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TERRESTRIAL MODELS



INTRODUCTION

David W. Goodall

2.1.3.1.1.-1
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These models are intended to predict the values of a wide range of variables in the
system simultaneously. They may be expected to Tack 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. The fact that all elements in the
system are considered simultaneously 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.

MonuLar STRUCTURE

The models can be conceived as composad of a set of modules which act as "black boxes"
to one another. For each, the inputs and outputs are determined by the general chavrac-
teristics of the system, so that it oparates on inputs and provides ogtputs which are part
of the common "Tanguage". 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 soil plus the decomposers
inhabiting it. These modules or submodels may be further subdivided as required. Each
submodel is 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.

SUBMODELS DIFFERING IN DEGREE OF SOPHISTICATION

The alternatives to be explored in submodel development cannot all be laid down in
advance. It is clear, however, that extremely simple submodels may be vrequired for parts
of the system which have 1ittle influence on the processes on which attention is currently
concentrated and within the time scale considered. For instance, it may be possible to
rely on an unrealistically simple submodel for soil erosion where the main subject of
interest is the feeding of herbivorous insects during a single summer. It may even be
possibie to ignore it completely-- to replace this submodel by a null or dummy version
which generates no changes whatever. BRut the tegitimacy of this simpli:fication cannot be
Judged except by comparison with a more sophisticated and realistic submodel. If veplace-
ment of the more sophisticated by the less sophisticated version has only negligible
effects on the processes of interest then the latter may be accepted for the immediate
purpose.

With these considerations in mind, it s intended to develop for each submodel a series
of alternatives, differing in the deavee of deta1! and sophistication, and also in the
particular emphasis of the sophistication The less realistic ones are 1ikely to be used
only where those subsystems are of less interest, and when the time scale is relatively
short
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In early development of the submndels, tne simplest versions ignore taxonomic
differences, redsroductive processes and spat'a. neterogeneity. Later versions will
introduce these complexities in various combinatr The value of the complexities
for the different purposes for which the model may be used will then be tested by
omitting them ore v one, so that a high degree ¢- -e 'ism is retained in the model

only where 't is requisite for the purpose on hand.

THE VARIABLES

Wherever possible, all variables are expressed per unit area. The main state
variables modelled are the quantities (per unit area, of different chemical consti-
uents in different components of the biomass, which may be divided in a great variety
of ways; 1n the components of litter, detritus and other dead material (which may also

be subdivided in various ways); and in the soil

Population data and their changes may also be ncluded, but are expressed as real
variables representing an average per unit area rather than integral variables for a

specific delimited region.

The exogenous variables used in the early models include daily precipitation, mean
monthly day and night air temperature, monthly means for daily average and maximum wind
speed, mean monthly radiation and photoperiod, mean daily rates of pan evaporation, and
specifications of any run-on events, including material imported with the water and its
composition. This 1ist is subject to expansion

CLASSIFICATION OF VARIABLES

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
difrerent parts of the system as organ types, by age or stage of development, or their
topograpnical location, or one may classify variables according to whether they are
quantitres of chemical elements or poputation data. Plant and animal species may be
classified not only accerding to their taxonomic position, bhut also by 1ife form, feeding
habits, Tife 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 classes
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which are relevant to the particular process in question, all other classificatory
subdivisions 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
behaviour it is clearly of first i1mportance 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 - and, in
general, ordinary first-order diffevential equations, in which each derivative is
divectly or indirectly 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.) must in their
very nature be non-negative, so that the derivative must be non-negative where the

value of a state variable is zero.

Though differential equations arve the commonest 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 ave fully acceptable. The
general structure of the models is also fully compatible with the introduction of

stochastic elements in one or move of the submodels, as well as in exogenous variables.

Tre CompUTER IMPLEMENTATION

The computer representation of these models 15 written in FORTRAN IV. The intention
has been to avoid features of FORTRAN IV which might be peculiar to specific machines or
installations so that the models developed might be widely usable.

The computer programs include a general calling program which handles most of the input
and puts together the results provided by a number of subroutines. FEach of the latter
represents a submodel, and they may be nested if the submodels are further divided. There
is also a subroutine for input of exogenous variables. Output (handled by special sub-
routines) takes the form of tabulations of the values of all state variables at particular
dates, together with graphs of the time course of particular state variables through the
period of simulation.

The programs are written, as far as possible, in general term: SO that they may 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
Teft to be decided at execution time, and facilities are also provided for specifying or

modifying the parameters of the system then.
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For computer solution, the differential equations expressing the rates of changes
in the state variables are replaced by difference equations over a time unit fixed for
the submodel, but not necessarily uniform over all submodels. If the approximation by
difference equations over this time leads to negative values of an essentially non-
negative variable, the program reduces the time unit as required.

Besides the changes in state variables, the program also keeps a record of “he total
exchange of the ecosystem with its environment, in terms of each of the constituents
(chemical elements, water, and/or energy) included among the state variables, and
distinguishes between exchanges with the atmosphere, with the sub-soil or by surface
flow with laterally adjacent areas.

DEScrIPTIONS OF MODELS AND SURMODELS

Standardized descriptions of the models are being prepared for distribution.
Though the computer programs implementing the models will also be included in these
descriptions, their primary purpose 1s to describe the model itself in verbal and mathe-
matical 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.

After a brief introduction, the description will detail the assumptions incorpore-
ated into that particular model, and will then describe the way in which the various
processes are treated. For each process, supplemented where appropriate by graphs, a
verbal description will be fo!lowed 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 has been developed. Since the number of distinct variables and parameters
required with proliferation 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 sub-scripts, as follows: .

I. State variables are designated by X subscripted to indicate the particular

state variable in question. It is intended to reserve Xi ....... Xq for
state variables within the plant subsystem, Xii .o..... X1 for those
within the animal subsystem, and Xy ....... for those concerned with soil

micro-organisms, or non-living components of the system. It will be con-
venient 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
variables will be represented by X, ....... Xoag.
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Rates of change in state variables are represented by a superposed dot, as:
X 2 = dX?
dt

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

P>

Exogenous variables are signalled by a V, for instance:
\/1 2

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

Za

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:

Ys

Subdivision of the rate of change of a state variable is represented by an
italic capital used as a prior subscript. Thus, HXZ may represent that part
of the change in X, is attributable to herbivory.

Classes of variables or parameters are indicated by lower-case 1talic letters
used as posterior subscripts. Thus, for a state variable classified in two
ways (say, by plant species and organ,)

X
*pg

would represent its value in the p th species and the g th organ. The same
subscripts may also be applied to parameters.
The following posterior subscripts have been standardized:

Q

animal species or group

animal cohort

type of dead organic material (litter)
chemical fractions (constituents)

plant organ or portion

soil horizon

plant species or group

route or exchange at ecosystem boundaries

80" O QN o0

s plant stage of development
For certain of these subscripts, different values have meanings which have
been standardized in the descriptions of earlier versions of the submodels,
as follows:
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Chemical fractions or constituents

F=1 Nitrogen

f =2 Ash constituents

;=3 "Active" carbon (carbon in metabolically active compounds including proteins
and enzymes)

f =4 "Reserve" carbon (carbon in carbohydrates, fats, glycogen, and other storage

compounds )
f =5 "Structural” carbon (non-metabolizable carbon components that make up the
structure of individuals such as bones, hair, skin, in
animals; cellulose and lignin in plants)

Plant Organs

Leaves

<
i

Young stems (current year's growth)

«©Q

Older stems and bases
Inflorescences
Seeds

i
G W Ny

Roots in different soil horizons

& Q0 Q@
|

etc.

Types of Dead Material

4 =1 Standing dead herbaceous material ("fog")

d = 2 Standing dead woody material

d= 3 Soft plant litter

d =4 Woody plant litter

d=15 Soft animal parts

4 =6 Animal skeletons

d =17 Excreta

d =8 Dead roots in different soil horizons
etc.

Route of Exchange

#

1 Atmosphere

i
o

Soil surface
3 Sub-s0il

fl

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 ;y the subset containing the carbon
fractions only is designated by

o= 13,4,5}
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The subset of elements other than carbon is designated by
¥ = {1,2}
Operations Timited to subset of values are indicated by the symbol &; thus,

Y = P; X B e A
P lp 1 P

pgf
indicates that this function applies only to cases where the subscript p is

included in the subset 4; and Z

p £ 4
indicates that summation is Timited to these cases.
12. Some readers may not be familiar with the pi-product notation, parallel with
the sigma notation for summation; thus,

n
X = X = X .X D S X
’7T] ‘pgf M Xapgy “gf L2gf Y3gf 'ngf
p= p
and T X = X . X . X
pes 'pgf t2gf tagf Y1gf

where the subset 4 is defined as:

A= {2,4,7}
13. Other conventions used consistentiy include the following: exp is an abbrev-
iation for "exponential"; i.e.

exp (a) = &2

1n 1s used for the natural or Napierian logarithm:

In {a) = 109@ a
max 1s the abbreviation for the maximum and min 1is an abbreviation for
"minimum"; thus,

min  (Xu , X5)
indicates the smaller of the values X, and X;, while

max (Xh 2 Xs)
indicates the larger of the two values. A subscript placed below max oOr min:

max (Xlzsf / ngf)
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.

