=t ,31, r=t,INORr.•n 
T~ I I<;lPTH.f.T.QlR~AOI!' ,7'301f ISTQNlPH!,JI ,J~ ,'.!l,T=l,ISTIHP'I 

c------- - ---------------- -- - -----------
c .,NI1"14L VALUf'> f'QO TH( ".'"AT( VA 0 TABL(<; At?( RFlO It/, ~0" lN 
C 'Pl''Ul nu: IF TH[ SwHCH ~[~Bf'C T"i POSHTV(, l"ITHl'"PWISf F'Rf1N CAQO 

(" "NPUT. 
c-------- ----------------- - - --------- -

I~ IN[WPEG.Lf.01 GO TO :no 
q[W{NO ~ 

P( AO I '31 STA Tf 
r,I" T('I !flt r, 

310 ,...,. INSPfCV.L[.01 GO Tf'I "Jr 

c. •• •• .. •• .PLA~JT CON'iTTTU[NTS 
0" J 20 I := 1 , N". P[ CV 
"Ir- 320 J = 1, NO,c,~A~ 
R.-AO 15•2"01 ICVC:GCI.J,l(J, I< 1, ~FR[L"I 

320 CO'-ITINUC: 

no TF INSP[".:A.L[.QI GO ft\ '!.fl 
'lO JtfO I( := 1, NS"'"CA 
1<1::1 
Tr U< .GT. 11 Kt-:: NC Ol-l('U I IC-I I• l 
K2 ::'.NCO~C Uf 10 

C. •• •• •• •• .A.NT"IAL POPULATtnNS 
RfAOIS.?W" l IPOPIJI, J-::J<l,K? I 
0" JII OJ=l< l ♦ K2 

C. •••••••••·NlMAL CONST!TUf:NTC. 
~O R[AO 15,?tiO,CCfHOHIJ.tl• T := 1, Nf"PfLHJ 

N~PCOH:::NCOl-iCUI N";P(O I 
J50 TFIMICROB.L[.O.I GO Tc> "70 

00 J 60 t =t ,ll!!r'DQ!l 
360 '?£AOIS,2CfOHC"ACH11l<l ,K=l•Nrr>(L'") 
37 0 '"'f I NOLl T. L[ .O I flO 1' 0 llf'C 

c. •• •• •• •• .CON<:TITUf"NTS OF 0,-AD HA.TCRUL 
f'f' J 80 T := 1 , NO l TT 

J80 RCAO 15•""!?> IQTTt!,KI, I<-: 1, NFD[L"I 
(')"' 390 t=t ,NCl.. IT 

3'30 ru:m IS, 7ti01 I CORG IT ,I(,. K = 1, NFR[L"' 
lt()O R[A015,21tf'IIAOUA0:1,1<=t.NFFJ'"LHI 

R[A015,2'1C' tlAOUlflll() ,l(=t ,NFR[L"I 
T'"fIN('IRr.P.L(.nlC:0 TO 4~ 
DI:' q H' I=l ,I~TR'fH ' 

ltlC R.-.lOl5t?.1tC"l1wPINr:,IJ,Jl,J=l,INORGPI 
DO lt20 I-:-t ,t<:TRT"1 

420 REA.Ol5,2't(IIIPPTNQll,JltJ:t,TNOROP1 
ttJC P[AO l'i ,140 IC WOlNIH II ,I::t ,TNORGOI 

PF AO IS ,2 rtl I ( O:OINP( II ,T=t, INORGOI 

~-----------------------------------
(' PlRA.H[T[RS FOR THr BIOLOr.rcu SUROOUTTN[S AR[ R(tf'. 

~-----------------------------------
~ 0 CALL [JNDUT 

CALL PTN"UT 
ClLL HlN"Ul 
CALL AJNPUT 
Ce. LL VIN"UT 
rr ("fCH[("l(.[G.01 GO Tn 9110 

1150 ye <LOOP.L(.l> G('I TO 111() 

Ln<!Pl = LOOP - 1 
OflllGOI::l,LOOPl 
TNIN = N[CAT(I II 
STAT[IJHrnl:: -"iHT((fH[NI - ANicPf\ 

1160 T"" (AB.-::t<:TAT(IIHW)).l[.AMTCROJ STA.T(ITIUNI Q. 

ININ :: 0 
'17 D l'NHINU( 

~r INPORT .r G • ."I G ('I TO Q !'O 
rACTRl=l ,/AR(A 
Gn TO qgo 

'480 rACTQl:t.lWATSyoe. ~-----------------------------------c "TH( STAT[ VARIAALf~ lR[ H'ITALL(O 

~-----------------------------------
c. •• •• ••••.TH[ TOTAL APShY<:: AR[ TNTTilL!:'[O 

ll90 IFfNCH[CK.[Q.('11 GI' TC' son 
TF((NOHT9J.[Q.(H .AN0.1t0AY,Nf.NR[PITRfP1 llGO TO nn 

SOD 00 510 l : 1 t LIMTOT 
510 SUHSIII : O. 

01" 520 I=-1,LI,-c;U"f 
S2 0 C.UHPRt J) :-0 

0" 530 T-:-1,L TH[VP. 
53 0 fVf.R Y2 II J:: Q. 

5110 IF" CNc;rrrv.Lr.01 r,o Tr ~qo 

c ......... ,Pl.l~T C:T,\T[ VA.l:!TABLES lR[ ror•Lt[O 
550 no 570 K :: 1, NF"[LI-I' 

F'O 570 I-:: l• N<;0 fCV 
nn 56(! J - 1, NC"'r':AN 
A::: CYfCfT,J,ICI 
fY(GOII,Kl = CV[GOIT,KI • A 

r,r, 0 CO•IT INU£ 
"VTOH Kl =-nvr OT IK JtCVfGPI It l, I( I 
fVSUMC Kl ::PVC.UHOt l•PCV(Gf I, 1,1(1 

570 ~VfGVOII() : r.VfGVOIKl•CV[GO(T,KJ 
01:' 580 J=1 ,HORGAN 
no ~file K : 1, NFPCL"' 
r"O 580 I :: l, NS"(CV 

'i!!O .. J" ICV(CfT,J,KI.CT.c.1 CVECVIJ,1(1 = CV[GYIJ,1<1 t rvr-GtT.J,I() 

c •••••••••• ortritUS CAfr'GQR!fS Al£ TOYALLl"'O 
590 nn 600 T:: 1, Nl"IUT 

"" 600 Kl: 1, NrRLl." 
l""fWTIKJ J - CO!t';TIKJ I t CORGII,Kll 

FOO fLITHl<ll-: CLTTllKtl • CLTTlf,Kll 
r>rr,1 C I( :: l, Nf~f'.l"' 

HA lJ 110 
,.., 11 45 

"" 11 sr 
"''11">" 
HA 11 rt' 
HA 11 Ei"'i 

"" ll 70 
,u ll 75 

"'" U 80 
MAU8"> 
'4A 11 T 
'4111 "'IS 
"'A 12 ro 
MA12c."5 
,.., 12 tr 
"'A 12 15 
,... 12..,.. 
MA 12 ?'5 
HA 12....., 
MA 12 3'5 
""17_..., 
"'' 12115 
MAUo;r 
Ht P5'i 
,o 12 rr 
MA 12 65 
JUU7T' 
H.A 1 .. 1''5 
Hl U8r 
HA l? PS 

"" 12"" 
HA 11,5 

"" 130:
"" tl05 
Jl'll.l l!l"' 
HA l"' lo:; 
,,,.. l.J 2D 
NA P2r 
Hli 13 :Jr 
HA 13 :15 

"'' ll-.0 
"" 131115 
NA lJO,:fl 

HA 1355 
N.AHEir 
"IA lJf;.'5 
HAlJ.,,, 
Ml 13 7!" 
NA l3 P'Q 

MA 13 85 
MAll~ 
HA.1,.,.c 

HAn!"" 
H.A 111 QC 

JIIIA 111 tr 
HA 14 IS 
Ht l" 7'(' 

".A l&i 25 
Hl 111 J2 
H.A 111 3! 
Hll'l'M' 
HI 1114c 
JtA1"5"' 
HA l" sc
f'IA lllFr 
,u1,ss 
HI llil Tf' 
"tl 1117"' 
HA 1,Pr 
MA 111 AC

HA.1'19n 
Hl 1119c 
HA 15Cf" 
Hl 15C" 
NI 15 JO 
"I 151o:; 
'4At"?'I"' 
MA IS "'C 

HA JS 3) 

Hl 15 !S 
HA 15 CCI 

"· 15 QC"; 

"A 15 50 
Ml 15 ~5 
HA l"f;() 

"" 15 ,:-c-;, 
Hl t57r 
HA 15'1'5 
"ll 158('1 
"'A 15A5 
"1A.1S"-r. 
HA. J5~c 
HA 16 CO 
HA 160'5 
HA lF-10 

HA. 161"' 
H.llt>2"' 
HA.167~ 
H.l lE 3' 
HI JG_!o:; 

"" 1c;cio 
HA.16ti"'i 

"" 16 50 
HA 16 c5 
HA 1r;i:-r 

"" 16F:"
"4A 16 7!' 
HA 1&7c
Nli lf' 0 r 
HI 11;05 
HllEi~ 
Hl.ll)n'; 

NA 17 tr 
Ml l7oo:; 

83 Aquatic Model 

610 TOTIKI-: '"OQGTIKI• CLT"TIK) 

C, •• •• •• •• .11;Cn"BTAL C,P(GORir,. AR( TOTALL(O 
670 ,,- I MICD'"'R.L(. 01 fiO ,.,.. r:i'IO 

!'JO (, 30 I -1 ,H JCOQll 
fl(' f,JC 1<:1 ,NfR(Lh 
fPlCT'!IKI = CBAClTIKl • C"ACTII.KI 
"IJTOTI Kl :1>81 OT fl( l•C'\ArTP IT ,I< I 
"RO:.UHI Kl -:f'f!';:UH IK It PCB.l C'! I I ,KI 

630 fCNTTNUr 
r.lJO "J"" IN'i.r(fA.lLCI r,Q l" t..!IC 

C. •••• •••••ANTtfAL <:TAtr VART.IBL(~ AR( T'lULLfD 
no 6 7C T : 1, N'if'fCA 
)(1 =1 
y.-(!.GT,01(1 = Nfl"HCl'll-11•1 
I".'' := NCCHtCUI Tl 
0<' 6'70 J-: Kt,K2 
on 660 1< = t, "rnrt~ 
,. : ce?O"I( J, Kl 
~PC8IOMfJ,KI 
R=COIO"'PfJ,l(J 

650 .O!l"II,Kl:AN!Hlf,vl•A 
r>A<:UM~ IT 11( t=PA.SlJWC:-1 J •IC l•C 
"ATClT .. II ,K l=PtTOT<::;IT ,K l•P 
ff'TONA.11(1 = rel'J,..l,(I() t A 
"A TOH IK I-: PATO TA II< l•f' 
"1.';UNA II( J: PA';IJHlftr ltf 

660 C'"''H!Nlf': 
rr l"OPIJl.r.T.0.1 POPSPCT> POPSP(1'1 • POP!Jl 

(,7 0 fONTINtK. 
680 (ONTINU£ 
6'JO r"'ONTJNUf 

c. ·········IN0 1WANTC c~qntJF:NTS AR[ TOHLL(O 
on 71 r: J: 1. IlH>RGP 

"10 700 J="\, lSTRTN 
91' INRT IT I-: 8P INRT IT It ~P Tu RIJ, It 

700 W"INRT II t=WUINRT I! l•WP!).!Pf J, II 
7t O PT NRTT If I-; 8P lNRT IT It WP DiRT 111 •PINP TT IT I 

rr 1 2C T=t ,Nrnn." 
720 •nu, TT II 1=A.ilUA IT,. AQUA Bl Il 

no nn T-:: 1. T"IOOGD 
TIO wrJNQTfil:-WOINR(ll•B!''!'.fQIJ) 

c ••• ·······TOT .. c; rOR TH( \IHOLr SYSTEM AR( CM.CUL.A TEO 
01'1 7 ~ I( -: t, NFr(Llil 

7'10 T<'TAl(KJ = rB!tl"IAIKI t cvr:GVOIKI • CBA.CTTIKI • TOT fKl•lQUATTIKI 

fJ" 'f 80 T =1 ,H CH AN 
H70TOT::H?CT01•H'l01 II 
rCI 750 K::"t,NfO[lM 

750 ArlATNTIKl:AGAINTIKl•AC'AINIT,KI 
01'\ 760 l(=t ,'fNOQGP 

760 crATNTfKt:CGAlNTfk'l•C'GA!NII,KI 

00 7 70 I< =t. • l NORG l" 
TTO OrlATNTIKl':00.lTNTf"'.lt'lGAlNI lo Kl 
78 0 ('ONTJNUf 
7'10 CONTINUE 

TF Cf lS[No;;E .GT. 01 .l NO .I TRUN .£0.11 IC All Sf' "6 YT l!RUN, t, NPUN I 
JT"fNCHrCIC.£0.C"I GO TO l'C'O 
Trll-.,OHTC-U.E!1.(ll • .e.NO.lfflAY.N[.NRlPl'R£f'l lll>O IQ <Jl!' 

c-------------------------- -------- -- -
C nuTPUT VAPIAALrs IR[ CALCULATED f'lJO"t STAT[ 
c--------- -- -------------- - - - - -------- - -

-,a O ('I" 8 10 l ~1 , LI KT OT 
'ilfNS: IT )::'.(;ll~S n I •,..fl Pt 

810 f'ONTINl£ 
M 820 I=t ,LTHPRO 

820 ~[C'PIJl:O[CPIIl•fACTRl 
on 8 30 I=t ,LD1SUN 

8JO ~UNPPfJJ-::'SUHPRlll•,-a,CTFtl 
rn 8110 t:::\ ,NC.P[CV 
0('1 8'<10 J=-1. ,HORGAN 
00 e,o K=-t,NrPE\.M 
Af'Vf'Gt T, Jo Kl =Cv£G( T,J,KI •f /ICTDl 
APV[Gf I, J, I<) :PCVfG IT ,J ,KI •f'l CTRl 

Lll'I O CONTINUf 
OCI 850 l=t •N"iPCOH 
Oro ASO J=l, NFR(ll" 
,r:ero"II .J J::tBlOMI l•JI •FA.Cm 1 
A" BIOH IT ,JI= PCAI O"' I I ,J J•r ACTRl 

~5 0 CONTI NU~ 
rC\ Lll60 T=-1 ,NC::PCOH 
AP Or 111= PC! P( !I ,f Af:TR t 

86 0 CONT TNU£ 
C'r' 870 1~ ,HIC 0 0t:t 
DC 570 J:'"1 ,NrRQ.H 
ArOACT IT ,JI:= CBlCTI l,JI •F A.Cffl l 
APBACT fl ,J l=PCflAl"'l IT ,J hFACTQl 

!!7 C :'."ONTTH~ 
('<' 880 I:::t ,N~IT 
00 880 J:::1 ,Nf'RQ.N 
Af'Lllf I, J) =CLIT( T. JI •F ACTR 1 
At': ORGI t, JI =COffGt I, JI •f A.CTRl 

880 fONTtNU£ 
on 8 'JO T :-1 ,N fl' U. H 
UGUAI ti =A QUAI Il •FA.CTR 1 
UOUAB IT I= A.~UA.P.t 11 •F ACTR 1 

B'JO C'CNTINU[ 
"r' <JOO I=t ,TSTr:tTH 
0" ')QC J:::1 ,TNO~GP 
A"PTNR II ,J 1-: wPTNRI I, JI •f ACTR 1 

900 A.PPTNPlt,Jl:~PtNRII•Jl•fACMJ 
on <J lCi r=i , lNOR'2" 
AWOINR fl J: "O!NRI 11 tf" AC Tr:t 1 

C!tO Af'0INRlll!:80WRII1•FACTRl 
'H"'l2C t-:1,NS"COH 
Tr IA.POPI ti .LF.. O. lft.V[TllOl 11 ::0 • 
Tr UDOPI Tl .L[. O. Jt:OT 0') Z'1 
AVCINO II 1-:: AC!HONI T ,11 'N'OP I!" I 

(}2 0 CONTINUf 
'JJO Tf1NCl-i[CK.£:'l.C'I GO TO 1:'lfl 
9'10 TTtNSHORT.(l'J.) !CO TO l'T,0 

"Tf' IHHt.l.GT.m GO TO 1710 

""17 tr 
HA 17 !Ci 

"~ 17 711 
tU 172'5 
~l,}"13"' 

HA 17 35 
HA I-:' qo 

"" 17 qc 
HA 17 50 

"" 17 cc 
HA176r 
Hl.llCC 
HA.177C 
HA.177" 
MA11tlfl 

"'17,-5 
Mll7'lf' 
Hl!T05 
HA 1111 00 
P018Qt; 

"A 1a tr 
HA 1815 
101821" 
MA 18 2'5 
HAteJr 
HA 18 35 
HA 1°'iC 
Hl lA ,5 
!01"5(' 
HA 18 5!" 
HA. 186f' 

"" 186'
Ml 187r 
HA 187Ci 
HA 111180 
Hl188S 
HAte9f'I 
HA 18CJ5 
"A lCJO('I 
HA19~ 
MA lCJtr 
HA 1CJ15 
HA 1" 1fl 
HA J.92'5 
NAiq"J' 

"A 1'335 
"4A.10~ 
"A l'l"5 
MA l'! '"'O 

"" 1955 
HR 1'36(' 
HA.1 .. 65 

"A 19""T\ 
"A1°75 
HA. l'lftO 

"" 1'3•5 
HAt']an 
NA 19t:t< 

"' 1'3 '37 
Hlli 20 00 
Mlli200-
HA 20 m 
NA 20 lS 

"" 2D 3l 
"· 2Cl 25 
NA20'Tf' 
HA.20:'15 
HA2Dflf1 
Nl 2011!'. 
H•20q} 

"" 2D ss 
NA 20 FO 
MA 20i:s 
HA 20"fli 
HA 20 75 
Ml201'C 

""20"5 
"A.20Q(I 
HA 20 ~5 
HA Zl a, 
MA 2105 
Hll21 lr 
"'"71 15 
NA21 2J' 
NA.21 ?5 
Hl 21 !I' 
NA 11 JS 
Hl 21 qn 
"A 211115 
HA 2111:1" 
Ml 21 c;5 
Hl 21 FT 
HA 2165 
Ml. 21 70 

"" 21 75 
1-U2lftl"' 
HA 2185 
H.1.71 ~ 
HA 21 q5 
HA 22 (X" 

MA 22 OS 
HA 22 ]fl 
MA 2215 
HA 72 2P 

"" 27 25 
NA 22 3<' 
HA 27 35 
H.l721110 
MA22qr, 
"A 22!:<' 
l'IA22C5 

"tA'Z"Z FJ' 
MAn£.5 
"IA 221r 



TF INCH[n<.N[.0) GO TC' 171.10 
c------------------------- - - --- ------ - -
C TH[ OAT£ !S INTTULI 7 F'l'l 
c- • ---------------------- - - - -------- -- -

'!NITYR = TYR 
IF <HOOII't'Rt41.GT.r.l GO Tn 950 
NONDAY Cl I = 29 
NYqDAY = "!Qi 

950 Yr f.JOAY.LE.01 JOAY = l 
!r (NOAY.L[ • ..OAYI NnAY: JOAY • 1 
K :: 0 

c------------------------- - ------- - - -
r GQAPHING l~TRUCTYON<: ARr RE:AD 

~-----------------------------------
NOHIS = NOGRAF•t 

960 TF INOGOAF.Lf.QI GO TCI 101:10 

C. •• •• •• •• o!N""T'QUCT!ONS FOR LIN[ G~liPH~ 
00 lOJO T :: l• NOGRAr 
TJ::K+l 
D[AOIS,2201 tl'!GRAIJ1,J=t,1':I 
00910J:1,s 
IF INGRA fJ J. LE.QI GO TO 'J8C 
K :: K + 1 
LTGRAFIKJ: NGRAIJI 

TT O CCHH !NU£ 
'36 0 LT SHA (I I : K 

RE AO I 5, ic: 01 I TI n. [SIT ,J l , J :: l• 7f' I 
PEAD tS,2501 CYAX!SSl'!",JJ,J-:1,101, ORltlNITI 
TF fk.L[.Tll GO TO trtO 
On 1 000 J :: I1 ,K 
Tf(J.L[.LIHGIUI GO TO ,ror 
WRIT[( 6. 9'90J 

'l'lO rORMATPO OJRV[ nF1...ANATl/"INS [XCE£0 OI'1f.NSIOHS ., 
STOP 

1000 Rf AO I 5. "501 10:PlANIL ,JI• L :: 1,!- I 
GO TO 10:IJ 

1 01 0 01') 1020 J :; l• 5 
1020 [XPLANIJ,Tll :; BLANK 
1 m O CONTI NU[ 
lCJIIO Tf fNOHJ~.L[.01 GO Tl" 1070 

C. •• •• •• •• .IN"-TIH..CTYCJiS FOR BLOCK GRAPHS 
Kl = IC ♦ 1 
K7 -:: IC • "IOH!'ST 
PEAD 1'5,l?OJ IL!!'lRAF'fIJ, T:; Kl• K21 
00 1050 T:; NOHI5",NOHtSU 
P[ AD ( 5, ?5 01 I TIT\. rs f I ,JI , J = 1 , zn I 

1050 READ l''i,~01 (Y.I.X!SStl,Jl•J':1,101, ORTGTNI H 
laiO FOR"AT f • ',2('ACIJ 

~-----------------------------------
c W[CIFICATJON'S OF TAPULAR OUTPUT AQ[ INIT!ALUru 

~-----------------------------------
1070J=O 

00 1080 I :; 1, NP[P 
yr ll"R[PflJ.LLCI.OR.IMRFPIII.GT.N"AYI) rto "0 l""'C 
TFflI.GT.l J.ANO.IHR[PIH.L(.MR[P(T-1 U )GO TO 1080 

J :: J ♦ 1 
"R[PfJJ:; HR[Pltl 

1080 CONTIHUf 
~PCP - J 
IF IJ.ro.r, GO TO 10911 
!F I HR £P fJ J. [Q .H DA YI GO Tfl l lC 0 

lO'JD NP~P = NQf'P ♦ 1 
"R[PfNl?(PJ :; NDAY 

llDO IREP = 1 
JF INOHTW.L[.01 GO M lllC 
Y~TN :; JOAY 
lOUX = NOA Y 
Pr,noo = I XMAX - YHINI /6 q. 

lll0 Tt:'AY::JOAY 
IYROAY :: IOAY 

~-----------------------------------
c TF R[Olil'R£D, PART OF Tl£ CONNON BLOCK /P/f#A"4/ IS rAI"fff['I cur. 

~-----------------------------------
IF IIPAPAM.L[.0) GO H'I 11110 
WRIT[ 16,11201 !PARAH, JPARAM 

1120 F'ORMATl'OCOHHON PLOCK /PARAH/ FA:OH AOOPf~•, 16,' TO A0('1Rf"SS•,J6J1 
~IT( (6,113(11 (Pill• I= J?ARAH, JPARAHI 

1130 F'OQt'AT llX• 10Gl2.SI 
1111 0 T~UN :: 1 

"F cg[N((.(Q.01 GO Tr, 11,;o 

~------------------------------- ---
TF SCNSTTIVITY T(STS ARE B[!NG P~FOR"(O, TH( SU~OUTINf SfN<TT 

C ,..S CALLEO TQ SET THE THITHL CONOlTIONS 

~-----------------------------------
1150 J,:-IIRUN.(1.1 I GO 1'0 JlE,Cl 

TDAYPR = JOAY - 1 
P?AC = O. 
!NIN -:: 0 
~REP = 1 
CALL SENC::!TCJRUN•NRA•NRONI 
TQAT = JOAY 
IYROU = JDAY 
JJCHE CK :: l"1 

116 0 CONTINUE 
NSHORT :; r 
lO'lP(R :: - t 
TT INOHT<;\J.L(.01 GO Tl'i 1111c 

~-----------------------------------
c LTHJTS FOP. THE GRAPH'i Mf lNTTULt7fO 

~-----------------------------------
0(1 1170 I = l• NOHISV 
AHINI1II-:: HIGH 

1170 A .. AXIIJI -:: -HIGH 
1180 fllAC :: fl. ~-----------------------------------c TH[ CAL(~AA MON"H Is OFHf:l'1IN[0 

~-----------------------------------
'IQN[NO :: r, 
M(INTH :: n 
'-IUHHON -:: JOA Y 

11'30 ,-,ONTH = Ml"NTH ♦ t 
'4'1N[NO:: M0N[N0 11()NOAYIHO~THI 

84 

NA 22 T'j 

MA 22 00 
HA 2"2 PS 
HA Zl ~ 
HJ\ 2?""i 
HA 2J re 
HA73('1C. 

"" 2J1r 
HA ?3 15 
HA 23 ~ 
Ml 7"l2Cj 
MA 2l 30 
HA 23 "'15 
HA 23 '«l 
PU2"flo:; 
HA 23 5f" 
HA 2-. r~ 

HI 2"l{,C 
HA2HS 
MA?J7t1 
H .. ?J 75 
HA ?Jitr 
HA "'l8S 
HJ, 23"""' 
JU23'3S 
PU2llN" 
Ml 21tllc 
HA 211 ll" 
HA 7\ 15 
HA2112f' 
PU 2ll 75 
HA 7ll Jr 
HAZ!tH' 
PU7llll0 
HA 7,- ll"i 
PO 211~ 
HA 2t1 '51"; 
HA 2llFC'I 
HA ?II ,:.5 
HA 2111 7(" 
HA 211 ?o; 
HA2ll •f' 
PU211PC 

HA21l"C 
HA2\(!'i 
HA 25 (I' 
HA2SO'i 
HA?Ci 10 
HA 7S Jc; 
JU 7S ?Cl 
HA 25 25 
HA:>'i3f' 
HA 25 J'S 
1uzs11r 
HA 25115 
HA2<;50 
HA?SU; 

H.l25f'r 
Ml 75 65 
HI 25 7(1 

flfl 25 7,; 
HA.?"iAfl 
HA ?S es 
MA25Cff" 
HA 2'5C15 
HI 76(1"1 
HI 2605 
H.li ?& lfl 
HA26l"; 
HA 76 70 
HA 76 25 
l'l'A7G't"f' 
HA2&3?> 
HA 26110 
HA 26 CIS 
HA 269"! 
HA ;zc;o:;o::: 
HA 26£-0 
HA26f:"i 
HA26 '?fl 
HA 76 7o:; 
HA 26f\r'I 
~A 26 85 
HAX';O 
HA. 26 gc 
HA 'Z7 CC 
HA 2711"' 
PU271'i 
HA 27 ?r 
MA171'i 
Han ,r 
MA 'Z7 3!" 
tUZ711r 
HA 'Z7 115 
HA 27 cr 
HA'llo:;!i 
HA 'n6r 
1•02769-
HA 211r 
HA 2115 
HA17~ 
fltA"Z180::: 
HA71~ 
141,2700: 

1078('{' 
MA ?fl QC 

HA 2" 10 
MA 28 15 
"tA 28 20 
,.., zszo:; 
'iA 2111 Jr> 
"tA28~S 
J•U,211JClr 
'1A 2P 115 

Tr (H('NTH.GT.1 I MJHHOn:: ,,uHHON - ,.ONOAY(MONTH-11 
ye- I IYROAY.GT.HON0/01 G"' TO ll<JO 
I~ (JPUN.CT.11 GO TO :'{Tl0 

~. ----------------------------------
THf SURDOUTH£ [)(ff.RN ts CALLED Tl') R[c(I,r INPUT 01" 
fYOG[NOUS VARIABLES, a,.,O PHY1.IC f"QR 5TRE.t,,. CHARACT[RISJlrS 

~-----------------------------------
CALL EXTfRN 
C"All l"Hyq C 
.,.f' l"IDATG'.[<l.01('0 TC 1210 
r.n 1200 l::l, LIMIT 

1200 <;TAT~ ITl=<";TAT[fll•f.P[A 
121.0 rr INCH(Cl(.['J.CI GO T(I 1470 
1220 "ffNORrP.r;(.2)G0 TO 1250 

~-----------------------------------
c I H[.t,QTNG l<; PRTNTfO f~ TH[ INITtAL '!fPQDT 

~-----------------------------------
vRlT(lfio 12:tJI IP\..ACflTI.I=:1,201 

1230 Fr,R,.AT I 'l '• '.'0Altl 
WRIT[ IF.,171401 O"CJANIK'INTHI, NUHHO'h IYP 

l 211 0 rnRH AT f • "I NI TI AL REPORT ON ' • A.It• P, I'> I 
12'SO Tf (NOH!(l).L(.01 GO "O 114<;.0 

c-------- - - ----------------- -- ------ - - -
C THE: GRAP SUOPOUTTNf IS ">UPPLTfO WIT~ CURRENT VALlf'S FOR T 14£ 
C VARI AALr,. TO B( GRAPH(O 

c--------- - - ------------- - - - ------- - - -
p = 0 
... ,- INOGO.lif".LLOJ GO Tf' lJ'iO 
0"' 1 Jqft T :; l• NOf':RA" 

11 = I2 • 1 
~7-:: LJ<";T'fl?IT1 
CC' 1 JC! n J = I l, I':' 
T" Ltr;rur1 JI 
T(t:: JJ/)Q('IQ0 
TJ = IJ - h•l(l)Of' 

r" = r" • 1 
Cri TOI 1.120 ,l ?t;O, J? SJ ,l l70, 1290,L !00, 1310 I, lit 

12Go A =sut1o:;1;31 
r;n T('I JJYl 

l l70 A=SUHf'Pt Pi I 
cri TO 1J r. 

1230 A= STHGrf3I 
Cf1 1'0 ]33'.J 

12"JO A::O(CPfIJI 
C" TO 13 J'.) 

l 3) 0 A= ro TP fI 31 
C':" TO lJ :I) 

1 31 0 1.:: OHOR Fl P I 
f:fl TO 1) r 

1J20 •:; PRTOUTII31 
1330 .t,"ftlllll:: AHil'O.tAHINTllloAI 

.-,u1Jtll = At'\AXllA,.UTfTl,AI 
1 34 0 ,,_ ... GS I J. II : A 
1350 Jf'INOHT'S".LLCI er ro 1~r:.:r 

Tl:: LJ<;Tf0fN0GRAfl 

17 = !l • "fOHT<:;1' 
Il=Il•l 
T :: NOGR.lif 
0" I lift ri J =I 1, I 2 

LIG•H J"I J, 
"It -= I 3t 1('000 
r~:: 13 - l',ielCIJf'C' 
... II = I ff • 1 
en 10111120 ,1 JG0• 1410 ,1 no. ueo.1Y1r, 1,m ,. 111 

l JiO A :; SUH<l!J) 
G" TO lCJ Jn 

1 S7 0 A:: SUHPRI PI 
Gf' TO 143r 

1380 A=occr1131 
Gr TO lit Y.' 

13'30 A::rPTPllJI 
Cl'\ TO 14:r 

lCJOO A::QMO~(ITJJ 
er, TO 1-.:JJ 

1410 A= ST"IGIT31 
Gn TO 11130 

1420 A= PPTOlrJII~I 
1430 A'"INIIIJ:: A 

'"AXIi 11 :: A 
1~0 fTGSIJ,11 = A 
1450 .,.f INOQ[P.GC.2) GO TC' lff60 

CC' TO 201C 
1460 TF INOC:E~.L[.11 GO Tl'\ 111"0 

~-----------------------------------
c Tll( CPU TIHfR JS Rff'Mff"O ANO R[-S(T 

~-----------------------------------
TlH(D = rxTU£fOI 
WP.TT[ 16 •1 5301 T n«rR 

c------- --- - ----------- - - - - - - - - --- - - - -
C THr fOlLOWING SECT TON AC TU ALL y PfOFORHS nH SIHUU HON OVfQ A 
C STNGL[ TIM( UN IT 

c---------- --------------- - ---------- -
C. ••••••••,TH( LlHITS 1"'0R TM( TTH[ UNIT OF SIMULATTON f,p[ SF.T AND THE 
C. •••••• •• .TIH(-UNIT LOOP I<; INITIALIZf'O 

1470 ('DJG = FLOATIIOAY1 t "'RAC 
J"l'AC = A"00(1UNIT • r,..,u: I •I .1 
YQAY 1 :: TOA't' 

F"'NDAY -= ORIG • UNIT - .000001 
.,.OAY2 = ""!G t UNIT 
"YPr'IA7 !YROAY 
"l"INTHZ -:: MONTH 
OJHMHOZ = NUNHON 
--ioN[N7 :: HON[NO 
liYQOA7 :: NYR('IA Y 
... YD? :: yyn 

lflflP = r 
r-A CT O :: t. 
l"'ACTOR = "'. 
L'l(ll'(D :; - l 

c .......... INIT"ALPATION '1)R TH[ CURA[~T R(P[TITION or THf TlHf-UNYT 
r, • ••••••••• Lr-Or> 1,; f'(RfO~ff'I 

HA 2'1'50 
HA 2go:;,; 

HA286f' 
HA 286,; 
HA 2~ 7f' 
HA 28 7o:; 
HA2"lC' 
1028.A:t; 
HA 28'W' 
Ml 2R"!' 
HA7q(J'J 
MA7~0 .. 
HA2"1r 
HAnts 
MA 2'3 2D 
HA 2'9 ZS 
,.., ig 30 

HA~"'l;S 
H.a 2":140 
HA 29 4'> 
HA 2<'1 re 
HA 29 5c 
NA~OC 
HA 2"' ns 
HA ;,o 7fl 
HA 29 75 
HA?" 0 r 
HA2<11t5 
HA2"'<N"! 
HA79<1c; 
HAlOl"f' 
HA'm0'5 
HAJO U, 
HA~lS 
HAJO 20 
MA JO 2Ci 
HA 30 JC 
HI 3C 3'5 
NA JO 11r 
NI 3011'5 
HA 30"tl 
HA J0','5 
HA 30 60 
HA n,,;5 

"tA JO 7T' 
MA:!015 
HA JOPO 
Hi, ."O 85 
Hf.JOqrl 
HA Jn 05 
NI. :n CD 
Ml 31 OS 
HA 'TI. 10 
HA 3115 
MA 31 20 
HA "'125 
MAJ!,U 
HA 31 Jo:; 
HA 3140 
HA "1.11~ 

"• nsr 
HA !1 !-'5 
Ni,Jl6(1 
HA31 J:-5 
NA 31 7C 
HA 31 "5 
HA 31 <tf' 

"' 31 8"i 
HA 31 °O 
l"A 3195 
HA 32 Of' 
MA370S 
HA 3210 
HA 321'5 
HA 32 20 
MA 37 25 
HA.J2"'1l 
HA 3'? 35 
HA 1211['1 
HA TZIIS 
Hl3'2"'0 
HA 32 55 
HA 328' 
HA J2 6<; 
HA 321'0 
HA 32 75 
HA 32 80 
HI 3?8'5 
HA 32qr' 
MA 3? 95 
HA "'3 CD 
HA 33 OS 
NA 3'3 m 
NA""' 15 
HA 3'3 2D 
HA "'3 25 
PHJJ'.!(, 
HA TI 15 
MA ~JIIC 
HAJJ lt'i 
HAJ3!l' 
10 3:'IS"i 
HA 33 Er 
MA 3J 65 
10 3370 
Kl 33 "'5 
HA "3 8ft 
HI J't"~o:; 
HAJJQr 
>'Ill. 33 "'5 
..A3'1~ 
HA 1110'> 
MA 311 10 
HA JQ J<; 



1480 V[CCO :- r. 
Ar>UACO:-f! • 
ANil1C0:- 0. 
r.tCTOR = fACTn 
TnAY :- 0l'IG 
LC'IC'P :: L'lOP + l 
Tf !l')C'IP.GT.11 LOOP(R:: l 
Tf noor.u:. ;,c I GO TO tSOO 
WRIT[ fJ;,lq')QI fr)AY 

14'10 P'RH1H f • THI[ LOOP ATTfHPTrO TWP.HY TIHCS AT no•, Iq) 

c;roP 
1500 ,.H!H :: r 

TYRO AY -: I YRDA Z 
NQNTH ~ tt(ltlTHZ 
NUHHON :: HUl1MOZ 

"""N(HO = ""ON["(Z 
f.JYQOU :: NYROAZ 
!YR :: IYRZ 
0" 1600 !OAY-:: If'IAYl • IOAY2 
Tf IIOAY,L[.IOAYll GO TO 1520 

l..tUHHON :: NUHHON + 1 
..,YROAY :: IYRDAY • l 
,..f IIYO-OA'f.L[.HYR0AYI CV'I TO 1510 
MONTI! :: 1 
"'0H[N0: "ON0AYfll 
rv(IOAY = IYRDAY - NYDOAY 
NUHHON : l YRO.l Y 
TY q :: TY R • 1 
NYROAY :: "'65 
MONDAY I? I :: ':'8 
"f IHOOITYR,41.G'".OI ~OTO 1510 
!otONDAY I? I :: ?'3 
NY~QAY :: 'J GG 

1510 Tf fJVPOAY,L[,t10NfN01 00 TO 1520 
NUHHON -:; I YRDA Y - HON[M> 
HC'IHTH : t10'i'TH + 1 
"(QNENO:: HONOW ♦ l'ONOAYIHOHTH) 
"T lfL0ATfIDAYl.r£.f'TN0A't'I co TO 1rco 

c .......... Hff SUBPOUTIN( (Y00[H IC: CALLrD FOR C~"fITT VALLfS or

C••••••••••TH( [XOG(NOIJ<: VARIABLf"> 
1520 CALL [XOGE2 

CALL PHY">"! C 
lt'OPtR 0 

lSlD r'"QRftU 1 lOCI"• rrn.l, '<'fCDNOS (LAPSf.0' I 
1540 O.IYOAY-::- AHl"'1 IUNIT, F"LOA'ITOAY-t0AY1•111 

C••••••• ••• THf PROC('iS SUAROllTINfS AR'( CALLED .IS F"R'OOfNTLY 
c •.. ·······AS f.EC[S<;.IRY W[THTN fACH DAY OF THf TIHf vnn. 

1550 "!f-"l(AOUACO • AQUTW"l.r.T.OAYDAYI GO TO l~f' 
A'lUACO = AOUACO • AOUI~ 
CALL H(OTUH 
(':0 TO 1~50 

1560 rr INSO[CA.u:.01 GO Tl' \SAO 
1570 rr f (ANIHf0 • ANT'INCI.GT.0AY0AYI ,;o TO 1 "80 

•NIHCO-::- lNIHCO ♦ ANII"IC 
CALL A._.THi.L 
f,C TO TS 70 

1580 IF fN'i"ECV.L(.01 GO Tl' 1600 
1S'JO JF' ffVfr.C0 + VfGTuCI.GT.0AVOOI GO TO Hi{]) 

VFGCO := Vf°GCO • VfG[NC 
CALL Y(GfT 
GO TO le; ".JO 

1600 NCH[CK = 1 

C, ......... PROPOSED O(CR[HtNTS A~ TrsrrD To ENSVof TI4AT <'U.T[ 
C, •• •• •••• ,VARTA8LC'.. APE AC'fClJATf TO HITT TH[H. 0 nHPWT<:£, THr 
C, •• •• ••••• TIM( UNIT l"" R[f"UC£0 

00 1630 I=- l• LTHIT 
TF IOECINCl[I.Gr.n,I t,C, TO 1t:rn 
Tf' It OECINC fI l•STAT(( II 1.G( ,0. IGO "'C' 16 "O 

IF I <;:TAT[f 11.or.r.1 Gt" TC 16"'0 
TO AY = O Q'f G 

\H!lTE 16,lGlC I I, "fCINCClh IOAY 
1610 S-CJ>f'AT (' STAT[f',Tq,•) IS ZfRO, c:;o PROPOS[O O[CR[H(NT or•.rts.8, 

l' P[R TIM£ STEP AT DAY', Is,• IS IMPO<:S1'8LPI 
"l[IAY = It'AY 
NSHORT = 1 
MP[Pfl~[Pl=TOAY 
':;(\ • 0 117 Cl 

1620 A= -STAT[IIt/O[CINCIII 
!f' IA.GE.FACTOR) GO Tn 1630 
f'ACTOR -:: A 
'-•IN -:: T 

163 0 CONTINU[ 

C ........ ,.INC~>CNTS AP( APPL.HO, TO THf STAT[ VA1?TAijL[S AHO 
C •••• , ••••• AC'CUMLLATMS, ANO TH[ INCR[HFNT ARRlr<S ARE R£-I"'1T!ALIZfl> 

01' 1650 I = 1, LI'Mtf 
A= OCCINf'III 
Tr IA.[ll,0.1 GO TO 1-:cio 
TF l~TATrtU.LT.C,l A-:: AM!Nl!Q., -A1 
~ IFACT(IO.LT.1.1 A= A• rACroq 
C"JATtlll = STAT[(TI + A 

1i;,.o rr IAB<:!~AT(IIJI.LT.AHTrROI STAT£(!) 0. 
OFCINC II I =- O. 

l 65 0 C!INTJPlUf 
on t6&n t = l• L P,AC"' 
STNG I TJ -:: <;,TNGI I1 • Cl+IGI II • f ACTOR 

1660 rHNGfII :: a. 
on l 6T (I I= I. U HP 1>(1 

rr-u Tl T1 ::P<;T AT IT l•OfCP II t •rA CTOR 
1&70 C'ECPIIJ-:'"' 

Ot" 16'35 t: 1, N<;PCOH 
Qr, 16'12 .J:.1,Nf~[LM 
ff'IPOPlll.L(.A.MICROHn re u;po 
TF'fCetOlff!,JI.GT. ANif',-,1 '30 TO tt:"2 

1680 on 169(1 K= l• NFJ>(LU 
l t't0 rJ\IC"~I !, 10 ::0, 

f'"PI II ::n. 
GO Tn 16g"-

16't2 f"NTINVf 
1695 C~NT rnur 

"n 1703 r-::1.~P["'v 

to 3q in 
HI 3't 7~ 
Ml 311 JO 
HA~-~ 

"" Till llf' 
NA31fq!j 
totAJllq" 
MA 34 55 
HA lll l,,f' 

HA 3116,r;, 
HAl'f 7r 
HI J1I 7.-. 
HA Jill 80 
HA~ll:5 
HA JIIO,, 
Hl3'q5 
HA lSl'lf' 
HA JSQC 
HA l"5 11"' 
HA 3!i 1'5 
H.135:M 
MA J'S?": 
H4Jc;E 
HA.l5J-.: 
HA Yi W1 
HA 1!i II«; 
HA3S!:f' 
Hl 35~~ 
HAl500 
HA JS 6C 

Hl 3'570 
MA 35 7"'-
111 lSflf'I 
Hl l!:i8'!'i 
H.1.l5'lf' 
HA J'5~c; 
l'IA JG CY" 

HA l6C'5 
HA Jt: 10 
HA 36 L« 
HAJ610 
HA)62"c; 
,u 36 Jr 
HA 3' ~ 
HA Jf 1110 
HA J:151115 
HA J6"f' 
p,Ul'f,C', 

MA 36 ro 
Ml36&5 
103fn"' 
"•367" 
MAJ&•I"' 
HA 36"' S 
HA 36Cllf' 
Mll6•S 
HA:J7C!' 
HA 371'1'" 
Hl TI 10 

"" J71~ 
HA J'7Z'f' 
1031 z-; 
HA 31 Jr 
HA TT JS 
HA TI.-f' 
,on,._ 
Hln!i! 
MA n 5s 
Ml J"Ttct" 
MA3"HS 
,unTr 
HA nT~ 
HIJ711r. 
HAJ7f.':ir; 
HA :J790 
HAn9S 
HI 3tOI" 
Hl "''Oc 
HI 381-' 
Hl ~p. l', 
MA 3"21" 
PUl8~ 
HA3•3" 
HA J:8 ~~ 
PUU'lt" 
MA ~8 ..... 
HA 38 50 
Hl 38 c;~ 
HA 3,-Fr 
Hl 38F'5 
HA 3• '10 
HA 3A1'5 
HA JIit 90 
HA 3!11 •5 
HA38'"1J 
HA 38 .,.._ 
HA3'H"f' 
H.l "'9C'"!i 
HAJglO 
MA 3'lt!'i 
HA3"'2n 
MA Jq 2'5 
JIU "'92'~ 
Hl l" 3" 
Nl 3q 35 

"A.3'9 .. 0 
HA 3'.3QC 

Hl J'G!-f' 
HII J"'t:;~ 
f'l'I !"'6r 
HA~6" 

"" J<l"J\"I 
HA J'371 
HA J<P'? 
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r)"I 1702 .l=J,Nf"t:![U4 
rr1cv(Cl!,l,J).GT • .lHICROI ro TO PC7 
on 1101 K=l,>KQfL1'1 

1701 rvrcn,1,1<1=r. 
Gf\ TO llf'I" 

1702 COHTINur 
1703 CONTINUf 

Or. 1706 !=l,HICROS 
0"' l 70S J::-1,Nf-"REL" 
rr1cBACTf!,Jl,GT,Ull~01rso TO 110-; 
or. l 70'1 ><= 1• NrR[L" 

170ll C1'ACT(J,Kl:O, 
r,"I TO 17(11; 

1 TO 5 CO"ITIHUf 
l 706 CONTIPllJf" 

.. r l THIN I C!SO, IISO, ti7 fl 

c .......... Ir o\NY ,qur VAITTADL[S HAY[ 8[£N IN.tO[QlliTE rn H'l"tl 
c .......... TH[ PROPOSED OECnMf"IT"i, tHr TTHf--tJNTT U'IOP TS ~-fHTrRrn 

1 720 f"ACTO = fACTO - rACTOR 
'iTU[lf ... TNI : - AHTCPO 
HfGAT(ILO'IPI = IHIN 
VPIT[ (6•l7lf'1 THTN, r.teTnR, IOA.Y, FRAC 

lTJO f"ORHATI' <:TATfl',IS,'I P[RIHT"; ONLY',f"lJ,101' Of "Tl£ PROPOSED UN1'" 
t CHANGf AT'• Tit,• + • ,r'i, "• • OAYS'I 

Gr' TO lit 80 
11'10 '"'rtAY = IOAY2 

TT" I ID lY .U:. JO AY 11 GO Tt} 1 "6 0 
Tf !HOHT"il.J.L[.rl co TC, 1noo 

c---------- -------------- - --------- -- -
rr GOAPH"- AA[ REOOIRfr>, TH[ cuqq(NT VALUCS Of VARIAP:lES 

C rnl? GPIPHTNG AQ[ R(CORn[O 

~-----------------------------------
J'f :: f f'PAC + fLOATcIOAY-JOAY 11/PfQIOO + 1. 
Tr llOAY.[Q.N0UI JX-:: 70 
TF I JX.[O.JX1X I GO TO 1900 
JXX'IC = JX 
T7 = 0 
.. = a 

1750!=1•1 
Tf° I l. GT .NOH JS UI ~ 0 lO 1 89 Cl 
Tl =- I 1 • 1 
17 = 11 
ff 11,L(.NOGRAF'I 12:: Ll"-HRIII 
DO 1 811 n J = I1 • I:> 
T'l Lir.PAFI JI 
tll =- 13/lCIOCC 
.,T = IJ - tti•1ooor 
TII '!' t Ci • 1 
0" TO l1SZC'117f:ll,178f',t770,17'l0oHl0011810I ,Ill 

1760 A ::SUH"-flJ I 
Of' TO 18\fl 

1 TT O A= '5UHPPt Tl J 
G"I TO 18r 

11'8 0 • :: <;,T NG IT ll 

0" TO 18 "11 
17'10 A:O[CPftJt 

on ro TI\Jl' 
1800 A-::PPTPfT31 

G~ TO lllliO 
131 0 A-::-OMORf.l I3 I 

Gr'I TO 1811!:! 
1820 A-:: Pt:!TOlrTIIJI 

Gf" TO 18l!O 
1930 lFIMA.GT.01 GO TO 18IO 

A .. AXIIIl=A 
AHINII I I=• 
r-.GS IJ ,t t= A 
"'A :: HA •l 

LAAO FTGSIJ,JlO: A 
'TF IJX.L(.JYI GO TO 1860 
JXJ:JX-1 
100 = I A - FTt'"-fJ,Jt'-111/f'LOATIJX - JY • 1) 
8100 -:: FIGSI J, JY-1 I 
DO 1 BS O K = JY I JY. 1 
P:100 -:: BADO • lOO 

1850 f"TG<;IJ,KI =- 8100 
186 0 fOHT TNIJE: 
l 97 0 AH AX II 11 =A HA Xl I A HA XI fl I, l I 
Ul8 O AW IN I I II -::- A HI N1 I A HI NI II I • A I 

GO TO 17!,('I 
1sqo.rr=Jx•1 
190 0 C:ONTINUf 

Or- l '31 r, t: lt LI f'IH>O 
1910 OfCPIIl:C 

:?f'fHOE8UG.l..(.QIGO TO 1"20 
NDC6UG =- r 
If' I ClOAY.GE.HO[BUG).U,O.IIDAY.L(.LOEBUGJI NtrBUG = 1 

~-----------------------------------
c STATE VAR!ABLES H.lY 8[ DUMPED ON LOGICAL UNITS 10 ['TC. TF NErnrn. 

~-----------------------------------
19?0 TF (KOUMP.l[.CI 00 TO 19110 

tr IIOUHF"'f.A)UHP1.r,T.TOAYI ro TO l'l!W 
l)EWINO IOUNJT 
\IPIT( II"-INITJ <;,TA TE 
["10 F'ILE IOUNIT 
WRTT[ 16,193CI IOAY, TOO"IIT 

l'lJO rl"RHAT 1•1-STAT[ VARIAeL[S OUHP[D AT DAY", 15,• OH UNIT", IJI 
JOUHP = ..IIU"4P • 1 

IF I.JDUHP.GT.KDlHfl KOL"4P = fl 
TOUNIT = 10UNIT ♦ l ~-----------------------------------

c 1T OTH[R «:;(CTIONS OF o::;TR[.l.H IR[ TO 8( STt4U.AT[D, t"IOIMSTPS-AM 
C f'LOVING .,.nr vAr>tA8l[ ARf SAV[O 0'1 TAP[ 

~-----------------------------------
1':WfO lf-"!Jc:;AVE.L[.01 GO TO 195'1 

CALL TNOlJTI0,8,FLOGOCll,Nr>ASSI 
Tf'ITOAY.((I.NOAYI CALL RF"WNOl8dl 

1'350 TF fI~fNSf.EIJ.O t Ge' TO I'll;(' 

~-----------------------------------
c TF SENSITIVITY TfSTS AR[ TO 8[ P[RrO~M(O, n-1[ CURl"!'NT VALUrS 

C or TH( VAr>U.!l.ES REQUTRf" ARr R[COQQ(O 

~-----------------------------------
TSW = 1 

NA J'l..,3 
Hl3"3711 
Ml JG TS 

I03tHF; 
HA Jg 7l 
HI 3~7!1 
HA 3!17'3 
HA l"'Pf1 

"" 3q91 
HA J9fll2 
HA 3<tl'3 
HA 3"tflll 
HAJ~u. 
HA 39fll(; 
HAY31t"7 
HA3,•P 
MA JC)•" 
MA!q~ 

"' 3'095 
HAIIOOO 
HA'° 05 
HA IIO lr 
HAIIO 1-; 

""'° a, MA 110 ?S 
HA.1103:) 
NAIIC'J5 
MAIIOIIO 
HA 11011115 
HA f() 50 
MAIIO SS 
MAIIIOF;f' 
NAl()G'i 
HllilC 70 
HAII075 
IUII080 
NA IIOtS 
HAIIOGI[) 
NAlll0G5 
MAlllllr 
HAlillOS 
,uu10 

HAllllS 
HAU 2f1 
NAIil Z5 
HAlll JO 
HA'1J5 
HAlllillfl 
HA 1111111:. 
HAU!ll 
Hlilll5'5 
lltAU6f' 
MAU6!
l'llUlr 
NAIil 75 
HA41 l'f1 
HI 1111 "5 
Hlll]qf/ 
HAlll ')5 

MAll2()['1 
HA 112 05 
HA 1121.n 
HAlll215 
NAll2'2f' 
HA 42 25 
HAIIZ Jn 
HAll2 J'S 
HAIIZ IIO 
MA 1121115 
MA 42 50 
HAll2r,5 
HAlll2,:.f' 

"" 1112 f.'5 
Ml lfZ 7f1 
HAll?TS 
NAlll2f!O 
HA 112 •S 
HAlll2""1" 
HI 112a5 
Hli113m 
HA fllO!i 
HA 113 tr 
NA 11315 
,u113zr 
MA 43 25 
HA 11113 Jr 
HA4J35 
HUlll(I 
HA 43 'IS 
Hlill3!i{J 
HA IIJ 55 
NA IIJ6C 
HA't365 
HA 1113 7n 
HAll"75 
1'01113-0 
MAll!lilS 
HAIi:'$ 
MA lf3 oS 
MACJ.1100 
,uooc 
HAlll'I IO 
HlC!II 15 
HAillq 2r 
HA'll ?S 
,u11,~ 
MA" 35 
HAll'll-c) 
HA till II"' 
1Ullfl50 
HAlllf s:5 
HA'lll r(' 

Hl 1M E,-; 
Mlillll7f1 



r,,- 1 95 2 t= l• L! HT 0'! 
1952 SUHSII)::<:UJGIT1''AC1'r1 

(;"LL S(N"t.lT IISW,TOAY,TRIJNI 
'lf"' 195-. t::t,LINT0'" 

1'35q <;Ul'SCIJ:'-\.Ht,c;;(T) ♦ fACTD\ 

1960 Tr III0AY.LT.HRrr1rnrr11.AN0.1IOAY.LT.N0iC'!'H r-o TO 1160 

~-----------------------------------
If" A TABU...AR R(PMT I<: RrouTR[D u fl.ITS STM:l( OF 1'Jil'" 

<;'"HVLATTC'N, IT I<; PROOl,.Cff). 

~-----------------------------------
!F IINOP(P.(0.11.oR.t»oorr.:0.211 Gn Tl'I ;:r,~ 
WPIT[ 16 ,17JC1 fll.ACflYI, t:1,201 
l'('IAY ;:- I:>"Y - JOAY 
rr INSH0Rl",[0.0I GO Tf' l'l80 
WRITf '6,1910 I Kr)AY, O(CJANOIONTI-q, NIJl"'l'IJN, lYR 

1970 fOl?HATf' R[:PORT W\.t(N STMULATION rNO[D AfT[J?- ,!Sr• DAYS, !,[.JUST 
l"!.>IQD TO • ,Aq, I!, IS) 

G<"l TO 2011"' 
1980 WRTT[l6,l')'DI IRrp,Q[CJ.Ol(HCNTHl,NUHN0N,lYR,ICDAY 
19'3D f0PNAT f'O<f(PORT NO,', 13, •ON•• Aq, 13, Js;,• IT.[., ArY:[R',t'4, 

1' DAYS or SI,t;LATTONJ'I 
ft:'" 1rRAC,GT.r:.oor15,1 WRTH 16,20001 FRAC 

2000 l"f'PHAT I'•'• 6GX,' • •,rc.3,• OAV'I 
TREP = tPrp • 1 

2010 CALL R[PORT 
TF INOg'("',L[,CI GO TO 2CJO 

~-----------------------------------c THE CPU TINER IS RfPORT[O ANO R(-S(T, ANO 
C TH[ STHULHION It;: C0)4TJ\/U(D UNLC'iS COHPLtT[ 

~-----------------------------------
20:ZO roRHAT t••·•IOTX•FlC,J,• S(CONO<; [LAPSED'l 

T1'HCR: fXTlH(I0I 
WRJT[ t6 •20201 T D'[R 

2roo ... r 1ro.u.Lt.NOAY1 GO TO 11iro 

~-----------------------------------
c ... ,- SIHutATJQN rs C()tptf.T[, ANY Gt1APHS R[0UPHl> ARE PRINtrf'I 

~-----------------------------------
!:" = 0 
Tf" IN0GRAF,L(,01 GO TO ?120 

C, •• •••• .. ,LIN[ GRAPH$ 
DO 7110 T = 11 N0GRA' 
Tl : I 2 ♦ 1 
... , = LI<:TTRtH 
T:! = Q 
00 ? 08 0 K = ll I T"' 
T1=IJ•l 
00 2 Q(J 0 J ::: h 5 

2040 f'tPLAIJ,PI = t:xr\..ANIJ,KJ 
Y" AX ::: A NA XI t l I 
YHIN ::: AHPHfT I 
JF'IIOR!G"l'.NII),N[,:![R0l,0R, lfYHAX.GT.r. I, IND, IHITN.LT .r..1 nco To 

l ?07 0 
TF f YH AX l al 5n ,2 D7 Ot 20 60 

2050 Y•AX::: 0, 
en TO 2010 

2060 't't'IN ::: r, 
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~A c,q 71 
HA lil'i 7? 
HA 'i11-Y<: 
,.. C,476 
MA 'IC! 77 
HA" er 
HA qc, eo:; 

"' 1111 T. 
HA 44 95 
HA C15rt'l 
HA C15 QC 

HA45]1"' 
HA 115 Jc: 

"" 11152n 
HA 45 ZC: 
HA 115 :J) 
,,u,.53.:; 
1u11c;11r 
MA '15 '11;, 
HA 'tS 50 
MA 115 !"5 
MA 'lS 6J' 
l'IA'15F5 
"4A CIS 7T' 
MA ll5 -,o:: 

10. 1151'0 

"A 45 85 
HAIIS~ 
HA'ISC!S 
MA46(D 
101£,~ 

HAllf,lC 
HA11£;15 
Hllf-2(' 

HA 116 25 
Ml 116 JO 
HA 116 35 
,u1161W\ 

IU'l6'15 
HA 16 rr 
HA 116cc; 
MA46f0 
1-u~r.: 
HA't67ti 
HA '16 7c; 
MA '160f' 
"IAll6oc; 
Ml.\6<K't 
NAC16'J'.'
"'"lr'Y' 
10 ,1oc 
lllll117 IO 

"' ,11c 
,.. '172'1 

"' ,125 
HA,, 3f': 
Mll'l7Jc-, 

2010 no zoer. J = 1, 1r 
20')0 F'TGllJ,JJ: FlGSU<,JI 

0(') 7 09 0 J : I 1 :! 0 
2090 f'TTL[I J1 ~ TITLC:SI I,J1 

no 2 JO o J ::: 1, 1 r. 
11DO YTlTL[tJt: UX!S<;;l!,JI 

f.l0sYM ::: P 
CALL GPAr 
TT (N0'S[ro:::,L[.01 Cl0 T" 2110 
fYN[R::: rxTIN(IQI 
WPTT[I 6, 2(' 20 IT ~fll 

2 11 0 CO~T TNUf 
7120 rr (NOHlo:iJ,L[.NOu->Art 00 TC' 2210 

C, ........ ,BLOO< GRAPHt;: 
Tl : I7 • NOHIST 
T"I ::: I 2 • 1 

k ::: NOGRAf 
2 1J o rir, ;, 20 ri 1 = 12 , n 

k :- K ♦ 1 

Y.,U=ANAXIIKI 
"'l'ITN:: A"1TNIIKI 
JrllOOTCTNl!l,Nf."(flr'I .OR,HYHAX.r,T,0, I, ~0. IYl'ITN.LT .0,JllGO TO 

t "']60 
Tf" t THU I ?1 CIQ ,216(;,2) 50 

21C,0 Tl"IIU- = f'. 
Cf\ .. O 21 6C 

2 15 0 't'N IN ::: r . 
2160 ('In 217(\ J: lo 1C 
7 17 0 '(00T I JI - rt~ I I ,JI 

or 21 so J : 1 , 20 
7180 fTfL(IJI :- TITLfSIK,Jl 

0" 21'10 J: ltlO 
Zl'JO YJITL[IJI:: YAX!SSIK,JI 

r,A LL 14 ;c; ~ 

c-------- - -- ------- ------ - - - -------- - -
C nir CPU PHfq IS ~rPORT'(O AND R(-<;[T 

~-----------------------------------
Tfl"'(P:: 'X"TJH(IOJ 
WRIT[ I~ ,.,C2Dl T l"'fR 

:!200 C""f"lNU[ 
2210 CONTINIJf 

TJ" IT<;fN.-.-.[Q,01 C::TOP 

~-----------------------------------
•r '-CNqnvITY rrsrs Al£ RC1vuto, TH£ SU3Rourntr sn.iour 
ff" CALL["! TO R[CORO rINAL VAlllfS or TH( VAPIABLE''S, ltll, Tf" THE 

C LAST RUN ~Ac:; S([N t:O"'PL[TfO, TO PD'!NT Ctll fH[ Rrq_ius. 

c- ------- - -- -------------- - - -------- - - -
..... w : 7 

0" 72?0 t-::1,LIKTOT 
21'20 c;;ul'ISIN::'"UHS!lJlfACTPl 

f';ALL sn,our c:.:sw,IOA't'.IRONI 
"'RUN :: T~l"I • l 
.. J" l!PUN,L[,'T't GO ff\ ur:r 
C::TOP 

'"" 

Hllillll() 
H~ 1f7 CIS 

MAO!'iti 
MA Q7 55 
Hl.\7'"1'1 
NA ti7 65 
Mlll7lf' 
HA '-17 7~ 
HA '-17 •r 
HA '-l 8"i 
HA Ill 90 
HA,7"" 
HA '18Dr 
NA.\80r 
Hl.\810 
NA 1181" 
MA'fll?O 

NA 118 2'5 
l'Uti•JT' 
l'IAll8Jot 
,.All8-0 
NAIIBCIS 
Ml'" I:{! 
"A ,ec:.: 
Hlqe6('1 
Ml lt8f;C 

MA'l"m 
MA'-8'7o:; 

"'"~"r 
HA q!! 85 
HA ll!Of' 
MA IIA ~5 
MA 11n()" 
HA Cl'30~ 
MAll'llf! 

