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Theoretical considerations:

“Sensitivity analysis" of a simulation model means testing the effects of varying
certain parameters in the model on certain outcomes or response variables. A "parameter"
in this context may be anything that is constant for a single run of the model, e.g.
coefficients expressing rates (e.g. maximum infiltration rate) or initial values of
state variables (e.g. number of rabbits on Oct. 1). A "response" may be the value of
a state variable at some point in time (e.g. biomass of rabbits on July 1) or a function
of one or several state variables (e.g. total living biomass of plants on July 1, or
value of lambs produced during the season) which is selected as an outcome of prime
interest. The "sensitivity" of a response r to a parameter p is defined as the change
in » {Aar) produced by a given change in p (ap). In Tinear models, the sensitivities
of each response to each parameter (expressed as partial derivatives %g% may be calcu-
Tated directly from coefficient matrices (Kerlin, 1967). But in non-linear models (as
most ecological models are) this becomes difficult and the simplest way to evaluate a

sensitivity is to run the simulation model with different values of the parameter and

record the different values of the resbonse variables obtained.

The sensitivity of a response » to a single parameter p (all other parameters re-
maining constant) may then be expressed graphically (a plot of » versus p) or numerically
(e.g. as the slope of the graph, or the relative change in » produced by a 10% change in
p). However, there is the possibility that sensitivity of » to p; depends also on the values
of other parameters p,, ps, etc.. For instance, a 10% increase in the "maximum infiltra-
tion rate" may produce a 5% increase in plant production if "root depth" is 20 cm , but a
15% increase if it is 50 cm. In this case the two parameters are said té "interact" in
their effects on the response; in other words their sensitivities are not simply additive,
or the curwes expressing » as a function of pi, each at a different value of pi, will not
be parallel. When two parameters interact strongly it is not sufficient to test the sen-
sitivity to each of them separately while leaving the other constant; it is necessary to

test various combinations as well,

A special kind of sensitivity analysis is "structural" sensitivity analysis, i.e.

testing the effect on the responses of deleting an entire component, or link, or inter-
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action from the structure of the model (e.g. neglecting runoff, or the effect of herbi-
vory on primary production, etc.). Often this can be formally treated as a special case
of parameter sensitivity analysis, by setting one or several parameters to zero. Its
implications may, of course, be more far-reaching. Sensitivity analysis of a simulation
model may be used in a number of ways and for different purposes. Two of these uses are
discussed:

1)  Exploratory sensitivity analysis. The purpose is to test the response of a model
over a wide range of conditions, in order to get some feeling for its general behavior

and to see whether this behavior is at least qualitatively realistic over this range.

In this case, each parameter tested is given values covering a range which represents

the range of sites, species, or conditions to which the model is Tikely to be applied
(i.e. infiltration rates characteristic of sandy, silty and rocky soils; maximum gas
exchange rates characteristic of annuals, C3-shrubs, C4-shrubs and cacti, etc.). Inter-
actions between parameters may also be tested, using such combinations as are likely

to occur in reality. Even if the parameter values used are not accurate values for any
particular species or site, the trends in the model responses should indicate at least

any peculiarities in the behavior of the model, which might lead to revision of its
structure (Noy Meir) .

2)  Error sensitivity analysis. Once there is reasonable confidence in the general
structure and behavior of a model (from validation, exploratory sensitivity analysis, or

a priori considerations), it may be of interest to establish the main sources of inaccuracy
in the prediction of the important response variables. Prediction ervors will then in
general arise from errors in the estimation of parameters (or initial values of state
variables, or climatic input variables). But while small errors in some parameters may
cause large differences in predicted responses ("sensitive" parameters), the effect of
large inaccuracies in other parameters on the responses may be negligible. The simplest
use of sensitivity analysis in this context is then to test three values of each parameter
(for each species or site): the bhest or most Tikely estimate based on present information
(the "standard” value), and the lower and upper limits of the "range of inaccuracy" in
this estimation {e.g. an estimated 90% confidence interval). The ap will then be different
for each parameter but it is a comparable measure of the current "level of ignorance" for

all parameters.



