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ABSTRACT

A relativeiy iow resolution nonlinear carbon flow and nutrient cycling
model has been'develéped for use in international comparison of primary pro-
duction and decomposition in grazing lands ecosystems. The plant state
variables are live green, above- and belowground reserves, and roots for
each of the plant groups including shrubs, perennials, annuals, and
cryptogams.

The producer carbon suBmodel is divided into three parts: assimilation,
translocation, and death. The functions are dependent on radiation,
temperature, soil water, and the amount of biomass. Site specific sine wave
curves are used to describe radiation and air and soil temperatures, while
soil water is described as a piecewise function with time. The soil param-
eters are described for three soil layers, determined by root biomass in
the various depths.

The decomposition submodel is a carbon flow modei. The biomass of
herbaceous and woody litter and dead belowground parts as well as dead
cryptogams are separated into ''easy," "medium,' and 'difficult' decomposed
factions. A constant maximum decomposition rate is used for each faction,
modified by environmental factors.

The nutrient submodel is made dependent on carbon flows both in the
producer carbon submodel and the decomposition submodel. Similar diagrams
are used for various nutrients, having an ''unavailable' pool of nutrients
in the soil. Nutrients available to the plants are slowly released from
this to various layers in the soil. The nutrients may be taken up by roots
or leached down in the soil. For nitrogen it was found necessary to include
the possibiiity for nitrogen fixation in addition to the general pathway.

The model has been tried for a lichen heath and a perennial grassland

site and has given reasonable output.



INTRODUCT ION

A simu]ation model can be built for a total ecosystem as, for example,
the ELM model of the IBP Grassland Biome (Anway et al., 1972) and the
preliminary U.S. Tundra model (Timin et al., 1972), or could cover a sub-
section of the total system such as in the simulation of a photosynthetic
system (e.g., de Wit, Brouwer, énd Penning de Vries, 1970) or a plant-mineral
uptake system (Miller, 1972), or decomposition (Bunnell, 1972). Usually a
model working on a part of the total system is also very detailed. This
might mean that the model is biologically more realistic because it is
possible to base it on physiological response. On the other hand, total
ecosystems models are, for reasons of balance, less detaiied across their
range of consideration, and in the case where their application is site to
site comparisons, the appropriate level of detail becomes even lower.

The aim of this paper is to introduce a relatively low resolution
general simulation model for grazing land ecosystems. The model is designed
to handle a wide range of situations and to be useful from relatively humid
to dry ecosystems and from cold (arctic and alpine tundra) to warm areas of
the globe--a range of conditions covered by IBP sites. Although animals
are important factors of the ecosystems, they are not included in the
present model.

The model is based on the producer model from the International Grass-
and/Tundra Workshop held in early fall 1972 (Wielgolaski, 1972}, and some
of the ideas are similar to this. The time scale used in the present model,
as in the worksﬁop model, is 1 day. The model utilizes the simulation
compiler developed at the U.S. IBP Grassland Biome. A revised version
{SIMCOMP IV) of the compiler described by Gustafson and Innis (1972a,b) has

been used.
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APIOTIC SUBMODEL

Daily radiation and air temperature based on yearly sine curves with
site-specific amplitudes (ARMAX-ARMIN and ATMX-ATMN, respectively) were
used as driving variables. It was, however, necessary to introduce a
site-specific time lag for temperature (ATLAG) in relation to radiation,
as in many plaéeg maximum and minimum temperatures occur somewhat later
than the radiation extremes. |t was also necessary to introduce site-specific
soll temperature sine curvés for the three soil layers studied with specific
temperature amplitudes (ATSMX and ATSMN) and site-specific time lags in
relation to air temperature (ASLAG1, ..., ASLAG3). The three soil layers
(ASP1, ..., ASP3) are relative values of the total soil depth (mm) of
interest (ASODP). The relative depths of each of the layers are site-specific,
dependent on the proportional root distribution in the soil.

Site water relations are modelled by simulated time trends in soil water
contents and not by considering precipitation patterns and soil water budgets.
The water conditions at the:sifes are defined by the soil water contents in
three soil layers and by site-specific maximum and minimum volumetric soil
water content (ASMAX, ASMIN) and the volumetric water content at wilting
point (ASWP) and at field capacity (ASFC). Water contents of each layer
vary through the year by a piecewise linear function from 0 (at ASMIN) to 1
(at ASMAX) defined by four time parameters (ATS1, ..., ATSL) for each of

the three soil layers (see Fig. 1).

ATS1 = time when soil water begins to increase from the minimum value
ATS2 = time for lower limit of optimal soil water range

ATS3 = time for ﬁpper limit of optimal scil water range

ATS4 = time when soil water is at a minimum again
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Fig. 1.

CARBON SUBMODEL

Four carbon compartments (live green, aboveground reserves, belowground
reserves, and live roots) are considered for each of four plant types
(shrubs, perennial herbs, annual herbs, and cryptogams). The flows between
compartments, the atmospheric source/sink for carbon, and the location of
the controls are shown in Fig. 2. The numbering of the 16 producer carbon
state variables (X21_36) is as shown in Fig. 2. In the nitrogen submodel
(see later section) a subdivision of each of the four plant types is made
whereby a proportion of the plant type is considered to have nitrogen fixing
capacity.

Extension of the model would most likely require further subdivision of
these compartments to allow for the separate treatment of grasses, other
monocotyledones and dicotyledones for the annual and perennial herb categories,
bryophytes and licﬁens for cryptogams, cool-season and warm-season plants
within all‘groups, and similarity for leguminous and nonleguminous nitrogen
fixers. The level of the present treatment was dictated by the time available
for the project and also by the fact that this was to be an extension of the
International Grassland/Tundra Workshop.

Perhaps the biggest shortcoming of the present model is that it does not

al_low competitive interrelations to modify the carbon balance of plant types
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Fig. 2. Elementary diagram of the producer subsystem.
X21,25,29,33 are state variables for shrubs.
X22,26,30,34 are state variables for perennial herbs.
X23,27,31,35 are state variables for annual herbs.
X24,28,32,36 are state variables for cryptogams.
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growing together. Each of the four plant types operate independently so that
the only way in which the response of a complex community can be approximated

is by addition of the individual response of the component plant types.

Functional Description

It was decided during the workshop that all inputs into the producer
system were flowing through live green biomass, resulting in an increase in
this state variable and/or translocation to reserves (above- and belowground)
and to live roots. By definition translocation from reserves tc live green
biomass or to roots is possible. The outputs from the system are the amount
of dead material from all state variables and respiration from live roots
and reserves. Respiration of live green is not treated separately during
the growing seascn. When as;imilation is higﬁer than respiration the net
flow into live green is calculated. The function for breakdown of the plant

material is discussed in the decomposition section.

Net Assimilation

Net assimilation (NA) is defined as the net gain of CO2 from the
atmospheric source/sink to green biomass. It is expressed in g dry
weight/mzlday.
Assumptions:

1. NA is a function of air temperature, soil water, radiation, and

the amount of green biomass:

NA = F(T, W, R, X5, o))

where f = function, T = temperature, W = water content of soil, R = radiation,

X21_2b = biomass of green parts of shrubs, perennial herbs, annual herbs,
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and cryptogams, respectively. The explicit form of this function is:

NA = PMGR - PFT « PFW - PFR - PFS - X21_2h

where PMGR = maximum relative growth rate {g/g/day} when conditions for
growth are optimal. PFT, PFW, PFR, and PFS are factors varying between
0 and 1 and expressing the effects on the relative growth rate of temperature,
soil water, radiation, and self shading, respectively.

2. The response of NA to temperature {T) is a plecewise linear function

defined by four parameters (see Fig. 3).

PTMN = minumum air temperature compensation point in °C
PT@1 = lower limit of the optimal air temperature range in °C
PT@2 = upper limit of the optimal air temperature range in °C
PTMX = maximum air temperature compensation point in °C
T = air temperature at the given moment
1-
| :
! I
| |
PFT i g
|
|
I
: |
() 1 I ‘T
PTMN PTO! PTO2 PTMX
Fig. 3.

3. Response of NA to radiation (R) is a saturation function defined

by two parameters (see Fig. 4},

PRC = radiation in ca]/cmzlday at the compensation point

PRS

radiation in cal/cmz/day at saturation point



PFR

)
P
w

+
PRC
Fig. &.

4. Response of NA to live green biomass (XZI-ZM in g/m2 for the four
plant types) is a constant relative growth rate until a maximum live green

biomass (PXS$) is reached. Then the relative growth rate decreases and the

absolute growth rate becomes constant (see Fig. 5).

|
PFS }
|
|
o | X21-24
PXS
Fig. 5.
1f Xy, _py > PXS, PFS = PXS/Xy, o).

5. Response of NA to soil water (W) is a saturation curve defined by

one parameter (PC), where PL = response at PWTR = 0.5 (see Fig. 6).
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____PC - PWIR
PC + PWIR + (1 - PC) (1 - PWTR)

PFW =

where PWTR = water content weighted by root proportion [PROOT(I}] of each

soil layer:

3
PWTR = I PROOT(I) - PWW(I)
1

where PWW(I) is a standardized water content in each of the three soil

layers.
6 - 6
1
PWW(T) = >
8 -0
.3 15
where 8 = volumetric water content in cm3/cm3 soil at the moment
9 3 = yolumetric water content at 0.3 atm in cm3/cm3 soil
615 = volumetric water content at 15 atm in cm3/cm3 501l

The effect of soil saturation was neglected.

Translocations

(i) Live green-reserve translocation (TSS) is the net flux between

these compartments. The reserve compartment can be aboveground {wood, shoot
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bases, seeds) or belowground (rhizomes, bulbs, woody roots)f The flow may
be either positive (GREEN>RESERVE) or negative (RESERVE-GREEN). The amounts
are given in g dry weight/mzlday.

Assumptions:

1. At the beginning of the growing season there is a ''reactivation
flow" (germination in the case of annuals) (TSSA) from reserves (above
and/or below) to green shoots. This flow starts when both soil water and
air temperature are above a certain level (and not decreasing) and stops

when the green biomass exceeds a certain level. This flow is expressed as:

TSSA = -PACTA/B - « PHT « PHW +« PHX21 - (1 - PKD}

x25-32

where PACTA/B = maximum rate of reserve activation (above = A/below = B)

X25_32 = any one of the reserve compartments
PHT = a factor due to temperature
PHW = a factor due to soil water between
0 and 1
PHX21 = a factor due to existing green biomass
PKD = a factor due to deteriorating growth conditions |

The effect of temperature on translocation between reserves and green shoots
is described by a saturation function with the two parameters PTMNR and

PTMXR (see Fig. 7).

PTMNR = threshold minimum temperature for reserve activation.
PTMXR = temperature at which the full reactivation rate is reached
B
|
!
‘ a
PHT ,
|
|
. 1 T
0

PTMNR PTMXR
Fig. 7.
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A similar response is assumed between standardized soil water and trans-
location (see Fig. 8).

PWMNR = minimum soil water for reserve reactivation

PWMXR = soil water at which full reactivation rate is reached

| -~

PHW

PWMNR PWMXR
Fig. 8.

It is assumed that both reactivation from reserves to shoots in spring and
downwards translocation is dependent on the amount of green biomass. The

reactivation stops when the new green biomass reaches a certain level (see

Fig. 9).
)(2]_2‘\t = appropriate green biomass compartment in g/m2
PX21L = green biomass level at which reserve reactivation begins to be
depressed
PX21Z = green biomass level at which reserve reactivation stops

PHXZ2I

s e e S R S—— S M f—— — —

X2i- 24

PX2iL PX21Z



2. During the growing season there is a slow translocation flow (TSSB)
from live green to reserves, taken to be a constant proportion of the green

biomass (as long as this is above a certain threshold) (see Fig. 9 and 10).

TSSB = PTRMA/B - X + PTN + PKX21

21-24

where PTRMA/B

relative transiocation rate from live green to reserves
(above = A/below = B) during the growing season

PTN = proportion of green biomass that is translocatable {excluding
structural)

PKX21

a factor due to minimum green biomass

]

PKX2i

X21-24

PX2IL PX2iZ
Fig. 10.

3. At the end of the growing season, as temperature and/or soil water
and/or radiation decrease, and at shading by high green biomass, there is
an accelerated '"'storage flow'' (TSSC) from shoots to reserve which is

proportional to the rate of deterioration in growing conditions.

- TSS5C = PSTMA/B - PTN - X + PKD

21-24
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where PSTMA/B = maximum relative rate of storage flow (above = A/below = B)
PTN = proportion of translocatable biomass in green shoots

PKD = a factor due to rate of environment deterioration (varying between

0 and 1)

PKD is dependent on temperature {PKDT), soil water (PKDW), shading
(PKDS) , and radiation (PKDR). When any of the factors are 1, PKD is set
te 1. Otherwise PKD = (PKDT + PKDW + PKDS + PKDR) /NI where NI is number
of non-zero contributing factors. PKD is only expected to work at the end
of the growing season and is therefore set to zero under extremely
unfavorable conditions, e.g., low temperatures (cutoff temperature).

For the factor PKDT due to low temperatures see Fig. 11.

PKDT1 = temperature below which PKDT = 1
PKDT2 = temperature where deterioration effect stops
i
|
|
|
PKDT |
|
0 L 1
PKDTI PKDT2
Fig. 11.

For the factor PKDW due to soil water (drought) see Fig. 12.

PKDW1 standardized soil water below which PKDW = 1

PKDW2 standardized soll water where deterioration effect stops
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PKOW
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Fig. 12.

For the factor PKDS due to shading see Fig. 13.

PKDS1 = green biomass above which deterioration effect starts
PKDS2 = green biomass above which PKDS = 1
I....
|
|
}
PKDS i
|
|
|
o i X21-24
PKDSI PKDS2
Fig. 13.

For the factor PKDR due to low radiation see Fig. 14,

PKDR1 radiation below which PKDR = 1

PKDR2 radiation where deterioration effect stops



[}
—
o

1

PKDR

o et GE S SR G S S ——

R
PKDRI PKDR2

Fig. 1h,
4. The total net shoot to reserve flow is taken to be the sum of

the reactivation, constant translocation, and storage flows:
TSS = TSSA + TSSB + TSSC

TSSA is expected to be non-zero only at the beginning of the growing season,
and TSSC only towards its end (or during a temporary decrease in growing
conditions).

(i1) Reserves-root translocation (TRR) is defined as the flow of
biomass from above- or belowground reserves to active roots.
Assumptions:

Reserve to root translocation occurs during the reactivation stage at
the beginning of the growing season, and is proportional to the reactivation

flow to the shoots at the same time. There is no back-flow from active roots

at any time.

TRR = PACRA/B - « PHT -« PHW + PHX21

x25-—32

where PACRA/B = maximum rate of reserve (above = A/below = B} to root

translocation. PHT, PHW, and PHX21 are defined in the reserve-shoot

X)5-32>

reactivation flow.



...15_

(iii1) Live green-Roots. Shoot-root translocation (TSR) is the flow of
biomass from green shoots to active roots.
Assumptions:

Shoot to root translocation occurs during the growing season (i.e., when
green biomass is above a certain minimum and growth conditions are not

deteriorating), and the rate is a constant proportion of green biomass.

TSR = PTRR + X « PKX21 +« (1 - PKD) + PTN

21-24

where PTRR = maximum shoot-root translocation rate

PTN = proportion of translocatable material in green shoots
PKX21 = a factor due to minimum green biomass
PKD = a factor due to deteriorating growth conditions
Respiration

Above the compensation point, respiration is not modelled expiicitly
because it is included in the net assimilation flow.

Below the compensation peint, a similar temperature-dependent respira-
tion rate is assumed for both shoots and roots.

The response to temperature is assumed to be exponential, defined by

two parameters, PRRO and PR20.
T

~(PRRO + (PR20 - PRRO)?®) -« X

Ryt-24 = 21-24

where R,, ,, = respiration flow of state variables X, ., (green biomass)

PRRO

]

respiration rate at 0°C

PR20

respiration rate at 20°C
T = temperature, air temperature for tops, soil temperature for

roots. When T < 0°C, R 0.

21-24 ~
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The respiration of reserves Is considered to take place at a constant rate

(-PRER) , dependent onlY on biomass. R25_32 = =PRER - X25_32-

Death
Assumptions:

Death of green material is dependent upon air temperature (PMT), soil
water (PMW), and the shading effect of the biomasg\itself (PMS). Death of
the reserves above- and belowground {including the woody parts of shrubs)
takes place at a constant rate (PDAR and PDBR, respectively)}. Death of
roots is dependent on root biomass (X33-36); the root/reserve ratio (PKRT),
soil temperature (PMRT), and soil water (PMRW).

1. Death of green biomass, see Fig. 15 to 17.

Due to temperature, PMT:

PTD1 = lower temperature limit when green parts are dying at the
maximum rate

PTD2 = lower temperature range at which death does not occur

PTD3 = upper limit of temperature at which death does not occur

PTD4 = upper limit of temperature at which death is maximum again

PMT

PTDI PTD2 PTD3 PTD4

Fig. 15.
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Due to soil water, PMW:

PWD1 = lower limit of seoil water for méximum death
PWD2 = lower limit of soil water when no death occurs
PWD3 = soil water at which death occurs because of waterlogging
PWLD = death rate due to waterlogging
i
|
|
|
1 PWLD ~——r
PMW |
' |
|
}
1 W
PWDI PWD2 PWD3
Fig. 16.

Due to shading, PMS:

PMGR = maximum death rate equals maximum growth rate
PXS = maximum standing crop (green)
PXM =

amount of green biomass at which death begins due to self shading

| = PMGR =
|
i
PMS
o 1 X21-24
PXM  PXS

Fig. 17.



-18-~

This means that maximal death rate due to shading is as high as maximal
growth rate (PMGR). At the same time It is assumed that at highest possible
amount of standing green biomass (PXS), death rate equals growth rate.

Overalil death function for death of green biomass is

POTH = X, 5 = {1 - (1 - PHT) (1 - PMW) (1 - PMS)) - PDLG

where PDLG = maximum death rate of green biomass.

2. Death of reserves aboveground

PDTAR = X25-28 - PDAR
Death of reserves belowground
PDTBR = « PDBR

X29-32
where PDAR and'PDBR are constants.

3. Death of roots, see Fig. 18.

Root death: PDTR@ = PCRDR +« X (1 + PKRT (1 = (1 - PMRT){(1 - PMRW)))

33-36

where PCRDR

constant rate of rocot death

PMRW = PMW (i.e., the effect of soil water on root death is the
same as for shoot death)
PMRT = effect of temperature on root death, and is calculated in

the same way and with the same parameters as PMT, but using
soi] temperature (weighted by root density in the three soil
layers) instead of air temperature
The PKRT factor allows for roots remaining afive during the non-growing
season.

PRRR = root-reserve ratio during non-growing season
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Fig. 18.