"" ll'l 15 
HA ll92f' 
NA f.1'3?.: 
HA 4q 3) 

NA 4q 35 
M• Q'ltll"i 
Nlllqtlf 
HA '195{'1 
NA 11q 5<; 
HA II" fl't 
l"'l ll"'f."i 
HA'l')70 
NA C19 lS 
NA Q""~r 
HAlt 0 "1 
HA,.,. 87 
HA '198c 

:-C.lllqt'f' 
HA'1q<>5 

HASOn" 
,u "i0(15 
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APPENDIXC 

Listing of the Subroutine REPORT 

~UBROUT'!Nf R[PORT ~-----------------------------------
c CrHP10N RLO(J(,;-/PROSUH/u~ROOUC/./POOOCM/ OCll. VITH PROOIICT:VTTY 

C I~ THE SY"ST[H. ~-----------------------------------
cnHHON/PROSU Kl PV TO Tt q I ,P (HOT 1 ft I, pt, TOT'i 11 !' ... 4) tP AT 0 .. A( 4) , PV'iUH ,,. I, 

tPRSUHI ftl ,PASlltS( 1': ,q I, PA SUMA flt I 
COHHON/PROOUC/ PC vr GI '\ ,1 ,4 h PCBIOH 14 o, II\ ,P CAM' Tl :c-, 41 
COHHON/PROOCI-VCVf(;Pf ~,t,tih C8[0HPIIIO,!fl,C11;8!"'TPl:0,-.1 
COHNON/OTI-l[R/AV[INOI tir I 

~-----------------------------------
CONNON ALOC1< /TOTALS/ OONTATNS SUMS OF' HC S U.T[ VIR!I.BLfS, 
T"G[TH[P WITH C'[RTAIN OTHER VARIARL(S RfQUIRING rnn llLIZATl""N 

C PUT NOT !l,ICROtENTATT~ AT (I.CH TTti!f UNIT, 

~-----------------------------------
C:OHHON nor .IL SI CV [GVI 1, rn ,CYE:GO f e, ll) ,{" Vf (N 01 ,., ,P: PTNQ Tl 6 I• 

lVPINRTI 61,P!NRTTI 61,AOUATTlftltWDINRTf 61, 
7 C8l()HAlts),Ct.T"T1'-1 ,roqcy .. ,. 
3 T"' T1 q1 , PO P'S Pf 15 I, AN Jw 11 5, If) , C BA CT ll Ill •TOT IL t• I 

~-----------------------------------c COHMON ~LOCKS/PRINTS, AND /PRINTP/ &RC STAT[ VAPIA8Lrc:: Cl'HfV'"RT[O 

C Tl"I OUTPUT UNITS. ~-----------------------------------
COHMON/PRINTP/APVtG( 8,1 ,11 J,APBIONIIIO,IIJ •APB.I.CTI J,fll 
CONMON.rPRI NT SJ AC VfG( 8 tl 111 h •coqGc 5, fl) .... PO Pl I() J, AC ijf OH 11110. Iii) 1 

1 UQUAI Ill ,A Q. TT 15 ,III, AC8ACT 13 ,fl I, .U.Qt1A8 llf I, 
?A\/OlNRI 61,AwPlNR(S, tl,ABCINQI 6),ABPINJHS, f.l 

t:ONMONl'[VCRTUAGATNT!fll,H7CTOT,CGIJNH 61,00lllfTC 61 

~-----------------------------------
c TH[ COHMOH BLOO< /NAHJ'"'-/ CONTAINS TH( NAH(S S1£0VIRrn rnR 
C TA BULAT[ 0 OUTPUT 

~-----------------------------------
cri HH OH IN AN (S /'"' OH NA Ht 76 A I, BA CHAN n ... I, VSPN '" I 8, 71 ., Sr>NAH I 1':;_ • 7 ,. 

lORGNAHfl,GJ,rRANAMC 11,Jl,ALINAHl5,til,OINNtl f.,JJ,PINA~I 6,31 

7 ,c;TRNAl"II 5t JI 
c------------------------ - - - -------- - -
C COMMON BLOCK /ACC/ CONTAINS ACCUHULATtO OH,'H1·s, WHIOt "'AY 8[ 
C ,.,...GATIVF, CONMON BLOCK /ACCTHC/ CONTAINS nH lNCR(NOHS to Tl4( 
C AQRAYS l"I /ACC/ rc-R A SINGLE TIN[ UNTT. 

~-----------------------------------
co""ON/ACC/AGAIN(l]t'll,H?OtlJl,CCatNfl'l• 6),Qt:AINllJ, 61 
C'O"NON/I.CCINC/I.GAINOltJ,ql,H20QQO(lJhCC:AINQH3• f.t,f'ltlU'IOll~• 61 

~v----------------------------------
C Ct'NNON EILOCK /SP(C/ r,)NTI.TNS SHCTnCATTONS ANO 0Tt£R IN'"ORMAflON 
C COM"ON TO TH[ wwa.c <"fT OF PIH'IGRAl"IS, f'IUT £XCtUOINi1 O::f.l,T[ ANO 
C D'OGENOUS VAPIABL[S. ~-----------------------------------co HHON /<: Pr C/ NCH .IN , INS T"U I 20 h WAT CR ,N SP re: v. NS Pr rA ,NOR GAN. 

1 PH\hPHB, N:>Lll ,'ICH[CK,IOAY, ATOT, .-roTO,TYROU,NRf"'(H201 
2 ,NCOHf 15 I• LI<;C OH 111 0 I ,NCO'➔C UI 151 tNCCIHOR ,NSPC-OH, NOES LG 
J,FLOI/T,HTrROB , MONTH ,LOOJ'[R,NSTRl"H,.J<"AVr 
11,NS:UBSToC'YC\_f• NnLJTl,LOOr>, TRUNt'-OURl"'.ff5,I-C) 
S,TDAYPR,WIITTOT ,NPRTl2"6 I ,RfACH,NPORT,UHN,f'LOil<: 
6 ,Nr~ELN, IS TRTN ,I NORGP, l)lnRGO ,NO NOA" 112 I• MJ tf'I ON 
7,KORG~W15t4ltKINRGPfo;, 61,KINRGOf'S, 61 
B,NOPIFHfJl ,NORIFl.11101,t()RffVC .Ill 
,,NTRIB ,lfORrl,T(,,.PW,T£l1P8,NPASS 

~-----------------------------------
( COMMON BLOCK /c;Ttl/ CONTIITNS THE SU.TE Vlf?UBI.£<:, ANO /CHANOr./ 
C TH(IQ TNC'R[NDITS OR "Fr.RrN[NTS Fon Tl-£ t.URR ... "IT TTH[ ~IT. 
C ------- ----------------- - - ------ -- - -

Cl'ltlHON/S TAT/ CV[C ( 8, l, 41 ,CMG( S, 111 ,POP flt Cl ,C qTOM !If O, ,1 ,AGUA! It) t 
1CLITl5,1tl,CBACTl~,O,AOOA8lllltWOTNRI 61,WPINP15t 61t00TNRI ,;J 
2 ,P.PINR IS, 61 

cnNHON/CHANG (/ cvrGDQ I 8, lt Ill ,CORGl)'lf 5, .. , ,P~GO CH 'iO I, r.R 10.,t) llf o, Ill 
l ,AOU •no1 ltl ,c LI TQ QI 5, 41 ,C BIICTOI J, "' ,AOU ABQI Ill , 
?WDINROI 61,WPI~OIS, 61,BOINR">I 61,"'PINRGIS, ~I 

~-----------------------------------c Cl'NHON 8LOOC /DIAGR/ COITIIINS INf'OR,.ATTON R(Qtl!R[l) FOP GPAPHS. 
c-------------------------- ---------- -

CO l"IHON /0 TA GR IF IG I 8 ,7 DI ,E XPLA I 5, 8 I, Tl fL E' I 20 I, YT IT lf 11 01 , 
1 'tQOTI n t. XHAX, XHI--i, YNAX, VNIN, NOSV,., INITYR 

COMHON /Pl4Y S/ FL ow ,P (RIM tOE'P m. WAT SY s, V(LO CT .... P( A. wr QT H 

~-----------------------------------c COMMON BLOO< /HETfOR/ CONTAINS THI'" VALU£S OF' FJl'O(:rNOIJS YAPIABL(S 
C roR rnr CUAR[N t TI Hr UNIT. 

~-----------------------------------
r.('IM"OH/Mf'T(OR/VlRRir., RUNSOLf'JI t"UNO[Bf S, ltl ,OARATN,!'AY"UN, 

lRUNPNRIS, 61 ,R~ONRI 61,0USTIPCS, 61, 
2 TRf'LOW ,T Q) HP NI .. , ,T 0( TINI 5, .. , , TOR!F VI 8 •l t4 I• TORirO Ill 01 , 
lTn'llf'AUfl,lt),TORif'Nl,,lll,TPNOOGf5, fhTONORGI 61, 
llrVAP,RAINOII 61,0APHOT, 0AYRAO,OAOUST1S,ltl, EYOCIIIOltRATNCOl'II, 
5FLOS[C ,t OHPINI 141 ,O[T TN IS ,II I, ORIFTV I 8• l• 'II ,0 PJ FPOI IIO I, 
60RIFTAhO,ltl ,DRinHIJ,lll ,PH,PNORl'fS, 61,()NORGf F-1,VT[HP, 
7rLOWTN ,X COKPNI It) •Jl''l(TTNI 5, 4 I ,XDRIF' VI 8 ,1 _,. I, ~RIF'O I" 01 , 
8X0RlFAIIIDtlll ,XDRP:-H1,:,lll ,)IJ>l-4.XPNQPt':(5, 61 ,XONOAGI 61,XWH'HP 

~-----------------------------------c Cl"Hl"ION BLOC< /PARIIM/ CCNTIIINS- TH( VALU(~ or PARAMETERS usro BY TH'" 
C PROC[S'i SUBROUTINrs. 

~-----------------------------------
DA TA BLANK/' • / 
DATA souqC(/ 'FROl"I'•' TH(',. ATM','OSPH', •ER£ 

1 •ro T','H( A' ,,T,.os•, 'PHER•.•r 
2 •rROM', • OVP ••R..AN', "I) FL','OW '• 
l 'BY W'• 'AT(P 1 ,• q(H•, 't'IVAL'•' 

•rRrH•,• IJPS•,•TR[A•,.,.. 
•TO U 0 ,'PSTR','[A~ '•' 
• fR o" •, • 00 w• •' NS-TR •, '[AH • , • 
'TO O•,•OWN<.i','TR(A',"'t ••• 
•rRON', • TH[',• .-TR', '[AH• •'B[r> 

') 'TO T','H[ 5-','T"(A',.,. P(','0 
11,•rlH'IN•,• TRT', '81'111','Rtr<;•,' 
s•To • ,. TPIB•, 'UTAR' ,'I[<; '•. 
C'CH'£M 0 ,'TCAl'•' CHA','NG('-',' 'I 

10 tr (NOSfC<;.L[,01 co Tn J(' 

TTH[:; f'YT!M(IOI 
WP!T( 16,,01 Tt"'r 

20 F""RNAT I• •, lOJY, flC.J, 'c;cco..,n":. [LAPS[O' I 

~-----------------------------------
( TH[ STU ... \IAR!'ABLE'- AR[ POINT[O. 
c- ------ -- -- ------------- - - - -------- - -

]0 Ir fNPRTU ,.cr,.o, GO TO Fr 
WDfT(( 6, II(' I 

R('("(''i 
RrotO 
P(J) l"i 

•oo.,,. 
•m"' 
t:l(l)Jt' 

•oo" 
RCDlfO 
PCT If~ 
POO 51' 
P{D S5 
R006r" 
ROCtS 
•ro ,r 
PCI! 75 
oro..
Rre 85 

""'"" •ro"' 
•mm 
•m cs 
Rrll(' 
om 15 
Olll aJ 
Rm2~ 

.l!l" 
ROl JS 
R Cl"" 
Pmris 
Pm~ 
DCl ir5 

Rf'l60 
ROl 65 
Prl 7r 
PCl 7c; 
RCl1'lO 
RIDA"' 
RCl "<' 
POt '.35 

•cz"' 
t:102('5 

R02 t0 
P(l2 15 
PIIZ ,o 
0(2 25 

•02"' 
RUZ JS 
P02110 
R02 flS 
002"0 
P02 c;-;. 
Rl'260 
Rcrz,:5 
OIJZT() 
RCl2 75 
PC2•0 
P02•5 

POZ "° 
R02 '.3'5 

""' a, R 03 05 
OIIl 10 
PCJ15 
RCJJ?fl 
R037~ 
R03Jr 
ROHS 
PID40 
RC]~ 

"°'"' RW 55 
R036n 
PCI3 65 
R!Il 70 
RQJ 75 
ROJB<" 
Ra385 
RCJor, 
R03'5 
RO, a, 
ROIi C5 

""' 10 
ROii 15 
PO. ?0 
PO. 25 
RCll:"D 
• .,. J5 
RO,'() 
ROflflt:; . "'"' 
ROCt 0::!5 
RC416r 
ROtl65 
Pl,. n, 
PCII"-;. 
ROfl~ 
ROcit~ 
R['q ... 

po,q "IS 
ROS C(' 
RC'5Cl 
ACO: 0 .. 
Rosr, 
POSCIJ 
OCJSO!i 
RC5IO 
t:1('5]5 

RC520 
•as 7" 
RO'-'.'J'I 
RC"S 35 
P('Sflr 
J'Q5fllr 

fl0 f('!RNATIJX,'N(IIN D(PTH'6X'M(AN FLOW'6X'"'[AN WTOTH 16X'~AN V[LOCIT'I" 
16>: 'TOTAL VOLLI"'(' 7Y •ARr A' I 

WR IT [f 6, 'II IDEP TH ,r lOWT N, WTOT 4, V[LOCT ,W Ill SYS, AP[J 
50 rrR11unx,rs.2,• l"'(TrR<;•,Jx.rG.J,' C:UN/S',SX,irs.2,• HETERS•. 

l'iY,F6.J,• HPS•,sx,r10.2.•cu.11•,1x,r10.2,• so. M.'1 
6 o co-:T INlC 

flTOTPR:Q 
0010 J:? •1 0 

70 NTOTP~=NTQTPA+NPQTC!) 
Tr (N TOTPq. Lr .C JG ('T 07 eO 
Jr(NPOAT.(Q.31 GO TO ,r 
WRIT£ ft,an, R[ACH 

8D rORl"IATf'('1'>£ FCl.LOWING CONSTITU[NT<; AR( OPGUf1C ANO IIRE pornyro 1i 
1 GRIIMS f OR KCIIL. I P[R <;'l. N(T[R, AV(RAG(C OVfR • ,rf.. 1, • p,l(f[qs or 
zcyC(Al"I.• I 

r,n TO 11 0 
'JO WIT£ 16,l(I)IP[AC:H 

100 rOPMATf'CTt-£ FO..LOWINr CONSTITU[NTo:; ARf O"G.lNTC' A"'O 11,R( P"tNTfO JN 
lGRAMSfOR KCAL.I P(R CUBIC H£.Tr.R,AVfRAG£0 CVEP•,rr.1,• H[TfRS oir 
2TP(AH.•) 

110 CONTINUf 

C .......... PLA'IT CON"i"TTTU[NTS 
12 0 Tr: I NC.PC CV.LL 01 GO TO 1 ttO 

Ir1NPRTl1J.[O.OIGO TO 2110 
W"ITE ff.tl El 

1]0 rnR"Uf'CICON'iTTIIJfNTS (1F PRll"IIIAY PPnOUCfRS•I 
WRIT[ 16,?60I (IF'R.lNIIMIT,JI, J = l,l), I-:: l,NF'RnMI 
or 190 I= l • NSP[C:V 
WOIT[ 16,tl!OI CVS"'NAl"III,JI, J: l• ~, 

111 0 1'"0 QM AT 11 X, ~ All I , 
IF INORGAN.GT.11 GO Tr" lf.f' 
WPIT[ lf.,1501 urvroct,t,KI, l(:t,N,.R[L") 
GO TO 1'30 

150 ,.ORNAT I'•'• 26X, tFtz.r;1 
1G O 00 1 70 J : l , NO Q(; IIN 
170 WRIT[ f6,1SOI (OOGNAMIJ,KI, K = hf.l• IAC.V£G lt.J,Kl ,K:t,HFR[L.,.I 
180 rORMATf3X, 6M • 8f17..51 

vPIT[ f6,?00I (CV(OOCI,KI, K=t,N"'[LNI 
110 CONTINUf 
200 ,-Oi:>!'AT f 12X, 'TOT,tt '• 10')(,81'"12.51 

VOIT[ f6,2Wl 
210 rORHAT f'('A&,.L c;:P[CirS'I 

JFINORCAN.LE.11 G1' TO no 
['10 22'0 J=-1 ,HORGAN 
VP IT [f 6, 18 01 fO RG NII HI J, KI , K :;'I ,fi I, IC V( GY CJ ,K I, K= 1, NF Rf L" I 

ZZ O CONTI NU( 
ZJO WPIT[ (6,100 I ICVfGVOIKI, K = 1,NF'Rfl"I 

C••••••••••ANil"l~L CONSTlTV(NT<;'. BY SP[CIES ANO COHOPT. 
2'0 IF" IN<:;"(CA.Lf,01 00 Tt' t;OO 

lFfNPRTfJI.EO.OI GO TO 180 
WOIT[ 16,1501 

2'50 FORMAT f 'OCONC:TITil(NTS OF ANIMAL flJOMA<:S'l 
WRIT[ 16,2601 11rAANA-.IJ,Jlo J: l,Jlt I-:: 1 ,NFR(ll'11 

260 F'O»NAT I l'lXt ?IIAIII 
00 l 110 I -:: 1 , H5 "'[ CA 
Kl =1 
~FII.GT.11 Kl=NCOOCUII-tl•l 
K2 =NCOHCUI II 
WRIT El 6, no, I AS f'NA~ I I ,JI, J=l. ,7 I 

VO F'ORNATI' • ,7AII I 
280 FORIIIATl5X,7Alll 

JF(K2.GT.KJ) GO T('I JC" 
WPIT[ 16,2311 IACBIOHIKl,Jlt J=t,NFR[LMI 

'2'30 rnRl"IAT, •••• 2'6X, ~F']?.61 
GO Tl) 311 (I 

JOO DO J 10 K -:: K lt '< i' 
t:LISCOH IK I 
WR IT [I 6, 310, ICOH ~"'Lt JI ,J =l ,III, UCB JONI K, JI ,J ::1 ,NtR (L'4 I 

Jl O CONTI NV[ 
J20 rnRMAT f 5Xt ...... 6Xt -,n2.r1 

WRITE I~ ,370 J IANtMI T,Kl ,K=l ,NFR[LMI 
330 WRIT[ 160:1'.SOI 
llf O CONTINUE 
3'50 HRP'l.ll flH I 

WRITE 16,:JQ) I lCPIOHA(l(l o K = l• NrP[LHI 
360 roRHAT I 'OTO TA Lt AU. SPECIES •• !U, •n2. 0 
"370 P'RHAT I lOXt 'TOTAL' ,17X,!'Fl2.6I 

C. •• ••••a• .ANT HAL NJte(Qo:; PY SPECIES ANO COHORT. 
no IF'INPRTf u.[O.CIGO TO 500 

IF CNPORf .( Q. 31 G ('I TO II !"IO 
WAITE t6.~~I R[Al"H 

J"JO rOPHATl'OPOPlA..ATIONS AR( PRINHO IN NUHBP,S WR SO. "<Tf.P, • 
t,'AV(RAG[O OVCR•, r6.J,• HFT[QS OF' ~TREAN.',t,• AV[R.llt[ wrTGHTS R 
2r [XPR['io:t:O AS GRAHS OF CU130N (ORY WT.1.•1 

GO TO fl10 
\CO wRIT( IS ,II 10 IRUCH 
"'10 roPHATl'A'DPll.UIONS ARE "'RINTCO IN NUHB[PS f'ER OJqIC Nrrrp, • 

lt'AV[RAG[n OYER', r&.1,• N(TrRS "1F 'STRrA11.•,1,• AVCRAG[ W£TGHTS II 
2f (XPRE'<:<:£0 AS GRAHS or CA1130N 100v WT.I.' I 

112D WRIT[!6,UOJ 
430 F'OPNATti:Qx•POPtt..ATIONC"•12x •wT. or lV(. IND.' I 

0" II 'Jr T -: 1 , NS Pr CA 
Kl = 1 
Tr II.GT.1 I Kl-:: NCOHCUIT-11 • l 
w;> : NCOHCU( II 
WRIT[l6,Z701 lASPNA.14fl,JJ, J=t,71 
Tf" IK 2, GT .I( 1 l GO 1"0115 0 
wonc 16 ,ltllO Ill POPI Kl,. AVrINO IKtl 

"o rnRMATI' •• , 26X,8f"lJ,&I ,17x,E111.6I 
Gr" TO flqn 

\50 .,,. q6Q K = )(1, )(? 
L=LiscnH II( I 

'60 WRIT[ 16,11701 tCOHNA141L,Jl,J=t,lfl,.IPOPIKJ,AV □ NOIKI 
1170 rr,RMAT I !SX,lfAlf ,6X, f13.lftlZX•fllt.6I 

W"!T[ 16 tll 8C I POPC:::PI !I 
11!0 F'OQ.,.11,f I InX, 'TOTIIL •, ~ "'Y.,~r13.111 

W"Il( f6,JSOI 
11,0 Ct'NTINUE 

c. ·········Cf!N"'TITU[Nfc:; or HrtfROTROPHTC .-1rROORGlN!S .. S. 
500 TFINPRT(51.(0.r1co TO 9'i0 

R05"'0 
P05 5!; 
RO,<tl 
R05~5 
ROS lr 
POS 7ir 
PC'iBr 
P05ft'
t:IQS"J' 
P[)!-O!I"' 

""'"" Rr6nc 
R(l;JD 
IHX.15 
PC6'f' 
P067"i 
P('f,;.tf' 

R06 Jir. 
ROG4ri 
P06llo;; 
R0651"' 
RQGCo; 
ROHO 
POf.6'i 
POf.70 
P067'
ROG.IIO 
ROG.lt5 
PO<'!!l 
t:!fl69S 
RC7Q'l 
PNCS 

""' 10 
RC'71S 
RU720 
R072S 
Rf17 Jf' 
P(Tl ,c;: 

R07fl0 
RrJ7tiir 
A:01"'{? 
R07~°' 
P01fi0 
P076S 
R07 7(" 
RQ7 'T'> 

P('7~(' 
RD7 i,o:: 
Rl'l7'Jr. 
R0795 
PCBC,, 
P0805 
PC!810 
P 08 15 
RO, 2Il 
R087'i 
R08 Tf" 
R08Tlj 
PD8110 
P08fl'
RO•a:Q 
Poairo:: 

R('86" 
PQ865 
R01'110 
ROS~ 
P08fl!I"' 
R08PS 
R0891"' 
R08q!i 
RC9CJt 
Roqcs 
RO"IJO 
P09Jo; 

R0'3'"' 
R('a-:05 
Rl)q,0 

R09"r5 
R09flC 
PO'J•"' 
RO,~O 

R0'9SS 
Pog6r. 
RO,f;C 
R0'.371'1 
Rr.<?7'S 
R['lq80 
PMA«: 
RQ9'Jl"I 
RO'JQc; 

R 10 CY: 
R 1D 1'15 
PJO Jn 
RlD 1S 
p"',... 
R 107,; 
OW'!l 
PWJ'
RlDllC 
RlC tiO:: 
P lOSf' 
p 11' 5<; 
R lf"6f'I 
R 1or-s 
RIOTn 
P 1r -.ir 

PIO 8C 
n JO!<r; 
PlOSC 
PJr'JC.: 
Pll or 
P 11 oo:: 
i:> 1110 
PU 10:. 



W"IT[ f~ ,S lC I 
510 r"RHU I 'C'C:)NSTITtlfNT~ OJ" ..CT[ROn>OPHIC HTCROCR<;,.NI'-HS 'I 

WDIT[ 16 ,'5 20 I (I fRANA"I II ,JI, J=t. JI ,T::1 ,NfR[LM1 
520 rrtONAT ,. HICRoeIAl TYP[•,13,c,zq.uI 
SJ O ff'P/1 AT 11 ?X ,• TO TA L' ,1 OX ,8,- l 2. 61 

l'f' SqQ T=t ,HICRO" 
Wfl'ITr I6.-JZOI lBACNA~C I,JI ,J=l,(JI, UIC8ACTII,Jl ,J=t ,Nruru1I 

5',10 rOW'INU£ 
WPIT( I6,5:1:JI ICPACTT<Ml,K:-1,NfP[Ll-'I 

c ••••••••• -suc-Pf:NOfO OE'TRITUS CCNC::TITUPO<", 
SSO "l'"INPRTff.l,[Q,OJGO TO 600 

IIPIT[ 16,5601 
560 fQQHAlf'llSU'SPENO[O O(TRlTUS CONST!TU[NTS'I 

l{fflf[ 16,5701 llfRANA'"'II•JI, J: 1,JI, T: L,NrP[L"II 
S70 rrn,,1AT (JX,'OfTRITUS TYPr•, Hlt', 214.AII! 

0"'580 I= 1, NCI.!"' 
WRIT( IG,J20I fAL!NANIJ,JI, J:1,111,IACLlTII,Jl,J=l•tHR[LHI 

ss a co,n rnur 
59 0 qH)t' AT I lX , flA ~- l rx , ff'" 12 .s I 

'IPIT[ 16,'5.DI ICLtTTIKJ,K:I,HfR[LHI 

C, •• •• •• •• ,IHOLO GI CA U.. 'f AC "'T v( "-[DIH(NTS. 
600 JF(NOPTf7J.E0.01GO TO fAO 

WOITE f6,f:.10J 
61(1 rr~HAT I ·oeta..OGICAL.LY AC1'TV[ SEOil'lfNTS• I 

won( fF,t570) IIFR.UH"'ll•Jlo J = lt"l1. t "=: l ,NFR(LHI 
('In 620 I::t ,NOLIT 
IIRIT[I 6, JZOI CALI ~HI I, JI ,J;:l ,f.! J, IACORG ft ,JI, .I= l, NFR£ lH I 

62 0 CONTINu£ 
\,IO!T [( 6t 5]0) IC OR ITT IK I, K= I,NFRC::L HI 
WR IT [ 16 ,6 30 I n OT fK I• K ;: 1 , Nrq [UO 

630 f("IRHAT f 'C'TOTAL OfTRJT~•,Ulltllfl?.61 

C••••••••••OIO::C:OLV[O Cr<NSTTTU[NTS IN THI'" WAT(P. 
Gf.! 0 IF fNPRTf 81 .(Q. 01 GO TO 690 

WR tr [( 6, ~ n, IC FR AN AH fI ,JI , J:. 1, 31 t I =t ,N 'R [t NI 
650 roRHAT f •roissa.vro CONSTTTUENTS',n:,?llA'l1 

WRITE I6,66011UOUAtJI, I= 1, Hf"-,[UO 
660 r-rqHn I JX, ·TN \IATFR' , 16X • !'lflZ.51 

WRITE I 6, 67 a, I UOUAS IT h I= 1,NFRELK 1 
670 Fr'!PHATIJX,'IN 8[NTHQc;•,1~x,8r12.5I 

WRITEl6,6!'.01 (AQUATTCTl,T~l,NFR[LMJ 
680 roRHATllZX,'TOTAL' ,1ox,8r12.5I 

C••••••••••TOTAL CONC.TTTU[NTS TN TH[ [CO<::YST[l"I. 
6'J O C'lNTINU[ 

TffNPRTI 9I.[0,CJGO TO 710 
WR IT ff 6, 71101 Cf FRAN A~ ff ,J t, J= lt JI ,I :i. ,NFR[U11 

700 rnRHATf'OAV(RIIG( IN (COSY'-TEH' ,'lX,2'4AAt I 
WPlT[ 16,710 It TOTAUKJ ,K:-1 ,NFPEUO 

710 FORIUTl2711,8Fl.2.51 

C••••••••• ,NrT GAIN 00 LOSC: TOH£ [COSYST[K. 
720 IT CNCH(CK.E0,01 GO -rn 78r 

IrlNPRTI lPI.EQ.OJGO TO 78("! 
WPIT[ C6,71fCI 
WRIT[ 16,7301 llfOANAHIK,JJ.J:.1,3),K::1,t,K~LMI 

7JO rORIUT 131.X ,20111 
DO 7 SO T -:: 1 ,NCH.A~I 

7tJ[l !'"l"RKAT t ,roACCl~Ll..AT(O Nf.T G,.IN OR Loo;;s Cf(" OrtOANIC t::ON~TTTU"'"NT,.. 
lT('I THE ENTIRE [CC'SYSTfH. IGRAl'IS 01? KCAL.)•J 

75C WR!Tf16,ltOIISOURC(fL,U,L=:1,'5J, fAGATHIIoll,L=t,NF'RQ.MI 
760 roRHAT I2'X,SA'l,5X,7E1~.5I 

WRITE 16,770 I IAGAI')ITIKI, K:1,NfR(LKI 
770 roRHAT t •!" TO'TAL 'tl81C,7[12,5J 
78 0 !'.ONTINUE 

HTOTPR=tl 
01'7'30 1=11,15 

nn NTQTrR=N'TOTPR+NPR"II I 
Tf IN TOTPI?. l.£ .O !GOT 01('60 
IrlNPORT.(0.3lGo TO 810 
WPIT(t 6, aJOJR(ACH 

600 l'"ORHATl'OTI-£ fa..LOIIING CONSTITU(HTC. AA( THORGlNTC AN('I AR[ rRINT(" 
lTN GRAM<" PER SQ, M(TfR liVERAGEO OVER',F6.1 •• )f0(RO:: Of' STrt(AH.'I 

GO TO 83 r 
~10 WPIT[ CG,620IR[ACH 
,20 rORHA.T('('ITI-£ ra..tOWING CONSTITU(NTS ARE INORGlNIC ANO AR[ rRINT[O 

lfN GRA~ P(R SO. Mn[R AV[RAGED OV(R',F6-.l,' Hr"Tf'RS OF STQfAM.•) 
~30 TFfCNPOTfttl,(Q.rtl.OR.flNORGP.[Q.f'JI GO TO 8CJ:'I 

C. •••••••••S~PENO[O PARTICULATE l'tATTEQ IINORGII.NICI. 
~R IT El 6, 61l C'I 

8110 F"OPHATf'l1SVSO(Hl)£1) o•'HICULAT[ HAT'T(PITNOR(itHTr1•I 
\IPIT(l 6, 8501 fl PINAHI I,JI ,J=t ,31, T=l, !NORG" I 

'15D FOPHUl2X,•<;TI(' ,IOX,79.1.lll 
r,,- 860 T--:1 tISTRTH 

86 0 WPIT[ f6 ,6 70 ll STPNAH I I ,J J, J::: h JI ,I AWPINRfl ,KI, I(: lo lNORGP I 
870 F(IRHATfl"• JAAt,'3f'l2,S,Fll.SI 

WllJT [I 6, 86 01 CW PI NPT1 KI ,K=l, INORGPI 
880 HIPHAT n X, 'TOT Al •• 5X ,'Jn 2,5, Fll. 51 
8'30 '!'FIINPRT,121.ro.o,.oP..IINORGP.[Q."II GO TO '9?.C 

C. •• •• •• •• .BENTHH' PARTICULATE HATTER fINORGANTC I 
VRIT(f 6, 9:'0J 

900 f"ORHATl'Ofl.[NTHIC r>AQTICULAT( HATTl;'HlNORt';aNlCI 'I 
WP!T(t 6, 8501 fl PINA Kl I,JI ,J=-1,J I, T= 1• lNORGP I 
01" '3 10 I =-1 t I '\T P.T "'! 

ql O \lllil( 16,870 11 ST RN A"4 f I ,J 1. J::: 1, 31 ,I .lflPINRlI ,K 1, Ks: 1t lNORGP J 
\lrt!T[t 6, 8"1('1 C8PINRTIKI ,K=l ,INORGPI 

'320 I.--UNPPT( 11J.[Q.r\l.ANO.fNPRTl12I.[0.nllGO TO ~fl 
VP Ifff 6• '3" 01 IP INRT Tl Tl ,I=l ,INOROPJ 

'330 fOO"fATl'('ALL P.H.•tqlf,~17,5,Fll,5I 
gqo TflNPIHIUl.(Q.OIGO TO 1oro 

c •••••••••• or~c:oLvrn I NORG AN It CON~TITUF"N'TS. 
WPIT[ lf.o'J50I 

950 rf'IQHATf'rDISC.OLV[!'I INORr;AI\IIC CON .. TTTUfNTS" I 
\IPIT[I 6, '3601 Cl OINAKI J,JI ,J=l t) I, T=1, lNORGO I 

%0 fQDHATfl6Xo29Ati) 
WPTT[l6,'J701 IAWOINRITt,T=l♦ INO<>GOI 

'370 r-oRHAlf' TN WATER• ,,Y,'Fl2,5,Fll.Sl 
WATHI 6, ~QI l.l8DTNRI Tl •T=l •INORGOI 

98n fl)QHATI' !N [ll'"NTH!'l'S',7X,'3ft2.S,fl!.5t 

88 

R 11 2r 
P 11 2'i 
RU)() 
RU "S 
R ll 1111" 
R 11 ci5 
RU51' 
R ll S5 
•u re 
p 1.1 F.5 
R 11 70 
AU 75 
Ruer 
A U85 
RU'I) 
RU'l'i 
Rl200 
P 12 OS 
R121" 
R12 I!
R 12"' 
"l? 75 
Rl2 30 
• 12,, 
AUIIIIO 
A 1211115 
•12 'iO 
Rl2~5 
R 12~r. 
P 17£.o; 
R12 ,0 .,,.,. 
R128f' 
R17!'.S 
RJ:290 .,,.,. 
Rl300 
R13D' 
•um 
A tJ JS 
• 1J 2[l 

• 1J ?S 
• 13 :tl 
R 13 JS 
RlHf' 
P 13 q5 
R lJ SC 
RU55 
R1J60 
R1~65 
R lJ 70 
R1J75 
R IJ~('I 
RB85 
P13'31"' 
RIJ'l5 
RlllfT 
Rllt05 
Rlll 1C't 
A J~ 15 
RJ-. 20 

R 111111-=: 
Alll:l'I 
P lilll3~ 
R n•o 
Rlllll 11115 
Pltt 5r 
R 1115'5 
Rlilll"fl 
Rli11165 
A 1illl 7r 
P lilll 75 
Plllll "0 
R 111115 
Rlll!ll 
IHAtq,-=: 
R150(' 
p 150!> 
R 15 1n 
R lS 1"> 
Pl52r 
Al525 
R 15Jfl 
Rl535 
RlSIIO 
Al51t-=: 
RlS'iC! 
Rl5"i5 
R1560 
Rl5f;5 
R1571l 
R 15 7" 
Rl51'1f' 
Rt585 
~15'W' 
Rl59S 
Al6CI: 
Al6Q<=: 
RlJ;W 
R 1615 
RtG"'D 
Pl625 
Rl6:m 
R 16 35 
Pl~illlr 
R 16tr.~ 
Rl6'i" 
A 1£55 
R1660 
P16~~ 
R1670 
R1675 

• 16"" 
RJ68<=: 

WPTT[l 6, <Jqf1I IWOINRTI II ,I::t ,INORGOI 
9'10 rQ0'1Alll)f, 'TOTAL••~x.~n2.5,r11.51 

C••••••••• .PH ANO T(HP. 
1000 JflNPRTI 14I,L(.OJrtOTOtOJO 

WRIT( fb,1010I PIN,PHB, T(HPW,T(KP~ 
1010 rf'IRHATl'f'PH IN WAT(R COLU"'N •,rs.2.• ,.~ TN 8f"l,ITH"~ '.~~.2. 

l' WAT[P cow~ T( .. P. •,rs.2,• O[NTHOS •rfolfJ. •,rs.?, 
7' DfGQ[f~ C(NTTGDAD(',l,l 

c ••••••••• ,NfT GAIN OR LOS"' TO Tl-f: (COO::YST(H or .. ',!ORGAN!'C HATfR]ALS· 
l lJ:20 Tr II NPf>T ll 5).L[.01.0R. INC4£CK.L[.r 11GOT01J 8'.) 

\IPIT£ 11; oJ rJCl 
1030 roR"ATf'rACCUHU..AT[O Nr.T GAIN 0~ LO"'S OF TNORGANI" .. AT(RTAL TOT !f' 

1 rNTIR( (COSYSTEK IGRAMSl ••• lwnr:o IN CUBIC H£TE~1.•I 
WRJT[l6, lCffOJIIPUUHII,Jl,J=l,JI.I=l ,IHORrPI ,1 IOTNA'1II,Jl,J:.l,JI ,! 

1 =t ,INOOGOI 
]OIO roRHATr~u,•wAT(R' ,7)',"'1.AI\I 

001050 T-=-1 ,NCHAN 
lO'iO WPIT[l6• 1C60IISOURC(IL ,Il,L=l,5I ,H"Ofll, fCGATM<I,Jl,J=.l•TNQOCPl, 

I IOGA IN IT ,JI, J;:: lt TN ORCO I 
tCI.O F(H!MATf7X,5iff,~,7El7,'il 

WR IT [I 6, l" 70 IH 20 •o T • IC GA IN TC K I • K =t • l NORG Pl ti 'lG Al NT fK It K= 1 • IN ORGO I 
1070 rnRMATlltlf.'OTOTAL' •ll~J',61"12,'il 
1 06 C CONTlNUf 

.. ,. INClt(CI(, co.a IGl'TOl I\(; n 
tJT ('IT p~ =f' 
Of' 10 90 I~ 6, 2J 

tO<JO "TOTPR:;NTOTPR•~RTIJI 
•r IN TO rpq, L[ .o IG OT 01 46 !"J 
L,: NPOR TT 
HTOTPR=O 

~-----------------------------------
c MATERIAL'\ [NT[RlNG PIO L(AVING Tl-ff 'S:Y'\Tr,., AR( PRINTF[' 

~-----------------------------------
001100 I=t6,21 

1100 NTflTPA=NT(lfPR+NPH(II 
"flNTOTPD,L(,CIGOTO Bl!,Q 

WPIT[I r,, 1110 II FRAN AH fl ,JI ,J::t ,JI 
1110 FnlHUTl'l"I rnr rOLLO\l'!NG SECTION Of.I.LS WITH O~AN?t HATT(R [NT[Ptl(' 

1 ANO l(AV!NG Tl-£ SYST(H PER TTKf UNIT. All or TH[' ,/,t)f,•E'rcu~rs A 
2Pf or ',]if.!,•. TOTAL'> AR( IN GRAN'> fOR KCAL.I ANO AVfJ~AG[S :N GR.IN 
J<; l('IQ KCM,..J P(R ruOTC MTTfR Of" WAT[R, •J 

Tr IN PR Tl lf, I. (O ,0 I GOT 01 16 0 

C. •• •• •• •• .PLA..,T'i, 
Tr INSP[CV. Lr ,fl IGOT 0116 0 
WRTT[f 6, 1120 I 

11:?0 r"QR"'!Uf'Cl"RIKAR'f PROOUCCI-S'I 
WRIT[! 6, 11 JO I 

llJO l'""R1'1:ATft • ,QlY•''TOTAL (liT[PING 
lTPF,H A'l[q,\G( OOWN<;.TR(A~•J 

OOUSO !:-t,NSP[CV 
wr TT [I 6, 14 01 IV SP NA Kl T •JI • J =1 , 7 J 

A VERA GE ( ~ERIN G TOTAL oow~ 

AV[( NT=x ORIF VI I, 1, L 1 /f WAT TOT-WA rc;y s, 
TOOOWN;:QIH rT VI I, 1, LI •fLOUT 
WRTT [f i;, 11 'Ill IY ORif'VI l, l• L 1 ,AVE ENT, TOOOWN ,ORI Fl VI It l• LI 

llf.!0 roRHATf'+' •JJ'loCl['7Q.AI 
1150 CONTJHUf 
1160 TrfNSP£CA,Lf,ClGOT0t'70 

I• (p,11-'Rrl lfl,Ll.U11JOro1nl! 

c •......•.. ANINA L er OH •c;~. 
WD IT[f 6, 11 70 I 

1170 Fl"RKATl•r•NIHAL CONSTJTUP1Ts·1 
\ifHT(I 6, 11 JO t 
or1210 T::t,NSP(CA 
Wl ::t 
"'F II.GT. 11 Kl :-NCOHCUf I- 1) +l 
K2:-NCOHCUC II 
WRTT(C 6, 21(!1 IA$PNAH!l,JI ,J=t ,71 
.. ,. (K 2. GT .K 11 GO TO 11 80 
AVf"(NT =xooxr .IC Kl ,L I/, ... ATTO T- WATSV~ I 
TQOO\IN::0'1! fl VI Kl ,1 •LI• rLOUT 
WR IT El 6. 11 liO IX OR' rF A f Kt ,l l , AV [[NT• 
GOT01210 

1180 OtiUCIO K-=K h K2 
tL:LJSCOHf Kl 
WR IT fl 6t ll !1::1 If CO tf.l AN ~ L• JI ,J =1 t,. I 

11'30 '"OflHATISX,'lAIII 
AVf[NT :-X 0'7ff Al 'I', L' /I W.11 TT OT-W ATSYSI 
TOOOWN~Rtrt II.I K, LI +fLf'IUT 
wRITEC 6, 11 f.j() lYOR IF ACK, LI ,AVE ENT, 

1 200 cr~TINUf 
1 21 0 MNTINUF 
122 0 Tf INPRTI 1~ I, L( .O IC 0101770 

C. •• •• •• •• .ANTl"IAL NUK8[RS. 
W0 JT[f 6t J7 3) I 

1230 '0RHA.Tf•nANIKAL NUHB[RS'I 
WP!T[f 6,113) l 
001260 T=t ,N~P[CA 
.,1 =1 
IF Cl ,GT. 11 Kl =NCOHCUI I- 11 +1 
1'7:-NCOHCUI II 
\IRIT£1 6• 21fll IASP NAHi T,J1 ,J=t ,7 I 
TF fK 2. GT .K 11 GO TO 1~ 110 
AV[[NT=XORff Of Kl I/ IW AT TOT-WA TSYS I 
TClOOWN::OR"!'rPOf Kl l•f1._0UT 
WR lT £1 6, 11 lfl IX OR Jr 01 Kl I, AV[[NT, 
fif'IT'll260 

12f.!D oru~ 1<=,,;1,K2 
LL=LISCOHI Kl 
WR ITEi 6, ll 3l 11 co~ AK fLLtJI ,J=t ,,. I 
AVf[NT=XQOJF Of Kl/( WA Tf OT-\1 AT SYS I 
TOOOWN=OoT fP('( Kl •FLOUT 

1:30 WPTTE:I6,111.())XORirOtKl,AV[(NTo 
1 260 CONTINU'E" 
1270 CONTINUf 

C. •• •• •• •• ,H[T f"TJ OT "0 PH Jr. "IC RO ORGAN ISMS. 
Tr INPPTI 1q ,. L( .o lf:OTOl JOO 
Tf"OUC 0 0~.L(.0 I r.o TO PDf' 
l'11IT£f6,1,.80I 

TOOOVN,ORrn Al Kl ,L J 

T 00 OWN, ORTf TA n< ,LI 

TOOOWH ,l"Plf'Dl"IIKl l 

TODO\IN, l)OlfDfHK I 

RlG"C 
1116qS 
Pl7(JI"' 

Pt7 05 
Pl ... tr 
R 1715 
P17"1l 
R 17 2S 
q 17 Jr 
p 17 ,..._ 
p l7 I.I[) 

R 1745 
P 17 51" 
R 17o;c: 
P1760 
R 17£.S 
p 1771"' 
R 17 7<". 
R1781" 
Rl785 
P 17 91"' 
P.17 'll" 
R tP.00 
Rl805 
Pl8 lll 
nu1s 
Rl8211 
P 18?.-.. 
Pl83r 
R 183" 
RIP ffO 
R ts•c; 
R 1850 
R 16 55 
R 1860 
RIH5 
D 18 7f1 
R 18 70:. 
Rl8fl0 
R 11! .'15 
P18<ii"' 
Rt8~ 
R19CO 
Rl90C. 
Rl~lr 
R l'J 1'5 
Rl'J71"1 
Rlq:,5 
Rl9.?f' 
R 1e35 
Rl'l llO 
i:t1'HS 
R1<1rr 
Pl~"'5 
A 199' 
I? 1'365 
R1'31t, 
Rt']71; 
Rl'l8t' 
Rn8" 
A 19',o 
Rl'Jq~ 
R20 00 
rt2005 
R2010 
PZO 15 
R20?1' 
P2'(] 25 
P.10 30 
R20J~ 
R2D~O 
ll7Cl•S 

""' ,0 R70 S"'i 
P,060 
P2".)fiS 
R20..,, 
R207"i .,,,,., 
R~85 
R20 9!' 
P?095 
•noo 
R21 n~ 
R2'110 
R211'> 
R 21 2f' 
P 212!" 
R21:-f' 
R 2'l !5 
RZl •r 
R 2l 4S 
Rnc;n 
P21 'i5 
R2lf;n 
R11 t:5 
P21 '?'I" 
R 71 7!> 
R?l !IC! 
A Zl 8!: 
•nor 
R?l 05 
R?2CX' 
R"'205 
P221!" 
P2215 
P221C 
r 2, 25 
R?.2 ~,, 
P?:' "5 
P22 Ou 
R?2.~'5 
"22 5r 
p22-=:5 



1280 rt"P.HATl"f'NICROORrANJ<'"HS• I 
\IPIT[I 6111 JO I 
0"1290 T-=t ,HJCqoe 
WRIT(( 6, ?.p;OJ IBACNANI T, JI ,J:;i ,II I 
AVf[NT=x~If"HI t, ll /lWATTOT-WATSYS1 
TODOWH=OPtrTHI I, LI •Fll'Ul 

1210 WP.ITEi 6, 11 II() IXORTF .. 11,U ,AV[fNT, 
1300 !FCNPRH20I.LE,OIGOT01~0 

!rlNOLTT,Lf,('1 GO TO 1340 

c .......... SUSi>f'.ND[O D[TRt.,.us. 
Wf/JT[I 6, 13101 

1no F'nqNAT 1 •nc;;uSPCNoro ormnus•• 
wPll[I 6, 11 JC I 
~i'\lJJO t=-1,NOLIT 
\,IQtT[I 6, U20 II AL. INAP'I IT ,JJ ,J=l,,.I 

1320 rriRHATfSX11Aq1 
AVHNT :XO( TIN! J, l I /I Wl TTOT-W ATSl'Sl 
TOOOWN:O(T!NII ,t_ l1F\_l"!U'!' 

1 lJO WRIT(! 6, 11 IIIJ IYO[TINIY•LI ,A',{[NT, 
1 Jlt O NTOTPR=t, 

001350 I:?1,7! 
1350 ""TOTPR:NTOTPR+NPRTIII 

ff INTOTPR,L[.0 IGOT01420 

TOO OWN, ORJFH• fI ,LI 

TOOOWN,OCTINI T,LI 

c. u ••••••• 01-;c;;oLV[O ORGANIC AND INORGANTC HU rrR. 
WRIT[(£,, lJ £DI 

1360 roRHAT('OTHE: FQ..LOWIN'r. srcTTON O[ALS WITH A.l rnr DTS'iOLV .. f' NATEl:l'" 
1 ,t,L [NT[PINC ,t,ND LEAVING THr SYST[~ P[R T P'( LNJT •• , /, • TOTAL'> AG!: 
ZIN GRAH"-- AN> ,t,V(RAGE<' It-I GRAHS PET> CUB TC HfT £R or w,t, TE'? •• , 

1F INPRTI Z1 I. L[ .Q Jr, OTOl ]'qQ 
WRTT[( 6, 1J70 I 

1no rt1RHATl'f'(IRGANIC HATT(R•J 
WRIT[( 6, 11 30 I 
onnso T=t ,NrRaH 
WRITE( 6, 1190 II J"'RANAH ff ,JI ,J=. 1, 31 
AVCENT=X COHPNC II /l Wl TT OT-WAT SYS I 
TOOOWN=COHPTNI I1 •FLOUT 

1380 WRIT[f 6, llftO JXCOHPNITI ,avrnu, TOO OWN, C,,HP TN IT t 
1390 IF (NPRT1 ZZ I. l( .O IG OTOl "IZ('I 

IIRITEf &, 111100 I 
lo\00 r'l"RHATl'ITTNOR'GANTC l"ATT[R' I 

D0111110 l=l ,TNORGO 
WPIT[f 6, 119::1 J(OINAHI I,JI ,J=t ,3 I 
AV[( NT :x [)f OR GI tl /I WP TOT-WATS TS J 
TOOO WN:ONO qo fl I• fl_ 00 T 

11110 WRtT[f&,Ul()IXONORGlll,AVErNT, TOf\OWN,ONORGIT) 
l 4Z O 1~ INPRTI 7' ,. LE .a IC OTOl 46 0 

C ... •• .. ••,INORGANIC PARlTCIILAT[ HATTER. 
llRITEI 6, 11111 i:t t 

1430 F'OQHATl•'QTI-£ F'Q._LOWING oe;i'cnoN OCALS WITH INOPGlN!C P\RTTrULAT( 111 
lTE'HAL f'.NT[RIHG ANO Lr&VTN!? TH( <;YST(lt P(R TTIH UN!T. 0 ,/,' TOTAL'c; 
ZAP[ IN GRAPfS UC lV[R,t,G(<: IN GRAl'(S r>(R C~IC Hf"T[R OF WATER.') 

vRlTEI 6, 1130 I 
00111150 T=t,ISTRTH 
WR IT [I 6, 2701 (S TRNA Hf T • Jl .J:l ,JI 
D".llltlMJ 1'=1,INORGP 
WR !T(f 61 U 90 I ( PI NA.MIi<, JI ,J.:i ,31 
AV CENT :Y PH OR Gf I, t<, /f IU TTOT-W ATST SJ 
TOOOWN:PNORGIJ ,I< l•~LUUI 

1.,. 0 wonn 6.1111() tYPNORGI I,~(I ,AYErHT, 
l '15 0 CONTINUE 
1 ff6 0 CONTJNU[ 

T ('()OWN, PNORGf t. l<I 

R2261'.' 
P22f-'5 
•n..,. 
P2Z"'"i 
R228f' 
1'1,2&5 

•n'"' 
Q22'3'5 
R:"JCJ"' 
R?1'0'5 
Rll 10 
f12J 1°' 
R232f" 
R23?'5 
P23 3r 
R73 T~ 

PZJ •r 
R2J 1t5 
r>ZJ'i'('I 
R2355 
P.Z36C' 
R2J~5 
PZJ7r 
P 2J 7~ 
Pt'JJI:" 
P?J•'5 
P?J <n 
R230!i 

"" er 
P4!11 r,-; 
R2q 10 

R ?" l"> 
P?lt i'f" 
.,.., .. 7c; 

p ?It Tfl 
PZ'IIII ~~ 
R21t qr 
Q2"'15 .,. "' 
P. 2'1111 !"C 

Q2"C0 
Q21t €5 
• "'7r 
P:"1117"> 
P2"6r 
PZII ,ic 
P?ct'lr 
J12q qo:; 
P?Sl'f'I 
Rl!;l"l5 
R?S tr 
R?S 15 
R 2"'522 
p ,s 2S 
P2'5 :1f' 
R75 T-C 

R?SqO 
P25115 
p25o;o 
'-'25511i 
R2SEO 
R?SF'5 
R2S ,r 
r,257,; 

89 Aquatic Model 

~ ----------------------------------
c Nf"T PRODUCTIVITY f"OR VARHH1" TROPHTC' Lrvn. s I5 PRPH"'I 

c-------- - - - ----------- -- - - - ------- - - - -
rr1NcHrc11.c:o.01 on TO 1&10 
NfOTPP:O 
00 1 q7 0 t= 2" t'l 6 

111117 0 NTOTPR:N'"'OTPR • tt>RT IT I 
Tr CNTOTP'-'. L[ .o IGO TO 1610 
Tr INPORT .(O • .!l GO TO 111"0 
WPJTrt f:;1 lq 80 IR£.ACH 

111190 roR,UTl"O"Hf ra..LOWTNG F'TGlR(S AR( fir N!;T Pf?OOUCTIV1TY FP:OH 1'-i( ff 
1'5fNNlNG CT Tt-£ 'SIHLt.ATION.',/,' Ct'JN<=TITUfNl'i f,,R( PRT'ITfO IN GOAHS' 
2 'fOR KCAL.I PEP 'SQUARE H[TC:P, AV(RAG(O QV[R •• fr;ol•' '1(T(QS Qr 
J,-.TR[A'1,' I 

CO TO 1'>10 
1 "90 WRIT(t 61 1500 IR(ACH 
1500 fORHATl'O"'HE f'Cl..LOWING FYGl.R[S ,t,R( or Nt:T PROOUCTIVITY f'QOH TH( ~ 

lCTNNIHG or TW 'S:DttA.ATID"-'•'•" cnN<""TJTU(NTS AR£ PRTN"Tf!) IN GRA"4~ 
2 'IOR KCAL.I P{R cuerc H[T(P, AVrRAG(O Oli{P. ., FE.It' t'l'fT(R'S or 
3Sl"l:!E AH.' I 

1510 H"IIHSP£rv.Lr.0I.0R.fNPRH2(1l.[Q.r1J GO TO l'"!O 

C ••• •• ••••• PLA"''"'c:;. 
WRTTrf 6• 1101 
W"IT(f 6, 2'601 I ( f'RANAH f T ,JI, J: 1, 3) .r ~ ,NfR[LHI 
on 1520 t-::1.~Pf'cv 
vPIT(l 6, Jq 01 IVSPN,t,MI I, JI ,J:.t ,7 I 

1520 W'P IT [f E. !'iOI UPVrGt I ,1 ,I( I ,I<= 1,HrP'fu• I 
\IOtT(l 6, 21 01 
vP IT [I 6, ?C 01 (P VS~ fl( I, K-:: 1, Hf Rfl pt I 

1530 TFl(N'Sf'fC'l.L(.O1.OR.1NPAtl2Sl.['1.CIIGO to t~re 

C• •• •• •• •• .ANT"l,t,LS. 
WPTT[I &, 15~ I 

15110 1"C\RHATf'r1NlNAL PROOUCtIVTTY 'I 
WP Tl (I &• 2£, 0 I 11 f'R AN AP' IT ,J J , J-:: 1, 31 , T =1 ,N rq !:L P"I I 
DO 1570 T=l,NSPEr& 
Jtl-::t 
''"II.GT.II 1<1:NCOHCUfT-11•1 
K7::NCOHCU1 II 
WRITtl 6, 2"01 USP NAHi l,JJ ,J=l ,7 I 
rr 11<2, GT .I( 11 GO TO 1ssr 
WRTT[I &, .,.,.01 UP810P"l(l(1 ,Jl,J::1,Nrl:![LP"II 

CO TO 1570 
l 55 0 00 1 56 0 K: Kl ,I< 2 

L:LTc:;CroH 11< J 
1560 WAITr16,3:'0lfC0HNAHIL,Jl,J=t,ctl,IAPRYOl11K,Jl,J=l.,NrQn_HI 

\IA TT (I &, !l O I IP A'S lA'I SI l, I( t , I( :-1 , •.,rq CL" I 
wRJT(C 6• l'>t'I 

l 57 O CONTt~ur 
WPTT[I b, JGOI IPASUHAIKI ,K:t ,Nro(L"I 

158(' TfllNPPTl?'61.(0.rl.OQ.l"ITCR'lB.L(.OIIG".' TO 16cr 
WPTT(I 61 5] r1 
\fQ TT C:I t, 52 01 I 4 FR IN-'" I T ,JI , J: l, l I , :'. :-1 , NFR EL .. , 

c ••• ·······"TCn~-oR'G"NT~l1S. 
nc 1590 l-l1MTCR09 
WR TT [I &, P ,1 f 9 AC NAN I t, JI , J =t •-. I, U PR ACT I T, JI ,J -::1 ,N fP [L "I I 

1590 CONTI"IU£ 
VP!T(t &, 5"01 IPOSUHII( 1,1<::I,NflfflHI 

lf..UO fONT]NU( 
1 &l O CONTJNU( 

P2'.i80 
P2S85 .,..., 
""'"" R2600 
R260'> 
R261r 
R2615 
P;-671" 
R26 7.S 
R:"Fi:rtl 
.,. l" .,..., 
o;,;11-c; 

R2f,51"l 
R2& 1"i 
R26f0 
R2&60: 
P26 7t: 
PZG 7c 
R2680 
p21,11r 
P2f.o0 
P7£.95 
PZTID 
R270c; 
R?71C! 
Rn 15 
PZ72'Cl 
R27 25 
R27~ 
P?7 '"'i 
RVllO 
P2T115 
.,.,...,. 

P2751' 
RV~r 
P 21c.o::. 
RZ17" 
P27 7"'i 
'l:77 IIC 
P77P.~ 
R~'ToC 
pz7<10::. 
P?P.O"' 
r,z3r,c
R 2"' ll' 
P:,e l" 
a:,a;70 
P282.,. 
R :"'I 1C 
R2"\J'i 
1>;:-11110 
P 28 QC 

r,no;r 
"28 5"' 
P28ff' 
P 28 f!> 
P2e"'r 
... z ..... 5 
nZ~'!r 
R 26 "cc 

r.:"89('1 
R?ll"'o;. 



90 

APPENDIXD 

Listing of the Subroutine GRAF 

... uenou TT ,.,'C G RA r 
G-----------------------------------
C CrHH0N '\LOCI'< /0IAf;R/ C~TA[NS INF"0P~ATI0N fl(OOIIHT'I ron C~IIPHS. 

G-----------------------------------
COHHON.IOT- GR/F JGS( 8, 70 I, rx Ft._ANIS ,8 ,. TT TL (( ;r), IT !TLr- 11 n,, 

1 XOOTI 71 ,. ,no.x, XHTPl. YHAX, nu,;, NOSYH, l"'TTYR 
0TH(NSION f"1Tll71t<;YH60Ll81,GRAP4("'1,711, AN..,..,llrl 

l ,YAXl'5161, XLIH[ll8I, TOAY<.1!11, TY'"APSIS, 

OJTA XLINf'" /' .-- '• •---• ,• -+- '• 2• '-- -• •' +- - '• '-- -• ••- - '• 
l :'•'-- '• •• --• ,•-- '• •---• ,2•' -- '• '+ - -• •' -- '• •--• '/ 

"ATA ANU,. 1•r.•,•1•,•2•,•3•,•q•,•5•,•e;•, 1 1",'6','9'/ 
OATA FHTl/'llH+' ,• ,•,• '•' ','PF18', ,, .. ,8' ,'C"-11 '/ 
DATA BLANK/' 'I <:"TAR r+"I '!=HALL/1,[-A/ 
flATA APO<;/'t' / PLUS/'•'/ HYPH(N l'-'I 
OATA SYMBOL/ 'A., •e•, 'C ., •o ., •[•, •r •• •r, •,'"'I 
DATA /l•ITfPY/1.h TSTART/l/ r I[NOn 1/, NOCOL/ ll / 
'NOEX = 1 
rr TO If' 

ENTRY HI<: T 

1-t"'.S:YH = C 
!NOE)( = 3 

l0F""!Tt(ql =BLANK 
F"t-'Tlf31 = BLANK 

G-----------------------------------
C I-F THE LIHITS OF Tl-£ X AXIS AR[ (0UAL, AN ~ROR !£5"'ilG[ RfSULTS. 
C TF TH[ LIHITS OF TH'[ Vans AR[ ROTH :'[RC', JI-CY '1P( S[P.UUJ(O. 

c----------------------- - - - --------- - -
ff f )(l'UX .GT• XH IN I GO TO 31" 
\l'IHT[ (6 ,"'01 
or TURN 

20 rocnu.T f "lNO GRAPH POSSIBL[ B[CAUSf NO T!H( STHUUTE0' I 
JO Tl'" tYHAX."f(.YHJNt GO TO o;n 

Tr fYHAX.N[.':.l G'O TO 40 
YMU = ~HALL 
Yt-'IN := - SHALL 
f,t\ TO 50 

40 YH.-X = THAli: • 1.co1 
Y.,IN = YHTN • .o:t'3q 

so or 1 a r = 1, 5 1 
or & a J = 1, 11 

60 GRAPHtI,J) = BU~ 
70 CONTINU[ 

A= AHAXHARSffflP-11, ABc;;:ITHolili:JI 

I = 0 
A = XHAY - XHTN 
TF IU.GT.0,).AN0.cr.cn.o.1.ANQ.IYHAX.G't.VHTN1I ro TQ 'JO 
W?H[ 16,801 XKAX, )(HIN, YHA)', YHTN 

80 f"Ql:?HAT f 'O[RROR IN l Il"ITS: '• 4(20.FI 
O[ TURN 

G-----------------------------------
C TM[ Y A'f.I<: IO::: SCALED. 

G-----------------------------------
90 Tr I 8.GE .1.1 GO TO 1ro 

~ = B • 10. 

en ro 91" 
w o TF I e. u. 1 o. 1 Go To 11 o 

P :: 8 • .1 

I = I + 1 
rn ro 1co 

110T102=I 
J : ?ABO::: II I 
ff I J, L[. 1 I GO TO 13 Cl 

G-----------------------------------
rr TH[ VALU[~ TO B[ (:RAPH[O [XC[[f'I P[RHI~lPL[ LIMT"l'S, AN [RROR 

C Hf"SSAG[ Qf"SULTS. 

G-----------------------------------
WPITE !6,1WI fTITL[IKJ, K=t,201 
wntr[ 16,lZCI 

120 rnRHAT l'OfArTOR F"OR Y AXTS .GT. ui••'l OR .LT. 1r, .... 9•1 
Of' TURN 

G-----------------------------------
C TH[ APPDOPRIAT[ SCAL.ING F'AC'TOR rs lNS[Rlf.l) IN TH( rOP'4AT roR 
C TH( y uro:::. 

G-----------------------------------
1]0 °;"° II.Lf,01 GO TO 1,.0 

fHTl 13 I = HYPH[N 
llt0,."Tlll.!I =ANlJl'OIJ•ll 

G-----------------------------------
C TH[ y BOUNDARY or TH[ GRAPH TS JNS[Rl[O. 