The description of the processes in the model is followed by a list of the symbols
used, with definitions and FORTRAN equivalents. There is then some discussion of
constraints imposed or the model by the existing computer program, particularly by array
dimensions, and changes which might be required to enable it to meet other needs. A
flow diagram of the program, and a listing follow, with examples of data used, and of
output. The time needed for vunning the program on a standard installation is also
indicated, together with its storage requirement.



CALLING PROGRAM AND INPUT/OUTPUT SUBROUTINES

David W. Goodall
and
Clayton S. Gist
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CALLING PROGRAM

INTRODUCTION

The computer program to be described in this report provides a common framwork for
the terrestrial models to be developed. 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. This program can be combined with various

sets of subroutines to form any particular model to be executed.

The program is designed to cover a wide range of terrestrial ecosystems in which the
state variables consist of the weight of various chemical constituents contained in plant
material, subdivided by species or species group, by stage of development and by organ
group; animals, subdivided by species or species group and by stage of development;
different types of litter; and soil organic matter. The state variables also include the
population ot each animal group, and available soil nutrients, together with soil water
tension. The soil <tate variables and others associated with the soil {e.g. roots, and
seed reserves) are divided by horizons. 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 EXOGEN, 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 into the programs implementing the process submodels, which are called as
subroutines 'n the course of the main program discussed below.

INPUT ORGANIZATION

The successive cards required for input, many of which are optional and determined
by the specia‘ requirements of the model in question, are detailed below. Constraints
are placed on these 'nput data by the array sizes of the program as complied. These
constraints are described in a later section of this report.

I. COMMENTS AND TABLE HEADING
Any comments which it is wished to associate with the output may be
printed out before the rest of the output by inserting cards bearing the
comment information at the beginning of the input deck. These cards should
frnish with a blank, or be replaced by a blank if no comments are needed.
e blank ending the comments 1s followed by a single card providing a
heading for tabular output.
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II. INSTRUCTIONS CARDS
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:

Qard A

1. The number of plant species or species groups.

2. The number of animal species or species groups.

3. The number of plant organs or organ groups distinguished.

4. The number of carbon fractions separated.

5. The number of chemical elements (excluding carbon if the figure
in I1a(4) was positive.)

o

The number of types of dead organic material distinguished.

7. The number of different names to be read in for animal cohorts or
stages of development.

8. The number of different names which are to be read in for stages of
development of the plants.
The number of horizons distinguished for soil variables.

10.  The number of soil horizons distinguished for seed records {see VIIb
beTow). If non-positive, this value is interpreted as unity.

11.  Number of categaries for dry-matter calculations (see V below).

12. The time step for simulation {(in thousandths of a day); if this field
is non-positive, the time step is taken as one day.

13.  The number of entries in the "instructions" array (see IIb below) to
be passed to the subroutines.

14. The number of entries in the "Repetitions" array, determining the time

units for the subroutines {see IIc below); if this value is zero, all

subroutines are assumed to use the same time unit as the main program -

that specified in (12) above.

Card (s) B

15. The starting date of the run, counting from the beginning of the year.

16. The year in which the vun is to begin.

17. The number of the day on which the run Ts to finish, counting from the
beginning of the year in which the run starts.

18. The number of tabulated reporis reguired after the initial report.

19.  The number of Tine graphs required.

20. The number of block graphs required.

If the value at (17) is positive, one or more further cards 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 (17). If (17) is blank, only initial and final reports will be provided

(bu see (25) below).
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21.

2¢.

23.

24.

25.

26.

27

28

29.

30.

31.

A switch for debugging purposes; if this is positive, extra infor-

mation is printed out by many of the subroutines in the course of

tneir operation, from the day of simulation it specifies.

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.

A switch for timing purposes; if this switch is zero, no timing

information will be included 1n the output; if it is set at "1",

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

A switch which must be positive if sensitivity tests are to be

performed.

A switch for tabular reports:

0: Initial and final reports, together with reports on any
intermediate dates specified.

1+ Only the initial report is required.

2: A1l tabular reports are to be omitted.

3: The initial report is to be omitted.

A switch to provide (when positive) for the printing, with the tabu-

lated reports, of any additional state variables initiated by the

process subroutines and stored in the array DUMMY.

This and the next field give facilities for a portion of the parameter

Tist to be printed before simulation starts. If the value in this

field is positive, it causes values in the block / PARAM /, from this

address onwards, to be printed out as soon as they have been read in

by the process subroutines.

This field gives the last address for values in the COMMON block /

FARAM / to be printed out under control of the switch in Ila (27)

above.

A switch to provide (when positive) for the state variabies to be

read (in binary form) from a mass storage file designated as Unit 9,

instead of from cards.

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,

Un1t 11, etc. The number of such dumps 7s punched in this field.

It the previous field {Ila (30)) is occupied, the dates (from Jan. 1

tr 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 (IIa (30)).
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b. Instructions to Subroutines
If (Ila (13)) is positive, a further card is read in containing a
number of integers equal to the value in this field, in (16I5) format.

These entries may be used for communicating with subrautines at execu-
tion time, and conveying instructions modifying their mode of operation.
c. Repetitions of Subroutines
If (11a(14)) 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 ("1" for VEGET, "2" for
ANIMAL, and "3" for SOILS; other designations will be alioted 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 1imited to integral submultiples of the time unit used
within the main program.

ITI. STAGES OF DEVELOPMENT
a. If the value in IIa (8) is greater than one:

1. A card is read in with the number of distinct stages of development
for each species of plant, in (1615) format. The number of entries
should equal the number of plants or groups in IIa (1).

2. This card is followed by one card for each species defined in IIla (1)
as having more than one stage of development, and less than the
maximum number specified in Ila (8). 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 TVe below).

b. If the value at ITa (7) is positive,

1. Acard in (1615) format is read in giving the number of stages of
development for each animal species or group, as for plants in IIIa (1).
The number of entries should equal the number of animal groups speci-
fied in IIa (2).

2. This is followed by cards specifying the numerical designations for
animal stages of development, as in the case of plants at II1la (2)
above.

IV. NAMES
a. [If plants occur in the system (if the value at ITa (1) 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 IIa (1).
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V. DRY

If there are animals present (if the value at IIa (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 Ila (2).

If plant organs are to be distinguished (i.e. if the value at Ila (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). If soil horizons are distinguished (if the figure
at Ila (19) is greater than one) roots in different horizons are treated as
distinct organ types, and follow the aerial organs.

The names of chemical constituents are read in, up to 12 characters for
each, in (20A4) format. Carbon fractions should follow the other
constituents; if total carbon is included rather than carbon fractions, it
has the Jast place in the 1ist. The total number of constituents is the sum
of thenumbers at IIa (4) and IIa (5).

If the value at Ila (8) is greater than one, the names of the stages of
development for plants 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 Ila (8).
If the value at Ila (7) was greater than one, the names of stages of develop-
ment for animals are read in, in the same way as those for plants in IVe
above.

If the value at Ila (6) is positive, the names of different types of dead
material or litter are read in, three to a card, using columns 1-24, 25-48
and 49-72  If soil horizons are distinguished (i.e., if the figure at Ila (9)
is greater than one), categoriesof dead material (e.g., dead roots) located
in different horizons are treated as different types of litter. The number
of entries is equal to the value in Ila (6).

MATTER CONVERSIONS
Total dry matter in the various compartments of the system is estimated by

a linear function of the various chemical constituents. This section provides

the
a

coefficients necessary for these calculations.

If the value at ITa (11) is positive, a card in format (16I5) is vead in
specifying for the different categories of dead material which set of
dry-matter conversion factors is to be used. The number of entries is

equal to the value in Ila (6).

Three or more cards (in{8F10.2) format) are read in, each of which specifies
a vector of multipliers, egual in number to the sum of the values in Ila (4)
and Ila (5), which are to be used for multiplying the chemical constituents
to estimate the dry weight of the different organic components of the
system. These cards should equal in number the value in IIa (II) if more
than three. The first card contains the multipliers to be used for plant
material, including seeds; the second is for animal tissue; the third for
soil organic matter. Additional cards may be read in if different sets of
multipliers are required for certain categories of dead material.
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VI. TYPES OF DEAD MATERIAL, AND SOIL HORIZON DEPTHS

a. The next card divides the categories of dead material (whose overall number
has been specified at ITa (6) into three classes; above the soil, on the
surface, and beneath the soil. Six integers (in (16I5) format) give the
beginning and ending point in the sequence of dead material categories for
each of those three classes in succession. ’

b. If the value at Ila (10) was greater than one, a card is read in with the
Tower limit (in mm. depth) of each soil horizon below the surface for which
seed populations are distinguished. The number of entries required is equal
to than the value at [la (10).

c. A card is read in with the Tower Timit (in mm. depth) of each soil horizon
distinguished, in format (8F10.4). The number of entries should equal the
value in Ila (9).