2.1.3.1.3.-3

Thus, the resulting values of Ar express directly the “price of ignorance" for each para-

meter. Parameters for which Ar 1s highest will have to be estimated with greater accuracy
than the present (even though their absolute accuracy may already be high), while para-
meters causing a very Tow Ar are already known accurately enough. Here too, tests of
possible interactions between sensitivities of different parameters are necessary before

final conclusions can be drawn.

Thus, a thorough error sensitivity analysis can be used to indicate which parameter

measurements are £o be given highest priority. But the objective validity of such con-

clusions depends strongly on: (a) The confidence that the structure of the model and

all the functions in it are correct and no important effects have been omitted. (b) The

selection of response variables, which is a subjective or in any case g priori decision.

TECHNICAL PROBLEMS:

There are serious technical difficulties in conducting a sensitivity analysis compre-
hensive enough to be meaningful on a complex model. The number (¥) of runs of the model
which are needed rises sharply with the number of parameters to be tested (m) and the
number of values tested for each parameter (k), particularly if interactions have also

to be considered.

No interactions w= I+ m (k- 1)

2
Pairwise interactions By= 1+ m (k = 1) + " Lméllfk‘l)
A1T possible interactions N3= i

(complete factorial)

Table 1 illustrates these quantities for different values of m and K.

Table 1.

m X 7y Ny Nq

5 2 6 16 32

5 3 11 31 243

5 4 16 106 1024
10 2 11 56 1024
10 3 21 111 60000b
10 4 31 166 10
20 3 41 801 108
20 2 21 211 35,108
20 4 61 1771 1012
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It is obvious that an exhaustive sensitivity analysis is at ail feasible only for
models which have a rather small number of parameters which need to be tested and for
which a single run does not take too Tong on the computer. The number of runs can be
reduced considerably by taking into account only pairwise interactions for those pairs
of parameters where there is reason to suspect an important interaction. If hi is the
number of those pairs, the numbers of runs necessary in such a "partial factorial design"

(Zusman and Amiad, 1966) is:

N=]+m(k—1)+hi(k—1)2

For a "medium sized" ecological model, this may still be many hundreds of runs, but
if time for a single run is reasonably short, this is not prohibitively expensive. How-
ever, to conduct the sensitivity analysis by many hundreds of separate re-runs of the
same computer job, each time changing one parameter, would be rather expensive in both
man-time and computer-time. Preparing many hundreds of complete parameter Tists for
re~-running the model within a single job would still be rather inefficient. These pro-
blems seem to be part of the reason why many ecological models have never been tested
for sensitivities; in cases where it was done (e.g. Goodall, 1970) only a few of the
total set of parameters could be tested. The subroutines described below allow an effi-
clent sensitivity analysisof a partial factorial design, with as many model-runs as

Ay
necessary, in a single job-run and with simple input specifications.

These subroutines presuppose that the guantities to be varied, and those from which
response variables are to be drawn, are stored in such a way that they can be addressed
as single arrays, by equivalencing, as follows: :
P: absolute or time-varying constants of the system, used in calculating process rates
STATE: the state variables of the system
STNG: accumulated exchanges between the ecosystem and its surroundings
SUMS: any sums of state vairables which may be used as response variables
This may most easily be attained by storing these quantities in COMMON blocks in the

main program.

FaciTities are provided for varying individual values in the STATE or P arrays; for

exploring pairwise interactions between such individual values (either within one array,
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or between two arrays); for simultaneous modificaticn of a set of values in one or the
other array (but not both), either to new arbitrary and undated sets of values, or by
multiplying all the values of a common factor and then dividing by the same factor; and
finally for exploring the interactions between two such sets of values. The response
variables reported may be any quantities in the arrays STATE, STNG, or SUMS, or a
wetighted sum of a number of values within the same array, and at any arbitrary date

during the simulation.

