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Figure 1. General flO\,., of constit11ents. 

microbial biomass are considered part of soil organic 
matter, for purposes of simplicity. 

Breakdown of C-N-Compounds 

The only representative of the C-N-compounds is protein. 
The rate of protein breakdown in any type of organic 
material depends on the C:N ratio of that organic material. 
If the ratio is above the critical ratio a lfn (which represents 
th<" ratio between the required carbon to the required 
nitrogen), then the rate of protein breakdown will be 
governed by the requirement for nitrogen. If the ratio is 
below the critical ratio, then the requirement for carbon 
"·ill determine the rate of protein breakdown. The 
proportion of protein in the mixture of the organic material 
can lw explicitly calculated from the concentration of the 
organic; material and its C:N ratio. 

Breakdown of C-Compounds ("Other" Carbon) 

The rate of breakdown of the C-compounds is always 
comple111entar~1 to that of the protein. When the C:N ratio 
nf the organic material being decomposed is higher than the 
erit ical ratio, the C-compounds will serve as the main source 
for carbon. On the other hand, when the ratio is below 

a lfn, their contribution decreases and is exactly propor­
tional to their relative concentration. Their relative 
concentration decreases as the C: N ratio decreases. 

Orga11ic Nitroge11 Mi11erali.zatio11 

No mineralization occurs when the C:N ratio of the 
s11bstrate is greater than alfn because, under such 
conditions, nitrogen is the growth-limiting factor. When the 
ratio is below alfn, mineralization occurs together with the 
decomposition of the substrate. Mineralization occurs 
because, under such conditions, the breakdown of protein is 
determined by the requirement for carbon. Along with 
carbon that is being released, a proportional amount of 
nitrogen is being released. However, the amount of required 
earbon is 20-30 times higher than that of nitrogen, meaning 
that the excess nitrogen will be released to the environment 
as ammonium. Thus, the rate of mineralization is inversely 
proportional to the C:N ratio. The addition of extra 
nitrogen might increase the requirement for carbon but, on 
the other hand, it always decreases the relative requirement 
for the organic material nitrogen (because organic nitrogen 
and the extra nitrogen serve for growth according to their 
relative concentration). It follows that the rate of 
mineralization is increased by addition of extra nitrogen. 
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Figure 2. System diagram. Note that surface litter and/or standing dead with soil affect only horizon 
l. Decomposers of the top horizon normally work on all types of surface litter; each standing dead type 

• has a separate decomposer type k. The generally physical-mechanical transfer of standing dead to surface 
litter (as well as a number of other processes) is handled elsewhere. 

Inorganic Nitrogen Immobilization 

When inorganic nitrogen· is available and when the 
growth rate of the decomposers is still dependent on 
nitrogen concentration, immobilization of inorganic nitro, 
gen will occur. This will always be the case for organic 
materials which are poor in nitrogen, such as those whose 
C:N ratio is below a lfn, 

CO, Evolution 

The process of microbial decomposition is accompanied 
by CO, evolution. The rate of CO, evolution by organic 
material being decomposed is proportional to the rate of 
carbon decomposition multiplied by (!-efficiency). The 
efficiency is defined as the ratio of carbon assimilated to 
carbon decomposed. 

External Breakdown 

The major route of organic material decomposition is via 
microbial breakdown. In addition to this, a relatively 

Mini Maxi 

Environmental variable 

Figure 3. Dependency of maximal growth rate on 
environmental conditions (for explanations see text). 

unimportant route is added in some artificial way to the 
subroutine. This last route is breakdown by the external 
enzymes which are available in the area. The purpose of 
that process is to have a direct input to soil organic matter 
from the various litter types, dead roots and the animal 
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residues. The direct input should normally compensate for 
the loss from soil organic matter caused by microbial 
breakdown. More efficient ways of generating this input 
could and should be introduced. 

Mineralization of Non-Carbon, Non-Nitrogen Elements 

In order for other organic materials to be added 
eventually to soil mineral nutrients and so to complete 
decomposition, a constant ratio (amount of constituent 
mineralized to total carbon decomposed) is multiplied by 
total carbon- decomposed. This ratio is specific to dead 
materials generally and to soil organic matter. Such an 
artificial means of calculating net mineralization (mineral­
ization minus immobilization) should be replaced later by 
explicit calculations as is the case for nitrogen. 

ASSUMPTIONS 

1. The rate of decomposition of any type of organic 
material is proportional to the growth rate of its 
decomposers. 

2. Both the carbon of the C-compounds and that of the C­
N-compounds can serve as a carbon source for 
microbial growth. Their relative contribution depends 
on optimal considerations which will cause maximal 
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long-term growth rate. 
3. Both organic and inorganic nitrogen can serve as a 

nitrogen source for microbial growth. Their relative 
contribution is according to their relative concen­
tration. 

4. Each of the organic materials is being decomposed at 
a rate determined by its own concentration and its own 
C:N ratio. 

5. In addition to microbial breakdown of litter, dead roots 
and animal residues, external breakdown takes place. 
This process is not accompanied by CO, evolution. It is 
more a mechanical breakdown. Its order of magnitude 
is very small compared to the microbial breakdown. 

6. The nutrients in the first soil horizon are available to 
the decomposers which react on soil surface. The pro­
ducts of decomposition which happen on the soil 
surface move to the first soil horizon ( or to the microbes, 
or to the atmosphere). 

7. The decomposition of each type of organic material by 
horizon is made by the same mixed population of that 
horizon. This population can move from one sub­
strate to the other. 

8. The nutrients which are included in the living 
microbial biomass are made available to plants only 
after death and decomposition/mineralization of the 
microbes themselves. 

MATHEMATICAL DESCRIPTION 

CHANCES IN DETRITUS DUE TO 
DECOMPOSITION (X,1dj) 

X,1dj = - DZ1df- Dz•dj- zw- Dz•dj + 

where: 

z'df 

DZ'clj 

P1kj 

Dz'kd 

k 

P1kf. DZ'kd (1) 

Decomposition of detritus type d carbon 
type J as in (7) 
Decomposition of detritus type. d non­
carbon, non-nitrogen constituent J as in 
(13) 

External breakdown as in (14) 
Decomposition to mineral form of nitrogen 
constituent J in detritus type d as in (16) 
Units constituent] normally found per unit 
total carbon in biomass k 
Death of biomass type k due to subsistence 
on detritus typed as in (10) 
The biomass type numbers of the decom­
posers which utilize dead material d 

CHANCES IN SOIL ORGANIC MATTER DUE 
TO DECOMPOSITION (X"hf) 

where: 

5Z1hj 

sZ,hf 

sZ•hj 

L 
dEShz3df 

k 

*"hf= - sZ 1hj- sZ 2hj - sZ•hj + 

d~Sh z'df + P,kj"SZ•kh (2) 

Carbon decomposition of SOM in horizon 
has in (7) 
Non-C, non-N decomposition of SOM in 
horizon h as in (13) 
Nitrogen mineralization from SOM in 
horizon h as in (16) 
The sum of externally broken-down de­
tritus constituents J for all detritus types d 
contributing to SOM in horizon has in (14) 
As in (1) 
Decomposer death due to subsistence on 
SOM in horizon h as in (10) 
The decomposer population which utilizes 
SOM in horizon h 

\ 



CHANGES IN MINERAL NITROGEN TYPE OR DUE 
TO DECOMPOSERS (X"hn) 

where: 

n 

Summation over all detritus types in the set 
of detritus types exchanging nitrogen with 
the horizon h pool 
Immobilization of mineral N by decom­
posers in detritus types (D/d) or in SOM 
(S!h) as in (17) 
Demineralization of organic N to the X,.hn 
pool from detritus (Did) and SOM (Slh) 
as in (16) 
Mineral N type (n = 1, organic N; n = 2, 
NH,; n = 3, NO 2 ; n = 4, NO,) 

CHANGES IN ASH ELEMENTS (NOJ\:-N, NON-C) DUE 
TO DECOMPOSITION (X.,hjl 

where: 

X..,hf = ~ X"hn' iff = 1 
I . . 

and = d E Mh Dz•dj + sZ•hf' 1£ kj < 3 

and = 0 , iff > 3 (4) 

Mineral nitrogen type n increment or decre­
ment as in (3) 

I 
dEMh 

Summation over all detritus types d which 
are in the set of types Mh contributing to 
horizon h minerals 

Demineralizations due to decomposer 
growth on detritus (Did) and SOM (Slh) 
as in (13) 

CHANGES IN DECOMPOSER BIOMASSES 
(STATE VARIABLE EQUIV ALENT)(X .. kf) 

• _ I I 
X,•kj- dEDk (DZ'df- DZ'df) + hESk 

(sZ•hj- 5Z,1ijl, forf> 1 

and = d~Dk( ~Dz•dn -vZ•d2) + h ~Sk 

( ~ sZ•hn - 5Z,h2), forf = 1 (5) 
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where: 

I 
dEDk 

I 
hESk 

Dz•df' 
sZ•hj 

Dz 1df. 
Dz'hf 

I 
n 

Dz•dn' 
sZ•hn 

Dz•d2• 
sZ,h2 

Auxiliary Submodels 

Summation over all detritus types d that are 
utilized by biomass k 

Summation over all SOM that is utilized by 
biomass k 

As in (7) 

