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This report describes a portion of the Desert Biome Water
Response Ecosystem Model. Five Research Memoranda
comprise the full description: Introduction and support
programs (RM 76-36); Abiotic submodels (RM 76-37);
Animal submodel (RM 76-38); Perennial plant, nitrogen
and decomposition submodels (RM 76-39); and Annual
plant submodel (RM 76-40). The objectives of the Water
Response Model, information on the arrangement of
material distributed among the five Research Memoranda
and descriptions of program MAIN and support programs
Fl, F3 and FTAVE are contained in Research
Memorandum 76-36, Programming phase of water response
ecosystem model: I. Introduction and support programs.
The relationships between various sections of the model,
their interactions and location in the report series are
summarized in Table 1 of RM 76-36.




A. PERENNIAL PLANT SUBMODEL
(including VEG, VPHEN, VGROW, VTRANS
VDETH and FWVP)

P. W. Lommen and D. C. Wilkin

GENERAL DESCRIPTION OF THE
PERENNIAL VEGETATION SUBMODEL

INTRODUCTION

Each time-step, the perennial vegetation submodel
determines new values for perennial plant biomass amounts.
Thus, the values produced by this submodel, along with
those produced by the annual vegetation submodel, are the
values by which we expect to validate the entire Water
Response Ecosystem Model. A statement of the model
objective is included in Lommen (1976). As might be
expected with a submodel of central importance, the
interactions between this submodel and the remainder of
the overall model are maximal: direct information from all
other submodels, except for the annual plant submodel in
which there is an indirect information flow with annual
plants through soil water, is needed to determine perennial
plant biomass amounts. The direct connections include:
biomass removal by herbivory (animal subroutine; Heasley
1976); photosynthesis rates affected by soil water potential
(Lommen and Marshall 1976, Section C); soil temperature
(Lommen and Marshall 1976, Section B); soil mineral
nitrogen levels (Sections B and C of this Research Memo-
randum); and environmental variables of relative humidity,
air temperature, fraction of possible sunlight and photo-
period (Lommen and Marshall, Section A). A simplified
box-and-arrow diagram is shown in Figure A-1.

The perennial vegetation is tracked time-step by time-step
by separating it into functional groups (hereafter FG) and
plant parts (hereafter PP). That is, perennial species which
do, or will, constitute 85% of the perennial plant biomass of
the site are divided into six or less FG’s. Each FG consists of
six PP’s or organs: leaf, fruit, flower, new stem, old stem and
root. The simulation is done on an area basis (the units used
for biomass amounts are kg dry wt-ha™').

The mechanisms incorporated in this submodel were
decided upon after lengthy discussions with a large number
of Desert Biome investigators, including S. Bamberg, A.
Vollmer and T. Ackerman at the Rock Valley site in
Nevada; A. Wallace and E. Romney at UCLA; J. Ludwig,
G. Cunningham and J. Reynolds at Las Cruces; D. Patten
at Tempe; and M. Caldwell, E. DePuit and R. Shinn at
Utah State. Although there is no absolute agreement or
concensus among these individuals on any part of the
model, a general pattern of agreement has emerged which,
in conjunction with the photosynthesis modeling work of
Schultze et al. (1974), produces a model that appears to
begin approximating the plant function for present
purposes. It was conceived and designed as a general plant
model whose specificity for any site depends on parameters
furnished as input data.

Modeling

The bulk of this submodel is contained in a FORTRAN
program called VEG. There are four subsections of VEG,
each of which does a specific task: 1) VPHEN, which
determines phenophases (hereafter PHPH); 2) VTRANS,
which calculates transpiration; 3) VGROW, which allocates
photosynthate produced; 4) VDETH, which determines
plant death,

Growth

Each calendar year the submodel causes every FG to go
through all its PHPH’s once. The usual sequence of PHPH's
simulated is as follows: 1) winter dormancy; 2) leafing out:
3) vegetative growth; 4) reproductive growth; 5)
postreproductive growth. These PHPH’s can be param-
eterized, however, to simulate any desired sequence of
growth patterns. All plants of a FC are assumed to be in one
PHPH. The PHPH of a FG can change only once each
time-step and no PHPH can be skipped.