SUBROUTINES:

a) Subroutine SENSIT (IRUN)
The subroutine is calied for the first time before the first run of the model
(IRUN = 1), but after input operations. It then reads in the specifications for
sensitivizy analysis, and places in mass storage {unit 0) the arrays of initial
values of state variables (STATE) and of parameters (P). At the beginning of each
subsequent (TRUN-th) run, the subroutine reads back the arrays STATE and P from
drum, then changes values of parameters {or state variables) according to the spec-

ifications, and returns control to the main program.

Changes may be introduced by this subroutine into either the set of constants used by
the process subroutines, or the initial values of state variables. In what follows, all

these quantities which may be modified by this subroutine are referred to as "parameters".

INPUT ORGANIZATION:
The input cards required when the subroutine is first called are as follows:
I. A card in format (1615), with successive fields of five columns containing the
following specifications:
(1) The number of parameters to be changed singly or in interacting pairs;
(2) The number of pairwise interactions to be tested among the parameters
included in (1);
(3) The number of response variables to be recorded in each run;
(4) The number of sets of parameters to be changed into arbitrary new sets
of values,

(5) The number of sets of parameters to be changed simultaneously by multi-

a . . . P
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II. If the figure in 1.(1) above was positive a number of sets of cards is read
equal in number to that in 1(1). Each such set of cards consists of:
(A) A card »n (1615) format with the following specifications:
{1} Type of parameter: 1 for a constant used by a process sub-
routine, 2 for an initial state variable value.
{2) Address of parameter, in the array P or STATE respectively.
{3) The number of values, additional to the "standard" value, to
be tested for this parameter.
(B) A card or cards in format (8F10.5) with the alternative values for
this parameter, equal in number to the figure at II (A) (3).

III. Cards equal in number to the figure at I{2) above, each containing in format
(1615) two figures only: the sequence numbers of two of the parameters speci-
fied in II for which pairwise interactions are required. These numbers are not
addresses in the P or STATE arrays. but identify by their ordinal position
parameters already defined in II.

1IV. Sets of parameters to be changed arbitrarily. For each such set, a batch of
cards is read in, including:

(A} One or more cards in format (1615) with the following specifications
in successive fields of five columns.
(1) Parameter type (as in II (A} {1) above)
(2) The number of parameters to be changed
(3) The number of alternative values to be used for each parameter

(4) etc. The addresses (in array STATE or P) of the parameters to be

changed.

(B) A card with a single value in format (F10.4), giving a factor by which
all parameters in the set are to be multiplied and then divided.

The number of batches of cards (A) and (B) required for this section is equal to the

number in I(5).

VI. Pairs of sets of which the interactions are to be tested. The number of cards
is equal to that in I{(6), and each card contains, in (1615) format, the numbers
of two sets {the ordinal numbers, in sections IV and V above, counted as a single

sequence) the interactions between which are required.
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VII. Response cards, equal in number to the figure at I(3) above. Fach card, in
format (1615), contains the following specifications in successive fields of
five columns:

(1) The type of response variable, coded thus:
1. State variable (array STATE)
2. Sum of state variables (array SUMS)
3. Not used
4, Accumulated gains or losses for the system (array STNG)
5. Derived varaible (see below)
(2) The address of the response variable in its array. If the type option
specified in VII{1) above is 'B', this field is ignored.
(3) The day of simulation (from the beginning of the first year) on which the
response is to be recorded.
If option '5' is selected under VII(1), a subrouting DERIVD is called which defines
a new response variable to be calculated as a weighted sum of specified values

in the system (see below).

OPERATION

Under the control of the subroutine SENSIT, the first time the model is run the
original ('standard'} values of all entries in the arrays P and STATE are used. Next, each
of the n individual parameters to be modified is changed to each of its different values

in turn. The number of times the model is run to this point is accordingly

where m, is the number of alternative values to be tested for the <'th parameter. In each
of these runs except the first, accordingly, one parameter has a non-standard value. Then,
for each interaction between two individual parameters, these two parameters are given in

turn all their alternative values specified, in all combinations. The number of model runs

required to effect this is
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where 7 and j take only those pair of values specified for interactions tests. In each
of these runs, two parameters will have a non-standard value.