VIT. INITIAL VALUES OF STATE VARIABLES

The cards in this section give values for the state variables at the

starting point of the simulation. Most of them contain the quantities per unit

area (guha"1) of the various chemical constituents, in the same sequence as in

Ivd. A1l are in (8F10.2) format.

a. For each stage of development of each plant and each of the organ types, a
card is read in with the initia? values of chemical constituents per unit
area of ground (i.e., gaha";), The first stage of development of the first
species is taken first, and cards equal in number to the number of organs
(11a (3) above) are read in; these are followed by a similar set for the
second stage of development of the first species, the third stage of devel-
opment of that species, and so forth; then there follows a set of cards for
the different organs in the first stage of development of the second species,
etc. The total number of such cards should accordingly be the product of
the value at Ila (3) by the sum of the values in IIla (1).

b. Cards are read in containing figures for the initial quantity per unit area
of the various chemical constituents contained in viable seeds on or in the
soil. These cards are equal in number to the product of the number of plant
species or groups (Ila (1) above) by the number of horizons distinguished
(ITa (10)). A set of cards for the first plant species, each card representing
successive horizons from the surface down, is followed by a similar set of
cards for the second species, and so forth. FEach card contains the quantities
of chemical constituents per unit area (in g.ha"1) for seed of that species in
that horizon.

c. For each animal species a series of cards is read in giving the population
and biomass. The first card for each animal species contains the population
figures for successive stages of development, the number of such figures
being equal to the corresponding entry in IIIb (1); this is followed by a
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sequence of cards, each containing the quantity of chemical constituents for
the successive stages of development. The total number of cards for animal
data 1s thus the sum of IIa (2) and the total of the figures in IIIb (1).

d  One card is read for each of the 1itter types, giving the quantity of the
various chemical constituents per unit area. The total number of such
cards is equal to the figure in Ila (6).

e. A series of cards equal in number to twice the figure in Ila (9) gives the
quantity of chemical constitutents per unit area in the soil in successive
horizons. The first two cards give the composition of the uppermost horizon.
1. The first card specifies the constituents of the organic matter fraction,

equal in number to the sum of figures in Ila (4) and Ila (5).

2. The second card gives the chemical elements (equal in number to Ila (5))
present in inorganic form, followed by the water content of that soil
horizon soil in mm.

These two cards are followed by similar pairs of cards for successively

deeper soil horizons.

3. A final card gives the depth of the snow cover if any (in mm.) and its
weight (in g.ha"]), and any free water over the soil surface (depth in mm.)

VIII. SPECIFICATIONS FOR GRAPHICAL OUTPUT
a. If the value at Ila (18) is positive, a series of cards are 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 arvay (COMMON block / STAT /); the
addresses in the sum array (COMMON block / TOTALS /) increased by 10,000;
the addresses in the external exchange array (COMMON block / ACC /)
increased by 20,000; or the addresses in the array of additional access-
ible variables (COMMON block / OTHER /) increased by 30,000. These
addresses are punched in (16I5) format, and may not exceed eight in
number for each Tine 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 VIIla (1) designates more than one variable, these are followed by
a series of cards equal 1n number to the entries in VIIIa (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 VIIIa (1).
Twenty characters are allowed for each, which should be in columns 1-20
of the card.
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5. If the value at Ila (19) is positive, a card is read in giving the
addresses of the variables for which block graphs are required; these
addresses are coded according to the same rules as in VIIIa (1). This
card is followed by two cards for each of the block graphs, the first
being a title, the second a title for the Y-axis Timited to the first
40 columns of the card. ’

IX. INPUT REQUIRED BY SUBROUTINES
a. Each of the process subroutines may require parameters, and other specifi-
cations to be read 1n. This takes place after all the preceding input
requirements have been met. Where such information is needed, reading is
performed by a NAMELIST statement. The first card for each reading

operation begins with
b$NAMED

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 1s the name of a variable and B and € are names of arrays included in
the NAMELIST; a, b, ¢, d, e, f, are constants of the appropriate type; and n
is an integer. Each NAMELIST input is concluded with
b$END

For this purpose, the process subroutines are called in the order VEGET,
ANIMAL and SOILS.

b. Specifications for sensttivity tests are then read in. These are discussed
in the report on the sensitivity subroutines.

c. Finally, information on the exogeneous variables is vead in. This input is
discussed in connection with the EXOGEN subroutine below.

CompuTATIONAL OPERATIONS

The central part of the program is responsible for incrementation of the state vari-
ables. When calculation of all the increments over a single time unit (of which
syb-multiples may be used for some of the subroutines) has been completed, they are tested
to ensure that nore 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 proportion as the most limiting constraint requires, the increments
are applied to all state variables, and the subroutines are called again for recalculation
of 1ncrements. 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 <n toto Briefly, this is
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i
equivalent 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 Xij 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:

.. = AX. .
19&1+1 Xisj * tJ 7’3{7
where: t, = ~(min (-1, 255 )) -1
7 _XJZ
i
Iteration is completed when: § o
17

In order to avoid difficulties when a state variable gradually approaches zero, a
Timit 1s set below which any state variable is arbitrarily set to zero. Moreover, if
one constituent of any biological compartment is zero, it is assumed that all other
constituents are also zero, and they are set accordingly. Exchanges between the ecosystem
and its surroundings are accumulated by the calling program from data provided, time unit
by time un't, 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.

An exception to the general treatment of state variables is the soil water tension
for each horizon, which is calculated afresh by the SOILS subroutine for each time unit,
rather than being changed by the main program by the addition of an increment calculated

by the subroutine.

Sums of state variables for all classes and combinations of classes are required for
output, and may also be needed by the subroutines. These summations are accordingly
performed by the main program initially, and again after each time unit of the simulation
has been performed. Exchanges with the surroundings of the ecosystem-- with the air, with
the subsoil, and along the soil surface-- are also accumulated after each time unit.

ArRrAY 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. On the next page is a 1ist of arrays included in the
calling program, in which the dimensions which may appropriately be varied are indicated
by Tetters. Dimensions of other arrays, and dimensions indicated by numbers, are subject
to other constraints, and changes in them would call for other changes in the program.



ABIOM (a)
ABIOSP (b)
AGAIN (c,d)
AGAING (c.d)
ALINAM (e,6)
ALIT (c)
AMAXT (f)
AMINI (F)
ANIM (b,h)
AORG (1)
ASEED {j.k)
ASEEDH (;)
ASEEDY (k)
ASPNAM (b,7)
AVEG (m,n)
AVEGO (m)
AVEGY (n)
CBIOM (a,h)
CBIOMN (h)
CBIOMQ (a,h)
CHNG (x)
CLIT (e,h)
CLITT (h)
CLITQQ (e,h)
CMIN (i ,h)
CMINH (h)

CMINQQ (ih)
COHNAM (p,4)
CORG (1,h)
CORGH {h)
CORGQQ (1,h)
COVER (3)
CVEG {m,n,h)
CVEGO {m,h)
CVEGQQ (m,n,h)
CVEGY {n,h)
CVEGVO (h)
DECINC (r)
DRYFAC (t,h)
DUMMY (o)
DUMMYQ (o)
puscoM (h)
EROD (c)
ERODQQ (c¢)
EXPLA (5,v)
EXPLAN (5,9)
FIG (v,70)
FIGS (g,70)
FRANAM (h,3)
HORDEP (q)
H20 (c)
H20QQ (c)

INSTRU (y) SOILTE (1)
LIGRAF (g) STATE (r)
LISCOH (a) STNG (x)
LISTER (f) SUMS (w)
LISVCO (m) SVEG (j,n.h)
LITCAT (e) SVEGO (j,h)
LITRUN (e) TITLES (f,20)
MREP (z) TOT (h)

NCOH (b) TOTAL (h)
NCOHCU (b) VCONAM (s,4)
NREPET (u) VSPNAM (j,7)
NVCOCY (J) WATABS (i)
NVCHO (]) WATABQ (i)
ORGNAM (n,6) WATER (1)
ORICIN (f) YAXISS (f,10)
POP (a)

POPQQQ (a)

POPSP (b)

SAVEG (j,n)

SAVEGO (j)

SEED (j,k,h)

SEEDEP (k)

SEEDH (j,h)
SEEDQQ (J,k,h)
SEEDV (k,h)
SEEDVH (h)
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The dimensions indicated by letters define the maximum values possible for the following

quantities defined below.

Most of these quantities correspend with 1imits for DO-loops

in the FORTRAN program, and the names for these limits are also tabulated to the Teft.

Number of
Number of
Number of
Number of
Number of
Number of

oo ~h D Q0O T o
oe s ss  ee 83 es we b

elements. )

Total number of animal cohorts.

animal species (or groups).

channels for gain or loss to or from the éystem.

chemical elements.

types of dead material.
separate graphs.
variables to be graphed.

Total number of chemical constituents (carbon fractions, if any, plus other

i: Number of soil horizons (see also g below).