G-----------------------------------
00 l 5C I = 1 • 51 

150 GflAPIH I, lJ = APO'" 
n" 1 &o r = 1 ,51, 10 

16C r,RAPHIJ, 11 = PLU.,. 
YUNTT: SC./IYHAX-YNNI 

f'f"Q{''i 
Ga: 10 
f'(l) 15 
r; cc 3l 
G Cl'.l 25 
GID'll 
f'aJ1"' 
GCD ',(J 

G001!5 
G ID ,0 
r;cc,s5 
CCD60 
('0065 
GID 10 
00075 
GOO~r. 
G()("R~ 

oro,r 
GM'J""
r.rt,,., 
r 01 O! 
GO] H" 
GClt 15 
Gm 20 
GOl 25 
GQlJO 
G OI 3'i 
co1•r 
C.:Ot 1115 
Got sr 
GOl 55 
C:016" 
GC165 
Cl 01 .,r 
r-Cl 75 
001 •o 
r-0185 
r,1 ~ 
r.r,1 DC 

GOZOC 
r.020! 
G~tr 
00215 
"02"" 
co1,s 
002 JD 
6('735 
00200 
co,•s 
GIi> ,o 
007,;,5 
GC2 ro 
r.02i.s 
G021r 
C:0215 
oaur 
00285 
r.02 9f" 

r.0,9~ 
GQJC,, 
C:('1305 
Gl"'Jl" 
C 0315 
GW aJ 
G CD ::,o; 
GOJ3n 
OOJ ~ 
00340 
003115 
GW'll 
r.o:..-;s 
ororo 
G0365 
GCJ"T" 
GW75 
C:C380 
GOlftS 
r.QJ90 
00395 . ... ,., 
r.OI CS 
f?OCJtr 
r.0415 
GC«i?t'I 
GQ,.c'5 
004 JC 

YUNTt= 70. /I X"1AX - X"'!"II 
Co TO 12?t'1•170 • 1~ I, !NOCX 

no ... ~nr 16,1801 
180 l'""l)HAT l •root O!AGR,\~ fACTLITY NOT AVAILA8L[ ·1 

"[ TU~N 

G-----------------------------------
C TH[ BLOCK GRo\PH JS cmVTl:?UCTrO. 

G-----------------------------------
l'l0 " = YHTN 

Vt)',/ = } 0 /VIJNTT 

Of) 2 1r, l = l , 51 
0(' 2 00 I< = ? , NO COL 
re· IXOOTIKI.Gf.YI GRaPHII,KI STUl 

200 CO"fTINU[ 
v=Y•Yll"I 

210 COHT!NUf' 
f'O T;) 7"i r 

c------------------------------------
c TH[ LIN[ CRAPl-l I'" COW"lRUCl(D. 

G-----------------------------------
22 0 or 21.!0 T = l , NO .. Y 11 

r." ;:> 30 J : l , 70 
I( = lfTC:<."f I, JI - Y'tTt:I •YlJ'IIT• ol 
Tf IK.(,.,'5!'1 GO ,.0 23(' 
f'R,U'HI K• 1• Jo 11: <"YH60\.. IT I 

n r r('"ITTNtJr 
~ r. CCNTlNUf 

2'50 TUNlT = fY"AX - X'MlNl/7, 

G-----------------------------------
C TH( )( AXT<: IO:: 'iC,\L[O. 

G-----------------------------------
TOAYS111 = x~tN 
IYC:.RS II t : I"IITYR 
00 2 60 I -: 2 t8 

260 IOAYS1ll = X"1H • XUHTT • J'\..OATl,.-11 
DC" 2 '30 r = 2 ,e 
lYORSITI = lY[AR'.,.fl-11 

2'70 HTPOAY = '65 
Ir l~00IIY(AR'""IIJ,q1.ro.01 NYq0AY 366 
.. ,- IIOATO::III.L[.NYRQAYI GO TO 290 
TY[AR<:;ITI-= IY!U~0:::111 • 1 
00 280 J=I ,e 

2BO lOAYSCJI = IOATSIJJ - NYRnAY 
c:o '!O no 

2'30 COHT!NUf 
YUNIT = (YHAX - Y"IJ'l,I 1/S. 
UXISf 11 ~ Yl1AX 
01" '3 (D J : 2 I 6 

1)0 UxtSfJJ:: YAXTSIJ-11 -YUNIT 

~-----------------------------------
c Tl-4£ GRAP\.4 IS PRT"IT[O. 

~-----------------------------------
C. •• •• •• •• .H(A0lNG'- AR[ PAINT[t" 

MPIT[ 16,3101 CTITLflll, I= l, :,01 
n O roR"AT I lHl, 20AC!I 

Tf IHOSYM.GT.ll\l'RlT[l6,lJOISYMBOLl11,IDPLANIT,ll,t=l,"I 
WPIT[ 16,]201 

J20'"00J1A! IIH I 
!f" I NQ<:;YH. GT .1 IVRIT( 16 ,] "10 ISY"1BOLI :'I ,f(lCf'l AN(J ,21, I= 1,51 

DO ""0PJ1AT I lH•• 'JSX, 6AC!I 
wPJT[ 16,3,WI UC?, IYTTTL(ITl, I= 1,WI 

3110 f"ORHAT I' Y 4XI'5 l•lD••'•U•' l TS' ,lOA'll 
If" INOSY/1oGT.21 WRiff"lfi,'.']01 SYH8ClLIJ!,ICXP\.aN(l,31,l=l,,:I 

c .......... THf GQAPH IT'i(lf" IS PRT~rro. 
350 J : 1 

YJ = J 
00 3 80 l 1-= l , 51 
I3=I3•1 
,..=s2-11 
Wt>ITE f6,"1£,(]1 fGRAPHl'",KJ, I(= 1, 71 I 

JGO FORNAT l~X, 71Al1 
IF IT-J/lD•lr.N[.11 Gf' TO 370 
WRIT[ 16,rHTll YAXISIJI 
J = J ♦ 1 

J7 0 IF II 3. L£ .NOS YH JVDl T[ 16 ,J 10 ISY~BOLI I3 I, If' XPLA NI k, 13 lt K= l, 51 

38 0 CO"ITINU[ 
WRITE 16,3901 IXLTNffTI, I= 1,181 

3'30 f'OPNAT l:.'C"li:, 18AC!I 
WRITE 16•q00I llrAYSITI, T: 1,81 

~0 '"ORMAT I' Tl"1[ - Q1,y •• IS, 716X, T'III 
Woll[ f6,cil0I (IY[ARStll, I= t,~l 

410 ,-f'R"4AT I '3X ,• YEAR '• f<;;, 716X,H II 
Of TURN 
rNO 

r,cµi 3~ 
GOl!«ir 
GQtiljC 

G()q~ 
Grq.-.c 

GC,, 00 
r.r.46"!
GO. 70 
r~"'5 
CO'I or 
t-~811; 
G04'J" 
G0'195 
GCSM 
GOS 0~ 
G051" 
r.os 1r. 
GOS 20 
r.os 7.S 
Gll5 JD 
GOS"'!: 
r(;511r. 
GOS 45 
cosc:o 
005co:; 

C O!:'.f:f' 
(;[1~60: 

GOS7r 
Ga57S 
GOSA!"! 
G0585 
005'!1(! 
C:05'35 
GC61J" 
G060S 
1?061r 
(:['611-. 
r.Q671" 
oo;:,s 
GOI' l'.l 
G06 ,.. .. 
G0541" 
(:Q6q~ 

r.01:5r 
GCt;t;o: 
G!'66r 
G0665 
Gr6"?f' 
G067S 
00680 
GC6 PS 
r,n;90 
Gf'6.i"
r.c100 
Go1cc: 
Cr71~ 
c:cn 15 
(;1)'71" 
001,.-. 
007 Jl"I 
Go1-rc; 
G07qn 
OQ1q5 
G07 9l 
r.01 ,..._ 
G (17f0 
ro1rc: 
rc1""'T'I 
Go11c: 
r.p7Ar 
f!C711,c: 
GCIT'lr 
Gf"l7C,', 
GOll()r 

G080": 
t-0"1'"' 
G 08 l'i 
G087f' 
C08?'
GOA '9('1 

GOBJ"' 
GORI() 

G 0845 
G rA 50 
r.08""' 
ro11,Fr 
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APPENDIXE 

Listing of the Subroutine EXTERN 

c;:ueqourr~ rxr£AN 
f'TlffNS!f'N Q'1ffWI "f'71,".,!"YL'07),CC,TF"'IXiTI 
["l"'M[NS!0N HR,HNl]r.01,f)AJN11001•H0UNCNl5 l,PUl.'CHl5 I, 

lfl0PASCJr71•P\J""Tu(~ ,41,RUN0QG('i ,5,11),CUSTPTllZ•~• 61, 
2 l"'yAPOQI 17 I, PHOT OP fl "'I ,RolOU lt21 ,')USTI 17 ,S ,Ii l ,A fl OW 1'566 It 
1rxo1 6JJ.NIRPIGl5 ),WAT'"RRf5 l,RUN0JNIS,5, 61, m.JN"Tl-115, 61 

CC'IHH0H/C'«/Y0lll, YC0,..~(111,YD[TtNC'S,41,YnRJfV( e,1,q),Y0Rrrn1110 ~ 
tYrRTfAfliC',41,YORifMl'\,'ll,YPHfll ,YPNORGI 5,, f.J,YDNOP.GI 61,VWT[HPI n 

~-----------------------------------
c Cf'IHH0N P;LQQ( /SP[C/ roNTlit.!~ SP[CirICATinN,;; ANO 0H£"R INf0RHATJ0N 
C Cl'lt'HON TO TH[ WHct.r c;:[T or PROGRAMS, BUT [XCLUOI"ll; STATf ANO 

C fXOG[NOUS VAfH Afl.U:-S, 
c------- -- -- ------------- - - - - ------- - - -

COHHONf'. P£ Cl NCH~, INS TRU I 20 I, W .U [R oN SP fC V, NS Pf CA oNOROAN. 
l "HW,PHB• NOLIT ,NCH(CK,T0AY, ATOT, AT0T0,JYR0AY,NRfl>fTf201 
2 ,..., Cl'Ht 1"> J • LI ~C OH 14 01 ••• CO HCUI I 5 I, NCOH0P ,NSPCflH, NO (BtG 
J,FLOUT,NTCRO" • MONTH ,LOOfl[P,N'°TRfH•..r:.AV,.. 
11,NSUBc;;.T,CYnf, NOt.TTt,LOOP, IRUN,SOU'1Cff5tll I 
5 •TOA YPlh WA TT OT ,N PR Tl?£, I ,or.1, CH, NP OPT ,ANIN, Ft ow c-; 
6 ,f./fR[LN, !'i TRTM ,I NO RGP, DI OR GO, '°'ONOl YI 12 I, "lJ MH~N 
7,t<ORGSWI 5,41 ,KlNP0PCc;, £,1,Jo<lNRGl')t'5, bl 
s,•IOFlf,,., 31 ,N0RifAl4Cl,'«1Rtrv1 81 
~.NTRIA ,NPORTt,T[HP\l,T[~P8,NPA~S 

c--------- ------------- - -- - - --------- -
C C0HH0N BLOO( /N(T(OR/ CONTAINS Tl-IC VALIJ[S or fX0OCN0l,11; VARIABLfS 

C fOR Tl-I( OIRQ(NT TIH( UNIT. 
c------------------------- - --------- - -

l"'0HHQN /H CT toR/ WI RR IG, RUNSC'IL 1111 ,l"UN0£ Bl "• 41 .o AP At",', DA YRUN, 
\PUNPNRIS, bl ,RUN ON RI h J,0USTIOf5, f.l, 
2 TRfL0W ,T CO HP NI 41 ,T 0[TT NI 5, If) , TOP If VI 8 ,1 ... I, TIJRt ro Ill 01 • 
JT0PtfAlll~,41,TDRif"HIJ,111,TPN0RGl'5, 6hTONORGI f.l, 
4r'iAP,RAl"IOII 61,0APH0T, 0AYJJA0.f)AnUSTIS,fll, fX0Glltf'),RATNC0lltl. 
5fL OS[C ,CON PI NC 41 ,OCT TN l'i, If I, DRTFTVf 8• l • fil ,0 qJ rP0C lf0 I, 
60Rff'TAC4r,4I ,0Rif'"THl:!o41 ,PH,PN0f'lf(5, 61,C>t0RGI 61,W"'rl't"• 
7fL0WIN,XCONPNl41,X0ETINf5,ltl,X01llFVI 8,1,,.1,XOPtfO!lt0lo 
81C0RTfAl40,t.tl ,X0Rlf'HIJ,tll ,XPH,XPNOPGISo 6l ,XON0RCI f.l,XWT""HP 

COHHON /PHY SI n. ow ,P CR I~ ,DrP TH. WA TSY s, vr LO CT ·" A£ A, Wt OT H 
fQUIVA Lf NC [ (f XO ,\I IRRT r.1, I rLo 0 AS tl'"Lf!Wt NI ti OP try, YD I 

c------------------------ - - - - --- ---- - - -
C TH( NAHE LIST roNTAIN'" Tl-ff PA.POlf"'rlH Tl!AT AR'( l'l er 
C lffA0 If.I AT [XfCUTI()t TIM[. ~-----------------------------------

NAH[LJ'H/'EPUT/ PHW,PHB, TR8rACo LIJ-IND,APWTOC 
l oTRBH2f'I , T(K>Wt T!:HP~ 

'10N0L0 = n. 
1 o rru~HAT c 161'5 t 
20f~R"4AT 18fl0.81 
JO rr-qHAT 18Fl0-11 I 

If IIRUN.L(.lt GO TO tl0 
I.-,AIN = JTRATN 
TPUNN = JTRUNN 
t<0AY = Jl<0AY 
l"RIG : JTRRIG 
Gil TO 190 ~-----------------------------------

c H0GENOU°' ANO HETEROL,.1ICAL DATA TS READ. c------------------------- - - - ------- -- -
tlO CONTINUf 

NC HE Kl =r 
0ll'i0l=t,12 
on 50 J=-1 ,NOL IT 

50 READ C5,DHOUSTt!.J,J(loK=loNfRELH) 
00 6 0 I= l, 12 
on 60 .r-1,ISTRTN 

6 0 Df AO I 5, 3£' If OU ST P! Cl ,J ,KI , 1<= 1 • I NOP~ I 
~fA0IS,lm NP.AIN,NRIJNl"INoNlRl)fG 

C. •••• -.-..PPECIPITATION DATA, 
Tf I NR AT N. L[ .o J GO TO 80 
PfA0 fS,101 IMRAINltt, t=l,NRAINI 
PEAD 15,Y,J I RAlNITI, t:t,NRAINI 
READ !5,DI IRAINCOll<I• 1<=1,NFREU'II 
"fA0 I 5, 31"1 I I RA INDI IK l,K::l, INORG0I 
on 10 IPATN : 1, NRAIN 
rr IIDAY.LE.~AINIIRHNI) GO TO CJn 

7 0 C0NTlNtl[ 
80 T0 AtN : NRAIN ♦ 1 

C. •• •• •• •• .SUPFACE FLOW DATA. 
90 If INRUNON,LC.01 GO Tr, 130 

P[A0 (5, lCI IHRV"-ONIKJ, 1<:l,NPUNONI 
PfA0 15,3)1 IRUNON(tl, t:l,NRUNONI 
0" l ID I = l, NRI.JNON 
P[A0 15,:t'I IRUNM[Nll,MI, I(: l•NF'P(LHI 
C-£A0 (5,'.EIIRUN0INII,Kl,K=l,TN0RG0I 
0" 100 J:1 ,NOL IT 

WO Q(A0 (5,)"!J IRl}N0QGII,J,Kl,K=l,Nf"1)(lMI 
00 110 I=t ,NRUN0N 
00 110 J=1 ,l..::TRTH 

110 RrA015,J0I I RVtf>INCt,J,KJ,K:t,INOP~I 
nf'I 120 T0UNN= 1, NRUNnN 
TF IIDAY.LC.HAUNONIIRU~ll00 TO llfr 

12 D f"ONTINUf 
130 TPUNH: NO\JN0N • 1 

c ... •••••••WATfR R[Hf)VAL DATA. 
lff0 Ir INIPl)tl".L[.01 GO "f'I 16r 

r>rAO I 5, lD t IMIRRIGIKI ,1<:1,NJ0RJGJ 
nc.1,0 1c.,:JJ1 IWATlfHHKl,K=l•N!qRIGJ 
On 150 T"PIG=loNlRAU: 
rr tI0AY.Lf.HIRRTGITRRIGII GC' TO 171" 

150 r0NTINU£ 
160 l"PJG:NTRRIG • 1 

C. •••••• , •• fVAPORATT~, PHQTCP[RIOO, RADIATION, \A l"ER TrHP~ATUP[. 
110 0fA0 15,:DI l(VAPOf?II), 1:1,121 

Pf AO I 5, ~ I IPHOTOPt 11 • l=lt 121 
r>rAo ts,~, IRAOTA CTI, J,;;1,121 
IF"CNSTPCII.Gr.:,1 C" TC" 180 
Pr' AD 15,?0I 1.1,f\. owe T ,, t: 1, JEEJ 

18 0 K(I AY = T l'\A Y- l 
JT0&JN= TRATN 
J'""U"IN : TRUNN 

rmos 
£ Ill IO 
[Q) 15 
[ IIJ,O 

fQ) 25 
[IIJJr 
E 00 35 
[Ill"" 
rm,s 
CID ,o 
f(D 55 
EQl6f'I 
CID 65 
£ Ill 10 
[CIJ 15 
flll80 
E:0085 
[Ill 'U 
f0095 
rm a, 
[Ol0"" 
£0110 
f0115 
rmlD 
rm 25 
£ 01 TI 
rm JS 
[01.,.. 
rm,s 
rm !D 
[015-; 
fot'O 
(01 f.5 
rm 10 
rm,,; 
[01 II) 

cmes 
rm.., 
rm'l5 
razm 
f0205 
E 0210 
fD? 15 
raz,,.. 
(0725 
[(12"'0 

rcrz "!i 
[02"" 
r02115 
rozsn 
£0755 
rozFr 
rr,Gs 
ro210 
C 0275 
[0211!' 
f0285 
rozqc, 
r01---. 
f"Q3tt" 
r0305 
fOJlD 
fflJ:15 
r0J7tl 
£0J25 
EOJJr 
ro.,.~ ,m.., 
rro•s 
ECJ !E 
£OJ 55 
f:0Jro 
£0365 
f0J7U 
£0]75 
fOJPn 
fC"l!"5 
f'0J<1f'I 
f"QJQS 
ra.oo 
ED\~ 
[0-10 
f()\ 15 
[O."" 
[O:. 75 
f()ll~ 
FOIi JS 
r011 ,c
£0\,s 
EOltOO 
[()IJ!'i5 

fDHO 
ro,6c. 
EOCi7r 
r01117·c; 
[0fl80 
rrri 8c; 
ro,90 
[f'!ll 1'i 
rosa, 
cosoc. 
ro51r, 
fC51 '5 
""05?0 
[(E 2~ 
•as..., 
ros ,5 
r-05 IIIC 
El"Sfl'i 
[055') 

r os5~ 
,..OSCO 
£05tiC. 

JK0AY : K0AY 
JTQRIG : TRRlG 

C ----------------------- - - - -- ----- - - -
C C1f(CK FOP nAn.Y fV(NTC:: ANO TRANSFER INfORM•T'!0N TO Hf:T[0P 
C C0HMON BLOCK, 

~-----------------------------------
£JORY 000[2 

l'l 0 CONT JNU( 
IF'INCH[Ml.E"l,1 I GO TO c;qo 
yr ILOOP[D) 2ro ,5'l0 ,5~ 

c .......... DATA ON Iff""LOWING WATER fROH urSTRfAM. 
200 IflN<:T0CH.GC,21 GO TO 410 

DPJFWf U :AF\.0\f IIYl>DAYI 
Ir INCH[CK.C0.O, GO'" ?lf0 
,;oT0l210 ., 20 ,Z 20 ,2 JO l,Jl(J'"P0M 

Zl0 lffJ(Q0M,GT.IrR0MIG0"f"l770 
r:0To2,n 

220 If fJrR0M.GT. JfR0HlGOT"JJ'I0 
J(R0M:JfR 
TfQ0M::0 
COT0270 

no Tf'IJfR0M,GT.l"F'R0MIG0Tl"TSQ 
JF'R0K':JfR 
G0T0J60 

2110 OfA0IS,lOJ.TPOH,J<fRQtf 
IfROH=0 
G0T0260 

2'S 0 Rf •D15 •l m .FR, ..KfR(>I 
lF'POM:0 
GO TO JO 0 

2GO G0TOC300•300•300,JQOt,JKfe>QH 
l7D Of'\ 280 T:7,NPASS 
28 D DR IF Wf I 1 ~ IH FY fl I 

JlffR0H:1 
2'30 IfRON :- Jf'RO~l 

GO TO 112r 
JOO Rf.l0(S.,01ncolrf>NIIl,t=t,Nfll(LMI 

0<'310 J::],N0LIT 
310 RfAOl5,?0l lYO(Tlt.l T,Jl ,J=l,NfQ[LMI 

00320 t=t,NSPfCV 
lZ0 R(A015,?0ltv0RirVII,1,Jl,J=l,NfR(LMI 

0OJJ0 I=t,NSPCOH 
no RC AD 15 .101 YORI F'0II ,. CT or> IF Al I, JI ,J =1 ,NF'R[lNI 

0031110 t=t,,.ICRtl8 
31110 PfADf5,7rltY0QI'f"Mfl,JJ,J:1,NrR[L'1l 

P,..A0 15 ,?"I YVT(HP oYPH 
003'50 t:t,TSTRTM 

3'5 0 Pf AO 15 ,71"'1 CT PN 00 GI I, JI ,J::l ,INORGPJ 
~[ AO 15 ,7 f'I I YOH OR GI 11 , I =t , TNO RG0 I 
tr IJKFROM.(0.1 I GO TO no 
TF IJl<f"R0M. (Q .z IG OT 03 li0 
GCllf'\380 

360 no 370 T=7,N°.l~S 
no DPIFZIIl:-nRlfYITI 

GOT0250 

C••••••••• ,DAILY VALIJES HAY 0E INT[RP0LATf0 F'R0M Tl-£ DATA ':F.T5. 
330 0JF'AC:F'L"ATI rrqoMJ/f"Lll.lTIJ~0MI 

00 390 1=2,NPASS 
"O ORTFWIIl:-0Rtf7IIl ♦ fOJFAC.•IORTFYITI-ORif711111 

11-00 TFR0M:IFROM• 1 
GD TO \2f' 

1111 0 CCNTINVC' 
l"'All INOUTll,511 0RIFWtll•NPASSI 

1120 CONTINUE 
IF INTRIS.N[.11 GOT050f' 
Jr INCH[CK. [Q.0 IG ('f Qlf "I" 
IF IJ TFROH. GT• I TF RO Ml GO TO lf9 0 

C. •• •• ••••.OAT• ON IN"LOWlNG WAT[R FROM 'fRIBUTARI'fS ri R,-A0. 
\3 0 R[ AD 15 ,t OI Jf FROM 

Pf AO IS,? ~1 IRR.. OW 
D[A015,?0I ITC0NPNI 11,I:::l ,NF'R(LMJ 
Ol"llltO J-:1tN0LIT 

Q4 0 qf AO 15 ,z 01 IT Q[ TINI I, JI ,J:l ,NfR[LMI 
0"lf50 J: I, NSP(CV 

i.5 O RF AO (5 ,70, If DRTTVI I, l• Jl .J=l, NFPElMI 

0'"' 1160 t=l ,N°'PC0H 
'60 R(AOIS,20) TOPIF0lll,ITORifAIIoJ1,J:t,NFR-£LHJ 

001110 !=I• KICR08 
117 0 R[ AO IS •201 (TOA IT"' I, J) ,J :1 ,N'n[LH) 

00118 0 I: lo IS TRTH 
o\80 P[A0(5,201fTPNORGIJ,Jl,J:l,INOROP1 

RC AO 15 .?QI fTDNORGC II ,I=l, TN0RG0I 
YTF'R0H:0 

IJ90 l'TfP0H:fT'f'POM+I 
50 0 C"NT lNUf 

C-•••••• ••• DATA ON INfLOWJHG WAT(R FROH TR{Bl/TAPTES: J'S C:AlOJL•Tco. 
TrlNrntA.N[.21 Gr TO c;~ 

TP rL ow:r LOWIN• TR BH 20 
DO 550 J:\ ,NfDaH 
TC0HPN IJ ): XC0HPN (JI• TR'¥' AC 
D0510 I=l,N0LIT 

510 TriETINfI,JJ:Xf)[T!NIJ,JJ•TPIFAC 
01'1520 J:t,N'SPfCV 

52 0 T0RIFV fl ,t ,J 1: X0PIF'V IT ,1 ,J J♦ TRBF Al' 
0"530 t=I,NSPCOH 

530 TORirAfJ,JJ:XORlfAlloJl•TPBrAC 
0"51f0 1:1,HICR0B 

540 TflRIF'Hlt,JJ:X0RJrHtl•Jl•TRBFAC 
550 CONTINO[ 

0"%0 J::l,N'iPCOH 
560 TORif0f!J:X0RIF'OITJ•TRAF.AC 

"1057C I:t,tN0RG0 
570 T0NORGCIJ=X0N0RGIIl•TRBFAC 

00580 J:1,lSTRT~ 
on 580 J-l ,INCRG(' 

580 TJ'NORGIYoJl=XPNORGlt,Jl•TP[f"Ar 
59 0 CnN'I' I Nut 

..-rlL0OP[R.C0.CIG-, TO 610 

or GOO I=t ,N.,A"S: 
600 rL0PAS IT l':OffTfWf JI 

f"05"70 
f051C. 
[ ('580 
ros11:5 
cos err 
f 05,S 
£06C(> 
[060"' 
£06 }(' 
rOG1c; 
re,;:>!' 
£067, 
(06 "I" 
COG ,r: 
r06,r 
( 0611r 
FOG 5r 
f06"'"" 
f0661"' 
F.066" 
ro61r 
f067'" 
f06Pr 
rOGB'
,..m;"r 
f0695 
f('l71T' 
f('l705 
f07]0 
[[J715 
r077" 
£0775 
[oY:m 
(ITT 35 
[07~0 
ro1,r 
F07&J 
[07 c;5 
fQ'f(.0 

[07F.5 
f07"'f' 
[07"15 

[078(' 
f0785 
f070f' 
ro1q5 
(('IPJ(l"I 
roeo5 
(08 lf' 
roe 15 
roe ,r 
[08 25 
ro"""' 
roe :"5 
[0~'t0 
resit~ 
ro•cn 
£08Sc; 
ro~f>r 
roe,;~ 
FQA7f" 
(C!B 71r: 
ro•ttr. 
[('18A~ 

[08"(' 
roeqc. 
rr'3m 
£0'3(}c; 
[001!l 
f04J1~ 
[0"20 
£()9?r; 
£00 'T' 
'Cl" '5 
ru0111r 
r~it5 
f"0'l'-" 
[0,"i'

roq(.r, 
[()9fC: 
f0071' 
(0'!)75 
[00.., 
£0'385 
rcq'T. 

F09"'" 
r10cr 
r1~oi; 
FlO l" 
rw1s 
f 10:u 
r 10 25 
f 10 ,.,, 
r 10 35 
r- 10 111r 
r l.C! ,~ 
[lll rr 
r lil rr; 
r 1or.r 
r10r5 
r-10--r 
r 10 75 
r 10 or 
,.. lOP"' 
flC 'Y' 
,.. ll"'l'i 
• 11 er 
r n ns 
r 111r 
f' 11 l!i 
£ 11 71" 
r 11 "'!; 

[ 11 Tf' 
[ 11 .,., 



610 NCH[Kl=NC'i[Kl•l 
Tr (lOOPr"l 670• 67C, f,f,(' 

670 ""r (ll'AfN.L(.l I GO TO 610 
!F IIVRDAY.EC.HRAINIInATN - 111 m,ttiTN = !PAP! - 1 

630 lo(t'ATN = TOaIN 
Tf' c1r-iJtjN.LE.ll (;0 TO "40 
Tl" I l'fDOAY.[Q.NIHINOOfTR\JNN·l II TPUNN: TPUNN • l 

61f C KDUNN : ll?UNN 
Ir I TRPTG.u:.11 GO H• 650 
•r tlYD0AY.[Q.f'1IRRIGfT~IG-111I"Ol"'' yqr,tc - 1 

650 KTPRIG : !R~IG 
en ro 61\r 

660 !PAIN : l(QAfN 
JP UNN = KRUNN 
Tr:>PIG :: KTRR!G 
~O TO 6~0 

670 Tf CKOAY.E:Q.IYR0-'"I C:-f" TO 870 
6SO DO 6~0 I : l, Ll~[XO 
690 rxo111 = o. 

-.rcKYP.G[.JYRl GO TO -rrn 

C'o •• •• •• •• ,lNF"C'"HJ.HON ON RAJ,.,, OVfRLAND FLOW IINO WAT["' WITHOP\Ulo 
TPA!N :: JDA!N + ,1 

700 !f" IHRA!NIIRAfNJ .L[.f1I GO TO 130 
Tf" f"l".lTNIJRAINl-tYRDAYJ 720, 71f',P0 

710 DAD.I.IN: OARAIN • RATNflRAINI 
720 T~AIN ::- JD,,HN + 1 
no Tf'(KYP.G!".I'fRl GO TO'"° 

TPUNN ::- U~UNN • 1 
71f0 TF IHRUNONIIRUNNloL[.0) ":OTO 81" 

TF ll"IRUNONIIRU~I-IYROAYI 800,750,810 
750 DAYIWN:: DAYRUN +RtMONftRUNNI 

0('76 0 II = lt NFRU. H 
76 D PUNSOL CK J = RU "Ii IN I !RU~ d( I 

fl" 770 K=t ,INORGO 
TT O PUNONP U( J::RUNO INC [ Ru~ ,I< I 

Or780 K :: l• NFlHl.H 
00780 .J=l,NOlIT 

92 

r 11 qr 

f 11145 
f 11 er 
r 11 55 
r 11 Gr 
r 1165 
<u 70 
r 11 '75 
f118f' 
r 11 85 
f119" 
f 11 <15 
r12 er 
r 1705 
r1210 
E1715 
(12,0 
f 127"!, 
r12-,,, 
r 12 ~s 
r 12•r 
r 12 ,!:i 
[1254"' 
( l2S"i 
(1260 
r 1265 
r 12..,,, 
r 127' 
r 12 PO 
r 12 85 
r 12'1' 
r 12.,"i 
f lltl' 
r 1305 
£ lJ l'"' 
r u 1s 
r IJ "° 
E 1., 7.-, 

780 PUND[BIJ,Kl=RUNORGC[RU""4,J,KJ 
DI' 790 K-1 ,[NCOGP 
00 790 J=1 •[rTl?Tl"I 

T'JO PUNPNRIJoKJ:: RUNPTNl"'Rt..NN,J,KI 
~00 TPUNN :: !Ji:UNN • 1 
810 JrlKYR.GE.tYin GO TO 870 

TRRIG ::'TRPIG •1 
~20 tr 11"1IPP!('f!RRIGI.U:.c, rr TO asn 

"'f IHIJ1RTOIIRRIGJ-JYROAYI i:w.Oo8J0,8SC 
830 ~TRPIG:: \JIRRIG + WATTRRIIJllTGI 
5qo TRRIG ::fRntG •1 
850 MrAY :: fYROAY 

KYt> ::' !YR 

~-----------------------------------c l"TfRPOLAT[ OAR.Y tl:.'.T(<:ROLOG1CAL VALU£S J"ROH HONTI-ILY DATA 
c-------- - -- ------------- - - - -------- --

860 CMHINU[ 
87 0 fLOw=rLOWI N+ TR FL OW• ff'lA 'l'RUN/86,oO I• (R[A C'Hd PV IO[• n• RA Ol/1161100000. J 

(Xf[RP= rt.OATIPr1J""-0Hl/f\.'1ATIH~OAYIHONfH11 
MO"'l:: HONTHt- l 
"'f ,,..oN 1. ro .1 31 110 Nl =1 
fVAf'::[VA"O!H HOMf Hl+I ['tT£RP •I fVAPOP IHOHll -C \a POR( "40"'1" lil J J 
,,,, 880 T':'\,HC'\.IT 
01" 8!11C K::t,HrRa'1 

880 f)A OU<;J (' .. ,I( 1= rusr 111 ~ TH ,I ,KI• ([)(T[RP• IOIJS TC 110,,0 ,I ,KI- rusT 
\ IHONTHoT ,I< 111 

rH' 8(J(l T=-1 ,I~Tl?TH 
00 840 l<=-1 .tHORGP 

810 OU<TlPII tK •=DUSTPIIH~Tl-l,T ,K)•l()(f[RP• (01.fi TPIINOlfl ,I tK 1-nusrPT 
tlHONTH,r,w-11 I 

OA YR AD::D ADU CH OH Tl-I I• It XHR P• CR AOI4 fHON 11 ~ -.0 IA fHOHTH H I 
IH PHOT :'PHOTO Pl HO Ml Iii t C 0: T( JP• lPHOTOP IHON 11 ~ HO TOP! M0'1T HI 11 
r>r TURN 
rNTPY [J,,,PUT 
or AO f ~. CP VT I 
pr TURN 

r "" 

( 13,0 
r UJ5 
( 13"'1 
[ u,s 
rns, 
r1355 
flJfTI 
E 1365 
[lJm 
r 1375 
r 1Jao 
f' 138"> 
E JJ90 
f.l.3'35 
r 1,00 
E lit 05 
[ 1, lfl 
[1'15 
f 1, 2D 
r 1112c; 
r1, !t" 
£111 ~ 
f 14110 
f 1, CIS 
E 1, 5D 
r 1, 55 
fl!IFC 
r 1,r-s 
E 111 70 
r11:11s 
r1,"'° 
E 1118'5 
F'"1"'Jf' 
Elflll"i 
f1500 
flSO"' 
t'JSlO 



93 Aquatic Model 

APPENDIXF 

Listing of the Subroutines SEN SIT, SEN OUT, DERIVD 

C 

'-t 1 8P0UTTP£ SCNSIT fIRl.'N) 
THI'i <:;lJ9R0UTPH R(A0S IN Tt£ c;::p£CifICATT0NS Of' ANY S'"NSITIVITY rrsrs 
TO Bf P£1?F0f'H(!). A,-.0 TI-FN mornrc; PROCESS P#IAl'HTfRS OR TH( INITIAL 
VALur,; (If "TAT[ VARIAftL[C- AS <:f'ECIFIEO (IN St.PS£OU[NT fOH/HNTS 
R(r(RP(O TO COLL[CTIV[LY AS 0 P#IA11F"T~S· I AT Tl-£ erGINN[NG or [AC,t 

Q'(P[AT(0 RIJN. 

(J'" NS CD 01 
SENS 00 ('let 
9'"NS ID 05 
#§'NSOON; 
sn~sa: ITT 
srNsrnne 

C ™E r"0LL0WING AR[ O(f'lNITl()IS or vAnTAeL[ NAtt:~ usrn l",1 nnc-
sr.Nsorro 
S--NS ro 10 
Sf'"NS CO U 
srNsro12 
Sf"NSOO 13 

srNs N' '" 

c SUBRruTIN[ ANO NOT IN THr"" HATH PR0GRAMJiff. VAPIABL[S usrn !'INLY FOR 
C T'F"HP"RAIH PIIRP0S~, CR WITH DirF[P(NT H(ANINGS AT 0IFT(R[tl! TTH[S, 
C AJH: Tt,1 THE HATH OMJTT[0. 
C 
C A T(NPODARY C:::T0RlG( or MULTTPLYJ'.NG r•CT0R F'0R S[NSCDit:; 

C P.lRAHrTrR 'l'fT S'"NSM"'ff 
C ANEW I"' ,JI THE J "TH AL TERNAT!V[ VALUr roR n-ir I" Ht PARUllf'T[A IN St"NSCD17 
C s CT c::: TO 8( VART(O AR0f'l'0lRTLY g:t,,1s rr ti'! 
C B TtNP0PARY ST0RAC:[ or Nl"W PARA~l[R YALur sn1soo1ci 
C FACTOR HI HlLTIPLYING FACTOR F'OR TH( J'TH PMUtO[R sn VNSCD20 
C T• T(NPO0ARY <=TOAAG£ FOR IPAITI '-f°NS0021. 

C TB T[HPODARY STORAGE FOR IPqfI) S[N<"CD12 
C IO A TOtP0PARY <=TOR.I.GE or PARAN(T(R ..,OR(C:::«; S£NSCD7."' 
C lOAYTI Tl TH£ T!fllr AT WHT~ TH( l"TH R[Cl'ONS!' VARIABL[ IS 10 !TNSO)?'f 

8[ CALCt.1.ATro S[Nsoo,5 
IDB TCNPORARY ':;T0RAG£ or PARAHCTER .IO0IHC:::S Sf"NSCD26 
IOERIV COUPff[R f'OQ R(SPONS( VAPTA8L(S 10 ~[ C'ALCtt.nro BY Tli rsrNSCD2'7 

SuBROUTINr f)(RJVO S£NSCD2~ 
IOPAOI U H£ AOl)RESC::: 0,. THC SCC0Nl'l PAllAHCTrl' TO Bf rcsrr·o S["NSCD?CI 

[N lNT(RACTlON IN TH( 1°TH RUN SfNSCD~ 
lOPAD( IJ UC AO0R('SS n,. rnc rtRST PARAHETC:P TO 8f' TE"SHD IN SFNSCDJ't 

IITTE'.RACTlON IN TH[ t•TH RUN STNS(D~ 
INS[l<;:IJ,JI HE sraurNC( NUHBFR or TH( J'nl PARAHrfl"R S[T INT~( S[NS(DJJ 

I'TH JHT(0ACTI0N PAIR Sl"N~OOTII 
JNTSrT NUH~'=R or 0ATR-WIS( INT(PACTTONS PCTW'T .... ~TS or '!,l"HSO,JC 

PARANfT(R<" TO BE T(ST[O S'rNS(D ~ 
nnxxx INO(X TO 0IC:::TINGUI',H INTfRACTI0N l"f'[RATTO~S ON SfTS S£NSOOP 
INU A00R['!;C::: roR TRANSHISST0N AS ARGI.MENT TO Sf°NS0038 
INUHfT) Tl-£ Afl0R£'>S Of" TH( t'ffl R(SP0tfi( YlRTAALE, OR• IF TH£ STNSDJlq 

R[SPONSE VARIARL( IS To BE CALCIA...lT[D BY NE !.FNSCOlliO 
SU8ROUTDff O(RIVD, TH[ S[0U[N'T NU"B'fR Of' TWf ~rr or SENS(Dlfl 
Ht.I. tI Fl If RS TO B( UC:::[0 roR IT SFNS CD lZ 

IP ADDRE!,S fIN p OR HATrl or A SlM:;U::-VALl.C PARA"[T[R SJ""NSCD-J 
TO BE VARIED ST"NS00,1111 

IP Al Tl srouocr NU"8(R or F'IRST P•RA"(T[R OF Tf£ t•TH PAIR ST"N'S[D-r 
rOR INTf"RACTt~N T[STlNG SENSCD_,E 

JPARITI HC .tn0RES'> or TH( J-TH PAA~(T[R SUBJCn 'fn 9"NSOOU 
"O0IFICATI0N STNS(DII .. 

IP Bf YI S(QU(t«;E NUKIER or SECOND PAANICTCP or TH[ I-TH PAIR S[NSCD-"' 
FOR IHT'"RACTI0N HSTlNG S:tNSOO"U 

C IJ TEHP00ARY r-roRAG£ or PARAMETER stQO(NC£ Nl1"BFR SFNS(l)t;L 
Ill Al II Tl-£ SCRIAL NJHB(R or A SINGLE-',/1\1..\T PARA"r.T[R TO et: SFNSCD52 

VARI(0 IN Tl-£ I'TH ~UN SENS00<';3 
C IO 9( II TM£ S~IAL ....,M0CR or l C:::£C0ND SINQ.C-VALU[ PACUM[T£R STNSl'CS'I 
C TO BE VARIED IN TH( I-TH RUN S'ENS00~'3 
C TOO TD4PORARY CTI)RAG[ or PARA.HETER S[IJJ[NC'[ NUM8[R SFNS0056 

C ISTORf" II I Tl£ S(0UENC[ NUHB[R or TH( F'INAL oUN roR lltr t•rn 5rNSOO~ 
C PARAHfT(R S(T TNT[!>ACTTON Sf'"NSCDS!· 
C TSV SWITCH fDAN9UTTtD AS ARGU1HlH TO Sl.8P0UT!Nf 0FRIW - -qNSCD5'! 

1 F'OR IWUT, 2 f'0R AE'>f'ONSE CALCULATION S,-NS(DEi(t 
C ITY PAPAHETrR Tn>[ 'SF'NSCIJCl 

ITYP f'" I TH( TTP[ (C:::TAT[ VARU8L[ SUM OR C..._QJLAT[D f'UNCTIONI Sf"NSOO&Z 
or TH[ I'TH A[SPONC:::( vunAP:LE 1-CN'5006l 

C I'f fT' TH£ TYP( fP,-,CCSS-H00EL CONSTANT, OR STAT( VARIA8LEI SENSOO&IIJ 
C or- rnr I•TH PARAlffT(R UNDERGOING l'll"'DlrICATTON S(NS0065 
C IVY T(NPORARY STORAG£ roq PAPAMCT(R TYPE S'[NS'C0'-6 

C 191 COUNT[R FOR PARAH[T(R SETS B[ING MOOinrn IN S:CNSDH7 
C INTERACTIVE f>URS S£Nsooi:;e 
C J>o\R(-YJ T01PORARY STORAGE or IPAR (11 roR (IR0(ntNG PURP0Sr SCNSD'.lf-" 
C J!lUN NUMBER OF AI.J.I \ll-£N A PARTICULAR PNlAHrf(R SET WAS SENS0070 
C Hoorrrro. U<"[0 IN INT(PACTI0N WITH AN0Tt£R Sl"NSD'.171 

Kl 
•~~nrnsn •~oon 
SERIAL t«.IMB[R or PARAH(ITR CURRfNTlY UNOfRG0INC: srNsoon 
N00IF IClTinN . STNS00 711 

K2 T(HPORARY .-:ToFUGE (IF' A00P(SS OF' P#UHfT[R IN SfT 'S'£NSCD75 
cu,uu:NTLY Ut«>[ROOTNG H00IF'ICA TIOH STNS0076 

HAOOOC II HUNB[R OF R~S E£F'0R[ THE t'TH S[T or PARAN(HRS SfNSOOn 
VARIED S£NS0078 

HAP AO NUl"lq[R OF SDIGL[-VALU£ PARANETrRS. PLl.r' TJ.«JS[ IN S(NS:007! 
sos TO er VUHCO ARBTTRARILY Sf"HSCDSO 

tU.RUN '>E0UENC[ NUNO[R or LAST RUN BCF0IH SETS TO er VARtE0 S(NS0081 
9Y A C0l'tt0N FACTOR SfNS008Z 

HYNA!'I0 TOtPORARY C:::T0RAGE Of' A0Df>[SS OF HTHINUH YALU£ IN TPAA S'tNS008l 
Ht NP Ar- HINDtuH V,ILlJE IN ARRAY Jf'AR SCNS00811 
HPAR TOT AL NUNB[R OF P ARAN£T(RS TO 8 r V,.Rl(0 SENS008C:: 
HAUN NUMBER or Al.NS WITH SINGL( PARAM£l[Rs:, OR INTrRA.CTING SfNSC:086 

PUR"i t YARTrt> Sf°N'St'.1"!17 
NA LT NUN9[R OF PARAMETERS IN A SIT SWJECT TO t.LTERATI0N St:NSCD88 
NALTlCIJ STORED VALUr or HALT F'0P TH[ t•TH o:n SEN'SDJ8'3 
NOT NUHB[Q or VALUES or A PARAH[T[A TO 8[ usr.o IN S'ENSCll91" 

ADDITION TO THf ORIGINAL YALU[ SFNSA'.191 
N0Tf" I'' t T~ NIIHB[R ~ UTE'.RNATIV£ VALt£S OF f~ !'TH PARAMET[r 'S[NS009Z 

C TO FIE t100IF"IE0 SINGLY Sl"NSCll 0 J 
C NUNBER or ALT!"PNATIVE SETS OF VAI..I.F.S roR A SET OF SENSCI!~ 
C PARAHfTfAS VADJ(D ARBITRARILY• OR NUl"RER C'f" f'OWCP.S OF SfNS0095 
C H£ Hll.TIPLYING F'ACTOlll TO BE 1..6(0 S£NS00°G 

NOIHl CI I STOA([' VALUE or N0TF'F' F'0P Tl€ l'TH SfT S"'NS0097 
ffINTrrt NUMBER OF PAIRS or SINCll(-VALtF PARAHO'rPS: FOR S£NS(L9~ 

lN'f(RArTtON TEST<:; S£NSDJ9"! 
NNA NUKA[R Of' ALHRNATIVE VALU£S: f'OR ™£ rT~T or A PATA SFNSmoo 

or SINGLE-VALUr PARAM£T[RS SUBJO::T TO TNTr.RACTIVC SfNSOlru. 
TRHR K~m~ 

C NNB NUNR(R or ALT[r>NATIVE VALV(S roP ll-1[ ~C0\10 or A PAIR S'TNSM03 
or SUK.LE-VALUE PARAHETCRS SUBJ[CT TO I'ITDHCT"vr ~[NSmo111 
T CS TI Nt. SENS 01 05 

NOP.I. rf !t oq0[R(O VALUES f"R0M IPAq STNSmOG 

""'" NUHB[P or c:;D1Gl£-VALUf PARAM(l'[PS TO Of" VARif0 srNsmo.,. 
NP AR .I:" HUNB(" or ,l[X)R(SS( ... or P0OC[SS,-NO~l C0N<:;TANT'S: IN SE:Nsmn• 

NOP AR S1"NS01 ~ 
.,,.. Al? Al NPAAAM + 1 IN[[OC0 roR 00-t.00P orfQATION<° I Sf"NS0110 
~IR A nuN N~B[Q rxJRtNG <=INGL[-PARAM[T[R N0Olf'IClTTn-t S(N'S:mU 

' NR(<;r NUHP(Q Of R(SPr,NC:::E VARTAH[S TO 8[ T[Sl(fl SCNSCltz 

••u Rut, NUHB[R f'IURfNG T[SrtNr. or !i!NGLS--PARAHf"T(R Sf:NS0113 
I"1(RACH0•is srN<=m1-

NRUN T'lTAL NUl"BfR "'r RUNS ";rNC:::0115 

C NRUNN 
C 

C NC:::TATf 
C NUH 
C Pt Tl 
C P0Tf"l .. ,JI 

C 
C VPA0l''I 
C 
C VPAR f" I 

T'>TAL NUN~(R or RUNS• APlRT FROH ™OSf INVOLVING S(NSm16 
SET ]Nr[RACTTON SENSCUU 
NLt18ER OF <:(TC::: Of f'AAAH[T[qs TO Bf VA0Tf"D ARBIH',.R!LY Sf"NSOllP 
NUH8fr Of sr-rs ~ PARAH[T(RS 10 !\( VAAtro BY A COMMON sr-11sm1'"1 
r ,c10° S1-"NS012f' 
TOT,1,L NUHA(Q or C:::[TS or f'ARAHCTE:RS TO er YARTr0 STN<:mn 
S[0U[NC( NUH8rR ,,r rIR'ST S[T c,:- PAPUtfTfRS TO B,. STNsmzz 
VARJ(r RY ,I COMMON FAC1'0r, S[NSM?J 
NUNB[r> or .C::TAH-VA"UBL[ AD0RriS(S UJ N0PAR S'l"NS0121J 
NUNBfP Of Al.NS REQUit:1[" r-on A SCT 'NTCRArTHIN S.-NS0125 
THf I'TH PAQAH[T[R TN poocr.ss St.6~0UTIN[S S£NS012'6 
THr J'TH ~LT£RNATTV[ VALUr TO 8[ TESTED f'0R TW I•TH S[NS0127 
SJNa.(-VALUr P•RAH(T(q SUBJECT TO MO0I'f"ICATI0N SENSD12f' 
Tt£ VALUE F'CJt THC I'TH RUN or THI'" PARAHETr.R or WHTCH S[NS017" 
Tl-£ A"0R[c:;<; IS GIV[N P.I IDrA0II) <:;'£NS0131" 
Tl-£ VALUE: roo TH£ I•TH R'UN or THf PARAHrT(tl: or WHICH stNSm'I"\ 
Tl£ Al'l~P[S-: IS GIVEN IN IOPARf':) srNSOl3., 

C"HH0N I p,1 QA H/ fl I '41117 I srNS 01 3-
flT W[N'> ION ND Ir csr, ,P0ir1 ~o ,101 ,If'.\Pf 1001 .rPA fl O! .JPfl tin, SENSm 35 
r'l .. l"(NSION lDPlRI :TT10), IOPA QI 3001 • st:NSm.36 

l v 0 ARI 301"'1, VP,1Qf100 J • ta• nro I, IQP f300 I SENSm :n 
nTH[NSJf'IH IYcsn, ,fNSrTc:::110,21,ISH'I0rltOl S[NS0138 
n,..H[NST0N MADOR( lr. I, NAL TI U0I, NDIF'F'l 11 r.'I , !Pl(':, JO I SENSQl 3" 

l ,AN(Wftt'0,51, r.\CT0RllO) S(NSQlllfl 
Cf'MH0N/ST~T/STATfl 36111 S£NS01'11 
C0H,-0N/T0TALS/SUNCI 1671 SENSOJ_,1 
C'0Nl'ION/,ICC':/ STN(lf?21 J SENSOl_,3 

c--------- ---------------- - - ------- - - -SENsm1111 
C TN[ CO"'"""' BLOO< /RE~P/ Cl"INTAINS lNl"OPHATTON ON REC:::Pr'INSfS FOR SfNSmtis 
C COHHUNJf'ATICN WITH TH[ SU8ROUTIN[ S[NOUT. SfNSm~ 

~-----------------------------------~~mn 
COH"IONIR("::;P/ ITYP17QI, !HUHl201, l0AYH1Cl, HRC'SP, SF.Nsm-8 

1 •IPAR, HRUN• N<S'ARtlNll, Nf'ARAH• NPAPAl, NSTAT[ S(NS(]l_,,. 
QT H( N'>T0N .P •q 11 er, I SENS 0150 
'IRt..t=Nf'UN SfNS015t 
Jl"l!'WN.CT.l IG0 TO 39(' S(NS0151 

~-----------------------------------~~m~ 
C AT THE BfCINNitfj 0,. TH( ,.TR<:T RUN• INITl,t. VAi.Li£<: l"IF TH£ SENS015tf 
C l"'ARAH(T(RS AR[ ST"R[f'. SfNS015S 

~-----------------------------------~um~ 
W!>IT[IClol"TU[.P S(Nsm_o;:7 

C--------- -------------- - - ---------- - SENSCl:I. SA 
TH( NUHBrRS rE SENSITIVITY rrsrs or 0lFTfPENT KTNOS TO Br SENS015'9 

C PfRr0R"l[fl AA( ";P[ClFif0. S'l"NSmR" 
C--------- - --------------- - - -------- - - SENSm6l. 

r-rA0 15,1401 NP,1R,ND4TrR,NRf'iP,NSr:T<:1• NSCTS:?, INTrr-r SENSm62 
,o r"PIUT(}6I51 S[NS0163 

~-----------------------------------rrnm~ 
OARTlClA.A"S Of THE PARANETER VARlATl0NS TO er PERf''lOH[0 Arr SENSmf;5 

C Q(A0 TN. S[NSm.66 

~-----------------------------------~umn 
HR A- 1 SENS 0168 
'l.,U = 1 SfNSffl 69 
rr,~~~LmGoro1w ~~mm 

C. •••••••••<:THI'\.[ PARAHETER..-
00 8 n r= t. NP AR 
DrA0 IS•IIIOI !TY• IP. N0I 
RfA0 f5t~l (P0IFIJ,JJ, J=l•NDJI 

so r-"RHAT 1er10.s1 
TPAA 1'!1-::IP 
N0IF' It l=N0I 

60 CONTlNU[ 
1)1"1 70 J::t.N0I 
NRA=N'lA+l 
T0PAR( NPAI =tP 
V"ARINRAl:P0IF'fI,JI 
TO Al NRAI =T 
r,n,=n, 

7 0 CONTI NU£ 
8 0 CONTI NU£ 

"IR' U =NRA 
Jr ININT[o.[Q.OI GO Tn 110 

C. •• •• •• •• .tff'T[DACTIONS BETWEEN 
oo 100 I=t ,NtNn:o 
Rl'°AO 15•q(:ll IPA1ll,lP8flJ 
IA=IPA IT 1 
IB=IPBITI 
~NA:H0IF f! A1 
._,NB=NDJF 1TB) 
,o ,o J=hNNII 
DO <JO K=l,NNB 
N"U =NRU + 1 
IOPA Rf NPUI =IPARI IA I 
VPAJ:> INRU 1= PD If II A• JI 
"0"A QI NPUl :I PA Rf I!\ I 
Vf'A0 INRU 1-= PO IF' I In, KI 
IQ Al NRUI =t A 
IQBt "IAUt=tB 

') 0 CONTINUE 
10 0 C0NTlNU[ 
110 C0NTINIJE 

HRUN : NQ\J 
,-,PAR : NPA" 
MOUN = N~UN 
M,100Rf 11 -:- NRUN 
N<;[TC::3 = NS[TS2 • ff(;r""Sl 
N<;(TSlt = NS[T~I • 1 
Tr- INSO<"'].L(.0l fl0 T" 160 

PAIRS or PAPAHCTERS. 

C••••••••••SETC:: OF PARAM£T[RC::: TO BC CHANGF0 TO NE\I fHPIRTC':"l. 'SrTS r,F' 
C, •• •••• •• .VALi.E'S, 

'( = 0 
Kl : NPA0 
W2 : Q 
DI\ 1 SO T = 1 , Ne:: (T Sl 
T] : I + N PAP 
PfA0 15,4r.l TTY• NAL.1t1'41IFr, fIPI(hJl, J h NALTl 
-C1 : I( 1 + NA LT 
"f'AR : MPAP + N,ILT 
no 120 J = 1, HALT 
Wl Kt + 1 
IC? : lPl tT,J I 

S£NS01 71 
stNSOl 7'Z 
SfNSOl TI 
SENS01 711J 
SENSm 7'S 
SENS 01 7G 
SfNSOl 77 
S(NS017!1 
SENS0l 7CJ 
SF:NSOllN"I 
srNs01 e1 
SENSOl !12 
SFNSOl 83 
SFNSOJ.811 
SENS 0185 
S£NS0181i 
SENS018 7 

S[NSOl 8111 
S{NS 018'! 
S[NSOl T 
SENS m '31 
SENS 01 CJ1 
SFNSot 93 
SFNS01911J 
S[NSrl gc:; 
SfNS0J "t6 
SFNSOl 'l7 
SENS OJ •n1 
SF°NC:::01,1 
SENS 02 00 
SCNS02 M 
SCNS 02 OJ 
SENS OZ OJ 
SENS 07 ~ 
Sl-"NSO? 05 
SfNS02~ 
S[N'!:021'17 
S(NS0?£'8 
S(NS07M 
SENS021C 
S(HS021t 
SENSCl2 1-. 

SrNS 02 ll 
SFNSrr." 111 
Sf N'S 0215 
SENS 02 lf; 
Sf NS 0717 
S£NSCIZ l" 
SfMS-021" 
SFNS 02 :?rt 
srNs 02 't-t 
Sl'°HS 02 2'1 
'SENS02 .,.,. 
SfN'5 02 211 
SEN'S02.,5 
S":'NS O'l?li 
SENS Cl'J 27 
~Nscrz,11 
SENS 011, 
srNs 02 Jr 



ll"ARfKll: K2 
IYfKll ':" TTY 

120 Ct'INTINtC 
NDif'rtlTJ:: NOIF'f' 
N•LTHTI:: NIILT 

1.3 0 I" = K • 1 
OfAO tS,lllQJ IAN[W(K,JI• J=l,HOirFI 

1,.0 FOPNAT f.!IFlO.tiJ 
Tr CK.LT.I Kl-NPAR1t GO TO lJC 
Nll00"fI•l> :'. NOifF • l'IAODRIIJ 
NDUN : NOUN • HOIFF 

15 0 Cf'INT1NU£ 
liiO HARUN = Nl'?UN 

HAPAR : 14PAR 
yr INS[To:;;_,.L(.OI r.o Tt'I 200 

c .......... sos OF PARAN.ElfRS TO er NULTTPL![O 

170 

ltl : NAPAR 
DO 1'30 T = N'-CTStit NSCTSJ 
RfAD 15,«ll ITYo NAL.f, NnIFT, CIPlfT,JI, 
HOAR : MPAR • NA.LT 
0" l 70 J ':: 1 , NA. l T 
Kl : K 1 • 1 
K2 : I Pl IT •JI 
If'A.R ll<ll = I< 2 
IYIKU: TTY 
CONTJNU[ 
NALTlfI>: NAL.T 
NO If Fl II, = NDIT'f 
Rf"AO IS•l~OJ FAClOR II I 
IF tFACTOOIIJ.GT.C.I GO TO 180 
NPUN : N'WN • l 
Gfl TO 1,0 

180 "IPUH: HD\JN • 2•HDifF 
1'30 HAOORIJ♦ ll : NRuN 
200 ..rnUNN : NRUN 

BY A COMMON f AClOR. 

94 

SENS 02 ~ 
S[NS 112 ry 
SENS O?l" 
Sf NS {12 ""ci 
SENS 02 ?"i 
srNs O? 31, 
5ENScrz 3" 
SENS 07,111 
SENS 02 ?Q 

5rN$02.t:IC 
S[NSCTZ'll 
S(NS0211? 
SfNS 02 .t:13 
S£NS0?,U 
SENS 02 lilS 
srNsozu 
S[NS02' 1117 
SF'HS07118 
SENS02111" 
SENSOZl:Q 
SfNS 02 Sl 
SFNS D2 .. , 
srNsO"o:~ 
SF'NSfl25111 
SfNS02..-S 
SFNS0?"-6 
5ENSC'757 
SENS 02 .-q 
S(NS 02' rQ 

SfNS 02 F=O 
S'ENS02Eil 
SENS 0167 
SENS 02' 6"' 
SENS 076111 
srNs 02 6S 
Sf"NS 0266 
SF'NS 0?"7 

c •...•...•. INT[RACTION~ B[TW[[N SETS or PARAl1£T[RS. S[NSOZJ:• 
TF I INT<:(T.LE.O> GO T,. 220 S£NSC2J:q 
~2wr:1,IBHCT HU~~ 
Df AO I S, ctO I J, K SfNS02 71 
NUK = NOtrntJI • NO~C"J.IKI SfNS02n 
TT- IJ.GT.NSETS11 NUH: NU1' • 2 SFH502"'3 
TF' IK 0 GT.NSETS1J NUN= NUN• 2 SENSOZ711 
-.,DUN : N"UN • NJ!'I SF'NS0-,75 
J<:TOR[(ll: NRUN S[N<;0276 
INSETSIIoll: J S£NS~?71 

210 INS'fTSU,71 = K SENS07T8 
n1,1 ffU~P 

C------ -- - - ----------- - - - - - --- - -- - - - - S'F"NSCIZ80 
C l?ESPONSE VARIA!l..£<:; ARf IOENTIFl[D. 2:NSQ2jlltl 
C--------- -------------- - - -------- -- - St:NS02fl2 

220 C<'\NTINtC S[NS07'1i" 
TO[RIV : {' SfNS07•1t 
00 230 t=t ,NRESP SfNS07P.5 
~fAD 15, qo I IT YPff I, INl.t" (I Jo TOATH'fl SfNSC286 
TNU::INUH CI I S'£NS0?8'1 
T«;V=l S[NS('l'"l,911 
"'F" lllYPfTJ.N(,.51 GO TO ?JO S[NS028'l 
"'OEPIV: ID£RIV • 1 SfNS02~ 
CALL O[PTVOI ID[RTV tI"i:V I 'S[N'SOZ't) 
TNUHIIJ = IOERIV SfNS02'l? 

ZJ O CONTINUE S[NS02'l" 
00 2~ I = l • HPAR S£NS01!H1 

2\0 JPARITJ: IPARIII S£NS02CJC:. 
K = 0 Sl"NS01% 

25 D HTNAOO : C S'fN$02'37 
HTNPAS = 100000 S(NS:02 6 1" 
DO 280 I : 1, KPAR S(NSC?.qCJ 
IF I CIYC II .N(o ll .OR, IJPARI II ,L[.'1) I GO TO 2!P' SfHSOJ(D 
TF' fHINPA<:: - JPARII>J 21\D, 260, 770 SENSOJM 

26 0 J"AR II t = 0 S"NSOJ01 
Gf\ TO 280 SENSOJO~ 

27 0 fo!TNPAS = JPARI It SENSQJ[loll 
llo!TNAOD : l S[NSC1r5 

28 O CONTI NU£ S[NSOJOG 
IF IHINAOO,L[.01 GO TO llO S'£NS0307 

2'30 II = K • l SFNS0:'01:1 
NOPARIKI: KINPAS SENSOJQq 

JOO JPARIHINAODJ O SFNSOJH' 
C('I TO 250 S[NSOlll 

ll O NP AR AK : I( SENS Ol l"' 
,,rARA.1 = K • l SFNSron 

370 .,.TNAOO : 0 SFNS0:,11:1 
~TNPAS:: 100000 SfNSC'Jl5 
QI) 350 T = l I l"IPAR Sr"NSf'IJ?6 
IF I IIYIII.N(.n.oR.(JPARIH,L[.011 GO TO J'S!' S[NSOJ17 
'"'F I HIHPA<; - JPARf II I JSO, 3301 J,.O S[NSCll"I 

no JPAR(IJ : 0 SENSO~l':l 
G!"I TO 350 SENS('J?f"' 

~O MfNPAS: JPARIII SENSOl21 
HTNAOO : T STNSOJ27 

350 rC'INTINUE SFN'i03?~ 
yr (HINAOO.LE.OJ CO T('I 31Jf! S(NSOJ.,,. 