A FG switches from one PHPH to the next whenever one
or more of the following conditions occurs: 1) moisture
degree-day sum, 10-day average temperature and
environmental index are all above their respective
thresholds (i.e., conditions are favorable enough to advance
to the next PHPH); 2) 10-day average temperature is below
a given limit (i.e., temperature is too cold to remain in
present PHPH); 3) Julian date is greater than given limit
(i.e., it is time to switch).

All limits and thresholds mentioned above depend on FG
and current PHPH. Also, these parameters can be set so that a
certain factor will never switch a particular FC from a given
PHPH. For example, if a Julian date limit was set to a value
greater than 365, then it would never cause a PHPH switch.
Some ideas for PHPH switching came from grasslands work
of French and Sauer (1974).

Once PHPH for a FG is determined, photosynthesis rate
can be determined. The base rate depends on FG, plant part
(PP) and PHPH. We allow for the possibility that all
above-ground PP’s may photosynthesize. This base rate is
then multiplied by the number of daylight hours in the
time-step, the biomass of the PP and an environmental
factor. The environmental factor depends upon the
following: 1) the soil water potential of the wettest soil
layer, if that layer contains at least 10 % of the FG’s roots; 2)
air temperature; 3) leal temperature for optimum
photosynthesis, which depends on average air temperature
during the previous 15 days; 4) soil mineral nitrogen
level; 5) water vapor density difference between leaf and
air; 6) fraction of possible sunlight. Except for number 6, all
of these items are parameterized for each FG.

When the photosynthesis amounts for the various
above-ground PPs are summed, we get the net
photosynthesis for the FG for the time-step of the
above-ground PP’s during daylight hours.
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Respiration must be determined for above-ground PP’s
during darkness, and for roots during all hours. The
calculation made is very similar to the way net
photosynthesis is calculated. The calculation of the
environmental factor, however, is simpler. It depends on
soil water potential and air temperature for above-ground
PP’s and on soil water potential and soil temperature for
roots.

The difference between photosynthesis and respiration for
a I'G is the net primary production or the net photosynthate
which needs to be allocated to the various PP’s. Allocation is
simulated as a two-phase process. In the first phase, the
proportion of each PP in its 'G’s total biomass is brought up
toward its nominal proportion. The nominal proportion
depends on environmental conditions, PHPH, PP and FG.,

Growth

The rate of increase of a PP depends on a “half-time,” which
is PHPH-, PP- and FG-dependent. Thus, flowers can be
brought up to nominal proportions quickly, but new stems
can be required to take longer. If, somehow, a PP is at, or
above, nominal proportions, no photosynthate is allocated
to it (or removed from it). First-phase allocation amounts
are not directly related to amount of photosynthate
available. There is an indirect relation between these
amounts via environmental conditions.

The second phase of the allocation allocates the
remainder of the photosynthate. This remainder could be
negative, in which case allocation is essentially a
translocation to PP’s favored in the first phase of the
allocation from other PP’s (roots, chiefly).

(Photosynthesis,

CONTROLLING VARIABLES
I Solar Radiation
N Soil Mineral Nitrogen Level
PH Phenophase
PD Photoperiod
W Soil Water Potential
RH Relative Humidity
T, Air Temperature
T, Soil Temperature
Death,

Respiration, Destruction
Allocation) by Animals
X Perennial \vll . i
Atmospheric ? - Plant ‘?‘ Litter
Source ” S
- ATt e ™ Herbivory S N
I, N, PH, o R g \
Transpiration R !
PD, ¥, RH, e \ :
Calculation v i
Ta Ty N i
7 “ i||
K £ .| 4
- 1
i1 .
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Figure A-1. Simplified box-and-arrow diagram for the perennial plant submodel

. Herbivory and

destruction by animals are calculated in the animal submodel (Heasley 1976; RM 76-38).
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The first step in phase two of allocation is to give roots a
portion of the remainder determined by a root:shoot alloca-
tion ratio which depends on environmental conditions,
PHPH and FG. The shoots (or above-ground PP’s) get the
rest. Each shoot PP gets an amount proportional to its
biomass and a proportionality factor dependent on
environmental conditions and PHPH. If the shoots’ share is
negative, another proportionality factor multiplies leaf and
reproductive parts, so that less is taken from them.