DECOMPGSITION SUBMODEL

The box-and-arrow diagram for the decomposition submodel is shown in
Fig. 19. It is based on dead herbaceous and woody material of above- and
belowground compartments, respectively, but dead cryptogams are treated
separately. It is assumed that all aboveground material is transferred
standing dead to litter, although leaves of shrubs often go directly from
live green to litter. Litter, dead cryptogams, and belowgrcund dead material
are subdivided into three decomposition types, viz. ''easy,'" 'medium," and
"difficult" according to ease of decomposition. 'Easy' to decompose materials
are, for example, soluble carbohydrates and proteins; materials ''medium"
to decompose are, for example, celluloses and hemicelluloses; while materials
'difficult" to decompose are, for example, lignin, polyphenols, and silicon-
rich materials. By making this distinction it is possible to get realistically
different decomposition rates for various types of material which are depen-
dent upon the proportions of the above components. In particular, this
method will define a higher decomposition rate for recently dead material
relatively richer in easy-decomposed soluble carbohydfates compared with

older materials. When the dead plant material in the soil is no longer
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Fig. 19. Box-and-arrow diagram for the decomposer submodel.
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recognizable as to origin, it is referred to as humus. All organic material
is ultimately transferred to humus (X730), which is decomposing due to the

activity of microorganisms, as are all other state variables In the submodel.

Functional Description
Decomposition of standing dead

It is assumed thét standing dead herbaceous (X600) and woody (X610)
material of vascular plants decoﬁpose at site-specific fixed relative daily
rates (g/g/day) which is higher for herbaceous (D600]) than for woody
(D6002) material. In a higher resolution model this flow would be driven
by air temperature, precipitation, and humidity. However, because death of
material, according to the carbon submodel, varies with the climatic
factors and thus time of the year, the highest decomposition is found in

fall when the amount of standing dead is highest.

Flow = . DGOOI

X600,610 2

Transfer from standing dead to litter

This is also assumed to take place at a site-specific fixed relative
daily rate (g/g/day) with different values for herbaceous (D6003) and
woody (D600h) material. The material is separated into ''easy,' '"medium,"
and '"'difficult" to deéompose litter according to an assumed proportion of
the different types of material in the herbaceous (DP6001_3) and woody
(DP6101_3) Titter. The flow from herbaceous standing dead to litter

compartments is

Flow = X600 » D600, - DP6001_

3 3
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The flow from shrubs standing dead to litter compartments is

Flow = X¢ 14 ° 0600, - DP6101_3

Decomposition of litter

Decomposition of.the two litter types takes place according to an
assumed maximum dail§ relative rate (DMAXR) for the various proportions
of "easy," "medium,' and 'difficult' to decompose material, modified by
site-specific effects, varying between 0 and 1 for temperature (DET) and
soil water (DEW) in the ubper soil layer, pH of the Iitte} (DEPH), and
amount of nitrogen in the litter (DEN). The flows for decomposition of

herbaceous and woody litter, respectively, are as follows

Flow = x6h1-643 . DHAXR1_3 » DET - DEW - DEPH - DEN

Flow = x631-633 . DMAXRA_6 - DET - DEW « DEPH <« DEN

The flows are expressed as g/g/day for the three types of litter material
from herbaceous and woody plants. x641-6h3 and X631-633 are the biomass
of the three types in herbaceous and woody litter, respectively. DMAXR1_3
are the daily maximum relative decomposition rates in g/g/day for the three

types of herbaceous litter, and DHAXRk_6 are similar values for woody litter.

1. The effect of temperature in the upper soil layer on decomposition of

litter is a saturation function (DET) defined by two parameters (see Fig. 20}.

DT6LX(1) = minimum temperature in °C for decomposition
DT6UX(2) = temperature above which decomposition is not 1imited
T =

temperature in upper soil layer at a given moment
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|

DET

DTe4X(l) DT64X(2)
Fig. 20.
2. The effect of standardized soil water in the upper soil layer
on decomposition of litter is a piecewise linear function (DEW) defined by

four parameters (see Fig., 21).

DW6LX(1) = minimum soil water amount (on a standardized scale)

where decomposition takes place
DW64X(2) = lower limit of optimal soil water range for decomposition
DWe4X (3) = uppér limit of optimal soil water range for decomposition
DWeLX({4) = maximum soil water for decomposition

W = soil water in upper soil layer at a given mement

DEW

! W

DWE4X() DWE4X(2) DWE4X(3) DW64X(4)

Fig. 21,
3. The effect of pH in the litter on decomposition is also a piecewise

linear function (DEPH) defined by four parameters (see Fig. 22).
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DH64X(1) = minimum pH for decomposition
DH64X(2) = lower limit of optimal pH range for decomposition
DH6LX(3) = upper limit of optimal pH range for decomposition
DHE4X(4) = maximum pH for decomposition
DPHCH = actual pH in herbaceous litter
|- '
|
| |
| |
| [
| |
DEPH i ;
| |
| |
o ! ! DPHCH
DHE4X(1)- DHE4X(2) DH64X(3) DH64X(4)
Fig. 22,

4. The effect of nitrogen percent in the litter on decomposition is a
saturation function (DEN) defined by two parameters {see Fig. 23).
DN64X(1) = maximum nitrogen percent for decomposition
DN64X(2) = nitrogen percent from which decomposition is not timited
by this parameter

CONCN = average nitrogen percent in herbaceous litter

|- .

DEN

o . — - — v T e amn mas

CONCN
DN64X(l) DN64X(2)

Fig. 23.
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Decomposition of dead cryptogams

The same method as used for decomposition of litter is also used for
decomposition of the three dead cryptogam cétegories. The temperature and
water in the upper soil layer (chosen to be only 1 cm} are used to modify
the maximum relative decqmposition rate (DMAXR7;9), and the pH (DPHCC) and
nitrogen percent (CONCN) in the dead cryptogams are used to estimate the

modifying effects of pH and nitrogen.

Decomposition of belowground dead

Decomposition of belowground dead herbaceous and woody material is
assumed to be dependent on average soil temperature (PST) and average soil
water for all three soil layers, as well as on pH and nitrogen percent of
herbaceous belowground parts (DHCHR and CONCN) and woody belowground parts
(DHCWR and CONCN). The functions for modifying the maximum daily relative
decomposition rates (DMAXRIO_ISJ by these factors are as described for

decomposition of litter,

Transfer of litter and belowground dead to humus

From all compartments an amount equal to that lost by decomposition to
humus is transferred. This ts a simplification, but little s known of
actual transfer rates Frém various plant compartments to humus. As
humus, by definition, is no longer recognizable as to species or plant group,

the state variable “humus“ has no subdivisions.

Decomposition of humus
The decomposition of humus was made dependent on the same variables
as were used for belowground dead plants to modify the maximum relative

decomposition rate per gram humus per day (DMXH).
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NUTRIENT SUBMODEL

The nutrient submodel, which is closely linked to thé producer and
decomposef submodels, is depicted in the box-and-arrow diagram in Fig. 24,
The objective was to design a framework which could have general applicability
to all plant nutrients and yet at the same time allow for characteristic
differences that exist between the flows of various elements through the
ecosystem. In the present study the nutrient submodel has been applied
to both phosphorus (P) and nitrogen (N), and in this case an example of the
difference between the relationships for these two nutrients is highlighted
by the importance and the flows associated with biological fixation of
atmospheric NZ‘ While the model includes the possibility for fertilizer
additions, these considerations are not included in the present study.

Nutrients are taken up from soil solutions by the roots and translocated
to aboveground parts. For cryptogams it may be somewhat different, for
although rhizoids of some mosses may be abje to take up some nutrients, most
of the nutrients in cryptogams will be taken up from water in lower parts
of aboveground organs (partly depending on précipitation, but this is ignored
here). In the model this is made possible by having the upper soil layer
very thin and in close contact with the lower parts of what could be called
the aboveground "‘reserves'' of cryptogams (typical, for example, in mat-forming
lichens) and by allowing the aboveground reserves to take up nutrients from
this soil layer.

The nutrients are brought back to the soil via decomposition of the
various main dead plant compartments used in the decomposer submodel. This
neglects, as in the decomposer submodel, the importance of animal intake,

especially of live aboveground material. In principle, however, this pathway
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Fig. 24. Box-and-arrow diagram for nutrients (phosphorus is used as an

example).
Shrubs Perennials Annuals Cryptogams

Green biomass 103 104 105 106
Aboveground reserves 107 108 109 110
Belowground reserves 17 112 -- -
Roots - 115 116 117 (118)
woody aboveground standing dead 119 -- - .-
Herbaceous aboveground standing

dead 120 120 120 121
Woody litter 122 - - -
Herbaceous litter 123 123 123 121
Woody belowground dead 124 - -- --
Herbaceous belowground dead 125 125 125 125
Humus (non-recognizable organic

material) J2é 126 126 126,

g

Unavailable nutrients in soi! 127
Avallable nutrients in upper soil

layer 100
Available nutrients in middle soi!

layer 101
Avallable nutrients in lower soll

layer 102
Nutrient source 198

199

Nutrient sink (lewching)
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could be treated similarly to live-dead plant compartments giving transfer
back to the system via urine and feces. Nutrients taken out of the system
by grazing, harvesting, and leaching are then replaced by input from the
source (X]98), including fertilizers.

The nitrogen fixed by root nodule organisms is taken to be easily
available to the hosts and is fed directly into the roots (X33_36). All
nutrients may otherwise be released more or less slowly from an unavailable
nutrient pool (X]27). The piants will take up part of the available nutrients
from the three soil layers (x100~]02) during the growth period while some will
be leached down the soil profile to the leachate sink (xl99)’ becoming
unavailable to plant roots.

In the construction of the model the analogy between the flows of P and
N is maintained in the numbering system for state variables and the nomenciature
for flows and control parameters. The first number.in the variable name
indicates the mineral studied, e.g., XIZO means P in standing herbaceous
dead material, XZZO means N in the same material, and so on. |In the nitrogen
submodel N replaces P in each variable name.

In the functiohal description which follows P has been used in all the

examples given.

Functional Description
Release of nutrients from the unavailable pool (X;,,)

The maximum release of nutrients (FPMX) from the unavailable pool in
the soil is dependent.on the size of the pool (x]27) as well as on a site-
specific character defining, for each of the nutrients, the maximum proportion
that can flow into the available pool in each of three soil layers (FP1271_3)

in one day.
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FPMX = X, + FP127

-3
This maximum flow rate is modified by effects of average soil temperature

(FPETP) and soil water (FPEWP) in the three layers as well as by the

concentration in ppm of nutrients already in the avaiilable pool (FPECP).
Flow = FPMX, . FPETP - FPEWP - FPECP

1. The effect of soil temperature on flow rate from unavailabie to
available pools in each soil layer (FPETP) is a saturation function defined

by two parameters {(see Fig. 25).

FPST(1) = minimum temperature in °C for any flow
FPST(2) = temperature above which the flow is hot‘limited by this
 parameter
PST = mean soil temperature at a given moment
l -y
|
FPETP .
|
i
o } PST
FPST(l) FPST(2)
Fig. 25.

2. A similar function is used for the effect of mean soil water (FPEWP)
on the flow rate with FPWT(1) = ASWP (wilting point) and FPWT(2) = ASFC (field

capacity), respectively.
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3. The opposite saturation function is assumed for the effect of

concentration of available nutrients (FPECP) in the soil (see Fig. 26).

FPCP(1) = minimum concentration of nutrients below which flow is
unaffected
FPCP(2) = concentration above which no flow occurs
I |
i .
1.
|
|
FPECP }
I
|
o) l CONCP
FPCP() FPCP(2)
Fig. 26.

The actual nutrient concentration in ppm (CONCP) in each layer is calculated

from the available nutrients and from the bulk densities. For example:

CONCP = xwo_wz/(ASP]_3 . gsoop . ASBDI_S) - 1000

ASP1_3 = relative depths of soil layers

ASQDP

It

total soil depth of interest in mm

ASBD

1-3 bulk density in the three soil layers

Leaching of nutrient doum the soil profile

The leaching of availabie nutrients from the three soilllayers is
dependent on the amount (g/mz) of availab]g nutrients in each of the layers
X100_102, the maximum proportion that will move out of a layer in one day
under maximum water flow conditions (site-specific) (FPPRP), and a piecewise

function of the amount of water in each of the layers. This function
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increases from 0 at field capacity (FPWL(1)) to a maximum of 1 at the
volumetric water content (FPWL(2)) and decreases to 0 again for water-

logged soil (FPWL(3)) (see Fig. 27).

Flow = FPPRP - + flwater)

X100-102

1
7 (water}
0 W
FPWLI FPWL2 FPWL3
=ASFC

Fig. 27.

Uptake of nutrientes from the soil

The uptake of nutrients by roots from the three soil léyers is dependent
on several factors. Each plant type has a maximum nutrient uptake (FPMXP)
in g/g/root/day when all modifying factors are at an optimum. The root

biomass (X is important and so is the distribution of roots in the

33-36)

three soil layers (PROOT, .)}. The uptake is also proportional to the nutrient

1-3
concentration (FPECP) in ppm in the three soil layers up to a limit and to

growth rate of green biomass (FPEGP). The soil temperature in the three

layers (FPETP) as well as the soil water (FPEWP) will also modify the uptake.

Flow = FPMXP - PROOT, . - FPECP + FPEGP - FPETP - FPEWP

X33-36 ° 1-3
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1-3. The effect on uptake of the parameters FPECP, FPEGP, and FPETP
are saturation functions defined by two parameters FPECX(1) and (2}, and
%PETX(I) and (2), respectively.

The actual concentration (CONCP), described earlier (see the section
on ""Release of nutrients from the unavailable pool')}, is calculated from
nutrients available and from bulk densities of these layers. The uptake
of nutrients in relation to growth rate of green biomass (PMGR) is said to
be 0 at PMGR = 0 and to increase to 1 at PMGR/2.

4, The effect of soil water on uptake from each layer is said to be a

piecewise linear function defined by four parameters (see Fig. 28).

FPEWX{1) = minimum standardized soil water in the layers for nutrient
uptake [set to ASWP + 0.4 (ASFC-ASWP) where ASWP = wilting
point and ASFC = field capacity]

FPEWX{2) = lower limit of the optimal soil water rénge set to
ASWP + 0.8 (ASFC-ASWP)

FPEWX(B).= upper limit of the optimal soil water range (equal to
fleld capacity)

FPEWX(4) = maximum soil water for nutrient uptake

FPEWP

ey e S Seme S —————— — —

W

FPEWX(l) FPEWX({2) FPEWX(3) FPEWX(4)
=ASFC

Fig. 28.
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The uptake of nutrients by lichen aboveground reserves (X28) is similar
to that described above although only the conditions in the upper soil layer

are taken into account and there is, of course, no root dependency.

Flow = FPMXP + X,g * FPECP - FPEGP - FPETP + FPEWP

Pixation of nitrogen

The biomass of the nitrogen fixers is made a fixed proportion (FNPNF1_Q)
of the total biomass, and their nitrogen/carbon ratios (FNPER1_4) are made a
constant for each plant type. The initial amount of N in'the four compartments
of each plant type is calcuiated allowing for their higher concentration of
N. The N fixers are assumed to take up any available N that is in the soil
layers in the same manner as the non-fixers. To maintain the correct N
concentration in these plants, a proporticn of the daily carbon flow is
allocated to the N fixers using FNPNFI_A , and sufficient N in addition to
that taken up by their roots is fixed from the atmosphere (X298) to make the
N/C ratio ofrthe daily f1ow equal to the predetermined constant (FNPER]_h).

Thus, the flow for additional N is

Flow = FNPNF - P121 « FNPER - FNPNF - FN200

1-4 1-4 1-4 1-4 1-4

= amount of C flow  N/C ratio - amount of N taken from the soil

where FNZOOI_A = total N flows from the soil for each of the four plant types

PIZII_h carbon flows to the four plant types

Cryptogams are treated in a similar manner.

Translocation of nutrients from the roote
The translocation of nutrients from roots to tops and to above- and

belowground reserves is such that the nutrient/carbon ratic for each
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compartment within a plant type, relative to that for roots, is maintained

at the initial values given. For example, FPTRR is the P/C ratio for

I,J
compartment | within plant type J relative to the P/C ratio in the roots

of plant type J. It is expected that FPTRR for tops/root generally is above
unity in the growing season. Similar relative ratios are given for other
compartments of the various plant types, but will in practice often be close
to unity.

The transiocation within the plant will be dependent on the amount of
nutrient taken up by the roots, the current nutrient status, and the current
carbon assimilation. The nutrient flow within the plant is expressed by an
equation of the form

X(L) + FP100-F1-F2-F3
X{J)

X(K) + FK _

where X(1) and X(K) are the amounts of carbon and nutrient, respectively, in
the compartment accepting the nutrient, and X(J) and X{L) are the amounts of
carbon and nutrient, respectively, in the roots. F1, F2, and F3 are the flows
of nutrient uptake to the tops, aboveground reserves, and belowground reserves,
respectively, FK is either F1, F2, or F3 depending on the accepting compartment,
and FP100 is the totgl amount of nutrient taken up by the roots from the three
soil layers.

This generates a set of simultaneous equations in the unknown flows FI1,
F2, and F3 which are solved in the subroutine PFLOW. The term (FP100-F1-F2-F3)
is, therefore, the amount of the nutrient uptake (FP100) which remains in the

roots.
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Transfer of nutrients to dead compartments

The transfer of nutrients from living to dead plant compartments and
between dead compartments is made very simple in that the nutrient transfer
is proportional to the transfer of carbon by decomposition between the
compartments, but adjusted by specific ﬁroportionality factors for each plant
type for relative hutrient/carbonrtransfers. These proportionality factors,
however, are set to unity for all transfers between dead material. The

general transfer will be
Flow = DFlow « (XF/XP) « FPR

where Flow = nutrient flow between various compartments, DFlow = death rates
of living compartﬁeqts (e.g., P2160 = death rate of green material to standing
dead) according to the carbon submodel or transfer rates of dead material
{e.g., DBO6YL = transfer in g/g/day of standing dead herbaceous to herbaceous
litter) or decomposition rates of dead material {(e.g., D6773 = respiration =
decomposition of herbaceous root material in g/g/day transferring it to humus)
according to the decomposer submodel. Xf = nutrient amount in g/m2 in donor
compartment, XP = amount of carbon in donor compartment, and FPR = relative

nutrient/carbon transfer ratio.

Transfer of nutrients from hwmusg to unavailable soil pool

The transfer of nutrients from humus back to.unavailable pool in the
soi] follows the same pattern as the transfer of dead plant material, i.e.,
proportional to the decomposition rate of humus and the nutrient/carbon ratio
in humus.

The program for the producer, decomposer, and nutrient submodels is given

in Table 1.
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‘Table 1. Program for the model.