360 I( : K • 1 S[NS0325 
N"PARl>O : HPIPAo:; VNS0J26 

J70 .JPARfHJNAOOI-= 0 SfNS0"27 
r-o TO J2r SENS0l78 

380 NO::TATE = K SENSOJ?C! 
Gf'I TO 7J r SENS OJ Jr. 

C ------- ---------------- - - ---------- - SfNS033l 
AT THE Arr.INNTNG or (ACH '5UCC[SSTVE RUN• Ttt: INITIIIL VALUES ('If SFN~OJ32 

C ALL PARAl"CTERS ARE R,..:"T('!Rro, IINO Tl-lfN HODrnfl't. SI"NSCUJJ 
C-------- - - -------------- -- -------- - - - SfNSDJJti 

390 pr-wJND O SfN'Hll"35 
Rf AO fO J <::TAT[, P SEN~ C" i"6 
JRUN : TRUN SENSO"'J7 
!NTXXX : f' SfHS03""8 
~•~~~GmGoro•~ ~nru= 
l"'IIPU!i.GT.NRAIGOT0't20 SFNSO]tir 

C. •• •• •• •• .SI!ict.[ r>ARAft(l(R<: ARC CHlliHG[O. 
TOA-=IOPARI IRUN I 
,..n : IOAf.,.fWNJ 

SFNS 03 llJ 
SfNS 03 ll2 
srNSOJII~ 
srNS0 7 1:11, 

ryv : TY ITQI 
r-n 1'01 lfCf', 11101, tvr 

lfCO PIIOA.I:: Vl"IAqlfRlltll 
ro ro nri· 

'+10 STAT[1tnAI: VPi\RIIRt.Jt'/1 
Ct' TO 7Jf\ 

1420 rr {IQUN.GT.MRUHI GO TO 48G 

C. •• •• •..•. l'AJq,o:; Of PA"AHETf~ If£ CHANG[O 
1"1 : Il'lA PRUNI 
'"'fl A = IO PAR! lRUN I 
TOB = TOPAQf IRUN I 
,..00 = I08fIRU-.:t 
TYY: TYITOI 
Gn TO fff,D,t,CfOI, !YY 

410 t'!IOAI: 1/PARIIRUNJ 
Gn TO t,5 ::I 

~0 SfATttIOU :: VPARI IRl1'f I 
1+50 TVY = TYl!Q~l 

GO 10 14£il,ff701o tYY 
1160 PC IDBI =VPAQI TRUN J 

GO TO nr 
<170 o:;TAT[ITOBI : VPAOf!RlJI-II 

on To nr 
ciao If IIRUH.GT.KARU~I GC TO 0:70 
lt'lO I( = JOUN 
500 Kl : NPAO 

C••••••••••<:;[Tr Of' PARA,,_[TfRo:; AR( CHAHGf"O TO N['W fHPIRI'"AL ~fTS. 
0" S 10 T = 1 • N"> ["' ~l 
,..r fK.L!.HAOORU•l 11 GO TO S)C 
I( = K - NO If n I I I 
1(1 = Kl t NALTll!I 

Sl O CONfINU( 
wPI"'C f6,S201 

520 ,-ORl'IAT I• [q~R TN NO::(TSl' I 
o:;.,.o,., 

SJ O K? : HAL Tl tI I 
K = K - HRUN 
0" 5 60 J 1 = 1, K 'J 
1(1 : I( 1 t 1 

TP = IPAR1 l<l I 
1<1 : K 1 - NP AR 
6: AH[WU(l,Kl 
TYY: IYfKll 
G" TO l"iCl(J,5~1, IYY 

5110 PIIPJ ': B 
Gf"I TO 56r" 

550 STAT[fIPI :: B 
560 CONTINUE 

Jr I !NlXXX I TIO, TIO, 72 0 
570 If CIRUN.GT.NRUH"ll GO TO f-70 

c •......•.• 'SfTS or PARA,.[T[RO:: AR[ HULTTPL"'[O BY A CONNON f"ICTOQ. 
S~D IC : JRUN - '1ARUM 
5'30 kl : KAPAR 

0" 600 J = No:;[lSfh MS[T<;l 
!Oiff : MACIODI J•ll - "4AQOR IJ I 
Tr IK .. L[.TO!FTI GO TO li.20 
H = K - TO If f" 
WI - I'll., NALTHJI 

60 0 CONTINU[ 
WRIT[ 16,6101 

EilO ,.ORHAT f' [RROR ru N<'["<;2' I 
STOP 

620 A: rACTOPIJI 
Jtl:J+l 
IF I IOIF,.. co.1 I GO TO 630 
122 : IK•l 1/2 
121 = 172•2 - K 
Tr II21.L[.QI 12?: -t22 
A = A• •TT' 
K2: NALlllJI 

63 0 t)Q 6 60 T = 1 , 1<2 
l'1 : Kl • 1 
IY'f = ITlt<ll 
Jp:JPtlJ,IJ 
C:t'I TO f640,GS0h IYY 

&'IO Pl IP I : Pf IP I • A 
GO TO EirO 

650 qAT[ 11"'1: ,.TATEIIPI • A 
660 CONTINUE 

I,. tINrxx'lt'1 no.no.no 
67 0 C'ONT INUf 
680 Ir (INTo:;P.LE.0) r.o Tf'I 730 

INTxx:r = l 
690 Tf" flRUN.L[.ISTOR[fI91JJ GO TO 700 

Jq 1 = J<'I l • 1 
Tf" I 191.LE.INTSETI GO m 69) 
Rr TURN 

C, •••• ••••• PAQA)'£T(R V,ll.UES ARE OfANGEO FrR c;t::T JNT[Rl~TON'). 
700 tl:20 = TPUN - NRuM,i 

H' (I'31,GT.1J K2C = IRl.N - ISTOR[IT'll - 11 
J7 1 : IN o:;[ TS II 91 ,1 I 
J"2: INSI'TSII91,71 
K22 HAOOC?Ll22•1J - "'A00~1J2?1 
1(31 fK2f'-11/~2•1 
t(J2: K?n - O<n - ll•K22 
KIil: K~l • KA00°1J21) 
K42 : K32 • HAQQD(J271 
JDUN ': K'il 

710 co-.:TINU[ 
•r fJ21 - HSITStJ 4'30,ff90,580 

720 TNTXXX: C 

SfNSr."'ll"i 
5[N'S DJ llf; 
S[HS CJ 1H 
S(NSO"IIA 
SEN'S OJ lf1' 
SENSeJ,;r 
SfNSDJO:l 
Sf"NS OJ"" 
SFNSOJ"~ 
srNs D" so. 
SFNSOJ55 
srNs C3 56 
SfNS0:!"'7 
S£N'i0:t'5f.l 
SENS0:15, 
S(NSOJ6r 
S(NSOJ61 
S[NSOJ 62 
SfNSCJ6" 
S£NSrn611 
SENS03Ei5 
S[NO:-Q-o:66 
S£N~031:'7 
S[NS 0"68 
SENS036 6 

Sf°NS037'f' 
Sl"NS OJ 71 
Sf NS OJ 77 
S£N'SOJ73 
S£NSO:t7ti 
SENSOJ75 
SF:NSD3 76 
S[NSCJ77 
SENS 0"'78 
SENSOl 7'3 
SENS 03 80 
SENS 03 81 
Sf'NS:038., 
SfNSOJe~ 
SFNSOJ•U• 
SENSO~IIIS 
S£NS03 86 
S'£NSOJ87 
SENS0388 
S£NSC'3 ~g 
SENSOJ9f' 
SFNS03'31 
S[NSOJ~2 
SENSOJCJJ 
SENSOJqll 
SENSr"3'3S 
S(NSOJ'6 
SJ:NSr.J,7 
SENSOJCJB 
SFNSOJqg 
SfNSOIICX' 
SENS(lltnt 
S"rNS DI 02 
Sf.NSO'IOJ 
SENS Oil 011 
Sf'N'SO" o-, 
SENSOlf 06 
SENSOll 0'1 
S[NSOll ('18 
SENS (!el 0'9 
SFNS O<i tr• 
Sf'NSOlf 11 
SfNSOlf12 
SFNS(Wf JJ 
SF'NS('III lti 
SfNSOlt 15 
SENS~ 16 
5£NS{llt17 
SENSOlt 18 
SfNSOlf 19 
SfNSOIII ?r 
SFNSQllll'."t 
SENS:0117'J 
srNSOll..,.3 
S[NSOII ?ll 
SENS 011125 
SENS()llzt; 
S(NSOCln 
SENS Oii 28 
'S[NSOll7q 
SfNSOII "T' 
S£NSOlt31 
Sf'NSOII "7 
SENS ()II "l 

SENS OIi '' 
SEN'SOCI ~5 
SENSO'I ~ 
S[NSOIIJ7 
SENSOIII -u 
SENSOIIJ9 
SfNS O'l 4r" 
S[NSO. 41 
Sf'NSQU? 
Sr"N'SOll 113 
SENSOII U 
SENS Olli 110: 
SfNSQll 11:6 
S£NSCJIU 
Sf"NSOlt48 
SfNSQqll9 

.? UN : K f.l? Sf NS 0,. "-f' 
T' f.122 - NSETSl I 1190,,.'30,SSO S£NSli'l51 

no CONTINUC S£NS011.;1 ~-----------------------------------gu~n 
C J•JJTUL VALU[o:; or TH( STATE VARtABLfS fO~ mr CURROH RUN AR[ SENS()t,i511 
C ~!"CORDED fOR US[ RY TH( SOK>UT SUf'DOUTTN[. STNS()llr;') 

~-----------------------------------~H~~ 
PfWTNO 8 SFN"Snll"i7 
WPITE IP) STAT[ S(NSOlf"'8 
"f TURN 
rNO 

SFNSOCl"i, 
S'FNSOll ,:r 



SUBROUTH£ SEHOUT fI<:W,TOAY,TRUNJ 
THIS SUBROUTTH[ RCCORDS TH[ YALU[ .. or R[~ON~ VARJABL~ SPfCirI[O 
IN TW S(NS!T SUBROJTINE• 'NO F'RTNTS THr ~rSULTS or Tll[ Sf'NSITIVITY 
T(ST<: AT THF CONO..US!ON OF TH[ Joa. 

ffl( rouown,r:. AR[ OCF"IHIT(()IS CF YA~"'ABI.[ No1"£S usro IN nus 
C SIJ8it(IUTTNC AHO NOT ~L<"[WHCF£, VARIABLE'S USEO QILY f"OR '"["PORA.RV 
c PURPOSES, 0" ""H OifrER~T "CANINGS -.r OlrF'fO[NT TIMES, .tiR( IN TM[ 
C "AIN IJNJTTED 

SOUT CD m 
SOUT CD 0-
SOUT CD 05 
SOllTDJ 06 
SOUT 00 n., 
snUT moe 
SOUT CD Qq 

sourru 10 
SOUTf'l:!11 

C 
IN A 
ISV 

C IT 
C 
C 
C 
C 
C 
C 

PARY:tl I, J) 

C YN[WO: I 
C 

SOUTC'012 
,ooKqor~~~-V~U~( HITTOOn 
SWITCH roR TRANSHISSION TO sumOJTINC f'(R?-'O SOUTl'DJ\ 
T'f'P[ Of RfSPON<:[ VARIABLE fl roR STU[ YARTABL[, 2 f'O" SOUT(Dt5 
A SUN OF STAT[ YARIABLrS•, FOR AN ACOJ"UL.lf[O SOUTCDlfi 
EXCHANGE, ANOS f'OR A 0 ESPONSr YAP.TABLE CALCULATfD 8Y SOUTOOlT 
T 1-£ S llJ\ROUT INF" 0£ RTVD 1 SOlfT (D 1,-_ 
Tl-£ V.tLU[ or- TH[ 11TH PAR-'"CT!R OtJ:!IHG TH[ J"TH RUN SOVTWlQ 
T.-£ Vlt.U[ 0'" THE "•TH P[SPONS[ YARIABL[ DLAJNr. TH( SOUTCD20 
J"TH PUN SOUT0071 
Tl£ K 'TH R[SPON'S[ VA1Pl.8L[ CALCUL.ITCD !\Y THr SOUT002? 
SlJBROlfflH'" OCRIVO SOUTDJ?J 

COHHON /PARAH/ PC Ull71 SOUTCIJ25 

~-----------------------------------~noo~ 
C TH[ COHMON 8LOO< /H(,',/VAR./ IS R(OUHl[O FOR Rf S'PONS( Y AL.urs SOUTCD7T 
C CALClA.AT[O BY TIH SUflRruTIN'E: outvo. SDUT007PI 

~-----------------------------------~noo~ 
CONHON/NE\lvArl/VHFWUrl SOUTCD:l"I 
COHHQHl'SUT/STATrl l611i11 S0UTCf'lt 
COHHON/TOTAL.S/SUN'<'"C 1~71 SOUT(l)l1 
Ct'HHON/ICC/ STt«31Z211 sourm:n: 
COHHON/R['SP/ 1TYPl20J, INUHC20h tOITTf?O,, NR['SP, SOUTW3' 

1 ttPARt NRUN,NOPARllOOI.NPARAH,NPIPA.1, NSTAW SOUl(J))'S 
DTNENS!CIN PAR'XX1 :10 ,Jrl, RX IJ0, JO I SOUTCD 31; 

OA TA L!Ni:JUN/ Yl / SOUT [J) lT 
TF usw.GT.JJ ISW : l SOUT0038 
GO TO 110. llDt 160, 10, 10>, ?SW SOUll'.X!!fJ 

10 IF INRUN.l£.LIMRUN1 GO TO 30 SOUTCll~ 
VRift 11,,101 sourm•t 

20 ft"RtUT I 'OTOO HAN\' RUNS• I SOUTCD.-Z 
U~ HITTOOU ~-----------------------------------HITTOO~ 

C IF RESPONSES AR£ RfQIJIREO ON THE CURRENT DA'( or TM[ SlNUL.ITION, SOlfT[I)IIIS 
C Tlt[Y ARE STORED, An(A CALCULATION tr N(Cf'"~ARY. SOVTmin;. 
~-----------------------------------~mmtt 

JO DO 100 T : 1 • NR[SP SOUTOOUI 
..-r I IOAT .N(. rDAYT( 111 17' Tl') 100 Sot/loo .... 
l"IA: INi,tCll SOUT0051"' 
TT -:: tTYPf II SCIUT(l)St 
"n2 unoo~ 
TfflT.[n.!:J(;.ILL l'lfRIY"llNA,lSYI SOllTOOo;J: 
OOT('IIIIO,!D,6(1,70,POl,IT SOUT[JJSIII 

1110 RXII,JRU'il STAT[ IINAJ SOUTOO~S 

~••• ~moo~ 
50 PX(t,JRIJNl: StntS IINAI SOUTOOo:;7 

GO TO ,0 SOUTOOS• 
6 0 CONTINUE SOUT005'J 

GI'! TO 'ffl SOUT006fl 
70 Rlt'fl,IRUNI STNG (D-IU SOUT0061 

GnTO'lO SOUTOOf.7 
80 ~Xfl,IRUN) YNC"" IDHI _ SOUT006l 
,o t"'ONTJNUE St"UT<r6" 