Death

Nominal, instantaneous death rates are calculated for each
PP and depend on environmental conditions, PHPI, PP and
FG. The root death rate is adjusted by multiplying by the
ratio of the actual root:shoot ratio to the nominal root:shoot
ratio (which depends on environmental conditions, PHPH
and FG). This adjustment will tend to move the two ratios
together. The amount of a PP dying in the time-step then, is
given by the following formula:

(amount dying) = (amount alive) {1—exp
[—(death rate) (length of time-step)] } (A-1)

These amounts are then removed from live biomass
categories. Equal amounts are added to appropriate litter
categories.

Transpiration

A value of transpiration for each FG is calculated in the
perennial plant submodel and passed to the soil water

Modeling

submodel which removes the water from the soil profile,

First, P:T, the ratio of photosynthesis to transpiration, is
calculated as a linear function of water vapor pressure
between leaf and air. If leaf temperature is not optimum,
P:T is multiplied by a factor which depends on the
difference between actual and optimum leaf temperature.
Typically, the maximum value of this factor is about 2,
when optimum is 10 C above air temperature. Once P:T for
each FG is calculated, actual transpiration values are
determined from P:T and values for photosynthesis
calculated earlier.

Cover

Finally, a value for soil surface covered by perennial
vegetation is calculated by a simple method. We assume
cover is proportional to the 2/3 power of the total perennial
vegetation biomass on the site.

PROGRAM DESCRIPTION

SusrouTiNE VEG

Only the important segments of the FORTRAN code are
shown and described. Sequence numbers are shown to aid
in reference to the full code listing which follows., Comment
cards, specification statements and bookkeeping sections
have been deleted. Definitions of variable names may be
found in Table A-1, which also appears at the beginning of
the Program Listing.

Table A-1. Variable dictionary for VEG

CAAR(J,K)

CADEST(J,K)

AMOUNT OF PLANT PART K, FUNCTIONAL GROUP J.
BY AnIMALS DURING THE TIME STEP,

INGESTED
KG HA=],

AMOUNT OF LIVE PLANT PART K, FUNCTIONAL GROUP J»

TRANGFERRED BY ANIMAL ACTTIVITY FROM PLANT TO SURFACE
LITTEQ DURING TIMF STERP, KG HA=i,

ACCUMULATFD PHOTORYNTHATE PRODUCTION FROM JANUARY 1

ACCUMULATED RESPIRATORY [[OSSES FROM JANUARY 1 FOR
KG Hia=1,

ACCUMULATED TRANSPIRATION FOR FUNCTIONAL GROUP J

CUMPSN(])

FOR FUNCTTONAL GROUP J, KG Hiel,
CUMRSP(J)

FUNCTIONAL GROUP J,
CUMTRR(]J)

FROM JANUARY 1|, K6 Hasj,
CVPHE(J)

CVRDST(J.K)
FOUND IN SOIL LAYER x,

EVTSPRIJ, k)

NET PHOTOSYNTHATE PRODUCTION OF FUNCTIONAL GROUP J
DIRING THF PAYLIGHT PART OF THE TIMF3TE®,

KL HA=1,

FRACTION OF TOTAL RNOT RINMASS OF FUNCTIONAL GROUR J

o 70 1,

WATFR TRANSPIREN FROM SOIL LAYER « RY FUNCTTONAL
GROUP J DURING THE TIME STEP,

KGWATFR Hhw),

cvvecoyv FRACTION OF SOTL SURFACE GOVERED RY VEGETATION, 0 TN
CWPST(K) SOTL WATER POTENTTAL IN SOIL LAYER X, BaR,

n TEMPORARY VARTAALE USED IN ANIMAL REMOVAL SECTION,
DATAL(L,2,J) DATA PAIRS (L TN NUMBER) RELATING AVERAGE

ATR TEMPERATURE TO OPTIMUM PHOTOSYNTHESIS AIR

TEMPERATURE
FUNCTIONAL GROUP J.