The sets of parameters to be modified arbitrarily require a further number of runs

where n2 is the number of such sets, and Sk the number of alternative sets of values for
the parameters in the k'th set; the sets of parameters to be modified by a common factor

will require

k=1
runs, where na is the number of such sets, and tk the number of powers of the common factor
to be used for the k'th set. Finally, for interactions between sets of parameters, the

number of runs required will be

where summation is over only those pairs of sets < and j specified for interaction tests,

and

if £ is among the " sets of the first type, or

if < is among the n2 sets of the second type.
The total number of runs to be performed is accordingly

1+ +y +M +M +M
1 2 3 4 5

After the modifications in parameters have been made by the subroutine SENSIT, and
before control is returned to the main program, the current initial values of the state

variables are transferred to mass storage (unit 8).
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ARRAY DIMENSIONS

Use of this subroutine is Timited by the dimensions allotted to the arrays, which may
need to be modified to meet user requirements. Below is a Tsit of the arrays used in

the subroutine, which may be used as a guide if dimension changes are called for.

ANEW {a,d)
FACTOR (e

7

(e)
IDAYT (£)
IDPAQ (g)

(g)

IDPAR (g

INSETS (h,%)

(
INUM (F)
IPA (4)
IPAR (k)
P8 (7)
IQA (g)
108 (g)
ISTORE (%)
ITYP ()
Iy (»)
JPAR (b)
MADDR (c)
NALTI (%)
NDIF (a)
NDIFFI (£)
NOPAR (b)
P (k)

PDIF (a,d)
VPAQ (g)
VPAR (g)
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The dimensions indicated by letters define the maximum values possible for the

following quantities: FORTRAN
equivalent
a number of parameters to be varied singly or in inter-
acting pairs NPAR
b - the total number of parameters subject to modification MPAR
e total number of runs NRUN
d number of alternative values for a parameter to be

B)

variaed singly or in interacting pairs

e number of sets of parameters to be changed by a common

factor NSETS2
I number of response variables to be tested NRESP
g number of runs with single parameters or interacting

parameter pairs varied MRUN,NRUU
h number of pairwise interactions between sets of para-

meters to be tested INTSET
z total number of sets of parameters to be changed simul-

taneously NSETS3
J number of pairwise interactions between single parameters

to be tested NINTER
k the number of parameters in process subroutines o

SUBROUTINE SENOUT (ISW, IDAY, IRUN):

This subroutine controls the storage and output of response variables. It is called

in two different cases:

1)

sw = 1

This call is made on every day (IDAY) of every run. The subroutine checks whether
any response variable is defined on this day ((IDAY = IDAYT(I)?). and, if it is,
stores it in the appropriate address in array RX.

IS = 2

At the end of each run, the values for this run of parameters subject to modifica-
tion are stored in the appropriate row of array PARXX, the initial values of state

variable for the run having first been read back from mass storage (unit 8).

After all runs have been completed, the values of parameters (PARXX) and responses

INYY €aie 27T imivina ann mindimdtad 2w ccmmatar bahla
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3) ARRAY DIMENSIONS:

In this subroutine, as in SENSIT, limitations are imposed by array dimensions,
which accordingly may need to be modified by the user. These limitations are indicated

below:

PARXX (a,b)
RX(a, b)
VNEW(c)

where the letters define maximum values for the following quantities:

a the total number of parameters subject to modification NPARAM
b the total number of response variables to be tested NRESP
e the number of response variables to be calculated by the

subrouting DERIVD

C) SUBROUTINE DERIVD {INA, ISV):