As in (20) 

Summation over all mineral N types 

N immobilizations as in (17) 

NH°t evolutions as in ( 16) 

CO 2 RESPIRATION (Xo, ) 
13 

• I I I 
Xo,,,=JEC(- d DZ'df- h sZ1hf) (6) 

where: 

I 
JEC 

a & ~ 

Dz'df & 

sZ,hf 

Summation over all C types 

Summation over all detritus types and all 
SOM, respectively 

Respiration from C types f in detritus 
(Did) and SOM (Slh) as in (20) 

NITROGEN AND CARBON DECOMPOSITION IN 

DETRITUS AND SOM (Z'if) 

where: 

P, 

Z'if = Z,/P,, iff= 1 

and = z,i, iff = 3 
and = z.i • (Z,oi - Z,i), iff > 3 (7) 

Protein C decomposition of material type i 
as in (8) 
The ratio units C to units N normally found 
in biological N-containing compounds 
(i.e., protein) 
The ratio units carbon type f to units total 
C in material i 
Total carbon decomposition fron:i material 
i as in (9) 
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PROTEIN CARBON DECOMPOSITION (Z.i) 

where: 

z,i = P, • Ps • Z 11kd • Z"k • (X"dl!Z"k), 

for detritus types d 

and= P, • Ps • Z"kh • Z"k • (X221i1!Z"k), 

for SOM in horizon h 

and = Z,oi • Z 14/Z"i' if material i C:N ratio 

is less than P, (8) 

P, As in (7) 

Ps Normal ratio units N to units total biomass 
of decomposers 

X"df & 
X,,hf 

Z,oi 

Growth of decomposers k on detritus (d) or 
SOM (h) in units growth per unit biomass 
per unit time as in ( 10) 
Decomposer biomass k which utilizes 
material type i as in (12) 

As in (1), (2) 

Total carbon decomposition of material i 
as in (9) 
Total protein C in material i 

Total carbon of all types in i 

a/fn (see Verbal Description) or carbon 
concentration in decomposer cells divided 
by the product of nitrogen concentration 
and decomposition assimilation efficiency 

Total N (organic + inorganic) available 
to biomass k, there being no inorganic N 
available to above-surface k 

TOTAL C DECOMPOSITION (Z,oi) 

where: 

P, 

P, 

(9) 

Growth of biomass k on dead material i as 
in (10) 
Efficiency of carbon assimilation, units 
assimilated per unit decomposed by k 
Maintenance requirement for carbon, 
units required per unit k 
Units biomass k as in (12) 
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GROWTH OF DECOMPOSERS k ON MATERIAL i 
(Z11k) 

where: 

z"ki = z,6i • z"i • z"kl((P1 + z"il • 
(P, + Z 13k)) (10) 

The environmentally adjusted growth rate 
of decomposers k in the set R7 of k which 
have the same growth rate on material 
type ; as in ( 11) 
Total carbon as in (8) 
Total nitrogen available to k as in (8) 
Michaelis constants for carbon, nitrogen 
utilization 

ENVIRONMENTALLY ADJUSTED GROWTH RATES 

(Z "i) 

where: 

z .. 7 = P.7 • Z11z • Z"z • Z,oz • Z,oz, if 

type i material is in environmental zone z ( 11) 

Maximal growth rate for dead material 
class i 

Z11z, Z .. z, 

z,.Z'& Z,oz,= Environmental coefficients returned from 
OPT subroutine for environmental zone z 

BIOMASS OF DECOMPOSERS (Z12kt) 

Z.,kt = Z12kt-1 ·exp(i~Gkz"ki-Z"ki) (12) 

where: 

t, t-1 The present and immediately preceding 
time step 

L Z -
iEGk 11ki - The sum of growth rate increments that 

affect biomass k in its utilization of the set 
of dead materials i EGk as in (10) 
Death rate of k; Z,.k P ,o if all Z "i' 
iEGk, are ~ 0; Z 21k = P 11 if any Z"i 
> 0. 
Starvation and non-starvation death rates, 
respectively 

DEMINERALIZATION OF NON-N, NON-C 
CONSTITUENTS (Z,ijl 

Z'if = P.,f • P,kf • Z,oi, fori being utilized by k (13) 



where: 

where: 

= Units f mineralized per unit f decomposed 
= f concentration as in (1) 

Total carbon decomposed by biomass k as 
in (9) 

EXTERNAL BREAKDOWN OF DETRITUS 
CONSTITUENTS (Z'dj) 

( 14) 

As in (1), f signifying summation over 
all constituents 
Total external breakdown of detritus type 
d as in (15) 

TOTAL EXTERNAL BREAKDOWN OF DETRITUS 
TYPE d (Z.,d) 

Z,.d = 0 , for above-ground d 

and = (P "d • Z,,z • Z,.z • Z,.z) • P,. • Z "k 

• Z,sdl(P"d + Z,sd), ford in environment z and k 

where: 

P,. 

utilizing d (15) 

A maximal breakdown rate, units broken 
down per unit external enzyme ( = 
p" ·Z,,k) 

Temperature, pH and water (oxygen) 
coefficients derived for environmental 
zone z by OPT and RAMP subroutines 
Units enzyme normally present per unit 
biomass present 
Biomass as in (12) 

Material d total carbon as in (8) 

A Michaelis constant for detritus type d 

NITROGEN DEMINERALIZATION FROM DEAD 
MATERIAL i (Z,ijl 

Z'if = 0 , for f i, l 

and = z,il - P, • Z"ki ·Z"k • ((Z,,k - z,.k)/Z,3k), 

where: 

z,u 
p3 

for f = 1 and for proper k (16) 

Organic nitrogen decomposition as in (7) 
The normal N concentration in decom­
posers, units N per unit biomass 
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211 ki 

Z"k 
Z,6k 
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Growth of k on i as in (10) 

Biomass k as in (12) 

Total mineral N available to k; z,6k = 0 
for above-surface k, z,.k = ~ X,.hn 
otherwise, for appropriate h 
Total N available to k as in (8) 

NITROGEN IMMOBILIZATION BY BIOMASS k 

\\'here: 

IN MATERIAL i (Z•in) 

( 17) 

Total N immobilized by biomass k in its 
activity on material i as in ( 18) 

P,.n A preference factor, units 11 immobilized 
per unit total immobilization 
Inorganic nitrogen type 11 that is available 
to k, i here corresponds to the location of i 
and k, as in (3) 
Total inorganic N available to biomass 
k as in (16) 

TOTAL N IMMOBILIZATION BY DECOMPOSERS k 
ON MATERIAL i (Z,,i) 

(18) 

where: 

P3 N concentration in k as in (8) 
Z"ki Decomposer growth as in (10) 
Z,,k Decomposer biomass in in (12) 
Z,ok Total inorganic N as in (16) 

Z,,k Total N as in (8) 

DECOMPOSER BIOMASS k DEATH WITH RESPECT 
TO MATERIAL i (Zski) 

where: 

where: 

Zski = Z,,k • (1 - 1 /exp (Z"ki)) (19) 

Biomass as in (12) 
Death rate as in (12) 

RESPIRATION OF CARBON TYPE f FROM 
MATERIAL i (Z,ijl 

z,if = (I -P.) • z,11, iff ~ 3 

= 0, iff < 3 

Efficiency as in (9) 

(20) 

Decomposition of fraction f as in (7) 
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TABLE OF VARIABLE NAMES 

SYMBOL FORTRAN EQUATION UNITS 
TYPICAL 
VALUES 

Xo1rf AGAIN 6 g/ha 

X,1dj CLIT(D,F) l g/ha 

X"hf CORG(H,F) 2 g/ha 

X"hf CMIN(H,F) 4 g/ha 

X"hn SMIN(H,N) 3 g/ha 

X,.kf DUMBIO(K,F) 5 g/ha 

Z1if DLOS 1 g/ha • time 

z,if DMINRL 13 g/ha • time 

z,clf EXTLOS 14 g/ha • time 

z,if DMINR 16 g/ha • time 

z,ki VD 10 g/ha • time 

x6in DIM 17 g/ha • time 

z'if R 20 g/ha • time 

z,i DPROTC 8 g/ha • time 

z.i 7 dimensionless 

Z1oi DORGC 9 g/ha • time 

Z11ki GRDEC 10 1/time 

Z1,k CBIO(K) 12 g/ha 

Z1,k RNITNC 8 g/ha 

Z1,i PROTC 8 g/ha 

Z1,i RCARB 8 g/ha 

ZIG GRC 11 1/time 

Z11z TCC 11 dimensionless 

Z1,z PHCC 11 dimensionless 

Z1•z sec 11 dimensionless 

Z,oz wee 11 dimensionless 

Z,1ki D 12 1/time 

z., VR 15 g/ha • time 

Z,,z TRC 15 dimensionless 

Z,.z PHRC 15 dimensionless 

Z,.z WRC 15 dimensionless 

z,.k TNC(K) 16 g/ha 

Z.,i DIMMO 18 g/ha • time 

P1kj CFEPCT(K,F) l dimensionless .05 

P, PC2PN 7 dimensionless 4. 