S IMCOMP Version 3.0 Source Listing 12/14/72
& . L — A I
c ARIOTIC STORAGE
[
STARABE. ARMAX s ARMINSASFC (3) s ASLAG(I) o ASMAX (3D 9y ASMINIY) 1 ASQOP(ASP{3)
STORAGE, ASUPt]!iITLAGgATM!loATMIN-ITSHthlolt!ﬂlt!)-ATSIIJI-ATSZC!)
STORAGE ., ATSIU3)+ATSA(3)2ASEBD (D)
[ 4
c DECOMPOSER SECTION
[ d
STNRAGE, DHCHR s DHCHU « DHCWR s DHEAX (4) sDHEAY (4) ¢ OMXHJDMAXR (15}
STORAGE DNG&LX (2] sDNESY {2 ) +DNCC o DNCH s DNCHR + DNCHU +DNCW s DNCWR
STNRAGE . GPHCC+DPHCHsDPHCW+DRP&D0 {3} +DPRL0 () +DPBTR (3] +DPEAN (D) «DPESD ()
STORABRE. DRESP{15) 4DTHAK (2} «DTEAY (2) +DWEAN (&) JDWEAY [4)
STNRAGE, . DEOD (4} +DB10(4) s DB064+D6163,06373{2)+DETTI(2)+DE9T7IWNTI
[o
[ NITROGEN SECTION
c
STNRAGE, ENCN(2) +FNECT2) o FNECXK (2} +FNECY (2} FNEL [3)2FNEGX (2) +FNEGY(2)
STARAGE . FNET(2) oFNETRL2) oFNETY{2) s FNEWI2) o FNEWX (&) s FNEWY (4) s FHMAN(4)
STNRAGE, ) FNN({L16) +FNPERTA) sFNPNF (&) oFNERNFNST (20 o FNTRR (b &) o FNUWL (3)
STARAGE, FNMT(2) +FN2O0{4) +FN211 (6)sFNZ20LIE) »FNZ21IZ2)FN22Y(4)
c
c PHOSPHORUS SECTION
[
STNRAGE. FPA (9)+FPCPI2) +FPECI2) +FPECXIZIoFPECY{2)+FPEL {3} +FPFGXID)
STNHRAGE , FRPEGY (2)+FPETIZ2) «FPETX(2)sFPETY(2) eFPEM(2)4FPENX14) FPEWY (&)
STORAGE, : EPHI3) oFPMNP (4} s FPP (16) +FPPRPFPST (21 sFPTRR(444) FPKL (3)
STNRABE. ’ FPUT(2) +FX{4) +EY (&I 2FZ(3)oFPLOO(SI+FPLILN(6I9FPLI2D16)FPL121(2)
STNRAGE ., FRI2TI3)1+FL1029+F12164F126T+F2710(2)
[ 4
c CARBON SECTIOW
[
STORAGE, PACRALS) sPACRB (&) PACTA L4} +PACTR(S)
STNRAGE , BCl6) s PCNMNIZ) +PCONS+PCONWIPCRDR{4) +PDAR(4) + PDRR (&) + PDF (4}
STORAGE . PRLG{4) «PFRIA) +PFS 4} sPFT (41 4PFulh)
STORAGE . PHT (&) sPHULA) «PHEZ]1 (&) Pl PJe PK
STARARE, PKN{4) oPRDMNe PKDR &) «PEDR1(4) s PKDR2 (4)
STNHRAGE . PRDS (4} s PKDS] (4) s PKNS2 (%) +sPKDT (4} «PKOTL (&) o PRDTZ(S)
STARARE o . PKOW (&) yPKDW]1 (4} + PKOR2 (&) +PHM (&) +PKRT (&) sPRXZ] (4}
STARAGE , PHMGR (4) sPMRT (&) s PMAW (4]} yPMS (4) s PMT (4] +PMN (4}
STORAGE . PNOF (4) s PODF {4) s PRC (4) + PRER14) «PROOT 1443) +PRRO(4) +PRRR (4}
STORAGE, PRS (&)
STARAGE , © PR20(4) +PST(6) «PSTMA(4) +PSTHBIL&} +PTD1 (41 +PTDZ2(4) +PTD3 (4}
STARAGE, PTOS (&)
STARAGE . PTMN L&) s PTHNR (&) aPTHMX (&) o PTHXR (4) «PTNI4} +PTOL (&) PTR2 (&)
STARAGE, PTAMA 4} +PTAMB (&) sPTRAN{4) sPTRR{4) 2PNDI (4) +PHD2{4) +PUNI{4}
STNRAGE . PULD 4] +sPWMNH () +PWMXR (4} o PRTRIPUN 13) +PXM(4) «PRS (&)
STNRAGE, PATRL(4) oPR2IL(4) +sPEPIZ (4)oP121{4)«P2L25(A)4P212914),P2133LM)
STNRAGE, PRLADIA) «P2SEL(4) sP296E (4)sPIIGT(4)4PEITIL) LPHLTIIS)
STHRABE . PETTA (4)sPHATIIAI +PHFTI(4) o TAPMsT24:THI0+TEACTHTO I THADTESC
INTEGER. Pl1sPJPK
_STYORASE, . T106WATER .
STNRAGE . : TDEN(3) o TDEW (I} » TDET(3) o TDEPH (I
: : c
C ses ESTIMATE THE RADIATION
il"?) [
FLOW=0.0 X
x:?::lARuINoAnnAxﬁfz.-|AnMAx-ARnlN)/z.-sIu(tTIME-qn.)'a.lA/lno.}
C eee ESTIMATE THE AIR TEMPERATURE
(1=3). -
FAC = 3.14 / 180.0
ALAG = 90.0 + ATLAG
AMP = (ATHMAX -« ATMIN} * 0,5
AMEAN = (ATMAX & ATMIN} ® 0.5
X(3) = AMEAN ¢ AMP ® SIN{(TIME = ALAG) * FAC)
FLOW=0.0
C o.s SOIL TEMPERATURE IN TOP DEPTH LABS AIR TEMP 8Y S DAYS
tl“‘ﬁ‘o .

ALAG = 90.0 + ASLAG{(1)

AMP = {ATSMX{L) = ATSMNIL)) ® 0.5

AMEAN = (ATSMKXI1) + ATSMN({1)) ® 0.5

Xt&) m AMEAN + AMP # SIN{(TINE « ALAG) # FAC)

Fl ow=0.0




-37-

C owre SOiL TEMPERATURE 1IN ZND OFPTH LAGS ALR TEMP BY 2C DAYS

t1=5).
ALAG = 90.0 + ASLAGI2)
AMP = (ATSMX(2) —~ ATSMNI{2)} ¢ 0.5
AMEAN = [ATSMX (2} + ATSMN(I2)) * 8,5
X(G) x AMEAN +  AMP = SIN((TIME ~ ALAG) * FAC)
FLOW20.0
€ +.. SOTIL TEMPERATURE IN ROTTOM DEPTH LAGS AIR TEMP BY 30 DAYS
(1=6).
ALAG = 90,0 + ASLAGI(])
aMP = (ATSMX({3) = ATSMNI3)) * 0.5
AMFAN = (ATSMX(3)} + ATSMN{3I} * 0.5
X{h) = AMEAN ¢ AMP & SIN((TIME - ALAG) ® FAC)
FLONZ0.0 .
€ vuo ESTIMATE SOIL- WATER CONTENT 8Y LAYERS
{1-Jx10+12}).

Kz )-8

TY=TIME=ATS] ()
AT2=ATSZ(K)~ATS] (K]}
AT3I=ATSI(N)I=ATS] (K}
ATARATSA (K} =ATS14K)
IF(TT.LTa0.) TTRYT+3R0.0
TT=AMOD(TT+360.) )
IF(AT?.LTa04) AT2=AT2+360,
IF(ATI.LTo0,.) ATI=ATI+360,
IF{AT&sLT.0.) AYAzATA+360,

X(J)=ASHINIK)
IFITT.GT.AT4) GO TO 21001
TIF(TT.6T.AT2) GO TO 2le¢02
K =X (J) o (ASMAR (K} ~ASMINIK) ) ®TT/AT2
60 To 21601
21002 IF(TT.GT,ATI) GO TO 21003
X (JITASMAXIK)
80 To 21001
21003 X(J)zX (J) e (ASMAKIK) —ASHINIK) I # (ATA=TT)/ (AT4+AT])
21001 FLOW=D.0

C eus FLOW FOR NET ASSIMILATION OF ABOVE GROUND LIVE GREEN
C1=-dm2]e24) .

PK=J =20

FLOWSPMGR (PK}#X (J)I#PFY (PK) *PFw (PK )} *PFRIPK) *PFS(PK]}

IF(PFT[PK!.LT.O-B-OP.PF“(PK’.LT.D.O-OH.PFR(PKI.LT.O-O)Z]DO#-ZIOBﬁ
21004 FLOUSAMINI(0.-(-PRHO!PK)-!PRZG(PK)-PRROIPK!).'III3)/20.|I'X(JII

1 *PRROIPN) -

IF(XE3) LT .PTHNR(PK) ,OR, PWTR.LT,.PUMNRIPK)) FLOWS0,0
21005 P121(PK)=FLOv
c .
€ oes FLOW FOR RESPIRATION OF ABOVE=GROUND RESERVES
C
(1=J%25.28),
PKx =24 :
FLOWZ=PRER (PK)*X {J)
c ‘
C eos FLOW FORJRESPIRATION OF RELOW=-GROUND RESERVES
¢ .
(1=-J=29:32).
PKx.)=-78
FLOW=~PRER (PK)#X ()
c . -
C +es FLDW FOR RESPIRATION OF ROOTS
c
{1=-0233:36),
PK=J=32 : .
FLOUEIHINIID.-l-PRRO(PK!-IPRZD(PK)-PRHO(PK)l"PSTIZO.)'IIJIl'PRRO(
1PX}

IF{PST.LE.0.0} FLOW®D0,0

c
€ .es TRANSLOCATION GREEN TO AROVE GROUND RESERVES

' c
(Ix21e28~Jmit]ea).

PRel=-20
FLOW==PACTA(PK) #X (J} *PHXZ] (PK)}*PHW (PK) *PHT (PK)
1 *PTRMA (PRI *X{I)*PKX2] (PK) *PTN (P



2 +PSTMAIPK) *X () *PKD(PK}*PTN(PK)
P2125(PK)=FLOW .
c
C «se FLOW FROM GREEN TO RELOW+~GROUND RESERVES,
c .

(T=21e26=-Ux]®1eR),

PKel-20
FLOWZ=PACTRIPK)} ®X{J}RPHX2) (PK)*PHW [PK) *PHT (PK)
1 . <«PTRMR(PKI*X{]ISPKX2] (PK}*PTNIPK)
2 +PSTMH (P XTI I*PKD{PKI®*PTNIPK)
P2129(PK)=FLOW
c
C eea FLOW FOR TRAMSLOCATION FROM GREEN TO ROOTS DIRECTLY
¢
(1221 e20~Jd=)2]+12),
PK=[=20
FLOW=PTRRI(PK)®X(])®{] . 0-PKDIPK})}SPTN(PK)*(]1.=-PHX2] (PK})
P213V3{PKI=FLOW
c
C «ss FLOW FOR TRANSLOCATION FROM ABOVE GROUND RESERVE TO RNJTS
o
(I225.28=Jx1%]eA),
PKE]=74

FLOWZPACRA(PK} #X (1) ®PHT (PK) *PHN [PK) SPHX2] (PK)

C see FLOW FOR CONSUMPTION OF ABOVE-GROUND RLOMASS
{1221.2R-A01,
FLOW=0,0
If (Xt3) .GT, PCNMN{L1)) FLOW = X(I} ® PCONS
IF (Xt3) LT, PCNMNIZI)} FLOW = X(I) *PCONM
c. :
€ eve FLOW FOR TRANSLOCATION FROM BELOW GROUND RESERVE TO ROOTS

C
(1=29,32~da]®les),

PKe]-28
FLONTPACRB IPK) #X {1) *PHT (PK) *PHu (PK} *PHXZ] { PK)
¢ .
€ oo FLOW FOR DEATH OF ABOVE GROUND GREEN MATERIAL (SHRUBS.PERENNTALS+ANNUALS)
<
(1=21.23~-601,
PK=[-20
FLOWSX (L1 %()a0=(1o0~PMT(PK)}® (], 0~PMu(PK}} (], 0-PHUS(PX)})*PDLG(PK}
IF(FLOWEDTLGT. U]} } FLOWRX{]1)/DT
PPI60 (PN SFLOW
[
C ses FLOW FOR DEATH OF ASOVWE GROUND GREEN MATERIAL (CRYPTOGAMS)
(24=-69),
FLOW=X{24)#1]1.0=(1,0=-PHT{4))® (], 0=-PHW{&4)I*{],0-PHS(4)))*POLGI4&)
IF(FLON®DT.GT.X{24)) FLOW=X(26)/DT
P2160(4) xFLOW
e ;
€ +us FLOW FOR DEATH OF AROVE GROUND RESERVES OF SHRUBS
[ .
(25=61),
FLOW=X(25)*PDARI(])
P2561(1)=FLOW
C .
C +ss FLOW FOR DEATH OF AROVEGROUND RESERVES (PERENNIALS ANO RNNUALS)
C

(T=P64+27-601.
PH=]-P4
FLOWSK (1) *PDAR (PK)
P2561 (PK)SFLOW

FLOW FOR DEATH OF ABOWE GROUND RESERVES OF CRYRTOGAMS

SO0
.
.
.

(PA~4Y) .




{P79-&A),

(123043167,

137=-6%).

{T=33,35-67).

{36=69),

(AO-600).

{81=~610).

(£9«1n69]+693},

ann OO0 ann

onn

ano

AAMNO0O000A00OONNHANANN

C

aes

cen

e

LR N
raw
Yy
saw
LX)
ase
e
“asw
seew
ass
LN
LX)
LN ]
s

u39_

FLOW=X {28} 2PDAR (&)
P256] L4} =FLOW

FLOW FOR DEATH OF BELOw~GROUND RESERVES OF SHRUARS

FLOW=X {29} =PDRR(])
P296R{1)=FLOV

FLOW FOR DEATH OF HRELOW GROUND RESERVES OF PERRENNIALS AND ANNUALS

PR=]=-28
FLOW=XIT)Y*PDRR(PK)
P29GH (PX) =FLOW

FLOW FOR DEATH OF BELOWGROUND RESERVES OF CRYPTOGAMS

FLOWaX (22} *PDBR{4)
P296a 4} =FLOW

FLOW FOR DEATH OF ROODTS FCR SHRUBS, PERENNIALSs AND ANNUALS

PK=]~-32

FLOMSXLT) *PCRDAR(PK) + X {]) #*PKRT(PK} #({1o=1]1,~PMRT{PK})* {1 ,~PHRW{PK]}))
1 #PCRDR (PK)

IF{FLOW*DT 5T X(T)) FLOM=X{I}/DT

P3IR6T (PK)=FLOW

FLOW FOR DEATH OF RONTS OF CRYPTOGAMS

FLOW=X{IR)SPCROR(4) +X {6} #PKRT (4} P {1 ,={],~PMRT (&) ) *(] ,~-PMRWI4)))
1 SPCRDKE L4)

IF(FLOWSDT GT.X{38)) FLOW=X{(36}/DT

PII6T(4)=FLOW

DECOMPOSER SECTION

DAB0II=ls4) IS PROPORTION RESPIRED EACH DAY FROM X(600)+X(H10)} TO XK(1)eAND
X{600) TO Ximaled} AND X{Ai0) TO X(691.3)

DP&ONETI=143) PROPORTION FROM X{600) TO X(a4l)eX(643) T.E. MATERIAL

WHICH IS EASY MEDIuUm AND DIFFICULY TO DECAMPOSE

DP&10LI=1+3) PROPORTION FROM K{AL0) TO X(63le3) f.E. MATERIAL WHICH

IS EASYs MEDIUM AND DIFFICULT TO DECOMPOSE

DMAXALI=1+15) 1S #MAXIMUM RESPIRATION RATE IN & OF C/G OF C/DAY FOR
DECOMPOSFR COMPARTMENTS 64193 v 63143 o A91e3 » 67193 » 6813 RESPECTIVELY
NDPRID (=13} IS PROPORTION OF CRYPTOGAM LITTER WHICH IS FASYs MEDIUM

AND DIFFICULY TO DECOMPOSE ..+ X169]03)

DPATOCI=1+3} 15 PROPORTION OF R.G.STANDING DEAD FOR PFRENNIALS

AND ANNUAL'S wHICH IS EASY, MEDIUM AND DIFFICULT TO DECOMPOSE ... X(B71+3)
DBPAAD{I=143) 15 PROPORTION OF R.Gs DEAD WOOODY MATERIAL WHICH IS5 EASY
MEDTUM AND DIFFICULT TO DECOMPOSE ..e X{681+3)

DMXH 1S MAXKIMUM RAYE OF RREAKDOWN OF HUMUS

0637T3(T=1+3) IS TOTAL FLOw FROM 631633 AND 641-643 Th T30
DATTI(I=1e3) 1S TOTAL FLOW FROM 68]1=683 AND 671-673 TO 730

DA9T3 1S TOTAL FLOW FROM £91=693 TO 730

Ne0nse IS TOTAL FLOw FHOM &00 TO 641-643

D6163 IS TOTAL FLOW FROM 810 TO 631-63)3

ALIGN PRODUCER AND DECOMPOSER COMPARTMENTS

FLOWEX [60)
AL TGN PRODUCER AND DECOMPOSER COMPARTMENTS

FLOWRX{6])
ALTGN PRODUCER AND DECOMPOSER COMPARTMENTS

FLOWSX (69} *DPE90(]~690)
ALIGN PRODUCER AND DECOMPOSER COMPARTMENTS
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{(AT=-1267146TY).

FLOWEX (67)*DPBTO (1-670)
¢ ALIGN PRODUCER AND DECOMPOSER COMPARTMENTS
(AA=Ts6R1 4683, ‘

FLOW=X{6A}*DPLA0 ([-6A0)
(12600+610010-1),

€ ses THIS TRANSFER SHOULD RE DRIVEN RY AlRs TEMPERATURE. AND MUMIDITY
€ see RUT IN THIS PROGRAM A CONSTANY PROPORTION IS TRANSFERRED
Jzl1/10-59
FLOWSX (1) *D600 (J)
D&6ObAxD,
(Ang=-Iz64]lendld),

FLOW=X{600)*DAO0 (31 *DPGOD(I-640)
DADGA=DL0G4+FLON
D616320,

{610-T=631+633).

FLOWsX (610) *DA00 (4)*DPELOII-430)
D6163=D6163+FLOW
{1264148643~11, -

IF(X(T)aLE. L. E~7) GO TD 10080
NMAXZX (] ) *OMAXRLI=-640)

€ ves CALCULATE THE AVEHAGE CONCENTRATION OF N AS PER CENT
CONCN=X{2231/T640%100.
DENZALINT (DN64X « DNA4Y o 2 e CONCN)
WATERSX {101/ (ASODP®ASP (1))
DEW=AL INT{DWO4XaNWEAY s 4 s WATER)
DETRALINTINTA4XDTH4Y 2o X (4))

€ +uc PH CHANGES ARE NOT MODELLED BUT READ IN AS A PLANT SPFCIFIC CHARACTER
DEPHZAL INT (DHA4X « DHESY o & 3 DPHCH)
FLOWRDMAX®DEN®DET*DEPH*DEW
GO T 10081 .

1NORD FLOW=O.

100R1 DRAFSP{1-640)=FLOW
TOEN(I~640)=DEN
TREW ([ I=640)2DEW
TRET{1~640)1=DET
TOEPH{1-640)=DEPH

(1=6314633~1),

IF{X{I).LE.1.E~7) GO TO 10082

- DMAKX([)SDMAXR{I[=-62T}

€ ess CALCULATE THE AVERAGF CONCENTRATION OF N AS PER CENT

CONCN=X(222)/7T630%100,
DENZAL INT {ONB4X+DNEAY o 2+ CONCN)
WATER=X(10) 7/ (ASQDP®ASP (1))
DEWSALINT(DWOG X+ DWEAY ¢4 s WATER)
NET=AL INTIDTOAXDTGAY 20X (4))
DEPHeAL INT (DHOAX s DHOAY o+ &4 « DPMCH)

FLOW=DMAXSDEN*DET *DEW*DEPH
GO TO 100M3
100AZ FLOW=0,
10083 ORESP(I-62T)=FLOW
D&6973=0.
(1=691+693-1),

IFIX{Y)LE.1.E=7) GO TO 10084
DMARZX (T} #DMAXR (] ~6H4)

C see CALCULATE, THE AVERAGE CONCENTRATION OF N AS PER CENT
CONCN=X(Z21)/T690%]10n,
DEN=AL INT{DNG4 X s DNB &Y 3 2 s CONCN)
WATER=X110)/{ASODP*ASP(]))
DEW=AL INT (DWA4 X +Dwb4Y 4y WATER)
DET=ALINT(DThaX+DTOAY2eX (4))
DEPH=ALINT (DHE& X s DHOEAY o 4 ¢ DPHCC)
FLOW=hMAK*DEN®*DET *DEWSDEPH
60 TO 10085

10DR4 FLOW=0,.