This subroutine calculates a response variable as a function of other variables.
In the present version a weighted sum is calculated, but it could be replaced
{or supplemented) by any other transformations. The subroutine is called in two
cases:
1) 18y = 1
Each time a response variable card with the type specified as "5" is read in
by the SENSIT subroutine {(before the first run), DERIVD is called by SENSIT
and reads in specifications for the derived response variable in question.
When the subroutine is called with 1 as the first argument, the following input

is required:

INPUT ORGANIZATION

A. A specification card in format (1615) with the following information in the
first two fields of five columns:
(1) The type of variable to he used in calculating the new response variable
(see under subroutine SENSIT above, section VII(1)).
{2) The number of individual variables to be used in the calculation.

B. One or more cards in format {1615) are required, identifying the variables to
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be used in calculation. These cards should contain as many entries as the number
in {A) (2) above, and give the addresses of these variables in the array STATE,
SUMS, or STNG.

(C) One or more cards in format (8F10.4) giving the multipliers (weights) to be

applied to the variables specified in (B).

2) ISy =2

Fach time SENOUT (with ISW = 1) finds that, on the day in question, the value of
a response variable of type "5" is to be recorded, DERIVD is called from SENOUT.
It then calculates the weighted sum according to the specifications, and returns

control to SENOUT which stores it in the appropriate address in the array RX.

3) ARRAY DIMENSIONS:

In this subroutine, as in the others, array dimensions impose restrictions on its
use, as follows: '
ITYP(a) NVAR(a)
TVAR(a, b) WVAR(a,b)

where the limits have the following meanings:

a the number of response variables in whose calculation this subroutine is to
be used;

b the maximum number of parameters to be used in the calculation of a response
variable.

Level 1 FEATURES OF THE CALLING PROGRAM NEEDED FOR USE WITH SENSITIVITY SUBROUTINES:

The following features are necessary in the main program in connection with sensi-
tivity subroutines:

1) It is suggested that a switch (say, ISENSE) be incorporated in the main program so
that the same programs can be used either for sensitivity tests or for simulation
without sensitivity testing.

2) Common blocks:

(a) Common blocks are used to allow use of arrays STATE (state variables), SUMS
(various sums of those) and STNG (gains or losses to the system) by subroutines

SENSIT, SENOUT, DERIVD, and the MAIN program.



3)

4)

6)
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(b) Another block makes array P {parameters) common to SENSIT, SENOUT and the
subroutines where the parameters are defined and used.

(¢) Common block /RESP/ which includes specifications and arrays used in sensi-
tivity analysis is common to SENSIT and SENQUT.

() Array YNEW (derived response variables) is common to SENOUT and DERIVD.

At the beginning of the first run IRUN 1s set to 1 and (after input of parameters
and state variables), if INSENSE = 1, SENSIT is called to read in sensitivity
specifications and store standard values.

At the beginning of runs after the first (if ISENSE = 1}, dates and other speci-
fications in the main program are re-initialized, and SENSIT is called to specify
parameters for the run.

On each day of each run, SENOUT is called with ISW = 1 o check and store response
variables if needed.

At the end of each run, SENOUT (ISW = 2) is called to store parameter and response
values, IRUN is incremented by one, and control returns to 3. After the last run,

SENOUT proceeds to print the summary table.

The sensitivity subroutines at present are designed to be called from the MAIN pro-

gram of the multi-purpose model, but are easily accessible for use by any other calling

progranm.
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FLOW CHART FOR SENSIT

(1) VWRITE STATE VARIABLES TO BE EXAMINED
FOR SENSITIVITY ANALYSIS LOGICAL (0),

PARAMETERS TO
BE TESTED

SENSITIVITY
CONTROL INFORMATIO!

EXAMINED?

INTERACTIONS
=07

INTERACTIONS BETWEEN PAIRS OF
PARAMETERS ARE DETERMINED

PARAMETERS FOR
INTERACTTION
TESTING




P2

2.1.3.1.3.-16

SET ALL ALTERNATIVE
VALUES FOR INTER~
ACTING PAIRS

SET INTERACTING
VALUES

ALL
INTERACTING
PAIRS
EXAMINED?