NSPECA
NCHAN
NELEM
NOLIT
NOHISU

NERELM
NHORIZ
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J: Number of plant species (or groups) NSPECV
k: Number of soil horizons for seed records. NSEEDH
m: Number of plant cohorts. NVECOH
n: Number of plant organ types NORGAN
0: Extra addresses for state variables and increments available to process

subroutines in arrays UUMMY and DUMMYQ
p: Number of different names for animal cohorts. NCOHOR
g: Soil horizons, plus 1 (i.e. g =i + 1) NORZI
r:  Total number of "words" in Common Blocks STAT and CHANGE. LIMIT
s: Number of different names for plant cohorts. NVCOHR
t:  Number of different dry-matter conversion functions NDRCAT
u: Number of process subroutines. NOTIME
v: Number of curves on a single graph.
wi; Total number of “words in Common Block TOTALS. LIMTOT
x: Total number of “words" in Common Blocks ACC and ACCINC; this dimension

should equal the value defined for LIMACC. LIMACC
y¥: Number of instructions to be transferred to subroutines. NOINST
z:  Number of tabulated reports to be provided. NREP

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
but the arrays equivalenced with the common blocks
also the variables specifying their Timits, thus:

Common Block Array
ACC STNG
ACCINC CHNG
TOTALS SUMS
STAT STATE
CHANGE DECINC

in any subroutines where they occur,
must be changed to correspond, as

Limit

LIMACC

LIMTOT

LIMIT

Arrays occurring in the paired common blocks ACC and ACCINC, STAT and CHANGE must
correspond in their order and in all their dimensions, as tabulated below:

Arrays that must Match in their Dimensions

AGAIN AGAINQ
CBIOM CBIOMQ
CLIT CLITQQ
CMIN CMINQQ
CORG CORGQQ
CVEG CVEGQQ
DUMMY DUMMYQ
EROD ERODQQ
H20 H2000Q
PoP POPQQQ
SEED SEEDQQ

WATARS WATARQ
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SUBROUTIRE. EXOGEN

This subroutine provides for input of meteorological data initially, and for the
supply of daily values of meteorological variables to the process subroutines requiring
them. The input required by this subroutine occurs after all other inputs. Unless
otherwise stated, all cards are in (8F10.2) format. The cards required are as follows:

1. Mean daily quantity of dust falling from the atmosphere in g.ha"].

2. Elemental composition of dust (for the same elements, and in the same order,
as the ecosystem constituents in the main program), expressed in g. per g.

3. In (I5) format, the number of categories of dead organic material which may
be imported by wind or with run-on water.

4. If the value in the previous card is positive, a list in format (16I5) of
the Titter categories which may be imported. The entries should equal in
number the value at (3) above.

5. The mean elemental composition of precipitation {arranged as in {(2) above) in
g.g7".

6. A sequence of pairs of cards describing precipitation events. In each pair,
the first card gives, in (1515) format, the dates {(in days from Jan. 1); the
second card gives (in 15F5.1 format) the amount of precipitation on the dates
listed - preceded by a minus sign if the precipitation occurred as snow - in
mm water. Each of these cards has the year punched in columns 77-80. The
cards must be in chronological order; years before and after the period simulated
will be ignored. These precipitation records are ended with a blank card.

7. A set of cards describing deposition events. These cards are divided into groups
each of which describes up to 15 deposition events taking place in the same year.
Each group is made up as follows:

a. A card giving the dates {in days from Jan. 1) of the events in guestion,
in format (1515).

b. A card giving the amounts of water flowing on to the area, in tons ha_],
during the events specified. If deposition is by wind, this card is
blank.

c. A card giving the amounts of mineral soil deposited, in tons ha"1, during
the events specified.

d. Cards giving the amounts of mineral elements (as in VIle (2) of the main
program ) deposited, in kg.ha"h Fach card gives the quantities of a single
element transported in the successive deposition events Tisted in 7(a).

e. Cards giving the amounts of chemical constituents (as in VIIe (1) of the

' Each card gives the gquantities of

main program) deposited, in kg.ha .
a single constituent transported in the successive deposition events.

f. If the value at (3) above is positive, cards are read in giving the amounts
of chemical constituents transporited in detritus, in kg.,han1° Each card
refers to the sequence of deposition events in 7(a) above. The transportable
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categories of detritus are taken in order, and for each the different

chemical constituents are taken n order

The total number of cards in

this section is accordingly the product of the value at (3) and the sum

of those at Ila (4) and Ila (5) in the main program description.

Each card in the set has the year to which it applies punched in columns 77-80.

Similar sets of cards are read in for successive year-, but cards for years outside

the period of simulation are ignored.

These run-on records are ended with a blank card.

The following cards are included or a!: occasions:

8.
9.
10.

11.
12.
13.
14.
15.

After input cards have been read in, contrul returns to the main program.
routine is called again at the entry point EXOGE2 whenever a new day is simulated.

Two
Two
Two
for
Two
Two
Two
Two
Two

cards giving
cards giving
cards giving
instance, by
cards giving
cards giving
cards giving
cards giving

cards giving

the
the
the
pan
the
the
the
the
the

monthly mean
monthly mean
monthly mean

day temperature (in °C.)
night temperature (in °C.)
potential evapotranspiration (as measured,

evaporation) per day (in mm.)

monthly mean photoperiod (in hrs.)

monthly mean radiation intensity (ca].cm."zmin."]).

monthly mean water-vapor pressure (in mm. hg).

monthly mean wind velocity (in m.sec'1).

monthly mean of daily maximal wind velocity (in m.secm]).
OPERATIONS

The sub-
If

rainfallor a deposition event occurs on that day, the appropriate values are transferred
from storage to the METEOR common block.

Similarly, every time the month changes the

appropriate monthly means for the other meteorological variables are transferred.

ARRAY DIMENSIONS

Limitations imposed by dimensions for arrays used in the EXOGEN subroutine, but

not in the main program, are as follows:

Dimension
a:

DRUNLT (
ERODED (
MRAIN (a
RUNLIT (

e,f)
b)
)

b,e,f)

RUNORG (b, f)
where the dimension symbols have the following meanings:

Number of days with precipitation during the period simulated

DRUNMI (d) DRUNOR (f)
EX0 (c) LITRUN (e)
MRUNON (b) RAIN (a)

RUNMIN (b,d) RUNON (b)

+ number of years -1

Number of days with run-on during the period simulated + number
of years -1

FORTRAN
NRAIN

Definition

NRUNON
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Dimension Definition FORTRAN
c: Total number of words in Common block METEOR LIMEXO
d Number of chemical elements NELEM
e: Number of transportable categories of dead material NRUNLT
f Total number of chemical constituents (carbon fractions, if

any, plus other elements) NFRELM

Other dimensions are constrained by other features of the program, and may not be
varied so readily.

N.B. If any dimensions within the Common block METEOR are changed, that of EXO with which
it is equivalenced must also be changed to correspond; a value equal to the dimension of
EX0 must be given to LIMEXO, and the value of LIMEXI should be the address of ERODE in the
Common block METEOR.

U INE R

At times when tabulated output hae been requested, the values of all state variables
are printed together with their sums. 1In addition, estimates of dry matter of the various
compartments are provided, these being calculated from an expresion:

Yei = % Pur Xigx

where k ranges over the chemical constituents included in the model, and where suffix i
indicates which set of multipliers Py (read in at V(c) in the main program) is appropriate
(7 =1 for plant tissue; < = 2 for animal tissue; ¢ = 3 for soil organic matter; and, for
the various types of dead organic material, © is as specified in V(a) in the main program).

The tabulated output also includes, on all occasions except the initial report, a
table of quantities of chemical elements, or water, and of inert soil particles lost by
the ecosystem to its surroundings, or gained as the case may be. Exchanges with the
atmospheres with the subsoil (beiow the lowest horizon for which state variables are
included), and laterally along the soil surface, are distinguished These figures are
accumulated over the period of simulation. Precipitation figures are also accumulated
and included in the reports. The depth of snow Tying on the soil surface is reported
in mm., and its weight in g.ha"].

ArrAY DIMENSIONS

Limitations imposed by dimensions for arvays used in the REPORT subroutine, though
not in the calling program, are as follows:
DRYM (a) SDRYM (d)
DRYMV (b) SOURCE (b,f)
DRYTH (c) AGAINT (e)
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Number of plant organs, or number ot animal cohorts, whichever is larger.
Number of plant organs, or number of animal species, whichever is Targer.
Number of plant species.

Number of plant organs.

Number of chemical elements.

-h © Lo O T oW

Number of channels for gain or loss to the system.

SUBROUTINE. GRAF

Graphical output is available on the line printer, in the form of either Tine graphs
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. A1l are plotted on the same scale, which is normally
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 15 plotted. FEach type of graph is
provided with appropriate titling.

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 sp$%ified
in the title as the scaling factor. If the values extend outside the 1imits + 10 , an
error message results. If all values of Y are identical, a small range of Y values
around this point is graphed. By use of the ORIGIN option in the main program, a zero
value of Y may be specified as the upper or lower limit, in place of the maximum or
minimum value actually occurring in the simulation.