100 CONTINUE SOUT0065 
CO TO JJO SOUT0066 

uorr,~•~~~~••n1n ~moon ~-----------------------------------~ITTOO~ 
C AT TH[ END Of" EACH RUN, THE VALUES OF THf PARAl'l(TEA"i 51J8Jf"rT TO SOUTOOE;~ 
C CHANGE APE RECOROf"O. SOUTOO'JO 
~-----------------------------------unoon 

~~~• ffITTOO~ 
RflD 181 SU.TE S0UTOOT3 
or, 120 I= l• JiPARA" SOUT007111 
J : NOPAR1 IJ SOUTC"OT5 

120.PARYXCJ,Tl:!I.MI: P1J1 SOUTOOT6 
130 If"fNSTATE.LE.NPARA"I GO TO 150 SOUT0077 

DO lttO I = NPARAlt J.ISTAH SOUTCll7!\ 
J : NOPAR1 JI SOUT0079 

1-.0 P-.RxXll,IPUNJ: '-TATf"IJJ snurmeo 
lSOWOITE (6,1521 1'WN SOUT0081 
152 f'O~"AT l~FOR R'UN NO.', I3J SOIJTOO~ 

vPJTt 16•151111 SOUT0083 
15111 '"0RNAT I• PARAPET[RS WfR£9 1 SOUTOOS• 

IIRIT[ 16,1561 IPARYXll,IRUNJ, 1 h NSTAT(J sourmes 
156 fnl:!HAT I lSX, lOfll .51 SOUT001t6 

wPIT[ (6,1591 SOUTOCP!T 
~-~AAU!•~·~•sn~•· HITTOO~ 

WRIT£ Ui,156) CRXII.XAlJO, I: l• Nf?tSPI SOUTCll80 
Tf" I IRUN.L T. !MUN t GO TO JJO SOUTOO~ 

16 D CONTINUE SOUTOOctt ~-----------------------------------UITTOO~ 
C WH[N THE WHOLr J08 IS CONPL[TED, THr R[Sut.TS AR( PRINT(O. SOUTCD9l 
~-----------------------------------~ITTOO~ 

Wf'IT( (f. ,l 70 I SOUTOO gr; 
170 rnRNAT 1 •1 SU,..ARY Cf" RUNS'J SOUTaJ~ 
isorORNAT llH, SY, IS, sns ... 1 SCUT00!:17 

IF INPARAM.L[.OJ GO TO ZJO SOUTroq,-
Hl = 1 souTooaq 

95 Aquatic Model 

H? : 8 
llJ O I~ I I'll .GT. NA~ I 00 TO 1'I O 

"" = Hlt«J 1"2• NAUNI 
wPIT( 11.,2001 fl, I~l, NI 

200 rrRHAT f •o IRVN", I1 J, 7Jl 5) 
VotTE 16,?lC) 

Zl.O J"ORHAT I• PARAHE'"fR 1 I 
t'lC 220 I= 1 ,NPAPAN 

2'20 WRITE f6ttl!ll HOPARC1', IPJRXXII1Jlo J=-Hl1 HJ 
2JO !F IN .. TATr.L(.f,f>lRA"II 00 TO 280 

lo'J -= " ♦ 1 
H? : H + 'J 
f'l"' TO ICJO 

is.o yr IN .. UTf".LE.NPolt?,.,,., Q'I TO no 
"'l : 1 
.. 7 : 8 

250 '!r I Ht .GT. Jiql.f4 I GO "0 ?'lO 

" = N!NO IN 2• HRUNI 
"PIT£ 1&,7001 II, I =tU, NI 
W'PITC l&,2601 

30 fl"IRNAT c •r~IT[ VAIHABL('I 
01" 270 ! : NPARA?, Nrtnr-

270 WPIT( 16,UD I MOPARIII, IP~XYII,JI, J::-Mt,HI 
2.'JD"t=N•l 

N2 -:. N ♦ !II 
Cf' TO ~r, 

Z,O "1 : l 
,07 :: 8 

lllO Ir tMt.6".HRI.MI STOP 
"' : NIWI fN21 NRUNI 
VPIT( 16,2aJI ft, I::"IJ .HI 
Woll£ 16,llOI 

l1 D roANAT I. R[~PONSF: ., 
nr J 20 t : 1 , NRC~ P 

320 IIPIT( f6,Jl!IOJ I• CRXfl,Jlt J:'.Nlt NJ 
.. t :: H + 1 

"2' = " ♦ 8 
GO TO JOO 

DO CONTINI.K 
P£ TURN 
[HD 

SUBPOUTINC DER IVO IINA ,J~V 1 
nns SU8ROlJTIN[ CALCll.ATf"S lffIGHT[D '-UHS or STJ1f YARIA8LfS AS 
R(QUIRrD BY NC SUBPOUTINE S[NOUT. 

TH[ rOLlOWTNG ARf D£nKITIC>tS CF YARUBL( NA1£S SP(CIAL TO THfS 

sourm. D" 
SOUT m. 01 
SOUTOl o, 
SOUT m 03 
SOUTmm 
SOUT nt OS 
SOUT 01 Ofi 
SOUT 01 C7 
sour mo~ 
SOlfl m 0 .. 
SClfTOl tr 
SOUT0111 
SOUTOllZ 
SOI/TmtJ 
SNIT rt lCI 
SOUT (tl 15 
sour Cl u; 
50Ul0117 
SOUTCl 19 
SOUT!"l l<t 
SOUT Cil 2r 
~,,u, rt '1 
SOUT m 22 
~OUT 017J 
SOUT 01 ,,. 
SOUT Cl ?S 
SOUT 01 't: 
SOUT Cl n 
sour tti zs 
~Olfl 01 2q 
SOUTOl JO 
souTm "'1 
SOUTOl ""1 
SOUT 01 ~ 
SOUT 013111 
SOlfT 01 lS 
SOUT 01 Jf; 
St"UT 01 ,.7 
SOUT 01 JII 
SOUT 01 ~ 
snuT 011110 

C WBROUTIN(. T.r>SE USED f'OR TrHPOR#H PURPOSE'S ONLY .tiR[ OHITTEO 

DRVOOOot 
DRVOCDO.. 
OAVllOO o< 
[IRVf"l"'COG 
f'IPYOCO ITT 
DPVO(J]t'~ 
OPV~Of'0'3 
OP.Yf\CDlD 
ORvorou 
ORVOCD12 
ORYna'lJ 
ORVOOOlCI 
ORYOOO l"i 
ORVDCD16 
ClRvnmn 
flRVDOOl!f 

ITYPt!I TW TYPE rsrr "'l.8RC'IUJTNf S[NOUTI or THr I'TH RESPONSE 
YIIPIAP.L( TO 9[ CALCULATE~ BY Tt415 SU'!ROUTlN( 

IYARP,JI T ... AOf'Rf"~~ or TM( J•TM PARAHCTE'R TO n[ US[O IN 
CALCVUTitoir. TH[ I'TH R[SPONSC VAATABLE 

NVAR(Y) Tl-€: Nl,MB[R (Ii P.IRAM(T['O"' uscn IN t'i.LCll.ATING THf t•TH 
R C'S PON',; ( VA RUBLE 

WVARIT,JI THE H1LTIP1.ltR ro 8[ APPLICO TO TH" J 1 TH PAPU(E'TER IN 
C~C\.IUTING THf I'TH RE~PONSE YM1"8L[ 

COHN ON IS TAT/ ST arr I ) I; .. I 
~-~n~auw~run ~~ro• 
COHNON/AC'r.:/ STJ«.12211 ORY00021 
COJ1NON/HDIVAR/VN£1111C'I ORVDOO'n 
OTl'((NSION IT YPUr:• •NVARI 10 I, IYARU 0t 20 h W'VARll D,20 I ORVOCD?3 
rrcrsv.En.21GOT030 oRvnro:,4 

~-----------------------------------~moo~ 
C PARA11ETER AOOR(S':(S UIO "ULTIPLlf.RS ARE RE.Kl IN. ORVD00"'6 

~-----------------------------------Mmoon 
REAOto,11'YPCDU1 •HYARCDIA, ORVOCIIZ!' 
NV:NVAPI INA) DRVOaJ'!f 
RfAOlOt l':'VAQIDIA,J1,J=t,NV) ORVOOO:'ll 
i:-( AO 20 , I WAR I I NA ,J I, J: lt NY J OR VO CD n 

10 roRMAT116I51 OPVOl'.r.""7 
20 r-nP"ATl8nD.it1 DRVDOO"J 

Of TURN ORVOOC"'CI 
,o~~~oc M~oo~ 

~-----------------------------------Mmoo~ 
C TH( RESPONSE YARtafl.r- IS CALCULATED. ORVOOOYT 

~-----------------------------------MmOOH 
YNEWIINAJ:Q. OPVfl(X)Jq 
JiV=NVAPI INAI ORY00040 
on'lD.r-1, HY 
JY:tYARIINA, Jl 
Tf:t TYP( TNAJ 
GOTor,o,!ll,60,701,IT 

,o l"ls:STATEITVJ 
GOT080 

5 D t:: S\J"!S fT Vl 
GOT080 

6 0 CONTINUE 
r,r,roeo 

70 tt:STNGITYl 
8 0 YNCW ft NA r: YN CW fl NA J+ Q+ WV AP IIN At Jr 
<JO CONTINO£ 

P[ TURN 
fNO 

0Rvnro1111 
ORVOOO 42 
r-Rvnco11J 
oqvoa,4111 
ORYOnJllS 
ORVOOOIII& 
l"AV000 ,1' 
DRVOCC,4JII 
oRvnro,<J 
ORYOC'Or;I" 
DRVOCf' 51 
DAVDCII ~ 
ORYD!r.5l 
O~YOf'!O'SIII 
ORYOl'.r."iS 
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APPENDIXG 

Listing of the Subroutines PHYSIC, VARIED, DYX 

-_u!31:rnu rr~rr p 1-f" srr 
c-------- - - --------------- - - --------- --
c rr'IHHON PLOQ( /SP(C/ rnNTATN'i SPECirICATir-NS AUD O"tf"R lN'"ORHATION 

r".ll'OION TO THr WHO..[ <"rT or- PROGQAH';, BUT [X'CLUDIHG <;TAT .. ANO 
C [YOGfN(lU(; VARIABLES~ 

~-----------------------------------
COHHONr::PrC/ NCHN-l,INST'tU(Zf'lo WIIT£P,NSPf"CV,11SPfCA,NOPGA,._ 

1 PHW,PHB, NOL!l ,OJCH[CK,TOAY, ATQ1", QOTO,IYRDAY,NR["'f"T(2CI 
2 ,NCOHI JS 1, LI SC OIi i q 0) ,NCOHCUI 15 I ,NCOHOR ,NSPCOH, NO [8 tr 
3,FLOUT,HTCRO'l , HONTH •ll"OP[R,NSTR!"H,J<-AY[ 
q ,tiSUBST,C'fQ..(, NOLlTt,LOOP, IPUN,<;OuRrrcs,lJ I 
5. ,TOA YPRo WA fl OT ,N NI Tl '?6 I ,n [A CH, NP ORT ,A HIN, rt. OW S 
G ,--if'HLH, IO:. TPTH ,INORGP, lN!"RCO,HONOAYf 12 I ,NU!-f'ON 
7,l<ORGSWf 5,q) ,KlNRGPI~, fiol,KINRGOI',, 61 
8,NORIFH131 ,NORIFAII.OJ,M)RT,-VI Bl 
CJ,NTIH8 ,'P.ORTI,T[!1PW•T04PB,NPASS 

COP1HOH/PHYS/F\. ow ,P(Rl"" ,Drr TH,WATSYS, vt:LOCl ,AQ£ A, W""OT H 
co l'IH ON/HYO RA /B II 1(1 J, f"po II 10 J, f"NI I lD It B7 I 2 r-1 .r I'll 20 I , rN ll CI .... II 1r J, ? 

1 12 0, , XII lD I, ~ 12 ['II oY NI 20 1t Y7 C 2 0) , A ,t I 20 I, 0.,. IZ C1 ,P J'f ZO lo T0° I 20 I• Vl 
'l f2 01 ,OO, fACl of ,tC 'lo fA CJ ,X IN Co XB(G ,(~R ,O C2 ,O G2 ,NSO ,NP, HS TAPT ,NSTNC , 
3N( NO ,HCUPv E, I7 ,I 8, 19 ,1'1 CT, I VARR ,YS f ART 

~-----------------------------------
TH( NAME LIST CONTAINS TH[ PARAlffT(PS T~AT AR£ ff' fl[ 

C Dl'"AO TN AT [X'[CUTION TDtf. 
c-------- ---------------- - - - ------- - - -

NA "f(Ll "-' n> PUT/ N~I ,N so ,!Nf"LO W, NSfC 8, NS(C r. XI NC ,xft( G, 'I'S TART ,XI, ST , 
107 ,BI, ntl, fNI, Fl. ootr 

tr ILOOPE R ,G [, 0 I R( TU~ 
C• •••••••• ,N(W CHARACT(~ISTIC<: Al£ CALCULAT£D CNLY TF c;;TRrll.Hf"LOW HAS 

C. •• •• •• •• ,'4APK'fet. Y CHANGED, 
lf'IABSIFLOW-1'1...Cl\il l,LT,FLCIOifl R[TUPN 
rLOWl=fLOW 
TvA 0 R~O 
N£ NO:l 
~•<:JN~-1 
Nc:;TA1?T=NSO 
YT "1C2:XI NC n. 
HCURVE=l 
'1n:J 5. Jl 46 66 7• Fl ow 

10 r('!QNATl1A6J 
NSO=NSI 
Ir II NF LOW .EO. 0 I HS c= N<:Q 
YSU.RT::-U, 
01" 20 1=1•"'50 

20 l'l7(IJ:OO 
JO TT=l 

?8=2 
'T<!=l 
on 80 I:1,NSO 
t7 (I •=xern •X INC•n... OA Tl 1-11 
If' <I • EO. 11 GO TO 5 0 

~o ..,.,,.,xnI> ,LT •• s,rxifI81•XYCI11> .OR. 11 .co. N'Slt GO TO 60 
TT =I 7+ 1 
re=TB• l 
T1:I'l• l 

50 0Nl=IXI1TT >-XICIB)l•IXTITI 1-xr11q1 l 
0N2'= I XII H ,_ X'I 11 71 J • o• II HI I- X! I rq1 I 
ON J:: IXTI J'1 ,_ Xl (I 71 I• IX H I'I ,_ X! I U) I 
t'O TO qc 

6 0 fACl :1 X1 fl 1- XI CI81 I• IX 11 ti -XICI'I ti /ONl 
r.tC?:1 X7 (TI- XI 117) I• fX 71 ?1-Xl(l'l 11 /DN2 
rA Cl :I 't:1 (I J- XI II 711• fX 71 H-XIII8 H /ONJ 
07 Cl I= rA ct •B II f7 I• '"A C7 •8 I I m I •FA C1 •8 II yg I 
F"N lI 1:FA n •f .. y I I 71 •f' .111rz•FNIC re J•f"AC"t' •f"'I II 11 

70 'S11Il::FAC1•c:;J1nJ•FAC2•<;!1181+FAC"t'•Slll'll 
rrftNFLOW .GT. 01 AAft):FACl•071TTJ+FAC?•f171 !5J+rACl•07CI'll 

a O F"N II 1:F"ACl •F N! II 71 •F Ar2•FNII U ) ♦ f",t CJ •F"N'I (191 
IFINO(BUG .LC. O IGO Tr, 180 

'lO \IRJT[f6,t:'OI fX7111,J:1,,,.<:(IJ 
100 VRIT[16, UOI 107111,l=-loN'COI 
110 f'f'!RNATl'C OISCH.ARG[ AL~G CtUNNEL',/,tlH ,tlfl0,2'1 
120 FORP1ATl'OS[CHONS ALONG CHANN[L•,t,ltH ,nno.111 

~1T[l6,1301 1871IloJ:1,N<;OJ 
13 0 f't\DP1AT 1• 0 80 TT ON WIOTH"" ,/ ,I 1H ,1 lF 1D .J It 

ll"llT[l6, 140! lfl1lft,I::1,N<:OI 
llfO Fl"RHATl'O SLOPES OF S'!"!f or CHANN[l',/,llH ,llflO.lll 
150 VRTT[l6,1601 lf'N(IJ,J::t,NSOI 
160 FQRHATf'O NANNDIGS N FOR SECTION"- or CHlNNn.•. ✓ollH •1~10.JU 

WRIT(l6, 1701 IS7111,t=t,NSOJ 
17D fORNATl'[J SLOP( rF CliAlfl""l BOTTOM AT SECT!ONS",/•llH ,ur,c.s,, 

~-----------------------------------
c <:"OLUTIO~! or NORNAL OFPTH BASED ON NANNINGS fOUATION ~-----------------------------------1110 CONTHIUE 

YO::] .5 •I IO 711110 7111 I• •Z /l 2, 2) •• .J J:,t J"" 3 
0"'230I=t,N<:O 
IrlS7111 ,LT, 1,(-61 GO Tn 1'30 
rr1011n .GT •• ocr5, l)"I To ioo 

110 YNITJ::O. 
Gn TO 2JO 

200 ,.H2=2,•F"l'il II 
orN::FNII 1•07 II J/J. lf9 
c;os=SO"T 1'"7( II I 
"-'5 J: 1. 66 G6 66 7• SO 0:. 
~Tos:2 .•<;"QIH CFHI 11 •• 2• 1. I 
rlCN? =• 66 66 66 67 •OCH 

.Ii" =I 07 II I• fl1 CI I• YO ) • YO 
P2 3=PP •• ,6 66 66 66 7 
a?J=ARu ,66666 6G 7 
r-~OCN•P7 3-AR•"tl•S~<; 
Of :Qet-1 Z• '""T O'S •P ?l /PR- S?-!• A2 J• (R 71 Tl +FH2 •Y 01 
c.,.r=r ,nr 
YO:YO-Olf 
-.ic T=NCT• 1 
ll"UBSIOifl .GT •• com ,AND. NCf .LT. 101 GO TO Zl.0 
"r1NCT .ro. 101 vRITf"l'i,?701 r,orr,vo 

12.0 roRHATI' FAILro TO COHV~Rr.r l"OR srCT!ON, •,!!,,• orr=· .(°JQ.lf,' YO':' 
1 ,rm.Ji 

VNf!J:TO 
2l0 CCHHINUE 

JflNOEBUC .L[. 01\>0 ""' 26C 

t'l'-!1'" 

Pm 10 
P fl) 15 
p CD 2ll 
P{r.25 
POJ:!J 
PCD 3" 

•re"" 
P(D'l"i 
POO .-r 
PnJ S°' 
PCO rr 
PCO fS 
PCD 10 
P0075 
P0080 
PCD 85 
p [IJ"' 

P00'35 
p 01 a, 
PMOS 
PC'l ll 
tl' CD. l!, 
PCD. 7.0 
POI 25 
POI :JJ 
POI "'5 
PQl ll(' 
p C!l Q!, 

Pl'l <O 
Pill 5' 
Prl 6f" 
P rJl 65 
Pnl 7"' 
Pr} 75 
pr,_ 8f' 
PCU'~ 
POl<lf' 
Prl '35 
Pr.2N' 
POZOS 
P021!" 
Pr215 
POZ2f' 
P02?S 
P02' "'l'l 
P1!7 .. 
PCZ•r 
PC211t!' 
PCJ2 <o 
P02' .:5 
PCJ26C' 
P02£5 
PrZ7f"' 
P(IZ .,5 
Pll2 00 
Pr.2 fl! 
PCJ2 !ll 
PO'l9S 
P03 00 
POJ 05 
Pro 10 
P03 15 
POJ')f' 
POJ~ 
POJ ,n 
POJ 'S 
POJ4r 
POH"3 
PD3 Cf' 
PQJt;S 
POJRJ 
Pt)J65 
POJ7TI 
P0375 
POJ80 
P03"5 
POJ.., 
P03'l5 
P"' CD 
POI OS 
POIITO 
PO. JS 
POC.2r 
prqz5 
P04 'Tl 
P041'!'" 
POii tiC' 
P~lll!'> 
POqSfl 
PQqo:;5 
P0tt6"' 
PO~ 65 
PDQ 1r 
PCf.175 
Pntf&O 
P0'18"' 
P049r 
Pfl4'35 
Prsi,, 
P050"' 
Pf'511' 
POS lS 
P0571J 
PQ57c: 
P0530 
P05 "'C, 

POS"" 
POSII~ 
PCS~ 
pQtjtef: 
Poser 
POSFiS 

Z'tO IIPTT(l6,-:-:-01 fYNCil,l":1,t,.!SOI 
250 roRNATl'n NOPHAI.. O(PlHS AT S(CTfONS•,1,111-1 ,nnG.311 
26 o er NT! Hur 

TT =t 
ru:v=n. 
lFfYNlll.r. .... 0001,co TO 270 
rL 1: 0, 
fLN= 0, 
GO TO 280 

"fl O CONTINl.1£ 
V1 111= 07 It I/ fl ITT It J + fM 11 I n·N 1111 •nH 11 I 
n.t=nHlhV7111••"1611,q 
(l"'l:[LI 

zso on 310 r:;-,N,;-C" 
T"l=!-J 
rL[V:ELf Y- XI NC 2• C"-71 II •S 7( IH 11 
Yf'IYNITI.GT •• 00011 en "0 Z':10 
rt:ELEV 
GI" TO JO/"' 

2'J O CONTINUf 
V'7 I I I= Q7 (T I/ I I 67 (I I+ F"H II I• YN IT I) •YN I r, I 
fL=fl£V• YNII l•V'71I 1••'116111., 

JOO Ifl[L .LT. [U I GO TO no 
J"'=t 
rLN=[L 

n O £l 1:EL 
IF'!YSTART,U'.". ,CCll f.0 TO 320 
fl 1=nrv+YSTART• IQ71N,;-OI/I C87fNSOI ttNI NSC'l •YST AA TI •YST ARTI I• •2/ 

164 ·" 
IF ([Lt • r,T • a. Ml GO TO ·no 

!20 NC:-UPT=Tl 
YSTART:YHI II l•.O('Ci 
Y7 (NSTAR Tl ~y 'S'T ART 
IF(JI .EO, 11 GO TO J:10 
If'III ,LT. NSECEI IVARR:1 
CALL VARlfO 
IF'llVAll'P .(Q. C,I GO TO J«.O 

no ~[NO:NSO 
N<:INC: 1 
NCI.JQVE::-> 

)11;0 Y71NSTAPTl"::'f'START 
CALL V'AIHf.0 

350 Y"AJ:O. 
or PTH: o. 
VflOCT=c. 
PfPlH'=O. 
WT OTH= O. 
A"(A=D. 
f"T =a. 
PO JGO l::NS[C0 •N".[C( 
Jr IY 71 I1 • GT. YN AX I ,,.. AX =Y 71 11 
JffY71I1 .LT. ,001.tGO To 360 
O["T~-Of'M~ Y'T II I 
V£LOCT:V'l.OCT+V71I I 
Pf RI JI!: PE RT H+ PP I I I 
" ... OTH= wr QT H+ TOPI 11 
AR£A=AR£,..AA(IJ 

360 P::f'J+1. 
AD[A =AA-EA/ rt 
F'T =• 3048 IF I 
orPTH=Fl•DCPTli 
YfLOCT::-Ft• V(LOCT 
P[QIH'=Ff•P(RTN 
V""OTH=FI•WIOTN 
WA TSY'S:. O'! 2'30J OIi •ARE A• REACH 
AREA::WIOTH•RUCH 
YHAX:, JO qe •YMA X 
R[ TUPN ~-----------------------------------

c rAQAH(TFRS AR[ R(AO ANO INITIAL VUU[S SO. 

~-----------------------------------
[NTRY PINPUT 
Rf AO ( 5•"PllT t 
F'LOW1=1000o0, 
Of" 370 J:1,N<:I 
XT II l=l. 2B0B"•Xl II I 
(H lll=lS,~ lfl 6€67 •07111 

no B1'fll=l,Z808'1•8lllt 
r.NC=J.2008'1•XINC 
YBEG=J.2~B'l•XB[G 
Yc:;U.RT=3 .1 !!O 54 •YST ART 
qE TURN 
nm 

SUBROUTINE VAR IEO 
COHNON/t~yf}RA/811 Jn Jo Flt II 10 hf'Nlt tO h 071201 ,f'NI 20), F'N t201,~II lClo fJ 

11201 ,XII Wt,'t:71201,YNIZOl,Y1f20J,AAIZOJ,Q7(20) ,PPI zrt,T0"120JoV7 
2 12 OI ,OO, fA Cl ,F AC. 2• FA CJ ,X Pl X, XBEG ,[PR ,OC'Z ,O G2 ,NSO ,NP, NS TART tHSfNC , 
3NE NO ,HCUQV [, P ,It, 19 ,M CT• TVA RR 

~-----------------------------------
c COMKON ALOCK /SP~C/ rom-AlNS SPEClrJCATtONS ANO QTH(R HH'ORHATION 

crKNON TO Tl-if. WI-IC\..[ c:;rT l)F pqoGRA"IS, BUT fXCLU01""3 ".TATr ANO 
C [YOG(NOUS VARIABLf~. 

~-----------------------------------
C"NNON /"-Pl:: C/ NCH flN, INSTqU I 20 h w IT (R ,N'SP £C v, Nsr,rrA ,NORGAN, 

1 PHW,PHO, NOLIT ,NCHECK.IOAY, UOf, ATOTOoIYRDAY,NRf'Pl'"Tl~OI 
Z ,>' COHI 15 !. LI<:C OH I~ 0' •NO'I HC UI 15 I ,NCOHOR ,NSP"OH, N0[0 u; 
J,FLOUT.NTrROR f NONTH ,LOOPfR,NSTRrH,J"AVf 
lf,NSUB~T,CYa.r, HOLITl,LOOPt lRUNt'iOURrl"l5tl'! I 
S ,'!" OA YPR, WA TT OT ,N Prl Tl ?6 I ,R(A CH, NPOP1' ,A NIN, FL OW S 
6 ,NfREL ~- ye; rn TH ,I NORG P, 1N rRtm •"'ONOA YI 12 1, ".I HNON 
7 ,KnJfGS\11 "i, lfl ,K INR'JPI r:., 6 I ,K!N"GDfC: • 51 
S,NDRifHIJl•NflRIFAl<ICl,~RI~VI 81 
1,NTRIB ,tf"ORTJ,TrMPW,TfHP0oNPAS'i 

r:>r AL O YI 7f' I 
J:NSTA~T 
)''fNr=x 71 N" TART +NST NC 1-X'"' INO:.T ART I 
OY CJ l=OY)'I JI 
AA IJl=CR1f JI tf'HI JI •YllJI J•Y7 IJ1 
r" IJ t=e .. IJ I• z. •Y 71 JI ,<:OOTfrN IJ I• n• IJ I• 1- I 
T"rl JI !"(ll! JI •7 ,+'(7 IJl•no! (JI 

1 0 J"=J 
J: J•NSINI" 
•ir T=o 
v7 IJl=Y7 fJMJ •X !J-H'•!)1 IJHI 

POS70 
P05 75 
POS 111n 

POSB'i 
Pos,r 
Posq5 
POGOO 
P060'i 
P06tr 
PC'6 tS 
Pll6 ,o 
PC6"'C: 
P06Jt' 
rcs 1"5 
P06111C" 
POGIIS 
P0651' 
P06f:.~ 
P0661"' 
P066"'i 
Pll6 7U 
POG 75 
POG80 
POG"«: 
P069t'! 
P061t:: 
P07QJ 
•mas 
P~Tlr 
PC7 15 
P07:ro 
P(!'l'25 
P0730 
PD135 
PO'Tlif't 
P0745 
P075n 
P0755 
P07W 
Pr76~ 
P07ltl 
POlTC 
P07tt0 
PITTB5 
P07~ 
P07'3~ 
P080f" 
Pr80'i 
Pf'!l'l 10 
PD815 
P08,0 
P08?5 
Poe~ 
P08l5 
P0"-110 
POA45 
P0850 
po,55 
POSGO 
P0Jllf;5 
Praro 
P0875 
P0880 
P088'5 
PIJS"f' 
P081t:: 
Pll'lCI' 
P010., 
PIJOto 
POqlS 
po,"' 
PD!25 
PO,'.tt' 
PO,J'i 
POC!•n 
po-,q5 
Po111:o 
PO~V, 
Pll'lGC 
P04)6t:: 
Pll'l7t' 
PM7"i 
P~l'lf' 

VA ro rs 
VA ID JD 
Yl rt) 15 
VAOO"C 
V,t(D2~ 
YA CD JO 
v• co JS 
VAOO 110 
v• re 11s 
YA(D !::I) 

VA 00 55 
VA CD 60 
V,tOOo;t: 

Vl 00 lC 
vaa:PS 
Yl 00 80 
VA 0085 
Vl r'O 'lJ 
YA 00 °5 
Vl Ol 00 
VlOl 05 
VAM ,r 
VA 01 t5 
VA 01 ?fl 
v•c1 "S 
v•o1 E 
Vl Cl 3,r; 
VAOl _, 
V..01115 
V"M. "if' 
v•c1 55 



20 11rr=1 
OY lJ J=0Y XI JI 
OYt::.5•1 OYfJ"l1+0YIJ1 I 
7C=T 71 JM J♦ XI NC •DYl 
OTF:ZC-Y71 JJ 
rr,zc .LT. 1.c-5,zr:1.r-s 
Y1IJ1::zc 
IICT::NCT+ 1 
1rues10Tfl .er. [RR .#fO. NCT .LT. a, GO TO 20 
H"IKCURV[-11 ,o,'D,llr 

JO TflY71J1 .CT. l.C'2+TNIJJI 00 "'"0 1'-0 
WRIT£:f6,l!OJ NSTAf"ToJ,Y7fJI 

ltO fOR"ATP Ml - OJRV[ !1[GAN AT SECTTON",T'S•' ,.~ [NOfO IT srrrtON'. 
tl!-,' WITH TT::' ,flr.,::n 

J=J-NSINC 
5 0 J:J+NSlNC 

Y7 IJl-:YNIJI 
AA IJJ:: 1B 71 J1 +FH( JJ •Y ll JI l•Y7 IJI 
PP IJ 1~87 IJ )+ 2, •Y 71 JI •S~ Tlf"HIJl•f"IHJ l+l, I 
TOPIJ}::871 JJ+2,+Y7fJJ•~IJI 

60 IFfNSINCJ 70,260,1\0 
70 fflJ .GT. NEHDJ GO TO 5n 

GI" TO 2CO 
,a '!-"'CJ .LT. ~Nl)J en TO 91 

GC' TO 2{'0 
')Q YC:: IQTIJl/l,S•l871JJ+lOPIJJ1)++'?/'7,'/l•••JJTJ3JJlJJ 

Tf(Y7(Jl .GT, YC+,O'S•IVNCJI-YCI) GO TO lEll 
vPITEf6tlDOI J,Y7fJJ 

100 rr•qMATI' CONTRCl. AT '"[CTl"N',15, • CAUSING CR!TlCAL. n(PTH 1 ,r10.J, 
1'. CXAMIN( R'"SULTS TO 0£T['RJ"IIN[ ITS HUUH- '1 

WR ITEi 6• :?'1 01 IY 7111 ,y,1q ART, JI 
GO TO 260 

UO AR::(87IJl•ntfJl•~IJIJ•YNfJI 
V£t::Q7 IJltAR 
YCONJ:: .5 •YNI J> •I !:ORT ll ,+ ,1 ~ 1115 •YrL ♦ V(L IT Nf JI I- 1, I 
QGZ::IH (JI• •z fl?., Z 
rFl'f::QG2fAD+f ,5•871Jl+fNfJI.YNIJI/J.I •YNI _,. ••., 

NCT::0 
120 Y'!::YCONJ•YCOHJ 

AR::S 71 JI •YCO HJ +F NI JI .V ':! 
!"AC: ,5 •B 71 JI +F I'll JJ •Y"O NJ/J. 
F::QG 21 AR .i; AC •Y ?-Fr H 
or =1' .• VC ON .,.fAC• Y'l ♦ft,lf JI /J .-C1G2• IA 71 .,n •? •• fl4 IJ I♦ YCON.n /I llhARJ 

D"'F"=ftOF 
YC ON J:: YC ON .r 01 f 
t.1r7::NCT•J 
JFIABSIDif'I ,LT, ,00(!1 ,ANO, NCT ,LT, TI 00 TO l2C 
IFINCT .rn. n WDITEfF.,J'!r) J,otr,ycoNJ 

130 fORMAT(' 010 NOT CONYfRG( JN OETfDMINlNG CONJUGATE £'1f"PTH AT SECTD 
1N',T5,2£12,5.l 

JF(y7(JJ ,LT, YCOffJI CO TO 160 
WRIT CC 6, 11101 YCO~J 

llfDF"f'RNATC' CON..UGA•E Dr'PTHS TO NORHt.L DEPTHS• ,11H ,lJrtD,3I1 
~TI[(E,,1501 J,YrONJ ,YNIJI 

150 ,-ORMATP A HY!>RAU..IC JU.P OCCURS BITORE ~CT ION" ,!ir.,' TAt<INC OCl"'I" 
lH FROM'•fl.O,J,' TO NORftAl OCPTH',1"10,JJ 

.,Cll'PVE=t 
V7 CJ J-::YN tJ I 

160 ,U(JJ:t87I J1•FMIJl•T7IJll•Y7fJI 
V71JJ::Q71JJtUIJ1 

VA016r 
VA(ltP) 
Vl01 70 
VlOl 1"5 
V.l Cl C.O 
VI ('1 !.''5 
Vl 01 Clf' 
V.l010'5 
VA 02 CI: 
Vlr? O'S 
VA02 W 
VA 021'5 
V.l.C!Z?f' 
v• o., ~!: 
V.lOZ:!I" 
Vl OZ 35 
VA0Z4J'I 
Vl 02 ,s 
VlOZ'T 
YA 02 55 
VA02r-r 
VA 02 65 
VArZ7T" 
VA 02 75 
Y.l 02 ~O 
vA oz es 
VACIZ'EKl 

v1c2-
v• DJ er 
VA OJ 05 
VA r"'3 1'0 
VA O:! l"i 
Vl OJ 20 
YA C! -.5 
VA OJ 3C 
Yl4M"PS 
YA CJIIO 
VA r-.11c 
VA nl o:r 
YA OJ oc-5 
YA r:, rn 
VA 1"1-. F!
YA QJ 'ffl 
VAOJT"j 
VA OJ ~r 
VA Ol 1!'5 
VA 03 C'() 

VA0-.'3"i 
YlOII Cl' 
Y•n11 r< 

Y• r1110 
YAOlt 1'5 
VAC1'2C 
VI ()1120: 

Vlt,0.~ 
VAQll~lj 
VA(I, IIIC 

v• o• 11115 
YA OIi !iO 
YIOlt55 

97 Aquatic Model 

PP fJ 1::87 IJ ) ♦ 2. •Y 71 J, .c:;an I fM (JI•,." IJ l•l•) 
TOP( JI :8 71 JJ -+2. • Y7 f J 1 • nt f JI 

170 tr-fNSlNCJ 180,7.'60tl90 
18 0 •F CJ • GT. N[ HO I GO TO In 

Gt'I TO zrr 
l'JO 1'f"IJ .LT, N(NOI GO TO 10 
200 IfflVARP .CT. Qt A:CTUA:N 

IFfNOf~UG ,L[, 0)00 10 ?60 
WR nn 6, ll 01 f Y7 II I, t= 1, N<;OI 

210 roRHAll' O[PTHS OF" flnt1 AT sr-CTIONS',t,ftH ,1:rn.C.lll 
llr"JT[f 61 7101 f V'TI! I, I:: lo NSOI 

22D l'"QRHATC' va.ocITlt'>'•ftllH ,llf'l0,111 
~?T£16•1JOI IUII1,I:t,N .. OJ 

230 rnA:"ATl 1 CRO~-S(CTTONAL. AREAS',f,llH ,tTtr.1)1 
'IRlT(f 6, 2'I 01 f PPI I It t:: loNO::OJ 

2'0 f'l'IRMATI' W(TT(O P['tlH[T(A:S'•/•I1"1 ,lJ'Fll".J ti 
wPITtf G, 2SOJ I TOPI 11,t::t ,H'iD I 

250 fOA:HAff' •op VI'OTH',lt flH ,lJFl0,211 
260 OflURN 

[NO 

ruHC TION OYX I I I 
COHHOHIH'f'ORA/'911 JO lo fl'H 10 l,fNTf W h 87 1201 ,FHI 201• FN f201 ,Sll 10 lo T 

1 17 OJ , X 1' tl'l I, YT 12 O I ,y NI 20 I, Y7 f 20) ,4 Al 20 I, 07 12 DI ,PP( al It T 0" I 20 I, Y7 
2 12 DI ,oo, r•c1 .r AC 2, FACJ ,XI~ r, xerG ,E11R ,OCZ ,o CiZ ,N so ,NP,NS TART ,NSTNC , 
J N[NO ,MCURV [, TT ,J 8, l'l ,vCT, IVA RR 

Tf'fY71Jt ,GT. Q. ICQ T" 2[' 
\ID!f[f 6, tr' Jl ,,.71 JI ,07( t, 

10 fNUUTf> N[G, Y' ,TJ,?fU,ll 
ny,c:s1 n 1 

or TURN 
2 0 OG 2':: 07 CJ 1t •2 

"C'?=OGZI?, n 
IJGl=OGZ/T.',2 
.l.P:187111• f'Nll l•Y11l11 +'f71 '!I 

TR =8 7111 •:! .+ f'M ft I• 'f7 I! I 
PFl:::B71 II+?•• Y7 Cl Jt'iOPT lfl'II ll ••2+1, I 
r(' CI • rn. 11 c,, •a Jr 
Tri! .rn. NSl'.'1 GO TO QO 
0f"L2=2,•JTNC 
Jf'l:::t •1 
JJ"l:::J-1 • 
oax:: IR 7f !P J- B7 II"' •Y 7111 • IP' (JPI -FNI lJ'I H ,. 'f'7 IT)/ ITL2 
"Q,c::: IQ71 t 0 I-ITT II!'II I/Ofl2 
GO TO SC 

l O oa,c::: (871 ;>I -87111 ♦Y 7111 •lfHl2 I-FM fl ti I• 'f7 fl 1/ lCTNC 
r)Q)[:: ln7t 21-071111/XJNC 
"'ll)Jl'r:t07f21•07ll ll•'lOll/I16.1•121 
'l" Tf'l 6r 

ill O '.'AX= (All 'ISO) -e 11 ~0-J I •Y 7fN';;Ol •IP" f'!Sn I-,,.. ll./~0-1I) I• Y7 INSOI/ )(THC 
DOlr-1!'171...-:QJ --0 71 ff$.0-1 I I/X!NC 

so o~xr:101n J•tT11I"'l )•!'OlC/tl6,l•A21 
60 .l.!:&.R•l? 

1rconx .GT, rt.01 oaxr:2,•O0r 
sr:OC2•FN1 l) ••?• fPR/lR 1••1 .J,3333-.; ]/A:O 
OY lC-:: IS 71 Tl-Sf'• OG?/Al •C'AX-f'OXFI / I 1, -OG'Z •TRI .lJ I 
,:,p !UPN 
[SO 

VA.Oii f:C' 

VA011"5 
VAOIII 7f' 

VAOll 75 
VA.DIii P:r 
VA()IJ SS 
V.l0tl91'1 
VA0'-'35 
VI rs IT 
YA 05 05 
VA 05 Jr 
YAl'515 
VA 1"52f' 
VA 05 2r; 
Vl053'C' 
YA 05 ~r 

VA 0'5111) 

VA os11e. 
VA CS o:r 
y11, 05~~ 

000 riie 
omm 
DD" 15 
rm,o 
000?~ 
nm>n 
nro ~5 
OOCQO 
ncro11s 
nm 5r 
l'l"Cf:;<;, 

nro..
,,rots 
00071'> 
00f'7C: 
DOOfflJ 
nmss 
noo~ 
n crqs 
1"101 or 
t1r1 rs 
f'I011fl 
OCll 1'5 
nm;,o 
1"'01 ?'5 
Dm:11l 
om:r5 
om,o 
n01115 
001 "0 
001 c:c: 
l'm,;c 
r,r1 rs 
"01 7r 
001 75 
001 "C 
flM8" 
f"('l°'I"' 



98 

APPENDIXH 

Listing of the Subroutine MEDIUM 

SUBPOUTT~ H(OJVM 
0TH(NST0N Al P ,'4 I,!() 1... IT 13 h AVELTT I! I 
MHfNSJ(lN AV[NRPltr:IJ,T0TNRJll5l,AINPPll3,SI ,A!NR0l1!1 

~-----------------------------------c C'"0HH0N qL0CK /A.CC/ CONTATNS ACCUMULATED OUN<J'S, WH!Oi HAT ~r 
C "lfGATl\1£, COMHON RLOC't< /AO::TNC/ CONTAINS TH[ INCRrM'1JTS TO TH[ 
C ""'RATS Pl /ACC/ roR A <;HHlL[ TI'4f UNIT, 

~-----------------------------------
COHHON/ACC/AGAINl1J,11J,H?'l(ll11Ct!.\TNl}'tt 61,or.ATN113, 61 
COHHON/ACCINC/ AGATNO 11 3, Ill ,H?nOl')Qt ll I• CG A.INO 11 3, Fi l,OCAT"'Oll J, 6 I 

~-----------------------------------
c C"HHON eLOCKS/PROSl.N/,/PR00UC/,/PP:0flCH/ C£AL WITH PRODUCTIVITY 
C .,.N fH[ <; Y'.T[H. 
c----------- ------------- - - - ------- - - -

cnHMON/PQOSU JV PV TO Tl Ill ,P P TOT'" ) ,PA TOT~ fl'>, "' ,P ATOT Al"' tPVSUH 1111 ,. 
l''P SUH( Ill •" AS U'H SI 1 S tll I, PA SUMA 111 ) 

C0HH0N /Pl?0OUC/ PCVEGI 8 ,1 ,4 h PCBI!'H Pt C, 1111 ,P C8 II". Tl 3, IJI 
fi"HH0N/PP00CWCV[GPI 8,1o4J. 1"8!(11"1Pl~,q).C13N;.lPCJ,q J 
CO HMON /0 TH CR /A VE I'NO f 4{1 t 

c--------- ---------------- - - --------- -
C l"OHHON ~LO()( /SP(C/ CONTAINS SP'.'.CirICATTONS ANO OTtrR n,r"RHAllOtJ 

C n'OGENOUS VADTA8LES. ~-----------------------------------
COHHONr:.F'tC/ NCHlf,l,IHSTPUl2f1 h WAT(R,NSPfl"V,NSPr('A1NOPr.AN, 

1 PHW,PI-IB, NOllT ,NCH[CK,TOAY, AfOT, .Q'OTO,JYROAY,NRE"'"Tf201 
7 o"fC0HI l"i I, LI SC OH 14 0) ,NCXJ HC Ul 15 I ,NC OH OR ,NSP"'OH, Nfl[O lE 
J,fL0lfT,HtCR0"' , HOHT~ ,L00PfR,NSTRl"H,.F&vr 
4,NSUB'ST,CYC..(, Nr'Llll,L00P, IRUN,"i0URCr,s,111 
S ,T DA YPR, WA TT OT ,N PR fl '6 I ,REA CH, NP ORT ,A ,11 H, F\. Oi,I S 
f, ,t.JfR El H, TS TRTH ,I NORGP, IN 0RGO ,HO NOA YI 111 • MJ P9'! OH 
7 ,KOPGS W1 St lll ,K INRG Pl!;, f. I, KtNRG0 rs, 61 
8,~.•DRlf'HI ~I ,N0"IFAl401d()Rlf'Vf 81 
'l ,NTRI~ , NPORTT ,TfHPW ,TOtPe ,NPASS 

~-----------------------------------c (""HHON BLOCK /STAT/ CONTAINS THE STAT£ VARU.8L£~, ANO /CHANG(/ 
C THEIR INf"'RDffNT<i OR 0F'CREH[NT<:; F'0R THE CURRf 14T T Il1[ UNIT• 

~-----------------------------------
COHHON/STAT/CV[Gf 8•1•41 ,CORGC5,41 ,P0PICICI ,CPTOHnf\,lll ,AOUAC41, 

1 r.t.IT 15 ,4 I, CBACH ~, 41 ,AOOAB Ill 1,W0TNRI 61, WPIHPI ">, r 1, OOINRI 6 I 

2, 0 DtHRIS, 61 
er HH0H/C HA NG U CV fG QQ ( 8t 1 • 41 • COP G'IO I s, Ill ,P (P 00 QI -0 , • ffi JONt'i 14 o, If I 

1,AQUA00f 1U ,CLIT0Ol 5t CII ,Ci,ACT0I J," ,AQUAE'0l lfJ, 
2WOJHRO( 6) ,WPJHROI S, f, 1-BOtNROf 61 ,BPINRQI '5, cc 1 

~-----------------------------------
C0HH0N BLOC!< /Pi(T(OR/ CONTAINS P.f~ VALUES or [X0G""N0US VADIA8L'"S 

C f"(lfl THE C'URP[NT TIHF: UNIT. 
c----------------------- - - - ------- -- - -

crHHON/HCT(OR/WTRRlG' RUN~0l('-1 ,PUNOERf 14,cn ,oARAJN,0AY 0 UN, 
lflUNPNRf~, 61 ,RUN0NRI f.l,0USTIPIS, 6), 
ZTRf"L0W,TCOl'f"Nl'1,T0fTINl~,lfl,T0R'ffVI e,1,111,mRif"0l'-OJ, 
JTO'HrAllf(',-.1,TORITHfJ,4I,.,.PNORGIS, J.i,TUN0RGI 61, 
lfr"VAP,RAIN)JI f,),OAPHflT, DAYRAD,OAOUC:T(!',,41, E'XCGl'4Cl,RAt~r;c1111, 
srLOSEC ,CONPINI 41 ,n(TJN I":, ,It l,')RIFTVI 8, h .. , ,0RIFP0l 40 ,. 
60RIFTAl40,ftl,ORlf"1HIJ,'ll ,PH,PNOt>CnS, f.ltDN0RGf 61,W"'"f"HP, 
1 FL 0WIN ,X CO HPNI If) ,XDETIN( 5,,., ,XOJHFVI 8 •l ·" I, J.'THH ro '" Ct • 
.CIXnRTFAIII0,Cll ,XOOT'FHIJ,41 tllPH,XPNORGIS, 61 tXCf,I0P.GI r;J,X-.,lfl'!P 

rOHHON/Pl-fY SI fl_ OW ,PER P• ,0'"P Tli ,WAT SYS, VELO CT ,A Q{" iii. WI OT H 

~-----------------------------------
c COHHON BLOOU'PARAN/ COKTATN<; THE PARAHETms Of Ttf' "iWROUTJN'". 

~-----------------------------------
COHHON/PARAH/ C0AGU.. ,WAT0AY, STRLOIS I• STRHII 51, SORF' 21 SI ,s..,qc-i: 15 I 

1 ,coon f5 ,. CORF' 31 .. , ,CLITL0I "ii ,CL tTHT I 51 ,DUOO I\ 10">1 

~-----------------------------------c TH£ NAHE LIST CONTAINS THr PARAH[T[RS TliAT ARE TO BC 

c PrAo TN u cxrcurr~ T'()4r. 
c------------------------- - - ------- - - -

NA~[LIST /HPU Tl WAT DA Yt CO AGUL, SH~L0 ,S TR Ht ,S 00 f"2 •~ 0Rn , 
1C0RF2, CORr J, a. JTL0 ,CL I THI, All",\X , W[TF iliC .C Fl, Cl ,Cf"AC2 

c ..••...... CHARACT(RISTICS C().lr.[RNING WATrR AR[ CALCut.U(n 
IF f('l(PTH I? •2 ,4 

2 WRIT[f E., TI tyQQ.lY 
J roRHATl•~o WAT[D CIN",15,'PP0GRA" 'l:'T0PPf0' I 

'1:'TQf> 
-. nows::n..owtN•86QflO. 

rt ow rn=r pf" L0w• 86 .. ~o. 
rp(C IP =D AP AI N/ 10 00, • APE iii 
~VAP0 = £VAP / 1nr,o. •ARF:A 
rt out= 1r LOWS-'" v~ PO 4' R(CIP♦ 0A YRUN -W TR RT G• "" TO AY-W ATSY S 

1 •fL0WT~l 
TF IF LOUT 15 ,7 ,7 

5 W0 JT[( 6• fil JYRfl AY 
6 roRHATPOHORE WAl[R U"iETl THAN AVATLABL( ON 0AY', l':it 

1 •• IIATrR JH9ALANr'" OCCLRS, 'I 
rtruT=Cl 

1 rLflSEC::F'LOlfT/8&ton, 
WA noT:AHA Xl f\l ATSY S, IFLOIIS ♦{) AYRUN•PR[C IP-£ v• PO ♦WAT '\A Y• f"l('W TR I) 
H70GO(Hll :: H2000Qlll • PR[CTP 
H2000t'IIJ I = H2001')0f2 l - [VAP0 
H70000f'I :: t-Q0000(3I • 0A'l'RUN 
U:'01)00I4' ::; H'J0000f4I - WTRRTG 
H70'100ISI:: .V.000f'll51 • 'LOWS 
H70000f8I = H?00~0I8I - '"LOUT 
~:' OIJQO fl 11 ::H?O 11001 111 • rt.CWT~ 
,.,,CLE:: WATTf'T/\l4TSY'> 
wt.TDAY::wnsvs 
WT[MP:: )(\,j Tf HP 
TtHPW::XWTfHP 
Tr HP e:: xw rr HP ~-----------------------------------c PLANKTONTC--LD<E HAT£ 0 TALS IN ANO FLOWING THRU TH( SYSTOI 

C A"( CALCll..ATEO. ~-----------------------------------
c . ......... 0T"C:0lVrD AN~ PAQTYruuH I\DGANIC ~ATT(P. 

('(' '30 J-:1,NfR(LH 
Tl"T'-Ol :: ('. 
[\r, l ('J-:-t ,NOL IT l 
1'"10 K-:1 ,t J 

lC All-:,l)~. 
rn zo 1::1,NOLIT 
TOTLIT fTJ::C. 

70 AVflTTITl-:-r. 

l"lfroos 
"rro ,a 
Hf (IJ 15 
H( W 3) 

l't( 00 25 
Hf CO r 
H[(X" "5 
H(OO I() 
HE 00 'l«i 
H[ (D !II 
HE (0 5S 
l"IE ro ro 
MEOOE"> 
Hf OC 70 
'4f CO 7r.. 
H( 00 Bf' 
MfCD8c:. 
H[(l'.)Qf' 
MF 00"'5 
H[ Gl ro 
Hf" 01 (S 

l"IECll JI" 
N(Q lS 
Nfm:"O 
H[ 01 7t; 

H( 01 J) 
Htm ~ 
H[Ol 11(" 
Hfm qo:, 

Nfm"<' 
,tfOJ.~ 
ME QJ. f'-0 
Nf01 fsc:. 
ME f1l lO 
H(Cl 7" 

"f m eo 
Hf Cl1 85 
H(Cl 'll 
MC OJ. '9'C 
HFr2A" 
M( 02 OS 
P'I[ 02 !I" 
ME C2 15 
Nf QZ 31 
Hf02 25 
"[02 :er 
"ruz 35 
HfC2flr' 
H(02'-5 
H[CTl~ 
11[ 0,55 

"' l2 w 
H(C2 65 
"fr? "10 
H[02~ 
H(02M 
M[ 02 85 
"i( 02 !I) 

"'f D2 95 
Mf 03 rD 
H[ OJ C!5 
I"[ 03 to 
Hf CO 15 
Hf CJ .J1 
HE0325 
H[CJ:Il 
H[ OJ 3S 

MfOl im 
HfC~q5 
H[l!J!:{l 
Hf03c:1 
H[ 03 52 
"[ ('J !J 
Hf0l5'l 
"£03 55 
HC036r. 
HE CJf;5 
M[ OJ 70 
Hf"C'J7" 
HE D3Sf' 
HEOJ!ll 
HE0382 
H[ OJ IP' 
H(QJ 814 
H[O:' 85 
H[O,.% 
HEaJCO 
Hf"03'JS 
HfQII 00 
Hr011o-; 
MfO. Ir' 
HfQq Jir; 
"r04 2f' 
Hf0.. 25 
H[Q4 ,;r 
N[ 04 '!'$ 
H[Qllqf' 
H[()ll q5 
Hro, sn 
MCJllSS 
N[OII f,Q 

Hf 0q '"S 
HEC!llc70 
N[04'"'S 
MEC,. 00 
Mf 0,. P:5 
HfQq <)O 

Mrc)'l"'"i 
HFOSC'II" 
Hf DSC"> 
HfQO:,]r,: 
Hf OS 1c:. 
H[~"'f' 

At l,N0LJ'fl I = PRfC-lP, DAINC0IJl 
Al'hNOllTII - nAYf1l,H, RUN<:;0LIJI 
Al S,N0Lin I = n.ciw<; • xr.oHPN{JI 
Al 11 ,NOL TT 11 ::f L0WT R• tr- CNPN (JI 
.lf l:! ,Nf'LTT 11=•ou&tJ) 
l'l" !ll T:: ~• N0LIT 
All,ll: 0AOU'ilfT,JI •AR[A 
i".I1,1I = l'UYRUN • RUNoc-qct,J) 
Af5.ll : rL0W'i •X0(Tl'l11,JJ 
Al ll, T 1:: I"\.. OWTR•T r'l(THI( T,J I 
All",Tl::'1..ITtT,JI 

! 0 C0NTINtJf 
!"10-0 M :t ,1 l, 7 

'-0 T"T..-OL-:- Tf'TSa.. • ~II' ,NOLTttl 
"if"LAY[ = T0T<:;0L /\IATTnT 
C0HPIN IJ I:: <;OLAV[ •I WA TT OT-W AT";YS) 
YCOHPN IJ J-:. TO TS ClL •A 00 A I JI 
or 60 L:1,NOL!T 
0050 1<=-1 ,1 J,? 
TOTLTTILI: T0TlITILI •Afl(,ll 

5 O CONTINW 
AY(LITILI:: TCTLI,.lll/WATTnT 
or TTNI l, JI =AV(LtTfll• I WATT0T-WAf~<;I 
)(Q(TJN IL ,J J:: T0l\. Jf IL J-CL IT IL,JI 

6 0 CONT INUf 
['I(' 7['1 J:1,NOLIT 

10 CL TT fT •J 1::AV[l TT IT l•WA T<;T<i 
At'JU~ IJ 1-:\.IATSY'S •'ict.Avr 
0(180 1-:t •I 2 
00 80 M::t,"IOlITl 

80 &CAIN0IT,JI = AGA!N[)IT,Jl • AfI,Kl 
'ID C0"'ITINUf 

C, .. •• ., .•. OI<:""LVEO TNORGJlllC: HAT(Q!AL. 
I'"IIN0QG0.L(,0l(l0 TC" 1\0 
00 1 JO J=-1, INOflG!) 
TOTNRO::f". 
DO 100 I<~, ll 

100 ATNP0( tl'J :t', 

ATNR0 {11 = tiR(CIP • RAINC\IIJl 
A"NRO 131:: 0AYRUN • Dl,Nt'.)NRIJI 
ATNR0 151 = n..OW'I:' • X0~RGIJI 
A!NROl 11 ):fl.0VTR•T0N0Rf;fJI 
ATNROI IJJ:W0INP(JI 
CIOUD K:t,ll,2 

110 TOTNPO:: TOTNRD • AltfflOfKI 
AV(NR0 = T0TNR0/WATT0T 
ONORGf J) :AV( NPO• I WAT To 1-w• T":i y,; I 
XO NORG (J 1:: TO TNR0-1r10lNR IJ I 
wrtNRI JI :,,,ATC:YS•AV(NP0 
DO 12 0 t:: t, 12 

120 0GAIN'~Cl,J) : DGATNGll,JI • A.TN~0lTt 
130 CONTINU£ 

c .... •• •• •• .PAR•TOJL,AT[ TNORG.tNIC HAT(ATtL 
1110 IF"IIN0RCP.LE.0IGr' TO 2110 

or 2 JO J=l, INORGP 
00 150 T::1, ISTRT~ 
00150 tt::t,ll 

150 ATNRPIK,Tl::::O, 
DO 160 T=t, TSTRf'il 
TOTl!RPl!J::o. 

160 AV(NRPltl=D. 
00 170 T=-1, J<:;Tff~ 
l'T NRPI lt Tl= OUST TPC I ,JI • .IR(A 
ATNRP13,U:: DAYRUN • RUNPNR!I,JJ 
ATNRP15,tl = n..ows. YPN)RGII,JI 
ATNRPI 11 ,t J::TPNORt;fl ,Jl•fLClWlR 
ATNRPI B ,T ): WP INRI l,J I 

17 0 C0NTINUf 
no 1'30 L=-t, lSTRT~ 
D0180 K::J, lJ ,2 

180 T0TNRPfLl:T0TNRPll l+Ht-P.P(K,L) 
AV(NRP CL 1: T 0TNRPf ll/W AT TO t 
PNOflGI L, JI !:AVE NR re LI. I WA TT0T-WAT<;V SJ 
X'PN0RC IL ,J J:: TO TN PP (L )-Y, JNRI L, JJ 

1'30 CONTINUf 
00 200 I=t, IS TRT., 

200 IIPTNRII,Jl=\IATSYS•AV"NB>fll 
210 01'220 l=l• 12 

DO 220 K::'1 ,ISTPTH 
220 crAINOl!,Jl:: CGATNOIT,JI • AlNRPIJ,1(1 
230 C0NTINuE 
2'10 IflNSPCOH,l[.0I GO TO :!JO 

c •.....••• . zon"LANKTQi, 
no 2'30 1=1 ,NSPCOH 
Hl ::N0RTF Af II 
GO TO 12!1l•210,27r',270l,H1 

2'50 0C 260 J::J,NfRQH 
A.NT0T:: !FLOWS •XOR IF Al I, JI I •CBI OH CI, .n •f fl OW 1R ,T DR lF Al I, JI I 
AN AV t= AN Tl" T/ WA TT OT 
AG ATNO 15 ,J 1:::: AG AI "IQ IS ,JI• I FLOWS • XOQI rA ft ,J 11 
AC' AI NQ 11 h JI ::::A GA TN 01 11 ,JI ♦ lf'l 0WTlh TORY fA IT ,J I 1 
OR If TA (t ,J ):: IN AV r, IW AT TOT-WA TSYS I 
XORIFA It ,J l::ANTOT-COTOHI T,Jl 
ce:::oHI y. Jl ::WATSYS•ANAVr 

26 0 CONTINUE 
f'OPTOT::I FLOWS• XDRIF"0 I I 11 +pr,p I I I• l~L0IITR• TORI F0 II II 
tin PAVE ::POP TOT/ WA TT OT 
OP IF PO II 1:: POPA VE t I WAH OT-WAT SY SJ 
YORif0 It I: P0PT OT -POP I-:' I 
"(IPI Tl ::pl\p AV [•WAT<; Y~ 
rr ro nr 

Z7 0 fl(; 280 J~ ,Nf"fi. H 
OR ff TA Cl ,J 1= f XOR Yf' al l • Jl •FLO \IS I• (l 0Q If' 11 I, .A +r L(l WT Pl 
Af;A!Nt'I I" ,J 1:: AGU NO I'S ,JI• cxm IF Al I, JI •fL0WS 1 
AGATNO 11 l• Jl ::A GA TNQI 11 ,JI• IFLOWTQ• TDRlrA IT ,J 11 
xrnIF A (J ,J 1:::: I 'I( 0Q IT" a f I, JI • F"l') vs I• IT DR rr II I, ,.n ,r Lf' WT QI 

28 0 f't'INTINLlr 
on IF PO I I 1:::: IX OQ IF' oc II •fl0 WS I ♦ I T0Q Tr 0 I II +r' Ll"I Vf Pl 
roRir(l ft I::' tx oq Ir 0111 •FLO ws I+ I T0tlTF'0 I II •Fl0 WT RI 

2"30 Cf'N•INUf 

Hr 05 25 
Jiff C5 3) 
Hf OS~ 
M[CIS q() 

H( 05 4~ 
Hrcs '""<' 
HF'05 ~'5 
HE OS 60 
H£05Ei":, 
HEOS 7r 
H[l"IS 1S 
HE05 '!O 
Hrcs Pc; 
HEOS90 
Hens 'J5 
HfOGOC 
HF 060S 
HFIJ61{l 
H(c.'610:, 
H[OG21" 
HE C67"> 
H[0630 
HE(l;.35 
Jiff OE 'lO 
Hf0Glt"" 
H(Qf,"i(' 
HE06"i5 
,.,fm;m 
Hf06 f~ 
HFOf;"Pfl 
Hf06 75 
H£0&"f' 
N[QGf's; 

"[06Q(I 
HrOG,s 
Hf 07 00 
Hff"7M 
P'[0710 
"f0715 
Jiff 07 20 
"'"07?'5 
H[C7Ttl 
H( 07 JS 
tff 07 ..0 
Hf071l!
H(Ol"ir 
HF07 ir;r 
Hf076D 
fffCTTfi5 
H[077'(' 

"[07Tc: 
"'"0"fl0 
H£07 8~ 
Hf'07'90 
"[07"''5 
"E0800 
MrOlil 05 
Hf('l8 tr 
HE081C: 
M[0820 
P'I( 0875 
Hf08'.'t' 
HE 08 3"i 
Mf 081l0 
H[0fU5 
"C 0fl 50 
H( 085'> 
M[DIJErl 
Hf0865 
HC087f" 
Hf 0875 
Nf013f'fl 
Nff\B 85 
Hros!ll 
Hf08 'JS 
H[0'3lD 
Hfn<J~ 
Hr(l'JlO 
HE 091~ 
HFM?'fl 
Hf0'9~ 
HfD'J:!IJ 
H[0'93'5 
HfO'J-r 
Hf"C'3qc: 
H( 0'3 50 
HF0'3"'i5 
NfM60 
H[09E'> 
l"lf0'37r 
M[ 0975 
Nf0'J•r 
"rmes 
Hfn'lC¥' 
Hff1'9 9"i 
t4£ 10 Cf" 
NE 10 05 
Hfl0 11" 
Jll[101'5 
HE 10 21" 
MF It" ?S 
HfWJT" 
NE 10 35 
tff lOlilr' 
Hf 10-5 
H£WO:C 
HE ](l 55 
HF' lOEr 
H( 10 t;o: 

Hf 107!" 
MflD1"'i 
t4£W!IJ 
Hrw•s 
"'" 10-r 



C• •• •• -~••.PHYTOPLANKTON. 
JOO H'INSPECY.LE.CI GO TO EO 

00 350 t=t ,NSP[CV 
,.1 =NORTf VI I 1 
GI" TO 1310,J,OJ,Hl 

Jl O 00 J20 J=t ,Nl='RE\_H 
V~TOT: ff'LO IIS •XOR ?FYI I, l• J J ,. CV[G (t ,1 ,J 1+ fF LOWT R• m RI fV I! ,1 ,J H 
VG AV[: VG TO Tl Wo\ TT OT 
AGAlNOl'5,JJ:I.GAINOl5,Jl+fFLOWS •XORIFVfI,1 1Jll 
AC AINO fl h JI :A 6.l I'NOI 11 ,JI+ ffLOWfth TOPffVII ,1 ,JI l 
ORIFTYII,1 ,JJ::VGAV[tlWUTOT-WATSYSI 
ll'ORIFVlltl ,JJ::VGTOT-CYfGIT,1,Jt 
CV(G fl ,1 ,J J:; VC' AV,-, WAT~ YS 

32 0 Cl'tNTINU[ 
GO TO 350 

JJO 0" 3110 J=t ,Nf"Q" 
OPIF TV II ,1 ,JI= o:nRIFYI t, l• JI •FLOWS)♦ fl OR TF' YI T, l• JI •FLO WT PJ 
,t,r.AINO 15 ,JI= AG.UNO 15 .JI+ IICCP TF'YfI, 1' ..n •fLOWS I 
AG AINOU 1, JI :;A GA INOI 11 ,JI+ CTO~lfVf I, l• JI •fLOVfRI 
lfORIFV (I ,1 ,Jr- fX OR lFVI I, 1, JI •FLOWS: 1+ IT CR "F VI T, !, JI ~ lr,WTPI 

JII; D COHTINUC: 
35 0 CCHHINUE 

C, •••••••••H[TEYOTROPHJC NlCRO-ORGANISHS. 
3&0 lFIHlCROB.LE.01 Gn TO 1120 

onuo J:t,HICROO 
.-1 :NOR IF ~I I J 
GOTOt370•39J ,J9J 1.m 

370 00380 .l=.l•NFREUt 
HETTOT:t F1.0V'S•XOPif'M IT ,JI I +CRACTfI oJ I+ ff'LOWTl>e TTlRI n-1 II oJJI 
HE TA VE :H (T TOT t WA TT Ol 
AG AINO (5 ,J J;: AGAI NO 15 ,J ,. ,no W'S •X()q TF'Nf 1. Jl I 
AG ATNQ fl lt JI ::A GA JNQl l l ,J J ♦ fFl OWTPt TnQI F'M tJ oJ )I 

OR IF nt rI ,J )': HE TA vr. f WA TTCH ~ ATSY'S) 
,:nPIFN n ,J 1:: ~ n nr-ccian rt ,J 1 
CRACTI I, ..n ::WAT~Y<:;•H£TAV£ 

38 0 C:ONTINUf 
GC!T0'10 

l"lO on400 .J=i.1¥R(Ut 
DR IF TH ( I ,JI= or ORTf Ht I, JI •FLO ws ' ♦ ITORTTHI I, JI .-c LO WT RI 
Ar-UNO 15 ,J 1::AGAl NO f'5 ,JI+ IX~ TFH f I, Jl •FlOlilS I 
AG.UNO 11 l• JI :A GA INQ( 11 ,JI+ CTOPTFHI It ..n •FLO WT l:'J 

rrRIFH I I ,J t= fY OR TF'HI I, J) •FLO ws ' ♦ ITOR!T' HI I, J1 •F' LO'"~, 
'Ill O Cf\NTINUE 
U O rnNTINUf 
112 0 CONTINUE' ~----------------------------------c COAGULATION IS C.lLCULATED. 

~-----------------------------------
cnAG::COAG\JlfCYQ.f 
00 ,-30 1:-t,2 
AQUAOO It I:: A'!'IUAQQfT I- lrOAG• ~ UA I I 1) 

C('IHP IN n I= co HP IN I I ,- fY CO HPNI I I • I (COA 6• CY a. (I -< o• G1 1 
OE TIN( 11 I) =oo lHll ,I I• CXCOl'IPN 111 ., ICOAG• CY a..n -co• GI I 
Cl. ITOl>fl ,t J-:.Q. tTOOfl ,I J+ ICOAG•AOUA fl 11 

IIJ O Cf\NTINU£ 

~ -----------------------------------c SCOURING ANO OEPOSITIOtl OF HAT[R"'."AlS rs CALCU..AT("' 

~-----------------------------------
C• •• •• •• •• .f'ARTTQJLATCO TNOPOANIC N.lTT['O. 

Ir fl q~TH. L£ .o JGOT osro 
OOll'lD I=l•lSTATl4 
Ir fVELOCT. LC .o., nu(:= All MAX 
!F fY(LOC T. Lf .o.' GO TOqTQ 
TF II YELOCT.GT. STR. Of JI ,.ANO. fVCLOCT. Lt .s m HI n IJ Jr.OT CJ4 'lO 
!F' ISTRLO fT >-V£LOCT Ill •O ,,- 6C •• 6C 

"4 0 SCOUR=.lMl"f II It. lH .l't ,AH.lU fC •• fSOR:FZ fI I• •V[l OC ~ SOl?f 21 U ••STAHII I) h 
11 

Ol"llll5 0 J:: lo IN OR: GP 
lFIBPINRfT1JI.LE.OJGC' TI" q50 
GoEs::sCoUR•BPINR I I,JI /WAT TOT 
WP INRQ fl ,J ):: WP INR:Q fT ,JI+ fGOfS•WATS YS I 
"NOR:Gf l, ..n ::flNOAG I I ,JI• fGO(S• fVAT TOT- WA TS l'S I I 
BPINPQ fl ,J t: IJP !NAO fI, J 1--I COE S•WATTOT J 

q5 0 C~NTINUC 
GOJQq'}D 

1160 fALLS:AHTNll ALUtAX ,AHAXl fOu f'SOR:rJ fl I• •<:;TRLO ft I- S"Qf° 31 U ••VELO CT I 
11 

Hf10C!S 
H(ll a, 
Hf' 11 05 
Hf]l l(' 
11[ 11 JC 

Hf 117!"' 
H[ 11 ?S 
Hf ll "'r 

"'"' 11 ;>I"', 
Hf 11 fll' 
Hf 11 q5 
Hf 11 ir..r 
Hf lt r5 
Hfll6r 
Hf 11 6'5 
Hr" 11 7'f" 
H[ ll -.S 
H[ 11 M" 
Hf 1111'5 
HE 11 'l" 
Hf 11 q5 
Hf12!T' 
Hf" 1:'0~ 
Hf 1, IC 
Hf 1215 
Hf 12 ?f' 
Hf 122"'> 
Hr l2"f' 
Hr 12 JC:, 
Ht 12-0 
Hf 17,-5 
Hr 12 !{) 
Mf 12 5'5 
Mf 12 rr 
"r 1zi-5 
H[ 12m 
Hr" 1? 75 
Hr" 12M' 
Hf 121u; 
HC: ll'.E 
"r 12 q~ 
1,ff lJOO 

HEUO'S 
l,if 13 ti" 
H[PJS 
Hfl3?'1"1 
H[ ll 25 
HE J3-., 
Hf 1J JS 
H( l] 11!"' 
H( l!IIC 
Mf 135(' 
H[ 13 55 
HEi:tro 
Hf 1J 65 
Hf l3"N" 
ME 13 75 
Hf 1J er 
H( 13 85 
Mf 13CI(' 
Hfl'.'l,.'5 
H[ lit O" 
Hf llt05 
Hf lit Ir 
H""lltlS 
~ff llf 20 
P'f 11112"', 
H( J,- ~ 
Hf' },-TC 

Hf lit 110 
Hr IQ q5 
H( H 5C 
Hf lQ 55 
Hf lct 6Cl 
Hf 11165 
H[H71" 
Hf Jq7i:; 
Hf 1,_ elJ 
Hf l'l"c 

99 Aquatic Model 

1170 OfPos::nll'StC'YQ.f 
0!"1180 J:loINC'IRGP 
rro,PJNQ(f,JI.LE.OJGO Tn q8(} 

WP!NRO 11,J ):: WP PP'OI ! ,J t- lWPINR (l ,JI• OfPOSl 
PNORG( I, JI ::PN(IRG ( T ,JI- mrp OS •XPNOPGI I• J1 I 
BPTNRO (l .J J':RP IN P.~ Ir. J J♦ crCPO'i•XPNOP GI I, ..n )♦ "' PINQ II ,JI• "[PO'S) 

11180 COHTINU£ 
lf'lO CONTINUC 

Co•• •• •• ... ORGANIC l IT T[P. 
500 Tf(NOLIT.L(.OICOT0'5filr 

00570 T::J,liOLIT 
'fr (Y[l"l'::l. lf .o .1 F'A LL 0::': ALL HAX 
7r fVCLOC To LE .r.. I GO TO~'i 0 
;r- fl V(LOCT .GT. Q. IT LO II t) oANO.IVElOCT.L[. CL IT Hl llJt lGOTOS7C 
Tr (l':LJT\.Of 11-vn. QCT) "it C, ?:,o. 5tt0 

51 0 SCOUR:AHTN lf Al. U1A1 ,.&.-A X1 fC •• ICORr:> (T )1 •V El 0C 'L CO Rf 21 r, ••CLITH! IT J 

'" rr IHOEBUG. GT .c IWP!T( 16 .~2c I 
1 T, GOES ,c;couR ,vn. OCT 

5ZO rrQHATI" M!t",1Xtl .. ,1X',W'"12.61 
01"510 J::IoNfPfLH 
IflCOPGl;,Jl.L[.('l GO lO 5l0 
GC['S:<;;COUR•CQqG I !,JI /\IATTQT 
Cl !TOO II ,J )::ct TT 00 IT ,JI+ IGOCS•WA TSYS I 
or TINI I, .n ~(T IMIJ ,JI• IGOf'S• IVATTOT-VA TS Y'i II 
CORGQ'1 IT •J ts: CORG 00 f!, J >-C GOf. 'S•Wl lTOT J 

51 0 CO.,T!Nu£ 
GOT057fl 

5-. 0 rALL'S=A"JN 11 AL uu~ ,A'1A )(1 IC •• l('ORrJ ft h •Cl'" n. Ot "'I -'"OPP. fl l••VJ"\.OC l) 

'" 550 ~r1:>os::fALLSICYa.r 
rr IND( quc. 61' .r 1wr-t re 1£. .c; 20 1 

1 T, nf roe::, s:-A LL s, rv rt r. vrtocr 
r,n56o .r:.t,NfPfLP1 

TflClll!T1Jl.L[,r1r,0 TO 560 
Cl ITQO IT ,J ts:: CL IT GO II ,J J- ICLIT1Tt JI •fl[POS I 
or TIN! I, J) ':OCT J)j II ,JI- IXflfTIN IT, JI ,r(POS I 
CO~GOQ fl ,J J: CORGO~ II ,JI• I Cl I TII, JI •flfPOS J+ IY rF TI Nf I, JI •flf 0 f'S I 

56 0 "'ONfJNltf 
570 Ct'INTINU[ 
58 0 CONTJNU£ 

C:: fCYClf-\ .l /CYCL.£ 

~-----------------------------------
c O"'S$0LY[O HAT(SU.111..'i P.l._<;!"G E!;(TWHt,; RfNTHOS AND 
C WiT[R COlU"'IN I<; CALClt.ATfO, 
c--------- ---------------- - - -------- - - -

er: NTH: r,. 
'>0 ~90 T::1,Nr\.IT 

5'} 0 Tf" (CORGf T, 11 .GT,,,, Bt NTH:: Sf NTH• I co~ r,1 I, U •W [T ra. c, 
Of' GOO 1:-1 ,I~Tqf P1 
DO 600 J':1 ,TNoqcr 

600 Tf" (9PINR: (;',JI, GT .0 J9r"N T'H:8(N fH•8PTNR II ,JI 
CUAV 1: fl,/ I 8 fN TH/IP[ R!H• A( ACH I I I •C rA Cl 
A,. IY -=1 .- E'X PI -C ttA V] •fry Cl..- - 1. I I 
flfNWAT=tl(N TH •C fAC? 
TF' INOEBUG. 6T .O IWRTT( 16 ,6 IO I 

1 "[NW AT oAKT ):, CU RY l • 8( NT Ht AGUA I 11, AGUA BC 11 
610 l'"ORHATI' N10•.u,1otl1.6t 

DO 620 J:1 .tffRD.. H 
arr: ( AQU Al I 1 /WAT !=Y'S)_, AQUA Bl 11 /Bf::NWI Tl 
ANIXZ::.INn'. •OI'F 
AOUA BQ fl J-: A.0UA801-I I+ I A HIX2 •8 f'NWATl 
("('IHPIN IT J;: COHP DH T )- fA HTY2 •BENWA T• Cl 

620 AOUAOOCTJ::AQUAOOII>-IAMIX2•B£NWH•l1•-CI I 
no 630 t=, ,INOR:Gfl 
OJFs:: IWOJ HR I I If WA TS Y'S 1- IBOINR f I I/BF.NW AT J 
AHIX 2': A14{X •OJF' 
80JHROII l:90INROfI I• liHTJ(2•8tNWAT) 
ONORGI II =o NORG fI I- u.-1 X2 •E![NWA Tt Cl 

630 W01NROril=WOINROIII-IAH!X2•BENWAT• C, .• -CJ 1 
nr T\JRN 

~-----------------------------------
c TH[ fOLLOWING AL LOWS rm R[AOI"IG OF' F'APAJ,f( TER<'". 

c------------------------------------
(NTR'I' NTNPUT 
n[ AO IS, K!' tn' I 
O( TUR:N 
mo 

NE lll<tf' 
Hf' Jq<t5 
"f 1'5nl 
Hf 15('1-
Hf 15 W 
H,.. 15 IS 
Hf J<j?f' 
H( 15?.:; 
l'f,..15]1" 
Hf 15 JS 
HE" 1511(' 
Hf 1511r. 
lff 15 SO 
Hr" 15s;5 
Hf 1560 
HE lS 6C 
"'El5 70 
11[ 15 -,c 
H[ J~llr. 

l'fE 15'"1{' 
H( JS ~5 
H£"160" 
H'"J60!' 
HE 1\i.!"8 
Hf 1611" 
Hf 16 ]C:, 

H[ ]671' 
Hf16?r 
f'f']f-Tl"' 
,-r[ 16"1"'5 
,.r 11;11r 
H( u;,.s 
HF 16 &:f' 
H[ 165<; 
Hf" J6r.l" 