100RS DRFSP(I-6R4)=FLOW
D69T3ID6ITI«FLOW

(1=6T71:+673-1),

WATERZAVTEM=E0,0
DO ipll J=10.12
WATEH=WATER+X (4} Z7ASODP

1011 CONTINUE *+
IF{X{I).LE.1.E~T7) GO TO 100868
OMAK=Y (1) ®DOMAXR(I-661)
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C eae CALCULATE THE AVERAGE CONCENTRATION OF N AS PER CENT
CONCN=X{225) /T6TO® 100,
DEN=AL INT (ONA4XsDNG&Y 4 2« CONCN)
DFW=AL INT (DWaaN+DwbéY + 4 s WATER)
DET=ALINTIDTELX s DTRLY+2ePST)
DEPH=AL INT {DHE4X s DHEAY 3 & ¢ DHCHR)
FLOWDMAX*DEN*DE T*DEW*DEPH
GG To 1d047

1A0R6 FLOWS0,

10087 NRESP(I-661)=FLOW

{1=68].683~-]},

TFIX{I)JLEL1.E~T} GO TO 10088
DMAX=X (1) SDHAXR ([ -66A)

€ eee CALCULATE THE AVERAGE CONCENTRATION OF N AS PER CENT
CONCN=X1224)/T680%100,
NENZAL INT (ONG4X s DNE&Y s 24 CONCN)
DFWEAL INT(DWEAX +DHOLY s 6o WATER)
DETZALINTI(NTRaXsDTh&Y2+PST)
DEPH=ALINT (DH64XK e DHOAY ¢4 4 DHCWR)
FLOWSNMAX*DENTDET*DEw*DEPH
GO TO 10089

10088 FLOW=0. '

100R9 DRESPII~660)=FLO

N63ITI2)=0.
(T=641+643-T730).

FLOW=ORESP{I~640)

D63TIL2)=D63ITI(2) +FLOW

D6373(1)=0,
(1263196334173 0).

FLOW=DRESP(I~62T)
D6373(1)=D63TI(1) +FLOW
(T2691+693~730),

FLOW=PRESP ({I~684)
D&TT3{Z2) 20,
(I=6T1+673-T30).

FLOW=NRESP (]1=k61)

DATTI(2 =D6TTIIZ) +FLOW

D&TT3I(1)=0,
(I=6B81+6A3-730).

FLOWZDRESP (1=668)
DATT3(1)=06TTI (1] +FLOW
(T30-1), . _

€ eea DMXH TS MAXIMUM C/Me*M/0AY THAT CAN 60 OUT OF HUNUS
DMAXK=NMXHEX(TI0)

€ wes CALCULATE ¥HE AVERAGFE CONCENTRATION OF N AS PER CENT
CONCNEX (226} /X(T30)%100.
DENZALINT {DONGAX s DNEGY ¢ 2+ CONCN)
DEw=AL INT{OWhaX sDwhaYsaeWATER)
DET=ALINT(DTAH4XIDTHEY2+PST)
DEPHZAL INTIDHA4X « DHE&AY o« 4 « DHCHUY
FLOWSDMAXSDET*DEW*OEN*DEFH
DT3=FLOW

...".‘.ﬂ.*....‘."..’...'“...’..’......'....I.......'....‘...'..'.

FNPERII®1+4) N/C RATIOS FOR N FIXERS

FNZ27(121+3) MAXIMUM PROP OF NON AVAIL N TRANSFERED TO AVAIL POCL /DAY

CONCN  AVAILAALE SOIL N CONCENTRATION

FN20DCtI=1sa) FLOW OF N FROM SDIL TO EACH ROOT COMPARTMENT

FNN(T=1e16) INITTAL CONC OF N IN ALL PLANT COMPARTMENTS

FNPNF (I=1s%) - PROPORTION OF N FIXERS IN EACH PLANT TYRE

FNMEN(TIxLea) MANIMUM N UPTAKE RATE (GN/G ROOT/DAY}

FNPRN PROPORTION AVAILABLE N THAT WILL MOVE OUT OF A LAYER IN ONE
DAY UNDER MAXIMUM WATER FLOW CONDITIONS

FNWL {I=1+3) X ARRAY FOR LEACHING LOSSES

FNEL({I*Ev3) Y ARKAY FOR LEACHING LOSSES

FNECX{ I=142) X ARRAY FOR N CONC EFFECT

FNFCY( I=l+2) Y ARRAY FOR N CONC EFFECT

FNETX(I=1+2) X ARRAY FOR TEMPERATURE EFFECT

FNETY(I=1+2) Y ARRAY FOR TEMPERATURE EFFECT

OO NONOONO0N00D
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ARRAY FOR WATER CONTENT EFFECT
ARKAY FOR WATER CONTENT EFFECT
ARRAY FOR GROWTH RATE EFFECT
ARRAY FDR GROWTH RATF EFFFCT

c FNEWX{T=Lea)
c FNEWY (I=1e4)

c FNFGX(I21.2)

c FNEGY (1x1e2)

¢ FNTRR{I=1sbsJ=lea) RELATIVE N TO C RATIOS FOR FACH PRODUCER COMPARTMENT
c FN2214T=142) RELATIVE N TO € TRANSFER FOR CHYPTOGAMS LIVE GREEN

[ BND AL.G. RESERVES TO STANDING DEAD

c FN211(I21+6) RELATIVE N TO C TRANSFER OF R.6. RESERVES OF SHRUBS TO

c R.Go DEAD (WOODY}

c FNST({I=1,2) X ARRAY FOR 50IL TEMPERATURE EFFECT

c FNET{I=1.2) Y ARKAY FOR SOIL TEMPERATURE EFFECT
[

c

c

c

C

c

c

c

c

.

- W= M

FNMT(I=]e2} X ARRAY FOR SOIL WATER

FNEW(I=1+2) Y ARRAY FOR SOlL WATER

FNCN(I=1+2) X ARRAY FOR N CONC EFFECT

FNEC{I=1+2) Y ARHAY FOR N CONC EFFECT

FNZ201I=1+6) RELATIVE N TO C TRANSFER FOR & PLANT TYPES INTO
: STANDING DEADN (203+0204+2054207+208+~209}

0.#"GI...I'.I‘."..l".il.G'.O."I‘*Q...’..I"'..II"Q"Q‘.l.l'......

(22T7-1=200+202)

c TRINSFER OF N FROM NON=AVAIL SOIL POOL TO AVAIL N IN THREE SOIL LAYERS
FNMXZX (22T)#FNZ2T(T1~199)
FNETN=ALINTUFNSToFNET+ 24X (1-196))
[ ADJUST EFFECT OF WATFR CONTENT ARRAY FOR CHARACTERISTICS OF LAYER
FNNT{l}=ASWP(I=19%)
FNWT{P?1=ASFC(I~19%)
WATER=X{I=190)/(ASP{]1=-199)2AS00P)
FNFWN=AL INT(FNWToFNEWe 22 WATER)
: CONCNSX{I}/(ASP(I~19G) #*ASODP*ASHD(I-199))*i000.
€ sesuvesenss +sCONCN IS MG/KG (PPH)}
ENECNALINT (FNCNsFNEC 2+ CONCN)
FLONEZFNMX*FNF TN*FNEWN®FNECN

(200=201),
C TRANSFER OF AVAILARLE N NOWN THE PROFILE INTO LEACHATF RUCKET
FNRX=FNPRN*X [ 200)
[o ADJUST EFFECT OF WATER CONTENT ARRAY FOR CHARACTERISTICS OF LAYER

FNWL E1)3ASFC (L)
WATER=X(L10}/(ASP(L}*ASODP)
FLOW=FNMX*ALINT (FNWL+FNEL «3+WATER)

.Q....*.ﬂ.i.‘......C'I‘.O*'Q.‘.I'I.I.'.......Q"’O’..ibﬁ....'....'ﬂ

[ Xn Ny

(201=202).

FNMX=FNPRN®X {201)
c ADJUST EFFECT OF WATER CONTENT ARRAY FOR CHARACTERISTICS OF LAYER
FNWL (1) =ASFC(2)
WATER=X{11) /{ASP(2)=AS0ODP}
FLOWSENMX®ALINT (FNWL +FNEL + 3+ WATER}

prearparpaerr ey Y Y Y Y Y PR Y XYY Y NI YT IS TY TSR SIS SIS S LRSS AR RS L A S 2 A Sl 4

“n

(202=-299) .,

FNMA=FNPRN®X (202)
c ADJUST EFFECT OF WATER CONTENT ARRAY FOR CHARACTERISTICS OF LAYER
FNWL (1) =ASFC (3}
WATER=zX (12} /7 {ASP {31 ®*ASODR}
FLOWSFNMX®AL INT(FRWLFNEL » 3+ WATER?

C
C AR E AL BRGNS R RO AR NN RPN HE A F B ASH SRR E RN SNSRI U I RAR RN RANSS

C
(1=200+202-us215,218),

c TRANSFER OF N FROM SOIL TO ROOT ssess NO COMPETITIGN IN THIS MODEL
. IFexig-182) +LEL1+E=05) GO TQ 41003
IFi(X({J=194) LELLLE=05) GO TO 41003
IFIPI2L(U=214)alELl.E=09) GO TO 41003
COMCNE=X A1) /LASP (] =)99) #ASODPYASAN (]~ 199)!01000.
FNECNSALINTUFNECKFNFCY 2294 CONCN)
FNFTH=ALINTI(FNETK«FNETY« 2+ K (I-196))

[« ADJUST EFFECT OF wATER CONTENTY ARRAY FOR CHARACTERISTICS OF LAYER
FNFWX (1) =ASWP (I=1991+0,4% (ASFC{I«199) =ASWP(T=19%9))
FNEWE (2} =ASWRII=199) +0,. 8= (ASFC{I=1991 -ASwR({I-199) ).

FNEWX (3] =aSFC (=199}
WATER=X{]=1%0)/{ASP (=199 %ASODP)
FNEWH=ALINT (FMEWK +FNEWY s 4 s WATER]
FNEGXi2)2PMGR (I=199) /2.
RGAZPIZ2L{J=2 4} /X (J=194)




-Q3_

IF UIRGH=-FRNEGX{1) ) JLEL.1.E=09) GO TO 41003
FRNEGN=ALINT{FNEGKsFNEGY s 2+RGR)
FLOWEFNMXN(Je214) ®FNFCNYFNE TNSFNEWNSF NEGN®PRODT (1-199; *X (J-182)
GO TD 4100 ' :

41003 FLOW=O.

41004 CONTINUE
FN200(J=214} =FLONSFN200{J=214}

c
c ‘........'...‘...’Q.'......'.".0‘....‘...'."”“...‘..Q.‘.....’.
C
(200-210).
c FOR LICHENS TRANSFER OF N FROM SOIL TO A.G. RESERVES REPLACES SOIL TO ROOT
FNEGRI2ISPHGR &) /2.,
RGR=0,

TF{X(24) oGT41.E-05IRGR2PI2I {4} /X (24}
FNEGN=AL INTIFNEGXsFNFGY 2 +RGR)
ASS3ASP {11 #AS0DP
CONCN=X(200) /(ASS®ASRD (1)) #1000,
FNECNZALTNT {FNECKsFNFCY s 24 CONCN)
FNETNEAL INTIFNETXoFNETY 22X 14))
c ANJUST FNEWX FOR CHARACTERISTICS OF SOIL LAYER
FNFWX{1)=ASWP{1)+0.4% (ASFC(1)~ASWP(]))
FNEWX (2) sASWP (1) +0.8* (ASFC{1)~ASWR (1))
FNFHX (3)=ASFCI]) )
WATER=N(10)/ASS
FNEWN=AL INT (FNEWAFNFWY 4 WATER)
FLOWSFNMXN (&) #F NECN*FNETN*FNEWNSFNEGN®X (28]}
FNZ200 {43 =FLOW
Ilﬂ'QIIDO..'...GﬁﬂﬁQEGQOOI..l...ii.ill.l.l'!ﬁ!.!’.lOl{lU!Oi..l.l'.

. 0O

(298-J22154218)

FLOWSFNPNF {J~214)% (FNPER{ =21 4) *P121(J=214}=FN200 (J-214)?

c
c .Q*lii!!.!'&’{l"llI.i!l..OQQ‘Qlilﬂl....libﬁli.iﬁﬂblllliI.l.'.!{ﬁ'
[
{298~210),
C LICHEN N FIXATION
FLOW=0,
IF(X{36).6T.1.,E-08)
1FLOWN=FNPNF (4) ® (FNPER{&)#P12]1 (4)~FN200 (%))
c .
c IQCQC.*.ill..ll.C.!'Ql.*’GOQDIQCIIOQGDQCOIQ..!QQi.IGili.i.iQ.i.I..
c
{1P1S=J=20342]110é4).
c SET UP SIMULTANEOUS FOUATIONS TO ALLOCATE CURRENT FLOW OF N UPTAKE
c BY ROOTS TO TOPSs Al.G. RESERVES H.Ge RFSERVES === #0ODY
[ TRANSLOCATION IS MADE SO THAT THE N/C RATIOS FOR ANY PLAMT CPT K
Cc RELATIVE TO THAT FOR ROOTS 1S PRESERVES AS FNTRR{K.1)
[

IF{(FNPOO(]1)sbEsls E-9) GO TO 40008
IF{J.EG,203)4001Qs40012
40010 L=0
00 40001 Kzl+é
FX(K)aX{203+L}
FY(K)=Kt21+L)
4nohl L=tL+4
DO #0002 Krled
40002 FZUIK)=FNTRR(K.1)
CALL PFLOWIFXoFYsFZsFN20OL(1)sFPHoJ)
&NHll K=p
40012 K=K+l
FLONEFPHIK)
GO TO 40009
ADDOR FLOWRD,.
4N009 CONTINUE

[
[ “I.ﬂ....ll...“"..'...‘.I‘.'I..‘..QQ...Q.Q.'....“'I..'ﬁ....l..’.

C
(216=05204+21244) .

c SIMUL TANFOUS EQUATIONS FOR PERENNIALS
[ o TRANSLOCATION 15 MADE SO THAT THE N/C RATIOS FOR ANY PLANT CPT K




bl .

C RELATIVE TO THAT FOR ROOTS IS PRESERVED AS FNTRRIK.2)

IFAFNPOO{2) oLFo1.F=09) GO TO 40015
IF1J.EQ.204)140014+40016
40014 L=0
DO 40017 K=l+e
FXUKIEX{204+L)
FYIRK)=X{22+L)
SOD1T Lzl +s
D0 40117 K=1,3
40117 FZ(K)=FNTRRI(K.2)
CALL PFLOW( FXsFYsF2Z4FN200{21oFPHsJ}
K=Q
40016 K=Ke)
FLONFFPHIK)
GO T 401158
40013 FLOW=0.
40115 CONTINULE
[
c DAL LBERE S B S A BRSO GBS RBRGB RN ANERENRAPEERF RS AR USRI TR NBERNEOND
[
(217=J2205+209+4),

SIMULTANEQUS EQUATIONS FOR ANNUALS
TRANSLOCATEON 15 MADE SO THAT THE N/C RATIOS FOR aNY PLANT CPT K
RELATIVE TGO THAT FOR ROOTS IS PRESERVES AS FNTRRIK)

[y Ra X e Np ]

IF (FN2D0(S).LEL1.E~9) GO TO 40120
IF(J.EQ.205) 4001840020
40018 L=0 :
DO 40118 Kxlss
FX(K)=X{205+L)
FYi(RI=X{23+L)
40118 L=L+é
DO 40218 K=1.3
40218 FZIK)=FNTRR (K+3)
CALL PFLOW( FXsFY9FZsFN200(3)+FPHeJ)
K=0
AN020 WaKe]
FLOW=FPH K]
60 TO 40220
40120 FLOW=N,.
40720 CONTINUE
c

c SERBSEFERERBESRNIBBPRVEEERRNGEPRREV AR ERERBER AL BB B SR CVERERRNBRBBRERRS

c
(218=U%206+210+4) .

SIMULTANEQUS EQUATINNS FOR CRYPTOGAMS
TRANSLOCATION IS MADFE SO THAY THE N/7C RATIOS FOR ANY PLANT CPT K
RELATIVE TO THAT FOR ROOTS 1S PRESERVES AS FNTRR{Ks4)

[ Ry Nz Xy

IF(FN200(4)olEs1oE~F) GO TO 4D124 .
. IF{J.EQ.206)40022+40024
40022 L=d
D0 40122 Kalaé
FX(K)=XK{206+L)
FY(K)=X[24+L)
40122 L=L+4
DO 40222 K=1e3
40272 FZIKI=FNTRRIK +4)
CALL PFLOW({ FXoFYeFZoFNPOD (&) sFPHoJ)
K=0
40026 KxTKe+]
FLOWEFPHIK)
GO TH 40224
AD126 FLOW=0.
4N224 CONTINUE

[ ey e T T TY TS TT LRI T T LSS L SR 0 At A bbb bl
C .
1210-206),
. c FLOW OF N IS ALLOCATED TO MAINTAIN SAME N/C RATIO IN TOPS RELATIVE TO THAT
[ IN A.Gs RESERVES FNTRA(1se) /FNTRR (2441 =M/C TOPS / N/C A.G. RESERVES

DIv=n.0
IF(FNTRRI1e4) sLE ¢ 0. 0. ORFRTRRIZ+4) oLELOLO} GO 10 prZS

T24FNZX (24 *FNTRR {1+ &) /FNTRR [244)
DIV=T24FN+X (2B}



40225

c
C

c
{1=203.205~220).

(270-223),

(1220R,209=220)

(206=-221).

[(221-226).

{210~221).

1207=219.,

(P19-2223,

C
[

-45-

FLOWZ0.0
IFINIV.GTel.F=05FLOW=(T24FN*(X(210)+FN20O0(4) =X {206)*X{2R))/0D1V

SRR NGRS RN RSP ENRE NGB OISR U R RN AR SR RSB SNSRI ARERBESRS R RRENER

TRANSFER OF N FROM GREEN MATERIAL TO A.G. STANDING DEAD (NON-WOODY)

IF(X(T=1821LEL1.E-05) GO TO 41005
FLOW=P2160(I~202}/X(1=-1R2)*X (1) *FN220(I~202)
GO TO 41006

41005 FLOW=D.

41006
C
¢
C

c
¢
c

a0

41007
41008

41009
41010

S D00

41011
41012

41013
41014

CONT INUE

FEDBORER R R R G A ERR AR ESNEERRRE P RERERER R AL R R LA ARG SNSRI BRERRD

FLOW=0.
IFIX(A00).6T.1.E=05)FLOWSDE0A4*X {220} /X1600)

BN S R AR RN SRR ESBNA SRR RN B NGRS B NSBS SRR SRERBE A BB ABERBRRERS

TRANSFER OF N FROM A,G. RESERVES OF PERENNIALS AND ANNUALS TO A.G.