The graphs are printed after the final tabulated report. Graphing facilities are
provided for all state variables; for all their totals; and for all accumulated exchange.
between the ecosystem and its surroundings.

[IME ARD SPACE REQUIREMENTS

On the UNIVAC 1108, the time required for compilation, and the number of words
(36-bit) of core storage required for coded instructions and for data by the programs
as listed, are tabulatea below:

PROGRAM COMPILATION TIME CODE STORAGE DATA STORAGE
{secs)

MAIN 8.01 3158 3597

EXOGEN 2.63 944 2870

REPORT 4,84 4305 468

GRAF 1.18 512 3801

COMMON STORAGE, 16489

TOTAL 16.66 8919 27225
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Facilities are provided for monitoring the C.P.U. time required during execution
for different parts of the simulation. For this purpose, use is made of the system
subroutine EXTIME, which would need to be replaced if the programs were implemented on
any other system.

In a trial run with 253 state variables, and the program as listed, the C.P.U. time
(in secs) required for the various parts of the execution were as follows:

Initialization and input 0.39 ¥
Simulation, per time unit 0.04 *
Tabulated report 0.64 +
Graph 0.45

{*) This is the time required by operations within the main program and the subroutine
EXOGEN; the time required by the process subroutines is additional, and is indicated
in the descriptions of these subroutines. This time depends on the size of the
COMMON blocks / STATE / , / DECINC / and / TOTALS /, and of the array areas within
them that are in use.

(+) These times largely depend on the size of the array areas in use.
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START

INITIALIZE

TITLES

:

TITLES

INITTALIZE

:

CONTROL PARAMETERS

OF DEBUG <DATE OF
SIMULATION

FLOW CHART OF MAIN

DEBUG PROCEDURES
IMPLEMENTED

CDATE < INITIAL
DEBUG DATE .~

NO DEBUG
PROCEDURE
IMPLEMENTED




CARBON FRACTTONB—Lo— )

SUBTRACT 1 FROM
THE TOTAL NUMBER OF|
ELEMENTS

STMULATION
TIME STEP
<07?

YES

TIME STEP = 1 DAY

CARBON
FRACTION
SEPARATED
< 1?7

YES

CARBON IS NOT
SUBDIVIDED INTO
FRACTIONS

THREE COEFFICIENTS
ESTABLISHED

, #
SEED HORIZONS IN™
SOIL <07

YES

1 SEED HORIZON
ESTABLISHED

YES

SOIL HORIZONS
<07

1 SOIL HORIZON
ESTABLISHED

PLANT ORGAN
DISTINGUISHED
<07 -

YES

1 PLANT ORGAN
ESTABLISHED
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SUBROUTINE
MODIFICATION
INSTRUCTION

SUBROUTINE
INSTRUCTIONS

|

SUBROUTINE
TIME SCALES

]

TIME UNIT
CALCULATIONS

PLANT SPECIES INFORMATION

#
PLANT SPECIES
<07

COHORT FOR EACH
SPECIES

PLANT COHORTS
>1?

ASSIGN 1 COHORT
TO EACH SPECIES YES

COHORTS PROP-
ZRLY DESIGNATED ?

ERROR MESSAGE

SPECIES 7

NUMBER OF STAGES
DESIGNATED FOR
EACH SPL:.IES




#
ANIMAL SPECIES

YES

ANIMAL COHORTS
>17

ASSIGN 1 COHORT TO
EACH ANIMAL
SPECIES

P

ASSIGN COHORT #
TO EACH SPECIES

< COHORT PER ANIMAL

ANTMAL SPECIES INFORMATION

# ANIMAL COHORTS
IN EACH SPECIES

ANTMAL
COHORTS PROPERLY
DESIGNATED?

ERROR MESSAGE

MORE
THAN ONE

SPECIES?

# OF COHORTS IN
EACH ANTMAL
SPECIES
q PLANT SPECIES PLANT SPECIES

DESIGNATED >07?

NAMES

ANTMAIL SPECIES
NAMES
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NAMES OF DESIG-
NATED PLANT
ORGANS

NAMES OF CHEMICAL
CONSTITUENTS

DESIGNATED
PLANT COHORTS

>17

NAMES OF DESIG-
NATED PLANT
COHORTS

DESIGNATED
ANIMAL COHORTS
>17

NAMES OF DESIG-
NATED ANIMAL
COHORTS

]

NUMBER OF LITTER
CATEGORIES

FACTORS RELATING
CHEMICAL CONSTI-
TUENTS TO LITTER
DRY WEIGHT

]

DEPTH IN SOIL OF
EACH DESIGNATED
SEED HORIZON

SEED
HORIZONS
>1?

]

DEPTH OF EACH
HORIZON FOR
SOIL SUB-MODEL

ABLE FROM CARDS?




PLANT SPECIE
DESIGNATED
s 07

CHEMICAL CONSTI-
TUENT FOR EACH
PLANT SPECIES &
COHORT

TUENT FOR EACH

CHEMICAL CONSTI-

SPECIES OF SHED
SEEDS

J

CHEMICAL CONSTI~
TUENT FOR EACH
ANIMAL SPECIES &
COHORT

POPULATION DEN-
SITY FOR EACH
ANIMAL SPECIES

LITTER
CATEGORIES
<0?

CHEMICAL CONSTI-
TUENTS FOR EACH
LITTER CATEGORY

]

SOIL PARAMETERS

FIRST
TIME THROUGH?

YES
S

SET MINIMUM VALUES
FOR STATE VARIABLES

" STATE
VARIABLE VALUE
MINIMUM VALUE g

SET STATE
VARIABLE EQUAL
TO ZERO

ALL
STATE
VARIABLES TESTED?

NO

#
PLANT

SPECIES
<07
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2.1.3.1.1.-32

CHEMICAL

PECIES
N

CARBON IN
PLANT COHORT

>07?

PLANT STATE VARIABLES ARE TOTALED

CALCULATE THE TOTAIL
CARBON IN EACH OR-
GAN FOR EACH COHORT
& EACH ORGAN CVER
ALL COHORTS

SUM TOTAL CARBON
COHORT AND ORGAN

HORTS & ORGANS
EXAMINED

SUM CARBON BY FRAC-
TIONS FOR EACH CO-
HOR? & ORGAN & SUM
TOTAL CARBON FOR
EACH COHORT

#
LTTTER
CATEGORIES <07

TUENT VALUES FOR
! TTER CATE~
ORY=07?

MULTIPLE
CARBON FUNCTIONS
DESIGNATED?

no STATE VARIABLES FOR DEAD MATERIAL ARE TOTALED

SUM THE CARBON
FUNCTION: FOR EACH
LITTER CATEGORY

SUM BY ELEMENTS
ACROSS LITTER TYPES

(P8)




SUM TOTAL CARBON
IN DEAD MATERIAL

LITTER TYPES
& ELEMENTS EX-
AMINED?

SOIL. STATE VARIABLES ARE TOTALED

SUM ALL CARBON
FRACTIONS FOR
EACH SOIL HORIZON

(FRACTIONS DESIG~

SUM EACH ELEMENT
IN EACH HORIZON

SUM TOTAL CARBON
IN ALL SOIL
HORIZONS

SOIL HORI-
~ ZONS & ELEMENTS

PLANT SPE-
CIES <07

2.1.3.1.1.-33



PLANT STATE VARIABLES ARE TOTALED BY ORGANS

2.1.3 1.1.-34 SUM EACH CHFMIGAL

CONSTITUENT FOR
ALL PLANT SPECIES

CONSTIT.>0 IN

SUM ALL CARBON
FRACTIONS FOR EACH
PLANT ORGAN

CARBON
FRACTIONS >1°

STATE VARIABLES FOR SHED SEEDS
ARE TOTALED

ALL
ELEMENT GROUP
TESTED?

SUM TOTAL CHEMICAL

ELEMENT CONTENT BY

SEED SPECIES & SEED
HORIZON

SUM CHEMICAL GROUPS
BY SEED SPECIES &
SEED HORIZON

CARBON
FRACTIONS >07

SUM TOTAL CHEMICAL
CONSTITUENT FOR
EACH SEED HORIZON
& SPECIES

VALUE

>07

]




SUM TOTAL CHEMICAL
CONSTITUENTS FOR
EACH SEED HORIZON

#
CARBON

FRACTIONS
>0?

SUM TOTAL CHEMICAL
CONSTITUENT IN SHED
SEEDS FOR EACH
SPECIES GROUP

SEED SPECIES;
<HORIZONS & CHEM.

CARBON
FRACTIONS
<07

YES

SUM TOTAL CARBON
IN ALL SEEDS

PLANT LIFE
STAGE NAMES

>1?