{BOTH DEGREES CELSIUS) FOR
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Table A-1, continued

DATAZ(L,2,J) DATA PAIRS (L IN NUMBER) FOR FUNCTIONAL GRODUP J,
RELATING SOIL MINERAL NTTROGEN CONCENTRATIONS IN KG HA=|
TO A PHOTOSYNTHESIS SCALING FACTOR, 0 TO 1,

DATA9(L,2) DATA PAIRS (L IM NUMRER) RELATING THE FRACTION OF
POSSTRLE SUNLIGHT HAURS DURING THE PHOTOPFRIOD TOQ A
SCALING FACTOR FOR PWOTOSYNTHES!S, 0 TO i,

DATASY (NRSL,NCSE,J) ARRAY CONTAINING A 2=DIMENSIONAL MATYRIX FOR
EACH FUNCTIONAL GROUP J FOR USE WITH FUNCTION F3, FEACH
2=DIMENSIONAL MATRIY¥ HAS NRS1 ROWS AND NCS! COLUMNS AND
I8 A FAMILY OF RELATIVE NET PHOTOSYNTHESIS VS,
TEMPERATURE CURVES FOR VARIOUS VALUES OF SOIL WATER
POTENTIAL,

DATAS2(NRS2,NCS2,J) ARRAY CONTAINING A 2=-DIMENSIONAL MATRIX FOR
EACH FUNCTIONAL GRQUP J FOR USE WITH FUNCTION F3, EACH
2aDIMENSIONAL MATRIX HAS NRS2 ROWS AND NCS2 COLUMNS AND
18 4 FAMILY OF RELATIVE NET PROTOSYNTHESIS v§,

SO0IL WATER POTENTIAL CURVES FOR DIFFERENT VALUES OF
WATER VAPOR DENSITY DIFFERENCE BETWEEN LEAF AND AIR,

DATASI(NRS3,NCS53,J) ARRAY CONTAINING A 2=DTMFNSIONAL MATRIX FOR
EACH FUNCTIONAL GROUP J FOR USE wITH FUNCTION F3, EACH
2=DIMENSIONAL MATRIX HAS NRS3 ROWS AND NCS3I COLUMNS AND
IS & FAMILY OF RELATIVE DARX RESPIRATION V8, TEMPERATURE
CURVES FOR VARIOUS VALUES OF S0IL WATER POTENTIAL,

DBGFLG LOGICAL DEBUGGING FLAG, IF EoUALS ,TRUE. DERUGGING
INFORMATION I8 wRITYEN THIS TIME STEP,
DERUG3 PRESET TO A VALUE 'N', PRINTS DEBUGGING INFORMATION
EVERY NeTH TIME STEP BEGINNING WITH TIME STEP NUMBER ONE,
oT EQUALS PMDT, LENGTH OF TIMESTEP, DAY,
Fi A ONE DIMENSIONAL INTERPOLATION FUNCTION,
F3 TWO DIMENSTIONAL INTERPOLATION FUNCTION,

FTAVE(PMDT,N) FUNECTION TO AVERAGE PREVIOUS N DAYS' AIR
TEMPERATURES BY AVERAGING APPROPRIATE NUMBER
OF PREVIOUS TIME STEP AVERAGE TEMPERATURES,

