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FOREWORD
In the lead article in this issue, CLEAN, a generalized lake ecosystem model, was described by
the 25 investigators in the Eastern Deciduous
Forest Biome, U.S. International Biological Pro1
gram, who were responsible for its formulation.
Because of the interest in this model, the team
that implemented it as a user-oriented interactive package has consented to make the software available through one of the authors,
Richard A. Park, or from SCS.
The version
described here is CLEANX; it is used to
simulate the open-water (pelagic) portions
of lakes, as described in the previous paper.

(above, left), who had primary responsibility for implementation of CLEANX, has a
BS and an MS in environmental engineering; he is
currently a research assistant in the Fresh Water
Institute. Jay Bloomfield (above, right), who
worked closely with Scavia in the implementation
and was instrumental in developing the original
program code for the overall CLEAN model, also has
BS and MS degrees in environmental engineering
and is currently completing his PhD (his dissertation research is on modeling the decomposition
process). John Fisher has a BS in mathematics
Don Scavia

’

and is in the graduate mathematics program at
Rensselaer Polytechnic Institute.
He and James
Nagy, currently a programmer at National Computer
Software Systems, worked closely with the rest of
the team in programming the model.
Richard Park
is an Associate Professor of Geology at Rensselaer
Polytechnic Institute and is Chief Mathematical
Ecologist of the Fresh Water Institute; his dual
role was to supervise the implementation of the
model and to serve as liaison with the multidisciplinary group involved in its formulation.
SUMMARY

This paper outlines the software for an open-water
version of CLEAN, an ecosystem model for lakes.
The modular program structure is described,
examples of driving variables are given, and the
output (including values of several parameters) is
shown. The program, with extensive annotations to
facilitate adaptation by potential users, is
available from author Richard A. Park or from SCS.
*

Contribution No. 168 from the Eastern Deciduous
Forest Biome, U.S. International Biological
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Table 1

Program commands

Figure

1 - Flow

diagram

of program

logic

PROGRAM STRUCTURE
The model has been implemented in FORTRAN V on a
UNIVAC 1108 as an interactive program. The
program has a modular structure to increase
computational efficiency and to permit addition of compartments and processes with minimal effort. The
main routine is responsible for
delegating control
to integrating, plotting, and
parameter-printing
routines; also, it handles the editing of parameters,
site constants, initial conditions, and
perturbations,
and it manipulates files (Figure 1).

Integration is performed by XKUTTA, a Runge-KuttaMerson algorithm2 modified to
operate at a local
relative error specified by the user.
It is a fourthorder, variable-step method, carried out in extended
precision. XKUTTA calls the subroutine PHYMOD, which
evaluates the differential equations by extendedprecision arithmetic manipulations. PHYMOD, in turn,
calls additional subroutines and functions that
define the process-level
relationships and driving
variables. After each interval in the simulation,
control is returned to the main routine and the
results are tabulated.
Upon completion of the integration, control can be
passed to PLOTX, where control parameters which
specify the plot format are set; plotting is initiated
by the routine MVPLOT. Subsequently, control is
passed back through the main routine to the user.
Other subroutines called by the main program at the
user’s discretion are for printing parameter values
(CPARM) and saving edited parameter values (PRES).
The main routine also prints initial
conditions,
messages that have been saved on a file, and a list
of usable commands (Table 1).
The use of files is an integral part of this
program.
Parameter values are saved on file 9 and initial conditions are saved on file 10. During the execution
of the program, temporary
copies of these files are
used for editing.
Free-form editing is done using
file 4. If the program is terminated by a *RES
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command, the temporary files are copied into the
permanent files.
Broadcast messages are saved on
file 2, and a more detailed message
listing is on
file 3. Broadcast messages are
displayed each time
the program is executed; the detailed
messages are
obtained using a *MSG command (Table 1). The detailed
list of commands is saved on file 11 and can be displayed by using a *HEL command. Unit 8 is used to
store the integration data for
subsequent plots and
is retrieved by PLOTX.

DRIVING VARIABLES

Time-series of values of temperature and nitrogen
stored in the program in the form of equations

are

Fourier series.
Linearly interpolated
values for other driving variables are returned from
Because of the application of
the routine CHART.
this model to lakes of interest to the International
Biological Program (IBP) and the Fresh Water Institute,
data are included for Lake George in New York, Lake
Wingra in Wisconsin, and Saratoga Lake in New York. The
code also includes some data for Vorderer Finstertaler
See, Austra, and Char Lake, Canada. However, only the
data for Lake George have been checked for accuracy.

utilizing

George were used in the example preby Park and othersl and in generating the output presented in this paper. Figure 2 shows the
yearly variation of incident solar radiation, based

Data from Lake

sented

on

data corrected for ice

yearly pattern for

water

cover

and

snow

pack.3

temperature (Figure 3)

Figure

3 - Mean water-column temperature

The

was

derived from data averaged over the water column.3
The inputs of available phosphate and particulate
and dissolved organic matter from streams and precipitation are shown in Figure 4.3,4 This version of
the model is also driven by the nitrate-N and
ammonia-N concentrations in the water column as
shown in Figure 5.3 An important food source for
the nonpiscivorous fish (perch, cisco, and bluegills)
is bottom-dwelling insects; the insect submodel in
CLEAN is not used in this pelagic version; rather,
insect biomass is used as a driving variable

(Figure

6).5

--~

Figure

Figure 2 - Incident solar radiation, corrected for
ice and snow pack

Figure

4 - Allochthonous

5 - Nitrate-N and

inputs

to Lake

George

ammonia-N concentration in

Lake George
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Table 2

Parameters and site constants

Figure

6 - Benthic

insect biomass in Lake George

Table 3

Subscript

*

Parameters used for acclimation to temperature,
used in Reference 1.

not
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definitions for parameters

Figure

7 - Model

output - broadcast

and detailed

messages

Figure

8 - Model output - parameter and initialcondition list (as given in Table 2)

PROGRAM OUTPUT

Figure

9 - Model output - free-form editing and
integration (time is in days, biomass
is in grams per m2 column of water,
and available phosphate concentration
is in grams per

m3)

the model prints all broadcast mesThe first
sages and passes control to the user.
command used, *MSG, is to print out all messages
inserted by previous users (Figure 7). This allows
colleagues to keep one another informed of recent
changes. The parameters and initial conditions are
printed using *PRP and *PRI (Figure 8). (Parameter
names and subscript definitions are given in Tables 2
and 3.) As shown in Figure 9, a perturbation parameter (in this example, phosphate loading for Lake

Upon execution,
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matter, dissolved organic matter, and decomposers.
Because of the time required for the simulation, the
user is given the option to abort the integration
(using the command KILL) after twenty-five seconds
of central processing unit (CPU) usage have elapsed
(at &dquo;MAX. TIME&dquo;). In this example a ’carriage
return’ is used to continue the integration,
Upon
completion of the integration the plotting routine
is called with the scaled plot option (*PLT,S) as
shown in Figure 10. The compartments, numbered in
the order in which they are displayed in the tabulation, are then plotted versus day of the year.
After the plot, the perturbation parameter is reset.
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