SUM TOTAL CARBON
FOR EACH PLANT
SPECTES

2.1.3.1.1.-35



2.1.3.1.1.-36

TOTAL CARBON IN
EACH ORGAN IR EACH
PLANT SPECIES
GROUY

CHEMTCAL
CONSTITUENT VALUE
-07

SUM TOTAL OF FACH
CHEMICAL CONSTITUEN
FOR EACH PLANT
SPECTES & ORGAN

SUM TOTAL CHEMICAL
CONSTITUENT FOR
EACH PLANT SP¥TIES

ALL
SPECILES
EXAMINED?

#
ANTMAL
SPECIES
Q?

CAL GROUPS BEEN
EXAMINED?

SUM TOTAL CARBON
FOR EACH ANIMAL
COHORT, TOTAL ANI--
MALS & EACH SPECIES

SUM TOTAL CHEMICAL
CONSTITUENT BY
SPECIES & TOTAL
ANIMALS




CARBON HANDLED AS
ALL OTHER CHEMICAL
CONSTITUENTS

COHORT >07

DENSITY OF SPECIES
= L DENSITY OF
EACH COHORT OF
SPECIES

IMAL SPECIE
EXAMINED?

CARBON HANDLED AS
ANY OTHER TOTAL
ANTIMAL CHEMICAL
CONSTITUENT

ADD ALL CARBON
FRACTIONS IN SOIL
ORGANIC MATTER

SUM TOTAL CHEMICAL
CONSTITUENTS IN
SOIL ORGANIC MATTER
AND LITTER

SEARCHED?

HANDLE CARBON AS
ANY OTHER CHEMICAL
CONSTITUENT

2.1.3.1.1.-37



2.1.3.1.1.-38

SUM TOTAL CARBON
IN SOIL ORGANIC
MATTER AND LITTER

%

SUM TOTAL CHEMICAL
CONSTITUENTS FOR
ECOSYSTEM

CHEMICAL
CONSTITUENTS
EXAMINED?

SUM TOTAL CARBON
FOR ECOSYSTEM

HAVE
SUBROUTINES
BEEN USED
YET?

ASSIGN 29 DAYS TO
FEBRUARY AND 366
DAYS TO YEAR

INITIAL SIMULATION
DATE EQUAL FIRST
DAY OF YEAR

NITIAL
SIMULATION
DATE :0?




SIMULATION TIME
PERIOD EQUAL ONE
DAY

J

GRAPHING INSTRUCTIONS (LINE GRAPHS)

ARE
LINE GRAPHS
DESIRED?

STORAGE ADDRESSES
OF STATE VARIABLES
TO BE GRAPHED

ASSIGN GRAPH DESIG-
NATION NUMBER TO

VARTABLE GRAPH TITLES

Y~-AXIS TITLE &
IF Y = 0 SHOULD
BE PRINTED

TITLE FOR EACH
CURVE IN GRAPH

2.1.3.1.7.-39



2.1.3.1.1

-40

INSTRUCTIONS FOI

R BLOCK GRAPHS

/" HISTOGRAM TITLES
AND CONTROL INFOR--

MATION

YES

"0z
REPORT
DATE - FINAL DATE
OF SIMULATIO

ARE
HERE MORE
THAN 1 REPORT &
ARE THEY TN SE-
QUENCE?

YES

ES

ASSIGN REPORT
NUMBERS

NO

ALL REPORT
REQUESTS BEEN
EXAMINED?

REPORTS
= 02

NO

ULATTION?

YES

GENERATE ONE REPORT

GRAPHS RE-
QUESTED <07

NO

SET LIMITS AND
SCALE GRAPH

CALL THE INPUT SUB-
ROUTINES FOR THE
PLANT, ANIMAL &
SOIL SUB-MODELS




YES FOR OUTPUT

VARTABLES <07

BEGINNING AND
ENDING ADDRESSES
OF OUTPUT

VARIABLES

PARAMETER ARRAY
FOR PROCESS
SUBROUTINES

TESTS DESIRED?

CALL THE
SENSITIVITY
SUBROUTINE

SET REPORT NUMBER
TO ONE AND CALY
SENSIT

v

CURRENT DAY AND
YEAR SET AS BE-
GINNING THE SIMU-
LATION RUN

2.1.3.1.1.-31



SET LIMITS FOR

CRAPHS YES GRAPHS

DESIRED?

2 1.3.11.-42

INITIALIZE SIMULA-
TION TIME PARA~

METERS

.

ADD THE NUMBER OF
DAYS IN EACH MONTH
PRIOR TO STARTING
SIMULATION

DATE IN CURRENT
MONTH IS DETERMINED
BASED ON THE NUMBER,
OF DAYS IN THE PRE~
VIOUS MONTH

]

FIRST

ATTEMPT AT

SENSITIVITY ”
TESTS CALL EXOGEN

ANY
REPORTS
DESIRED?

REPORT HEADINGS




NAME OF CURRENT
MONTH, YEAR AND CALL KOVER
DAY

ANY
GRAPHS
DESIRED?

ANY
LINE GRAPHS
DESIRED?

SET THE GRAPH
MATRIX & ASSIGN
MODEL VARIABLES TO
THE MATRIX ELEMENTS

SET THE HISTOGRAM

MATRIX & ASSIGN THH
MODEL VARTABLES TO
THE MATRIX ELEMENTS

ANY
REPORTS
DESIRED FOR
SIMULATION?

2.1.3.1.1.-43



2 1.3.1

-44 TIME EXPIRED SINCE
LAST INQUIRY

BB

SET SIMULATIOM
TIME PARAMETERS

INITIALIZE PARA-
METERS FOR CURRENT
LOOP & INCREMENT
LOOP

TIME

< 20 TIMES? ERROR

ASSIGN ALL TIME
VARIABLES TO
TEMPORARY STORAGE

RENT DATE
TERMINAL SIMULA-
TION DATE?

TION DATE?

INCREMENT THE DATE

P20



DATE < NUMBER
DAYS IN YEAR?

SET CURRENT DATE TO
BEGINNING OF YEAR

ASSIGN 27 DAYS TO
FEBRUARY AND 366
DAYS TO YEAR

END
OF MONTH?

INCREMENT THE MONTH
& ADD THE NO. OF
DAYS IN THE PRE-
VIOUS MONTH TO THE
TOTAL DAYS OF SIM-

ULATTON
J

CALL EXOGE 2

INCREMENT PRECIP-
ITATION & SET NEW
PRECIPITATION DATE

COMPUTE TIME LAPSE
SINCE BEGINNING OF
SIMULATION

P21

NOTE #1:

2.1 3.1.1.-45

NUMBER OF UNSUCCESSFUL
ATTEMPTS DURING TIME
PERIOD >1 OR CURRENT
SIMULATION DAY s DAY
FOR WHICH PRECIPITATION
WAS LAST INCREMENTED?2



2.1.3.1.1.-46

PLANT SPECIE
<0?

INCREMENT TIME IN
VEGETATION SUB-
ROUTINE

CALL VEGET

YES ANIMAL SPECIES

<07

INCREMENT TIME IN
ANIMAL SUBROUTINE

CALL ANIMAL

)

INCREMENT TIME IN

SEE NOTE #4 SOIL SUBROUTINE

CALL SOILS

NOTE #2: DOES THE
LAPSED TIME IN THE
VEGETATION SUBROUTINE
= LAPSED TIME IN THE
MAIN PROGRAM?

NOTE #3: DOES THE
LAPSED TIME IN THE
ANIMAL SUBROUTINE =
LAPSED TIME IN THE
MATN PROGRAM?

NOTE #4: DOES THE
LAPSED TIME IN THE
SOTL SUBROUTINE =
LAPSED TIME IN THE
MAIN PROGRAM?



2.1.3.1.1.-47
CALCULATE NEW
DECREMENT NOTE #5: IS THE VALUE OF
THE STATE VARIABLE <0. OR
STATE VARIABLE + ITS DEC-
REMENT >07

]

ASSIGN NEWLY RECORD VARIABLES
CALCULATED IN WHICH INADE-
DECREMENT RATE & QUACIES OCCURED

BEEN TESTED?

STATE VARIABLE

CHANGE DECREMENT
TO INCREMENT

NOTE #6: IS THE TOTAL PRO=-
PORTION OF SIMULATION TIME
UNIT COMPLETED IN EACH
CYCLE <1?

PROPORTION TOTAL
CHANGE IN STATE

VARIABLE IN CYCLE
TO EACH TIME STEP

J

INCREMENT THE
STATE VARIABLE

SET STATE VARIABLE
EQUAL TO ZERO




2.1.3.1 1.-48

ALL
VARIABLES
EXAMINED?

SUM THE TOTAL FOR
VARIABLE TO DATE

ALL
VARIABLES
EXAMINED?

ADDRESS OF
INADEQUATE VARI-
ABLES >0?



DETERMINE HOW MUCH
SIMULATION TIME IS
LEFT

SET THE STATE VARI~
ABLES WITH INADE-
QUACIES TO MINIMUM
VALUES

CONSTRUCT AN ARRAY
COMPOSED OF VARI-
ABLES WITH INADE-
QUACIES

VARIABLES WITH IN-
ADEQUACIES OF TIME
OF OCCURRENCE

2.1.3.1.1.-49



2.1.3.1

1.