STAKRDING DEAD NON wOODY
IFIX{1=1842) LE+1.E-DS) GO TO &1007
FLOWSPZ561 (E=206) /X (1-182)#X ([} *FN220{L~ 203:
G0 TO 41008
FLOW=0,
CONT INUE

I‘.*.O'.II-l.....I'.I.'Il'l.l'..'"."..I.."'II.‘..'O'.IQI“"‘I‘*Q'."'QI

TRANSFER OF N FROM GREEN CRYPTOGAMS TQ A.fG+ STANDING DEAD CRYPTOGAMWS

IF(X{P4) LE+14E~05}) GO TO 41009
FLOW=P2LA0 (&) 7R {24} #X(206)*FN221LL)
GO TO 41010

FLOW=0.

CONTINUE

RS SRS RAERNE RSN B R AR LSS F AR AT S BB NPRSERFERRVERNRIITEERASREEREREY

N

FLOW=(.
IF{TE90.6T . JE~ DS)FLOH:D&O?B'!(2?1!/1690

..'...O..‘...........'......'..‘..'...‘.Q*......'.'.'Ql".“‘*..l'....

TRANSFER OF N IN A,G., RESERVES TO STANDING DEAD CRYPTOGAMS
IFIX{28) LEal4E=05) GO TO 4101]
FLOW=P256]) (&) /X (28} *X1210)*FNZ2LIL2)

60 TO 41012

FLOW=D.

CONTINUE

SEREBER PG GG SRR EG AR RS R R AN R BT R NG GBS RERPL G HH S LR A BRERRGERS

TRANSFER DF N FROM A,G. WOODY RESERYVES TO STANDING DEAD (wWOODY)
IF(X(25) JLEJ1.E=0%) GO TO 41013
FLOWSPZS61 (1)1 /X(25)4X(207)%FN220{4)

GO TO 41014

FLOW=0,

CONTINUE

...‘Q".'f.‘."'."".’...I.I.'..I...".I"'.."‘.Q.....’.....’IQI"'_

FLOW=0,




(?711-2248) .

(217=-22%) .

[z e Xy)

IF(X(AI0)aGT,]1.F~05%) FLOW=D&L&D #X(Z]191/N(610)

BEGERBEPENRDEREART SRR R BB RS ASRBER NP HE RGN LB R NG RGRERRS

TRANSFER OF N FROM 8,6, SHRUBS TO B.G. DEAD {(CF C FLOWS 29-6R)
IF {(X{29).LE.1+E~DS) GO TO 41015

FLOW=P296B11) /X{29)}#FN2L1{11*X(211)

GO TO 41018

41015 FLOW=N.

41016
[
[
c

41017
41018
C
C

C
(12215+218=-225),

4lnl9
41020

[ of
C

c
{1=224.225~226) .

{I=222+223-226)

(226-227),

c
C

+ OO0

(2]

(s Re N4l

4102%

'y
o
=
]
- 3

DO OOND

CANT INUE

BERGFIRASFBF AR ERBSE RSB R R BAAPRGFHBBRERERATIZ L H IR N BRI ERERGEE

TRANSFER OF N IN B.6. RESERVES OF PERENNIALS TO B.G. DEAD ROOTS
’ (CF CARHON FLOW 30-67)

IFIXEI0)oLEL1.E-05) GO TO 41017
FLOW=P298A{2)*X(212)}/X130)*FN2]1(2)

650 TO 41018

FLOW=a(,.

CONTINUE

"..I..'".'."".*.""'.""Q".'""f'*...”."’.Qf.*"".'.'.'

IF(XII=1R2),LE.).E=05K} GO TO «1819
FLOW=P3IIAT{I=-214)*X (1} /X(1I-1B2)%FN211({I~-212}
GO TO 41020

FLOWRO.

CONT INUE

J=154

L ey Y Ty e L r Ty P Y Y EY S SR Y L T

TRANSFERS OF N FROM RELOwW 6. DEAD WOODY TO HUmMUS
{CF CARRON FLOWS 67+68-T713)

JuJe2

Kx(l=J}®ib

THRIZX(Kel)eX (KeZ2)eX(Ke3)

FLOwW=,

IF{TARL.GTW1.E=5) FLOW=DRTTI(I=223)%K(])/THE]

..'.III'..I..I.’.I’I....'..."...‘......l..!‘“..'.I..*...'I."‘....l

TRANSFERS OF N FROM LITTER TO MUMUS (CF CARBON FLOUS 62+63~T3)

FLONZO.

K=(I-159)°]0

TEI]=X(Kel) e X {Ke2) e X {K+T) - i
IFITEI146T1.E~5) FLNW=D6E3ITI(I=-2211*X{[)/T63]

..0’...Il.'IQG.'“ﬂ'."".'l‘*.‘.i'-l.'.‘.’.'ﬁl...l'...'.i..lll.‘{.‘ﬂ.

TRANSFERS OF N OUT OF HUMUS TO NON-AYAIL N POOL
IFIX(730).,LE.1.E=05) GO TO 41025
FLOWSNT3=#X (2261 /X{T30)

GO TO 41024

FLOW=D.

CONTINUE

L Yy Yy N Y YT
DEFINITIONS OF VARIARLE NAMES

FP 120(Ixls+0) RELATIVE P TO C TRANSFERS FOR 4 PLANT TYPES INTO
STANDING BEAD (103+104+10%+107+10R+109=-120)

PZI&O(]=1-;) CARBON FLOWS CALCULATED IN CARBON FLOW ~ODFL

P121 NET ASSIMILATION FLOW




c .
c ASP(1=1+3) PAOPORTION OF TOTAL SDIL DEPTM IN EACH OF THREF LAYERS
c
c' ASODP  ACTUAL SOIL DEPTH (CM)
o
C ASWPIT=]14+3] WILTING POINT OF SOIL AT THREE DEPTHS
c ASFC(T=1+3) FIELD CAPACITY OF SOIL AT THREE DEPTHS
C
¢ FPPRP PROPORTION OF AVAILABLE P THAT WILL MOVE OUT OF A LAYER IN ONE DAY
[ UNDER MAXIMUM WATER FLOW CONDITIONS
¢
c FPWLI[=1+3) X ARRAY-FOR LFACHING LOSSES
c FPEL{I=143) Y ARRAY FOR LEACHING LOSSES
c
[ PMGR(I=]+4) MAX RGR FOR EACH OF FOUR PLANT TYPES
c
c FP121tI=1+2) RELATIVE P YO C TRANSFER FOR CRYPTOGAM L TVE GREEN
c AND A.G. RESFAVES TO STANDING DEAD
[
c P2561(Ix1+4) CARAON FLOWS CALCULATED IN CARBON FLON MODEL
[
c FPTRR(Ix])sbsJzlea) RELATIVE P TO C RATIOS FOR EACH FRODUCER COMPARTMENT
Cc RELATIVE TO THAT FOR ROOTS
¢
[ FPL00 (I=ls4) FLOWS OF P FROM SOIL TO ROOTS FOR FOUR PLANT TYPES
c
[ FP127(1=1+3) SITE SPECIFIC CHARARCTFR DEFINING MAXIMUM PROPORTION OF
c NON-AVAILAKRLE P PODL THAT CAN FLOW TQ AVAILABLE POOL IN ONE DAY
[o INTO EACH OF THREE SOTL LAYERS
c FPST(I=1+2) X ARRAY FOR SOIL TEMPERATURE EFFECT
¢ FPET(1=1+2) Y ARRAY FOR SOIL TEMPERATURE EFFECT
[
c FPWT{I=x142) X ARKAY FOR SOIL WATER EFFECT
c FPEW{I=L+2) Y ARHAY FOR SOIL WATER EFFECT
c
c ASADII=1+3) SOIL BULK DENSITY FOR LAYERS I-3 {(G/CC)
c : :
c FPCP(I=2142) X ARPRAY FOR P CONC. EFFECT
c FPECI(I=1+2} Y ARRAY FOR P CONC. EFFECT
¢
c FPMXP(I=1s4} "MAXIMUM P UPTAKE RATE (6/G ROOT/DAY) Fnik EACH PLANT TYPE
¢ .
c FPECK(Ix142) X ARRAY FOR P CONC. EFFECT
¢ FPECY{I21+2) ¥ ARRAY FOR P CONC. EFFECT
c
C FPEGX {Ix142) X ARPAY FOR GROWTH RATE EFFECT
c FPEGY (I=1+2) Y ARRAY FOR GROWTH RATE EFFECT
c
c FPETX(I=)1s2) X APRAY FOR TEMPERATURE EFFECT
G FPETY(1=142} Y ARRAY FOR TEMPERATURE EFFECT
c FREWN (I=]44) X ARHAY FOR WATER CONTENT EFFECY CALCULATED WITHIN PROGRAM
c FPEWY (I=)e4) ¥ ARRAY FOR WATER CONTENT EFFECT
c
¢ FP111tInlet} RELATIVE P TO C TRANSFER OF R,.G, RESERVES AND ROOTS TO
C B.6Ga DEAD (111+11251154216+11741184T0 125)
c R.5G. DEAD (wOODY)
c
¢ P2968 CARAON FLOWS FROM CARBON MODEL
c
[ P3I36T CAQHON FLOWS FROM CARBON MODEL
c -~
C ssa PROOTUIx143) IS THE PROPORTION OF ROOT IN THE THREE SOIL LAYERS
pt ;
c .Gl’hlﬂl'.l...i'i.l.'!*bi0"0{0'09..'...0'0..'0...!!l.lllli&l.ﬂf&."!i'b.l.
: [
(127=Iu}80+102),
c TRANSFER OF P FROM NON~AVAIL SOIL POOL TO AVAIL P IN THRFE SOIL LAYERS

FPMX =X (12T)*FP 121(1~99)
FRETP - xAL INT(FPST+FPET+2.X(1=96})
c ANJUST EFFECT OF WATER CONTENT ARRAY FOR CHARACTERISTICS OF LAYER
FPWT (1) =ASWP(I-99)
FPWT{2)=ASFC(]~99)
WATER=X([-90) 7/ (ASP{I=-99) *AS0DP}
FOFWP  sALINT(FPWToFPEWs2 WATER}
CONCP=K([)/(ASP{1=99)*AS0O0P*ASBD(]~99)}*1000,
[ CONCP 1S IN MG/KG (PPW)
FRECP =ALINT(FPCPsFPEC2+.LONCP)
FLOWRFPMXPFPFTP*Ff PEWPSFPECP




48~

FPTL0{E-99) =FLOW

'..I‘ﬂ......'.‘..l’...O......IQOQ..'I..“l'.l...'.""l.ﬂl..I.'.O.'II.

s XaXs e s Nal

TRANSFERS OF AVAIL P DOWN PROFILE AND INTND LEACHATE BUCKET
(100~101}.

FPMA=FPRRAP#X {100}
c ADJUST EFFECT OF WATER CONTENT ARAAY FOR CHARACTERISTICS OF LAYER
FPWL(1)=ASFCI(1}
WATER=X (10} /(ASP{]1) *ASODP}
FLOU:FPMK'ALINTlFPHLoFPELvBcﬂATER!

(101-1023 .

FPMX=FPPRPeX(101)

[+ ADJUST EFFECT OF SATER CONTENT ARRAY FOR CHARACTERISTICS OF LAYER
FRw (1) =ASFCL2) .

WATER2X(11)/(ASP (2} *ASODP)

FLOW=FPMXSALENT (FPWL+FPEL « 24 WATER)

{102-199).

FPMX=FPPAP*X(102) }

c ADJUST EFFECT OF WATER CONTENT ARRAY FOR CHARACTERISTICS OF LAYER
FPuL (1) =ASFC(3) ,
WATER=X(12)/ {ASP (3) *ASODP)

FLOW=FPMX®ALINT (FPWLJFPEL s 3+WATER)

FlD29=FLOW
€
¢ .
[ li.lIl..O.....l..li..'i{......!ﬁi&..i....i.i.'...'600..'..".100{'
c .
C
(I=100+102~J=5115+118). -
[+ TRANSFERS OF P FROM SOIL TO ROOT
[ IN THI1S VERSION THERE IS WO COMPETITION FOR AVAILARLE P RETWEEN TYPES
c E.Ge PLANT TYPES COULD BE GIVEN DIFFERENT PRIORITIES TO TAKE UP NUTRIENTS
IF(Xxt{J=-82) - .LE.1.E=05} 60 TO 31002
IF(X{J=9&} +LF.1.E-05%) GO 10 31003
IFIP121(J=11%) LLE.1.E-09) GO TO 31003

CONCbsx(Ii/(ASPG!-QOI'ASDDPOASHDlI-ﬁﬁ)1'1000.
IF ( {CONCP=FPECX(11) LLE.1.E=-05) 60 TO 31003
FRECP =ALINT(FPEC KWFPEC Ye2eCONCPY .
IF({x{]=96)~FPETX{1}1.LE.1.E-05) 60 TO 31003
FPETP=ALINTI(FPET RAWFPET Ye2.K(I=96)}

[ ADJUST EFFECT OF WATER CONTENT ARAAY FOR CHARACTERISTICS OF LAYER
FPEW X(1)=ASWP(1=9G) 0,4 (ASFC(I+99)=ASWP(1=99))
FPEW X(2)mASWP{I=99)+0,8% (ASFC{1-99)~ASWP{I-99)}
FPEW X{JI=ASFC(I~99)
WATER=X (]=%0) 7/ {ASP (I-99) #+AS00P}
IF LIWATER=FPFWX(11) .LE.1.E=05) 6O TO 31003
FPEWP =ALINT(FPEwW X+FPEN Yo&+WATER)
FREG XI(2)x PMGR (]1-99)/2.
RGR=RI2L{J+114) /X LJ=-94%)
IF{(RGR-FPEGX{1)) +LE.1.E~D51 GO TO 31003
FPEGP =ALINTIFPEG XoFPEG Y+ZoRGR}
FLOWZFPMX BiJ~114) *FPECP ®FPETR SFPEWP SFPREGP SPROOT(1-99} X [ J-B2}
GO TO 310604

211003 FLOW=N,

31004 CONTINUE

) EP100 {(J-114)=FLOWSFPl00(J~114)
{1n0=110).

c FoR LICHENS TRANSFER OF P FROM SOIL TO A.G. RESERVES REPLACES SOIL TO ROOT
FPFGA(2)=PMGR (A} /2.
RGR=0.
IFIX(24) .6T.1.E~05) RGR=P12](4)/XI24)
FREGP=ALINT(FPEGX«FPFGY+2.RGR)
ASS=ASP 1) *AS00P
CONCP=X{100)/{ASS®*ASRD(]1))*1000.
FPECPeALINT (FRPECA+FPFCY+2,CONCP)
FRETR=ALINTIFPETNFPETYs 24X (4})

C ADJUST FPEWX FOR CHARACTFRAISTICS OF LAYER
FPEWX (11 2ASWP (1) + 4% {ASFC{})-ASWPL{1}]
FPEMX (2I=ASWP (1) ¢ s B® (ASFC{1)~ASWP (1))
FREWX (3)=ASFC(1)
WATER=X (10) 7455
FPEWP=ALINT(FPEWX+FPEWY s &4 sWATER)
FLD'=FPHKP|§)'FPECP'FPETP*FPEHP'FPEGP'&(ZR)
FPL1OD (&) =FLOW
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(115=J=s103+311edla Co A

SET ueP SIMULTANEQUS FOQUATIONS YO ALLOCATE CURRENTY FLOw OF P

wee TRANSLOCATION FROM ROOTS TO TOPS, A.G. RESERVESs A.6. RESERVES ~=== WOODY
ves TRANSLOCATION 15 MADF SO THAT THE P/C RATIO FOR ANY PLANT COMPARTMENT K
ess RELATIVE TO THAT FOR ROOTS 15 PRESERVED AS FPTRR{Ks1)

SERNES NETT FLONS S ASIRENES

OO0 OO0
.
.
.

IF(FE100(11.LEa1.E-9) GO TO 30008
1F(J.FQ.103} 30010,30012
Mo10 L=0
DO 30001 Kxle#
FXUOEX(103+L)
FY(RKI=X(21+L)
30001 LxLes ‘
00 30002 Kxl.3
30002 FZ{K)I=FRPTRR(K+1)
CALL PFLOW(FRaFYsFZ2sFPI00(1)oFPHeD)

IN011 K=0
20012 K=Kel
FLOWZFPH{X)
60 TO 30009
apnns FLOwW20. °
30009 CONTINUE
{116-02104411204).

[+
C oes SIMULTANEOUS FQUATIONS FOR PERENNIALS
€ oes TRANSLOCATION IS MADE 50 THAT THE P/C RATIO FOU ANY PLANT COMPARTMENT K
C ses RELATIVE TO THAT FOR ROOTS IS PRESERVED AS FPTRR{K.2!
c asaned NETT FLOWS SUHERBERTEN
€
IF(FPI00¢2) LE.1.F=~%) GO TO 30015
TF{J.EQ.104) 3001430016
phise L=0 :
PO 30N1T Kalek
FXik)=Xt10ael])
FY({K}=K{22+L)
ANNLT L=L+a '
D0 30117 K=1.3
30117 FZ(K)3FPTRR(N 2}
CALL PFLOWIFX«FYeFZoFP100(2)+FPHI)
LES
30016 KuK+]
FLOWZFPHIK)
60 TO 30115
30015 FLOW=0.
30115 CONTINUE .
(117-J=105¢109v4) . : !

C
C eee STMULTANEOUS EQUATIONS FOR ANNUALS
C wee TRANSLOCATION IS MADE SO THAT THE P/C RATIO FOR ANY PLANT COMPARTMENT K
C swe PELATIVE TO THAT FOR ROOTS 1S PRESERVED AS FPTRRIK«3)
€
[ ARBGEER NFTT FLOMWS (XX 222222314
IF(FPIDO(3)}.LE.1.E=9}) 6O TO 30120
IF (J.EQ.105) 30018+30020
30018 L=0
DO 30118 Kaled
FX{K)2X{105+)
FY{K)=X{23+L)
30118 L=abes
00 30718 K=143
3ozl FZ!K)=FPTRP(K.3)
CaLL PFLOH(FI.FT:FZ-FFIOO(J!'FPHcJ)
L§ 31 .
30020 KFXe]
‘ FLOW=FPH(K)
60 TO 30220
30120 FLOW=D.




30220

(118=0=106+110+4) .

(110-106) .

C eee
[
c *ne

30022

3022
3o2R2

SO0

0225

[
c

(T=103,105-120).