Hflf;fC 
Hf Jf; 7f' 
H1" l& 7!; 
Mf Hi Bl" 
H( 16 •tc· 

14E16'1{' 
HE 16"'C 
Hfl7tr 
H[ 17 05 
Hf'17W 
H( J1 J'i 
HE 17 20 
lff17;,r 
M[ 17 "'1" 
Hf' 17 "5 
Hf l7qf" 
Hr llqS 
Hf' I "f CC 
Mf 1T r5 
Hf JTE-0 
HE 17 6~ 
14E 177f' 
H[ 17 75 
H[l711f' 
Hf 17 IIS 
HEP~ 
Hf" 17 gc 
Hf t! (.'r 
Hf 18 OS 
HE]111W 
.-f'.191!
l'lf us 20 
Hf'18 -.,r: 
H(18~ 
Hr"JB~ 
,-r 1s qa 
HE 18fl«: 
HE 18 '6 
H[ 18 q7 
H( 18118 
Hf 18 Cf' 
Hf 18 'S 
H'" 1a~n 
•ff 18'-"-



100 

APPENDIX I 

Listing of the Subroutine ANIMAL 

t:U8f?OUTTN[ A~IHAL 
OTHrNSTON [,l,TS(q!"lJ, NTRAN(l'IOl,NLAYl(I51.N1..8Y211!1 
OTH(NSJON rrrDV{ 6),F[(OIIIC.nl ,r(ff'l..l<),IT(n!'Clil, 

1rol)O('IO,fll 1IAfATfl110),"'1 1UN.--(f101 ,rrro"(:!I 
~. ISF'ATr"ICtOI ,FE[t"'AOlll!"IJ,LIVfANl~llf[(ORF"OJ,F[[ORf\lJI 
3 ,txfAT'(llf01 

~-----------------------------------c COM~ON RLOCK /ACC/ CCINTAINS ACCUMUL&T(O OU.N(J"(;, ~HI~ MAT 9~ 
•JfCATIVC, COHHON 8L0tl( /ACC'!NC/ CONTAII.IS rnr TNCff[MOHS TC Tl4f 

C ,IQfU.Y~ TN /ACC/ FOR A SINGL[ TIH[ UNTT, 

~-----------------------------------
C0H"0M/ACCIAGA!N(}3,111,H.,Ofl3),Cta,TNf1~, Gt,~AIN113, 61 
COHHON/ACCINC/AG.ITNOl13,!fl,H2000Qf13J,CGAIN0113, 61,00AINOfl:!, 61 

~-----------------------------------
c CONNON BLQO<<;:/PRCKl..li/o/PRf"OUC/.tPnonrH/ [)'"AL. VTTH PRODUCTIVITY 
C .. ,i THE" SY<:T[H. 
c----------- ------------- - - - --------- - -

(f'HHON/Pl10SU N/ Pv TO Tl q I tfJ cqnr , .. I• Pl TOT ... ( 1 "'• Ill ,PAT OT .l1 4) ,PVSUH Ill h 
1 °R SU H1 'ti ,PAS UH SI 1' ,-'l I, P.l SU>Oi f It I 

COHHON/PQt'I !'MJCI PC:V(GI 8 ,1 , ll I, PCBH't' Ill O• ti) ,rOJ iC Tl J, It I 
CC\HHON/PROOCH/CVfCPf A,11llh r:8[0"1Pl-'l0,11 l,C'l'IM'TPl-.,4 I 
rN1MflN/0 T}-1 [R /A Vf TNO( ti(" I 

~-----------------------------------
c COHHON BLOCK /SPEC/ CO"lTAINS SP[CIJ"ICATTONS ,0-10 0,.-HER J'Jr"ORHJTION 

Cl"HHON TO THE IIHCl_[ <TT Of" PROGRAMS, f\UT flt'CLUOING <:;UT,. ANO 
C (YOG[NOU<: YARIAOUS. 

~------ ----------------------------
CQH,tON~ P[ Cl NCH AN, TNS TPU I 10 h WAT [P ,NSP[C Y, NSPr{'A ,NOP GAN, 

l PHW,PHB, NOLTT ,NCH(CK,TDAY• ATOT, ATOTO,J't'ROAY,NR(l't[fl201 
2 ,NCOHC IS J, LI<:'C OH f 1' ('J ,NCO HCUI 15 I ,NCOHOR ,NSPrOH, ND[R Ui 
J,FLOUT,IHCROB , MONTH ,LOOP[R,NSTRrH,J;;AYf 
11,NSUBST,CfCL[, N'lLITl,LOOP, IDIJN,<=OURC"rt'i,1-.1 
S,"OAYPR,WATTOT,NPRTl?GI ,REAC!i,NPO~T,AHTN,fl.<M! 
6 ,NFP[LH, TS TRTH ,I NO RGP, Di ORGO • "IONOJ YI 12 I, PIU MHt"IH 
7,KORGSWl~,'41,KINRGP(o;,, 61,KTNRGDI", 61 
8, ►!0RIFHf.31 ,NOPIFAIIIOl,NORIFVI 81 
<J,NTRIB ,,,,.ORTI,TfHP\l,fft(P8,NPASS 

~-----------------------------------c Cl'lHHON BLOCK /H('rf.00/ "ONT.llNS Tli[ VALUES Of' [XOGfNOUS VAOI.let..[S 
C rcR rnr Cl!R 1H)H TIH[ UNIT. 
c-------------------------- - - ------- - - -

Cl"HHON/M['"EOR/VIRP.IG, RUH-.Oll'll •"UHO[OI S, C!l ,OARA!N,DATQUN, 
lRUNPNRfc;, 61 tRUNDNRI fd,OUSTl"fS, 61, 
2 TRf'LOW •T COHP NI q1 ,T DfTINI 5, q1 ,TOQlf'V( SI •l"' t, m,nrot4 C'I • 
3TPt'/!fA l4r, Ill ,TOR IF HI'.!, Ill ,"PNORG1S, 61, TONORG f 61, 
11rVAP,RAINOII 6t,OAPHOT, OAYRAO,OAOU~TIS,41, [XOGl11P, ,RATNCCIC!I, 
5n OS(C ,C Ott PI Nf Ill ,O[T TN 15 ,4 I, flRifTV I e, lt Ill ,D qy FPOI CID t, 
6flRiffA 11+0, lo) ,'llHr'THI 3, lfl ,PH,PHOOGI S, 6), 0NORG1 EI, V' fl't"• 
7 rL OWIN ,)C CO HPNI 41 ,l( or. Tl PU 5, Ill ,XOR !f' YI ,i •l ,q t, XOPI ro 14 01 , 
axnfHf'A(qo,q1 ,XOOIF"HIJ,ltl ,XPH,ltPNOQGl5, El ,XDNORGI f; hYVTOtP 

CCHHON/PHY S/ Fl OW ,P(R J" ,O(P TH •VAT SYS, V[LOCT ,.l ~ A, WI OT H 

~ ----------------------------------c COHHON BLOCK /'iT4T/ CONTAINS TH[ STATE YM!ABL[<;, ANO /CHANG[/ 
C T:-l[IR INCROtDITS OR r'fCR(tt[NTS fOQ TH[ CURRf!il TIME lftlf. 

~-----------------------------------COHHOH/ST .. T/CY[Gf a,t,41 ,cORr,15,,u tPOPl'lcn ,C~ID,.140,41 ,JOUA(fl), 
lCLIT IS,C! 11 CAACTI J, 4) ,A~AB lit l,WD,.NRI 6 I, WPlNSll 5, 6 )t BO INRI r; I 
2•f:lr>TNPl5• 61 

Cl"HHON/CHANG U CV rG 00 I a, 1, "' ,CORGf)Q IS, '41 ,P OPQ001 -.0 I,~ tnlll"l Ill o, 'I I 
l ,A IJU A(HU q) ,r. U TO qf S, 4 I ,C PAC-TOI 3• 'II ,AGUAP.0( Ill , 
2WOJNROf 61,WPINROIS, 61,POINROI 61,Pl'!NROt'!'-, El 

~-----------------------------------c COHHOl-1 BLOCl</PARAN/ C"O!iTAINS TH[ PARAM(lf:RS rtr TH£ <:LRROUTIN'"• 

~ ----------------------------------
r.oMHOH /PARAH/OUN*,, .. , ,PRErVl4 n, 8 It PP FF Al 1W:1 ·" rt ,E 0:0MP I 1S '" Jt 

lPP(FLI 4C ,SI, DR ff DI qQ ,!i JtPRITH 140,J h TAKF' r, ('I ,JSSIHl4 Cl, 
2 A"OR TA 14 "1 ,CUR V[ 111 DI , T ~r SHI ltO I, AC cu" I ~ h AH AX let r1 ,HAT CO'l I 40 I, 
3 T[HCOPI f'I Cl ,HAT COf.l '10 I, THR[S2t 110 I, RCONST 11 51 ,ANIHT 14 (II, 
II Rf PR 00 Ill Cl ,CON SA 11 5l •U PT HP[l lS I, CONS Tl .:1 1, (X OG (N Cq Ol ,ANTLO II 0, , 
S SH[LPt IIC I, R£ SP HI :,: I ,A ~s IH Ht '.'1 , Off' llC q f q() I, AN DR F'2' 14 01 , A ND RF 31 '10 I, 
£.C:f'NT A, CONTB, CONTr,roNS Pi l ,Of,.ACJl'IOI ,tHAXI It',. TOP" lllDI ,V .. lHI 40 ,, 
7Wt4AXl4f'I• PR(F'RF'(J,~loXCRSOLlltOl ,PP.ITPBIJ,<:;hPRE'FRVIJI 
8,F[OrPH(t()l,8ACTL01.31,8ACTHIIJl,OORr:><:i:J,?ORf'3fll, SLOPflllOI, 

'lOIJHH51 3~ 3l 
c-------- - ---------------- - -------- -- -
C nu: NAN[ LIST CONTAIN<; TH[ PAPA.!ilS"T[R:S THAT AR[ TO BE' 
C Rf"AO TN AT (X[CUTION Tt),t,.. 

~-----------------------------------
~IIH[Liq OPUT/ PR:(FV ,PRf.fA ,Pl'1[FL,PR[FC.PRf ~.TAK[• 

lNORIFA,NTR .. NS, ASSIH, A"'IORTA ,IAFAT[, CURVr, nrnrSH • AHAX' 
,'HA ICON ,T fl" co"'· HATC09 ,T ~rs 2, CONS A, UP TH Rf, 
J ~tORlFH, [GCOHP•RCONST, 

R[PR00,.,.1-FLP, 
<:;LOP[, CO P,S T, [X QC'(N, CONT A tCONTB ,CON Tt: .c ONS, 

PR"" rR U, AC C'U H. JSFA Tf, IXF AH:, XCRSOL ,F EO "'RH, po IT" A8 ,PRfFR f, 
7 ea CT LO ,R IICTH r. AS sr MH ,Rf<=PH,B0Rf2 ,RDPFJ, L t'w' CAN, ALLH .. )C 

8 •• NIH! .... NI LO ,A NO RF2, AWORf1 ,Brf' AC 3, erra C4 tNLA '11 ,NLA Y? ,NTRIIN[ 
c:t ,Tr,,A X, TOl"T ,WHI N, t.'H AY 

~-----------------------------------
c TH[ FOLLOWING SECTION DEAL<:' WITH ANTHIil CONSU"'PTJ(''4. 
c-------------------------- - - -------- - -
r .•••••••••• TH[ &HOUNT or FOOi" AVAILA8L[ TO AN JNIHAL C'OHORT IS 
C. •• •• •• •• .OETfPHINEO P:Y THf AVAILABILITY OJ" Atil PP£rER:ANCf FOR FOOOS 

00 l O J:= l• N<:PCOW 
nn 10 1(::1,NFRF'LH 

10 1"f'OCIJ,)(l:O:Q. 
01" 810 T:;1 ,NS-PCOH 
tr1rO"ITI.L(.Q.1 GO .. 0 840 
"1 :- NORTF At Tl 
-;11 .. ::0. 
TA K!NG:-T AK [I Tl •C Pl OH fT ,1 I 
''T ITAKT'-IG.L[.r:.1 GO TO 8'10 

c ......... . or YfGfTAfI'1N 
ro 70 ..l=.1,N<:;"fCV 
rf(OVf Jl -:'f'. 

A=Pl)[FVI J, JI 
Tru.Lr.,.,ao ro .,... 
":' :-'IDR!r' V' JI 
r:" TO 12n,tio,11c,11r1,"'1 

~O GO TO tJti, 7(' I, H7 
J{l ,.l"'[CVIJJ-:-rv[CIJ,1,ll•l 

• ccor; 
rn:m 
A 00 15 
• m,,. 
A Cl" .. 5 

, m"' 
A CO JS 

• ro"' 
A CD o\5 
A oor;r 
A 00 S"i. 
ACD60 
A (1) ~1i 
A CD 75 

"'"'' A Cll""i 
A OO'lO 
A CD "II 
•000< 
Al'l lXl 
• 01 o< 
A 0110 
A CU lS 

"",., 
Am 21: 
• 01 Jrt 
am~ 
J (1100 
A en oo; 
A 01 t;Q 

,m o:s 
1(1lto 
am r;s 

•m 10 
am 7" 
Acit•o 
AOl !'o;, ,u,., 
AOl"S 
A('21'T' 

• a, OS 
.,,, tr 
J C21 r; 

'll2 2ll 
A 0225 
• 02 ]J 
.l 02 35 
,o,"' 
A 02'15 
AC29l 
AO? 55 
AC:-Zm 
A0265 
,oz,o 
A OZ 75 

"""'" a O?t!S 
A 02...-. 
'a, "5 

"""' A.OJ[!!; 

'OJ ID 
A0.315 

'OJ 21) 
A(IJ~ 
I 03 30 

• OJ" 
AOJcin 

~ ro ~s 
A 03 !D 
A005'5 
A 036r 
ACJ6S 
A0J70 
A0'.375 
AOJ"O 
AOJ"5 
'a,,., 
A03 q5 

•"' m 
AOII 05 
t,0..1{'! 

-~15 
A 04 20 

'"'" 
"" 'I) '"'" A.044(' 
A0''45 
• ""q, 
AC1' 55 
,l()\i:.{' 
ADI ~'5 
A 01170 
,0111 .,., 

'°' Pl' A0'4 es 
A oqor 
AOC.CJ? 
AC'I"" 
• 0'5('(' 

• OSO"i 
A O"i lf' 
A C,5 1 "'i 
J O"'i"'O 
'Q"i 2,;; 
I 05-.(' 
A 05 .. 5 
AOSllf' 
A OSC!5 
a oo;,;r 

• rs "i-= 
• 05,.{' 

r,o T<i fin 
4 0 rro TO t c (h DI, "12 

SO P"TOVI JI= IX!'lRffVIJ,t,11 
6C c:;uM:o:<;UHtr((OVIJI 
7 0 C'O"fTTNUr 

c .......... or ANIHAL C"HOR .... . 
00 150 J:'l, NSr>CO~ 
r((O Al .Jl ,- • 
"'"=HOR Jr ti JI 
l':PP[Fll J, JI 
rrc.a.tr.~,r;o T" t">D 
ro TO 1,r, 1ot', 100, 12r1 , .. t 

e.n c:c T., 1qn. 1so.1sc, 1o;r1 •"2 
'H' i-f[r'AI JJ ::CBlOHIJ ,) JtA 

f:" TO 111 I"! 
10(' C'O T" 1110t'lr,~,~('l,w:' 

• r-v rr , J ,1 ,1 1, ., 

11 0 rr [0 Al JJ :'I XOPI F'A I J ,t I• cs IOHI J, 11 ,. A 
G'1 TO 14 ~ 

120 (lQ TO fllO,lYlol:!{l,'l,-,1,"4;, 
130 rrrn1DfJ1-:xQQirllJtlHl •f(Dr0HIJI 

.-UH:-SUK•,.[fQJOIJJ 
,.r [D •c JI -:-r. er OH I J ,1 I• h 11 • - rr or RH I J 11 

1qc c:;uM=SUH•ITfOAIJl 
ISO rtHH!NUf 

C, ••••••••• or WSP[WO(O ANt' Bf"NTHlC DETRITUS 
00 210 J':l,NOLIT 
fT[D(ll JI~• 
H[!)L1 JI ":'I"'. 
A:PO[Fll f• JI 
B:'E>P[ro1 !, JI 
C:f' TO 1170,16(!,lUJ,t~l,Hl 

160 r,.[OOIJl:roRGIJ,ll•B 
c:;u"4=SUH+rf[OOIJI 

17D GO TCI lt!C•l':l',19",1'301."'l 
1ac rrrouJ1-rLTT1J,ll•A 

GO TO 'Zf'r 
1~0 r[[OLIJl:1XOl'"T!NfJ,IJ•Ct..fTIJ,lll•A 
20 0 c:;U"l:-SUH• IT (0 LI JI 
21 0 C"ONTINUf" 

c •••••••••• or K"T["OTRIJ)H{C HICRO ORGANTSHS 
flO 270 J-=1 ,HICROP 
,-,.[OHi JI :"I". 
A=t>P(fHI T, JI 
"''.':NORIFHI JI 
I,.U.L(.l"IIGO TO 770 
r" Tr' 1:-;u,24C',24r,2cic1,M1 

2'20 Gt" T".I 123J,27C,27C'l,H2 
230 ff[DHI JJ:CBJC'TIJ,t 1•'-

Gn TO ~r 
2lf O ('(' TO f2 ~ ,z X: ,2 ~ I•"'" 
ZSO ff[OHIJ):I XORirHIJ,l l•CRACTIJ1ll l•l 
260 SUH=SUH+rt[OHI JI 
270 ('QNTti.,U[ 

~-----------------------------------
c Tl4r AHOUN'r or rooo COHW"l[O TS CALCULAT(O AS A FUNCTION OF 
C Bf'Q'( S17£, TCHP., ANfl rnon AV.lTLABTl!TT. 

~-----------------------------------
U-ISUH.l(.(!1(:n T('I 811r 
fAf<;l!I :l';lJH/•arAl 
TF INOEflUG .GT. 0 IWR!Tf 16 ,?00 l 

l T,[AT'ifll, ~UN,AR[A 
280 rcRNATI" ANI • ,IT,tX,lfE12.6I 

Tf ST =1 -C'UDV[ II l•fATS IT II 
lffT[ST.tT.-15.1 fAfql) =IAK[:I'!) 
lFl"(ST.LT,-15-1 r.O Tl" 2<10 
[AT'-ITl =TAK,.IIl•ll.-f.XPl~URV[II l•OTSITII 1 

2'JO 8('10._IZ ::CAIOHI I, 11 /POPCII 
to(<;PAC ::I 800'-IZ n-t\. OP,.I Il I• CONST IT) •2' •• t( TOPT 1-r J/ ID .I 
Gl"AX:-TAKFI 11 •ASSIHIIJ 
Gl"AX:GMAX- IWKIN( 11 ••<:;t CPfl !I l•CONSTI II •7 •••I TC-PT I! t/ 1C .l 
JclNO(AUG.GT.('J r.o TO 300 
!r"fCMAXI 3001300•320 

3:10 WRIT[(6,JlOI GHAX,ASSTHl!I ,TAl([fll ,!,Rf'SPAC 
310 roRMATllX •• PROGRAM STOPPEO •,1. • NAXTHUH l'lROWT'H WAS CALCULAT[O 

lA<'; •,[10.4,/,' ASSDt= •,[lQ.o,• TAX[: •,no.11,• roR .ANIHAL !;"0\JP 
2NUHAER '•T3,/,' Rf.SPIRATION AT OPT. T[HP. :- •,no.111 

lF'fNOE!:IUG.GT.01 GO Tl"I rJO 
"10P 

l2 0 r:f'NTINUf 
GP OT :1 GN AX •W HA XI l) J/ I W NA lt C Tl -WH IN I T1 I 
GPOT :-GPO,._ 113 ODSI 7• C,,U I/ C WHA X f Tl -Wt,if"fl tl I 
0::2.•THA'l!'IIl•TOPTIT) - TOPTITl .. 2. - 2.•THAXITJ• WTfMP 
P:B+ WT[HP .. 2'. 
P:::Btl?.•ITHAXfTI-TOPTIII II 
IF 11.c:;-.JH 11 n 3J4 C, -.ti O, 3~0 

330 8=18•R[r;rllC•I-.QFi<)Jltil• GPOT t R('-PAC1/(ASS1Hlll •TAl([IIII 
Jr!B-1.l .350,350•'!40 

34 C p:- l. 
350 .,,..rn, JGro,:no,:nr 
36 o p:::o. 
370 CO~TlNUr 
3i,o I~fHl.Nf.1 I GO TO J'l('I 

rooocr.11 = £ATSIII tCYClf 
"UIT NG ::f" ,o 01 I, 11 • l CO TC' HI I, 11 I• 8 
r,n Tl' qr f'I 

J'lC TAK!NG:'.(IT<;f Tl •C810,,, lt•l 1•8 
l.iOO "'TfNO[OUG .en. OJWIHTFC6,7801 

1 T,T .. KlNG,rOODII,1 l,TAK[ftloCURV(ITI ,C8IONH ,11,B, (ATStIJ 
r,,0011.1 ,:-n. 

c •••••••••• THr AI-IOUNT or FOOO CONC:UH[D t!:: R[HOV"O 

r:~•••••••••roow VEGETATTCH. 
n~ c;ca J:-t,N<:P[CV 
IFtrErOVIJI.Lt:.n.l GO T'l o;,O(l 
M:':'NCRtrv1 JI 
C" fO lqt(',4FiC,llfif',ql'CJ.Hl 

tilO C" TO 11+?0,Snc'tdr. 
11:>0 rACTOR= "rl\.Kltr.•Ff[OVIJt/l<=UH•CV(GfJ, l• 111 

qJO fl(\ tasr )(:t ,NfP[l.H 
-rrtHI.N,..11 r:o TO 1114" 
cvrr-oolJ,\ ,Kl:: C"V[GQQfJd•¥1 -,c.,rr1J,t ,Kl• f"Jf""f"IRI 

A OS ts: 
ll{1571" 

AOS75 
t.0S"-f'I 
l OSf!C 
AOC '"f' 
AC59S 
AllSCX' 
10605 
AC6 JO 
&{'6,JS: 
A06?!' 
1Q6Z"i 
,ono 
J0635 
AC(;qfl 
... ('611'5 
'o,; 50 
A 06 sc 
1Q;EO 
J 06F-S 
I OS10 
,11,06~ 
Ar6fl0 

• CG"S 
A06<tr. 
A06o'S 
l0"00 
A07(l5 
.lITT 1r 
A("'l'l5 
.l0770 
• 012o; 
A 0130 
l ITT 35 
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• OSJC 

• 09'10 
A 0011~ 

""'"' A.0855 
IC>! Ell 
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A 087(1 
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AO"l"O 
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l C8 'JO 
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AQqOO 
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"''"' AO'l 2S 

'"'"' A 093<:; 
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A O'J 115 
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,11,()qT 
• f?'J '3'5 
t. tOOI"' 
A 10 tr' 
Atom 
A 10 15 
• 10,r
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A 10.35 
AlOqO 
110 o\5 
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A 10 55 
A IC6r 
A 10 65 
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, uro 
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'1111:. 
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ORIF'TVIJ•1 ,KJ::QAIF"TVIJ,1,KI -CX0°If'V(J,l ,M:J•f'ilCTORt 
f"f'OO It ,t< 1=rooo1 I ,KI •I cvrCIJtltKI• ncTOR I 
Tf"(Hl.[0-1 JG~ TO 450 

~ Q r>P:Tf'TV (J .1 ,lo( J:; QJ?frTv IJ ,t ,I( I -I XDRtrv IJ ,l ·" It r• rt'OR I 
CV[C:tHl IJ ,J ,K J:: CV [f'OQ I J ,1 , KI- ICVE~f J, J, Kl •f" N; TC1Rl 
rr-oon,Kt::F'OOOII,KI •IXOPTf'VIJ,l,KI •fAl'.'TOPI 

l+ICV[GfJ,1 ,KJ•rACTORI 
,c; 0 C"NTINUf 

Gf' TO 5f'fl 
'160 Gr TO IC.70,4lr' 1,.,... 
lf7rt F'ACTQR::TAKIN~rE[OVIJl/15UH• IXDQlf"VIJ,l ,1 I +".':\£fl:IJ,l,U 11 

Gr TO 4"t(' 
480 F'ACTOR -=: T AKINGtr[(OVfJJ /I SUl'!tCV(G I.J,t ,l II 

[IQ 4 90 K =1 ,NF"PQ. H 
CV[GQQIJ,l,KI = CV[GQQfJ,t,Kl -tcvrGIJ,t,K). f"AC"TflR) 
rroo IT ,K J::F'OOO{l ,K' ♦ I CVfC:fJ ,ltK I• racrcn J 

lf'lO CONTINUE 
500 CONTINUf 

C •••••••••• FRO"' ANIHAl. COHORT<., 
00 650 J=-1, N<'PC~ 
Ml:: NORIF"A I.JI 
Gf! f? (~10, 560, t;60, GtOl ,Hl 

510 C!'." TO f52C, 650, 6SC, 6501• H2 
S?.O IF 1rcrn11. IJI.L(:.a.1Go TO 6'50 

F 1 CT OR :: TAK lH G• F' [[DA I J) / I SUM • r SI OH I Jo l 1 I 
53 O POPOQO IJ 1:: PO PO 00 IJ ,_IP CJ> I J ,. r1cron J 

OR IF PO CJ J:: rJR !'J'PO IJ J- IXOA JFOI JI•~ IC TORI 
or 550 K=-1 • NFR[L"' 
CBlONOIJ,KJ:: C!\I°"QIJ,KJ-ICSTONIJ,KJ •FACTORI 
TFIN].Nt.l I GO TO '511r' 
ft"OO (t ,K 1::FOOO rt ,tt ,. ftl\IONIJ,K 1•F"ACTOP 1 

S-0 OP!FU IJ,KI:: ORinA fJ,KJ - XQOTF""JI IJ,KJ • FJI.C""M~ 
TF f Nl .[ o. l l GO "0 S o::r 
fC'OD II ,K J:: roootI ,K 1• IYORTF"" Al J,K) •F IC TO OJ t I Cf! J0"4( J.10 •f" JIC TO n 

55 0 CONTI NU( 
GO TO 6'-"' 

SGOGt"TO 1571"', 580, 'i80, 5ROJ,N2 
570 "'F Cf((Oll J1.L(.O. I (l0 TO f.50 

FACTOP:: '"'Al<TNC • rrrru IJ) / ISUM • I )l'QPif i IJ,11 
1 •C BT ON CJ •l JI I 

GI" TO SJr 
580 Ir IF[(QA CJ 1. L( .o .. , en Tri 650 
5~0 FACTOR :: TAKING • F[[OA IJJ / ISIJH • retoM I Jdl I 

PflPQQO IJ 1:: PO PO QQIJ I- IP CJ> I JI• FACTO" I 
01" 600 K:1, Nf'REL., 
CfllnHO I J.KI:: CRIONO fJ,KJ - CAI,,~ IJ,Kt • FACTOR 
rr,oQ (I ,KI:: f"O 00 II ,k' J• IC PIOH IJ •KI• rACTOP I 

60 0 CONTINUE 
<,r, TO 65r 

610 f.l'! TO 1510 • 620• 62C• 5801, l't2 
620 Tr IF'[[OIO IJ1.Lr.r.1on T(\ f.llW 

FACTO'?:: TAl(JNC • F[[OAO IJJ / ISUH • XORTrl IJ,11 
ORJFPO fJ J:: OR Ir PO IJ ,_()("IR If01 JI •F Ar TORI 
DO 6J'C K=t• ~RELl'I 
DPIFTA tJ.KJ = DRIHA !Joi() - X"DRIF"A IJ,KI. rAC'TOR 
rt100 fI ,K 1:::: F'OOOfI ,tr) ♦ fYORTf lf JdO •f M" T('PI 

63 0 Ct"NTINUE" 
lill O TF fF £[ DA 4J ) • LE .O I GO TO 6r. 0 

r.r TO 5'3f'! 
650 Ct"INTINU[ 

C. •• •• u •• ,FR011 SUSPENDED O(TRTTUS 
nt1700 .l=J,NOLI'f 
Jr IF[[Ol CJ ,.L( .o ., GOT070r 
Gt"TC f660 ,r-80 ,6 8'.l •6 80 J, "'1 

660 f""lCTOP::"T AK!NG•FE(OLIJI If SlUOCLtT IJ•l IJ 
01"670 K::t,NFP(LH 
nnoQ IJ ,I< 1::CL ITOO I J ti<,_ fCLIT I J, KJ •f AC TOPI 
0[ TINI J. Kl ::OCT IN IJ ,KI- l'IOf TIN I J, l<J •F AC TOPI 

670 Ff\00 II,K 1::roooct ,KI• fCLITIJ,K I •F.l.r:TOR1 
GOT07CO 

680 FACTOR::TAJ<ING•ff(OL(JI/ISUH• IXO(TTNfJ,11 ♦ f"LTTIJ.11 II 
OC'£'30 K:loNFQflJ1 
OE Tl NI Jo Kl =OCT IH IJ ,KI- l'X-Of TIN I J, 10 •F' AC TORI 
Cl ITQO IJ ,I( J:: C'L ITQt) IJ,K I- ICLITI J, Kl ,r AC TORI 
F"!OOII.Kl::FOOOII,l(l♦ IXOETINIJ,1(1 •f'IC. 'l)nJ+IC'LIT IJ,Kl•FACTOR I 

6'l0 CONTtNUf' 
70 0 CONTINUf' 

C. •• •• ••••.FROM BENTHIC OETRITU~. 
OC'7JO J::t."fOLIT 
If IF([OO IJ I. L( .o ., GOTO no 
GOTO f7 30,710,710,710 I• 'U. 

71 C F""1 CTOP::T AK ING• f[(OOI Jl /I SUN• CORG l J ,l 11 
r,,720 K::t,NFt>flJ'I 
CORGQO f J ,K ):: CORC 00 I J, KI- ICORG I J, Kl •f Ar. TOPI 

72 0 F('OO lt•K 1-:: roOOrI ,K ,. fCORr.f J, K, .r Ar-TOR) 
730 t:ONTINtF 

C. •• •• •• •• .FROH t-f:TT'"RTROPHIC "1l(;R: 0R3ANTSHS. 
008:JO J=l,~IrROB 
H2::NORIFHI JI 
IF' IFf(OHIJ J. L[ .O .1 G0T0°"'r, 
GOTO 17 qQ .7 ~ ,7 CJ:l .190 l, H1. 

71t O CO TO 17 SO ,8 30 ,I' 30 I, H? 
750 r1cTOR::TAKING•f"E(OH(J) ,c<UH•CPAr:TIJ, 11 I 
760 00780 K::l,NFPflJ1 

TF I H l. NF". 1 IC OT 07 lr'> 
r:eac TO (J ,K 1:: ~ ,1,CT(I( J ,K ,_ (Cfl:lCTI J,K I•,., CTOA I 
OPIF TM IJ ,I( J::ORIF T'1 I J,K 1- IXCR TFH ( J, I() •F •ere~, 
r('no (t ,K )": roon It tK ,. ,,.o,.-:r IJ ,KI• Fl CTOP I 
... r IHl. rn .1 IG(tT 07 er 

no OPTfTNIJ,I( )::ORIFTf114fJtKl-fX(Rfi:'H(J,K1 •Flf:TOPJ 
~ AC TO IJ ,K 1:: CBAC"Of J,K I -( CB ACT CJ, Kl •F' AC TOP1 
r('ODlt,K ~ rooo11 tK , .. O'')RTnt( JtK) •FA(' TORI .. , CY AC~, J,KI •r Ar.Tofll 

78 0 C'Ctll TNur 
CC'T08JO 

790 CCTOl800,810•8lC'IJt~ 
800 ncTOR:'TA.KINr.•rc:rn~tJI/ISUH• IXOO!P•!J,11 +CqArlJ,111 I 

GOT076n 
810 r1CTOR::T1t<INC•FT!"ONIJ1/l,.UN•COACTIJ•ll l 

('I\ Ar'TO IJ ,K 1-= C"'lC "11 J ,K 1- IC91Cr I J,tr J• Fl CT~ I 
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A 1505 
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Al5flf" 
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115 70 
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&J6lf' 
• 161'i 
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101 Aquatic Model 

1120 rooOIJ,K )::rocnlI ,v, ,. H'8,t,CTIJ,Kl•r.1.CTOP I 
830 COtlTI!'tU[ 
Slf O CONT INU[ 

c-------- - - -------------- - - - ------- - - -
(' Rroe;pfJUTTON, CC["-flON ANO A"-STHILPTCN ARf Ct.LCUL•"['fl• 
c----- ---- - ------------- -- - --------- - -

c= I"." YCLr-\.' IC YCLr 
no <J 30 t::i ,N"'PCOH 
T'IICBI0.,11,U .L(. r,J.QR.CPOPCTI.Lr. 0, ICO TO ~JC, 
~1::NORTFUTI 
"""::LTV(lNft) 
1<7::TXFAT(f II 
Tf' 0(2. GT .NCl.. IT PK~ K2--NOl.lT 
Rf ')PAC::( :tr, .. L('P( It I• AL oc lrB.IOHI I ,l J/J'OPf II 11 •rPIOH IT ,1 I 

l•CONSTfil•:!•"I WTn1P/10.t 
.I.<; STCA :l li"-lH II ,_,.000 IT •l I 
Tr INOCeur. .Gr. n JWRITr lfi ,2' eo I 

l •,11(SPA-:,ASSTCl,'00r"IT,11 
"f''J?O K:J.Nf"R(L,O 
If"ICBIOH(l',1(1.L[.r.,c('I TO <J20 
P(SPI::D('iP AC •Ice !OHi J, Kl /C8IOH 11.1 11 
Tr fHl.[O.II P(Sl'T::Rr<;PT/CYCLF: 
A<;<;J:1s.-.rrA•ICBlflNII,K1/CP.I'JHII,t1 I 
JTU'iSI .GT. f"OOOIT,KtllSSJ::F""OOOIT,K) 
fYCR::rooo, I, Kl -Aic-<;y 
Tr1Hl.f'1.t JGOT086!l 
tr I H 2. [ '1 .1 )G f"T O! 5.[l 

c ........... PAPT Of [G(~T ]ON oirs INlO --.ntuTTON 
<;l"LttT( ":f li'C R• XC RS ('It I I )I WAT TflT 
AQUAOO IK I": .1.Q Ul 00 II( I• IS OLUT!:• WA TSYS I 
r:nHP IN IK •= COl1P lJ,l lk' )+ IS OLUT[• IW UTOT- w• TS~ I) 

FYCP::(XC~• 11.-XCP<:Cl. fl II 
Tf" II Xf' AT (I 11 .GT. W-IL! TI CO RGID IK2, Kl ::t:ORCOOI K:' ,KI+ 0 Cff 
If"" IIXFAT[f II .L [. Nf'lIT1o£TtNIK?,K t::O,.TINIK2 ,Kl• I[ ll'CR•CI 
tr II xr 1l fl 11 .L [. NO LP I CL IT 00 I K 2', KI ::c LI TQQI K2 ,I( I• I( ,er-R• 11 • -c I 1 
GOT087 0 

85 0 'i"'LUt(~XCR• XC RS I'\. I I I 
AOUABOIK l::AQUAPQIK l+<:OLUTF 
rxcR:::t:XCQ• 11.-XCl?c;(l_flll 
rr,qcoolK2, Kl :-CORGOQIK2 ,KJ•fYCP 
f.'l'I Tl'l 87 ('I 

86 0 <;nLUTE ::( XCR• XCRSCl. I I I 
.I.QUA 011 IK 1:: AOUA QO fl( t• <OLU T( 
C"HPIN fl( 1:: COHO OI IM' I+ f S OLUT [• ICYCtr -1,) J 
rxcP=[ XCQ• 11 .. - x-CRS CA. f I II 
rt YT?f1 IK 2, Kl ::CL!T'JQIK., ,K J•OCCP 
OFTTNIK2,Kl::O(TINIK2,Kl+l[XCR•ICYC':L[-I .l I 

c •••••••••• TH( C'OHORT GROW<: 0£.P(NO(NT ON me ol,HClJN'f or F'O(T\ 
C ••••• •• ••• A<:ST .. Illl(O H:'NIIS Rf"'.PIR.1.TIO--i. 

870 lSSTT:lSSI_q(SPT 
?r1 .. 1.(!l.llDQtnAIT,K)~RlrTlfI,KI• 11cva.r-1.1•ASSTTI 
!:PTOH'l II ,K J::C810~01l ,IC l•lSS[T 
Tf (H 1. ro. 1 IC 81 OH Pf T, K I -= CB IONP It ,K I• I I CY a. E- 1. J • AS SI TJ 
N:: KORG SW 11 ,K I 
"~ (Ml. N[ • t IC BI CIC Pl I, I': I ::'.CB T OHP I I, KI •ASS IT 
IF fH 1. [Q .1 JGOT 08 ~ 
RfSP::R[SP!/WATTOT 
Tf" fK.[t). ?I AGATNOl7 .2 1-:: ,t,GllNQ 12,2 >- lf'[SP• WA TT('IT I 
'I IK.lfJ. Z1 GO "U'.:l:H' 
AG UNO 113• Kl ::,t, G.I. IN Oft:' ,Kl- (P(SP•W.I.TTOT I 
Ot' lTNO 11 J, NI =OGA !NOi P ♦NI• IRrSP• WA HOT I 
Tf'IN2.[l).~JGO TO ":'80 
W!"ITNRQ IN I": VD DIRO l•I I• IR t"S P• WA TSYS I 
ONORGI NJ :ONORG IN 1, IRr'i P• I W ATTOT-W.I. TS YS I I 
Gr' TO 'JCO 

.1980 POTNRQfNl::80ThR11Nl•IRFSP•W,1,TTOTI 
Gr, TO 9CO 

c ........... R["-P!R[O CHO!IClll.C:: GO INTO INORGANIC COHPARTHCNT'S 
8'3 0 Df S" ::R rs Pl 

Tf II( .rn. 21 ,1,GJ. ... NO 12 ,? 1:: ,1,GATNQ fZ ,2 >- IP[SP• Cf Q. fl 
TF" I K. ["I.? J GO TO <JJ (' 
WDTNR!l IN J:: WOINRO IN 1, RESP 
U~ AINO 11 3, l<I ::A GA !NOi 1:W: ,KI- IR [~P• CY Cl [I 
DG •INO fl 3, NI =o GA tNOl 1 ... tN I• (R[Sr• Cf nn 
Ot10RGI NJ ::ONORG IN I• IR,.S P. 1rvcL E-1 • I I 

')OD rr1H1.rn.11GoT0910 
RF SP:R[<Pi /( CB ION! I, KI •C YCL[ I 
!f IK.rtl. 21 lGATNQ ,., ,11-::AGAINO (2 ,2 >-IJl'[SP• mRI FA fl ,K 11 
... ffK.(t).21COT0910 
ON OR Gt NI ':O"IORG IN I+ IR("'P• XO RIFAI I ,K II 
lGAINO fl l• Kl ::a t:A !HOl 1:' •K 1- IR[..-PtXOPIFA fI ,K 11 
'lG AINO fl 1. Nl ::OGA mot U ,NI• (R [SP• ,.OPI r1 fl ,KI l 
f)f?IF TA IT ,I():: 0" IrTA I I ,K )- IR(SP• XORIFa II ,K 11 

910 CONTINUC 
q2 a r('INTINIJf 
q3 0 CONTINur 

c-------- - ---------------- - - ------- - - -
C TH( FOLL"WING SE<:TION ol,lLOWS roq TRANSFER f'R:0)'1 ONE C™l"PT TO 
C A►•OTH[P., 

~ ----------------------------------
c ............. Jq ye- fl-£ AOOR(<;S IN THr- CO'il)Rf ARt::i:AYS OF TK: f'.OOORT erfNG 
C ••••• •• •• .CQNC::T0£R(O 
c ..•.•..... JEi f<": TH!" ACOR(<"..:; IN THE COHODT •R~lYS rf'F TI-C rmsT COHORT 
c .......... or Tl-'[ SP(C![CZ Br ING CONSIO!:P(f'\ 

H IKOAY.(Q.IO.I.YI GO TO 'l50 
KOAY:IOAY 
!>O 'J~O I:;;1 ,NSPCOH 
rc-lNTIUNS111.f0.51GO TO 1'-C 
•rCUN( !I ::A CC UN It H WTN P 

q~ 0 CONTINUE' 
950 J'-::O 

C:: tCYClr-1 .J ICYCL!'" 
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Lf• lCH:: 0. 
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K7 =t-:TRANff ,,1,1) 

TrlfJ .rn. J31.AND.IK1 .•,r. 31>00 Tc l()q0 
TF tCBI0'1t.Jl,11,Lf.O.I GO To 115" 
GI" TO 1'36f',')JC•9C.£',980,'l90110401•Kl 

c .......... THr fDA('TION Of ANl"IALS ... RlN'iFTRfO TS c-.LCULlTEO AN["I 

C, •• •• •• •• ,TDANSF[RC:: AR[ "'Al'.'lf 
% o 1r ccero~ tJ 11, 11 .LE. a. u ccuK 1Jti, =c. 

Tf fACCUHf.A1,L(,TIIRr<:HIJ411 GO TO lflClO 
HATCH=AHINll '.l U1AV ,1 fACCU~(Jtil-THD('SHtJQ 11 /I AHAX IJQI -THR(SHI Jll II I 

"f fACCU"lfJq),C[,AHAYIJIIII ACCUH(JIH:f1. 
GI" TO 1r.OO 

'!70 llATCH=AH1Nll'-l.U1~V,A,.flXlfHATCON(~l•(XPI T£K:ON(Jql •WTr"P I 
1--fiATCOBI Jq l,r.11 

Ct') TO H'lfr 
980 •r IIY?DAY .Eo. J(;~ }HAT('H;;ALLHAX 

GO TO ICOO 
q9Q A"'AV(R;;CATQN(Jq,J1/Pl"IPIJIII 

lFflACCUHIJ.fl-AN'-VERI ,Gr. C,IGO T(' 1000 
HATCH;; ANTN 1( AL U1 AY , f I I ~ AV Ol: -• CCUl'I I J 41 I• olN AX IJ QI J/ Al"' OJ H ( JII J 1 I 

1000 If"lHATCH ,L[. rnr.n TO 104t: 
TFfNO[BUC-: .GT. ('!J\IRJH'f6,"BOI 

1 Jl.i,HATCH,ACQJHf,jijl,,HIAVrR,AHAXl~I 
Tr U( 12 .[0.1) HAT ~H=HATCH/CYCL [ 
CHANG[ ::HAT CH •POP IJ fl I 
POPQ 00 I JI.ii :-POP QQ Qf JI./ I- CHA»G[ 
JFIK12 .(f). JlORIFPOfJl.il::ORJF"POf.AI-ICHAl{;[•fCYCU"-1•11 
TF"f!Kl .Ii(. 31.0R.IKlZ .ro. UIPOl'QOQIJll•ll=PC\PQQQIJfl•U•CHANO( 
TF II Kl .NE. 31 .OR. 11<1? .ro. 11 JO~IF"PO( Jlt•t 1:: F'qfFPOfJ'li' 1J +(CHANGE • 

11rycu-1., 1 
C~ ANG[ ::HAT CH 
<;Hr:LL'i ::'SH'f LP IJ 41 •CHANG( 
lt't J::ISFATE IJ41 
Tf (Kll ,(l T,NOllTI Kl 1=rsrAT[ IJ41-MOLTT 
1101030 K::t ,NrRQ..~ 
A=C8IOHI Jq ,KI 
TF CA.Lr .o. )GOT 01r30 
r-c TO 11 01 O, 10 2C ,1 CPO, 10 :!ti I, Kl 2 

1 01 0 Cl lT 00 I K 11 ,K 1:: Q.. IT QQ I K 11 • K I+ <SHELL<;• Al 
OfTINf Kt l• KJ ::O[T INOC: lt ,1(1• 1':H""LLS• h IC'1'Cl£ -1,1 I 
CO IOHO IJ fl, Kl =CBI Ol-l QI Jlt ,KI- (CHANG£• Al 
CBIOHQ IJ ~ 1• Kl ~PIOMQI Jtl +l ,KI+ ICltANG[- SH fl.LS I• A 
OPlF TA IJ fl, Kl ::ORI n Af JII ,KI- (CHANG(• h fC YC l[ -i • 1 1 
ORIF TA IJ4f. 1, Kl =oqtn A I .A +1 ,K ) ♦ !CHANG(- SHfl.lS I• A• CC 'l'Ct.£ -1 .J 

GC'TDlOJO 
1 OZ O tr (l SF AT [I .,_. I, GT .N Q.. TT IC OR 00 0 ( K 1 t. Kl =tOR CO Of Kl 1, KI t f SH (LL S •A I 

TFtlSFATEI Ji 1.LE.N<l.ITICLlTOOIKll•KI ::('LlT"!IIKl t,K1+ ISH£LLS•A•11 • 
1 Cl I 

IF II Sf ATE( .Jt J. L£ .N Q.. IT IOl" TIN I K 11 ,w: I:: 0[ TT NI IU h K 1 • t SH n_L S •A •C J 
CB !OHO fJ 4, Kl ::CBI OH QI Jct ,KI- !CHANGE• AJ 
TFCKl .HE", JJCBICJtQIJ-+1,KJ::C8IO"tOfJlll•l•IO•I04ANOC-ccl-£LLSl+A 
IF IK 1, [Q,J IA Gl JHr)I 2,K I ::J.r-A!HOl 2, Kl -t CHANr£-51£ll SI •A 

l OJ O COHTINU( ~-----------------------------------
c THC FOLLOWING S(l"TJON fl£ALS WITH OVIPOSI TTON • 

~-----------------------------------
10.o TF(CBlf'IHJ-,11.L[.o., 00 TO 1150 

HATCH:: 0 
en TOl]Otr'!11070,10501llDOJ,Kl 

lOSO TFIK]2.£1J.11GOT01150 
Tf'CCHANOt" ,Lr_"• 0,100 TO 1150 
Pf'POOO IJ 61 :'."POP O:l QI J6 J +rxnG(N I I I• ltP [A 
00 10611 K::1,h'f'RELW 
A=CXOG[N IT I• (G CO tW 11 ,Kt• AP[A 
A<'AINQ(t,l<I:: AGAINO floKI • A 

lCliO Cll.IOH(l(JF.1KJ::CAl°'1QIJ6,Kl+A 
!F IHOEBUC .GT. 0 JWRITf 16 ,?BC I 

l J Gt A 
GO TO 11~ 

1 ID O TF (( VT OH' ,LT. C~SA f !11. CR• I WHMP. GT .UPT Ii" [f 11 IJ GO TO 1150 
HATCH::R[PAOO (J fll 
!:'".' TO 11 lf' 

1 OS O HATCH:O. 
lFfWT[HP .LT. CONSA( Tl.OR. WT[HP ,GT, UPT~El !UGO TO U!iO 
IFflJYOOAY.L[,ft..AYJllJ I.OR.llYROAY.G[,NLltt?tTI 1100 TO 1090 
HATCH ::<:;oRT(RCONSTII1••2-I tc IFLQ.IITfTYDOA'fl-f"LOATINUnlll) hl2• 

1qcoNST fl JI If LOATfNLAY? IT I 1-f"LOATfNUYl fl H It >-RCDN$T fI 11 • •2.1 1 

GO TO UDP 
1090 HATCH::O. 
1100 CONlIHUf ~-----------------------------------

c THC FOLL<MlNG S(r'TTQN Of"ALS \IITH q[PROOUCflON. 

~-----------------------------------
1110 r:HANG[::HATCH•CBIOWIJfloll 

TFINOEBUG .GT. OIWRITff6,?801 
1 Jfl, CHANG!" ,HATCH 

Tf IK 12 .r '>• 11 CHANG[ ::CHI N{j(/CY CL[ 
JF ICHANGf,L[.O.l 00 TO llSC 
OD 111110 1<=1,HFQEL.-
CH£L£N=t:HA NG[+ [GCOHP IT ,1< I /[GCC'Hfl fl ,1 I 
f.OTOl1 l'r.• ll 1f! ,112 O• 11701,1(12 

112 0 CS IOHO IJ 6, Kl =c,I OKOI J6 ,KI• CH(l(H 
("',:O tOMQ fJ q, 10 =car OMQI J'- ,K 1-0f[l[H 
rJOTOll C!O 

1 lJ O ca IOHQ IJ q, Kl =C9t OM Q1 JQ ,KI - Oi(L(N 
nR IF" TA fJ q, Kl =t>Rtn Al .Jll ,KI- ICH(LE~h IC vc Lr-1 ., I 
en lOHO (J 6, Kl =CAI O,.QI JG ,KI• O.EL(H 
OR IF TA I J6, K) =DRin .,, Jf ,KI• ICHEL(H• IC YC Lr-1 ., I 

l 11.i O Cf!HTINI.T 
POPQQO IJ 61 ::p OP 00 QI JG I +rH ANG£ /(GCO,_.P f I, 11 . 
Tr, IK 12 .(!>. 11 nRif ro IJ61 ::ORif"POI JG J ♦ I CHANG(/ (G "'OHP It ,1 ,. ICYrL( -1 ., I 

1150 <'ONT INU£ 
1 lG O rrNTINU[ ~-----------------------------------

c TH[ FOLLOWING '-[<'TTON DEALS \/ITH ANTHAL MORTALITY 
c---------- -------------- - - - -------- - -

01"11200 l=l ,N"1)C0H 
c-: ICYCL(-1 1/CYCl. r 
H IC 81 (I~ IT ,1 I. LE .r. IG OT 01 7C 0 
"l=HDR!flfll 
KlO'=IAF"AT(l[I 
.,F IKlO.GT.NOlYT)Kl0=1<10-NOlIT 
Of Afl::A.HO'fT Al 11 /CYCLf 
ni:i Ir pl) II 1= no 1T PO f; ,- (0l"A O• XORIFO IT 1, 

102 

1227' 
122 "O 
• 278'i 
A22°'1 
A??'l5 
A 2300 
A2'3~ 
A 23 trl 
A 2'315 
A 2320 
A 2J 2'5 
A 23 :ffl 
l ?J '.'5 
A 23110 
A 2)1111i. 
A 23 50 
l 2355 
A 2360 
A Z365 
.l2l l0 
A 2315 
in"" 
A 2385 
in"" 
• z3,s 
12'00 
I,. 0'5 
,,.m 
A 2' 15 
• 211 zn . ,. "" 
""" A 2' 3'i 
A 1'111£' 
A21145 
, ,.so 
A 2'5"
A 211160 
A 2' F'i 
12' 70 
• ,. 7< 

• 2""' 
A 211; !5 
I,..., 
Alll,'i 

"'"' •Z">Ot; 
125111 
I 25 lCi 

"''"" • 2'S"' 
a:,s ,o 
• 2'.., 
'250() 
A 25ll5 
• 25 !O 
A 25 55 
A25'-f1 
A 2565 
I 2'"' 
-~75 
02500 
A 2'585 

I"""" 
125'15 
I"'"" 
• 2"1!' 
12"1!1 
A 2611: 
I,."' 
I,. 2'S 
• 71;31' 
126'111: . ,..., 
A 26111< 
12<!0 
A 26 5S . ,..., 
• 2Gf;", 
I 2671"1 
• ,. 75 
,,. 00 
A 2685 
12"9<' 
12"'15 
a 2100 
A ?7 05 
A21lfl 
.l'Z715 
12721' 
A27~ 
127,C 
A 2735 
1noo 
A'X745 
1nsn 
A 2755 
a T76fl 
a 276c 
A 2710 
l 27 7,; 

A27"1"' 
a 27 t1S 
• 27 <ll 
A 27'95 

"""' A.?805 
A 28 1f' 
A 26 J'i 
• ?8 :'O 
A287r. 
A 2830 
I 28 Jo; 
17".,. 

0011 90K:: lo Nrf?I"' LH 
,:,r AD=AHOO .. Al Tl /C YCL[ 
ORJF TA IT ,K 1= OR If TA I I 1K 1- f!)fAO•XORir& IT ,K II 
Jr IT Af A .. fl ll .GT. NOLil tCORGOO tKlO ,K 1:: C0'1GOQ fK Ul ,KI• 10[.lO• XTHiI FA IT I< 

l II 
T"' fIAFAT O II ,L [.NOLITIOf"T!MIKlO• Kl :'.OETINIK lC t!-' I• !D[A 0• XORirA ll ,K H 
JF011.GT.t lO(An:::,HORTAl!I 
t:l\l(lHQ IT ,K 1: C8 IOHOIT ,KI- fCBIOHf I ,KI• 0[ AO I 
C0TOl1170•U$1,11110,!1801,Hl 

117 C Ir IT AF AT fl !I .L [. NO LIT l n lTa'.l IK10 ,K 1= CL IT Q~ IK 10 ,K It Ir, EA O•CB TOHI I• fO 

11 
TF ITAFAT n Il .GT. N!'.>LlTlCORGOO 11110 ,K 1::CQRGQO IK 10 ,Kl+ ffl[AD•CAIOHf lo Kl 

11 
r;nT(lll')O 

1 l8 0 Tf IT Af AT Cf I) .GT. 00 L! TI CO RG CD I K 10 ,I( 1= COJ;>G 00 I K D'.) ,K I+ In !:A 0• CB IOHI I, Kl 

" yr (T .. FIT £111 .L[.HOlI"'IDrTINIK10• Kl ::0£TINIK1C ,KJ• (')[AOtCBIOHI I,KI <' 
11 

Tf (T AF AT (I I) .L [. NOLITl rtITQ) IKlO ,KI= Cl !TOO IK 1D •KI+ ("'fAOtCR!OHI I, Kl 

1 • I 1. --CJ I 
1 lq O <:ONT INUf" 

rr,pooofT 1:- POPllQ:ll ! 1- IP'Y I I >•O[AD I 
1?00 CO"'IT INUf ~-----------------------------------( rnr rOLLl)WING S[CTIO"'I 0£ALS WITH CATASTRCFKIC OR~'!' 

~-----------------------------------
H' IHSPCOH, L( .o IG QT 01780 
0"'1270 T:1 ,N":PCOH 
Kt ::NORTFAf II 
r:nn, f1 Vo, 1210 •l 21 O, 12' 10 l ,Kl 

1210 TFfVfLOCT,L(.C!.JF"ALLcc=.u..LHAX 
YF IV(LOCT,. LE .O,. J GO TOll 50 
Ir II VELO CT .GT. ANU. 01 r, ,. ANO. IVHOCT,l[ .urr HI ll 11 IG OT 01 770 
Tf' UNIIIT fT t--V(LOrT 11:'"20, 12110,12110 

1220 <;COUA=A~THHALL.HU,AHAX11C., IA.H0Rf'24!1 ••V£LOCT4-ND'lf"2fll••ANP4Il D 
1 1l I 

01"12JC J=l,NFRQ.H 
Tr1cetoHrT,J1.Lr.01co m12!0 
C::O[S:'i COLP •CPI°" I I ,JI 
C'S TClHQ IT ,Jr= cs 1ow~ I I ,J ,-en['" 
ORIT TA II ,J t=:O!l If TA II ,J !+GO[<; 

1230 Cf'NTINUf 
ror 00) I 11 :r.> or '.)I) '":I ! I - I ;;r CUR• ~ Pl r I I 
r,nr CpJ I ; 1 -'l Ql rr ')I t J • I -:;c 0:JR• .....-, Pl TI I 
<'OT012 m 

1 ~ 0 'A LL S:: AM I"! 11 AL LH A'/ ,A ""A Xl fr, •• I ANO RC" Jf 11 •• AN IL Of 11 -A NO i:E" 31 TJ ••VELO Cf 
1'1) 

1 zs o or-poc;::FA u s,n Q.. r 

0"1260 J:-J ,NFOQ K 
CBIC\HQfl ,JJ=C8 IOMll tJlt lO(J>OS•XOOTI" All• J1 I 

12GO !)RlFTAIT1Jl=DRIFTAII,Jl-fO[POS•XOOffllhJI I 
ror1::i11 [J:PQP')(l Cl II tC OfPOS•XO~IfO II) I 
D0 '! !"POI TI -::ooJ f"I' 01 11-1 0l"1'0 S• X!1P!fO1111 

1270 Cl'lHTINU( 
1280 roNTINU( ~-----------------------------------

c TH( rOLLOWlNG 'i(r'TJON O[ALS WITH B[HAV!ORAL ORIFTF~ 
c--------- - ---------------- -------- -- -

'!"F 1cvcu.u:. 1. 100,.01330 
nn1J20 1=1,N<;PCOH 
Kl :NOR Jr At lJ 
tr <Kl,N[,3 IGOT01,....0 
TflC0IOMfl,ll.GT.O.IGn TO 12'30 
IFUQOTF"AII.11.Lr.n.JGO TO 1320 
Pl"'fAC2::-l .- AL LHAX 
GO TO 13(11 

1 2":I O CONTINUf 
TT"([AT'i1T1 ,L[. r'. JBE:fAC2=ALLHO 
TFl[ATSC ti .L(. ti. IGO TO 13CO 
BffACl ::T AKEi II/£ ATS! Tl 
BEfA C£ ::A LO GI AL Lf'I AX /8H K:. 3 Ill I/ ALM IB(F A!' 1:1( I) I 
TF fN0[8UG ,GT. 0 IWRIH 16,200 I 

1 ,..,B[F"ACI 
TF IB[F AC 1. GT .8 ff A<: 618frAC2 =ALLMAX 
IF18£FAC1.GT.BCFAC61GO TO 1300 
PfFAC2:A"'1Nl fAU. HAX, IBIT AC31 TI• I Br""FA. 01 IT,. •B £TAC". U I I 

1:1:)0 '!ffA~:-11,-fi[FACZ"CYCL[ 
Tf"(N0(8UG ,GT, OIWRJT(IG,2001 

1 ., ,B(F' AC 5. 8(FAC2 ,BEF AC 1, rooo II ,1 I, UKffl I 
ff' IV[lClC T. GT .A NIHII I I J BEFACS::0. 
!'Jf"lJlC! J:t ,NFR[LH 
CB YOHO ft ,J J:: CP IO HQ I I ,J J• 18 EY ACS• XOPI FA II ,J l I -1 BE FA C2 1"'BIOH fl ,JI l 

1 31 0 T'RIF TA II ,J •= DR ITTA I I ,JI• ,err AC2• (8TOfi41 I, Jl I- IBEJ' ACS• )IORl"'• II •J l I 
TFOW[BUG .GT. n1w1HT'"f612801 

1 T ,B CF Ar 2, BE FA cs ,B(f ac 1t FD 00 I I• 1 ,. rPIOHI I, 11 ,Y [L OCT, TAKf II t 
POPOQO I I 1:: POPO QQ fl J ♦ ,err AC 5• XORil='O CT 11 -1 1£ F.l C2 •POP fT I) 
OOIFPO(I 1= ORif POI I J ♦ ,err AC~•POP 11' ,_ fBEF IC !5• X!J RIFOII IJ 

l J2 0 l"f'IHTINU( 
l n O CONT!NUr ~-----------------------------------c TH[ FOLLOWING S[r'TJON O(ALS WITH ~[T[ROTROPHIC HTCRO oRnANISHS. 

c------------------------- - - -------- - -
c •••••••••• THE ANOIJHT Of FOOD AVAILABL( Tfl TH( MICROS<; rr.PruOs ON 
c •••••••••• THE AVAill.ACJn. ITY rF ANO PR(f[q(NC( fOR rooos. TIH 
c •••••••••• HICROB'S HAY C(tlf'Ut£ 'SUSPENDED ANO B~rnrr 0[1J;'Jrus 
c .......... AS W""LL AS O':SSOLYFO SUBSTANCrs. 

IF1HICROB.LE.CIGO TO 1S90 
DO 15CC' t::1,HICROB 
0013i.O K-:t,NfPQ.H 

1Jq0 f"OOOII,~)-:.Q, 
~T(ORW:r. 
TF ICBACT IT 11 I, L£ .n .)GO TO 1500 

SUH::O. 
K1 ::NQRIF HI I I 
00 ll7r J-:l•NOLIT 
"(£0RflJl::Q. 
rr[ORBfJl=r. 
A=PP.[fJ?F It ,J 1 
~=f'PfF'IBIT ,JI 
('l"I T011391•1JGO,J"'GOJ,Kl 

ll'SO r[(D'IF'IJ)-:.0.ITfJ,tJ•A 
SUH:-SUH• fTf!)Rf IJ I 
C" T('I P 7f' 

13GO rf(OPBIJl=CDRGIJ ,t I•" 
SUH::SUH•""rDRe(JI 

l no Cl"!NTIHUf' 
r;n TOll3'1J•ltlCOol"9Cl,K1 

• 2"QS 
I 28 SC 
• 2~ 5'5 
• 21'60 
A 28'--: 
A ?1110 
f. 2!1175 
• 2-.so 
a 28""' 
I 2~ 'U 
I ?89~ 
I ?GOO 

A ?GOC 

• ~1r 
• "":! 15 
A ?<!?C 
A 2'3 ?5 
,. :!9T('I . """ I ,..,00 
A 2'311"" 
AZ0,5!' 
A 2':I 5c 

"'"' A2'3G5 
A 2910 
A 2<J 7,; 
lr'Pr 

•na~ 
Azq90 
A 29']5 
• .lOOO 
I .lO Cl' 
A JO 1!' 
•~1,; . "'"' A 3025 
I..,"' 
•~JS 
l:,J'I) 

A 30q5 
A JDsr 
AJOSl 
A30S2 
A 30-:5 

I"'"' 
A 30f.5 

I"''" 
I JOTS 
1,080 
A.ii ,t,; 

A:3086 
A308 7 
I"'.., 
A 3095 
Allrtl 
I :n OS 
I :n 10 
A J115 
I :n 21' 
A 312!'i 
All :!J 
1n:rs 
Ill 0() 

A n11s 
Ill "1 
A 31 55 
• nr.:o 
.lll.65 
• !1 7r 
13175 
A )181'1 

I Jl 11'5 
I :n 91] 

A 31 '5 

"'"" A J2 ('!; 
A 32111 
A 3215 
AJ2 2n 
A:r225 
A 32 3r 
I 32 35 
A 321:!e 
A 32q5 
132!0 
A 32 55 
A326" 
A 3?65 
0 3270 
A3275 
I 3200 
A 3?85 
I 32,., 
A :rzq!'i 
A:t'HD 
A )305 
AiJ310 
ATI15 
1:-,'J~ 
A 3325 
l TJ:'f' 
, 33 35 
A 33'40 
IJJo;u 
• 3~ ss 
• :'J6r 
1:o,'""'-(,0::: 

A 3370 
I J3 75 
A 33!11('1 
A !38-: 
• JJ"O 
A )fl f'(' 

I Jlll"S 
l.31110 
A 311 :'I"' 
• Jti zc; 



1380 A=~HRW II) 
l"'fEDRW=A1UAI 11 •A 
'WH=SUH+ q:(0R'W 
(jr TO 1UI' 

13'l0 A:PRHRWIT I 
F'([Oqw:.aOUABll l•A 
<"UM::SUH-+F[f.OCIW 

l &oO O rt1NTIN1Jr 
Tf 1<;uH.LE.o.1GO TO 10:00 
,.oron,1 J;;":UH/ARfA 
i.:[XPI CONTA+C0NTA•WTO1P-C0NTC•WT(HP• WT[HP1 
rnnocI,J 1::B/ll.•C0NSITl/f0OOO.IJI 
!f IN0[8UC- .GT. 0 )WRITE 16 ,18G J 

1 T ,F 000( '!: • 11 ,8 
If' IKl. r'l.l JfOOOI !, 11 ="'OOOIT, IJ/CYt:Lf 
U KING :FOO 01 T, 11 •COACT fI, 1 I 
rl'\QOct,11:c. 

c. •• •• •• •• ,THQ',£ FOODS 'CON<"lJ'!(O' AR[ DrCD[H[Ntr 0 
GO TO fl U O, 1-. 'I) ,14401 • Kl 

1410 0" 11130 ..t:1,NOLIT 
JF'IFEE:ORn Jl,L[,n.1GCT01 1no 
racroR:TAl<JNG•F'EfORF'fJlf(C::UH•CLITIJ• 1}' 

00 1'420 K::hNf"R[LI" 
t:L noo IJ ,K J;; "1.. ITOQ IJ ,K ,_ ICLTTI J, 1(1 •F N:. TOR1 
or TIN( J, Kl :OCT INIJ ,K 1- IXOfTINIJ,KI +F AC:TORI 

1 ":! O r"OO 11,K 1= FOOO It ,K J• ICL TTC J, KI •f Ar TOR) 
1430 CONTINUE 

Gn TO 14 tw' 
1 "'4 0 no 1 116 0 J= 1, NO Lt T 

IFff(EOP0fJ).LE.01GO ro 111£,0 
fl CTOA :TAK IJ.i G• fE(OA8 IJ I/ I c:;:u,hCOA GI J, 11 I 
00 1 .. so 1(-::1,NFREU- 1 

COAGOO IJ ,K J-:: l;QAG 00 I J ,KI- I COlG I J, K) •f' AC TOP1 
1,.5 O r-noo It ,K ): roonn tit I• ICORf:'IJ, KI •F ,.rTCAI 
1 46 0 CONTINUf" 

JT IKl.N[ .3 JGO TO 1501" 
TFIF(EOQW.L(.GJGO rn 1500 
FACTOR:TAK!NG•f'E(OJN/1<:UM•,OUAB(ll I 
Of' 1'-10 K:1,NF'REL~ 
AOUA BO IK J: AQUA ROIK I- l A tl.JAB IK I •f"ACTOR l 

1 .. 7 Q f"Clf'O II ,K ): f'OODI I•'< I• IA OOAB fK J•f'ACTOR I 
GO TO 1500 

1480 TFIF(EOAW.L[.QJGO TO l'iOO 
f"A cro~=r AK ING• F( roRv It <:UM• .In UA 1111 
on t490 K=J,NFP.EL~ 
AQUAOOIK J:AQUAQQII( I- fACl.lAIK1 •fACTOQJ 
CMfP IN IK J-:: CO ti> l)j fl( I- IX (OHPNI Kl •F AC TOAi 

l q';) O f"f"OO II ,K J:: FOOD I I ,I( I+ U OU Al ttl •FACTOR I 
1500 rONTINUE 

C. •• ,. •• ••• RPiPERATTOi, AS'-l~ILATTON AND LTS'I t-ll A JC 
00 158 0 t:: l• HICP~ 
IF ff'OODI ".", U.L(.O. IG('IT015RO 
Ml :NOR!FHI II 
Jr (CBACT IT ,l t.LE .O ol!"O TO 1580 
00 1570 K=l,NfR(LM 
N-::KORGC:,:W U ,KI 
GO TOI 1511"',15JO,I5S01,p,(l 

1510 <>f" SP=Rrc:;:rN (1 ,. roon1 I ,KI 
"'t IK .[I'), 21 AG AT NG I~ ,2 J-:: AG AHO 12', 'Z t- IR[SP• rY a. (I 
fffK.[<1.ZIGO TO 152(1 
WOJNRO IN 1= WO IN RQ fN I• RESP 
AGAINQll J, Kl =AGAlNOI 13 oK 1- lR[SP•CtCLEI 
OG AINQ Cl 1, NI =DGA !HQ( 13 ,N ) ♦ IR [c:;:P• CV Ct.El 
ONOr?Gf NJ :QNORG tN I+ ( I Rf !P •C TCLF. 1-R£ SP I 

152 0 ASSJ:A.Sc:;:JHHI JI •FOODI I,KI 
DRIFTMIT,l<J-::ORlf'THfl,KJ+fl .l'liST+CYQ.[1-4,SS!I 

l JII ,i 

l Jq JC: 
I, 3.IJ'-0 
IJ:ll~n 
A 3' c::c:: 
• ,. 6r 

•~65 
a 3111c; 
A Jq Q(' 

• Jfl •c:: 

"' 'll 13'- '35 
l l'-0" 
'J'SO~ 
l l'S 10 
.. 35 ]'-
'35211 
l ~5 7'-. :,,; "' 
'" ~ l J511r 
l Jc .. c, 
I J551" 
-~-.!'-
IJSFn 
l 3565 
• JS 70 
I J5 7C 

A 35~r 
l 35,~C 
lJS~ 
A 3'5 gc. 
l 3600 
AJHS 
l 3610 
l JG 1c 
1)62'"' 
I l62'5 
o:,,;r 
'JG :'5 . ,..., 
A 31614'5 
• J<5C 
l ?6Ci5 
A l'6fir. 
I 3{,,;5 

• 3610 
AJ6 75 

'""" l J68C 
l"l:J;~ 

CAL QJLA T'°O .. :JG9C 
tnD"' 
l ,TC~ 

13710 
.. !71'5 . ,.,,,, 
• 37 2'5 
ll"D 
A,T JS 
•ntaa 
lJlflC 
l 37 SO 
Al1<5 
> 3760 
A 37 6"-,,.,.,,. 
',T7"' 
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CR ACTQ II ,I< ):::CBACTQfI ,K l•ASS:l 
CR .lCTP fl ,I( 1-:::CB.lCTP I I ,I( I+ I I SSI•CYct..rt 
AGOORG-:::FQOOf I, K) -I AS°'l +RfSPJ 
AOU.lQl)II( 1-::: 60UAOQIK l•AGOORG 
COMP IN IK 1-:: CO,_., IN CK t• 11 AGOCl RG •CTCL( I- M; 0nAG l 
CO TO lCi 71" 

1530 °rSP:;R[.-PMII l•f00r)II,KI/VAlTOT 
""F IK.(n. ?I AGATNQL"' ,:, 1-::AGllf.O 12,21-IR[SP• Wl TT !'IT J 
TrlK.(0.2lGO TO !540 
\.IOTNRO IN 1= WO rnRO I" I• rnr.s P• Wl TSYS I 
AGAIN011 J, Kl :.lG.lIHQI l:! ,KI- IR[SP•WlTTOT I 
er, AJNQ 11 3, NI =OGA INOI n _..,) ♦ IR [Sr•WA TTOT J 
ONORGI NI =nNORG IN 1• rnrSP• I W lTTl"T-Wl TS YS ll 

l S4 0 ASSI=A':C:::I .. HI H ,ronoc I,KI 
C" ACTO II ,K J;: CBltiCTQI I ,K J•AC:::St 
C"ACTPtf,l(J-:::CJ\lCTPll,KI• lSSI 
AGOOAG=I ro 00 I I ,K ,- I A-C::S J♦ IR(SP• Wl no T 11 I/ WA TT OT 
A'l UAOO II< 1::-AQUA 00 flt J• I A 00 ORG• WAT SYS I 
COHPIN fl( 1-:: COHP !H CK I• I A GOORG• I WA TT OT-WA TS YS JJ 
GO Tf! 1S1f' 

1 55 0 <:>[ c;p =R [";: PN I I I• ro 00 f I , K I 
Jf IK.(!?.71 AGA!NOC:? ,? 1=1r.1IHO 12 ,21-P""SP 
TF IK .(n. 21 GO TO 15 fr' 
en INRO 1N·1= 00 !fll R:) fN ,. Pr SP 
IGAINGfl 3, Kl :AGATNOl 13 ,1()-R[<;P 
01:ATNOll 3, NI ::l"'GATNQI P tN l+RE'iP 

1%0 ASSl=AS<"THHITl•rOOOITil<I 
r"ACTO rt.,,>= CB lCTOI T ,I( l•AC:.<;I 
AGO'IRG :f "'O 01 I, Kl -I R[('.P •Iii S<; Tl 
~l'l AC TP fl 11' 1-:: CS.lCTf' I I ,I( I• l<;ST 
AQUA BO IK 1= AOUABOfK l•AGOORG 

l 51 0 CONT TNUF 
1580 r"NTINU( 

~-----------------------------------
( ,....CR08!AL SCOURINC ANO O(POC:::l'!"TON IS CAL0JLA1£0 

~-----------------------------------
15';)0 Jrl"'ICROB.L(.QIGt" tQ ~Rif' 

:>1'11650 T::1 ,MTCDOf 
Kl =NORH Mt t I 
rr1.-:1.ro.11Goro1~5o 
yr1v(LOC".U::.r.1r,.1 LS:ALLH .. X 
rr IV(LOC •• u: .c IGO .. 01 E:!O 
Tr> 11 V( LO~ .G?. 81 Cf LO fT 11 • AND •IVE LOCT .u:. RA CT Kl II I 1 IG m' C1 65 O 
-yr 13 ACTL 01 T) -vn. r:ic T 11i: CD ,l e.:-C.16:lO 

160 n '-COUO-::AMT~ If AL uux ,Al'IA Xl rn •• f8QDf'"2 IT J• •V (lOC .. _ 80'1'" 2'1 I1 .. !'ACT HI II JI 

"' 001610 J=-t ,Nf'O(LM 
IrlCflACTl.,.,JJ.L[."IGO Tn 16lC 
cnrs :SCOUR •CBI !"TI T ,J J 
CP AC TO fl •J )-:: CB AC "0 f I, J 1- ~o (,. 
OPIFTMIJ ,J 1=n~trTM IT ,Jl•C:'l('i 

1 &1 0 CONT INUf 
G('!Tn 16 5(' 

1670 rALLS=U'lfNll Al UUY ·" "AXl IQ •• l"\QRrJ rJ I• •B IC n.0111 _., ORf'J (IJ• •VEl.OC TI 
111 

16JO nrPOS=HU.S/CTa.r 
0016&10 J=l ,~f"?(t M 
Ce AC TO tT ,J )-:: CBACl"III tJ ) ♦ IOEPOS•XO"> tr"' I, .n I 

1640 ORJrT1'1f,J):!)QifTHII,Jl-toCPOS•XtmlFHfl,..n) 
1650 CONTINt.n'" 
1660 CMHTNI.K" 

Of TURN 

~-----------------------------------
( TH( fOLLOWING ALLOWS FOR RfAOING or PA~AM[TtR'S. 

~-----------------------------------
rtHRY AfNPIJT 
DfAO 1'5••"UTI 
l?f TURN 
<•o 

. ,., ... . ., .. ,,.,,., 
•n~ 
• Jl':00 
, l81"" 
I JS 11"' 
A 3• 15 
A "ti' 2f'I 