EXAMINED?

DEFINE RUNS NOT IN-
VOLVING VARYING
INTERACTING PARA-
METER SETS

SEE NOTE 2

¢

SET BLOCKS FOR
STORAGE

PARAMETERS TO BE CHANGED TO NEW
EMPIRICAL SETS ARE DETERMINED
AND SET

{2) KIND, # OF PARAMETERS TO BE ALTERED,
# OF DIFFERENT VALUES TO BE ASSIGNED
TO PARAMETERS AND PARAMETER ADDRESSES



ARBITRARY
VARTABLES

READ VALUES FOR

# RUNS BEFORE PARA-
fETER IS VARIED IS
ICALCULATED & # OF
IRUNS REQUIRED FOR
THIS BLOCK

EXAMINED?

fON FACTOR <07

PARAMETER
CONTROL
TNFORMATION

v

PROPORTIONAL
FACTOR FOR
CHANGING
PARAMETERS

.

CALCULATE # OF RUNS
BEFORE PARAMETERS
ARE VARIED & # OF
RUNS REQUIRED FOR
THIS BLOCK

2.1.3.1.3.-17



COMMON
FACTOR PARAMETER
EXAMINED?

CALCULATE TOTAL #
OF RUNS REQUIRED
FOR ANALYSTS

#
OF INTER~
ACTING PAIRS
20?7

INTERACTING PAIRS

!

CALCULATE # OF RUNS
REQUIRED FOR THIS
BLOCK

AMINED?

CALCULATE TOTAL #
OF RUNS REQUIRED
FOR ANALYSTS

RESPONSE VARIABLE
INFORMATION




CALL DERIVD

RESPONSE
VARTABLES
EXAMINED?

STATE VARIABLE
OR VARIABLE

ASSIGN PARAMETER
AS MINIMUM VALUE

PARAMETER = 0

ALL
NO VARYING
REne— PARAMETERS

EXAMINED?

REASSIGN MINIMUM
VALUES TO VARYTING
PARAMETERS

REASSIGN THE # OF
ADDRESS IN THE PRO-
CESS MODEL VARI~
ABLES TO BE MODI-
FIED

P6

2.7.3.1.3.-19
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PARAMETER = 0

(3) VARTIABLE TYPE A SUM OF STATE
VARIABLE OR VALUE OF VARIABLE
>07?

ASSIGN PARAMETER
AS MINIMUM VALUE

PARAMETERS
EXAMINED?

ADDRESS YES

REASSTGN MINIMUM
VALUE ADDRESSES

REDEFINE THE # OF
ADDRESSES LOCATED

SUBJECT TO MODI-
FICATION

IN THE PARAMETERS E
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RESTORE ALL PARAMETERS TO INITIAL VALUES AT THE END OF EACH RUN

SEE
NOTE &

INTERACTTON INDEX
=0

SHOULD
PARAMETER
PAIRS BE ALTERED
YET?

NO

VARY PARAMETER
PAIRS

TIME
TO CHANGE
PARAMETERS BY A
COMMON FAC-
~JOR?

(4) REWIND AND READ THE STATE VARIABLES EXAMINED
IN SENSITIVITY ANALYSIS LOGICAL (g)

CHANGE PARAMETERS SINGLE PARAMETERS ARE VARIED
DEFINED FOR SENST-
TIVITY ANALYSIS

PARAMETER PAIRS ARE VARIED
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(5) ARE THERE ENOUGH RUNS TO ACCOMODATE
ALL PARAMETER CHANGES?

SE

ERROR MESSAGE

CHANGE PARAMETER
VALUES TO NEW
'\ pPIRICAL SETS

INTERACTION
INDEX >07?

~.

~

INTERACTION INDEX
=0

(6) NUMBER PAIRWISE INTERACTING STATE
VARTABLES > NUMBER PARAMETER SETS
TO BE VARIED ARBITARILY?