1120-123).

c

31605
11006

aono

(iI=10A+109=-120},

tin6=121).

t121=-126) .,

(110=1211.

c
[

alnoert
3looa

31009
3lolo

[z X2

_50_

CONTINUE

STMULTANEQUS EQUATIONS FOR CRYPTOGAMS

TRANSLOCATION [S MADE S0 THAT THE P/C RATIO FOR ANY Py ANT COMPARTHENT K

RELATIVE 'T0 THaT FOR ROOTS IS PRESERVED AS FPTRRIK o 1)
1F(X{236),LE.1.E=4} GO TO 30124

IF [J.EG,106) 30022.30024

LEO

PO 30122 K=l+é

FAX(K)ZX(106eL)

FY{(R)=X{24eL}

LsLv4

DO 30722 X=lW3

FZ(K)=FPTRALK s 4)

CALL OFLOWIFX2FYsFZaFP100 (4} yFPHeJ}

K’o

KzK+] -
FLOW=FPH(K)
GO TO 30224

FLOW=D.
CONTINUE
FLOW OF P FROM 110-108 ALLOCATED ACCORCING TO PROPN, nF DRY MATTER
FLOW OF ® FROM 110-10# 1S ALLOCATED TO MAINTAIN THE SAME P/C RATIO
[N TNPS RELATIVE TO Al.Gs RESERVES

FPTRR(1+8) /FPTHN (2443 =P/C TOPS /P/C A.Gs RESERVES

DIV=0.0 :
IFIFPYRRCI-§I.LE.O-D.GR.FPTRR(Z.G).LE.G.O’ GO TO 30225
T2‘FP=I(2¢)'FPTRR(I.‘)IFPTRR(?.Q) :
DIV=T24FP+R (28]}

FLOW=0.0

If (DIV.GTLl.E=B}

.FL0U=(TZGFP'IIEIIODQFPIDOtﬁl]-l(lﬂbl'll?ﬂl)/DIV

..“...*'ﬂ-............‘..I'I".'I.IQ'...Q.Oﬂ-..ﬂ'."......‘...'.QI.I'

TRANSFER OF P FROM GREEN MATERTAL TO A.Bs STANDING DEAD (NON=-WO0DY)
IF(X(T=82) «LE.1.,E=05) GO TO 31005
FLGH:P?I&O(I-IOZ)IIII-BZI'l‘ll'FP 120(1=102)

G0 TO 31006

FLOW=D.

CONT INUE

FLOW=0. )
IFIX(600)56T41.E=05) FLOWED60A&=#X (1201 /X (608

TRANSFER OF P FROM A.G. RESERVES OF PERENNIA A ANN

STANDING DEAD NON=WOODY ENNIALS AND ANNUALS 7O A.G.
IF(x{I=82) +LEs1.E=05) GO TO 31007
FLOW2PZ2Sol =106 /AXIT=AR)#X(T)FP 120{I-103)

G0 TO 31008

FLOW=0,

CONT IHNUE

PERRBERE NP NG GBS R RN R R PSR ARG TUSH AP R BBABRNBRE IR RN R P EREERERFRAGREE

TRANSFER OF P FROM GREFN CRYPTOGAMS TO A.G. STANDING DEAD (CRYPTOGAMS)

IF{x(P4) WLEL1.E=0%9) GO TO 31009
FLOWN=P2LA0{&) /X(24)°X{106)*FP 12111}

60 TO 31010 )

FLOW=Z0.

CONTINUE

FLOWa0.
IF(TRYD GTl1.E~-05) FLOW=D&ITI*R(121}/THG0
Fl2i6sFLOwW

.'l.Q".l.........'...I"......'ﬂ.'.....’.....'l.l..Q*.'*."“..*‘l..




31011}
3lnlz

(107~119).

31013
31014

(119-122).

(111=-124).

31018
31016

(112=-125) .

31017
alola
c
t1=115+11R=1251,

31Mm9
31020

(1=1244125-126).

C
C

31021

3lnpe

4
(12122+123~126) .

c.

1176=127).

31025

-51-

TRANSFER OF # IN A.G. RESERVES YO STANDING DEAC (CRYPTOGAMS)

IFtxi{28) . WLFel+E=05) GO YO 31011
FLOWERP2S&] (6} /R (28} K 1110)FP 121¢2)

G0 To 31012

FLOW=EO .

CONT INUE

*QQ.."Q'.*I’Q."Q..I...'Oﬁ".I.II.‘.....ﬁ"..O...‘.Qﬂ'....‘..l’..'

TRANSFER OF P FROM A.G. W0O0OY RESERVES TO STANDING DEAD (wQODY}
IF(X{?5) JLF.1.E=05) 60 TO 31013
FLOW=PPHBL (1) /X{25)#X(10T) *FP120 4]

GO TO 31014

FLOW=0.

CONTINUE

FLOW=0.
IF{X{610).8T,1.E=05) FLOW=D6163%X(119)/%(610}
nooa&oovouoaocnonﬂooo&o-Qlooﬁoiuoooobciooon.ococo;;co-bnoann.nocco

TRANSFER OF P FROM R.6. SHRURS TO B.G. DEAD (CF C FLOWS 29-68)
IF(X{?9} LE.1.E~0%) &0 TO 31015
FLOW=P296E(13*XC111)/X(29)#FP111(1)

GO TO 31016

FLOwW=0,

CONT INUE

’Q'..I..II'.“ﬂ'Q'..Iﬁ.".".‘..'.....Q’."'Q'l""“-I."‘UQ.II...GI.'..

TRANGFER OF P IN B.G, RESERVES OF PERENNIALS TO R.G, NEAD ROOTS
(CF CARBON FLOW 30-67)

IF{X{30} JLEL1.E=05) GO TO 231017
FLOW=P296BI21#X(112)/R{30)+FP1}1(2)

GQ fO 31018

FLOW=0.

CONT INUE
'.'.‘..'.".'"'......“.."."...’.""..""."Q"..".....Q.l'..‘.

IF(X{1=82) .ttas}.E=05) GO TO 3)01%
FLOW:P&J&T(I-llA}‘IGl!IKtl-BZ)'FP]lIIl-ll?l
GO TD 31020

FLOW=Z0D.

CONT INUE

J=S4

gy v T T T T T Y T SY AR RS A AL AL AR A LA AL AL AL bl
TRANSFERS OF P FROM B.G. TO HUMUS (CF CARAON FLOWS 68.67~-73)
NENLYS

K=(l~J)*®10
TARL=ZX (K+l)+X(Ke2}+X{KeD)
IF(YhRA] LEL1.E~05) GO TO 31021

FLOW=DBTT3{I=123)2X(1)/T68]
GO TO 31022

FLOWZD,

CONTINUE

FRUEAREDBOBRREY ﬂ'.Q.I..'...Ql“.'*........I-ﬂ'I*QGI...I....IQ'..’-..

TRANSFERS QF P FROM LITTER TO HUMUS {CF CARRON FLOWS 62+63=73)
FLOwW=D,

Kx(]=-59)+#10

TORII=X (Kol +X(Ke2) e X (K3}

IF{TA31.6T,]1,.E-05} FLOWsD6ITA(I=1211%X(1)/T631

QI"’.0.0.I.QI"‘?I'.b*‘ﬂ...-I...'O'.'..‘ﬂ...l.l.....I....'Q..'l..li..ﬁ’

TRANSFER OF P QUT OF HUMUS TO NON-AYVAILARLE P PONL
IF(X(730) LLE.l.E~05) GO TO 31025
FLOW=DT3I®X (126) /X(TID)

60 To 31026

FlLOws0.
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310726 CONTINUE
F1267=FLOw

I_....ﬁlﬂ,“ﬂ..."'..05....'l'ﬂ.l....'..*.‘I.....ﬁll..G"flﬁ......'.

..l..'.".'.‘....""'......i'.‘ﬁ-ll.l‘...'.'.ll‘l.'....'l..'.i.ll.‘

nonNMo

FUNCTION ALINTITARX TABY «NsXVAL)
LINE&R INTERPOLATION ROUTINE
TARK #UST RE A& CONTINUGUSLY ASCENDING ARRAY
I[F XvaL 15 OUT OF RANGE OF TABX THE FIRST OR LAST ENTRY IN TARY WILL
RE RETURNED
DIMENSTON TARX{D) «TARY{1]
IF{XVAL.LE.TARX{1}) »(O TO 20
IFINVALLGETARNINY} GO 70 30
NG 1g I=s2+N
1F¢{XvAL.LE.TABX{I)) GO TO 15
10 CONTINUE
15 CONTINUE
ALINT’(KVIL-TABI(I 1)) LTABY{T) =TARY{E=1)) /(TARX (I ~TABX (]~ =1}
1+TABY (I=1}
RETURAN
20 ALINT=TAAY (D)
RE TURAN
30 ALTNT=TABY (M)
RETURN
END

e EsNa N3]

EVENT TNORM
ATMIN = =]14.0
ATMAX = 10,0
ATSMX (1) =11.0
ATSMX (2) =9.5
ATSMX (31 29,0
ATSMN{]l)==5,0
ATSMN{Z2) 3=4e0
ATSMN(3)==2.0
RETUNN

. END

EVENT COLD
ATMIN==2%.0
ATMAX = 5.0
ATSMX(1)=S,0
ATSMX (2)=4,0
ATSMX{3)=3,0
ATSMN(1)==]12.0
ATSHMNIZi==8.0
ATSMNI3) = =4.0
RETURN

END

EVENT WARM
ATMIN = =5,0
ATMAX = 20,0
ATSMX (1) =18.0
ATSMX (2)x15.0
ATSMK (31 =12.0
ATSMN{1}2=2.0
ATSMNIZ2)=~1.5
ATSMN(3)}==]1.0

RETURN

END

EVENT WET

ATS3(1} = 220.0

ATS4(1) = 225.0

ATSI()) = 23040

ATSZ0(1) = 23540

ATS3(?) = ATS3(3) = 230.0
ATSa{?) = ATSe(3) = 235.0
ATS1(P) = ATSI1H3) = 24040
ATSZ (7) = ATS#13) = 245.0
RETURN

END -

EVENT ORY

ATSI(1I=ATSI{2)=ATS3(3)=150.0
ATS& (1) =ATSA(2)=ATS4{2) =]1R0.0
ATS1(1)=ATSL(21=ATS1(3)=250.0
ATS2(1)=ATS2(2)=ATS2(3)=260.0
RE TURNM

END
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EVENT #NGRM
ATS3(1)=15040
ATS3(2)1=1T0.0
ATS3(A) = 200.0
ATS4(1)=2195.0
ATS«(2)=210.0
ATS4(3) = 220,.0
ATS1(1)=230.0
ATS1(2)5240.0
ATS1(3Y2250.0
ATSZ2(1)%250.0
ATSZ2(PI=ATS2(31%260.0
RETURN

END

SURROUTINE START
PRINT 20000
FORMAT {1H1 925X+ #*TOTAL PRODUCER MODEL {(GROUP IV=P) &/

1 1H0225%+*SIMULATION OF HARUANGERVIDDAs NORWAY®)

INITIALIZE THE FACTOR (PTN} WHICH ASSURFS THAT THE STRUCTURAL BIOMASS

1S NOT REMOVFD FROM THE AHOVE=-GROUND GHEEN DURING TRANSLOCATION.

DO 20003 PR=]les
Pl=PK+20
PNTRL (PRKY=PTRNI(PR) =X (PL)}
BTN (PK)=PTRN(PK)
ATYD = X(3}
PO31=1+3
ASMAX (T)sASMAX [T #=ASONPREASPIT)
ASMIN(II=ASMINI]) *ASODP®ASP(I)
INITIALIZE AMODUNT OF P IN ALL COMPARTMENTS
FPP(I=1+16) INITIAL CONC, OF P IN PLANT COMPARTMENTS IN PER CENT
nn 20004 I=1.16
Jrl+102
K=1+20
CX{J =Xk eFPPL{I/L 00,
FNNEI=1916) INITIAL CONC, OF N IN PLANT COMPARTMENTS
INITIALIZE AMOUNT OF N IN ALL COMPARTHENTS
bo 20006 I=xl.l6
JzleP02
KzTe20
X(J)=X{K}*FNNII} /100,
RETURN
END

SURROUTINE PFLOWI(A+BCaDeGe.)
DIMENSION Al&)sR(h)oCl3)y IZ(32F (9461
NO 10 I=1.3 )
IZ(11=Gi1)=0.

NZ=0 )
IF{(B(1).LELLLE=T) GO TO 20

NZ=NZ+]

I7tNZ)=]

IF(8(2)LE.1.E~7) GO YO 30

NZzNZ+]

1Z(NZ)=2

IF(B(3) LELLE=T7) GO TO &0

NZxMZe«l

IZ{(NZ}Y=]3

CONY INUE

NZ1=NT+]

RO TO(50451+52¢53)IN21

K=IZ(1) 5 BCzHI(KI®C(K]}

GIKI=( (AL} +D)*BC-A(KI 2R (4} /{AL4) «RC)
RETURN

Kk=lZtl)

L=1Z12}

ARI=RIK}*C (K}

ABP=R(LI*CIL}

CCzA{d)+D

Fll)=aH]l+B{4)

F(3)=AB]

F(2)=AB2




Fla)=AB2+B (&)
GULI}=CCRAR]-A(K}PRI(&)
G{2)=CC*AR2=-A{LI*HI(&)
CALL SIMQLF+GeNZ+KS}
IFIKSEQ.1IWRITE (0e4000}J
A000 FORMAT(///+*  SINGULAR MATRIX J = ®4134/7/)

RE TURN

83 ARI=R(1}®C (1)
ANZ=RI2)EC (D)
ARz {3 1])
CC=Ata}+D
Fili=iHl+B14)
FiP)=ARP
F(3)=aR3
Fis)=AaB1
F(S5)csbiZ+B (&)
Fi6at=AK3
FITI=AW]
FiR)xAB2
Fi9)=a83+81(4)}
GLY1)=2B)1eCC=A(]1)*RIs)
GPISAH2CC-A(2) M (4)
GII)=ABISCC~A(3)I=R (4]}
CALL SIMGIF+GaNZ+KS)
IFIKS.EG.I1IWRITE (6+4000) Y

50 CONTIMUE
RETURN
END

SURKNUTINE CYCLL .
ess PK IS AN INDEX FOR EACH OF THE FOUR SPECIES
PKz1 FOR wOODY PLANTS
PK=2 FOR PFRENNIAL PLANTS
PKz3 FOR ANNUAL PLANTS
PK=4 FOR CRYPTOGENS
DO 20050 PKxl+é
PI=2PK+20

(s s Es Ny N

vss DETERMINE THE FACTOR DUE TO AIR TEWMPERATURE [X(3)) FOP NET ASSIMILATION

[a e Nal

IF (X (1} GELPTOLIPK}Y) BO To 20001
PETIPK)=(X{3)=PTMN(PK)} )/ (BTOL(PK)}-PTHN{PK) )
GO Tn 20003

2001 IF(X{3}.6GT.PTO2(PK)) GO TO 20002
PFT(PKI=].0
GO TO 29003

20002 PFTIPKIE(PTHXIPK) =X (3})/(PTMX{PK)=PTO2(PK)]

€ vee CALCULATE WEIGHTED NORMALIZED WATER CONTENT FROM VOLUWETRIC WATER CONTENT
[
20003 PWIRz0.0
DO 20024 PJU=le3
PuN (PUISC{{R{PI+D) )/ (ASODP*ASP (PJ) ) I ~ASWP (PJ)) /(ASFC(PJ) -ASWP (PJ) )
20024 PWTR=PUTRPRNOT (PK+PJ) #Puuw (P)
C «os DETERMINE FACTOR DUE TO SOIL WATFRIX({103«X(11)eX(12)) FOR NET ASSIMILATION

PFW(PK)={PCIPK)®*PWTR) /{PC(PK)*PWTR+{]1,0-PwTR)*{].0=~PCI(PK)))
IF(PWTRWLE.OLIPFW(PK)I=D,

DETERMINE THE FACTOR DUE TO RADIATION [X(?)] FOR NET ASSIMILATION

[Nz Nsl
.

-

.

PFR(PK)=],0
IF{X{P)LLT.PRSIPK) ) PFRIPK]I=2(X(2)}~PRC(PK}) /{PRSI{PK)=PRC{PK}]}

DETERMINE THE FACTOR DUE TO SHADING [X(PI)) FOR MFT ACSIMILATION

[z N2 Nyl
.
.
.

PFS(PK)E],.0
IF{XIP]) GT.PXSIPK])} PFS{PK)=PX5(PK)/XI(PT}

CALCULATE FACTOR DUE TO AIR TEMPERATURE [X(3)1) FOR TRANSLOCATION

[z N2 Nal
.
.
.

IF{R(3).6T.PTMNR{PK])) GO TO 20004
PHT{PK}IZ0(,0 .
G0 TO 20004

20004 IF{X{3) 6T .PTMXRIPX)} GO TO 20005
PHTIPr)=(X(3)~PTMNRIPK)} 7 {PTMXR(PK) =PTHNR (PX})
60 TO 200046

20005 PHT(PRIm]).L0

C aes CALCULATE FACTOR DUE TO SOIL WATER (X{10)+XK{11)+X{121) FOR TRANSLOCATION
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20006 IF (PwTR.GT.PWMNR (PK]} GO TO 20007
Phw (PR} 0,0

GO 10 20009
20007 IF(PHTR.GT.PWMXRIPK)) GO TO 2000R
P (PRI = (PRTH=PRMNR {PK) } / (PWMXR (PK) ~PUMNR (PK) )

60 TO 20009

20008 PHW(PKI=®1.0
€ oees CALCULATE'FlcTOR QUE TO X(PI) FOR TRANSLOCATION DURING ACTIVATION STAGE

20009 PHX21{PKI=1.0
IF(X{P1),LE.PXZILIPK}) GO TO 20010
PHX2]) (PRI =(PX21Z (PKI=R(PI})/{PX212 PK)=PXR2IL (PK))
IF{XIPI}LF.PX21Z(PK)} GO TO 20010
 PHX21(PK)=0.0 :

f v.s CALCULATE FACTOR DUE TO X(PI) FOR TRANSLOCATION DURING GROWTH STAGE

20010 PXX21{PK) = 1,0 = PrXZ2]1IPK)

€ +es CALCULATE THE CHANGE IN CONDITIONS FOR NET ASSIMIL#TION FROM THE LAST
C TIME STER TO THE CURRENT TIME

PODF {PK) =PNDF (PK)

PNRF (PRI =PET{PK) *PF W (PK) *PFR(PK) *PFS{PK)

IFIPFT(PK) LT a0u0sORPFRIPI) aLT+0.0.0RPFWIPK) AL T.0.0)

1 PNOF (PK) ==}, 0%ARS {PMDF (PK})

PNF {PK ) =PODF (PR ) =PNDF (PK)

TF{PODF (PK) ETe0s0eANUPNDF (PK} ,FO.0.0) PNRFIPK)=0,0

ees CALCHLATE FACTOR DUE TO KD FOR TRANSLOCATION DURING THE GROWING STAGE

sse PKD = LPRDT +« PKDW + PNDS ¢+ PKDR) / NI+ WHERE NI IS NN. OF NON-
sse ZFRO CONTRIBUTING FACTORS

sue PKD = 0 JF NI = 0
ens PKNt = L IF ANY DF THE FOUR FACTORS IS 1
ess PEDN = 0 IF Xt3) ,L.T. PKDMN (CUTOFF TEMPERATURE)

wae CALCULATE FACTOR DUE TO TEMPERATURE FOR PXD

s Nz EalaRe o ReEaNaNaNula Ny Re )

NI=0
PEKNT(PK) = 0,0
IF (X(3} .6f. PKDMN) GO TD 20023
ATYD = X(3)
GO TO 2003

20028 IF (X(3} 6T, ATYD) GO TG 20030
ATYD = X{})
PRNYT (PK) = 1,0
IFIXCY) WLF. FXDTLIPX)) GO TO 20018
PKNT{PK} = N0
IF{X{3) LGF, PKDT2{(PK}) GO TO 20030
PEKOT(FK) = (PKDT2(PK) = X(3)) 7IPKDT2(PK) - PKDTL(PK))

NTeN[+]
c
C wse CALCULATE FACTOR DUE TO WATER FOR PKD
[

20030 PXDw(PK) = 1.0
ATYD = X(3)
IF (PuTR LLE. PKDW1(PK))} GO TO 20018
PKDwi{PK} = 0.0
IF{PWTR .GF. PXDWZiPK)) 6O TO 20032
PEKNW{PK} = (PKDW2(PK) —~PuwTi) 7 (PKXDW2(PK) -+ PKDW] (PK))

NIsNIe])
c
€ soe CALCULATE FACTOR DUE TO SHADING FOR PKD
Cc .