SEE NOTE #7

#

GRAPHS
DESIRED
<0?

SET PARAMETERS
FOR GRAPHING

e

e
< DEBUGGING
< DESIRED?

SET THE TIME FOR
WHICH DEBUGGING
WILL OCCUR

DUMP

< PESTRED?

SET LIMITS FOR
DuMp

SENSITIVITY
ANATYSIS DESIRED?

YES

CALL SENoUT

SEL NOTE #8

REPURTS DE-

REPORT
PARAMETER

CALL REPORT

P26

NOTE #7:

NOTE #8: CURRENT DATE -

CURRENT STMULATION
DATE < INITTAL SIMULATION DATE
OF CURRENT LOOP?

A REPORT
DATE AND - THE TERMINAL SIMULA-

TION DATE?



SIMULATION
COMPLETED?

DESTRED GRAPHS

RESET TIMER

SENSITIVITY
TEST DESIRED?

CALL SENOUT

2.1.3.1.1.-51
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FLOW CHART OF EXOGEN 2.1.3.1.1.-77

COMPOSITION OF (1) QUANTITY AND CHEMICAL COMPOSITION OF
DUST INPUT DUST INPUT.

a

(2) THE NUMBER OF CATEGORIES OF DEAD MAT-

H
LABEL EAC ERTAL TRANSPORTED BY WATER >07

CATEGORY

3 (3) INTEGRAL LABEL OF EACH CATEGORY OF
‘l DEAD MATERIAL TRANSPORTED.

PRECIPITATION RECORDS
CHEMICAL COMPO-
SITION OF RAIN
INPUT

v

CALCULATE THE
FINAL YEAR OF
SIMULATION

(4) HAS THE END OF THE RELEVENT DATA BEEN
RECORDED?

END ‘OF DATA

YES«” BEEN REACHED?

DATES FOR (5) DATES FOR CURRENT RAINFALL EVENTS AND
CURRENT RAINFALJ CURRENT YEAR.

(5)

(6) IS THE CURRENT PRECIPITATION RECORD IN
PROPER ORDER FOR THE CURRENT YEAR AND
IS CURRENT YEAR DURING SPECIFIED TIME
OF STMULATION?

ERROR MESSAGE

RECORDS?
(6)




2.1.3.1.} PRECIPITATION
RECORDS TGNORED?
2)

YES
INCREMENT PRECIPI~
TATION EVENTS BY
ONE

\ J
NO ALL PRECIPI-

TATION RECORDS
BEEN EXAMINEDZ

RUN-ON RECORDS

OF RUN-ON
YIS REACHED?

4

DATES FOR CUR-
RENT RUN-ON
EVENTS AND
CURRENT YEAR

« URRENT
YEAR = 0?

ERROR MESSAGE

(1) PRECIPITATION RECORDS EXTEND BEYOND
SIMULATION PERIOD?

(2) PRECIPITATION RECORDS BEYOND SIMU-
LATION TIME IGNORED.

(3) JULIAN DATE OF PRECIPITATION EVENT
<0?

(4) HAS THE END OF THE RELEVANT RUN-ON
RECORDS BEEN REACHED?

(5) ARY THE CURRENT RUN-ON RECORDS IN

PROPER ORDER AND FOR CURRENT YEAR
DURING SPECIFIED TIME OF SIMULATION?



DLATION PERIOD}

B YOND SIMULATION

RUN-ON RECORDS BE-

PERIOD IGNORED

DATE OF RUN~
ON EVENT <07

INCREMENT RUN-ON
EVENTS BY ORE

CORDS EXAMINED?

OTHER METEOROLOG-
TCAL DATA (MONT
(MONTHLY MEANS)

v

PLACE CURRENT SIM-
ULATION DATE IN
COMMON BLOCK

/METOR/

v

ENTRY EXOGE 2

2.1.3.1.1.-79



2.1.3.1.1.-80

SWITCH
TO RESET

YES

EXOGEN INDICES
<07

EXOGEN INDICES
>0?

SWITCH
0 RESET
EXOGEN IND'CES
=07

IMULATION
DATE IN SAME
MONTH?
(1)

NO

SET PRECIPITATION
DATE TO PREVIOUS
SERTAL VALUE

STORE THE CURRENT
DEPOSITION AND
PRECIPITATION
VALUES

RETURN TO MAIN

STORE SERIAL VALUE
OF PRECIPITATION
EVENT

1

CURRENT SIMULATION DATE IN SAME

MONTH AS PREVIOUS SIMULATION
DATE?



SET DEPOSITION
DATE TO PREVIOUS
SERTAL DATE

STORE SERIAL
VALUE OF DEPOS-
ITION EVENT

NO

RECORDS
PRIOR TO FIRST
X YEAR?

(65}

INCREMENT THE
SERIAL VALUES
FOR PRECIPITATION

(1)

2.1.3.1.1.-81

ARE THESE PRECIPITATION RECORDS
PRIOR TO THE FIRST YEAR OF
SIMULATION?



2.1 3.1.1.-82

PRECIPITA-

TION EVENT DATE? YES

(1)

PRECLPITATION
EVENT DATE?
(2)

PRECIPITATION
DATE = CURRENT
DATE?

NO

TREAT PRECIPITA~
TION AS SNOW

TREAT PRECIPITA-
TION AS RAIN

INCREMENT THE
SERIAL VALUE FOR
PRECIPITATION

'

SUM TOTAL
PRECIPITATION TO
DATE

(1) PRECIPITATION EVENT DATE
< CURRENT SIMULATTON DATE?

(2) PRECIPITATION EVENT DATE
> CURRENT SIMULATION DATE?



2.1.3.1.1.-83

(1) ARE THESE DEPOSITION

INCREMENT THE RECORDS PRIOR TO THE
SERTAL VALUES FIRST YEAR OF SIMULA-
FOR DEPOSITION S

DEPOSITION
DATE <07

(2) DEPOSITION EVENT DATE <
CURRENT SIMULATION DATE?
N
(3) DEPOSITION EVENT DATE >
CURRENT STMULATION DATE?
SUM TOTAL DEPOSI-
-0 TION AND EROSION
OF MINERAL & ORGANY
p
CURRENT DATE? IC CONSTITUENTS
SET NUMBER OF SIM- INCREMENT SERTAL
ULATION DAYS TO VALUE FOR DEPOSI-
Bl CURRENT SIMULATION }— TION ref—
DATE
ENTER NEW MONTHLY (4) CURRENT SIMULATION DATE IN
SAME MONTH AS PREVIOUS SIM~-
METEOROLOGICAL ULATTON DATE?
RECORDS FROM ’
MEMORY
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FLOW CHART OF REPORT

REPORT
OF LAPSED TIME
DESTIRED?

LAPSED COMPUTER
TIME IN SECONDS

PLANT DRY MATTER AND CHEMICAL CONSTITUENTS REPORTED

VEGETATION
SUBDIVIDED INTO
SPECIES?

HEADINGS

CALCULATE TOTAL DRY
MATTER FOR EACH
PLANT ORGAN, PLANT
COHORT, SPECIES &
TOTAL VEGETATION

‘

PLANT SPECIES NAMES

COHORT NAMES

COHORTS
DIVIDED INTO
ORGANS?

TOTAL OF A GIVEN
CHEMICAL ELEMENT &

*IDRY MATTER CONTAINED;
IN A PLANT COHORT

CARBON
DIVIDED INTO
FRACTIONS?
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B

PLANT ORGAN REPORTS

TOTAL CARBON & DRY
MATTER IN ORGAN IN
GIVEN COHORT

SUM OF EACH CARBON
FRACTION IN PLANT
ORGAN, IN EACH
COHORT

TOTAL CHEMICAL
ELEMENT AND DRY
MATTER FOR EACH
COHORT

e

TOTAL CHEMICAL
ELEMENT, TOTAL
CARBON & DRY

MATTER FOR EACH
COHORT

ALL
ORGANS
EXAMINED?

COHORTS
DEFINED <1?

TITLES

PLANT SPECIES REPORTS

PLANT
ORGANS DEFINED
>1?

v

ELEMENTAL CONTENT &
DRY MATTER FOR EACH
ORGAN TYPE ACROSS
ALL PLANT COHORTS

IN A GIVEN SPECIES

FLEM. CONTENT & CAR-]
BON FRACTIONS OF D.M.




TOTALS FOR

CARBON
FRACTIONS DE-~
FINED >17

@

TITLES; TOTAL ELEM.,
CARBON FRACTIONS &
DRY MATTER IN EACH
PLANT ORGAN ACROSS
ALL PLANT SPECIES
e T

ORGAN TYPES REPORTED

TLTLES & TOTAL ELE~
MENTAL & DRY MATTER

i) CONTENT TN EACH

PLANT ORGAN ACROSS
ALL PLANT SPECIES

s

ALL ORGANS
“BEEN EXAMINED?