FUVR(T) FUNCTION wHICM, GIVEN T IN DEGREES CELSTUS,
CALCULATES SATURATION WATER VAPOR PRESSURE IN MB,

1 INDEY VARIABLE,

J USED AS PLANT FUNCTIONAL GROUP SUBSCRIPT,

K USED VARIOUSLY A8 RLANT PARY SURSCRIPY, OR SOIL LAYER
SURSCRIPT,

L INDEX VARIARLE,

L INDEx VARIARLE USED TO INDICATE LITTER LOCATION,

M USEG 48 SUBSCRIPT OF WETYEST SOIL LAYER,

NCS1 NUMBER OF COLUMNS IN FACH OF THE PMFGPS 2=DIMENSIONAL

MATRICES MAXING UP THE DATASY ARRAY,

NCS2 NUMBER OF COLUMNS IN EACH OF THE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATAS2 ARRAY,

NCSS NUMRER OF COLUMNS IN EACH OF THE PMFGPS 2=DIMENSTONAL
MATRICES MAXING UP THE DATAS3 ARRAY,

NNN PHENQPHASE OF CURRENT PLANT GROUP,

NPTSL(J) NUMRER OF DATA PAIRS IN DATAL, FUNCTIONAL GROUP J,
NPTS3(J) NUMARERP OF DATA PATIRS IN DATAY FOR FUNCTIONAL GROUP J,
NPTS9(1) NIUMRER OF DATA PATIRS IN DATA9,

NRS1 NUMRER OF ROwS IN EACH OF THE PMFGPS 2=DIMENSTIONAL
MATRICES MAKING UP THE DATAS{ ARRAY,

NRS52 NUMREQ OF ROWS IN EACH OF THE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATASZ2 ARRAY,

NRS3 NUMRER OF ROwWS IN EACWK OF THWE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATAS3 ARRAY,
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Table A-1, continued

PMOT

PMEGPS
PMJDAT
PMJIDAY
PMLYRS

pVCOv

PVPRAT(J,K)

PYRRAT(J,k)

]
RCHECK

T

TRRFAC

TVPFAC(2)

TVPFAC(3)

TVPFAC(S)

TVPFAC(T)

TVPP(J)

TVPS8I

Tves2

TVRFAC

TVRSPR

TvSOLT

TVTCOR
VDETH
VGROW
VPHEN

VTRANS

X

¥HSOLT(K)

XNMN

XVFG(J/K)

LENGTH OF TIMESTEP, DAY,

NUMARFR OF PLANT FUNCTIONAL GROUPS BEING SIMULATED,
JULTAN DATE OF THE CURRENT TIME STEP,

JULISN DATE OF THE CURRENT TIME STEP, EQUALS PMJDAT,
NUMRER OF SOIL LAYERS REING SIMULATED,

PARAMETER USEN TN COVER CALCULATION

MAYTMUM POSSTRLE PHOTOSYNTHESIS RATE OF PLANT PART K,
FUNCTIONAL GROUP J, KG KGe=] HFa=i,

MAYIMUM RESPIRATNRY RATE OF PLANT PART K, FUNCTTONAL
GRQUP J, KG KG={ HR={,

TEMPORARY VARIARLE USED TO DETERMINE VALUE OF DBGFLG,
ARRAY USED TO READ AND WRITE COMMENTS IN INPUT DATA,

TEuPNRARILY USED TO HMOLD vALUE OF RFSPIRATION OF
PHOTOSYNTHESIZING PARTS DURING DARK HOURS, KG Hi=1,

SCALING FACTOR FOR RESPTRATIOM NF PHOTOSYNTHESIZING
PARTS, DECIMAL FRACTION, 0 TO 1,

AFTER INTERMENTATE USE, RECOMES A SCALING FACTOR FOR
PHOTNSYNTHESIS RATE DEPENDING ON AIR TEMPERATURE (IN
DFGREES CELSIUS) AND 8OQIL wATER POTENTIAL (IN BARS),
=,3 70 14,

PHOTOSYNTHESIS SCALING FACTOR DEPENDING ON SOIL MINERAL
NITROGREN CONCENTRATION (IN KG Ha=1), 0 TO 1,

AFTER INTERMEDIATE USE, BECOME & SCALING FACTOR FOR
PHOTOSYNTHESTS RATE DEPENDING ON RELATIVE
HUMIDITY, 0 TO 1,

4 SCALING FACTOR FOR PHOTOSYNTHESIS RATE DERPENDING ON
FRACTION OF PNSSTALE SUNLIGHY HOURS, 0 70 1,

PHENOPHASE OF PLANT GROUP J,

SOIL WATER POTENTIAL IN THE WETTEST LAYER CONTAINING AT
LEAST 10 PER CENT OF THE ROOTS OF TWE PLANT FUNCTIONAL
GROUP, BAR,

SOTL WATER POTENTIAL OF THE ROOT 7ONE WEIGHTED BY RNDOT
DISTRIBRUTION, B4R,

4 SCALING FACTOR POR RESPIRATION RATE FOR ROOTS

A8 & FUNCTION OF SOTL TEMPERATURE (IN DEGREES CELSIUS)
AND $OIL WATER POTENTIAL (IN BaAR), 0 70 1..