P, BN 8 dimensionless .10 

P, BC2BNE 8 dimensionless 1.25 

P, EFC 9 dimensionless .40 

P. MAINC 9 1/time .0005 



115 Auxiliary Submodels 

Table of Variable Names, continued 

TYPICAL 
SY1'1BOL FORTIUN EQUATION UNITS VALUES 

P, KMC 10 g/ha 10000. 

P, KMN 10 g/ha 10000. 

P,i CC(J) 11 I /time .005(SOM) 

P,,, Dl 12 l /time .020 

p II D2 12 I/lime .002 

P,,J E2CPCT(F) 13 dimensionless .5 

P,,d KHC(D) 15 1/timc 10. 

P,. BE 15 dimensionless .0001 

P,,d KMR(D) 15 g/ha 5.0 

P,u
11 

BNFAC(N) 17 dimensionless l.2(WH,) 

COMPUTER IMPLEMENTATION 

DAT A REQUIREMENTS AND EXECUTION 
CHARACTERISTICS 

The NITRO and SOILS subroutine write-ups should be 
referred to for notes on these related programs. For 
execution, one needs to make linbge with OPT and RAMP 
subroutines, also (Parnas, 1975: Lommen, 1974). NITRO 
is not essential, technically speaking. 

Environmental zones must first be defined. There is one 
per horizon plus option for adding distinct zones for surface 
and standing dead (maximum NZONES = NHORIZ+2). If 
!SURF = NHORIZ, surface litter will be treated as part of 
horizon l. Otherwise, !SURF should equal NHORIZ+ l (if 
surface and above-surface materials are considered at all). 

CBIO biomass values should be one per horizon plus one 
value for surface (if considered at all and separate from 
horizon 1) and one value per standing dead type (if 
considered in addition to surface). CC growth rates are 
specific to the type of dead material with one value for soil 
detritus, one for SOM and one value for each separate other 
detritus type. 

One should be doubly sure that CLITT has a non-zero 
value and that all common blocks ( especially ST AT and 
CHNG) are properly complete and aligned. 

A flow chart of the decomposition submode! is provided 
in Figure 4. 
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BC2BNE 

BE 

BN 

BNFAC(N) 

CBIO(K) 

PARAMETER EXPLANATIONS 

This is the expression a/fn which equals 
the fraction of carbon in decomposer cells 
divided by the product of fraction of nitro­
gen and assimilation efficiency (units C 
assimilated per unit C decomposed). 
Ratio of units external enzyme present per 
unit decomposer biomass. 
Units of nitrogen normally found per unit 
decomposer biomass (CBIO) in general. 
Immobilization preference factor for in­
organic type of nitrogen N. 
Some measure of total biomass of decom-
poser biomass k. 

CFEPCT(K,M) Normal concentration of M in decomposer 
type k, units constituent in per unit total 
biomass. 

DUMBIO­
(K,M) 

Dl 
D2 
EFC 

E2CPCT(M) 
GC(J) 

IAGN 

!CO2 

INH4 

INIT 

IPC 

ISOM 

!SURF 

Dummy or equivalent biomass correspond­
ing to CBIO(K). Any net assimilation of 
constituent M by CBIO(K) is added to 
DUMBIO(K,M); any loss of M from 
CBIO(K) by death of CBIO(K) is subtracted 
from DUMBIO(K,M) and added to soil 
organic matter or other appropriate com­
partment. Materials in DUMBIO are 
neither decomposed nor decomposer but 
may be used in other ways (by ANIMAL 
subroutine, for instance). 
Death rate under conditions of starvation. 
Normal non-starvation death rate. 
Efficiency of carbon assimilation, units 
assimilated by CBIO per unit decomposed. 
Unitf mineralized per unit f decomposed. 
Maximal growth rate on dead material type 
J by decomposer biomass (part of an expo­
nential expression). 
Pointer for the AGAIN array used to specify 
exchange of nitrogen with the atmosphere. 
Pointer for the AGAIN array used to specify 
exchange of carbon (CO,) with the atmos­
phere. 
Position in the SMIN (N,INH4) array 
occupied by ammonium. 
The consitutent number of organic N 
(usually 1). 
The constituent number of protein or N­
containing carbon compounds. 
Dead material residue number of soil 
organic matter in general (usually l); CC 
(ISOM) is growth rate of decomposers on 
soil organic matter. 
Surface litter zone number. If !SURF = 
NI-IORIZ, then surface litter is considered 
part of the top horizon. Otherwise, !SURF 
must equal NHORIZ + l. Normally !SURF 
= NHORIZ. 
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KA 

KHC(IX) 

KMC 

KMN 

KMR(IX) 

MAINC 

NNAMLS 
NNIT 

NRI 

NZONES 

PC2PN 

PHC(JJ) 

PHCE(JJ) 

SAC(JJ) 

TC(JJ) 

TCE(JJ) 
TNC(K) 

WC(JJ) 

WCE(JJ) 

WRTBIO 

Auxiliary Submodels 

Exchange route of AGAIN corresponding to 
the atmosphere. Normally KA = l. 
Maximal external breakdown rate . by 
enzymes, unit broken down of dead 
material IX per unit enzyme. 
Michaelis constant for carbon for regular 
decomposition (calculation of CRDEC 
rate). 
Michaelis constant for nitrogen for regular 
decomposition (calculation of GRDEC 
rate). 
Michaelis constant for carbon for external 
breakdown of dead material type IX. 
Maintenance carbon requirement of a 
CBIO biomass in units decomposition 
required per unit CBIO. 
If .EQ. 1, PARNAS namelist is printed out. 
Number of inorganic nitrogen pools plus l. 
Value should be 4. 
Number of types of dead organic materials 
available to CBIO(K) when one is in the soil 
and attempting to utilize soil organic matter 
and dead roots. Value should usually be 2. 
Number of environmental zones. If only soil 
horizons are used, NZONES = NHORIZ. If 
standing dead is dealt with, add 1 to 
NHORIZ; if surface litter is ever separated 
from top horizon decomposition, add 
another 1 to NZONES. 
Units of protein carbon normally found per 
unit protein nitrogen in protein (nitrogen­
containing compounds) of dead organic 
matter in general. 
JJ = 1 gives the pH value below which 
growth is zero; JJ = 2, JJ = 3 give a range 
of pH's in which growth coefficient = 1; 
JJ = 4 gives pH value above which growth 
is zero. 
Same as for PHC but for external break­
down. 
JJ = 1, JJ = 2 and 3 and JJ = 4 give the 
same type points as for pH, but this time for 
salinity. 
JJ = 1, JJ = 2 and 3 and JJ = 4 give the 
same type points as for pH, but this time for 
temperature. 
Same as for TC but for external breakdown. 
Total inorganic nitrogen available to 
CBIO(K). 
JJ = 1, JJ = 2 and 3, JJ = 4 give the same 
type points as for pH, but this time for water 
potential (an expression of oxygen content 
of soil). 
Same as for WC but for external break­
down. 
A logical switch which is set to "Time" if 
one desires print-out of CBIO values each 
simulation time unit. 
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APPENDIX 1 
PROGRAM LISTING 

Subroutine NITRO 

'"l'-,'"'O'JTTN[ NTrrr, 
~T"l!"N<:;YC'tl Tl S, ti) ,PHK fS ,'I J, SIi. 15 ,II I ,WC 5, 'II ,Ot~ I ,0Mf5 lt6P.15 It C:Hf71, 

!. PtnHIQ,Sl,'/t51,0l~I.OllSl,D2'f51,Cr[pCTl'11GJ 
rnMH('N/r,rc111C/ /',fA'!NQ( 3,111 ,nHHAC(61 
"t"t>l~C'~ ;:.p[;/ S,..C:...~ 11 r: I ,NHl''JU T:9 ,c:;oouH2'( '51 I ,Nf'~(LH, Hf-"",UCt. 

1 .... !)t''1 ;' I 1{'61 , t ... :r. J<; Tn, IL I"', Jl. IT, TLH ,c;POUM'II 111 
CC',..,"N!/f OT J\l <;/ • OUt-'l 14 17 I, AL TT 11 SJ , A.OP.Ct II,) ,T OUM2 I 1022) 
"OI-010N/" TA,, S"U"l I 11t7 r1,CL ITC 15 ,th COQGIS 16 I ,rHINfS ,6 h 

t ... N,..,:"' (" J, ·rovrr> ,<;:'UH.: IG l 1 ,'SI-ITN Io;, Ill ,'.;OIi I 8 ll ,FIXN2 ( 51 rOUMHYf 1.\111 
':C'""'ON /(' fi\NC.- / r"L'-' l f 111 70 I, CL !TOO 11 !-, f I, CORGOQI '5, 61 tCHUfQQ I~•,; It 

l r"l!J'~: 17 CI ,<;I', TNO 110:, lo!, rnllOf11JC Sl I, "1'01101,; I• OUHHYOU 11411 
rrH,..Ci-U.- O!Nl T / '.:: tt r I ,A UTGR'l, "" TNTT ,SY"N!T C ~I ,Al 151 
t:C"~,..N/:O;"-c, r...-rirC,"OIOftll 
CON"C'U'$ OI !"NV/ ! r .. " ( 71 ,PH 171 ,SS( 71 ,WATPOT! 7) ,TtCC (61 
L::r·r:.L ':Y"ll""!X ,•1r1r-rx, V')tATL ,IIPTNlT 
"[.flL l<~ol':H",Ktl•"l'!lt•"AlN]tH,.lN4 
Oil TA ', ¥Nf"JY I• T 01:[ ·'·''"Tr IX/, TPU[ ,/ ,vol "TL/., AU[,/ ,WRTNIT I .rAL sr .. I 