NO

TITLES

PLANT
ORGANS DEFINED
517

YES

#

CARBON 18
FRACTTONS DE~ Q?
FINED >17 ﬂ
W%,M‘_.w.n__,wm
No

TITLES: CHEMICAL ElL-
EMENT CONTENT & DRY
MATTER IN A GIVEN
ORGAN SUMMED OVER
ALL COHORTS

TITLES; CHEMICAL EL
EMENT CONTENT, CAR-
BON FRACTIONS & DRY
MATTER FOR EACH OR-
GAN OVER ALL COHORT

T
\,,___«"‘ ”/

.\_m/ﬁ@m"

ALL

PLANT NO

ORGANS EXAMINED?
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TOTAL CHEMICAL ELE~
MENT & DRY MATTER

o CONTENT IN A GIVEN
PLANT COHORT SUMMED
OVER ALL ORGANS

CARBON FRAC-
TIONS >17?

TOTAL CHEMICAL ELE-
MENT, CARBON FRAC-

TIONS & D.M. CONTENT
IN A GIVEN PLANT CO+
HORT SUMMED OVER ALL
ORGANS

PLANT GROUND COVER REPORTED

LABELS

SPECIES NAME &
GROUND COVER BY
THIS SPECIES

SPECIES EXAMINED?

TOTAL GROUND COVER

BY PLANT COMMUNITY,
GROUND COVER BY PER-
ENNIALS & COVER BY
ANNUALS

SHED SEED INFORMATION CALCULATED AND REPORTED

TITLES




CURRENT SEED
DEPTH
THE SURFACE?

SURFACE

TOTAL CHEMICAL ELE-
MENTS & DRY MATTER
IN A GIVEN SEED

SPECIES & HORIZON

CARBON
FRACTIONS
DEFINED >17

TOTAL CHEMICAL ELE- |
MENTS, DRY MATTER
& CARBON FRACTIONS

ALL
SEED SPECIES
EXAMINED?

TOTAL CHEMICAL ELE-
MENT & DRY MATTER
{ OF ALL SEEDS IN A
GIVEN SEED HORIZON

CARBON
FRACTIONS
DEFINED >07?

TOTAL CHEMICAL ELE-~

GIVEN SEED HORIZON

SEED
HORIZONS
DEFINED <1?
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[TOTAL CHEMICAL ELE-
MENT & DRY MATTER

CONTENT IN SEEDS OF
A GIVEN SPECIES TO-
TALED OVER ALL HORI-
ZONS

FRACTIONS
DEFINED >1?

TOTAL CHEM. ELEMENT,
CARBON FRACTIONS &
D.M, CONTENT IN SEEDS

HORIZONS DEFINED?

TOTAL CHEMICAL ELE-

CARBON
FRACTIONS
DEFINED >17?

SEED HORIZONS

TOTAL CHEM. ELEMENT
CARBON FRACTIONS &
D.M. CONTENT OVER

ALL SEED SPECIES &
HORIZONS

ANIMAL PARAMETERS ARE REPORTED AND DRY MATTER IS CALCULATED AND
REPORTED

#
ANIMAL
SPECIES DEFINED
<07

TITLES

CALCULATE ANIMAL
DRY MATTER FOR A
GIVEN ANIMAL
SPECIES




TOTAL CHEMICAL ELE-
MENT & DRY MATTER

CONTENT FOR A GIVEN
A~ ANIMAT, COHORT

| TOTAL CHEM. ELEMENT
CARBON FRACTIONS &
DRY MATTER CONTENT
FOR A GIVEN ANIMAL
COHORT

ALL
COHORTS
EXAMINED?

TOTAL CHEMICAL ELE-~
MENT & DRY MATTER
CONTENT IN A GIVEN
ANTMAL SPECIES

CARBON
FRACTIONS
DEFINED >17

TOTAL CHEM, ELEMENT
CARBON FRACTIONS &
DRY MATTER CONTENT
IN A GIVEN ANIMAL
SPECIES

TOTAL CHEMICAL ELE-
MENT & DRY MATTER

CONTENT SUMMED OVER
ALL ANIMAL COHORTS

CARBON
FRACTIONS
DEFINED >1?

TOTAL CHEM. ELEMENT
CARBON FRACTIONS &
DRY MATTER CONTENT
SUMMED OVER ALL

ANIMAL COHORTS
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ANIMAL POPULATION DATA ARE REPORTED

TITLES

VIDED INTO CO-
HORTS?

COHORT NAMES &
POPULATION DENSITY
OF THE COHORT

ALL
COHORTS
EXAMINED?

TOTAL POPULATION
DENSITY FOR THE
ANIMAT, SPECIES

EXAMINED?

L.ITTER AND DEAD ORGANIC MATTER IS REPORTED

LITTER
CATEGORIES
DEFINED <0?
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LITTER DATA ARE REPORTED

CALCULATE LITTER
AND SOIL ORGANIC
DRY MATTER

[TﬂTAL CHEMICAL ELE-
MENT & DRY MATTER
tN A GIVEN LITTER
CATEGORY

N

CARBON
FRACTIONS
DEFINED >1°

TOTAL CHEMICAL ELE-
MENT, CARBON FRAC~
TIONS & DRY MATTER
CONTAINED IN A
GIVEN LITTER CATE~-

LITTER
CATEGORIES
EXAMINED?

TOTAL CHEMICAL ELE-
MENT & DRY MATTER
IN LITTER SUMMED
OVER ALL LITTER
CATEGORIES

CARBON
FRACTIONS
DEFINED >17

TOTAL CHEMICAL ELE~
MENT, CARBON FRAC-
TIONS & DRY MATTER
IN LITTER SUMMED

OVER ALL LITTER CAT}
EGORIES

SOIL. DATA ARE REPORTED

TITLES

IL. ORGANIC MATTER INFORMATION IS REPORTED

CALCULATE SOIL
ORGANIC DRY MATTER
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TOTAL CHEMICAL ELE-
MENT & DRY MATTER

CONTENT IN SOIL OR-
GANIC MATTER FOR A
GIVEN SOIL HORIZON

CARBON
FRACTIONS
DEFINED >17

TOTAL CHEM. ELEMENT)]
CARBON FRACTIONS &
D.M. CONTENT IN SOI{
ORGANIC MATTER FOR
A GIVEN SOIL HORI-

ZONS EXAMINED?

SOIL
HORIZONS
DEFINED >1?

TOTAL CHEMICAL ELE-
MENT & DRY MATTER
P CONTENT IN SOIL OR-
GANIC MATTER SUMMED
OVER ALL HORL

CARBON
FRACTIONS
DEFINED >1?

TOTAL CHEM. ELEMENT,
CARBON FRACTIONS &
DRY MATTER IN SOIL
ORGANIC MATTER SUM~
MED OVER ALL HORI-
ZONS

MINERAL. SOIL. FRACTION REPORTED

TITLES

NO

TOTAL CHEMICAL ELE-
MENT CONTENT IN MIN-
ERAL SOIL FRACTION
FOR EACH HORIZON

~—

ALL
SOIL HORIZONS
EXAMINED?




YES

S0IL
~ HORIZONS
>1?

MENT CONTENT IN MIN

TOTAL CHFMICAL ELE-

ERAL SOIL FRACTION

TITLES

ECOSYSTEM TOTALS ARE REPORTED

CARBON
FRACTIONS
DEFINED >1?

TOTAL CHEMICAL ELE-
MENT, CARBON FRAC--
TIONS & DRY MATTER
CONTAINED IN THE
SOIL

TOTAL CHEMICAL ELE~
MENT & DRY MATTER
CONTAINED IN SOIL

DEFINED >17?

TOTAL, CHEMICAL ELE~

CONTAINED IN ENTIRE
ECOSYSTEM

TOTAL CHEMICAL ELE-
MENT & DRY MATTER
CONTENT IN ENTIRE
ECOSYSTEM

SUBROUTINES

USED FOR FIRST
TIME? //////

TITLES

ROUTES EXAMINED?

NET LOSS OR GAIN OF
TOTAL CARBON, CHEM.
ELEMENTS, H,0 & MIN
ERAL SOTL THRU DE-

FINED EXCHANGES WIT
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NET GAIN OR LOSSES FROM ECOSYSTEM

(1)

ALY, DEFINED ROUTES OF ECO-
SYSTEM EXCHANGE WITH THE
ENVIRONMENT EXAMINED?
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TITLES

S0IL HORIZON AND
SOIL WATER
POTENTTAL

ALL
DEFINED
SOIL HORIZONS
EXAMINED?

NO

SUB-
ROUTINES
USED FOR FIRST
TIME?

ACCUMULATED
PRECIPITATION

SNOW DEPTH

FREE
WATER DEPTH
>0?

WATER DATA ARE PRINTED

FREE WATER DEPTH

~1

OTHER
VARIABLES TO
BE PRINTED?

v

OTHER VARIABLES

RETURN TO
MATN
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INPUT/OUTPUT EXAMPLE

A Tisting of a set of input cards follows, with the resulting output, using
the third versions of the sub-routines VEGET, ANIMAL and SOILS. For each input
card, the number of the input statement by which it is read is indicated.
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