DARK RESPIRATION, EQUALS SUM OF RESPIRATION OF
PHOTOSYNTHESIZING PARTS DURING NARKNESS AND RESPIRATIONM
NF ROOTS FOR ALL HOURS DURING THE TIMESTEP, KG HWA=i,

TIME STEP AVERAGE WEIGHTED MEAN SOIL TEMPERATURE

WEIGHTED BY ROOT NISTRIRUTION OF THE FUNCTIONAL

GROUP, DEGREES CELSIUS,

CORRECTION TERM FOR TEMPERATURE ACCLIMATION, DEG, CELSIUS
DEATH SUBROUTINE, SEE wRITE=UP ON VDETH FOR DETAILS,
GROWTH SUBROUTINE, 8FE WRITE=UP AN YGROW FOR DETATLS,
PHENOLOGY SUBROUTINE, 8EE WRITE=UP ON VPHEN FOR DETAILS,

SURROUTINE WHICH CALCULATES TRANSPIRATION, SEE
WRITEeUP ON VTRANS FOR DETAILS,

INTERMEDIATE VARTABLE= VARIOUSLY USED.

TIME STEP AVERAGE SOIL TEMPERATURE IN SOIL LAYER Kel,
DEGREES CELSIUS,

SOJL INORGANIC (MINERAL) NITROGEN CONCENTRATION, KG HAel

AROVE GROUND BINMASS OF PARYS DOF FUNCTIONAL GROUP J,
IF k=i, IT 18 LEAVES, IF Ks2, IT IS A_L REPRNDUCTIVE
STRUCTURE, IF ke3, IT I8 NEW STEM, IFKed, IT I8 OLD
STEM, AND IF x=S5, 1T 1S TOTAL OF ALL ABOVE GROUND
PLANT PARTS, KG HA=1,
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Table A-1, continued

XVLITR(J,x) MA§5 OF LITTER DF TYPF K, IN LOCATION J, LITTER TYPES
ARE (1) FFCES, (2) SOFT, (3) HARD, AND (4) w0NDD,
LITTER LOCATIONS ARE (1) STANOING DEAD, (2) GROUND
SURFACE, AND (3 TN N) THE DEFINED SOIL LAYERS, KG HA=1,

XVPLNT(J,K) BTOMASS OF PLANT PART K IN PLANT FUNCTIONAL
GROUP J, THE PLANT PARTS SIMULATED ARE (1) LEAF, (2)
FLOWER, (3) FRUIT, (4) NEW STEM, (5) OLD STEM, AND (&)
ANOTS, KG HAe=l,

XVTOTL TOTAL ABOVE GROUND PLANY BIOMASS, KG HA=],

7AIRR VARTABLE USED TO HANG QN TO TEMPERATURE TO WHICH NET
PHOTOSYNTHESIS T8 KEYED, DEGREES CELSTUS,

ZAIRT AVERAGE DAILY MEAN AIR TEMPERATURE DURING TIME STEP,
DEGREES CELSIUS,

ZPHPD AVERAGE DAILY PHCTORERIOD DURING THE TIME 8TEP, HR DAYel,

Z8IIN AVERAGE ACTUAL FRACTION OF POSSIBLE SUNLIGHT HOURS FOR
TIME STEP, 0 TO 1,

IRH AVERAGE 1! A,M, RELATIVE WUMIDITY DURING TIME S8TEP 0 TO 1

ZTHAYX AVERAGE DAILY MAxIMUM AIR TEMPEPATURE DURING TIME STEP,

DEGREES CELSIUS .