; ..•.••••• •Pn-u:~ or- r,~1\1-t!.:T(RS 
r ......... F"-' fl(Tl\!L~• -;r-r- l'HJ P,Tl;I"[ S[P,.P.tiTI"<; 

•'A".-L :--r /rlA'HU I ,.3 ,lq • A<'i ,PlOH 
"ti ,cNWI ,r•:r.2 ,eHO~ ,r,. ,Blil ,CflFAC ,CF[PCT, 
':'"'ON ,CH ,"l ,fl:' ,rvtlHti ,C" ,Hftrtx,TAGN 

, T"1'"' ,lNU4 ,!Nf" ,'!N~2 ,TNO'! ,t~ ,KA ,KM] ,M'MIII 
, ~:,; ,Y.lt ,\f'U"' ,l'!,.!Nl ,H.tiTNlt ,NfiAHLS,PHI( ,PHIUX ,PHHIN, 
, <;ll ,,;y .. rtv,T ,T"IAX ,T"IT"l ,VHAX tVOLATLtW • tVPtN<T -

Tt-:-TUI 

r ......... •t{"O('C,r•1 r-.,,~srt"~ATIO"I'; ron rACl-4 ~OIL HORJ70N 
O"l 17 N:),tiYODr 
00 .. T :1, !P 

r ......... rNVl"O'l.'t!'N"~L COrFfIC]<"N•<; f"OR EACH TAANSFOR"ATTOtt -,.ypf I 
('lLL OPTl'!"li,11,11.,.,21,T({,Jl,TII,lill,TfHP(Nl,TCI 
C'.fllL OP"fP'WI !,! 1,"Hl(ITo21,rHK(l,'!1,Pl41(1!,111,PHfHl,PHCI 
CALL '1r"> ... ISJ\f !, 1 I ,<:Al:, :'I ,SAi T, JI ,';Al I• fl.I ,<; .. (NI ,SCI 
rALL OPTIW 11:,11,w IT,21oV It,~, • .., lt, 111,10,TPOTINl,VCI 

............. r.qcwnf "Hf r-or. ~T('HASC' !NVOLVfO TN T~ANO::fORMATION 1 
(;IT I =C~I IJ •TC •f'IIC• re •II C 
Cl" Ir I =r. C' 
VI! 1 =~ .r 
OC! 1=11:1 Tl 

s CONT'f'l'Wf 
r----- - -- - - ------- -- - --- - -- - - - ~ - ---------------
r ......... TOTAL Sf'llL "olR 0 ')t1 !"I 0[~[1 '11HRTlL" 

•oY"lC -ao~CINl•ALI"ITLI 
C. •• •• ••, .'-¥1-''l!OTTC r-1 XATJON 

-rr ,.NC'T.rY/•ffIXI C,,. TO lS 
CR 111-:-r,111 •Cl on /IC-1" 11 l•Ctfli II 
Tf I CI I "IJ •CT .. I""• r: IO I LI ::0 2 I 11 

('.. .. •••••• Fl?H lffT(PMROPHlC FIXATION 
1~ ".'f f.Nt"T.Hl'"TfIYI Ci" TO 20 

f.<" f 71 = r.1 :'I •T CIT C'".' /( CK (2 I •TOTOCI 
Tf (TO!OC .(lT.(.1"1 f}IZ,J:0Zl21 
Vf .. l:t)tCHl:?,Nl•ll.-1./[XPIOl:'111 

r ... •• •• •• OlC!OAT!ON f"f tlH'4 TO NO! 
;>I" fRl31':ff31•':H[t!l'hTN~ I/ICHl:?1 •<;HltltN,INl-lltll 

yr l<;MININ,INlflill.CT.O.CI 001=021:'I 
VE.:1 A3•f:Fll :".l tH A INJ +KJ• RJ•<;H TN( N, !HHAc I/ 

ISHTNCN, TNHll I t~H!l 1+8IOHl:t,Nl 
V6Tl'IP,J:A.Htll:l 1vr,,CRf"': hBN•BTOJ'I( 3,N) /AJI 
Of PttJ=ntoHI 7,NI •I 1. -1.1E:XP( 0( 31 H 

r ......... oxtoATION or '-107 TO NO) 
CD I It):.('( If I •":HIN IN, IN 02 1/1 CH I Ill +c;K!N( N, IN02 11 
""f l~HIIHN•IN071.GT.O.CI 0111>:0?IIII 
v1:1 ... •C"I q I •11 .t.INCJ +1(11• Sit ♦ 'SJ'llNf No INQ7' )/ 

I !:HIN! N, TNOZ I +t<H Ill l ♦ 810K I'- •NI 
V7TOe'4:AH!HtlY 7,GR 1'- lt9N•810Mt lltNl /Atil 
r.(ft.TH4 :CIOl'H &j,N1 •It. -1 .. /[)(P ( 01 Ill JI 

C .... •• •••• DF.:tlITRIFICATTON 8Y PART Of OC::COHPO'SfR BIOHA'SS C~IO 
r.r-=r t SI• I 0::: HfN( Nt D,102 l .. 'iHl N(N ,TNOJ.I J •CIONI( l~"'IN (N • IN02 J• 

1 <"!HNIN,IN03l•'"t,IISll•(CION+VATPOTINIII 
C"' I~ 1-::r.C •TC:'TOC/1 C1'4 It I• TOTOCI 
TF I TOTOC ,GT,C',('11 015 t=D2151 
v"=•s• rP 151 •"S lC IN t / 03r AC 

C' ......... tHD VOLATILT"'ATION 
ff IN.GT.l .. OR.l."IOT.WLATLll GO TO l'­
CALL R/!HPITKJN,T.,AX,TE"'P(Nl,TC91 
:HL RA"t"IPIOtlN,P!-1,-AX, PH(Nl,PHC8l 
CAlL DCL!NIVHAV,TCOVEY,SOCOCI 
Vl r.= SHIN tN, I Nl4'4 l •Tri ~ HC8 • 'cQCO C• rVNH Iii 
Cf'\ TO 1'3 

14 vtr=r.c 
r ......... IHHOBllTZATTffl Of HlN(RAL NITROGEN BY F'?l(ERS 
C ..... •••• Vlll Tr GRO\ITH RfOU!R(MfNT, Vll-- AR[ lJTILlZATIONS Of" PAR TI­
C' ••••••••• CUL4P TVP[S Of N 8A'SE:0 ON PA(f[R[NCrs 

l'l !r (N.GT .. 11 v111-:-1rR111 ♦ BIOfiH1,Nl•GR(2J•SI0'112,NJl•BN 
Yr IN.U::,11 VlJl:(('Rll 1•8!0Hfl ,NJ+(:Rf?l+nOKl21N)♦AUT6ROl•PN 

v11-:::v111 •r NC IN 1/ ITNC IN I •CMl7 H ~-----------------------------------c • .. ,. .. ,,RCSULTANT CH-"4r.(S IN NITROG(N POOL~ 
r ••••••••• AH"IONil!H 

Tf ISHitHN,lNltl.l).Lr .. 0.01 00 TQ 3C 
V11NH'4 :v11 •BNHll 1<;H IN IN t lNH 11JJ /TNCI NI 
StiT NOY IN, !1-11411 I :C'H !NO QI ,J • T NHII 1- Yl l NHII -vr.- Vt ,. 
GO TO 3"i 

Jr v10:c.c 
YllNH1t=o.o 
vG=r.c 

r ••••••••• NtT"tTr 
JS Tr CSKlNfN,If'io:1.Lr.r.i(lJ GO TO ._c, 

Vl 1 NO? ::vU •PN07• °'"' YN IN, lN 021 /TNC( NI 
38 <:HT HO'l ltl • !NO:' I -=--1HNQ 01 N, I NC2 I-Vl 1N07 +vr- Vf; TOA3-V7-V8•S"tN IN, I N02J 

• /1 '"MININ ,IH03 l•';"IIN 1"1, TH02) I 

110 v7-:".0 
VI 11-:0:':C .O 

f'. •• •• • • •• "l[J,,e.llTf 
0:,HJ N'10 IN, !NO: I~,. "l!~O Of "f • I N02 1♦ V6-Vf.TOB 7 

If!; 'L..-'.SHININ,TN0,1.Lf.0.(H 0(' TO sr 

Vt 'f,i!)J ::vu •eNoJ •'iKIN (N, IN o:n /THC IN) 
qt! SH! NQQ !ti ,INOJ I :c::MINQ 01 N; IHO l l-V11N03+V 7- V7 TOBq -v 8•SHiN f N • INr3 I/ 