20032 PKDS(PK) = 0.0
IF (X{(PI) J.LF. PKDSL(PK}) GO TO 20034
PEDSI(PK) = ].0

IF(X(P11 .GE, PKDSRIPK}) GO TOQ 20018
"PKNS(PK) = [(X(PI) = PKDS1(PK}} / (PRDS2(PK} ~PKDS](PK])
NIxNIe]

C «ve CALCULATE FACTOR DUE TO RADIATION FOR PKD

C
20034 PKDR{(PK) = 1,0
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IF({X(2) +LE, PROR1IPK))Y GO TO 2001R

PEKNKIPK] = 0,0

IF(X(?) .GE. PRDR2(PK})) GO TO 20036

PKOR(PK] = [PRDRZIPK) = X(2)}} / (PKDRZ(PK) = PKDR1(PK})

NIzNI+]
[
€ vee CALCULATE PKD AS SHOWN ABOVE
C

20036 PRDIPK} = 0.0
1IF (NT.GT.D) :
SPKDI(PK) = (PKDTIPK} +« PKDwIPK) + PKDS(PK) + PKDR(PK)}/NI
G0 THh 20011
o
20N1B PKD(PKI=] 0
ATYD = X(3)
c .
€ eee CALCULATE MORTALITY FACTOR DUE TO TEMPERATURE FOR GREEN

[

20011 PMTI(EX)=],0
IFIX{3} JLELPTOLIPK) LORLKI3)GE.FTR&IPK)) GO TO 2G0l2
PMT (PR =(PTDZ IPK}=X{3}) /(PTD2 (PRI =PTDLIPK)]
1FEX13} LE.PTD2(PK)} GO TO 20012
PMT (PK1a0,.0
IFIX(3) JLE.PTDI(PK}} GO TO 20012
PMT(PK)=(X(3)=PTDI(PK) )} 7 {PTOA(PKY=PTDILPIO}

€ .ee CALCULATE MORTALITY FACTOH DUE TO SOIL WATER FOR GPREEN
20012 PYWIPKI=]1.0

IF(PuTR.LE.PWD] {PK}) GO TO 20013

PuW (PRYX{PWDZ IPK)~FWTR) Z (PWD2 (PK)~PWDL (PK)}

IF{PWTR.LLE.PWD2 (PK))} GO TG 20013

P (P )s0,0

IFIPRTH.LE.PWDI(PK)) GO TQ 20013

BMW (PR} EPWLD (PK)

C voe CALCULATE MORTALITY FACTOR DUE TO SHADING FOR GREEM

20013 PMSI(PKI=0.0
IF(X(PI) LLE.PRMIPK)) GO TO 20014
PMS (BK) =PMRER(PK)
IFIX(P]) ,GF.PXS(PK)) GO TO 20014
PMG (S} APMGR [PK) # (X (P1) =PXM{PK} )}/ (PXS{PK}-PXM(PK]})

C ee. CALCULATE FACTOR DUE TO XiPJ) FOR DEATH OF ROOTS

20014 PIsSPK+28
PUsPK+ 32
PRKRT(PR)=0.0
TFIX(PJ) GT,PRRR(PK}#X(PT)) PHRT(PK)=],.0

C
€ aes CALCULATE THE WEIGHTED AVERAGE SOIL TEMPERATURE
c

PST=0
. DO 20015 PJ=1+3
PO015 PST=PSTeX(PJ+I} #PROOT (PK.PJ)
c

€ wee CALCULATE FACTOR DUE FO SOIL TEMPERATURE FOR NDEATH OF ROOTS

PMAT(PK)=1,0
IF!PST.LE.PTD]IPKD.OP.PST.GE.PTD#IPK‘) G0 10 20016
PMRT (PR} = (PTDZLPK}~PSTY/ (PTD2(PK)=PTDL (PK))
IFIPSTLLE.PTNZIPK]) GO TO 20016

PMRT (PK}=0,0 '

IF IPST.LE.PTNIEPK)I ) GO TO 20016

PMRT {PK) = (PST=-PTD3I{PKY )/ {PTD& {PK)=-PTDI{PK) )

wes THE FACTOR DUE TO SOIL WATER FOR DEATH OF ROOTS [S SAME AS FOR DEATH OF
GREENS

ONnN

20016 PMAWI(PK)=PMW (PK)}
20050 CONTINUE
- C INITIALIZE THWE FLOw FN2OQLI)
no &0H00 [zl.é
FRIOOD(I}=0,.
L0000 FNP20O(I)=0.0

1630 = XA(6AL) + X(632) + A(6II}

TG40 = X{64l) + X(642) + X(6s1I)




c
T6T0 = XiaTl) + R(6T2) + X(6TH)
¢
THRD = Xi6hAL) * X(GR2) + X{6A3)
c ' .
TAG0 = X(69]1) + X{(692) + X(6913)
RETURN
END
SURROUTINE CyCL2
c .
C sws UPDATE THE AMOUNT OF THANSLOCATARLE MATERIAL AND THE FACTOR FOR
[ THE TRANSLOCATABLE MATERIAL FROM ABOVE-GROUND LIVE GREEN
c ’ '

DO 20001 Pr=ls4
Pl=PK«20
PATRL (PK)xPXTRL (PK} +PTRN(PK)#P12] (PK) =PTANI(PN) *P2160 (PK)=P2]25 (PK)
1 ~pZ2129(PK}=PR2I33IPK)}
IF{A(PI) EQ.0.0) GO TO 20001
PTN (PRI sPRTRL (PK) /XLP])
IF (PTN (PK) .LE. 0.0) PTNIPK) = 0,0
20001 CONTINUE .
RETURN '
END
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RESULTS

A model of the type described is designed to provide a basis for inter-
site comparisons in terms of both overall response and in terms of the
magnitude of the various processes on which the model operates. The initial
steps in the use of the model are concerned with tuning it to mimic as far
as possible the known behavior at a given site. In this process, while good
information is available on some flows, some responses, and some state
variables, there are usually many unknowns for which ''educated' guesses are
required. When the step is completed, i.e., when the model gives ''acceptable'
output, the total set of parameters can be considered in terms of their
biological reality and meaning. Furthermore, they can provide a basis for
experimentation and data collection from which improvement in understanding
and in the model itself can be made. A well-tested model ha$ the additional
advantage of having predictive value.

in the present study a start on these series of steps was made. The
model was tuned for two Norwegian plant commdnities, a reindeer lichen
community and a perenniallgrass community. The parameters used for these
runs of the model are shown in Tables 2 and 3. An initial between-site
comparison has been made, but no restructuring of the model has been attempted.

Time trends for some state variables obtained during the final runs of
the model are presented in Fig. 29 through 42. Reliable information was
available on site and soil characteristics, biomass changes, and plant
nutrient content, but there was limited information on many cther aspects,
especially on aspects of decomposer activity. As might be expected, many
of the actual process parameters on which the model runs were unknown at
the outset and their final values were arrived at by testing a range of

possible values considered to represent biclogical, reasonable limits.
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Table 2. Simulation control parameters for abiotic, carbon (producer), and
decomposer submodels; lichens and shrubs at a lichen heath,.

SIMCOMP YERSION 1,0 PARAMETER VALUES

- SIWULATION CONTHOL PAKAMETERS -

TIME = INDEFINITE

TSTRT = 1.00000000
TFND =  720.000000
nT = 1.00060000
nTPR =  30,0000000
DTPL = -0
DIFL = 30.0000000

- STATE VAWIALLES -

Xt 1- 21 = 0 X{ 3y a =}2,0000000 X{ &) = =5,00000000 Xt R} = =-4,00000000
X{ &) = =2,00000000 xX{ 10) = 1.00000000 11y = K, 00000000 xt 128y = 9,00000000
xX{ 21) = 20.0n00000 xX{ 22- 23) = 0 X 24) = 1580.000000 Kl P85} = 25.,0000000

At 28=- 27) = [ X{ 24} = 50.0000000 Xt 29) = #0,.0000000 X[ 30= 37) = o
it 331 a2 S0.0000000 Xt 34« 3b) x ] Ne¢ &O0= b1y = 0 Xl 63« L&) = 1]

K({ 1= &9 = 0 Xt ady = 0

X(H00) = 5.000000060 X(H16 = S.00000000 (63} = 166700000
X{432}) = 3.33300000 2813 = 5.00000000 A{bai=-b43) = 15.0000000 ReaTLY = 20,0000000
XieT2) = 28.,0000000 XI&4T3) = 32.0000000 Xindl) = 10.0000000 LiepZ) = 20,0000000
X{6R3) = 3n.0000000 L1691) = 20,0000000 Xi{692) = S0.0000000 Ki693) = B0.0000000
X{T30) = 1q000.0000
- USER DFFINER VARIARLES =

ARMAX =  4D00.000000 ARMIN = 26,0000000 ASRAD(1)Y = LAROMOODOOO ASRDI2-3) = 1.,50000000
ASFC(I) = 900000000F-0] ASFC(2) = L70000000D0E-01 ASFCI3) = %00000000F -01 ASLAGILYL) = 25,0000000
ASLAGI?) = &0,000006N0 ASLAGLY) = S50.0000000 ASMAX (1) = 120000000 ASMAX{2) = ,900000000E~-01)
ASMAX{I) = . LANO0008000F=01 ASMIN(]=3) = L100000000E=01 ASODP = 250.000000 ASP(1) = L400000000F-01
ASE(2) =  L3A0000000 ASB(Y) = LAOOD0ONOD ASWP (1) = LPO00000NDE-O) ASWP{2=3) = ]10000D000E-01
ATLAG = 20,0000000 ATMAX = 10.,0000000 ATMIN = =1a,.0006000 ATSMN(]1) = =5,90000000
ATSMN(2Y = —4.00000000 ATSHN(3) = =2,00000000 ATSMX()) = 11,0000000 ATSMIE2) =  9.50000000
ATS#X (3) = S.00000000 ATS143}r = 230.000000 ATSLI2) = 240,000000 ATS1(3) = 250.000000
ats2cl} = 250.000000 ATS?(2-3) = ?4#0,000000 ATSA() = 150, 000000 ATS3¢2) = 1T70.00000Q
ATS3It3Y = 200.000000 ATSa{l} = 195.0000800 ATS412) = 210,000000 ATS4(3) = 220.000000
NDHCHR =  &4,10800000 DHEHU = &,00000000 NHCWR = 4,00000000 nHe4XIL)Y = 3,00000000
NHeE&XI2) = T,N0000000 fHA4xid) = 9,00000000 DHA&X{e) x 10,0000000 DHEAY L) = 1]
NDHEAYIZ=1) = |.00000000 NHALY (&) = [+] DMAXR L) = L350000000F-01 DMAXRI(Z2Y =  ,200000000E-01
DMAXRI3) = L10000000NF=0] nMAXH {4} = L200000000F=-01 NMAXRIS) = LSO00ON0O0OF=DP AMAXRIS) = L1000G0000E-02
NMAXRLT) = L470000000F=0] DMAXR(3) =  L2H000N000E =01 DMAXR IS} = 190000000F~-01 DMAXR{I0} =  J16000000DE~DY
DMAXR (111 = LO00000NA0F-02 DMAXR(LIZ) = - ,3000000N0F=-02 ODMAXARI13] = .10000000E~02 DMAXRILA) = +300000000E=02
OMAXRI1R) = L10000D000F~-03 DHXH = ,330000000F-01 DNCC = 550000600 ONCH = 1,20000000

DNCHR = 1.00000000 DNCHU = JHO0D0OO000 DNCw = 1.00000000 DNCWR = .S500000000

PNGAX (1) 3 L100000000 NNGAX(2) = 1,50000000 DM&B&AY (1) = 0 DHNEAYLZ2Y =  1.00000000
DPHCC = 3.T0000000 NPHCH =  &4,20000000 DPHCW = 4,10000000 nPeOnii-3) = L311300000
PPALIO{LY =  J166T0000D PPAIOC2) = 4333300000 DP&AIO () = LS00000000 pPETOLLY = L,250000000
DRATOL(2)Y = 350000000 DPATG(3} = .&400000000 NPeAG (1) = LIARTOOONO0 NPAADIZ) = L333300000
DP&RRI3Y = .%00000000 NPRGGELY =  J33360R0D0 (HEaD (2= = L333300000 DHESP(1~15} = [}
DTR4AXCY1Y = =2,00000000 NTARAALZY = 12.0000000 DYS&AYIL) = il DY&a4Y(2) = 1.00000G000
Nuwsaxil) = L340000P0NF=01) Pwkal (2} =2 JARVOODOCGOE-O] Dwé4k (3} = L118000000 DweaXl4) = 146000000
Dubayil) = o DwhaYi2=1)1 = 1.,00000000 PDabsYie) = [&] . peO0ELY = L100000000F~02
heogt2) = L«0D000000F=-02 peoBid) = J150000800F-0) Nafiel = L«0000000DE-D] NHGHs = 0
D61011=41 = INDEFINITF nNh1&d = ] URATI]=P) = o NeTT3l=21 = o
be%13 = -] b3 = o

PACRA(LI+3) %=  L400N00000E=03 PACRA(LR) = [+ PACRR(1=3} = .500000000E~-0

PACHA(4) = o PACTAIL=#) = LAGHHO0000E=03 PACTR(1=3) = ,L1S000000DE=-02 PACTR A} = o
BPCI1=3) = ,900000000 . PCI4} =  LAB0000000 PCHMN (1] = ] PENMNLZ) = =2,00000000
PCONS = 4] PCONW = i PCEN&il=3) % L10N000NNOF=02 PCRDRI(a) = L]
PHOAR(]=3) = .200000000F=03 PDARIA) = JHEDNONNDOF =02 PORAE} =) = LS00000000E~06 PORR{4) = ]

PDF {)-4} = ] PALAE{1=3) = L4000010000E~01 PHLGILW) = +H50000000E~03 PFRI]=4) = ]
FFStl-4} = n PFT{l=4) = 0 HEWI)~a) = i] PHT{l=4) = ¢
PHe (]| =%) = ] PHXPl(1=-4} = 4] Pl = INDFFINITE Pg = INGEFINITE

FK = INRFFINITF PR{l=4) = 0 PENMN = -R, 00000000 PrDR(1=41 = INDEFINITE
PANRL (1-4) = 150,000000 PRKNH2(1~4) = 250,000000 PENS{)=4) = INDEFINTTE PRDS1t1=3) = S0.0000000
PENS1 (4} = 300.000000 PRIISZL]=3) = 150,000000 PrRS?24i4) =  350,000000 PKDT(1=4) = JWDEFINETE
PDBTI(L=) = «~%,00000000 PKOT1EG) @ =3,00000000 PKOTP{1=3) = 4,000800000 PRDT2(4) = o
PEDN{)=~4) = INDEFINITE PEKNIWL ) =&) = [+ PEOMPLI=3) = 3000048000 eRpuPZt4) = 400000000
PEM{]~h}) = n PKRT(1-4) = a PREZIL]=~4) = 1} PuGR(1-3) = ,250000000E-01
PMARIA) x  L,T00000000F~-N7 PMRTI(1-~4) = 0 PMRW (1=4) = [ PMS(l=4) = ]

PMT (1=4) = n PMW (] =41 = 0 PNDF(l-4) = n PODF{lI~4) = [}
PRC{I=4) x 40,0000000 PHER{l~4) = LI0DONNODNE=03 PROOTIlel) = LSNOND0ONOE~D] PROOT{2¢1=3s1) =

PROOT (4«1} = 1.,00000n00 PROOT (12} = 700000000 PRONT (242=022) = 0 PROOT (L) = L250000000
PRODT(2e3=4,3) = f PRANIL=31 = L1UGONCOORE=-02 PHAN(&) = LAOONDONCO0E-0] PRAR{1=2) = ,300000000

PRRR (4) = 0 BHS(1=4) = &80.000000 PRPOU1=3) = L200000000F=01 PRZO(e) = ,550000000€~02
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PETIL) = [ PSTi{2=4) = INDEFINITE PLTMALL=3) = ,100000000 P4TMA(S) =  ,700000000E-02
PSTHARI1=%)_ = L,600000M00 PSTMH (4} = [} PINI{E=3) = =60.0000000 PTDli%) = =10,0000000
PIN2{1=3) = =3.00000000 PINP(4) = ~4,00000000 PIN3I1=-3) = 30.0000000 PTD3I{4) = 20,0000000
PIRALL~-3) = 3A.0000ANBO OTN4la) = 30.0000000 PTMNIL]=3) = n PTMNI4) 2 =3,00000000
PIMNR({]-1) = =3,00000000 PTUNKH (4} = =5,00000000 PTIMY{]=~3) = 30.0000000 PTMX{&4) = 20,0000000
PTMARII-1) = 5.80000000 PTMXRI&) = T7,00000000 PTIN{I=a) = [ PIRMA{L1=4) = L100006000E~0]
PYRMH(]-1) = LTONBOGONNE=0) PTR4B(4) * 0 PTRAN{L1=3} = ,T00000000 PIKNI(4) = 500000000
PTRARII=3) = L100000000F=01 PIRRI4} = 0 PTOI{l-4}) = 10,0000000 PTO2{1=3) = 18.0000000
PTOPt4) = 16.0000000 PWDI(1=3} = =,100000000 PNl (4) = =,100000000F-01 PWN2{1=-3) = ,L100000000
PWR2(s) = ,L300000D000E=-01 PwniIll=3) = 1,40000000 PUNIA) = 1420000000 PwiD(1=3) = L500000000E~01]
PwLO{4) = LS500N00000F=02 PWHNR(1=4) = L,P00000000 PWMXR(1=3) = L&00000000 PuMKR (A} = 800000000
PUTR = 0 Pwwil=3) = [} Pam(]=3) = 60.0000000 PxMi4) = 150,000000
PXG{]1=3} = 200.000000 PXG{s) = PH0,D00000 PRTRLt1=4) = 0 PXZILIL~Y) = 15,0000000
PX21L¢4) = 1T70,000000 PX21Z211=3) = 2%5,0000000 PX217(4) = 2006,000000 PLElil=+s) = o
P212%(1~4) = 0 PRIPY(1l=%) = ' ] P2133(1=4} = 0 P216011~8) = [}
P256111-k) = 0 PRINALL+&) = o PI36TI(1=4) = 0 PAITI(]1=3) = 0
PHATI(1=1) = [ PoaTIle) x INDEFINITE PRTITALI=3) = 0 P&7T3(4) = INDEFINITE
PEATII]-3) = [} PRATIIR) = TNDEFINITE Pa9?3(1=3) = [} PGTI(4) = INDEFINITE

TAAM = 255.000000 TRENI1=3) = INDEF INLTE TREPH{]=3) = INPEFINITF TOET{1-3) = INDEFINITE
TOEW(1=3) = INDFFINITF T100 = INDEFINITE Tze = 200,000000 T630 = 0

Te4h = [} Tarn = [ TeR0 = 0 T6%0 =  150,0600000

WATER = TNDFFINITF
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Table 3. Simulation control parameters for abiotic, carbon (producer), and
decomposer submodels; perennials at a dry meadow.