A 38 75 . ,. "' .,.,. 
I JRCIO 
I 38fl5 
A J850 
A 3ft5'5 
• 38~0 
A 3865 
A 3f.70 
A 387'5 
• 3380 
I 38~'> 
AJ.IJ<q() 
I l8'l~ 
A:r!(I) 
11i3-,~ 
• 3q1r 
• 30 ]'5 

• JO,., 
.. 3~?'5 
•:M~ 
• J'3 Jc; 

• 3qtan 
A J"! 115 
• :r,"' 
A 3'?55 .,.,,,. 
l J';lr'S 
A 3CJ70 
A 39 7c 
,. J'llBr 
.. JCJ It ... 

""'" A 3~Q5 
,,ore 
Ati!"'r.c 

111011' 
AIIOlS 
A 14021"' 
A flOZS 

• ""30 
-~::!5 ...... 
A -0 ,s 
l ll,O c;r, 
l 140 c;,5 
A ,o er 
t 1(1 f5 
A,071) 

I fW175 
AIIOBr 
1. qras 
• "''ll 
,l ll()q5 
.._,.1 ro 
A .. t 05 
111111"1 
l 111 tS 
Alll 2r 
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APPENDIX} 

Listing of the Subroutine VEG ET 

SUBROUTTNf Vc:G[T 
OTHENSIC\N qrQCllhSOR[Qt 0 ,lfl• A.INT{IIJ,Ar)'l fq; I 

t ,IVfAT(f 81 ,NVr>Anf Rl,~VOAY~I ,1tNVOflf'l!I 8I,NVORF''JI 81 
c-------- --------------- - - - -------- - - -
C CONNON ALOCK /AC('/ CONTAT"IS ACCU~UL,t,T[O OUNG'"S, WHIC'l MAY er 

N[GATIVf. COHHON BLCCK /ACCINC/ CONTAINS rnr TNCR!:HENTS 'TO rnr 
Af)RAYS IN /ACC/ roR A SINGLE TTH[ UNIT. 

~-----------------------------------
rQHNON/ACC/AC:APlflJ•UtH20ll3I,CGATNl1~• 61,0r'AlNI lJ, f,I 
CC!NHON/ACCINC/AGA!NOH3,4I,HZOQOQIJ3loCGAIN'Jl13, f"l1!:""iAlNOll'l• 6 I 

~-----------------------------------c COHHON BlflCKCi/PROSlR1/,IPRQOUC/.t~llOCCH/ OCAL WTTH DROOUf'TTVITY 
C YN THE <;~T(H. 

~-----------------------------------
COHHON/POQSU H/ PV TOH q I rP BTOT jq) ,PA TOT'> 11 St q) ,PAT OT Af 41 ,PYSUH !'I I, 

1 PR SUH! lfl ,r> AS UH SI l'i ,ci I• PA <;UH A 14 I 
COHHON/PRO DOC/ PC vr GI 8 ,1 ,4 1, PC810H fll o, "' ,P Cl\ K' Tl 3, fl} 

COHHON/PPOOCKICVfGPI B,t,llh CBI0"4PlfK',4JtC8ACTPIJ,'11 
COHHON/OTHER/AvEINOl'I(' I ~-----------------------------------

c 1'.'0HHON !'LOO< /SPEC/ CONTAINS SPEClf"ICATIONS AHO OYHfR !N'"ORHATTO~~ 
C CCHHON TO THC WUCLE rfT or PROGRAHSt BUT [XC'LUOINC'i <.TATf" AND 
C CXOGENOU's VARIABLES. ~-----------------------------------

CDHHON.I"' P( C/ NCH #I , I NS YRU l 2'('! I, WAT EQ ,N SP [CV, N'S pr CA ,NOR GA H. 

1 PHW,PHB, HOLIT •'ICH[CK,IOAY, ATO'I', ATOTO,IYROAY, 1•rnrr-rrI201 
2 ,NCOHI 15 I, LI~C OH 14 M ,NCO MC UI 1~ I tNCOHOR ,t.:SPf"OH, NO(B U:: 
J,FLOUT,HTrROfl • HONTH ,LOOP[R,NSTRf:H,.J<:Avr: 
'I ,NSUBST, CYQ.[, NOLITl •LOOP, IRUN,"iOURC(l 5,111 
5 OfOA YPR, MA TT OT ,NPRTI ~ I ,RCA CH, NP OPT,, ,UN, Fl. CMS 
6 ,NF"R[Uh IS TR TH ,I NO RGP, IN OR GD, HO NOA YI 12 I,~ H~ ON 
7,KORGSWl'5,4ItKIHRGPf";, 6),KTNPGOIS, 6l 
B,NDRIFPHJl,NDRTF"IIIIIOltNORTFVI BJ 
g,NTRIB ,NPORTI,rrHPw,TntPB,NPA"iS ~-----------------------------------

CONNON BLOCK /STAT/ CONTAINS THE <;TATE V .. llll.f"i, ANO /CHt.NGf/ 
C THEIR lNCl'010HS OR r,r~[HENTS FOO THE ('~RrNT TI"f LtUl. 

~-----------------------------------
COHHON/STAT/CVfGI 8,1,41 ,COP.GIS,11I ,POPl4ot ,CBIONIIIO,~H,AOUAIIII • 

1 Cl IT 15 ,q h C9 ACTI '3t qI ,AQJAB 14 t, WO"!'Nl'H 6 1• WP IN Of 5, (,I, BO INRI 6 I 

2,APlNRf'>• 61 
C'lHHON/CHA NG U CV fGOO I 8t 1 t q) ,coo Goat 5, Ill ,POPQOQ( CIC] I, rn Ir-Mr, fq a, q I 

l ,A OU AO Of 'II ,C LI TQQ( 5• til ,C BA CTO I 3, Ill ,AOUABQ( '11 t 
2WOINROI 6I,WPINl0I5, 6hROINR')I 61 ,fl.PINRO( 5, r; I v--------------~--------------------

c COMMON BLOCK /M(T£0R/ a>NTATNS Tiff VALUES IT fXOC<'"NOltS VARUOL(S 
C roR. TH[ CURR(NT HM[ UNIT. 
c---------- ---------------- ---- ---- - - -

COMNON/M[T(OR/VTRRIC, PUNSOLIIII ,"UNO[!\( !-,'11 ,OARATNtOAYIWN, 
1RUNPNRI51 61 ,RUNONRI ~J,OUSTIPl51 f.l o 

Z TR FLOW tT CO HPNI II) ,T OETINI s, Ill , TORIFV I B ,1 Ill l, Tf' RJro lti 01 , 
3T0 11Uf'Af1110ollll ,TORif",HJ,<tl,.,.PNORGf'>• 6hTDNOAGf 61• 
'IEVAP1RAHOII 6I,DAPHOT • OAYRAO,OAflUSTI 51 'II• OCOGllll"I ,RA.,"ICOl 111 • 
5FLO<':[C ,COM Pl NI q) ,O[T TN IS 111! It DR IFTV I 81 l• qI ,0 qy FPO I '10 I• 
60RiffA(q{',llloORlnHl3,4) lf'H1PNO"GIS, 6I,DNORGI 6I,WffNti, 
7 Fl OVIN ,X ro HP NI Ill ,XO[ TINI 5, Ill• XOR IF VI 8 ,1 , .. I• XO RJro f\ 01 , 
BXOPIFAl'I0,4I,XORIFMl'.5',11I ,»>H,ltPNORGIS, 611XOHORGI ~hXWTfHP 

CONNON/PHYS/ rL OW ,PER 11'1 ,O[P TH I MATST S, V[LOCT ,A R'E A, MI OT H 

~-----------------------------------
c CONNON flLOCK/PAR""' CON"fAINS YH[ PARAMETrns OF THf ~~ROUTilff. 

~-----------------------------------
CONNON /P AQ AH /OUMl-tli 13 76111 ,SIE V'EG ( 81 ,[ XT INW, [X TTNP ,f. XT INS• "X TINO• 

lC'"'NRAOI 8l,CONTE1I 8hCXINT[2I 8),CONT£3I 81, 
2 RESPCI 8I,R[SPOI 81,AHOOTf 81, PL('l[PI 81,CONNT2I 
J 8111I,CDNNITI 811llol.f'O'\NI 8,'1I,UPCON?I B,'1I,EN[RCY,LPCON1I R,11I, 
'IVORF3I 81•VORF2l A-I,VDRFlll 8l,V()l)F7I 8J,V01Hl5I "' 
SNr'OVf 81 • NGOAl'IOI ,Nl:'0Nf"(5J,NGOLl!'il ,VTO[DYI 8I,VTOf"OSI 81 • 
6 P£RSEO I 81 ,S [[ Dt 81 ,RCS Pf I!' 1, V<;PASf 81 

~-----------------------------------c THE HAKE LIST CONT.UN~ TH[ OARA"ETfRS ~AT AR'E f(' ~f 
C ,u:·ao TN AT E X(QJTil'.l' TIME'. 

~-----------------------------------
NU1[LIST /VPUT/ NORT rv, SIC VEG,[ XT TN w, [X TINP .r XT INS, fX TINn , 

1 CONRAD,CONTtl,C0NT(2,CONTrJ,P[SPC, IVfAT[,V$PA~, 
2R£ ST'O, ·" oP r, f\.['f P, C:l"NNI2 ,CONNI T, UPCO N, LP CON2 .r N!: RG Y 
l ,Uf"CON J, VORF J, VO Of 2• VORF l, NVOqf!J ,NVOl'.fF 9, \1'lPF 11 ,NVO AY 1tNV OA Y7 
, .v OR Fl 5, NG ov •NGO A, NG ON FP ,'IGOL, VTOfOY ,v TO m S ,PE'R sr fl, 'lC TTNL ,P(SP[ 

C ---------- --------------- - - - ---- ----- - - -
C THE' FOLLO\IING SErTION DEALS MITH PHOTOSYNTttES!S. 

~-----------------------------------
OT SOLV=O. 
0£TRI=O. 
sro= o. 
00 10 I=l.XNORGO 

l O O"T SOLV::O!'<"Ol V • WO INRI l) 

on 20 t-=1,NFRELH 
TF II .NC. 21 ororoLv=DISOL Vt-AQUA (TI 

2 O cnNTINUf 
003C J=t,Toe;l'RTH 
on JO I=l,lNORGP 

JO S1"0 =SCO•MPINRIJ,TI 
110 IFfNOLTT.L(.0JGOT060 

00 50 I::l,NOLIT 
SO rirtPI = OCTRI t- QITIT,11 
60 DO 80 K=1•NFPEU'I 

N= KORG~W I .. ,K J 
yr IN.En.o, G!I TO ~ 
AF' XT CK):: \lf)lNRI NI /I WA TS Y'<" • l Cii DCOO .1 
TT IN0[8UG .GT. 0 IWRPf 16 ,70) 

1 &(X Tl Kl ,MOINA: IN 11 WATS Ye;; 
70 FORHATP VEr-',Jnf12.F,I 
8 D fONTINUf. 

C, •••••• ••• !NC:M(NT RADIAT'ON Ic;; CUT DOWN BY -C:(OJH~T, SU<"PENO~T• 
C••••••••• .O(Tl?TTUS ANO HUTU AL C::HADTNG Of PLANTS AS IJEll 6S 
C••••• •••••EXTTNCTION THROUGH T~( MATED H' THr '1[AN O(PTH OF THf" 

C. •• •• •• •• .PLAIJY 
f'I"' 'JO K::t,NFR(LN 

'JO '"'r QI 10 =r, 
OT'sOLV=t>TC: Cl.. V/ WATS Y'S 
Sf"D-=SfD/WATSY'<" 
or TPI= Of TRI/ WA TS Y'i 
Tf' INO(Bur. .or. f' IWRITf ((, ,7CI 

vrcrr-; 
VE ro 10 
vrro 1ir; 
VE 00 2C 
vrw zr. 
vr- 00 :-0 
VE 00 35 
V'E COIIO 
VE CO '15 
vr ro so 
VE CD ss 
vr oo~o 
VE 00 fS 
V( rD 10 
vr oo 1-. 
VECD 8C" 
vr ro •s 
Vf(D'JI" 
vr- oo 0 s 
VE 01 (.l) 
vrmr: 
VE Cl U] 
V[Ol t5 
VE 01 20 
vEm:,c; 
vrm "'O 
vrm J"' 
VE Cl -0 
VE 01 1115 
vrm ~ 
Vf 01 ss 
VE 01 60 
VE 01 P5 
VEOl "O 
V£ f!l 75 
VfDl "0 
VE m. 85 
vEm'X> 
V[ Clos 
vr az er 
Vf'O?C"5 
V( IIZ lll 
V£ 0'215 
V( IIZ 20 
vr az 1s 
vr 11Z :,J 
VE 07 TS 
VC IIZ ,o 
V'f rt2 IIS 
VE02 5D 
VE CTZ 55 
Vf'(r1F!" 
vr 02 '-S 
VE 02 7C 
Y£ O? 'tS 
VE 02 eo 
vr n2 85 
VfllZ'<l 
VE az ~5 
vr 0100 
V( en 05 
v,- Ollll 
vcm ts 
vroo 20 
11(03 "5 
YE 03 JO 
VE OJ l5 
VE 03 lllr 
VE OJ 1115 
Vf OJ 50 
VCOJ o;c: 
vr CJJ ro 
VE ID 65 
Vf'OJ 70 
VE CJ 7"5 
VE OJ 80 
vrros5 
VE 03'X> 
VfOJ~ 
VE 0, ID 
VfMOc: 
Vf('llflO 
vtr111t'.'li 
VJ" Oil 2\'.' 
VEOll 25 
vr~Jr 
VE 04 'tS 
vr o, rar 
VEOlllll!
vro11c:r 
VEociS5 
VEOlfEf' 
vroq,;c: 
vrM~ 
vro'I"'!: 
Vf"048f' 
V( Qq pc: 
VEOq Of' 
vro-.,c; 
vrosoo 
vCo5rc: 
vc:ns u, 
Vff'SJ<" 
Vf OS 20 
VEOS:zc; 
V(l:5~ 
V[OS "c

VfOSIIO 
VfOS 115 
VE OS '0 
vros--o; 
vroHr 
vro5-=:o; 

1 OISOLV,Sf"O,O(TRI,WAT<.Yo;; 
00 Z JO J=1. ,NSP[CV 
A::O. 
Jll ::NQRlf' Vf JI 
"L O(Pl ::f>LD[P IJ I• F'(PTH 
Jl'"fCV[GIJ,1,1I.Lr.o.Ir;o TO ~JO 
t~ INFR(U4. LC .2 lGOTOl JO 
001C'O K::J,NFQ[LJ1 

mo AYNTIKl::CV(GIJ,l1KI/CVf'GIJ,l,ll 
110 00 1110 T=1 ,N<;P[CV 

rtO(P2:- r>\.OEPI II • 0'""lH 
"f ICV(G!I,1,1I.U'.:.0.I GO TO 1110 
T,:- fPLO[P?- PL.DEP! 1120 ,t 30,140 

12 0 A=A•Cvrr-n •l ,l I 
en TO Illr 

1J O A:: A• 0. 5• CVC:G I I ,1 •l I 
1111 0 CONTINUf 

A:: A/ WATS~ 
'l'flNOEBUG .GT. OIWRtTEl6,7CJ 

l l 

c .......... THf '1AXI'1Lfrt ATTATNABlf PHOTo<.,NTH[SIS IS "'0DTnED BY 
C••••••• •• .RAOUTION,TfNP(RAT\JRf NUTRl!NT R(QUJf"[HOlTS,AMJ SPACr. 

RA 01 a: DA~ AO •EXP,_ I I fY TINP •A •EXT INS• S[ O• ex Tlt() •DP RI ♦f XT TNL• OT so 1Y 
t •"XTINWI •PLO[PJ) I 

!TIN OE BUG .GT. 0 I\IPJ Tf 16,701 
1 OA0IA,0AYAA0,CONRAOIJJ.Pl0EP1 

f'l=J?AOt A/CONRAC IJ I 
A::: 1. 
tr IHFA (lot. U: .2 IG(IT 0110 
D0160K::J ,HFRQ '1 
C-::CONNI2 IJ ,K I-CO~lT I J ,KI •A.INT IK I 
n· I C,L,.0.I GO TO 1c:c 
A: O. 
GCI TO 180 

1'50 A::b I1.-f'XPICI I 
TFINOEBUG .GT. OIWRTTfl6,70I 

1 AtC,AINTIKI 
l6 0 rO'iTIHut 
17 0 A=-8• fXPI 1. -8 l•A• AN AX 11 O., I mNTtl fJ J•COHf QI CJ It \IT£'1P .CON Tr 31 JI• 

lWTCHP• WT[HPII 
180 RrSPV: I9[o:;;P'E fJ Jt-R(SPl"I JJ t-f llP CRESPO IJ I• VTO.PI I 

SPRCOI J, 11 =c YE GI J, 1, l) •I OA PH Of •A-" ('sPV J 
So'AS=t .•[XPI VSPASI JI •I CVfOIJ•l ,11/APEA H 
SPIH:OI J.11 ::SPR[O(J ,1 l•~AS 
'l'F'INOEBUf'l .GT. 0IWRTTf't6,70I 

1 A,Wl£~P,RC:SPV,B,l"APHOT,SPR£0fJtllt~PA5,AR[A,CV'EGIJ,1,JI 
SP R£ QI J, 21 =£ Hf' PG Y • SP RE 0( J, 11 
lF'l<;PAEQIJ,11.L£.r.1 GO TO 190 
R[QI 11 ::R(O fl l•O:::POfQ(J, 11 

19 0 CC'INTINU£ 
Yr' INf'REL H. l[ .2 IGOT OZ 20 
~f'210 K=3,NfRELH 
A= CVEGIJ,1,1I • ~"(OfJ,11 
TT" I A. LE .O , ) GO TO 210 
ATNT[R: CV(GIJ,1,KJ/ICVfGIJ,1,1> • SPREOtJ,lll 
fOUll: tJPCONllJ,J(I • 11. - EXPluPCON?IJ,KI • A'EXTOCU I 
SPREQI J, Kl ::V PC <Ji CJ ,KI• IC Vf GI J, lo 11 •<;PREO fJ •l fl• 1 ff) Ull- AJ'iT ER I 
If'ISPR[l'IIJ,KJ .L[. OIGO Tl"I 200 
REQI Kl -:: P[QIK I • SPR[QIJ,KI 

200 CONTINUE 
'l'flN0£8UC: .or. OIMRIT[f6,701 

1 AINT[R, [QUI L, SPR[O( J,KI ,REn IK 1, cvro fJ ,1 tK I• II( XT fKJ • cvro CJ ,1 ,11 
21 0 CONTINUC 
22 0 CONTINUE 
2J O C-ONTJNU( 

u::1. 
N-::KORG4;W I? ,1 I 
lf IX ONOPGf NI +\I DI~ IN I-RE QI 11 J2110 ,2 SC •2 5r. 

2\ 0 CONTI NVF 
U ::t XONnRG IN Jt- WO IN RINI I/R[O{ 11 
n INOEBUG .GT. a )WRITf' ((, ,TO) 

1 AA,XONO!lGINJ1WOINRINl,R[tl(ll 
250 1'FIHFRELM.L[,2l 00 TO 21'!10 

onno K= 3, NfOELH 
H=l<ORGSW f-. 11< I 
IF fXONC"RGf NI •w Ol NR IN I-REQIK) 1260 ,2 7U ,2 70 

260 U=AMIN1IAA,IIXONORGINJ•WDTNRINIJ/!1f0(1<111 
YF'INOEBUG .GT. QIVRITfl6,TOI 

1 AA,XONORG{Nl,WOINRINI ,R[')IKl,U,lA 
VO CnNTINU£ • 

C •••••••••• APPDOPRIATE VARIABLE<; ARE TNC'REMfHT[D OR Of'r.RntOHfD 
290 lF'IAA.GT.1 IAA:::t. 

c:: ICYCLf-1. I /CYCLE 
0!' JSO J=1 ,NSPfCV 
DO 2 85 H=t 1NFRQ M 
yrIcv£GIJ,1,H,.Lr.c.I GO TO JSO 

285 CONTINU£ 
_,_::NORIFVI JI 
Ol"JIIO K=1,NFRELH 
N':'KORGS\ll'? ,KI 
Nt:t 
8: AA•<: PACO IJ ,K I 
'l"'f'INOEBUG .or. OIWP.ll[l6,70I 

1 f!,AA,SPP'""Qf J,KI 1CtCYrlf 
CV[G Pl J. t. Kl =c vr GP I J ,1 ,K I+ P 

290 Tf'IB.LT.01 Nl:2 
TF'IK.[l').2JGOT03J(' 
ONORGf HJ ::-f'NORG IN 1- IB •C) 
COTO I JOO ,J JO I, JI 

J[)O ODif'TVIJ,1,Kl=DRIFTVIJtl,Kl•IIJ•CI 
rv EG 00 CJ •l ,K i= CV fG 00 I J ,1 , KI• IP• 11- Cl I 
Gr"T032r 

no CV(GOOfJ,! ,K I=cvrt'!:Q,llJ,l 1Kl•R 
320 VOTNROINJ::MOlNROINl-lB•ll-CI I 

AGAIN!J 11 J, Kl :AGAINGI lJ ,Kl•B 
OGATN011 J, NI =t>GATNOI P ,N 1-8 
Gt' TO JII" 

l30 AGATNOIN1,K1 :AGA1NOIN1 ,Kl•B 
tr- IJ 11. '". 1 IC Vf GO 01 J, 1, KI =c VE' !'.!fl QI J, I• Kl • I B• <l 4' 11 
TF CJ ... ro, 1 JO qy fl VI Jo l •KI =ORI r "'V f J, l • Kt • I P:• l"I 
ff:' CJ ll. HE .1 IC VE GQ Qt J, 1, KI ::C vE '.:00 I J, 1, Kl -♦a 

3'I O r"NTIHUE 

vros 1r 
VfO'i7S 
vrr,ser 
vros.A., 
vr 0590 
V[05 ~c: 
vro"c:.-. 
Vf06 05 
VE OI'" 1D 
vr OG 1~ 
V£(),;.,,.. 
vc 06 ?5 
VE 06 Jf' 
Vf06 35 
vroi: u• 
V( 06 llS 
VfC650 
VE06""' 
VE06 60 
Vf'OH,o; 
VF.0671"' 
V[ 06 7'5 
V[tl>Sl 
Vf'.'Cli es 
V[06q" 

Y[06'9'i 
VF07 00 
VE OT C'-5 
VfO"' JO 
vr 0110:: 
VE 0170 
V[Ol 25 
VE 07 JD 
Vf"Ql 1!!> 
vr. 07 qr 
VfC74"i 
VE01 "l" 
V[QJt;o; 
YEC7 lin 
vro7 65 
Vf077f" 
Vf07 75 
VE OT 80 
yf07 jill'5 
VFC7'3Q 
Vf07'9" 
vE 08ro 
VCCIII fl5 
VEn810 
VE C8 15 
Vf 08 :"Cl 
vr oa :?'5 
vroa:!1" 
vr Oll~S 
VE OBIIO 
VE OA 11!'
VE C'B 9J 
vros~ 
vr o,i ro 
VCC16F=S 
V[OR TO 
V[06..,'"i 
vt08l!O 
VEOBllt:: 
Vf08 Oft 
V[ 06 oo;, 
vr-nof"" 
vrO'JO'
vEOO lD 
Vf'fl"31,; 
VJ" 09 20 
V£ O'J:?5 
VCll'J3" 
VfQ')~ 
VfO'l:111"! 
vro,11s 
vron 50 
Vf'(lq 55 
vr OCJfC 
V[0'9~5 
V(OC,7T' 
vr09..,ir; 
VffM Pf' 
VfO"l!JC: 
vroqel(" 
VfO'J n5 
v~o0 06 
vrQff,~ 
vrog qfl 
yr 10 CD 
vr 10 u, 
vr 1c ts 
vr to ?O 
V( 10?5 
vr 10 !r 
vr10~ 
V'"WIIS 
vr 10c-r 
yr 1(1 ,.!; 

VF' 10 60 
Vf tr F5 
VflC'7T" 
vr U' 7~ 
vr 1011r 
V'" 1nes 
vr w ,r 
vr tn"5 
vr u ro 
vr 11 o5 
vr U u• 
Vf U 15 
VE ll "'D 
vr u 7o:; 
vr 11 Jr 



350 C'f'INtINUf 
360 Cl"NTINU( ~-----------------------------------

c TH[ FOLLC'WING srcno~1 O[AlS W!TH PLANT HORT •LJTY 
c--------------------------- - - ------- - - -

r,nq1 OJ=1 ,NSP[CV 
rr 1cvrr-1J,1,1 ,.1.r.01co ro 1t1c 
C= IC YClf-1 • I /C YCL[ 
srrn CJ 1= ·" AX 11 Sfl'"OIJI • IC V[GI J. l• 11 •P[RS£ DI J) II 
TF'"(lYRDA'l'.['l.1SOIS[[f'(Jl=C'v£GIJ, t, 11 •f'[C?<T'.)I JI 
yr fC V[Gf J, l• 11 .Lr. o. Ir.or 011 lC 
Kl =NORTF VI JI 
K?=TVF'Af[I JI 
v~ =-vTD£0Y (JI/ VT n[n'S IJ I 
OOIIOOK=l ,NFP.nH 
oraor:o. 
l'f AO=l"10'?" fJ) 
""F fl CV re I J , 1 ,1 1. LT .s n: 01 JI I. on. I Vl , L f. WT (NPI IG OT l'l3 7T' 
01: AO T-:: IV TD [OSI JI •\H(HF' J• VTOEOY I J J 

no TrlK2.GT.NOLnlK'1=IvraT[IJJ-NOLIT 
ALLO(O=I fD(AO/CYQ()•YORJF'VtJ,l,KI l+IIO[.-,f/CYnf1•Xf'PTF'"VIJ, t,KJ I 

ORI~ TV IJ ,t ,I( 1= DR n· TV I J •l , K )-ALL or-o 
IF II VF AT El JI ,L [, NOLI TI')[ T '!:NI I( 2, K 1= or T! NI K? ,I( ,. ALlD rf'I 
ff fIVF AT (I JI.GT. HOUT ICO RGOO IK2• ,o =tORGOOf tQ oK I• ALLOfTI 
IFO<J.l(.\ IOEAD;:ANORTIJI/CYCLf. 
IF" IK 1. LE .1 ID [A OT =O[AOT /CYCL( 
Al LO [0=1 0C AO •CV£ GI J. l • Kl I• ID[AOT •f"'V( GI Jo lo Kl I 
CV[O 00 fJ ol ,I( 1= CV rGOQ I J •l dC I- ALLDfl'I 
GOTO(J80ol'l01oKl 

380 TF IIVF AT (I JI .l [. NOllT I Cl ITOO 0(21 Kl =CLT TOOi K2 ,I( I• ALLO M 
TF" ft VF AT [I J) .GT. NO LIT I CO RG W I K 2, J(I ::-COR GQ Cl IQ oK I• Al LO £n 
f"'C'ITni.on 

l90 tr II VF AT r.:t JI .r. T. NOLI T J CO RGOQ CK2, Kl =roRGO 01 IQ ,K,. Al LO f'TI 
IF fTVF .t,T ff JI .L [. NOL IT I 0( TIN( K2 ,t< l=nr TlNI IQ' ,KI• fAtL ~ 0. Cl 
lf" f!VF Af [f JI .L [. NOL TT I CLITOO U(2o Kl =,-tI TOOi K7 ,K J• IA LL rt: 0• 11 .- Cl I 

~ 0 ('(INT INUf 
•n O rONT INLl'f ~-----------------------------------

c TH( Fr'LLOWIHG S(CTION O(AtS WITH PLANT LrA>(.1,~[ 

~-----------------------------------
""fllOJ=t ,NC:,:P[CV 
Kt =NORif VI JI 
IF ICVEGI J, 1, 11 .t (. OJGO TO llJO 
rn11201<=1 ,NrRQ. N 
i\LrAto<=c:'!(V(G IJ I/ NC\.,-
OP!'rTV IJ ,1 ,KI= OR IFTV IJ ol ,KI- IALE AK..-ORYT VI J, lt Mt I 
('i,.H"IN IK >= COHP IHI'< J ♦ I ALE AK •XOR IFVI J, l • Kt l 
ITIKl.GT.l J~LEAK="-IEVfGIJI 
CVEGQO IJ ,1 ,K 1= CY fOOQ CJ •l ,KI- C,IL[ AK•rvtGI J, lo Kl t 
IF CK lo [O .1 IAOUi\001 Kl =AQJ,IQQIKJ ♦ IAL[AK• CVCG IJ ,t ,Kt) 
T~IKl.[0.l JGOTOll7r 
AL[U<= r Alf AK •C' V[ C:f J, 1, KJ I /WA TTO T 
C1'111PINIK 1:-CQlfDHK I• IALEAK•CWATTOT-V"1SYS1 I 
,ti(1Ul00 CK J-:: AQUA Q'l lK I• f ll( AK •W lTSY SJ 

1112 0 CONTINUE 
ltJ"O C"NTINUf ~-----------------------------------

c TH[ roLLOW!NG SECTION OCALS WITH SCOUPING N-10 SErn OJSP[PS&l 

~-----------------------------------
01" 4 90 J::1 ,NSPCCV 
Kl= NDRHVIJI 
Tf (1(1. [(l.l )G"T()q 9r. 
K7 = IVFAT[ (JI 
Of\1180 K: 1, NF'R(LN 
VODFq:('I. 
VORFS:O. 
VORF 12=r.. 
VORF 111 =ti. 
VST,tiYS :::: r. 
V(lRFlQ=t1. 
IFICV[GIJ,1,K1.U'.:.O.J GO TO 460 
VORFt::::UH'illt., ANAXllO.,IV0Rf2(Jl••VfLOCT - VOPF21Jt••Y0Pf-.lJII IJ 

YOPfll :- V"Rrl •C,V(G ( J, t. Kl 
Tl" II JYDQAY .Gr.. NVOAYl IJJI .AND. ftYROO,L[, NVOAY" IJ11 IVr:lRF'S=-YORrt 1 

llJl•CV[GIJ,l,ICI 
IF 11 IYROAY .L[. NVDr>fS IJ ll .OR. <IYRDAY. GE .NVORF''31 JI II GO TO tillC 
vnRF &= A8c::t SORT IVCf)n I J ,. •2-1 IC ff LO AT It YROA YI -FL OAT (N',fl RF ec J) 11 

l •C 2. •VOP n IJ I/ IFLOH (IH'DRF':11 JI 1-fLOA T( NV~ f8 IJ JI l 1 1-wnr11 JI I• •2 ., 

'" r.r TO 45r, 
qqQ vnRFEi=o. 
450 VORF 10= 11.MINJI CV[GIJ ol ,KI, II VORF4•VORF61 •V~f,; II 

VORF tJ= VO Rf fl.- IVO"'F'll •VOPFEi I 
Vt"IRF111::::VORF'1 'J/WATTQT 

'160 lffllYRDAY.LT.NVOQf81JJl.r'R.IIY"'0AY.6T.N\ORF'HJlll GO TO 470 
IFIVDRFJCJJ,lf.Vf\..OCT)OO TO 1170 
VSTAY'S= VDRF15CJ1•XDR!CVIJ1l,KI 

47 O OR IF TV CJ ,1 ,K 1= D!l IF TV I J ,l, K J-VSTA YS•VORn 0 
C:V(GQO IJ •1 ,K I= CY '"G 00 CJ ,l • K 1-VORF 13-VORrt O+ VS Tl~ 
Tr (K2,GT .NC\. TT 11( 7=K2-NOL TT 
Cf TIN( K2 ,K >=DETI NI ICZ ,KI♦ IVOR,.111• IWATTOT- ~ T'S YS 11 
Cl ITOO IK 2• Kl :CLI""OOI K? ,KI ♦ IV DP Fl II• W,tiTSYS I 

480 CONTINU[ 
490 t'ONTINUf' ~-----------------------------------

c Tl-'[ fOLLOWING SE:CTION OCALS WITH ,Ill HATfPIALS LEAVING TI-F ECOSVST 
C AS DRIFT• ~-----------------------------------

Tf'(IWT"P!O•FLOUTl,LE.o.1r.r1 T() 7'}0 

vr 11 JS 
vr 11 IIC 
vr 11 c+S 
Vf 1l '1' 
vr 11 ss 
vr-11 r.r 
Vf 116!'
Vf 11 71"' 
vr u 75 
vr-11 er
vr 11 PS 
vr u co 
V[ 11 nc 
\I[ 120"! 
vr 12 as 
vr 121r 
vr 121s 
vr-l2 '2n 
V[ 12 25 
Vf 12 ,a 
V( 12 35 
VF 12•1"' 
vr 12 11s 
V[ 12 "'O 
Vf"12 r5 
vr 12 ro 
Vf 12 f,5 
V[ 12 '7r 
vr 171"5 
vru~ 
Vf"lZ A5 
VF 12 ~ 
Vf 12 ,s 
V'r'tlO" 
vr lJ os 
vr 11 in 
V( l" 15 
VE: lJ a:; 
yr 13 25 
vr U.D 
Vfll'l!i 

vr n '° 
V[ 1345 
Yf ll rrt 
VE ll"'5 
Vf 1J6C 
YflJ~ 
Y[ 13 "JO 
Vf LJ 75 
vrueo 
VE 1J85 
vr nar 
vr JJ '}5 
VflllOO 
VE 1\0., 
vri-10 
Y£ lli 15 
vr 1112e 
V£ lll 25 
Vflll"'O 
vr tit J"' 
vr 111 •o 
V[ 1111115 
VC-}lll§C" 
Vfllf "'., 
VFHFX1 
vtl\f:'C 
Yr 11117" 
Y( l\ 7c 
Yf11180 
vr Iti •-s 
vr 111s, 
yr llf 'JS 
vr 1s oo 
VF150S 
vr 1s lll 
vets 1,r; 
vr 15 21! 
VE 15 ?C 

vr 15 Jn 
YE" lS "'~ 
VE 1511(1 
Vf151f~ 
VflSt;t> 
YE 15 50:: 
V£1.r;GQ 
VE 15 6-5 
VF 157tl 
Vfl'<: 7~ 
vc 15 80 
VE 15 85 
VE 15 9IC 
\I[ 15 Qs; 
VE lEiOO 
VE 16 OS 
VE 16 Dl 
\I[ 16 ls; 
vc 16 20 
VE:1622 

105 Aquatic Model 

1:n A= WI RRT,. /f wr QR JG•f"t.0 ur I 
GOB=FLOUT/ fW lRPTG• I\. OUTI 
,:;oc= WT PR!r. •F LC' L'! 

f:, •• •• •• •• .OPC.4tJJC Ho!iT ... fD 
0"67C .f:loNfR(LH 
At' AT "n lit ,J 1= AG Al NO Cll , J I- f COM PIN ( JI •GOA ) 
Al"ATJ.41] 18 ,J 1-: AG A!NO 18 ,JI- f,.ONPIN f JI •GOA I 
Cl"NPIN IJ 1:-COMP TN fJ 1/f.O C: 
Tf; fNOL!T ,L[.01GOTO~'+r. 
C05"'0 I::::1,NOLIT 
Kl =NGOLI ti 
roTo 1soo ,s 10 ,s 20 1, Kt 

500 Ar.AtNOl'+,Jt-:A(;AIN!'llll ,JI-IOHTNCI,Jl•GO,tiJ 
Af"'AT Nt') CA ,J ): 1,r,,1y 00 IA ,J 1- lr'!fT'!N( I ,JI• GOBI 

or TINf r, JI :-OCT INI! ,JJ /OOC 
GOTOSJO 

51 0 Ar AI NO Ill ,J t-: _.G Al t,.(J flt , JI- DF T[N Ct• JI 
or T!Nt r, J1 =o. 
GC'TOS31"t 

57.0 Al"ATNQtll,Jl':AGAINQl!l,JI-O[TINlt•JI 
Off!N( r, J1 =arr IHIT ,JI/F'LOU! 

530 CO"ITINU[ 
5'10 yr1NSO[,.V.U'",r1coros9C 

onsAo r-::1,Nc:;rrr:v 
K .. :-NGOVI Tl 
COTOl55<" ,560 ,': 70 I, K2 

550 A,-ATNOlll,JJ::AGATl-:Cll4,JI-IDPIC-TVIT•l•..n•GOAJ 
Af"'AtNOl8,Jl=AGAIN016,Jl-l!'RTf'""VIT, l,Jl •GOC'' 
')Q ft" TV I! , l ,J >= oq rr TV IT ,1 , J )/ GOC 
GO TO sen 

56 0 At"' AINQ Ill ,J 1: AG lIN014 ,J 1-0RJFTVI I ,1 ,JI 
nr>IF TV II ,t ,J 1: n. 
GOTOSSfl 

570 A"l!NOC!,JJ:-AGUNQ((,Jl-OPTFTVII,1 ,JI 
('IOTf'TVfT ,1 ,J 1::0Rif"TVtT ,t ,J)/rtQUT 

58 0 CCNTlNUf 
590 Tf INSPCOH. LC .n lGOTOfr.110 

('10630 t:-t,N'if'COH 
IC"': =NGOA( T) 

GO TO 16 00 ,6 10 ,6 20 I• KJ 
600 At' lTNO fll ,J 1-: i\G A[ NOIII ,J 1- IDRtF'.,.Af l• J1 •GO,ti I 

Ar Al NQ 18 oJ 1= AG lI NO 18 , J 1- IO R! r TA I t, J1 •G OR I 
ORTF TA CT ,J 1:00 IF' TA I I ,J 1/f':OC 
GOT063C' 

610 AGA!NOCll,JJ:AGAINQlll,Jl-f\RIFTAII,JI 
nRtFT&ft.Jl=o. 
G0Tfl630 

620 At":ATNOC8•Jl=AGUNJl.~,Jl-0"IFTAII,JJ 
OP If'" TA fT ,J )=OR IF Tl I I ,J ll'"LOUT 

Gl O CONT INUf" 
6110 yr(MICone.LC:.QIGOT06f:r 

00650 t::::1.11tCR08 
,tir: lTNO (II ,J 1= AG AI NQ I'- ,JI- !ORIFTM I I• JI •GOA I 
l,. UNO 18 ,J J-: ,tiGAT NO 18 ,J 1- IORTF'TN f I, JI •COB I 

650 nR1rn4fT,Jl=DRIFT111I,J)/l"'OC 
66 0 CONTINUE 
670 C""NTtNU£ 

""F CNSPCOH. LE .O JG ('IT OT ?C 
rl"710 T-=1• NSPCOH 
1(""1 :NGO At Tl 
GOT('I C6RO t6 g:J ,700 It KJ 

68 0 OR IFPO tT J::ORif" PO IT 1/00 C 
GOT0710 

6'30 OR tr PO rt t=n. 
GOTn71r 

700 '1Rlf"POf! l=OR!F"POI• 1/'l. 11.JT 
710 t'CNTINUf 
720 t:0N1'1NIJf" 

C. •• •• •• •• .IHOR~,INIC HtTTEP 
nano .r-1t INO"GO 
oraINO Ill ,JI= OG u NQ Ill .J J- IOM) RGI J ,. GOAi 
OGAINQ 18 .JI= DGllNQ 18 ,JI- IONO RO CJ J• GOBI 

no ONORGIJl=ONORGIJI/GOC 
Tr- IINORC: P. lf. .o I GOT 07 CJ:O 
00780 I::t,IC:,:TRTM 
K'4=NGONRPI 11 
nano .J=l,JNORCP 
Gfllflll'IO ,15() ,760 I,~ 

71t0 CGAJHl]flt ,Jl::::r.G&INOl'4 ,JI-IPNORGII.JJ•GOAJ 
CG A.INO IS ,JI= CG lI N~ 18 ,JI- IPNO RGI I ,JI• GOBJ 
"NORG! To JI =PNO RG IT ,JI /00 C 
Ol'ITQTII" 

75 0 Cr:HNO Ill ,J t-=CGAil«J f'4 ,JJ-P.,(RG(l, JI 
"NORGII,Jl:tl, 
GOTOT70 

7Ei0 Ct.AINOl!,Jl=CGUNOIJ,JJ-PNORGIJ,JJ 
PNORGI t. Jl =PNORG It ,JI/FLOUT 

TIO CONTlNllf 
78 0 C'ONTINU£ 
7'30 C'ONTINU[ 

Of' TURN 

~ ----------------------------------
c rn( roLLOWING ALLOWS r!R READING Of" PlRAH[T[~. 

~-----------------------------------
fNfflY VTNPUT 
r>E AD I 5, V1" UT) 
er TURN 
[HO 

VF 16 25 
VE16:IJ 
Vf" 161C:. 
VF 16 •D 
Vf lGIIC 
vr 16 so 
vr 16 55 
VF lEifif' 
yr 16 6~ 
VE 161'r 
vr 16 7~ 
\I( 16 °O 
V[lEiFI-= 
Vf1690 
vr 16q,;. 

Vfl1'00 
vrno,r; 
vr 11.11' 
Vf 17 l~ 
VF17?" 
Y[]1'?5 
V£ 1730 
Vt 17 ~c: 
VE 171tr 
VE 11 IIC:. 
V£ 17 50 
vr 17 re 

vr n 60 
vr 1165 
Vf"t7~ 
vr 111,r; 

V£17"'"' 
Y£ 17 85 
vrncw
vr 1195 
V[ 18 (r 

VE 18 OS 
vr 1810 
V£ 18 lC 
VE 1820 
VE187"' 
Yr llll!' 
VE 1!" 35 
V£18~ 
V£181tt: 
V[18 !'ll 
vr t"!\"5 
VF186t'J 
vr1, 65 
vr 1810 
Y[ 197,r; 
VE 1881" 
Vf188r 
VE lftffr' 
V£ 18 cts 
vr 19m 
vr 19 O'
V£ 1~ lfl 
vr 1'31~ 
vr 1q 20 
\If 1'17'5 
vr1,:wi 
vr. 19 JS 
Yf 1CJ'40 
vr 19•'5 
vr t'J5n 
vr 1'1!=~ 
\1[1'360 
V[l'J65 
V(lq7f! 
V£ 19 75 
VE l~AO 
Y£ l'J"S 
Vfl~~ 
vr 1, 0 ~ 

Vf 20 DO 
V£ 2005 
VEZOW 
V[ 2015 
vr.20 2r1 
Yf.'20 2'S 
vr.20 ~ 
vr 20 35 
Yr21l'll1 
YE ID 45 
vr 20 50 
Vf2'0'-~ 

"'"'"' VF'" 2D 65 
Vf20 Tf' 
Vf2<'75 
vr20"n 
Vf" 2C 95 
VE 20 'D 
vrai~ 
VE 21 CD 
VE 71 OS 
VE21 tr. 
\IF71 tC:. 
vr 7110 



MA0575 
HA0575 
MA0575 
HA0650 
MA0670 
HA0685 
HA0695 
HA.0740 
HA0850 
HA0850 
KA0850 
HA.0850 
HA0850 
MA.0860 
MA0860 
MA0860 
HA.0860 
KA.0860 
MA0870 
HA0'870 
HA0870 
HA0870 
MA0870 
MA0875 
HA0880 
MA0950 
MA1060 
HA.1060 
HA1060 
HAI060 
HA.1060 
MA.1060 
HA..1060 
MA1060 
HAlllO 
MAlllO 
HAlllO 
HAll20 
MA1120 
HA1120 
HAI 120 
HA1140 
HA1145 
HA1145 
HAll45 
MA1145 
HA1145 
MAU45 
KA.1150 
HA1160 
HA1165 
HA1170 
HA1175 
MA1250 
KAl.250 
MA1250 
MA1250 
HA.1250 
HA.1300 
HA1320 
MA.1320 
MA.1320 
MA.1300 
HA1320 
HA1)20 
MA.1320 
MA1320 
HA1320 
HA1320 
HA1320 
HA1300 
HA1320 
HA1320 
HA.1320 
MA.1320 
MA.1320 
MA.1300 
HA1)20 
MA1320 
MA.1320 
KA1300 
MA1320 
KA1J20 
HA.1320 
HAll20 
HA.1320 
HAlJOO 
HA1320 
HA1320 
MAl320 
MA.1320 
MA1320 
HA.1320 
KA1320 
MA.1320 
MA.1300 
HA.1320 
KA.1320 
MA.1320 
MA1320 
MA.1300 
MA.1320 
HA1)20 
MA.1320 
MAlJZO 
MA1320 
MA1340 
MA.1340 
HA1365 
MA.1365 
HAl'\7'"1 

106 

APPENDIXK 

Example of the Input Deck 

(Numbers in left column refer to the actual 
line in the program that called a 

particular data card) 
TH( rouowr~G SH«JLlTIOH yo:: rrR ,._ Jf"Q!OO 0 ... OtlF' Y(AR. 
SJ~ILATION SU.RT5 ANt' [NO'S DURING A rtOOC PfRIOO. 

rir[P CR[[l( SU.TIO.. 2 cviurw VALLEY UTAH 
5 8 3 2 26 

91 1971 '457 

271 II 9 
1 0 
1 

11 u 1111 n 11 11 u 11 11 n u 11 
fl o. 5 

• 5 ,. . 
15 J 

1 
1 8 

16 17 HI 1D 
u; 1 1 u 1 s Zc 
11 2 2 1-

1 'Z3 2 - 2S 7 6 
AfNTHIC O~ATCJtlS 
C.PIAOG V'R I. 

CLlOOPHC1Rl 
CHlA l 

1• 

"0 TOJ'IOG[ TON 
l?HINICHTHYCi OSCULUS 
f'lrTI'i TOJClUl)ATU'i 
TIIICORY'THt'IO(S HlMJTU~ 
STMUL!UM ARGUS 

HTlLLrLA .t.Z'Tcr. 
OPTJQ'l:'fPVUS Ot V(~[Nr 
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£0785 .. .o 00 JG .0OJF? .00009 J6 .C CC Ot 79 E078S .. .Q{IJ025'i .oai2,2 .00000455 .OCDC'OC15 

t:0785 o. o. o. o. o. t:0785 .. .00001 s1 .00011 9 .or.rc1:,,q .0CDOC'lli J 

£0785 1. .0000018fl .OD"Ol!fi .OOOOOCT:r-.ocotrol E0785 .1 .ooo 1] 5 .n 01 29 .000~111 ..omcrzs1 

00785 .n, .om 01 .00017 S .000002'& .CCJJCl'DJG ~:0785 .. .orons.5 • Crl7.7 38 .ore 011 ta ..orooo1i1s 

E0785 .r • .o CJJ 02 7 .CH11Jl 8 .0000070~ .OOOCX"O,S ~:0785 ., .ooo XI 75 .Qlll 97 .oooos~ .ocnrosae 

£0785 .o 1 .0000688 .000~£. .oorc, ,, .croa-2111 E0785 o. o. o. o. o. 
l::0785 .r• .000137 .rot 73 .Ol'JJOJS'l .ororo11,6 1::078.5 ,. .omro <J .ra, 1 .0000013 .000000373 

E0785 .rs .ore-. .P.OII q<J .ooo 10 II .acre? 11 0078.5 ., .oroM a .a er, s1 .000012 .o CD 0017 

t:078~ .o. .O"l .r 17.ll .ooo 26 .o ro ro 5'3 £0785 , ... o.rooJai Q.00366 o. oooos, o. 00 0012 

£0785 c. o. o. o. o. t-:0785 .. .o 00 8 .rO'lG .ooo:,o 8 o0OOa?,tl 

£0785 .. .orom .omu .onooo-,,; .OWCX'QJ6 t:0785 o. c. o. o. o. 
E078S ., .om 2 .001 ~ .omos1 .0000"'11 e t:0785 ::-. 02 O.CDC3111 O. Cl!J£ l o.moo8e r. oo m 12 

t:0785 ., .0001175 .o as 76 .ooo 1~ J 0 0t'Jl01-, l::0785 ., .002 .0233 .00052 .00001111 

t::078.5 o. o. o. o. c. t::0785 r. o. o. o. o. 
E0785 ., .. orooos .ra,06 .Ol"'l'1r'lf'lJ .o 00 0'01 1"l E07S5 1. .orn021ci .!?0022 C!7 .00000568 .0CDOOD7!l 

1::0785 .n• .omo16 .rmuz .00000111£ .0(1)0"0575 ~:0785 .. .oOOO'J7- .000'38:' .00002 SJ .orocr,:ss 

E0785 .o• .oooos-. 0 QO,f;II 8 .0000111 ..OOOOOUII E0785 .. .ooo 2"3 '.' .002 9£ .om0162 00000105 

£0735 .o• .000 lG .nm,1 .ono o-. 16 .om a, 51 ~:078'} .. .a oo J6 .rm61 oOOOO'l~ .c OC DI 29 

E.0795 .o 2fi,'Jl .2 '311 J'3 .oas~e; .oor s11 t::0785 o. o. n. o. o. 
E.0795 .0011 55 .o .. , : • 0009115 .nnor, 1::078'> ,. .OC000:'811 .o 0003 SS .coo 0007 JIil .o 00 (X' 01 

l::0800 11 • 1. 1::0785 l. 7S 0.OOOOPO C.00081 0.000020 0.(J)D"'Q28 

t::0810 11 o. £.3 f.0785 c. 1'3 o.rooosr; a. rr.os 1 o.roooiq c.mccozo 
£0815 732. ., .71 E0785 o. 38 o.<rO"I,. o. 00,3 8 o.oom u r.oo Cl'1s 

E0b95 26 . f.0785 .r& .OCDll7 .om 1J .000035'3 .O CD O!"'lf'3 6 

E07.55 ... .. ., .0'!1115 .no, f.0785 .r • .o<r" .nor. '3'3 .0001011 .0000111 

E0765 ... 11'3 .2 J .9111<; .o, £0785 .n • .om. .r.1211 .oro :.,6 .OCJlQJ5'3 

t:0765 ,. '" Ill.loll ns ·" JJ 7 .Ol'Jll E0785 o. o. c. o. o. 
E0175 1::0785 .s .amm .00011 .onooo Z'6 .o (ti [X\OJ 6 

E0775 J::0785 lo Olf o.ocm,. O.Cil15 J 0.000035 O. OOOl"OII ') 

t:0775 
t:0785 .. .ooo" I'; .r052& .OC'IO 17 J .oocm 1 

E0775 t::078.5 r. o. c. o. c. 
E077.5 t-:078\ ., .om oo s .00001. -00!"01" 13 .000[!1"101 l'l 

t:0785 n. o. o. o. o. P.0785 .oe .000016 .C'OOl'J 2 .ocooo,1t .Cl CD ct'DS 75 

E0785 r. o. o. o. o. E078S .r& .oooosci .non&,!\ .00001 ll .Q 00 O"' l'Jq 

l:".0785 r. o. o. o. o. E0785 .o. .ooo 16 .r.W.'J2 .onoci.1& .OCllC'f"57 

£0785 r. o. n. o. o. £0795 .026 ~u -29'tl<J -00565 .CCT' ~If 

E0785 1. .o ro oo 5l .00001 :'8 .000000,, .a co cr:01 t:0795 .COlf 55 .c-.'3:, .0001"5 .oorr'l 

E0785 ·" .0000255 .r.012-.: • oco 00 115 S .orncros t:0800 1!'1 • ,. 
00785 .. .o 00 07 57 .000119 .oor013111 .omro11t J t::0810 no. 1:,3 

E0785 .1 .ooo lJ ~ .r012, .00007111 .0 00 012S 7 l:081.5 :"70. .16 _,. 
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APPENDIXL 

Example of Output 

fl,£ FOLLOWIH'I: Sl"ll..ATlON 1'5 roR f'. P[RlOD OF ONr Y[AR. 
SDttt.ATION ST#ITS Ai«> ENOS DURING A FLOOD P[RIOO. 

D"[P CRff'K STATION 2 CURL(\I VALLEY UTAH 

INITIALRrPORTONAPR 11971 
"tlN [CPTH "[AN fl.OW f'l[AH WtoTH t1(A~ Y(LOCITY 

• "76 HP S 
TOTAL 'fOLUHr 

u s. 0 1cu." ..62 Pf:TER"i 1 .. SO& CUNIS s.o? M[l[RS 

THE fOLLOWlt«; CONSTITUENTS AR[ ORGANIC' /ftO IR( PRTNTfO IN GPA"'5 (OP KCAL.I P(I) SO .1'£TrR, AV(OAGEO fN(P ffO.!: M[TfR'S or ~R(AHo 

CON511Tl£1'4TS Of P~lHARY PRO DJ CERS 
CA 1?8 ON 

BCNTMJC DU.TOI((; 2.10300 
CUtDfl'HCRA .rosoo 
SPlll>GYRA .rosoc 
CHARIi. • no '500 
POTOfOGO DH • fl500C 

ALL SPECIE'S 
TOTAL 2.16800 

CONS11Tl£NTS r,r ANT"AL 810,uss 

RHIMICHTM~ CISCtn..tr
£86S 
YOUNG 
ADULT 

TO Tll 

HYA LL [LA Al T'CCA 
EGGS 
5 IZf 
SIZf 
SIZE l 
S IZC ti 
SIZE 5 
S IZC ~ 

TOTAL 

9AETIS T1UCAUDAT\JS 
r sas 
SIZE 1-2 
Stzr. l 
SIZE 111 
SIZE 5-6 

TD TAL 

.)PTlDSFR'VU'S DTV(R6'£NS 
£CCS: 
S IZ£ 1- 5 
ADULT 

TOTAL 

TRIQ)AfllfOO[S HINUTUS 
£GOS 
SIZ[ 1-2 
Sil£ 3-11 
Sil£ S-6 
S IZ( 7 

IU IA L. 

HYDFl>PSYCI,£ OCCIOfNTALIS 
(005 
SlZf 1-2 
SU£ 3-11 
S Jl[ 5-G 
Silt 7-CJ 
SlZf 10-12 
SIZE U-15 
PUPA£. 

TOTAL 

SINlL ru" ARG\J s 
£GOS 
s IZ£ t- J 
sur .... 1 
PUPIL 

TOTAL 

AROIA YIYilU 
£6GS 
snr 1-11 
Sil£ 5-8 
SIZE ~12 
snr n-16 

TOTAL 

TOT.._, ALL SPCCTES 

CAR'S~ 

.onoooc 

.oroooo 

.OC1'19 

.Ofll 1119 

.oroooo 

.onooco 

.o r2 '1'9 7 

.00221r, 

.002327 

.Of11.57CI 

.or2tt&o 
.01112 5 

..000000 
.000000 
.000000 
.000000 
.000000 
.oroooo 

.oonmn 

.a ~011 

.OC'OCOD 

.o J')07 7 

.000000 
.00GJ,~ 
.o 13 6AI f: 
.on 726 
.OOOCllO 
.on 1'67 

.000000 

.001701 
.DOIi ,CO 
.01G271 
.O~CJOJO 
.O Z711lll 
.000000 
.000000 
.lO'JlJCJ 

.o 0000 C 

.onoooo 

.000000 
.000000 
.000000 

.000000 

.oeoooo 

.ocoooo 

.oooooc 
.000000 
.000000 

,.N(RGY 
21. 01000 

.osno 
. 05170 
• 0,1'3 II! 

• 1115580 

71.63718 

rNCR GY 

.00000 0 

.000000 

.o lCJSn0 

.ousoo 

.000000 

.o 00000 
.0237311 
.02157(. 
.02u1s 
■011192'l 
■D2ll7 II 
■l 05 72 2 

.000000 

.000000 

.oooono 

.000000 

.000000 

.ooooco 

.oooono 

... &51105 

.oooono 
.'4&51105 

.000000 
.06111150 
.1J7528 
.11811111 
.000000 
.J20lCJ2 

.000000 

.021280 
.0612311 
.20lllll 
.737631' 
.3115207. 
.000000 
.000000 

1.J 61JTS 1 

.000000 
.000000 
.000000 
.000000 
.000000 

.000000 
.000000 
.OCIOOOO 
.000000 
.000000 
.000000 

-, .21,no 

NI TA 0G CN 
. i-.rc r 
• (1.00,,. 

-0008'.' 
• 00 083 
• 00 8J 1 

.2648J 

NTTROGtN 

.coo CD 0 

.oco 00 0 

.Ol'?Ot.iS6 

.OOOllS6 

.000000 
.000000 
.0004.ttll 
.o (I) II(] J 
.ooo•nl 
.om n, 
■000113 1 
-Cot976 

.oco (I) 0 

.OCOCllO 

.000000 

.000000 

.coo 00 0 
.000000 

.ODO CD 0 

.o 10 JS 2 
.000000 
.a 10 35 -z 

.000000 

.001663 

.003 Sit g 

.OOlO. 9 

.ooo 00 0 

.008261 

.000000 

.00041t3 
.0017111; 
.o OIi 2l 1 
.o 15~0 
.007UJJ 
.000000 
.ooomo 
.0281182 

.ooo 00 0 
.000000 
.ooo 00 0 
.ooa oo o 
.ooocoo 

.000000 

.. oooroo 

.oooooc 

.ooocoo 

.000000 

.000000 

.r q9 sz r; 

PHOSr'HORUS 
• OZ 7(10 
.1"1{'01? 
• CJJOl'.' 
• rco12 
• Of'12'5 

PHOSPliORUS 

.Qf'l('!Ql"O 

.000000 

.0(1007:? 

.oroor• 

.oroorio 

.o 00000 

.o ooo, a 

.0000,J 

.a coo, Ii 

.O OOOlO 

.oooot.i 1 

.Ot'tJ117. 

.ooooC'lo 

.o 00000 

.o f'OflOO 

.000000 

.ocoooo 

.000000 

.O!':'C'0('10 

.Cot ltll 

.000000 
oC01431 

.000000 

.0007l0 

.00011,0 

.0001121 

.ooooco 

.ooinz 

.ooocn'!o 

.0000'61 
.00011& 
.0005115 
.CC21 '2'.' 
.OOOCJ9J 
.o oooco 
.ocoor.o 
.Ot'lCJJ7 

.orocr.o 

.000000 

.oroor.o 

.orooco 

.ooooco 

.ooooro 

.000000 

.oooono 

.ooooco 

.ooooco 

.coooco 

POPU..ATiONS ARE PRTNTEO IN NJtl![R'5 PfR SQ. HEHR, .. V£RAG£D OVE:P 11110.5 ,-.[T(OS c~ S'Tv- A."'I. 
AVERAGE WEIGHTS ARf EXPPE~ED AS GRAHS OF CARBON IOP.Y WT. lo 

RHINICHTH,.._ OSCULtr; 
[ GOS 
YOUtf'l 
ADULT 

TOTAL 

HYAU.ELA iUTECA 
(GGS 
s rzr 1 
S IZC 2 
SIZE 3 
S IZt II 
SIZE 5 
SIZ[ 6 

TnTAL 

fl.lETIS TRYCAUOATUS 
£ GGS 
SIH 1-2 
s nr J 
SIZ( II 
S TZ[ S-6 

Tt"I TAL 

POPUL .. TIONS VT. OF AV[. TNO. 

• roor 
.ooon 
■ 00111"' 

• aoiar 

.000"' 

.r.oor 
e 11. Ol' no 
211.ocor 
17-0000 

11.cooo 
11.0000 

13 2'. OOOC'! 

.00(10 

.roor 

.r:OC"' 
• rOCt"I 
. ooor 
■ ['(]CO 

.occroo 

.oroc:oo 

.J9'7"in+cn 

.ororoo 

.ooo er o 

.?113fllf\-O. 
-~116000-0'f 
■ lCJJ930-0J 

■3'3Z5"l~OJ 
■ 6111 !llO-Ol 

.ooocno 

.000000 

.oix ooo 

.o ro oo o 

.oroor.o 



OPTioc;[~Vtr<' orvrRr;rt,,t'I;" 
J"'GG,:; 
S IZ( 1- 5 
i\OULT 

TC' TAL 

TRlCORYTl-!('IO[S "'INtrTUS 
fGG,:; 
SIH 1-2 
srzc l-'4 
SJl( ~Ii 
S IZ r 7 

rntAL 

HYDQlPS't'CHE occIOrNTALI,:; 
FGGc; 
STZ( 1-2 
SIZ( l-11 
STZ( 5-6 
SIZE 7-9 
SIZE 10-12 
snr n-1.s 
PUPA[ 

TOTAL 

S 't'Mll. IUtif ARGUS 
r"GG<:: 
S:IZC 1-3 
SH£ 11-7 
PUPAf' 

TO TA l 

AJlGIJ. VlVIOA 
F"GG'i 
sur 1-111 
srzr s-8 
SIZE ~12 
SIZ( lJ-16 

TOTAL 

• OOl){'I 
860.0000 

. oocr 
eGr.ooor. 

• ooor 
:M2.coco 
112.oorr 
214.or.or 

.c,r:cr 
'42 8. ('0(10 

.ooor 
Gn.0000 
It Ill. COC'n 
II 8- cooo 
60. 0000 
17.0000 

.coor 

.coon 
nra.0000 

• 0000 
. coon 
• CCOfl 
. cocr 
• 0000 

. coon 

. coor 
• COOf'! 
. coor 
.corr
.coo" 

COHSTITlENTS nr Hr-T(JJOTROPHIC "ICROORf:ANtS"S 
MD:ROAIAL TYPE r'AR80N [l'tCilGT 

DRIFTING .02G91C .2~11390 
R[NTHIC .DS"'1000 .62JS8D 

TOTAL .083'1(" .'317970 

SuSJENOf'l'I DfTP.I TU<:; CONS TI "\J[HT'i 
DfTRtrus TYPE CAR8 O't 'JlfERGY 

1'" INr PA IH IC LES 2 .6 'J1 oor. ?9.1138'39'!' 
COAR'Sf PA RTTCL[ S .OJ080r .3 1)600 

TO TA L 2.77180[' 1,.1s2s,, 

8101.DGICALLY AC TT.,.- S[OIM[N~ 
on,nrus TYPE CA R8 C>< [NERGY 

FIN[ PART ICL( S J.'37000r .. J.11317'3'1 
C OARS[ PA RT TCL( S t8.1600C'C l 83 .9'!''U'36 

TOTAL n.1?'),,, ~27 ., )ll'}J 

TOT A. DrTRI TUS 2"'.8517'19 757.184391 

DISSOLVED C OH ST IT IX Nr'S CARSON ""Nt'RC.-Y 
IN watrR 80.£.7000 88 2. 5179 P. 

TN 8PffHOS .roooc .00000 
TOTAL SQ.67000 88 2. 527'18 

AVERAGE IN [COSYC,Tf"M CA RB~ ENERC-Y 
107.%6,IIJ l t61t.51t729 

113 

.oooooc 

.ll 91 381- ~ 

.ororno 

.oroooo 

.21'HXJ~n-t 

.]?18110-0~ 
otfe.8570-01 
.oncooc 

.000000 
.28J8l('I-0-
.111nr-0J 
.J!9'383-0J 
.(J8J8'0-0J 
-2286J. 7-02 
.000000 
.om coo 

.ooomc 

.QOQ(l'[' 

.ooocco 

.000000 

-00000 0 
.ooomo 
.000000 
.orocoo 
.000000 

l'tt TROG EN 
.nc5 GS o 
.r.ucnr 
.on G? o 

NTTROG[N 
.5 6510 0 
.ooo 88 0 
-~65 'J50 

N'fTROG[" 
.en 10r 

J.tllt"CDO 
'- .6 416100 

5 .2126'('1 

NT TROG[N 
1&.9'(ff0 

• OC' 000 
16.'Jtmo 

NITROGEN 
'1' 2. 1118 5J 5 

PHO<:' CHORUS 
.oors..c 
.rm no 
.001 680 

PHOC: "HORUS 
.o Sl82~ 
.000061 
.05l8P1 

PHO,i;;; "HORUS 
.07911('(' 

.3 6COOO 

.-. J911no 

... 93281 

PHO!; PHO RUS 
1. E.t Jti 0 

• DODOO 
1.&13110 

PHOSPHORUS 
7. llll78 

TH[ FOLLOWING :ON!TITU[M'fc:' AR[ INORGANIC AND ARC S>RTNT£0 IH GRAMS P[R so. 111nm A 'f"I.G(D <NCR 110.5 Mrf[RS OF STREAl'I. 

SUSPENOm PARTICULAT£ MAT"'ERfINORC:ANICJ 
<;12£ SUB<;TPATUH 

PARTICUUT'FS 111'1. 63000 
TOTAL UD.63000 

B[NTHIC PARTICULATT' l'IATTfqf rnO"GANTCJ 
SJ2"" SU8'!-'.TRATUH 

PART1CULAT£S .(1)000 
TOTAL .CDOOO 

ALL P •" • 11 o. 63 coo 

OJ!;SIJLVr.D I NO RO ANTC CON,i;;;T TT 1.£ NT S 
CARBON POOL NITROGrN PHOSPHORUS 

IN WA.TT'R 117.20800 • 52 600 .029'0 
r• 1£NTHJS • 00000 • 00000 .00000 

TOT Al 117.20800 .52600 ,07990 

PH l>I WAtrR CO..UHN 1.oc r,, IN 0[WTHJS 7 .oo WAT£P COLUMN 1' [NP. 16. 00 A'flHHOS T OiP. 16. IT' O CG R( (<- C £H TT GR AO [ 

STA TE I 1117 J p£qHJTS ONLY .90'J91 l7070 Of" Tl£ PROPOSED UNIT CHlNGf " l SJ .OOO!'!AYS 
STATE I 177 I P(RHITS ONLY .906109'1915 or H£ PROPt'lS£ D UNIT CHA~Gr " l<l 0000 0 AYS 
STATEf l "7 I P[RHITS ONLY .72"50l!l:J22t OF Tl£ PROPOS[ D UNIT C~NGf AT l 7' . .QOO "'AY S 
SU T[ f 1117 I PERIHTS ONLY • 8t2&39'J53 OF Tl£ PROPOS[D UNIT C14NGf " 17< ,OOQ('IAYS 
SU TE f 1 '17 I PERHl"S ONLY .7'J2Bl8'Zlll5 OF TH£ PROPOSfO UNIT C~ANGC AT 1 70 oOOO O AYS 
ST.I.TEI 11171 PERMITS ONLY .77J'l::!8'?280 OF THf PROPOS[O UNJT CHANGr AT 160 • .ooaDATS 
STATE I 7 .. ,:' p(RHJTS ONLY .121:1fr7680CS Of" HC PROP OSCO UNlT CHANGf ,r 182 • .000 "AYS 
SH n: I '7 I P(RHJn; ONLY .G YI 17 73 86 6 OF TH£ PROPOSf 0 UNIT CHANG[ AT ,., . .ODO"' AYS 
STATCf '7 I Pf.RHITS ONLY ,5'J<J5712l302 f'/F TH£ S>ROPOSfO UNIT CHANGr AT l ·• .coo !) us 
STAT[C F7 I PCRHTT<:; ONLT .~ 9211 .. tgcaG 3 Of" Tl£ PROP('!Sro UNIT C KlNGf IT 18' . .ODO O AYS 
STAT( I '7 I P(RH!TS ONLY • 5,8'l0'JT7ZJII OF THC PROPOS[C UNIT CHANGf " ... . .ooo,,ATS 
STAlt:I S71 PERHJTS ONLY .58<305188711 OF nc PROPOSED UNIT CHANG( AT 19n . ,ODO DAYS 
STA lE I F1 I P(R:HllS ONLY .5 e<JOH,7 351 OF Tl£ PRO,.OSE D UNTT t;HANGE AT l c:!2 .oon o MS 
STAT( I '7 I P(QHITS t'INLY .58<J097'J7G7 rF TH£ PROPOSf"D UNIT C ~ANG [ AT 1 .. .ODO f'I AYS 
STAT(( <7 I PERHT"S ONLY .SGq9888739 ;F Tl£ "ROP,Sf" D UNl'I' !'"HANG( AT 1% . ,000 n AYS 
s , .. T[ ( Pl P(R'1!T"j ONLY • G 02 23 :.... 09 9 fF nc l'ROPOS( !) U"IIT CHANGf IT 1 .. . .QQC !) AYS 

Aquatic Model 
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D[[P CRffK STATION 2 CUQLO, VALl[Y UTAH 

R(PCRT N:>. 1 ON S£PT 28 t'Jn 11.f., IFT(Q 180 DAYS OF' SINUUTTOHJ 
MEAN OCPTH )1£,lN ftOW N[AN WlOTH HEAN VHOCITY TOT'4L VOLUM( 

.2J 1£Tf"R<:; .266 CUH/S '4.51 !'4£TERS .289 HPS llr..8QCU,M 

THC F'OLLDWII-C CONSTITUENTS AR[ ORC\NIC .IND MC PRlNTfO IN G~.UiS (OP. )(!'AL, I P[f' SQ. I'(: TFR, A \,(RAGED (N ['R !ii r, ~ H[TT"RS r. r- "-lRfAH. 

CONST IT l£ "IT s or P"'THARY prinoucrRS 
CARB 00 

BCNTI-t!C DIATOM<:; 2 s. 98 60 f 
CU,OOPH<J?A 22.'3'3557 
SPl!l>GYRA zo.7"703 
CHARA 1 J.f'll 80 l 

Pf>TotOGfTON Z It. 51 SIi 'I 

ALL SPECIE<:; 
TO r,L 107,23218 

CnNSTITlT~TS ('.IF ANTl-'AL etOM'ASS 

RHINICHTI-ly.::; OSCUl~ 

f GOS 
YOUt.r. 
ADULT 

TO TA l 

HTA U.. [LA A7. T(CA 
F.GGS 
stzr 1 
SIZE 
S:J1[ 
s JZ[ " 
SIZE 5 
snr 6 

TOTAL 

8AErIS fflTCAUOlTUS 
' EGGS 

S !Z( 1- 2 
sur 3. 
SH£ 41 
s xzr 5-6 

TO Tl L 

OPTmS'ERYU'S Otv(Rt,(H5 
fGGS 
srzr 1-s 
ADULT 

TOTAL 

TRJO)RYTirnOES MlNUTVS 
reGs 
SlZ[ 1-2 
srzr 3-4 
S IZ[ 5-6 
S JZ[ 7 

TOTAL 

HYDR>PSYC!-E: OCCIDrNTALI S 
EGGS 
SI?[ 1-2 
snr J-41 
<:; I7£ 5-6 
SIZ( 7-'3 
sIZr 10-12 
SIZE 13-1 5 
PUPA£ 

TOTAL 

STMU..IUH ARGUS 
EGGS 
SIZE 1-J 
SIZE lll-7 
PUP AF 

TOTAL 

ARGIA Vl'ilOA 
fGGS-
S IZ[ 1-11; 
s IZC 5-8 
SIZE ~12 
SIZE 13-16 

TOTAL 

TOTA., .ll.L SP[CTES 

CA RB OH 

.oroooo 

.188SCJr 

.002 J'P

.1 '90 98 5 

.ormoao 

.OCQOl"! 
.1 67 33 ':' 
.311459 
.ota6CJ3 
.0~676 
.07140 9 
.s :ro 58 ! 

.om:roo 
l.11061~ 

.99'093 

.'31706CJ 

.o 82 '7 8 
3.1038511 

.onoooo 

.9 42 86 41 
t? .5052<J 8 
13.11418161 

.oos"' II 
2.173031 

.856918 

.3'32 57 <J 
,0{'12 65 ,r; 

J.41no2& 

.o?'l no 
.1783'2 
.1 02 58 3 
.s 32 SJ! 
.1il'l10 
.017622 
.01n12, 
.001986 
.9807'~ 

.OC!l 7\ 6 

.81865,; 

.011112 7 

.000006 

.861535 

.ooo :"22 

.on:n 1 

.16l"A 9 

.1 5'5 90 ! 

.077'6'4 
.J 8t 25 5 

iz.928197 

[NCRGY 
270.20707 
23 8- 528') q 
116- 071!8 l 
]3S.375611 
2!'i&t.!3371l 

1115-12921 

.oqoooo 
2.1011133 

.032878 
1 ol 3"31 :' 

.000000 

.ooc1sr. 
1.573921 
? .941'327Ei 

•l 76256 
.0,20,, 
.20,2111 

\.'395!79 

.0412806 
13.2033841 
u.1s&6'1 
10.8CJ76<JO 

.'H".!165 
36.880736 

.000000 
11.108555 

110.'325613 
l27.0H168 

.0611279 
2:-.,,1917 

'3.1J71"8 
41.1nno 

-027761 
36 .8 41~241 q 

.J 7185 3 
2.562561 
1.11135763 
7 .065580 
1.1169058 

-223227 
.1 JJ798 
.02,115 

13.286£,0!, 

.OU-"160 
8.1!11190 

.,25732 

.000067 
8.63Hlll9 

.0035\ II 

.317707 
1.s21111Slf 
1 oll\95]2 

.260 3113 
J.552580 

228.J61191f6 

NT HlOG [N 
3.M:"-28 
1. n 251 
2.115722 
1. 53$0 
7. ~'3 'J3 7 

12-6819' 

NlTROG[N 

.oroooo 

.o 5~'() S 
.00072 ~ 

.o 5r;12 • 

.000000 

.orooo:, 

.o 'Z'J 69 5 

.o 5'5 62 ? 

.OOJ n 7 

.001 718 

.QOJl!IO? 

.Q,..157 

.000'33 II 

.2 88 llf n 
•2 S6 M 8 
.2 :rr 86 2 
0 02'13'33 
.80"i17 Fi 

.000000 
.1 IP 8" 7 

?.H,1373 
2.5Clll216 

.Q011161 
.c;47~ 3 
.21730 3 
.1 01 a:J., 
.ooo 6" 8 
0868 IRJ Ill 

.006\li"' 
.041631t 1 
.Q?G652 
• 1 :!8 ~ 2 
oO'Z'JOP t 
.on. 613 
.002788 
.00051r; 
.2 5' 9) c; 

.QO()Yt' 

.16J 82 CJ 
.oo<J 09 J 
.000007 
.17327:! 

.ooo (); q 

.0065'3 5 

.o n183 

.on BJ:! 

.005720 

.on3'35 

11.87\133 

P40<:J'MOl:WS.• 

• 7'iJf:.0 
• 66 51 ~ 
• 6"':!S~ 
• J7 7,;~ 
, 710'3,: 

J.1oq13 

.oreoro 

.007~80 

.oooa, 1 

.orY SH! 

.o 00000 

.o oooco 
.002HE 
.ra;15:r 
.OC,-,lt ,r; 

.otot8 s 

.orottn> 

.008815 

.Ot'Cl 26 
.!' 3"3025 
.o 3' 788 
.iiJ?23r 
.r0289<J 
.\0'30£,9 

.oooono 

.n2t 56 7 

.161tt79 

.t 8JJ'H, 

.0002r5 

.080191 

.on 032 