I ~H!NC N, TN03 >•SH TH IN, IN 021 I 
GO TQ 55 

!:O v11m13:o.c 
'"H!\/~OIN ,INOJI ::'"H!MO OIN, !N03 l+Vl-V7TOBII 

C,. . ., .... CAIN !"1 OA('ANTC 'NT"AOOfN 
S'.i AUHIJT=c.n 

Tr 1N.[1.tl AUTNll:AUTf'RO•AN 
",Y!''l'./IT IN 1:CRI 11 •f\Tt'IH(l ,NI +ON 

C .. •• .. •• •• QHUKHT TS rONTR!BJTION t)r N TO SOIL ORC.tiNTC MATTER VU ''AT~ 
flHIUtst ::1 V 1 .. 1 •0'A TH3+ t( A THlil I• ON 
r.oPOAll IM • I IH T I=" OR rt'/ QIN. l Mt T ,. O+f1JJ'INT 

c----- - - - - - -- -- -- - -- - ----- - - -- - - - -- ---------- --- --
r ......... CHUIG[S lN "TO"'l~S!'"<;: ANO TN TH[ CLITILNJK,•1 fOUJVALE:NT 

Of! [ 5 t-: I, q 
A::fPOMC! ,NI 
BlCH-CCI ,N l=,.!OH I! ,NI •CXl"IGR I! 1-01 ti I 
tr 11.u .. z, oo rn rr 
CIUNGL-:-8 IO .. I I, tJ I -ft. 
0(' r,z )(-:-.,NFP.[L,-
if ICL!T(Ll"UH,KI.Ll".~.CI GO TO 6~ 
rt 1 fOQIL OU .. , KI =rL I1'1'l Qi L flUN ,KI+ Ct"[PCT I J •Kl• t:'HOIGf 
CCIH'Q1(N ,I( 1:CoPr OJ IN ,I( 1-CF(PC" IT ,KI •CllANGf 

6 2 CON Tl NU[ 
65 COHTlHUC 

c ......... C!UN(l[ !N r,rr.ol"PO$[RS r)tJr Hl orNTH'IflClTTON 
oci:iro= 1rxP("RI .. ,-1"11r, II -1. I •CRTOI to 1crrAC" 
cqT Of N 1: CB TO t NI •Oc•n l' 

t: .......... COHPUTATION'" Nffl)f.D TO HH("fAC[ ~JTH ST"tULATION SYSTEH 
Cl TT 00 IL OU~, IN IT I: Cl rT 00 I LOU'4o ]NIT I+ Vt 11 -A llT N IT-<;YH NIT C N )-f'H UKNl • 

vrrorJ•VlTOP.4 
AOATN'l 11( .ti, H<iH I= ft.CA !NJ I KA, UGN l•Vl 11-Vl1NHll-V11N02-Vl lN(tJ-V8-V IC 
BlfNl=P!O"'lt,Nt 
rTl'N2Q fN >= nxN "'0 IN, .. Vl ll-Vl l NH1t-V11N02-Vl1 NO J 
lL=Tl+ 1 
rF IWRTNIT I WRTP'lf1 31N,QHUMNI ,VU ,Vlll,Vl lNH't ,VllN02,V11NO~ ,V6t 

• V7, ve ,VlO 
J fODMl,flTS,lf" .. lr.c,1 

17 CO"ITINU( 
O['" IJRN 

c-------- - - ---------------- ------ ---------------
c .. ....•••• NAHCLI<"T qr•otwRur 

[NTllY SNINH 
0[A0(5tHANNAI 
Tf' I NNA"L 'i. L[ .'J lRfTUP.'­
WRTT(I 6, HANN,.) 
RETURN 
r•o 

Subroutine DECOMP 

SteROUTIH£ OECOHP 

DI" E:NSI ON G Cl 12 I, l<HC I to h tl'C~I 10 I, 8NF ACI .. , , F:2CPCT 16 I ,err.PCT 111, f I 
OlJ'l[N's:lON rc1,1 ,PHCflllo'iACltil,WCllll,TCf(ql,P"IC[ll.ll,WC[lql 
LOGICAL lNSOILtSO"•EXTOf.C,WRTRIO 
REAL K"N,KHC,KHQ,HATNC,KHC 

COHJ'ION/ AC Cl ..C / AG Al NO (J ,11 It OUf"ACI f.l 
COM,.,ON/SP[C I ~ 0UH11521 ,N ~RI 7, SP DUH:! 1511 ,N FQfL H ,NF PAC l, 

1 SPOUN311061,l'S Tn,J5TO, U. IT,JlIT, ILH,SPOUNlil (111 
COM l'ON/ TOT AL Sn CUM1 U '30 h CL lT Tl 151, Tf>UH2 I 212 I, AllT ( 15 I ,AoRr 15 1 • 

1 TDU"i3C1D221 
COHflON/ST AT, SDUHll 11170 It Ct. TT 115• 6hCMGl5 ,61, CMTNI S,b I, 

1 SDUH21 701, o;H lN (Si'- I• OU"8IO(11 ,GI ,C'02 ll!i-l tOU"'HY(lq':11 
C0'1>'0N/ CHANG[/( ClJNl 11'701 ,CLITO Of 15 ,61• CORG f)QIS •61 • CH lN'lO I "i, 6 I• 

1 COUH21701 ,SKINQOl5,I.I I, WHB TO lll,61,C0200QI 151,0U"1YO (ll.l'JI 

co" HON/SOif"IV/ TEMP 17 l ,PH n 1,ss n,, "" TP rT 171,TNCl6 l 
COH,.ON/SOIDfC/ fXTD'=C,CBIOflll 

OAT ft. WRTBIOt.F"AlS[./ 

c--- ------- -- -- - ------ ---- ---------- - - - --- -------- - - - -- - -
c .......... NAHELIST or PAAA,t[T(R'i 
lj! ............ roR EXPLANATIONS or PAll.tif'l[TER HE:ANINCS, SI'"[ TH[ O(<;t"AT S:-JOM[ 

t .......... WRIH-UPIS[PA~AT[ PUBLICATION FOR 1'3731 WH[~(TN P.flRAN[T(RS 
c ............. ARE LISTED 

.NAH[LlST/P.lRNAS/ 8C2Bl£,B( ,fl;N ,AN".flC ,CR!O ,CJ"CFCT,01 
02 ,DU"BlO,.ffC ,[2CPCT,GC' ,IAGN ,TCf'2 ,!~Ill 1IN'!T • 

• JPC ,ISOM h lSURf ,KAi tKHC ,K~C 1l<HN oK,,.:t ,J'IATJ._t • 
• NNAHLS,NNlT ,NAl ,NZDN'ES,PC2PN ,PHC ,PHC[ ,SAC. 
• TC ,TC[ .\IC ,VCE ,'iflTBIO 

Tx::o 
!L=ILH 

c--------- - __ ..__ ---- -- -- ------------- - - ---- ------ --- -- --- - -
c ••••••••• OECOHPO .. ITION roR (ACH (NVIROt<#HlHAL Z0"1( IN c:;orL ANO AROV[ 

00 ~000 t::1 ,NZONES 
0=01 
TCR :0 .. O 
INSOIL::.TRUf.. 
1r II.GT.NHORIZI INo;on.~ .. F'ALSf. 

c ............ OET(RHIN[ [NVmONli£NTAL CC(f"F'ICIC:NTS FOR ~(Sf"NT ZONE 
CALL OPTITCtll• TCl21,TCl3!,TC(lill,T["4'1Tl,TCt:J 
CALL OPTIP"IC111 ,PHCC21tPHC(Jl,PHCtlll,PHf11,rHC:CI 
CALL OPTI 'i.flC( U tSAC (2 I• SACi31,Sft.C (IH ,so;; II 1,SC!". I 
CALL OPH \IC (l lt WC (2), VC 131,WC lltl, WATP('.T (l It wcr J 
If II.GT. TSURr.OR •• NoT.[XTOrc, GO TO )Ci 

c ........... [NVJqONNE:NT,.L CO(ffICI[HTS fOR [NZ¥,.£S T"IVOLVfn IN rxT(RNAl 
c .......... 8RE:AKOOWN OF LTTT(R Uir'J OE.ln R!'lff'i 

C Al L OPT I TC n ll • T er 12 I, TC EC, I , T CE I Iii I, T( flP CI I • T RC I 
CALL OPTIPHC£111oPHC(l?l,PHC(l3t,PHC(llill•PHl!l,PHR':) 
CALL RAHPCwcr 11 ltWCE:121 ,WATPCTf II ,wqc I 

c---------------- --------------------- ---------- ---- ----- -
C' .......... O[TE:RN]Hf TK Nl,ttB(R rT TYPfS OF !lfAO flUTER[AL TO OfCC't"OS[ 
c ........... JN TH( CllR(5rNT !Ott: .. 