SIMCN%P VERSION 1.0

Xt 1= #) = 0
Xt 23- 25) = 0
ki 3= 33 = 9
Al A3~ 64) = ]
X{631-633) = 0

1i6T]) = 33.6000000
NEA9L-69)) = 0

ARMAN =  400,000000
ASFCULI} = 200000000
ASLAG(2) = 40.0000000
ASMAX(3) = 200000000
ASOR® 3 S0N.000000
ASWR(1) = ,10AR000000
ATMAX = 9.00000000
ATSMX(2) = 9.00000000
ATS2(1) = 250,000000
ATS3(3) = 210,000000
DHCHU *  S,30000000

DHOAX{3) =
OHAAY (4) =

DMAXR (&) =
DMAXR(10) =2
NMAXR {14} =

9.n00000000
[

DNCH = |.70000000

DNCWR = ]1,20000000
DONGAYIZY = 1.08000000
BP&ONTLY = .500000000
pP&10(2) = 333300000
DP&TD(RY = ,3A0000000
DPBIG{l=1) = ]
NT6avi)) = o
DUGAXII) = 260000000
DwhAAY (&) = 4
D600{4) = LA00000008E-03
De3T3t1-7) = [

PACRA(1-4) =
PCNMN{1) a =2.00000000
PCRADA(]1=4) =
POLGI1~4) = 450000000
PFH{]1=4) = 0
Pl = INRFFINITE

»3A0008000NE-01]
+470000000F=02
«400000000E=-01

LNS0B0000NE=02 PACTAL]l=4) =

«?700000000E=03 POAR(]=4) =

PARAMETER VALUES

- SIMULATION CONTROL PARAMETERS -

TIME = INDEFINITE
TSTRT = 1.00000000
TFND = T20,000000
nT = 1.00000000
NTPR = 30.0000000
DTPL = ’ 0
DFYFL = 130.0000000
~ STATE VARIASLES -~
Xt 10- 12) = 0
Kt 261 = 25.0000000
X Is) = 160,000000
Xt 67= 69) = ]
X(hal) =  25.,0000000
X(aT2) = 40,8000000
X(T30} = 30000.0000

- USER DEFINED VARIABLES -

ARMIN =  25,0000000

ASEC(2) = 160000000
ASLAGI3) = 50.0000000
ASMINGLY = 110000000

ASP 1) = L3I0000C0H0D
ASWP(2) = LANOOOODONE-D)
ATMIN =z =11,0000000
ATSMX(3) = A.50000000
ATS2(2=3) = 260,000000
ATS&4{i-2} = 220.000000
DHEWR = 5,30000000
DHe4X1a) 3 10,0000000
BMAXRI1=3] = L 4700000DDE~G)
DMAXR{T) = L600000N000E~01
DMAYR{11) = L 44000Q0D0OE-02
DMAXRI1S) = L.300000000E-0)
DNCHR = 1,.A0000000
ONAAE(LY] = 3000000060
NPHCC = 0
‘pPegdiZY = S33NINNDOO
DP&10¢{3) = L500000000
PP&ADILY =  L166700000
PRESPI1~-15) = 1]
NTHAYIZ) = 1.00000000
NuA4X{A) = 300000000
peooil) = L150000000E-02
nepes = ]
NeTTI3(1-2) = 0

«100000000E~D]

PCNMN{2) = [
«800000000E~D2

PFR{l~%} = 0

PHT(l=4} = 0

Py = INDEFINITE

PKDMN & =8,00000000 PKOR(]1=-4) = INDEFINITE
PEDS(1=4) = INPDEFINITE PENSE{L-4) = 50.0000000
PEBTI{)=4) = ]1.00000000 PENTZi1=-4) = 5.00000000
PKDW211=4) = 400000000 PRKM{l~-4) = 0
PMGRI1~4) = ,ASO0D0D00E~0]1 PMRT{1-4} = [
PUT(1~4) = [ PHW[1=4) = o
PRCU1=4) = 40,0000000 PRER(1=4) a ,TOO00Q000E-03
PRONT {3+] =441} = 0 PRNOT(L.2) = 350000000
PHOOT{L+3) = ,150000000 PROOTL243) = S5TON00000E-0C]
PRRR(1=4} = 1.50000000 PRS{1=4) = &00,00000C
PSTI2-4) = INDEFINITE PSTHALL=4) =  600000C0CE-D]
PTINZ{l~4} = 3,00000000 eINA(l=a) = ZA,0000000
PTMNR (lwé) = S00000000 PTMX{l=4) = 26,0000000
PTRMA(1=4) = LROO000000F=02 PTRMAL]}-4) = ,5000100000F-02
PTAL(LI=4) = 10,0000000 CPINPIL=4) = 20.000000D
PeDA{I=4) = 1.60000000 PWLNIl+4) =  L500000000E-C3

X{ 21) = 0
x{ 27~ 29} = 0
X{ 35=- 34) = 0
Xt ABY = o
Ki600) = 40.0000000
Kibe2) = 16,.7000000
X1673) = 45,.6000000
ASADILYY = .A000CO000
ASFC{3) = 200000000
ASMAX({LI) = 200000000
ASMINGZY =  L100000000
ASP(2} = ,400000000
ASWP (A} = 100000000
ATSMN{]=3) = =, 500000000
ATS1{1) = 240,000000
ATSA(L) = 165.000000
ATS4(3) = 230,000000
DHA&X L1 = 1,00000000
DHbay{l) = [
DMAXRI4) = L&DODODOOOF-01
MMAXR(E) = L400000000F=C)
DMAXR (12T = J438000000E-02
DMkn = ,T0000DA0OE-03
ONCHU = 2.,60000000
ONAAX{2) = 2,5%0000000
BPHCH = 5,40000000
DPADRI3) = LIKRTOO000O
DPETRILY = +2R0Q00NOD
DPRAB L2 = 333300000
DTk&X (1) = -]1,00000000
DWAAN(1) = 100000000
PuhaY(l) = [
pAO0(2) =  500000000E-03
De10(L=4) = INDEFINITE
D69TR = [
PACTAT]=4) = L100000000€~0]
PCONS = [
PORR(1-4) = L100000000E~03
PFSil=4} = [ I
PHW(l=4} = 0
PK = INDEFINITE
PEKNRL(1=4) = 150,000000
PKDS2(1~4) = 150.000000
PrDM{1=6) = INDEFINITE
PKRT(1=4} = 0
PHRW(1=4) = n
PNNF{l=4) = 0
PROOTI11) =  ,%00000000
PROOT(29?Y =  L250000000
PRODT {3+ =44} = [}
PREO(I~4) = 4300000000E=-01
PSTMA ([ +4) &= LS00000000E-01
PTDAt]~4) = 35.0000000
PTMXR(]1=4) = &/,50000000
PTAN{l«4) = .T00000000

PUDLil=4) = o
PUMNRIL=4) = ,200000000

Xi 22} =2 5. 00000000
Xt 300 = 80.0008400
Xt 60= 61) = L)
Xie10) = [}
XN{sa3} = a.3000000% -
Ai6A1-687) = L]

ASBD{2-3) = 1,50000000

ASLAG(1} = 25.,0000000
ASMAX (2} = 160000000
ASMINGIY = L120000000

ASP () = 300000000

ATLAG =  20.0000000
ATSMX{Ll) = 10,5000000
ATS1(2=3} = 250.000000
ATS3(2) = 1RA0.000000
DHEWR = 5,50000000
OHGANC2) = T,00000000
DHEAY(2-3) = 1.00000000
DMAKRIS) = .400000000E=01
DMAXR[S) = ,300000000E-01
DMAXR{LI3) =  ,.600000000E-01
DNCC = 0

DNCW = 1.30000000

DNAaY (L) =

DUMCH = 5,50000000
pP&E1OIL) x  L166T700000
nP&TDI2) = .340000000
oPEBNC3) = 500000000
DTeex(2r = 10.0000000
DWGAN(2} = 120000000
DWhAY(2=3) =  1.00000000
0600¢3) = .150000000E~-8)
06163 = 0

DFI = ]
FACRA{1~4} = .500000800€-02
PC(l=4) = ,950000000 '
PCONNW = ]
POFL1=A) = o
PFT(1-4) = 0
PHX21(1-4) = [ ]
PKD{l~6) = ]
PEDR2(1=4) = 250,000000

PHOT(1=4) = INDEFIMITF
PEDN]I{1=4} x 0
PHXZi{l~=4) = 0

PMS (=4} = 1]
PODF(1=4) = 0
PROOTI(2+1) = ,T00000000
PROOT{3s2-4.2) = ]
PRRO{1I=4) = ,200000000E~-02
PSTI1)Y = o
PIDl(1=4) = =}.00000000
PTHN(]1=4) = 1.00000000
PTN(]=4) =
PTRRI1=4)
PWD2iL~4) =
PWMER{]~4} =

o
+  L500000000F=02
2100000000
<T00000000



PYTR = o
PXTRL (1 =4)
B2L2%(1=)
P256111=-4)
P64TI(1+1)
FHATI(1-)
TABM = ]

TDEW(1~=3) = INDEFINITE
1640 = R0,0000000

wATER = INDEFINITE

- - -
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pwRilT=3) =
PR2IL(LI=4) =
P2I?29(1~4} ®
PaGAB{1-4} = 0
PeaTIle) = INDEFINITE
PAAT3(4) = INDEFINITE
TDEN(1-3) = INDEFINITE
T10s = INDEFINITE

T&70 = 120.000000

o
10,0000000
]

PXM({]=&) =
PA21Z2iL=s)
P2IMIL1=-s)
PI3ATI1-4)
P&TITI1~)
P&9TILI=)
TOEPH(1=3)
T24 =

Tano =

60.0000000

20.0000000

INDEF INITE
9

[

]
9
0
0

PRS(1=8) =
PI2l{l=a) =
PRLOLOCL-4)
PRITA(L=D)

a40.0000000
0

PEITI(4) = INDEFINITE
PE9TIiA) = INDEFINITE
TDET(1-3) = INDEFINITE

T630 =
1690 =

0
0




Fig. 29 through 36.
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GRAPHTCA| ST ATION RFSILTS 11708/72 11,57.,12,.
AraArd fGn o PLOTTFOD
HN . LE! TANFPENNFMT VARTARLF NEPENAFNT VARTARLE (SY CHARACTFR
1 1 TIaF X{24) R
1 4 TV x(2u) c
1 3 LR 3 Té4 n
» i T1wF LR £
2 ? TIwFE x{101) F
2 3 ‘ TImF {102 G
2 4 TIWF Flozae H
e m A m— . ——————————————————— e rm . ———————— ———— v e 8
1 1 TIuF X{10h) J
¥{11om K
3 ? TIuF xe1zn L
......................... e m e e e e b —————— e m - e 8
4 L TinE FiP14 Ll
Fl267 N
4 2 T uE Xil2h) o
5 1 Trme (127 P
S 2 r{uE Ki199) 0
s ? TI1E F2T1n11) R
F2rln42) s
F27104 1y T
] 1 TIME (AT} u
X(6%2) v
X643} w
“ 2 TraF TH90 X
7 ) TIoF x73n) ¥
7 > TTuc n73 z

Carbon, decomposer, and phosphorus output for lichens

at a lichen heath.
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GRAPHICAL SIMULATION RESULTS
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13,40443,
GRAPH GROUP PLOTTED
NO. NO, INDEPENDENT VARTABLE DEPENDENT VARIABLE (S) CHARACTER
1 1 TIME X122 8
1 2 TINE X(60) . c
t 3 TINE X(26) b
2 1 TIME x(30) 3
2 2 TIME X(34) F
3 1 TIME X(600) 6
a 2 TIME X1730) M
o 1 TIME X'p4l) J
. Ai64h2) 4
. R(6&3) L
s 1 TIME X671} "
X(672) N
X673 0

Fig. 37 through 42. Carbon and decomposer output for perennial herbaceous

plants at a dry meadow.
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The relationship between plant biomass and productivity forms an inter-
esting point of comparison between the two communities. It can be seen in
Fig. 30 and 38 that biomass for lichens is of the order of twice that for
perennial grasses. However, assimilation rates for lichens are much lower
(by a factor of 0.1) both in terms of maximﬁm assimilation rates (PMGR) and
the actual modified rates following the assessment of the effect of plant
and environmental factors. In addition, a great difference exists between
the decomposition processes in the two communities, and this also contrib-
utes to the differences in biomass. .Maximum deéomposition rates (DMAXR)
for grasses are taken to be almost twice those for l{chens and, although
it is felt that this sort of relationship must hold, there is doubt as to
the actual magnitude-of these processes. The maximum decomposition rates
used here exceed the values considered reasonable on the basis of observa-
tion of decomposition using litter bag weight loss techniques. However,
since the assimilation rates used are considered to be realistic, it is
clear that higher rates are needed to explain why a considerabie biomass
and/or litter accumulation does not occur. As a means of synthesizing
available data on these aspects of the Norwegian IBP effort, this modelling
study has already proved itseif to be of considerable value.

It is felt that the approach used here to construct simple functional
relationships to describe flows between compartments has considerable value
in the construction of low resolution models for intersite {international)
comparisons. The model itself has some shortcomings and the absence of any
real competitive relations between plant types has been stressed. In
attending to omissions of this type, it would probably be necessary to
restructure much of the model, but many of the ideas could be readily

incorporated.
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APPENDIX I

APPENDIX TABLE

Appendix Table 1, Simulation control parameters for nitrogen and phosphorus;
perennials at a dry meadow.

SInCOMP VERSION 3.0 PARAMETER VALUES

= SIUULATION CONTROL PARAMETERS =

TIME = INOEFINITE
TSTRT = 1.00000000
TEND = 720.000000
or += 1.00000000
OTPR = 30.0000000
DTPL = [}
OYFL =  30.0000000

= STATE VARIABLES -

xri6or = .
X{101) = ,e000000ND (102} = .500000000 x(119) = [\ x(:eu) z f4ggg:gggg
X(121-122) = 0 X123y = 575000000 X124 = [\ x{125) = 1,3R000000
Xt126) = 200,000000 X(127)y = 300.000000 X{198=199) =  200,000000 X(200) = 1.08000000
A(201=-202r = .150000000 {219} = o (2203 = 1.30000000 xt221=-222) = 0
xt223y = 1,00000000 Xt224) = 0 X(225) =  1.30000000 X{226) =  240.000000
S Xt227T) T 1%00.00000 X(208-299) =  Z200.900600
= USER DEFINED VARIABDLES -
FNENY (1) = 0 FNFUY{2=3) = 1,00000080 FNEUY (M) = n ENMXN(LI=4) & ,S500000000€=-01
FNN(1) = ] FNN{Z2) = 2,80000000 FHN{I=5) = 0 FuNIS) 2 1.70000000
FNN{7=9) = 0 FHKNIL0) = 1.70000000 Faniil=13) = 0 FUN(lA) = 1,70000000
FAN(1S«]18) = 0 FNPER(]=4} = L400000000E=-01 FNRANFI1) = 0 FNPNF(2) = .2000000008E-02
FAPNF (3-4) = [} FNPEN = . 120000000E=01 FNSTIL) = 0 FNST(2) = 20.0000000
FNTPRI1sI~4¢1) = 0 FNTRRILSP) = 2.50000000 FNTRR(242=3121 = 1.50000000 FNTRP{4+2) = 1.00000000
FNTRR(1e3=444) = 0 FNwL {1} = 0 FNWL (2) = .600000000 FHWL(3) = ,700000000
FAMT(1=7) = 0 FNZND(]=4) = o FnZ11E1-8) = 1.00000400 FN220(1-6) =  1.00000000
FNZ21(1-7) = 1,00000000 FNAZTUL} = +150000000E=-04 FNP2TIP) = .S00000000F~05  FN227(3) = .£00000000E-07
FNP2T(4) = TNDEFINITE FPO(}~9) = 0 FPCP{1) = [ FPCP{2) = 100.000000
FPECI1) = 1.00000000 FPECI(2) = ] FPFCX{1} = 0 FPECX(2) = 100.000000
FPECY(1) = 0 FRECY{(2} = 1,00000000 FPEGX(1=7) = [\ FPEGY(1) = 0
FPEGY(2) = 1,00000000 FPEL(L) = ] FPEL(2) = 1.00000000 FPELI3} = 0
FPEY(1) = [ FRPETI2) = 1.00000000 FRPETX(1) = 0 FPETXI(2) = 1%.0000000
FPETY(1) = o FRETY(2) 3 1.,00000000 FPEW{l) = 0 FPEW(2) = 1.00000000
FPEWR(1=7) = 0 FPEWX (&) = ,600000000 FRFWY{i) = [ FBFWY{2=3) = 1,00000000
FREWY (4) = 0 FPH(]=3) = [ FEMXP (1) 2  o100GGOODOF~04  FPMXP{2) = ,700000N00E-03
FPMXB(I) = L200000000F~03 FPMKP(4) = ,335000000F-04 FPP(l) = 1,00000000 FPP(2) = L,230000000
FPP(1=5) = 0 FPA(L) = ,115000000 FPPLIT=9) = o FEROINY = L115000000
FPP(I1=17) = ] FEP(lay = ,115000000 FPP(15=~16) = [ FOPRP = ,400000000F-02
FPETIL) = 0 FOST(2) = 20.0000000 FPTRRIIs1} = 1.50000000 FPTRA(Z2s1=4¢1) = 1,00000000
FPTRR(1.7) = 1.75000000 FETRR(242) = 1.50000000 FPTRR (3221 = 1.25000000 FETRR(442) = 1,00800000
FPIRR(Jad=4sé) = o FPaLI(]) = 0 FPWLIZ} ®= ,600000000 FPWL (3T = ,T0000N0D0
FPUT (=71 = 0 FP100()=4) = 0 FPI1iti=6) = 1,00000000 FP120ti=6) = 1.00000000
FPI121(1=7) = 1,00000000 FRIP7(1) = .300000000E-04 FP127(2) = L350000000E=-0% FRI2743) = LARO00DO00DE-0%
Fx{l=-4) = INDEFINITE FY(1-4) = INDEFINITE FZ(1=3) = o F1029 = 0
F1216 = 0 F1267 =2 0 F2710(1=3) = 0
FNENLL) = [ FNCNI(Z) =  300.000000 FNEC{1) = 1.00000000 FNECT2) = o
FNECK (1) = n FNECX{2) = 300.000000 FNFCY (1) = [} FNECY(2) = 1,00000000
FNEGK (1=7) 2 0 FNEGY (1) = [ FNEGY(2) = 1.00000000 FNEL(LY = 0
FNEL(2) = 1,00000000 FNEL(I) = ¢ FNETU(IY = 0 FNET(2} = 1,00080000
FNETX{l) = 0 FNETX(2) = 15.0008000 FNETY L)) = 0 FNETY(2) a 1.,00000000

FRNEW(]) = 0 FNEwW(2) = 1.08000000 FREWX{1~3) = 0 FNEWX(A) = 400000000
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