.01J712 

.0000'!10 
.1 7'I 1 •u 

.00!"'89" 

.OC'6111 CJ 

.on36'9:> 

·" 1.91\ II 
.r['l"I07Z 
.ooou1 
.000375 
.000010 
.0'15252 

.000059 

.(12359\ 

.001196 

.000('!'10 

.r "t811l9 

.00("011 

.000539 
.002258 
.002139 
.OOOJ8F, 
.QD5BII 

POPU..ATIDNS ARE PRTffT[O IN NJHf'[RS PER SQ. HETER,AV[RAG[O OVEP IJ0.5 "ETERS a~ snr .IH. 
AVERAGE WEIGHTS A'1£ (XPA£SC.EO AS GRAHS Of CARBON IORY WT. 1. 

POPULATIONS WT. or AVE. THO. 

RHINICHTl4YS OSCULIJ's 
[ GGS • 00(11 .o 00 00 D 
, ou...r 1. 57~3 .11971 5•00 
ADULT .Q041l .587922•0(1 

TOTAL 1. 57911 

HYAU.[LA UT£CA 
[GOS .ooor .o oo rn a 
snr t.561'7 .775110-05 
snr 3551.011116 .lt7121.i2-04 
S IZ[ 3 3567.113:!8 .878669-0lll 
SIZ[ • 199.8193 .'3!511;88-0II 
snr 5 2?-~996 .ll~l7Cr-OJ 
STZ[ 6 26-5205 .8U72'5'i--OJ 

TOTAL 7368.91183 

8 A[ TIS TA TCAUO.l T11~ 
( GGS '37?.86rJ7 .17[]000-05 
SIZ( ,-, ll 'TSJ.9912 .J ll') 7S &-04 
SIZE 3 1410611. 85417 .703 911 "'"Olt 

~UC • 2<JZ<J. 7S!l;ct .Jt301 ~ OJ 
'i JI( !'-6 287.'lSq .2 66112 &-DJ 

TetU L 5l DO 9. 412 38 



OPTJOSfRVUc; OTVfRGf"'S 
rcc;c; 
517[ 1-5 
ADULT 

TOTH 

TRIOlRYTHOO[S HH,UTUS 
[665 
S IZC t-1 
SIZC l-ll 
SIZE 5-6 
SIZE 7 

TOTAL 

HVOFl>PS'l'Cte occtonnALts 
(00~ 
SIZE 1-Z 
SIZ[ 3-'4 
S IZC 5-6 
SIZE 7-'J 
SIZC 10-12 
Sil[ tl-15 
PUPJE 

TOTAL 

S!MtLl.UM ARGUS 
EG8S 
SIZE 1- 3 
Sil[ lt-7 
PUPA£ 

TOTAL 

UlGIA VlYlDA 
ceas 
snE 1-• 
SIZ[ 5-!I 
SIZE ,,_12 
STZE ll-16 

TOTAL 

.OCClfl 
UlOJ.0072 
127811.S07f, 
?Jee 1.s1116 

llf60.87'J'J 
'6 no. 012? 

~722.8065 
f;7t.JS~l 

J.16 85 
SIi 1611.21'91 

21179.056? 
J s•u. 8217 

56J.Zlf5? 
951.5852 
u ,.nos 

•• S'JOl 
.6JSlll 
• 15 l!I 

1nJ.9e1s 

3\!ht'J91 
,ze:J.1001 

ns.cnn, 
.oooz 

9868.81['] 

16.1092 
]86. 3521 
2s,.s211 

fl'). E.761 
10.6003 

TS1.zs-,.. 

CONSTJTl..£NTS Of' HfHROTROPHlC NlCAOORCl&NlSNS 
NlCAOBIAL TYPE CARS~ fN£RCY 

ORinDtG .00601 T .Q658Zl 
BENffllC .1a1,e6 1.16120, 

TOTAL .111100? l o2210J2 

SU5PEN0'1> OETRlT\JS CONS TY TU ons 
DORTT\JS TYPE CARSCtl fNERGY 

FINE PARTICLES 1.005J'J7 10.'J'J'JDll2 

C OARS [ PARTlCl[ S .882 Ill 11 'J.65)717 
TOTAL l .8 81' 8J 1 20.65275'3 

IIOLDUCALLT ACfIVf" SEDIMENT'S 
OORtrus TYPE CA~8Ctl f"N[RGT 

F INC PA AT ICLE S 27.7'69'2 lOl .7 7031111 

COARSE PARTICLES ~.,m 110 '382.9110826 
10 TAL 118 •• 11190, 1 12'96.711166 

TOT A. DORITUS 120 .J J5 881 1307 .J6J'J22 

onsoum CONSTITL€NTS CAABCtl fNCROY 

IN WATf.'R 11.111 7J 0 118.31658 
IN B(NTl«)S 1 J. 5' 7'I 7 1s1.J7U'!I 

TOTAL t7.'JG117F 1"9.611097 

AVERA8C IN ECOSYSTFM CA RB CW ftitERGT 
2'6 9. 57 50 'l ?851.72607 
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.oroooo 

.8~91Cl7-C"l 

.'J78tr,r,...cJ 

.J9'3'J'3 ')-05 

·" 6'J2'J 6-0IJ 
olCl'J7J l-0J 
.59"159-0J 
.an 91. J-rJ 

.99'1'9l-05 
-•'J6t07-0-
• 18212 &-0J 
.s S'J'llt 7- OJ 
.'JJJ'll 7-0J 
.J&J81i3-C"2 
.1san1-01 
.1?5ft39-0l 

.11,-,99 g... OS 

.8!18?. 0-0II 

.17\Jl--03 
-25068~01 

.1'9'99-011 
.862lJl-(lfl; 
.61133&1-0J 
0173852--02 
.2 6l S'.J('I.- 02 

NY TROC EN 
.om 26 J 
.01'3767 
.o 2'10l 0 

NJTROG[N 
• 2u o, 2 
.1 85 31 1 
.J'61111lJ 

NJ TROG EN 
s.anos1 

11\.012 '1011 
1., .8 '(J TI>;, 

20.211[)165 

NTTROOCN 
• '!12 7J 5 

2. ~ 613 
J. TT 36, 

NTTROG[N 
-11 I. 19 cg q 

PH~PHOAUS 
.l:'CC'ltl 
.002211 
.razJJJ 

PH(XPHORUS 
.Q:'01~ .. 
.Ot764'J 
.nn75~ 

PHOSPHORUS 
.S 553"'' 

1.'Jlt'311~11 
:' .5 ()11177~ 

2 .511251f: 

PHO'-PMOAUS 
• 088711 
.n'Jo6 
• !1731 

PHO'S PHO AUS 
6.117092 

ACCutULATED NO ..... OR LOSS OF ORGANIC CONSTITUENTS TO ft,£ r NT IA r [COS TSTEM. 
C ARBl"N ENE ROY NTTROG'CN PHOS'PHOl?US 

'""' Tl€ l TM~Pt-tfR[ .18''1.•D• .6 OUJ1•06 • J 9'3 :J:I ..0 '..' ..IIS5M•ti2 

TO T ~ A TNOSAfEAr -.696,;2+03 - .:'.('J689+06 -.17092+0] -•20519•02 

'""' OYf'"PLAND FLOV .00000 .00000 .ooo [D .C 00 00 

BY WATER RE"OVAL .00000 .00000 .ono oo .00000 

'""' UPSTR[UI .81282+09 .98918+10 .17065+09 .162 51 ♦f18 

TO UPSTRtAM .OOOOt' .ooooc .o DO 00 .o 00 00 

'""' OOIIN'STREAM .00000 .ooooc .o 00 00 .00000 
TO OOMN(.TREAN - .812 Bl+O~ -.98917+10 -.17065+0 9 - J. f.2 $ •r.8 

'""' Tl€ STREAM 8£0 .00000 .00000 .o OD CIJ .0 0000 

TO THE' STIIEAN 8£0 .00000 .00000 .o DODO .00000 

'""' TRIBUTARIES .00000 .00000 .o 0000 .00000 

TO TRmUTARIES .o 0000 .00000 .00000 .00000 

CHBtlCAl CHA NHS .191631+0~ .00000 -.67(105+0~ .6 HOB+n3 

lOUl .2 BO 63+0 !- .? 9'66+06 .:us20+0• .76359•03 

IGRW SOR ~ClL.1 

TMt FOLLOWING COHSTrfU(NTO., ARE INORGANIC AND ARC PRlNTTD IN GRAMS PrR so. l'ICTf'R ,.,."AGED OVER 110.!i l'IETr.RS OF STR[Ut. 

SUSF£N0ffl PARTICULATE HATTtRII.HORGANICl 
"I2E suesm.-ruM 

PARTICUUT[S 211. 73192' 
TafAL Zll.7Jl92 

l(NTHIC PARTICUUTf IUTT'E 1U JNOAGANICl 
'il2E SUB~TRATUl'I 

POTICUUTES Z"JII. [£~3 
foT 4l 2"'HJ. CliS'l 

322.r.J7l5 

DI<.mLvm INOFIJANTC CoN<:1ITl£ITTS 
ClCl:BON POOL NlTROG[N 

IN IAT£R SL.26121 .05015 
IN 11:NTK>S ,z.,9355 2.m1115 

TOTAL 143'.751176 2.65161 

PHOSPHOPUS 
.OSJlO 
.382611 
.113 57 q 

PH lN WATER COI..UNN 7 .. 00 PH IN BEN'T~S 7.00 WATEq COLUMN T[l"P. 17.ZJ 8ENTH0S T~P. lloZl T"rGAE['i" COfTT<llAOf 

ACClMULlTEO NET GATN OR LOSS CF INOR'GINT'C MATERIAL TO TH[ fNT!A( (tO~Y'.iTEM IGRAMSI ,..IWAfrP TN CUBtCH'"T£fl.1o 

Aquatic Model 



FA(Jt Tl£ AlltO'SPHfA[ 
TO Ttf: ATHOSPH[R( 
FRO't OY(RLANO FLOV 
RY VAT[R P[HOVAL 
F~()II UPSTR(AH 
TO UP<:;TRfAH 
FP04 OOWN<;TR[AH 
TO OOVNSTR[AH 
fRot Tl-£ ~TR[AH Bf"O 
TO TH( ">TRCAH 8£D 
FR04 TRI8UTlRt[S 
TO TRIBUTART(S 
CHDtlCAL CHAN:;[S 

OT OT Al 

WAT ER SU85TRATUN 
.111725' ♦0? .oocoo 

-.1571117•1"3 .ooo 00 
.c 00 00 .ooooc 
.ooo 00 .00000 
.s 2110 ♦0 7 .90905•0., 
.QOOC'f" .ooooc 
.o oooc .ocooo 

-.1!12170•07 - .~Hl"301•0~ 
.o 00 00 .00000 
.o oo er .00000 
.o 00 00 .00001'.' 

.00000 .00000 

.O 00 DC .oooor 
-. 6l0fi 2• CZ .J16'16•0S 
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CARBON POOL NIT ROGfN PHO~ !iCRUS 
., 17 9' +O 0 .ctn94•or .q 1' <4•00 
.00000 .ODO Of' .ooo OJ 
.o ro oo ..OC'O CO .OOO CD 
.OOOCJfl .onooo .one er 
ol 81'6" •1 0 .itZJTI•07 0 llil6 t(" +f' 1 

.o 00 00 .OOOC"' .ooo ro 

.o 00 00 .ooo OC' .oooa: 
- .1 88 91 •1 0 - ... 2376•07 -.1,.,6.Y~7 

.ooo Cl) .ooo CX' ..O00Cl" 

.a oo or .Cf"OCC .ooo co 

.o 00 00 .ooo Cl{1 .ooo ro 

.ooo (I) .ono oo .ooo en 
-.19G:n,.. s ..67~0-::•rJ -.614CI ~3 

• 56(1'! ~ °' • 38 l3 C•OJ .76'LC•02 

TH[ f"OLLOWrnG S(CTJON cr ... s WITH ORG~n: JU.TT[R [NlTRING AN> LEAVINO THE 'S~T[H R:P TI...:' UNIT. ALL OF Tl-I[ 
FIGIJHS ARC' or CAq~QN • TOTAL<; AP[ IN GRAMS (QP KCAL.I AM> AV£RAll:S IN GRAHS fOR ll:Cll. t P(R CURlC' N'[ll"P. C.- VATfR 

PRIMARY PROOUC[RS 

8 CH TH IC O IA TOH'> 
CLA[XJPHCJU1 
SPIRlG'fRA 
CHARA 
POT<JtOGnON 

ANIH4l CflH"-TIT'IJ[NTS 

RHINICHn.l"'S OSCULlr:: 
EGGS 
YOUJrr. 
ADULT 

HYAU..ELA AZTEC-' 
[ GGS 
SIZ£ 1 
SIZf 2 
S IZ [ J 
SlZ[ 
srzr 
snr r; 

RAETTS TRTCAU0ATUS 
fGG<; 
SIZE 1-2 
Sllf J 
SIZf -. 
SIZE 5-fi 

QPTIOSffNl)'C; OTV[AC!'"NS 
CGG"-
Sll[ J-S 
ADULT 

TRIQ)RYTWlDES HlNUTu<" 
r Gcs 
s ur 1- 2 
s rzr J-it 
Stzf S-6 
s rzr 1 

tlYDmr!;'+'CMJ" OCCIOf"NTALIS: 
F GG<: 
S TH 1-2 
STZ£ 3---.cr, 
S tz[ S-6 
S IZ[ 7-'J 
Sil[ 10-12 
SU[ 1.1-15 

p """ STMU. IUH ARGUS 
rGG"-
'i IZE 1-3 
SIZ( lt-7 
PUPJF 

AP.GIA YlVJOA 
f.GGot; 
SIZE 1-lt 
SIZE 5-8 
SIZE ~12 
SIZE 13-16 

ANTNAL NJKBERS 

RHINICH'Tl4Y'- OSCULl}I; 
fGGS 
YOUN; 
ADULT 

HYAU.ELA UT£CA 
':GGC:. 
SIZE 1 
SlZf 
SIZE 
SIZE it 
SIZE ') 
S IZ[ 6 

RAET!S TRICAUOATU< 

fGG"-
'i IZE 1-2 
SIZf 3 
SJZ( ' 
SIZE 5-6 

OPT JoS[CNO<' OTYERC:'fNS 
rGG'i 
SIZE 1-5 
A OULT 

TRICORYT'l40D[c; MT .. uruc; 
EGG<;; 
s nr 1- 2 
SUE l-11 
SIZE 5-6 
SIZE 7 

HYORlPS:1'Ct£ OCCIO[NTALIS 
(GGS 
SHE 1-2 
SIZE l-111 
S IZC 5-6 
s nc 1-9 

TOTAL [HT[ RT NG 
.00000000 
.aoocoooo 
.00000000 
.(10000000 
.00000000 

TOTAL CNT£PTHG 

-00000000 
.ClOQOOOOO 
.00000000 

.oooonooo 
-121'693"•0'." 
.5853902'J•OC 
.173711055•01 
.JO'J912,1!•(11 
•"1106251C'l•Ol 
.705~1176•01 

.00000000 

.20G608J2•ro 

.1 2'4G2'111'l'3•02 
o206&08l2•M 
.t8J65181t♦ fT7 

.cooooooo 

.2926!033•01 

.,5912'60•02' 

.00000000 

.21762261:1•Cl 
.22)5'3611•01 
-712111322•03 
.826it33?7•01 

.00000000 

.6S196tiOJ-01 

.12956"80•00 
.11992']865•02 
.1579110S8•01 
• J 1 .. 503111•01 
.91825919♦ 01 

.22956'80•0? 

.00000000 

.2 2"3560 O•OO 
... 59129&0•01 
.109011132'1•02 

.00000000 

.111f782111Q♦ ()('I 

.367303611•00 
.t23']61f'39•01 
.367JOJ68•C'1 

TOTAL £N7£RTNG 

.00000000 

.00000000 

.00000000 

.00000000 

.?2'561t80•0"i 
o?Cl.60832♦ (15 

.18365181f•CIS 

.16069536•05 

.1n 11us•os 

.1111782110•05 

.00000000 

.2Z956UCl•OS 

.1 ~Sit 356•06 

.1n13ea8•rs 
.9J825919•f'llt 

.00000000 

.18527192•('15 
.?Z9561t80•0ti 

.00000000 
.138501126+05 
-183&51800~ 
.&1 .. 5ti02Q♦06 
.91825919♦0111 

.00000000 

.2 2'9S&UCJ•05 

.2~6CIIJ2•0it 

.7 ~1Jl77ti•05 
.t606'S36•0111 

A 't'£ RA Gt [N'T(RTNG TOT AL DOWNS TRHM AVrR/11;[ OOWNSTP.t"AM 

.ooornoro .coooocro .ooomooc 

.aoooooco .LJOOOOO"C .0 00 fl"' 00 C 

.00000000 e,nooocrc .ooorcooo 

.OOOOCOf'C .oroooooo .ooomooo 

.o roOOOf!O .c:. ooooa-r. .ooor:cooo 

AVERAGE EN'T(Rl"fG TOTAL OOWNSTR[AH AV flUG ( OOWNSTRc-AH 

.oooncoro .c.rooeooo .ooowooc 

.oocooooo IJl"'O00OO0 .000 CD 00 O 

.00000000 .orooomo .oooreooo 

.ooocoooo .00000000 ..000(1"000 

• .-;3001zq&-os J 213"'93 .. •0- .c.2t1795118-05 

.2550062 ... 011 " so; 211" 1• m .298521':!lrOI 

.757M.852'--0lt .1~8'l3'lUC1 .an ,:.1'f--.e11 

J 3500JJ J-OJ .... O'l92fl7 "♦ 01 .13'501 rll')--03 

.2 JS 50 517-0J •"' J'3911 J2 7 • Cl .2 35 2{: !7 5- 03 

-~ 0150 7'S 3-0J ... 0~11'n"1111•m .Jf17'!21181-0J 

.ooooom,o .0!'!0000"0 .oooroooo 

.'l00022nJ-OS .A SSJJ()II 5• m ,T725J~1-CJlt 

."ill28882'J--OJ .1 30065-\ ?t-02 .5662!TI&-OJ 

.'JOGCl2l02-CIII ~ l.()OQ81 t• C!l Jtl.DllO-DJ 

.sCOOl.95&--03 .I. 839"6.Jl•rz ~01 Sl ()It 2-03 

.000000!"0 .ooooocr.o .OOOIDOOD 

.127 5010,...0J .] l41,jlj;j1 l7 I!♦ rn. .1 50 !!J61 &-OJ 

.2moo1tqo-02 .s 27'32 579♦ C2 .229rq nJ--02 

.oooocooo .£J oooocro .ooorcooo 

.'111800236-(111 .': 3'!1!3125 2• Ol J.U&oe.&-OJ 

.97\CZJl!S-Oti .Z r;J 376'3 3• Cl .116 lt"l' 11108-03 

.CJ2SS7059-02 .;: 121~561!•03 .92111 ~156-02 

•'60"0 NI I-OJ .8 2518729♦ M. ., 5911. &Cit-03 

.00000000 .oocriocro .uoomooo 

.2 ll'f\OG'J&-05 .1560516 T• 00 .679118'?-05 

.100002115-0III .... 8598Slf•OO .l211Sl518~()q 

.2175032,...02 .snune•r1 .21B2"'3.Jl-02 

.GM01681t-Olt .1F-Jse&s1•m .112 61 lS t- ()q 

J. ncrn&-c~ .J 1111H67 3•01 .J. J71C'll"}-0J 

.11 0000'37 ~OJ .'31682'YZI" ♦ 01 .3'39~687-0l 

.10000:i"S-07 .? 2951t75 ,. 02 .99'3 ~ '2 &- OJ 

.c 0000000 .o roroooo .oooroooo 

.100002'1 S-0111 .6 8€ 3110 6• CO .2'38~fl'fl-C1f 

.z 0000 .. ,~0J .II 60107811♦ m .200#01011-03 

•" 1501 J6 J-OJ J. 0'303526•02 ..ltltl;~Gt;&-03 

.oooooooc .OOOOf'OOO .oooroooo 

.5. 000122 ,._ 05 .1328012 7• LO .,s 78 !II 53 7- OS 

.160003'32-0lt A 5S'31111l9'l-♦ Cll ..1. 98 a 763-DII 

.5 ltOOl.32 2- o, .13222~.J•Dl .515 9336'1-0I 

.t 60CC:l'32-Cl .... r•so62J•Cl J.605!:nl-03 

AVERAGE ENTERti,,,r. TOT AL OOVNSTR[I" AVERAGE DOWNSTRtAM 

.00000000 .llCIJOOCllD .00000000 

.o ooooono .oroooro o ..oooroooo 

.OOOOOOC'O .0(1000000 .oooroooo 

.00000000 .0 OOOOIDO .ooocoooo 

.100002115•01 .2 2916817♦ 05 .9982""Gq 7•00 

.9 000220 3+00 ..S lt8809"'?•05 -2 3'30"' 11'.!• 01 

.,i,m01gc;11•or •l 6201'3110•08 .71);0.371+0.J 

.1ro01n1t•oo ,E, lilSltl 76 7+07 .281 ~525•03 

·" 00 011116 9+0("1 J. l76287Cl•OS .!- 9'353,.'J3•00 

.5 oom 2'l ... ao .7 133001 lil•OS .J107l601t•01 

.ocoooooo .OOOOOCI'O .ooomooo 

.10000?.ft 5•01 -6 34g7131•00 .216001163♦ 01f 

.e3001tll5♦01 .S lil327 .. 6CJ• 08 .236 {,:9')8♦ Cft 

.& 0001lf69+00 .2.lil351133•08 J. 06 Of 7~ O♦ C1f 

.1110000,19♦ 00 .1 787835'l♦ C8 .1 78 fl! Z1'i Ill• 03 

.000000'10 C, (D(!Q(rl 0 .oroccooo 

-80710309+0C ,2%6556,-+05 .10144 752•01 

.l 00002" 5•00 .'l8C177871t•C7 ..11 l8~G88•0J 

.oroooooo .00000000 .oooroooc 

.1 03 ll'l 83 8♦ 01 .'l 533158 S♦ 08 .4l528109•0I 

.aooo195 8•00 .A 0031230•08 .1 711 :!I 306• 0. 

.z 6110 111i1t 7♦ 0? M 3ft'lJ6~2•C'7 .1,12D 83 5• 03 

..IJ0000'79+00 .!. '36 2'5 lD 1• C6 .85't9JJT&+m 

.00000000 .oroooooo .ooomroo 

.10000211 S•Dl .J5'JHTI?4-08 .l!;G115CIJT•IJIII 

.goo02 20 3- 01 ,.!it71117513•('11 J.51'.!;626•03 

.!2929972+01 o'?ll53TS8:'•(17 J.0689001• OJ 

.7mo1 n..-01 .s ao,g 3118• Cli .2. 52., 31 3• 02 
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SH[ 10-1 2 .1 n nse8+('1• .6000l116Q-(;,) ,'? 322ff !"' 0 • cs .1 01 U: "5 ~· 01 

S!ZC l!-15 -tl47824n•c, ,'""Of'IOt'l''+--01 ,11'46155 S•CV. ,.ia '39 'ZP 511 ..,_ 01 

PUP.lf -91825919•0 .. ,IIOOC!O<J7~01 ,,. l"'JC~lt J•~ ,l 38 ¥ Sl 7,. CXl 

STMQIU" .IAGU S 
r GG< ,(10000000 .ooaocc,r,o .c roocrr o ..OOOTOC'O 

'i Tl[ 1-' .J 1117821110+00:: ... 0001 n '4+cn .:! 1118'.;llt J• ~ .9 t q g, 81 6• OJ 

'-UC •-7 ,114 7821tO+C,C:. ... 0001 ?'J 'l+OC .4 553'5 !O 6+ r7 ,1 98 Y. OE II+ OJ 

PUP.tr ,1 lit 1i,21tO•O"' ,r OD Cl 7.? ll+OC" ,! Jq7•:,ZB•C5 ,0::0001171•00 

ARG TA VTVlOA 
,..GGO:: ,00000000 ,CC'OCOOOO .crormreo .ooorn~~ 
stzc 1-• ,229561t80+Cll .1 ooor~ s•oo ,105)2862• r:7 .-se!.'9<3'"•02 
STZC •-• ,1 8]6518-♦ 0II ..8000195 9--Cl _,., 20fllt 57 ... 06 JI 00 Q: Z2 'J• 02 

SU[ ,...12 ,1Jl7J888.r111 ,6CIJOl'l£.'r01 ,7 ll765SC l•r.r ·"" 25 6911'" '5• 02 
t;TlC 13-1 6 ,'Jl82r;;'H9•0"' ., 0000"-17 ')-f"\ ;, 7809 ... 7• C!6 ,7"5,o;JJf!(\+02 

l'ITt'q)QRGo\NISl"S 
TOTAL CMltAJNG A'KRAC£ [WT[PlN( T CT Al nowN'iTR(AH AV,-PAG[ OOW"ISTAr .lt4 

OAin!NG .6177~887•M .1 ,;, 10 r.s -.:r-o 1 .f.17711f'Of3 .2691)1t8J7-01 

B [NTlHC .l()lil 115198•0'." ·" 55 0111 .__ 07 .1 0113'3'3"'11•03 A 511 "'8._q4-02 

SuSFCNOffi on RI TU<:: 
TOTAL [NTtATNG A V""AAGE [tff (RlNC TOT AL t'IOWNSTO(lH AVrPAOf OOWNSTRf"AH 

F TN[ rART ICU S .t 0Jl0"16•DE. .115(lf'l.101•01 .1 1'4!0'38 '3+ 06 .- 98"12516•01 

c o.u·sr PAATTCl[ S -9 U 1118 221•05 .i-~CS76J•0l .~os9it81'"•rs .J9"Al6911•01 

TH[ fOLLOWI~ S[CTTOff OCALS WITH ,t.L 'Wr OTS'S;OLV(O "ATrRT..._ rNT(RTNG A .. 0 L'"AVING lHf SY"-l'[H P!:R TIN[ UNTT. 
TOTA.S ARCTN GRAHS AND AV(CIAO[S lN GA#fS P[R CUBir .. (T(IIP Of" WITfR. 

ORr,#ttC HATT[Q 

CARBON 
[ Nf A'G y 
NTTF10G£N 
PHO<PHORUS 

INORGANTC N.1,TT(P 
CARBON POOL 
NlTf;,C'lG'fN 
PH0"1'14"1RU'5; 

TOTAL [NT[RTNG 
.tiSJ25179+C'6 
,11':1'57'527•01' 
.9Sl6871<J•ns 
.90S11•US•OII 

.. 52627llt•01 

.511 lJ819•f'llf 

.5ti5216JCJ•QIII 

AVf"RAG£' ["l'T[RltJG 
.191411 414 2•Cl1 
.2 15 CJ6 t!0 ll+0J 
.1111157 16 J+0l 
.J 91411263 "'•CO 

.2292'!,S62•Dl 

.222 97212+00 

.:- l7 SO S8 t•Oo 

T O'I' "I... OCVNSTR[AH. 
.r. ,11z2r'355•06 
.It 8J~ 8 ('1(,~•C1 
.'! S?06050+ OS 
.9 0<;CJS 85 o+ Cl' 

.') lf.'ll 1'30• 01 

.r. t\916.76•('" 

.£ \St98CJO+C\ 

14/(PNJ[ DOVtJSTQr"A~ 
.1 9:1 r 112 J• CZ 
.210"i'C'4lll+0J 
JI lti 1342lf+Ol 
_.,. ~ fF lit O+ (D 

.'12'CJ 21; 326•03 

.2211, D676+CC 

.2 37 ~ 81 q. 00 

TH[ FOLLOWif«:i 'i[CfTON OfALS WITH lHOQCllNIC PlRTICUt.AT[ t1AT£R!AL [NT(A]'.NG ANO LfAV~G THr <;;YSl[H P[Q T™[ ltlIT, 
TOT .... S AR[ IN GRAHC: ANO AY(RAG£S IN GPAH'i Prn CU8l" Jll(T(O or WATER. 

TOTAL [NTEnNG AVfRAr-£ [liT(RlNG TOI' IL OOWH'i!AfAl1 li,VrT'/,/j( OOVNSTR~AM 

PARTlCULAT£S 
SUBSTPATUH .1 JO E,J '!7 I• 0:' 

TH[ FOLLOWH(t FlGLR(S ARE Of N[T mooUCTIYlTY FROIII THf 8EO"NNING ~ Tt£ SlHULATTON. 
CONqJTl,f"H'TS AR[ PRINTED TN GIUHSfOR KtA&..1 P(R SllUARf M[lTQ, AV[RAG£f'I ovrR 40.c ""E"TfRS er (;'JR[AH. 

CONSTITt..f"NTS Of f)PT .. ARY PRODUC(R"i 
CA q9 00 F'NER6Y NT TR OGEN PHO<:; PHO AUS 

8[NffllC OlATOH'i 6 5. 7' 'Jl 1 n a. s,100 .e.1903 7 1-9?6'}2 
CLAOOPHCIU 5 6. 1~ 98 ti 5811.062311 ?.016'.l II t.6291 J 
SPlllJ GYRA II 1. 11315 2 IIJO.UlSO 5. 1• 12 0 1. 2C2Cl 
CHARA 4 J. "llli 65 Ill \S0.82117"> 5. 6,'31 1.2';76r 
POTCHOGCT~ 7 1. 'i5 :l8 C\ 714".15937 g. l'3 ll "I 2.C7 56? 

ALL SP[Clf'S 
TOTH 277.'l't~O 28118.53125 J 5. If.' t.:J0 IS. 0'31 ?I' 

ANIKAL PR OOUC Tl Vt TY 
CA QB OH ,-HEAGY NT TROG rN PHO'i PHOAU'i" 

RMINICHTM Y"i OSCUL~ 
F'"GGS -.orcooo -.000000 - .. ammo -.oooooc 
YOUNr- .20II OJ 7 2 .273553 .051'3"'0 .roaM:! 
ADULT .DCJ.150 -015432 .000::2 0 .00C0J? 

TOTAL .20SUF 7.2MCJ811 .o ro2'6 o -~0:11?5 

HYA U. EL A AlTECA 
EGOS - .oroooo -.000000 -.0IXJOO0 - .oroooo 
Sil£ .1 OJ SJ 8 .'372511 .o 18 T7 0 .001672 
Sil( .J J'3 53 S J.19381'1 .Q6Q2'!, II .0055611 
SUE .202361 1.'304713 .a 35 ~ e .roJJlf6 
SUE .0lltiJ8 .1'11&30 .OCI2 l8 6 .0002, 9 
SIZE .0C9455 .08'l878 .001 6l g .oro18c 
Sll£ • .o:?Zn1 .216289 .OOIIIOJ :' .ooo-.,1t 

TOTAL .6 ~ OJ ,g 6.50lf8J8 .112 Ii:! CJ .a 111156 

BAE TIS TR JCAUOATUS 
f'GG.11, - .or.oooo -.000005 - .. 000000 - .000000 
SIZE 1-2 1.97'033• JS .Jl1077 .7 '1) 6Z '1 .u11n, 
<; IlE ' 1.696766 2(1.16'11D7 ... 11)06 3 .n S96'." 5 
stzr • l!.,37f.lDC 52.013977 1.1JS2'2• .t !i:UIJ8 
SIZE 5-6 .J 5507 8 • -218277 .092110 .rt2lf8~ 

TOTAL 'J.39887ll 111.1051137 ,.c.38m 0 .J 30322 

OPTiaS£RVUS OIVERGf.:NS 
EGGS -.000001 -.000012 - .orn oo o - .ooocoo 
SIZ( 1-5 J.lct2n 7 113.890876 .746530 .r82l811 
AOULT n .o 6J 16 a 11'1 .,,21155 J.9£;-;49'J .?57165 

TOTAL 211 .805 rf1 F 215.883320 ft,712029 .3J"9q119 

TRIO>Rvnrnors MlNUTU<:; 
EGGS - .o "000? -.000020 - .oroooc - .000000 
S 12( 1-2 3.80T0ll "0.99r.171 .CJ61Jll5 .111('168 
SIZE .... ., r.8!>88 8.136575 .1 95 S2 J .a 11 ss, 
SIZE •-• .2 861111 2.980522 .01' JG 7 .f'Q'J150 
SlZf 7 .Q?6ti2 8 .273317 .oa; m '! .0008911 

TOTAL CJ .888826 51.38056\ 1 .z J7 81 D .1 n n1 

HYOROP<; Yet£ occtorNTALI s 
EGGS -.0t0002 -.00003D -.000001 - .O !"ODDO 
Stzf 1- 2 .s 9517 9 12.5116635 .23253& .032219 
SIZE .... .721896 CJ.8J0J65 .t B7~ 5 .D25973 
snr ~-6 .8'J\1J«; 11.11 0029 J .277209 .r n1171 
s tzr 7-9 .o 56506 .7tt08D6 .0111687 .002031 
SHE 10-12 .0'.!9578 .3731211 .007 7'5 ,- .001011 
SIZE 13-15 .QlJGJ0 .1 70130 .003 Sit 5 .(![)rtt18 
PUPAf - .000208 -.0025'32 -.000~11 - .000001 

TOTA l 2.s'Dn5 35.058730 •'-7l2'2 .0'!ll 19? 

STNU.IUH ARGUS 
r Ge.ii; -.ocoor.c -.00CD05 -.ororoo -.000000 
s rl[ 1-J l .'JOI '305 1'.!!62957 .J 112 l11 .0S"tJ\4 

.1 10 FO 711 o:+ OJ 

Aquatic Model 
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Sll[ lt-7 .8aG671 'l.U.'326"! .1 cic; lC l 

PUP Ar -.00002r. -.000283 -.QCX,006 

TOTAL 2.783550 28.231'33'3 .sncio.-;, 

ARGIA VIV IDA 
E 8GS -.0r'OOO0 - .000005 -.0('0000 

SIZ£ 1-• .108~8 1.012212 .o 2'l q7 {j 

S IZC 5-8 .s~ ssq ill .IJP747 3 .11017 'J 

srzc '>-12 • 7 115 171 6 .96885 l .1~058 

SJZE 13-16 .s n 56 1 7.808562 .1 72 &'3 l 
TOTAL 2 .2 ?1\15 9 20 .1 n 100 ·" 58 (()" 

TOT A. , ALL SP CC TES •1 .s<JJnr. Cl 82 .8 JIHl'l 1 10.279828 

CONSTTTlCNTS OF H[T[ROTRf'IPHIC MICROORr.ANISHS 
NIC'ROBIAl TYPC CARBON HICRGY NlfAOOCN 

OAinING .Oot8110 .07'821 .OOlilllf 
BCNTHIC .0!1615 o'l76.,76 .QJ57[i6 

TOTAL .098115'i 1.0512'37 .017202 

.r 25 JJQ 
- .ooocoJ 

.n7'3687 

- .000000 
.001116n 
.007018 
.01cq3c. 
.011766 
.OJCE,7'3 

J.r7tJ7F-

rHOC:: PHORUS 
o00C1J7 

STA 1E f 
STA 1[ t 
STA 1C t 
STA lE t 

2,11 PER .. ns ONLY .2ori06Jlll'2J fT TH£ PROP.,S[O UNJT C .. NGr 

.n01a,,. 

.f't02 0J0 
AT 2 78 
AT ff 10 118J PCRNITS ONLY .'JQ1129:t:JTS2 ~ Tl-£ PROPOSED UNH CMlNGC 

161 J PERNTTS ONLY .95lllllJ9fJ Of TH£ PROPOS(O UNTT CMlNCr 
1601 P[R"ns ONLY .95'076 .. S.SII OF TH£ PRODOS[O UNIT CHANG[ 

DEEP Cltl:rK STATION 2 CURLEV 'l-'l.L[Y UTAH 

AT "11 + 
AT "12 

.ooo~ws 

.000 l"l'l'S 
0000 0 A'I' S 
.000 l"1 NS 

R[PCIH tel. 2 ON APR 1 :r.t72 II.[_. AF'Tf.R Je6 DAYS OF StHUUTTONJ 
"(AN DEPTH "UN now 1'1£#1 VTI>TH "[01 YCLOCITY TOTAL VOLUME 

..62 f£T£AS Lo506 O..IM/S s.02 1£T£R"> .51.F, NPS us.<r?C\J ... 

....... 
203.Jl SQ."'• 

THE FOLL0"1t«; CONSTITV(NTS AD[ ORGANIC i1ti1D IA[ PAT!HrD IN GRA"'5 (OR W!:AL.I P[P SQ .P€"TrR, A\CPAG[D rJIER 110.!: N[lTRS OJ" <';TR[OI. 

CONSfnl£NTS Of' P'1!NAAY PRnDUC'EAS 
CAA8()1 C"NCRGY NtTROG[N PHOSPHORUS 

IEN T1i IC O Jt TON<: J.nn 1 J'l.?J5lB .5"'11~ • 1cci. 1 

CLAa>PHCIU 6. !i:139 l 67.6 .. 127 • 'll 311111 • U!l 862 

SPlAJGYRA S.C706'! s2.n,,2 .n.19g • 111705 

CHARA 7.67628 79.8132? 1.0777:? • 271£,1 

PCIT(JIIOGCTOH 1 1. 57 65 7 lt'l.87615 1. 6182 6 • DIii?~ 

ALL SP.[ Cl['S 
TOTAL 3 "· ~01 5 JS 9. 320115 "· 9'i01 5 t. rn1,s 

CONsTIT\£NTS Of" ANT,.AL 810,uss 
Ci A9 OH rN[R GY NI TROO[N PHO<: PMQRU'S 

RHtNlcHmYS oscULus 
E88S .000000 .000000 .oroooo .000000 

YOUN3 .Otl8'38 .15,863 .0(1(1081 .ooos, 1 

ADULT .6 ... l 6'l 7 1.uo2,, .18861 II .0251465 

TOTAL .6sss,-. 7.335111 .1'IZ697 .o:'6r:t? 

MYAU.n.A AZTECA 
£G8S .ooooco .000000 .oroooo .o oooco 

snr 1 .onooo? .000023 .000000 .or.oooo 

Sil( 2 .000571 .005621 .oro102 .onooto 

SIZE 3 .OC1581, .015051 -000791 .000017 

SU£" .00'25f; .0"022~ .000155 .oono12 

SIZC 5 .01'203 .£,'3'31"2 .o !J 1E," .001 "'ltl 

SIZC 6 .IIIOGGl? 3.8]5"0" .a 7217 3 .OC6!'1 t:; 

TOTAL .1187288 II .5'15"66 .o &; 111 ca ol"0826f> 

fl;A[TIS 1R ICAUOATUS 

EGOS .oOf;ns .07'18" g .001 'Jlt2 .000236 

SIZE 1-2 .z 11106 8 z.9n,o, .091101 .f't"e 681 

Sil£ 3 .3071!16'1 3.657656 .01'871 .a 1oet1 

SIZC " .311117686 ,.1nsG, .O~l1'98 .012211 

S IZC 5-6 .01es6r .220,62 .001181 c: .000651 

TOTAL .')27888 11.0252,1 .2-0121 .o 3Z603 

QPTJDS£RVU'S Dl'f'£'RG£NS 
(88S .oroooo .000000 .ooo Cll 0 .or,c,000 

SIZ( 1-5 .08785~ 1.02391" .a 11; 96 G .00180! 

ADULT 2.29".Jf!IIII 7 zo.8268&7 ·" J7 )A 7 .on s,r 
TOTAL 2.38710ft 21.850781 ·" 511 3'5 3 .o J3 J'9'J 

TAICOAYfflOOES NTNlfTU'S 
[66S .0110-.0 .12H'lff .002760 .000386 

SIZE 1- 2 .2 93MJlt 3 .1 '30555 .o l3 et 8 .Or918D 

SIZC ..... 1.1211ea-=- 12.10760') .2"' 07 c: .033 553 

Sil£ 5-£ 2.56733" 11.,53658 .t.52316 .r72675 

SllC 7 .013"1'1 .1,3280 .0031113 .000378 

TOTAL ".o 1028'1 ,3.0165'l5 1.ou;~2 .116 17 ! 

H'l'DR>PSYCJI': occror"TALI s 
EGGS .003 lilJ 7 .051511" .OOC8'3 l! .OOC'12ff 
SI7( 1- 2 .It l'l79fi; 6.2'l670t .1 o, 1, F;. .01511"' 
sur ..... .182712 2 .736'31 '3 .0'47535 .or:i; 57P.: 

snr .... .247029 3 .Q03655 .0&111116 7 .('108766 

SI7£ 1-, .orftno .C01"3 .001 08 8 o0t'Olill8 
Sil( 10-1 2 .001:mo .016280 .coo~ 1 .0000, 1 
s JZ[ 13-15 .00221'4 0027623 .Q('Q576 .oon078 
PIJPK .occooo .000000 .000000 .ooooro 

TOTAL .860676 12.176870 .2 2~ n 6 .OJ0851 

Sl"tL IUM AA SUS 
[ GGS .00339" .033935 .Q0067'J .OC,:,115 
Sil[ 1-3 .191&036 1.961021 .o 3'J2ff 7 .nCS637 
SH[ •-7 .001 G'lt ,.OHl600 .ooo ~ 0 .000051 
PUPAr .OOOOlC' .00011, .ODO 00 l .oooono 

TOTAL .2r1131 7.01"1670 .OIIIJOlf:.8 .o~Bn::-: 

IRGIA VIV IDA 
£66S .000528 .Q058011 .0001.0f; .QC,,018 

SI2£ 1-• .0?"50,1 .2san2 .00-.006 .oros5° 
SU£ .... .O'J745 'l .937072 .Ct9606 .001600 
snr ... ., .08" 16 7 .8 02581 .('llf.!!73 .not Tit9 
SJZ[ 13-16 .om 698 .0161'1 .OOOJ.14 7 .0('10027 

TOTAL .20891111 ~ 1.020,0., .011203 3 .no1 ss ~ 

TOT .IL t ALL SP[C 1£ S ,.139507 t0ff.Ol•OS2 2.2%l66 .2$66' 
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POPlLATlON<;; AR[ Pll"'"NTEO IN NJM!HRS P£P so. H[T(R,AvrRAG[O ovr~ ,c.s H[T[RS or st-AH. 
AVERAGE wrIGHT<'; APf (XPRr<;~[!) AS (;RAHS Of" CARBON tOPY WT.,. 

"OPULATION'i WT .. or Avr. INr ■ 

RHINICHTllY,:: OSCULIJ<; 
f GGC. 
YOUJr. 
A OUL T 

Tn TA L 

HYHLELA AlTECiti 
fGGt:: 
SIZE 
<;;JZ[ 
SH( J 
SJZ[ Ill 

c:;:nr" 
S!Z[ ,_ 

TOTAL 

BA(TIS TRJCAUOATUS 
[ GGS 
S T7[ 1-2 
SIZC J 
srzr , 
S JZ[ 5-6 

TO TA L 

OPT rosrRVu<. DTVE:RG~Ns 
f GG<:: 
snr t-5 
ADULT 

JnfAL 

TRICXIRYfflOO[S •HNlrTIJS 
EGGS 
S IZ[ 1- 2 
SI7f 3-ll 
SYH S-6 
S IZ( 7 

TO TA L 

HYOROPSYC)£ OCCIOfNTALIS 
EGGS 
ST?[ 1-2 
s TZC 3-11 
STZE 5-6 
SIZE 7-9 
SI?[ 10-12 
srzr n-1s 
PUPAf 

Tl)TAL 

SIHll.lUH ARGUS 
C: GGS 
SIZE t-3 
SHE 11-7 
rur.1.r 

rnTAL 

ARGlA VlVIO.l 
EGG~ 
SIZE 1-4 
SIZE 5-8 
c;:tz[ q--12 
SIZE ll-16 

T<1U.L 

. ooor 

. u fl 
1.1101 
1. 22Ei. 

• onon 
. 32 ,1 

2 r. ,n1s 
2 J..O7111.l 
ZP.1108! 

255. JIP17 
850. 70'i7 

l 178. n-.;, 

2m:>2.20-;J 
1s "61. 1soq 
6'71.1,:-, 
2 n,. 1,,e 

ll'J. 1121"" 
.D 61 J. 76!5 

• ooor 
107".ZS:Jl 
JCJ7J-5"' 81 
ti 1116. 801] 

II 191. 11(10!! 
2077!!.]665 

8&'36.2311'3 
E, l} ll. 80Jr 

lJ.2657 
11()0'311.0703 

37 J. 5816 
., 72 8. 28 ._ 
1 IJ7.U.&'3 

£As. 55'3? 
s.2111111 

• 55'!5 
.291s 
.ooor 

11 nr. 72 er 

111,r;.0766 
s 06 8. 322" 

J. 22 8~ 
• 07tiP 

6186. 701A 

'"· £66'3 
IIOI. 12Pl 
213. e.H,'l 
G1.nH 

1. 6'1 'Jl 
n '.".oscis 

.orcooo 
.t 1,ri7f;•OC 
.5711059•DC 

.oooocc 

.51:3771-~ 
-27Jo\Jl--011 
.Gee n--rq 
.\ fl') !2 ~ OJ 
.2';1'.'552-CJ 
.ti 7804 1- OJ 

-2~61,_~ 
.lll&Jl-0'
•11"161 6-C-
• 1 ~ 23 1-l"J 
.1-u12~0J 

.000000 

.818612-()P,I 

.711827 I-DJ 

-25726~~ 
.1 Ill JO 3-0't 
.17'3J'53-CJ 
.111065'-P-OJ 
.1m.1s&-01 

.'3}":!~S-('15 

.1115"' 81)9-0fl 
.16CE;7?-DJ 
.J82Qi')--OJ 
.7'2 'J'3 I- C3 
.2~es1-02 
• 7 59 6l 'J.-C2 
.oroooo 

•. HJl4 JJZ-05 
.]8678'1-011 
.. S?J 7811-C'J 
-13862q..OJ 

.11e12r,...t'" 

.675502-011 

.q5t;76,...03 

.136252-02 

.102'35~0'2 

CONSTltl£NTS Of' HfTEROTROPHIC HlCROQR(l:ANlSMS 
HlCROBIAL TyP( CARBON fN~GY HT TROG (N 

.om 22 J 

.Q(IS"S,6 

.o 12 1, 9 

PHO'SPHOAUS 
.Q OO:lrll 
.000856 
.r0116111 

ORinlNG .015350 .167925 
B[NTMJC .056110 .58'J01111 

TOTAL .on,Go .7569]8 

SUSR:NOFTI OCTRITU'S 
OCTRITIJS TYPE 

CON<' TT 1\1£NT5 

rtNr PARTICLE<= 
COAR'S[ PARTICLES 

TOTAL 

CARS~ 
2.567077 
2.l"MTZ'J 
lt.7G68DF 

BIOlDGlCALl'f AC TT VF S[DTH(NT'.i 
OORtTUS TYPE Cl RB ON 

rn,r PARTICLES Z.267,36 

COARS[ PARTICUS "6.o9318 7 
Tc-TH 48.361118 

TOT A. OCTRITUS 5.l.107'3211 

OISSCILV£T\ CONSTlTUf'NTS c, RB ON 

IN WATrP 
IN 8(NlHOS 

TOTAL 

AV(RAGC IN [CO<;;YSTf't4 

ACCI.MULAT[O NET G/1.TN 

fRCN T 1-fC A THOSPH!'"R[ 
TO THE AlHO!:AHRf 
F'ROt OVfRLANO rtOV 
SY WATrR R(HOVAL 
F'R04 UPSTR(AH 
TO UP<;TRfA"1 
FR"" oow~o;;TRUH 
TO OOWNSTR[AH 
fP01 OF STR[AH era 
TO T Hr STRUH BEO 
Fe)()i TOIPUTARTES 
TO TRfflUTARl£5 
CHDllCAL CHAN:;[S 

TOUl 

.Till'Al 
2.0'361 ff 
z.911459 

CARSON 
100. J5 JG J 

OR l 05 5 OF ORGAN IC 
CARFION 

• .3 !7117+0 II 
- .4 5J 77+011 

.ooocc 

.00000 
-10087+10 
.c 00 OC 
.a oo co 

- .1 Cll et +l C 
.00000 
.00000 
.o 00 CC 
.00000 

- • 7 10 '2 •0 r, 

rN£RGl 
2!!.093822 
2J .8113016 
51 ., ZG 8J 9 

FNERGl 
2111.811223 

'481.711636, 
5 06 .s 57 58 7 

5S8.tt841121 

fNERta 
8.623118 

? 3. OOIJ'3 2 
Jl.633141 

J"N[RGY 
1054.21969 

NT TROG(N 
.s !9082 
... 5721 t! 
., '3f;. 3'.) 1 

NT TROG EN 
.111162'67 

6 .,1,2'3 8 
,. .J 9!5 $ 5 

8.3'1.865 

Nt TROG [N 
.11;~ 8 
• 31186 0 
• 51-08 

NT TROO [N 
1 6 .. 06 561> 

PHOSPHORU~ 
.051341 
.ncs,1 
.o~ 93? 

PHOC:::PHORUS 
.045 ~9 
.66010D 
.7C51158 

.8003'90 

PHOSPHORUS 
• 01576 
• 02 352 
• OJ 928 

PHOSPHORUS 

,. °''"'"' 

CONSTYTUENTS TO lHE ENTIRE fCOSYSTEH. 
(NERGY NITROO':N PHOSPHORUS 

.1211:?+07 .. 12221+03 .8ts?J•r2 
-.2U71•07 -.\0CPl;"'(lll -•l36'3+r3 

.00000 .00'000 .Ol"OOO 

.00000 .00000 .00000 
-110311+11 .?111"3-tO 'J .2011ti+('8 
.00000 .00000 .onooo 
.oooor .O['ICl(I! .0 0000 

-.110311+11 -.211 7'>.0 'J - .201 n•re 
.00000 .00000 .Ot"O 00 
~00000 .ooo 00 .000(){' 
.00000 .. o 00 00 .00001' 
.00000 .00000 .or,oor 
.00000 -.?87?9-tO'i -.121se•n11 

f GR Ir. S OR ,< Cl L. I 

Aquatic Model 
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TH( f"OtLOWlN) CON!"TITUENT'- AR[ .INOrtGANTC AND AA[ pOTNT(D 1H GR•"S PE'R so. ,.nfR Alf PAGfD OYER IH).S HITFRS or STREAM. 

SUSFCNOm PARTICULATE MATT'f'IH!NORGA"'Jr1 
Sl2£ SUBSTPATUH 

PARTICULA rrs 6 3. 10922' 
TOT Al 6 3. 10'122 

8[NTHIC PARTICULATr "4ATTEAf INOPGANTC'I 
"il2F suRc::;TRlTU!'t 

PARTICUUT"S 83.22003 
TOTAL 8:!.22003 

ALL P.H. 

DISSOLVED INORGANIC: CONSTTTUCNTS 
CARBON POOL NITPOGfN 

IN WATrA I2~.-.97'l'I .18103 
IN 1£NTKt"- 32.3'9J76 .&'lTil 

TOTAL 157.8'1170 .87813 

PHOSPHOPU'\ 
• U1t1t6 
.1111165 
.30311 

PH :0.. WATER COLUMN 7.00 PH IN f!f"11-«,S 7.00 WATEP COLUMN ff")jP. lA.[111 8'"NTHOS T flP. 18.0II Of.GR££S CENTlmAOf.' 

ACCLMULAT[O NCT GATH OR LOSS OF INORG.,.IC MAT(RUL TO THf fNT IR[ CCO"-YSTEH fGRAHS lo •• IWAT n, IN CUBIC f'f:T(RS Jo 

W lT£R SteSTRAtllH CAPPON POOL NnAOGfN PHOS, 1-tlRUS 

'""' T 1£ ATHOSPHfR[ .6)320•0 .. .rnooo .6l320+C r .G ~3 :.lJ +Of' .613 J: •0[' 

TO THE ATHOSF'li[Af -.228!11•03 .00000 .ooo re .coo or .oco ex:, 

'""' OVf"RLAND FLOW .a 000(' .00000 .00000 .00000 .ooom 
AY WATER R(HOYAL .00000 .00000 .ooooc .c no oo .ooo (I! 

'""' UPSTR(AH .1923'•0• .?1278 ♦10 .II 35 Eli •l 0 .71572+(17 .fl 63 .:J +CIT 

TO UPSTRrAH .00000 .oooon .orooo .0(1(100 .ooo 00 

'""' OOWNSTRCAH .ooo 00 .oooor .Ol"'OCD .00000 .aoo en 
TO DOMNSTR[AH -.19233•0• -.21Z71h10 -.fll5Eli+l0 -.71858+07 -.tJ6lQ. +Cll 

F"RCM nr STR(AH ero .o 00 00 .00000 .orooo .00000 .ooo It 
TO TH£ c;Tll:[AH BED .o 00 00 .oooor .00000 .00000 .00000 

'""' TRlAUlARf[S .ooo 00 .00000 .ooo 00 .oaooo .ooom 
TO TRIBUTAAT(S .a ooco .00000 .00000 .00000 .00000 

CHDIICAL CHANGES .o (X){\Q .00000 .7109Z<t05 • .'B729•1"c. -22158 t('.111 

OT OT Al • 13 SOD• CP .R,2IO•Olt • 12 111 &+ 05 • 7'5'5••r., • GO J'Ci5•Cl2 

THE FOLLOWING SECTION C£AL.S VlTH OROANir: HATTER (HT'fRING UfJ LUVlNO THE SYST(H '(Q TH£ UNIT. ALL or flt( 

F"IGLfl[S ARI" or CI.R~OH TOTALS AR£ lN Gll:AHS IOR KCAL., Afr(l AV[RAt£S TN GPUIS IOR ll((j,L·' PCR CUBIC ,t[l(R OF IUT[R. 

PRl,-RY PRODUCER<. 

BCNTHlC OlATOHS 
CU.Q)PHOAA 
SPlAJ GYRA 
CHARA 
POTc,tOr.CTON 

ANTHAL ClJNSTinJ[NT<= 

RHINIC'HTH'Y'S OSCULU"'-
[GG"i 
YOUWl 
ADULT 

HYALLElA ilZTECA 
fGGc; 
S IZC 1 
SIZE 7 
STZC 3 
S tz( Ill 
sIZr s 
S IZ( 6 

earns TRTCAUOATUS 
f Gee; 
SlZf 1-2 
srzr J 
snr , 
Sil[ 5-6 

OPTlOS[RVtr:; OTV[RG£NS 
[GG<. 
S IZ( 1-5 
ADULT 

TRICORYTH00£S HTNlfllr.
EGGc-; 
Sllf 1-2 
SUE 3-lt 
Sllf. S-6 
SIZE 7 

HYOR>PSYCHf. OCCIOf~U.LlS 
rooc; 
S TZC 1- 2 
SIZC 3-'t 
SIZE 5-6 
SIZE l-9 
SIZ( lC-12 
SIZE 13-15 
PUPAf" 

SIHll. lUH ARGUS 
r GG<. 
S TZ£ 1-J 
S JZ( 11-7 
PUPIF 

ARGV. VlVfDA 
rGGS 
S JZ( 1- ll 
SIZ£ 5-8 
ST7C 9-12 
SIZE tJ-lG 

AN111Al NJHIHRS 

RHINICHfflY'S t'SCUll/c; 
F;GG<' 
YOUW: 
ADULT 

HYAU..(LA A7T[Cl 
[GG"i 
SIZC 1 
SIZE 
snr: 
SJZf II 
S TZf 
s JZ( f; 

Tf'TAL [NT[ RTNG 
.00000000 
.00000000 
.0000000(' 
.00000000 
.om 00000 

TOTAL CNTCRTNG 

.00000000 

.00000000 

.00000000 

.00000000 

.68'0'135+(l"I 

.'.!31 7137'J+Ol 

.98't nlll65+01 

.1 7561318•02 

.J06Jll7114♦02 

.,0000780+02 

.00000000 

.111075111;•0\ 

.6211l1102113+m 
.12'J58352+nz 
.1D1106707•0~ 

.00000000 

., 17 397'37•02 

.26016769♦ 0:! 

.00000000 
.11 26 J6'J80• 02 
.126 70166+02 
.J81llll56!i•07 
.'1683018?•02 

.00000000 

.:369113810+0"' 
-.165106111•01 
.11760JIO+Olll 
.t0756'JJJ+02 
.1 7821"86•02 
.!i203J5J6•02 
.1JOD8J811l+OJ 

.00000000 
.110083811+01 
.2S666511l2•02 
.6t78'3821t•OZ 

.r,0000000 

.,so111,1,•cr 

.2'~13111'1•01 

.701fl527J•01 

.2081311111•0"' 

TOTAL CNTERTNG 

.r.0000000 

.00000000 

.00000000 

.oocooooo 
.130083811+06 
.tl707StJ6+06 
.t(}clf06707•0F 
.910"i868l♦ O!> 

.780503011•05 

.GSO\l'J20+05 

AY(RAGf (fff£RING TOT Al OOWNSTRUH 1#£'R.Sf OOVNSTRCAH 

..ooooooro .oroorcn o .ooommo 

.oroooooo .00000000 .oooromo 

.orocoono .OCIJOOOOO .ooommo 

.ooocooiic £ CIOl"IO<r 0 .ooooomo 
.00000000 .00000000 .ocoroooo 

AV£RAC£ CN'T[RING TOT AL OOIINS~CAH 11/EltAG( O()VMSTR(AH 

.ooooooro -S'JOOOoreo .OOOCDOOO 

..OOOOOOf'O .00000000 .ooomooo 
.00000000 .Droooooo .ommmn 

..orocooro .oroooooo .coomooo 

.o;~97oes-05 .h892711fi'i•Cl'l .-.:.2,'lltoitJ-05 

.2 S- 9859 7-011 .J J23226 ,♦- m .255 ~3'""""' 

.75695835-011 n11&J'JJ11,m .7 58 ?'J 35 0- OIi 

.13-ll'Y12'58-0J J. 7F:Cl7P?+C2 J~J5'Al-03 
.2 3511870 5-03 .:- 15 3587 'J• 02 .21121l1 IIOl-W 

.3 07118 30 &- DJ .ii 51'3034.,.. 02 ..,Jf(1371187-QJ 

.00000000 .7 !Tlllll 1-m. .61371183-06 
,.pq9~('150-0~ ♦-3062'9:52+01 ..J n er 1,1-0t 

.111,g'TJGO-Ofl ..1. 011373 64-02 .7B2Dl''ni5-0t 

.'J!ll>n'J'JOS-Olll .1 7529116')♦ 02 J.Jlt,..116-03 

.7'}"395600-0J ..1.0lll3'3567•"J .. 102 ~1qo-OJ 

.00000000 .OCCOOCI\O .ooomooo 
,.1171159'32&--0l -6271!!T7'9•0Z .14 827Z1'1l-OJ 

.1~98!110-02 .:z. •9J21q:,.03 .ZZl F:JO!T-02 

.oooooono ..1.311512,♦ (X] .100 & 5011-05 

.J71'Jt11JG-O~ A6300218+02 .J55!0~1-0J 

.,n 9' ~ :t-o, .,?65'JSn7•02 .2C- C612-0J 

.2 gi ~ 18 &-OJ ·" 9116, 33 lll•02 .'i !3':f:i 728-03 

.359'J8n20-DJ A 70'J62Jr"+CCZ .. Jfi211Z52'f--OJ 

..cnoooono .3'J8898"t~-01 .30&6107~06 

.2 83 91HJ &- 05 .5285f;2J6•m. AD&J:120.,_0t 

.121-'ll.60'r01l .Jl\735'38+01 .2'¥7'1'i6"9-Dll 

.9~01182-02 .11181; 30 6• 011 .gfJG CO 11-Y 8- 02 

.8266775~011 ..t 0"05 Z1 5+ C1Z .S305"'JIOS-Dll 

.13fi ~2' F-OJ .1 71J3877•1l2' J.JlCB771-0J 

.! 'J'J '17 800-0J .-= 20509'i2•1l2' .-oou lA~OJ 

.'J'J'ct9111500-0J J. 3001! 31' 7• 03 .()~9'fllt6--03 

.00000000 .A056Jll2 !>- m .J11«180ct-CE 

.'J'J'J'lll ,qs-o5 .162, .. n ,,.m ..27B'1' 583-0. 

.1<Jl?9681t--03 .2 568T71' ,.♦ 02 .l.'11~620-0J 

.lf~'J'7J88-0J J. 178996 t• OZ A1't'Wll,t,-0J 

.OO.OC:0000 Lt '39'965?-0Z .761! J" 51' 0- rJ7 

.ll'J'J97:'fl'TC5 .1 112111ctJ•m .89.',; Y.221-05 

.15,!'9120-011 ..J 9395'J67.•m. .J 02 SJ J'J 0- °' 

.c. J9'7rl0-011 .B 6656'J.J ?+ n ..666125!i2-0fl 

.1 5'J9"12C-Ol .... 121i,15?'+02 .1 Eil $ 36 0- OJ 

AYCRAG£ ENTERING TOT AL OOWNS7R£A" ltlE'RJIG[ OOWNSTPF"AH 

.orcooO('o ~OOC'C'D"'O .ooomooo 

.ooocoooo .COOC!OOOO .OOOCDOOO 

.ooorrol"lo .c ooocooo .OOO!'DOCO 

.cnoooor,o .OCOCOCEO .OOOCDOCO 
,.g')q'Jlll5or•or .J. 30Dll3"39+CI, ., 99 .,_ 6111+ 00 

.8"'9'J5"50+00 .1 ?C.6'JlfZ r+ 06 .,'Zf""C'MO♦ Cll 

.79''JS5<ll9+Qr .J.C'lllOllll T+06 .800 IJ' IIJlll♦ 00 

-~ 9'J ':E 15 0• 00 .q1076001•05 .'f~0"521l•Cll 

.5 9'J ,E; TOO•Or' •"' R2n68l 1+05 .601 tf ~'J+OO 

... 9'l~?'5C•('lr .: 5'57'1"'66+0'5 .SOt a; 308+00 
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flJAETIS TR It AU DA TU~ 
EGGS .aocooooo .ooorooro .coooomo .ooorrooc 
SIZE 1-Z .1 ~08J8111♦ C6 .CJ9',-ljCf1+C(l .1 65J'l 76 2• 09 .12'11.C!Sl+Olt 

SIZE 3 .1o't067D7+m .7!:r3955CJ9+0C J. ('l!ti9Sl 8•06 .e3J1¥t11S1•00 

SIZE 41 .81135"366+05 .f 1118 '12 5 11 1+ DC ~ 577105~05 .6 59 :.1S 20 ]♦ 00 

SIZE s-, .5 2D JJS36+05 .J~!"'BOl'+Or. -~ 21S08"'f'•l'5 AOC_., q,'!'1+00 

OPTlbSCRVU"- DTVCRG£NS 
rces .ooocooao .0OCC'CCft0 .01":'000CDO .000!1'!000 

,nr 1-5 .?"025'18\+06 .1s-r.,ns+n1 .... IIO'llll""-•CE .18511J951+01 

ADULT .tJ008l!lti•CS ., 9'l'l' "" 9--0\ .') lf95Jll"G6•06 .729 o:JJ 2F.f• 01 

TRlQJRTntOO[S MINUT~ 
roes ,.nooooooo .orooooco .croromo .ooooooco 

SIZE 1-2 e1513117Sti+06 .116 '1Jcn' 6•01 .:Z 57q509 J♦Q,g .1.,. • 1-.~•0. 

SU£ >-• •10'0670l+m; .79'9!55!39+0C .t 0'?'1205£•06 .81111 ml""r+oo 

stzc s-, .1eosaJo•uos .s !tlJ !I& 700+00 -~ 350615 1• 07 .s 5,:; ~ J(?Q+ 02 

sue 1 -~2QJ)5J£,,+05 .J9'J'!7800+0f" .s .,.0 .. 612'1"•(5 .-oo ~ 11,t•OO 

HYOA>PSTCI-£ occror"TALI~ 
£60~ .00000000 .ocoocoro ..OnJt!DCX' 0 .oooi:rooo 
snc 1-2 •l 300131-♦DG .99''311~00+00 I!, ll:l22SJS•t'8 .S282f 720.CI! 

S 12£ ,_, .20012818•05 .1 53 SJ 76 '3•00 .1111 l!IJIJGti5•C'l .J 22 ~ IIJ5'l• 02 

SIZE S-6 .176tiS8l.3•C'l .lJS~ 2'5 llll•l'l? >, it05G5,S•('l'l .611116P:t11J!•02 

SIZE 1-'! -106568'8+05 .8 l'JllPil 1-01 J066ru 1• Cl!. .111t1JCS06--01 

Stz[ 13-15 .6 !'ll fill 'J2Q♦[)q .ticr.97~0--01 of' SOtiJGl 7• Cit _,. !"JceGOJ-01 

PUPAr .~ZD335J&•OIIII .3q,lj1J78Q~01 .r. 20:JJSOl•Ol ·"9'3977~01 

SIMlL IUM ARGUS 
£89'- .00000000 oCIJlf'ICOOO .0 "'Oft0 m 0 .oooroooc 
sue 1-3 .650'1,20•05 ·'"''"~0+00 .SJSIJ6UG•09 All.-SZJ•Ol 

ST?[ ll-7 .6 71'1]660•05 .s 2D .,_ ~ 8•00 .6TJ'ti59J~C'5 ,1:,20--s,,•m 

PUPM'. •"- 5011111 'nO•DS ., ,.,!1251'.!•rr- Sa SO tit 8• s+ 05 A ¥.1~22ti•IE 

ARID VIYIOi\ 
C9G'i" .00000000 .OOOOt"OftO .o roromo .ooommo 

sue 1-, •1300138-♦0S .,,.,,..,,9,-01 • .,,-,oss,•m .'20]2' 665•02 

s IZE 5-1 .J(lll,~lOl•OS o'l lfl'JISGO~Cl J053110ll•C"S .e10!":!S6.,.-D1 

SIZE 'J-12 .78C5030ll+OIJ .s 9' $ lOf\-01 • .,•ti3'J4llti•Oll "'c2•no-m 
SIZE 1]-16 .S20JJ53'•01J .:,~97800,-01 14 0!!•6Jti0•(1; .~ lll '."6 n 9♦ 01 

NJCA>ORCAllfJSMS 
TCTAL [Nl'(SJ!HG .I WfAACE CNTCRTfrfG TOT AL OOVNSTPD" lt/fP"6[ OOVNST~M 

0R1nnu: 0350055&!+011 .26"!!n8~10-01 .'.'5C077J"•0' .16,nnMJ7-01. 

8 CNTHJC .~ 'Jl 111' 7•03 .111151l<f711'3"P-01 .5012,115!'•03 ..II!'£ tT 123-02 

SUSKIIDfO DCTRlnJ'S 
TOTAL (NT[PTNG A W:RAGC CNTCPING TOT Al DOWH!'lR(.IM .. FRAOC DOWWSTRr-AN 

,.lllf PARTICLES .5 asn121•m. .till!IJ'52~D1 .c-,•]Jl.9•06 A 53~ TJS•Ol 

COU"5£ PARTYCL£S o\!El]00,•06 .J81!'0'967•f'!l .ti 'H 1121 J• 06 .J a2 ll ~ 1•01 

tHt f'aLUVltc SECTION OD.LS VTTH A..l lHr OlSSOLYEO NATERIA. (NT[RtHG AHO LfAYING .,..( 51STC,. PtR Tlll[ UHJT. 
tOT&.S M£JN GUMS ANO AV£RIGE'S IN GR#t~ P£R CUBIC "(l(A or WATrR. 

OR8MIC MATT[R 

C ARBDN 
EN£ri91' 
NffA09EN 
PMO<fPHORUS 

tNOABANJC NATT(llt 
CARBON POOi.. 
NtTAOeEN 
PH09HOAUS 

TOUL CNTCUNG 
.17'J56573+0i: 
.1 s ,o,58•07 
.] 7706102•05 
.359231SZ•C'll 

.286 u,,s•oe 

., n 26635•o-; 

.,20nU'J+D5 

A YfRIHi( C~CAIHG 
.1 310308 7•01 
.150,-ru 1+01 
.21,ei11 ,- ••or 
.21'613 8li '5-nl 

.'J1'91!17'90+0J 
.J JJ 61118 3•00 
.313"":JJS+Or 

TOTII.. l'OV~TR[AM 
.1.15:,11111~~ 
.1 q1 767l'5•C17 
.J 77JIJ'l9 8• 05 
.JS'JO!!'!'iI•OII 

.... , ?1718• OLl 
.q I285ZJ?♦ D5 

.A 2068"11•05 

AYFRIIJ( DO~STRrAM 
.1311177()11]•01 
.1117 'Cl 0Dct+D2 
.2.:it!!\5!-•00 
.21'6 J:: '5\ 5- 01 

.2 20 tn 96 A• 03 

.317 ~ 65 &♦ al 

... 123 '!168 2• al 

TH[ f'Ol.LDWlflJ SCCTTON OCALS VJTH lHORtaMIC PIUtTICULATC "ATCRIL £'fTERtNG ANO lEAYlNG TH£ STST[M PER TDIE ~IT. 
TOTA..S ME tN ORA""- ANO AW:RA8CS 1H GRA~ p[R cuatc NET[R or WATER. 

TOTAL [NT'£ATNG AVE'RAGC [NT[AJNr, fOf ll OOVNSTRrAN ,tl(fU,Gr OOVMSTR(lM 

PARTICUUTES 
SU95TRAT\JM 

TH[ FOLLDVlNJ FIGlltES UE 0,. .a'.:T PROOU:TlYITY FROM TM[ 9Ct!'.JrllUNG Of rt£ SIMll.lflON. 
CONSl'ITIENTS IIPE PflJNT[O lN GAANSrOR JICCM.., P[R SQUAPF ,CCTrP, AV[RAOCO nvrR 110.~ )ll[JrR'S or STREAM. 

c~gnoc~s~•~M"•~ru~~ 
CAR8Ctl ,.MCROY Ht TRO{I CH PHOSf'HORUS 

IENntIC DIATOM'- 101. ~n, 1055.10271 lJ.26(1111,3 1. 'J7 32\ 

CUOlPH~A 10,. 7'2'0 1089. JZO'J2 1 J. 6'3 'Jt 1 J. 037'18 

SPIR'.18YAA 7'J.fi067! 821.,1os, 10.IOlillSP 1. !09011 

CHAM 96.:'021 l 1000.502,, 1Z. J9B)[I 1. 7'!0J1 

•oTCNOGITON 1- 8. 58080 1s,5.z,026 1,. 81 01 6 "• JO'Jl5 

ALL SPECIES 
TOTAL 530.~-3- 5511.076'17 7'0.00107 1s. ,1 9'r 

Altl,_L PROOt.CffYYl'I' 
CARBON rNtAr.T HTTROOCH PHO'S PHORU'i 

RHlklCH'n4 ~ OS'CULU5 
rcos -.oroooo -.000000 -.ororoc - .000000 
YOUN; .1829611 2 .QJl!lll, .O SJ 1'I 9 .r0l75"' 
ADULT .591372 6.2053'12 .162 !B 0 .o 21 !18 

TOTAL .1"" n,; 8.21111136 .216680 .C!~ZIID 

HYALLCLA A7TECA 
fGGS - .oroooo - .000000 -.ammo -.oroooo 

S IlE l .O 'JJCJlt l .11,,00 .o 16 50 7 .OClSOJ 
snr 2 .30G82(1 '2 .a 86598 .o Sit 1111 a .005030 
SIZE J .]9'4811 'J ., 30265 .o 9116'7 6 .006010 
SIZE , .T!ltiti3 &.181369 .1 2' tll D .r 12116 
Sil[ 'i" 1.022666 9.637268 .1 81. IIB5 .ftJT ?77 
Sll[ 6 1.1,1931 16 .6 J9J5\ .312871 .030353 

TOTAL ,.281291 11{'.J 5525\ ·"'5'181 .07"!1~11 

,ucns lR~CAUOATUS 
[ OGS -.OCODCl -.00000.11 -.oromo -.oroooo 
sur 1-z S .83"2117 69., 11865 1.SHIJl4 .?.c:618! 

SIZE 3 s.116121 60.770609 l .J :r7 18 D .1'MT65 
snr • tl.771267 210.s2,ns --~~885 .62:'756 
sue s-, '2.1"'7565 33.816387 .73867! .111C'076 

TOTAL ll. .5?11201 37it.5\t'l'H 111 .1 n 68 6 I .lf!77SO 

OPTlbStRVU'- OTY[Rr-f"~ 
( GOS -.000001 - .000011 -.ororoo - .oroooo 
SJ2[ 1-5 J.11608119 ,o.s,a5'11J .6111 IA 5 .r7'S 1151 

ADULT n.101as, ?38.7!'5761 c.1518'rf! .Jll3Jl~ 

TOTAL ~.768102 17'.35ti3117 s .a 1(11& J ... 18831 

.1 10 F3 63 8• 03 

Aquatic Model 



TRICOR'tn.tOn[S MI~UTU-:-
r oc s -.00000 ... - .c 000311 
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