1 S l P=O 
NR: NRl 
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JF llNSOlLI GO TO 1000. 
IF C'! 0 N!".ISURF1 GO TO 18 

c ••••••••• [X[CUTTON rON[<; TO THIS POINT Jr SUPfAC( LTTT~~ IS (\[ALT WITH 
(' ••••••••• AS A PART OF fHF: TOP S?TL HCl?flZC'N 7.CW[ 

H, IR::!LIT-1 
NR= JL IT 
GO lO 1000 

18 HI:: TSTD-1 
NP:: JSTD 

c--- -------------

VR:: O. 0 
OKTNR=o.o 
0 IM KO::O .O 
SO"l::.FALS[. 
L=I l 

(' ••••••••• FIND VALUF"> FOR TOTAL CARP:IN, lOHL NITROG["l ANO PROTEIN CAR­
C•••••••••BON roq Tt,£ APPROPRJATF TYPf C' nfA(l >',AT[R1'AL OR SO!L OF!GANTC 
C ••••••••• l'IATT[R 

JFl(.NOT,IN'iO!lloOR.JR • ..C.l<;j••q GC TQ 20 
SQH::. JRU(. 
RCA Rfl ::A ORG( ti 
~ Nl T:: CO RG (T, I NI l I 
PQOTC::CORGI I,TPCI 
GO TO 30 

10 IF loNOT,IN<;Olt I L=TR 
RCARA::AL[fl LI 
RNT T::CL tTU ,INI Tl 
PROTC::CLITIL,IPO 

30 CONTINUE 
JF IRCAP~.Lr.0.01 GO TO 300 

c ••••••••• cAReON/NITROG[N RAT TO 
CN::Q. 0 
IF IRHIT.GT.o.o I CH-:-RCARB/Rt,,'JT 

-:------ -------- --- -- ------ ------------ ---- -- ---- - - ------ - - --- --- -
c .•.•.•••• l( re; TH[ BTOHA';<;: NJl"S[R Wlltl WHICH ('IN[ oi::r.OH.POSr"S TH( PR[SfNT 
c ••••••••• OE,10 MAT[RIAL BEING WORKr~ ON. J OrJ(IHT'l(S T4!" GRnwTH RH[ 
c ••••••••• oF BIONASS' I( TN PART •~D orPrNO<; Cf/ TY"r rr DfA" ,,.T[RlAL 

K=T 
IF (1.GT.ISURFI K=ISURF•IR-ISTO•l 
IF (INSOILI J=J P 
IF f.NOT.IN«;OU.1 J:J+l 

r•••••••• .AVAtLABL[ NTTROG(N POa. 
IF lt.LE.ISURFI RNJn1c=RHIT+TNCOt) 
If II .GT. ISIJRFI RNITNC=-Rt4 !T 
GRC= GC IJI• TCC+ PHCC•SCC•WCC 

c ••••••••• GROEC l'i ~OWTH RATE or I( ON P'HS[NT O[AO NAT[RUL TYP[ 
GRO (C:GRC •RCA RA •PNITNC/ IC I04 C• RC lR 8) •I IOI N• QN I TNC I I 
TGR ::TGR +GRO EC 

c .••..•.•. TOTAL CARSON O[COW'OSITr.JN 
OOP GC=I OROf C/ ET C+"4 A TN CJ •C 91 01 10 
oco2::11 .-u Cl •COPGC 
CO?OQQI u::c 0200 01 U •OCO 2 

C ••••••••• PROT(IN CARBON O(COl'f'C';lTION 
If ICN.G£.PC20NCJ C:O TO 10! 
OP'? OTC:: OORC: C• ~OTC/RC ARB 
GO TO 105 

103 OP'? CT C: PC2PN• BN •GRQr"C •CBI Cf WI •R NJ T /RH IT NC 
C•••••••••OTH(R CARSON OCCOKJOSITIO,_ 

105 OOTHRC::IJOHGC-OPROTC 
C ••••••••• PROT[!N N!TROG[N 0£C:0'4'0SlTION 

OM t'iN:O PROT C/PC ZPN 
c •••• r. .. . H.JN rRAL rz All' TON/ 1" K'.>AI LI ZATI ON 

OHf Nl?~O ORGN-RN• GRIY- C• CB IO (I( I• R-1 IT /Q NIT NC 
0["41"0=9N•Gl10( C• CB to (I(¥.• CR NJ N r-PN lT I /PH fT NC 

r ••••• • •• .[XT [RNA L BR fA KOOY N 
IF ISOH.OR.t.CT.t'SURF".OR.I.N'.JT.[XTO(CII GO T(l ur 
1 x= IX•l 
IC()l=ICHC IIXI •TRr tPHRC• WR'C 
VR=K[X•8£•C910'( IC)•QCAR~/t Kl'tRI IXl+RCA'l91 

110 CONTINU[ 
c------------------------------------ - -- --- -------- - - -- - -
c ......•.• CHANG[S IN. CONCfNTRATION"- or D[AO ~I.T(R}AL CONSTITU[HTS 

It=! 
IF (.NOT.INSOll.l II~l 
DO 200 H=lof,f°JCLH 
If I (SOH. ANO. CO RG III, .. , •l (.a.,. CR .1 .NOT. SOH. • 4NO.CLITI L •"I .Lr.0.1 I 

GO TO 200 
OLO s::o. 0 
[X'TLOS=o.o 
IF I .NOT.SOHi [ XTLOS= ICLITI L,t1) /Cl ITTf LI I• V0 

IF IH..[Q. NITI a.os=DLOS+OOPGH 
ONT NRL=o.o 

c ..••.••.. CFEPCT O(T[RHrN[S TH£ RrQUIRffl[IIIT or !\?CHASS K FOR CONSTITUPH 
c ••••••••• H RELATIVE TO TOTAL CAR!l:>N O(C'QH.PnSnION. C:ZCPCT IS LIK( AN 
c •••••••• •IN[FfICUNCY or UTILIZATlnN OF CONSTITUFNT 11--UNITS H HfN[RlL­
c ••••••••• 1zrc pfR l.NIT "4 ASS'NU.UEO 

!f I H.N (. IN IT .ANO .H .LT. Nf'RACl I OH IN RL~E2CPCT IHI •CH PCT IK,Hl •OORGC 
IF (H.[O.IPCI OLOS=OLoStOPROTr 
IF I H .r f]. IP c. 00 ·" •l n. 1'F RA Cl I GO :t O l ~o 
IF CSOHl OLOS=OLOS•(CORGI IT,H.1/ll00CIII-PROTCJJ•OOT4RC 
lF I.NOT.SOHi OLOS::Cl.OS+fCLfTIL,M•I /flLYTILl-rROTCll•OOTHRC 

('•••••••• .ADO ANO SU8TRACT CHANGr.S 
1~0 If (SOHJ coocoo11,,-.,:coRGOnll,HJ-ll..CS-O"I~l 

IF f •NOT. SOHi C LlTOOi Lt ,o :C LT TO 01 l• .,1-0LOS-qTL OS-0 HI P\Pl 
COR GQQI II ,HI= CO RGQO <I I, l"J •£ :tT LOS 
CHI NQQf IltH l=OI TN'1Q (JI, HJ •OKI~ L 

C. •• •• ••• .R[SPIRA. TION 
R::0 .u 
IF IH.GF..lrffRACl l R=OC02•f0LOS/OOOGCI 

c ......... OUH.BIO 1S A sun: VAR UAL[ E"OUlVAL[NT TC CBIO 
OUHl'HOI KtNI =01..MBlOIKt HI tOLO ">-R 
AGA lNOI KA ,I C021 =AGA !NOi KA t1 C!> 2')-R 

11f5 lf IN.N[.INTTf CO TO 200 
IF IOIHNO.tr.o.o.oR.J.GT.I'i~rl GO TO 160 
00 150 N=z, ... IT 
IF fSHINIII,NI .L[.0.01 GO TO 150 
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0 IH =DIM HO •e NF' AC IN 1 • S"4 IN II l, NI /l t.'C U( I 
SKINOOITltNI =~HINOOIIItNI -OTH. 
OUNPIOI ICtKl~Ot.'1 BIOi K, "' +O'IM 

150 CONTlliU[ 
16(., Jr IS.OHi CORGQQ(JI,~1::CCRCO"ll!I,HI-Ot!'~NR 

IF I.NOT.<;ONJ CLlTQOlltl"l::CLITOIHL,1"1-Pl"I~ 
SHl NOOI IltlNIUI -:SM!NOQI TI ,I NHJ •OM!~ 

200 CONTINUE 
r ••••••••• O[ATH RA.1'[ or DECOl4POSfO,C, 

IF IRCARB.GT,0.01 0-:07 
JOO IF U.L[.lSURrJ GO TO 1500 

c ......... BIOl'IAS<; OF OCCOHPOS[RS TN STANf'l!NG or AO 
vn= CB IO IK I• (I.- 1. /[ XP IO 11 
00 111,00 N=l tNf'R f.lN 
IF IOUH.RIOIKtHJ .Lf.0.0I CC TO HOO 
OUN 0101 K ,111 -=DUH BI QI Kt HI -c ff PC: Tl K, "I ,vn 
CLT TQQC L ,HJ =CLI TQQI L, HJ •CF[ "C Tl K, Hl •VO 

1QOO CONTIW[ 
C8l01Kt=C8IOIK.) •(XPIGR0£C-0I 
O=O l 

C ••••••••• IF TH[~( AR[ ANY l'(IR[ TY'PCS Of ['[AC t'AT[R .. AL AYAILAqLf roR 
c ••••••••• THIS ZON[, CO G[T H£ Nr")l'T TYP,.. fLSE• GO TC N[XT ZONE 