% COMMON FACTOR

SEE NOTE 7

COMMON

EXAMINED?

ERROR MESSAGE

MULTIPLY APPROPRIATH
PARAMETERS BY THF

INTERACTION
INDEX >07?

RETURN TO

MAIN

)]

(8)

2.1.3.1.3.-23

TOTAL SENSITIVITY RUNS > TOTAL RUNS
APART FROM THOSE INVOLVING SET INTER-
ACTION?

REWIND LOGICAL (8) AND WRITE THE
INITIAL VALUES OF THE STATF VAR~
TABLES BEING TESTED FOR SENSITIVITY.
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INTERACTION INDEX
=1

(9) CURRENT RUN NUMBER < FINAL
RUN NUMBER FOR PARAMETER SET
RETURN TO INTERACTIONS?

MAIN

CHANGE PARAMETER
VALUES FOR SET
INTERACTIONS

(10) NUMBER OF PAIRWISE INTERACTING
STATE VARTABLES > NUMBER OF
PARAMETER SETS TO BE VARIED
ARBITRARILY?
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FLOW CHART FOR SENOUT

PUT SENSE SWITCH

SENSITIVITY OUT-

EQUAL 1

OF RUNS >307

ARE
THE STATE
VARTABLES

DERIVED?

ERROR MESSAGE

CALL
DERIVD

DEFINE OUTPUT
RESPONSE VARIABLES

ALL
RESPONSE
VARTIABLES
EXAMINED?

RETURN TO MAIN

NOTE 1: DATE FOR CALCULATING
RESPONSE VARTABLES SAME AS
CURRENT SIMULATION DATE?
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EXAMINED <07

NOTE 2 :

DEFINE OUTPUT
PARAMETERS

#
STATE
VARIABLES 5 #
PARAMETERS?

DEFINE QUTPUT
PARAMETERS

REWIND AND READ STATE VARIABLE
FROM LOGICAL (8).

RETURN TO MAIN

TITLES




ARE
ALL RUNS
PRINTED?

SENSITIVITY
REPORT
RE: PARAMETERS

STATE
VARTABLES

< # PARAMETERS?

NOTE 3: NUMBER OF PROCESS MODEL
CONSTANTS FOR SENSITIVITY ANALYSIS
< 0?7

ALL RUNS

PRINTED? TES

SENSITIVITY
REPORT

RE: STATE
VARIABLES

~_—

ALL RUNS
PRINTED?

$

SENSITIVITY

REPORT

RE: RESPONSE
VARIABLES

~—
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PROGRAM L.ISTING
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FLOW CHART FOR DERIVD

SWITCH )
CONTROL =
2?

YES

////;EAD VARIABLES

AND CONTROL PARA-
METERS FOR SUB~
ROUTINE

RETURN TO
SENOUT

CALCULATE DERIVED
VARIABLES

RETURN TO
SENOUT




DERIVD
PROGRAM LISTING
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INPUT/QUTPUT EXAMPLES

These examples are based on data from Rock Valley, using Version III of each

process subroutine,

produced.
EXAMPLE T

In this example, the parameters varied are the constants controlling

399  Ephreda rate of photosynthesis

1739 Ephreda vate of translocation from young stems

One alternative value for each of these parameters is used separately in runs

2 and 3, in combination in run 4, and the responses on two dates of two state vari-

ables are tested.