ZTMIN AVERAGE DAILY MINIMUM AIR TEMPERATURE DURING TIME STEP,
DEGREES CELSTUS,

1z MAYXIMUM OF TVyPFAC(2) AND ZERD, USED AS AN ENVIRONMENTAL
IvDEX, PECI™aAlL FRACTION, O TO !,

DRGFLGa ,FeLSE, VEG 274
IF (DEBUGY ,GT7, 1E=5) QsMON(((TIMF=TSTART}/DY),DEBUGY) VEG 275
1F((DEBUGY ,GT., 1,E=5) .4ND, (G ,LT, 1,E=S)) DBGFLG=,TRUE, VEG 276
IF(OBGFLG)Y “RITE(3,10) PMJDAT VEG 277
10 FORMAT(!Nevsesdndwnednew PHMJDAT g1, T4) YEG 278

C0 20f J=),PHFGPS

TveSimelsns,
[ &
20 70 Kmy, P YRS
1F (CvkDST(], %)=, !
up IF ((YH8OLT(xel) ,
1 6C Y2 S0
IF (fymSOLT (1)
G5 TC YO
5S¢ w3«
TVESIBCWPST (k) =50,
62 Y 70
60 hzk
TyPSIECwPSI(K)
70 CONTIWNUE

Determine state of debugging flag. If DEBUG3 = N,
then every N time-steps Q = 0 and debugging information
is written.

vEG 300
Begin loop over FG, the main loop in the program.

vEG 308

vEG 307

vEG 308

Y T, uf .40 vEG 309
LE, 0.) AnD, ((CwPgI(x)=S50,) ,GT, TVPST)) VEG 319
VEG 311

6%, ©,) .An%, (CwPSI(¢) ,GT, TyP%I)) GO 7O 60 vEG 312
VEG 313

VEG 314

vEG 318

YEG 3l

vEG 317

VEG 318

vEG 319

Check all soil layers for the wettest layer having 2 10% of
FG’s roots. 1f temperature of this layer € 0 C, add —50 bars
to its water potential.
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TVPFAC(2)8F | (FTAVE(PMNT, 15), DATALC1,1,J), NPTSI(J)) VEG 324
TVTCOR®20,=TVPFAC(2) VEG 325
YBZAIRT 4,35« (ZTMAX=ZAIRT) VEG 326
TVPFAC(2) B F3 (X+TVTCOR, TVPSI, DATAS1(1,4,J)s NRS1, NC51) VEG 327

Calculate the photosynthesis factor for soil water
potential (hereafter SWP) and air temperature. First, using
interpolation function F1, optimum temperature is
determined based on average temperature during the
previous 15 days. TVTCOR is the difference between 20 C
and the optimum just determined. The temperature 20 C is
used because all the curves in DATAS51 (line 327) are
arbitrarily set equal to 1 (maximum value) at 20 C. X here is
the temperature to which photosynthesis is keyed this
time-step, and is slightly above average air temperature.
Finally, using a temperature of X + TVTCOR and SWP
equal to TVPSI, the value of this correction factor is
interpolated from the family of curves for FG | found in
array DATAS1.

ZAIRR=X VEG 329
Since X is used again for other purposes, ZAIRR hangs on
to its present value.

Z7 ® AMAXL(TVPFAC(2), 0,0) VEG 334
77 will be used several times as an environmental factor.

TVPFAC(3)ZF1(XNMN,DATAS(1,1,J),NPTS3(J)) VEG 337

A mineral nitrogen factor for photosynthesis is
interpolated from the curve for FG ] in array DATAS3.

TVPFAC(S)Z(FWVP(ZATRR)#21 A, 6/ (ZATRR+273,))w (1, =2RH) VEG 341
TVPFAC(S) = FY (TVPFAC(S), TVPSI, DATAS2(1,1,J), NRS2, NCS52) VEG 342

Determine the photosynthesis factor depending on water
vapor difference between leaf and air. TVPFAC(5) first
becomes the water vapor difference between leaf and air.
Leaf and air are assumed to both be at the temperature of
ZAIRR. The units of FWVP are mb, while water vapor
density is measured in grm™.