1500 If !IA.LT.NIU CO TO 1000 
c----- --- -- ---- ---- ------ ---- ------------ -- ------- -- - -- -- - ---- - -

If 11,GT.ISURFI GO TO 2000 
Tf I IN'S OIL. ANO. IsuqF. [O ·"' H)RI ]. ANO.!.[(! .11 ~(\ TO ltOO 

r ••••••••• BtOHASS Of c;uRrACE ANO/OP 'iOIL O[COK"O'irQ POPULlTTC'IS 
vo=C8IOIKI• 11.-1.1!:XPIOH 
00 1550 "4=1 ,NFR fl.N 
If IDUl181011(,NI .L[.0,01 GO TO l'iSO 
OU.11 AI QI K, HI =Ot,f Bl 01 I(, NI -CFE °C Tf W, fll •YO 
COR r;oo1 II tN I: OJ RGO/J II It I'll ,r.rr PC Tl Mt H) •Y" 

1550 CONT!NUE 
C91011(1 =CBTOIKI •[xrn !Jl:-0 l 

\600 IF I .NQT. IN<;Oll_ l GO TO 2000 
C ••••••••• 00 THIS Wl-£N <;URfAC[ LITTER JS 8r!Nfi OCCOHPOSf[I BY uOfH70N 1 
C •••••• •• .POP UL AT TON 

IL= TL• 1 
rr II<iuRr.N(.NHOPTZ.OR. r.Nf.ll GO TO ZCIOO 
JNSOIL=.rAL~[. 
GO TO 16 

1000 CON TI NJ( 
c-- -------------------- ------------------ ------- - ---- - -

If IWRTBIOI ~IUT(l6•2~21 1cqro11C1.K=1,10, 
ZZ1 fQA,iATI ZX,10£12 .31 

RETURN 
c-------------------------- ------------ - - ·--------- - - -- - -
c ••• ••••• .NAH[LlST INPUT/WR ITE-OOT 

[NTAY SNIN 
REArlS,PARNASI 
I ri NNA'1LS .r f}. lt WR nrc 6• PARN ,s I 
RETURN 
[HO 

Subroutine OPT 

~upqouTIN[ OPT fAHlNl ,At'AXloAHA X2 ,A.HINZ oRX,fH I 
Tff 0 '(.L(.AHTNl•OR.RX.GE.AMTNnGO TO 11(1 
IFIPX.G(.Al"O'l •• NO.RX.Lr.AHA'l?IGO TO 1c1 
lFf~X.G'T.AtHNl•ANO.~X.LT.AHUl 100 TO ln2 
tr1ox.GT.AMAX2.Atr..RX.LT.AHTN;"'IC:O TO 10:-: 

110 n=o.c 
Of' ... 0 tr II 

101 F'R=l.Q 
en TO 10 II . 

1oz r'1::!RJ(-AM!Nt 1/IAHl)'J-AHTNll 
Gfl TO li II 

10] FR=IRX-AHAY'.'.'1/IAHINZ-AMlXZI 
lCq; RfTURN 

[ND 

Subroutine DCLIN 

,;ueoouTIN[ 'lCL!NfAHA,X,RX,f"qA(:) 

...:x=:•H•,ot: • 
'rrtHX.(Q.OViO;TO ]02 
rrtox.c;E.Al" ♦.)'XlGO TO 300 
FRAC~l .O -RY/ AH.AYX 
80 TO lOl 

JOO fRAC=O.~ 
GO TO 301 

302 fP.lC=l.C 
JC 1 P.fTOAN 

fNO 

Subroutine RAMP 

'sU8ROUTJN[ RA.HP(.IMJNX. AHAXX,f:'X,fRACI 
lFl"X.C(.AHUXIGO TO 1 
trl"X,L(.AI-HNXIGO TO~ 
rP.AC= I PX-AHINX 1 / IA.PfA. )0(-lN IN't J 
Gn TO 3 
faAr=1 .o 
Go TO 3 
nuc:o.c 
~(TURN 
F.NO 
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APPENDIX 2 
INPUT/OUTPUT EXAMPLE 

Data Listing 

tJrHrN H[AT"t VrTH n,u r(R "'fC(HtPOSITION RUN 1 
C' C f ] 1(' r C' 
l 1" 7'!' ctr. 0 
r I 

•·• JROCff<l ,UilIO..,-~ r• •tr•is PR0HTN C ctr~CRYf C STRUCTURAL , 
•H"AO L !'CllfN nr K' 'IOSS WOOOYLITHR 
ul""R!hCCOU._ L TT f(P nr ,o POOT~,. -2CH 
rr .. r 

(l( AO ROOT<" 2-8CH 
R'"OT'" e-: e CN nr ,0 ROOT.- 1 s-~s CK CUH"tY "1CROB£SINI 

"UfolW:Y t"TC' 0 onr .. ,o, 
I I I 

1.or 1. 0" 1.rn 
1 .cc l .~O 1.rc 

r. r. r. 
C I < 

?C. •o. "c.. 
2 ~r,.. :-so. t ')CO. 

JSl!I. ,o. "2 •• 
'lllf,. s,. z,c. 

·1" ::s,r. 755. 1fl00. 
Z1 7. 12. ... 

1sr-i. 1C't'1. se. 
ltr6o . '. ZJS. 

IIJJ. "· . ,. 
iron. I0CC. 1cnoc. 

11rnoco. U('l(I00C'. 1 10nra-. 
,s,J11. !llllC. lf£.~C. 

1\6"l. J~oo. 11 eco. 
3!17'3?!!. 11tr,o. 1'11 MC. 

"· J 100. 7e 'lrl o. 
7')7231. ,eaoo. 1 r- JtcC. ... lGC'O0. ?7 20r. 
2t6\67. 16320. •10.n. , .. 27?'10. ,reco. 

10,n 
TOTH ,.OH tA"r.0N IN TIJr '1- :J'lll 
f'"DA, .. S PE., HECT ur 
1r1111 <J1 r, ir 1ott2 21 r, 25 
H'Ul CAP.,,0H tH tJnrq T't'"[c: 
,..R.u•-: "r" H(Cf Aq:r 
(lJ"lQ "'"C""; 

W'>00Y L !' 0 !:1 
oraC'I onr,T<. 0-:'CH 
rr,o P~0TC: 11- 35CM 
ru,,• 
,O040NTUH TN TOP ?CH 
,..N/tlA 

1701 l7f'6 
llr'!2 ANf'l NOJ IN TOP 2CW 
t'PAN<;; rr., KrT ARf 
"'"'7 ['-?CH 
~fl! Ci-2CN 

11a1 ne, 17!1 n11 

1. 11~. 
1. 85 , ... .., 

'sr. 
e s'.l s. 
1 1"1. 
3257. 

lt-97]0. 
711 s. 

6 2Jl'I. 
"'HS • 
llf')C'. 

1nrr.c. 
1 lOC'l"'OO • 

l21175Sr. 
•• 5 

lllJSOO. 
11. 

2711()500. 
IJ. 

'3 15'38(. 
o. 

rr:- [V0LUTI0N - CtM\.l. lTTV[ CAReO"I 
"PANO: f'f'O H[CT aqr 
0-2' CH 
:'-!I CH 
e-1e c .. 
11':-J~ c ... 

17'J2 ll'P I l'H I7 'JS 

1 l ,. ~ 2 .s 
:-.r; 7 ., 

2.co 2 .rr 

111110 .... 1,,r .. o. 
211r. 1]978. 

188. 3n9c.n .. 
811111co. Jllll?O. 

"?1'1. 111,r. 
l l" t. (it.,,,_ 
704 2. J9GTIJ. 

7G 6. 1'180. 
1 roro. 1or.rC1. 

11 roroo. uoooro. 
,u,sc. 1&6D!!Ot'C. 

257701'!. nuarr. 

s2'!,oc. ts'lnrr:n. 

112r2r. 'l7'l?Or!:'. 

'fTJR0G(N r7CHANCf WIT~ AT ... OSPH[Ar f•INPUT.-0UTP\11'I 
,...,/HA 
C-2 Cl' 
?-8 CH 
t'-1!! (pt 

1"-35 C" 
fPl 

t= 1, 
N0UH::1 r, 

Or.lo LICHfN 
DUD NOSS 
LTTTCR woor 
LTTHP H£po,r.,cous 
R00lS-2 
AOOTS8 
ROOTS-18 
ROOTS-JS 

rUHHY HYrnmrs 
OUN HY HlCR0BrS en I 

OflGA. ,iAJT[R l'-2 
NI NflUL S 0- 7 
OPC. MATTCR .,. . 
HTNCRALS 2-. .. .. HATH\'t 8-1 8 
NJ HERA LS 0- 1 
ORC:. NATTrR l&-35 
HlNrPlLS l"-J «; 

SP<l!N::'i ,noaooo. ,1 ,2 a.,11. ,.. 1., 21. •<'., S•r., • 1. ,10. ,zs., 1s. ,o ., 
TC0V!'"P-::. SC, 
p::70, tt.O, 20• ... l, 20• -'1.,8, ?t'• 5.?, 
'S-=1110•6.C, 
r::2c• 11.0, 20, 'l.'J, :-o, ,.s, 21"• ,.1, 
w::2r•-1c.o, zo• -s.r, 1r, -a.a, :,i. -a.a, 
1[NO 

tHANNA 
A3=16., All=tC.01 A.5::."iO, 
CFCrCT::&ic•o •• \•.JO, .. ,.,s. .... 10, , •• Jr, 11•.0'i, 
BTOH=7o., .. , •• ""·· n., "•0• 