These response variables are:

1 Total
2 Total
3 Total
4 Total

EXAMPLE 1 -~ INPUT

? 1 7
117 1
s 34
i 349y 1
s iliiv
')
')"\vl ]’}f‘.
dhy, 1as
EIT 1
29y 13k

N3 G e

EXAMPLE I - OUTPUT

SUMMARY

TRUN
PARAMETER
399
17393

IRUN
RESPONSE

£ LN b

carbon
carbon
carbon
carhon

O

OF

in young stems of Ephreda (address 256) on April 30.
in young stems of Ephreda {address 256) on May 15.
(address 301) on April 30.
(address 301) on May 15.

in seeds of Ephreda
in seeds of Ephreda

RUNS

- 0010
» 03010

1

2314,8568
2577,7919
5766.2277
7442, 7601

Input Statement Number

SENSIT 138
SENSIT 150

SENSIT 151
SENSIT 185

SENSIT 151
SENSTT 170
SENSIT 264
SENSIT 264
SENSIT 264
SENSIT 264

-00L0
-180 D

2

2405.1715
27605218
6309.3925
8544.1537

- 0USO
« 0300

3

2281.7584
2509.6163
57968032
T499. 4282

Only input and output specific to these subroutines is re-

20050
-08CC

i

2371 .3781
2689.2925
£339.7650
86005635



EXAMPLE I1

2.1.3.1.3.-41

The second example varies three sets of parameters separately, viz.

(a) Photosynthesis rates of Furotia and of the annuals are changed to a

new set of values, not increased by a common factor.

(b) The initial weight of Burotia leaves (all constituents) is doubled,
and then halved.

(c) The initial weight of seed reserves of the annuals (all constituents)
is doubled, and then halved.

Then interaction between set (a) and set (c) is tested.

The response to these variations which is tested is the value of a weighted

sum of certain of the ecosystem components most valuable as livestock forage.

The quantities varied are:

Parameter 1743
Parameter 1745
Parameter 1960

Photosynthesis rate of Eurotia
Photosynthesis rate of annuals during phenological stage 3
Photosynthesis rate of annuals during phenological stage 4

Initial values of State Variables:

8
158
308
458
608

910
970
1030
1090
1150

Content
Content
Content
Content
Content

Content
Content
Content
Content
Content

of
of
of
of
of

of
of
of
of
of

nitrogen in Furotia leaves

ash elements in Eurotia leaves
protein carbon in Eurotia leaves
reserve carbon in Eurotia leaves
structural carbon in Eurotia leaves

nitrogen in shed seeds of annuals

ash elements in shed seeds of annuals
protein carbon in shed seeds of annuals
reserve carbon in shed seeds of annuals
structural carbon in shed seeds of annuals

The three parameters (photosynthesis rates) were varied to a new arbitrary
set of (larger) values in run 2; in runs 3 and 4 the state variables in the first
set (composition of Burotia leaves) were doubled, and then halved; in runs 5 and 6
the same was done with the second set of state variables (composition os shed seeds
of annuals); and runs 7 and 8 repeated runs 5 and 6, with the alternative set of
values for the three photosynthesis rates.

The response variables are taken on three dates:

January 20
2 February 9

1

3 March 1

The variables included, in each of these response variables and the weights
applied to them are as follows:
Address

245
247
260
262
292

Variable Weight
Total carbon in Eurotia leaves 1.00
Total carbon in annual leaves 1.00
Total carbon in Eurotia young stems 0.60
Total carbon in annual stems 0.80

Total carbon in annual inflorescences 1.00
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EXAMPLE IT - INPUT

Input Statement Number

o ; 1 1 2 1 SENSIT 138

§ 5 1 1784 1749 {780 SENSIT 204
-~ SENSIT 216

‘e SENSIT 216

167 SENSIT 216

2 B 1 S Y R P Y 1 SENSIT 229

P SENSIT 239

? 5 Tost. 370 1030 104p 11w, SENSIT 229

2.4 SENSIT 239

i 3 SENSIT 250

s PR TR SENSIT 264

4 P DERIVD 15

2645 207 2n0 php  9¢D DERIVD 17
leu ol 06 ok t.c DERIVD 18

3 PR L 1 SENSIT 264

> > DERIVD 15

245 247 a0 267 290 DERIVD 17

1o.v 10 [ N8 a0t DERIVD 18

& 3 ape SENSIT 264

? > DERIVD 15

245 24/ rn 68, 79D DERIVD 17

Tats 10 0.6 0.8 1.n DERIVD 18
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