10., , ... , "".. n ., r.n, 
10., "·• "" •• n .. r,.r, 

1so., st., so., 1sl"., o., 
f!N::.10, SN•i11,::1.o, ~02::.10. 8N03=.3r, aJ:.oons, R,=.oros, 
CBFAC=?.o, CI0N:-.rioort' 
cH= 10., t("Cco •• 1r1i., 1rno •• 1orc., 1coro., 1000., 
01=s•.r2, oi=s•.oo:-, FYNHrt::.01, 
GH::1.11, 1.11, .70, 7.0o .OQOl, 
H[TFtX::.uur., UCN=t, Ico2:.3, iHH\=2, tN?f:t, INO:Z::J, JNOJ-::11, 
r~=s, KA:1, ,i'HJ:J.O, KH11:1.o, l(J=t.o, K,:1.0, 
L0UM::9, 
..-ATN?:.fJOO!'~, HAlJt" ::.~1"005, 
NNA"'l"i::t, 
PHI(: S•o.o, 5•7.o, 5•1).Q, S•tl.O, 
f'HHAX:: ').Q • P._,.JN::7 .Q, 

s.1= s,o .. o, s,r.o, S•ll.t't 5•10., 
~Yf'IFT'Jt': • TRIIC., 
T:S•r.n, 5•25., 5•J'>., S•\S., 
TffAX:So., TNttr-10., Yl'UX :. 8S, YOLATL:.TRU[., 
tt:=5•-15., S•-2.0, S•-.111, ,.o.n, 
VRTNTT::.,TRUt., 
1C,,ID 

tPAAHAC: 
BC2BNE::12.s,ec:.0001. BN:.10, BNFAC::O., 1.o •• 1n,.JD, 
CBTQ:')0000 •, ,OQCO. t l l•, 5 •• 
CF.CPCT::'11•0•• 11-••lf', 11•,tS, 11••10• U• • .30, ll••M• 

Auxiliary Submodels 
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Simulation Run 

ou~s:ri=6G• 1ooocc. • 
Dl=.02, D2=.002, 
C:FC:r.11, 
[ZC"CT:O., S•-lC, 

122 

oc=.rsn, .r,sc, .c1, .as, .fls, .n:t, 
TAG~~=l• ICf"2:II, 1Nt+f+=2, INIT=l• !"t,t=II, TSOH=l, ISURF:1t, 
Po:A:t, KHC=11•S., 20.,10.,2.0,s.o, l<Nc:=10000., KHN=toooo., 
101R=1r,c;.o, HATNC:.ooos, NHAMLS-=t, NNIT=lt, NR1=2, 
NZONF~=-, PC2P~ff., 
PHc=c.r, ;::.,c;, 8,0,10 .c, 
tlHCE-c ~~.s......__ 
PESN'l=3•0., .Jr,.!:-r, .20, 
sAc=r. r, o. r, 't,n,10 .", 
TC:Q,[l,25, ,J5,,5C,, 
rcr=c.r,Jo.,Js.,1ts., 
we=-ts. o ,- 't. C', _ ... r ,- .an, 
WC[=-1s. ,-r.c, 
WRT8JO:,TRtiE,, 

1-[NO 

LICHEN Hr.UH Wlf'( DATA rOR OfctlNPOSHmN RUN 1 

INITIAL Rl"PORT ON JAN 1 1'378 t .. C'l2 SECONDS ELAPSED 

CONSTITUENTS Of nno ORGANIC KATERTAL, G. OR t<CAL, "" HE CTARC 
TYPf or HAT[RIAL NlTR06fN ANTONS CATIONS PPOTE IN C RES ERV( C SntUCT\JRAl- C TOTAL C DRY MATTER 

O(A D LlCllf.N ZS(Hl.r.('I 2 so.on 1500 .co 8sgs .oc ,1,.os.00 1''IOCO.OO 200000.00 11ge&6J.2s 
Of.l O MOS'S JSs.or .. a.or 22, .Q(' 1232.0fl 2110.00 1 3,1'1.oO 17'110.00 IIUZl .2n 
WOODY LITT""R '346 .or 52.0f' :'.!70.Ct'l :s2s2.or 18!1.00 3C500.oo J'U00.00 SSlfJfl.20 
HfR BAC[ OUS LI TTfR 1113:!(\.Q(l 155.0£1 38r(l .o 0 .. ,230.00 !lll1150.QO :Ufl:33).0£1 .-. eooo.oo 110'815.o\8 
O(A O ROOT~ 0-2CH 211.or 12.oc "" .oc 145 .oo J 81. 00 7' I() .oc 856!.0C 21208.75 
DEA O ROOT~ 2-8CK 1eo1.cr 1oc.or ne.oc 6210.01'1 3191.00 E 1,"3.on 7UOO.OO 176138.50 
O(AO Roars B-18 CH a S6 .or 63.0C 235.r(l 3915 .on 20ll2.00 3%1'9.00 o\56'6.DO unto.25 
O(AD ROOTS 18-35 Ct-t lf3J .or 2ll o01" 85.00 1,,0.011 166.00 111,m .oC' 1113'6.00 ,2n7.5t' 
DUH HY NICROB(StNJ lOCCi .or 1000.on 10000.or 1 0000.oc 10000.00 1rom.oc 30000.00 80500.00 
OUM HY "ICR08£'HOI 11coooo.or t l('!OOOo.or 1 100000 .c 0 1100000.00 1100000.00 120 en m .oo 3 300000.0C' 108309,.87 

TOTAL 11227?.7.0C. llr2'2'J6.0C 1116,eo.or 1181172'3.00 1251135. 00 1TI725&.C!! • 11 n20.oo uoo,2 38.&7 

"-O!L VAR!ABL£S 
NITP:OC.EH ANIONS CATIONS PROTEIN C RESER\'£ C S TRLC TURU CTOHL C ORG.n."• 

ORCAUlC HATT(JJ CON':TITUftlTS 
F"ROH o. TO ::-c. ""· 'J56l 17 .cc Ju,o.ot"J 166080 .0(1 1297550.00 uo50.or 1,meoro.ol'! 20160000.oC' us20000.o(I 
r,~o~ zn. TO er. ""· 3875?8.0C l llOllO.on 1-'180.00 1 !l 3500.00 2snrio.o·o 7768800.0C 936Dooo.on 1a120000.oo 
F"ROH •o. TO ier. ""· 7'H2H.Or ?8800.00 153600.00 2711C!500.0D 5?3500.00 1'59316000.00 1,200000.00 J8llOOOOO.OD 
F"ROH 180. TO J~{'. ""· 2661f67.or 16J20o00 8104'0.0C '315'J8Q.M 112020.or 97~2000.00 10880000.00 21760000.00 

TOTAL 2•11 sooq .or 'JOlOC.DO 01600 .oc 8277530.00 Ul176TO.OO 50)Cll8tn.or 60?COD00.0012DllOODOO.OO 
r, HTH[PAL rR ACTT"tl 

F ROH n. TO 7C. ""· l4 6'3 .or ~oo.oo T78t"Q.(10 
FR01' zo. TO BC. ""· 87 .or non.cc 1a,ro.oo 
F"ROH PC. TO ur. ... 66.00 16000.00 Z 1Zf10 .oo 
rRQP1 18c. TO ,sr. ""· 36 .or 21200.nr \0800 -00 

TOUL 1658.CO 119300.0C 1711700.00 

TOT .trL. I so 11 ANO or An 
ORGANIC NAT(RTAL J5321t£111.or 12111JB%.0(' 1772780.0D 'HGZ2S~.cn JD68&M;.oo 511'112C'56.oc 6'tnJ120.0013340112:JS.on 

TOT AL IN r-coSy')T[t' 3 S32-Hll .or 124 J.8'6 .a,, 1 n21so.ac 51t6Z259.no 30688r'!i.OO 51f 11t21JS6.0C GJIJ731ZD.001JH01t238.0I." 

S:OTL WATfR POT(NfTAL, AT~• 
~ROt4 n. TO ,r. ""· .or. 
F"RQH zo. TO er. ""· .oc 
rflOM ... TO lQ(I. ""· .oo 
f"POH 180. TO 3r;r. ""· .or .2 JZ s:rcoNOS: ELAPSED 

.'JQ?+OS .'J01+C5 • 110•02 .sa1•01 .coo .coo .coo , roe .coo • 000 
l .11ors+oc ,ll"OS•OC .t98"7+0C .1111 T'J•OO .00000 .38873-03 .111e10•02 .00000 .286C1J-(J 8 .00000 

.109~r.•oo .31l710-01 .«.271f3•0C .Jo2'78-D1 .00000 .111,1-02 .938112•01 .00000 .12162-<J e .orooo 
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j..CCl,IMN,.AHD PRECIPTUTION TO Ft:8 9 19M lfrCLUSlVC TS • 0 TONS PCR HECTARE .25, srcowos ruPsco 
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::02 EVOLUHOH -- CUHULAT!Y( CARRON 
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