X = AMINI( TVPFACC(2), TVPFAC(3), TVPFAC(S)) vEG 3a4u

X is chosen to be the minimum of the three factors
determined above.

TVPFAC(TIEBFI(ZSUN, DATAS, NPTS9(1)) VEG 347
XsX*kTVPFAC(T) VEG 3uB

X is modified by a factor determined by the fraction of
possible sunlight.
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CALL VPHWEN( J, PMDT, PMFGPS, PMJDAT, TVPP, 72, DRGFLR) VEG 353
NNNETYPR(J) VEG 356

The phenophase of the current FG is determined and set
equal to NNN.

CVPHS(J)=0, VEG 366
DO 80 K®i,S VEG 367
80 CVPHS(JIBCVPHS(J) 4, TURXwXVPLNT(J,K)*PVPRAT(J, K, NNN)*ZPHPD* VEG 368
1 PMDT VEG 369

These lines determine net photosynthesis during the
daylight hours of a time-step. The DO loop is a sum over
above-ground plant parts. The increment from each part is
equal to the product of the following factors: .74, to convert
kg of CO, fixed to kg of plant biomass; X, the photosynthesis
factor depending on air temperature, SWP, the relative
humidity, soil mineral nitrogen content and relative amount
of sunlight determined above; XVPLNT (J,K), dry weight in
kg of part K of FG J; PVPRAT (J,K, NNN), the
photosynthesis rate in kg-kg™'*hr' of part K of FG ] for
current phenophase; ZPHPD, the average daily photoperiod
in hr-day™! during the time-step; and PMDT, length of the
time-step in days.

X B ZAIRT =  3Sw(ZAIRT=ZTMIN) VEG 386
TRRFAC ® F3(X, TVPST, DATAS3(1,1,J), NRS3, NCSI) VEG 387
IF(TRRFAC ,LT, 0,) TRRFACEO,O0 VEG 38R
TE0,0 VEG 390
DO 100 Xp1,S VEG 391§
100 TeT ¢ ,TUXVPLNT(J,K)*TRRFAC*PVRRAT(J,K,NNNY* (24U, ,=7ZPHPD)«PHDT VEG 392

Determine respiration of photosynthesizing parts during
the dark hours of PMDT. X becomes a temperature slightly
below average. TRRFAC is a respiration factor 2 0, the
value of which is interpolated from the family of curves in
array DATAS3 for FG ] corresponding to air temperature X
and SWP TVPSI. Line 392 parallels line 368 closely. The
differences here are TRRFAC for X, PVRRAT for PVPRAT
and 24—ZPHPD instead of ZPHPD.

fvsoLTmO, VEG 395
TVPs2=0 VEG 396
DO 110 Km2,PMLYRS4+1 VEG 397
TVPS2uTYPS24TVPSTIWCVRNST (), K=1) VEG 398
110 TVSOLTeTVSOLT+XHSOLT(K)*CVRDST(J,K=1) VEG 199

Set up root respiration calculation by averaging soil
temperature and SWP weighted with respect to root
distribution of FG J.

TVRFAC ® F3 (TVvSOLT, TVPS2, DATAS3(1,1,J), NRS3, NCS3) VEG u01
IF (TVRFaC ,LT, 0,) TVRFACs=O, VEG 402

Find root respiration factor TVRFAC, using function F3,
at temperature TVSOLT and SWP TVPS2.

TVRSPR ®  TUsXVPLMT(J,b)*TVRFAC*PVRRAT(J, 6, NNN)Y &R0, #PHDT VEG 4oy
Calculate TVRSPR, which here is root respiration for all
hours of PMDT, by scheme entirely parallel to that in lines
392 and 368.
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TVRSPRETVREPR4T

CUMPSN(J)sCUMPSN(J)+CVPHS(J)
CUMRSP (J)eCIIMRSP (J)+TVRSPR

CALL VTRANS

CALL VGROW

CALL VDETH

CANTINUF

XEPVCOV* (XVTOTL®e ,A6667)
cvvcove],=(1,=CvvCOV)I* (], ,=X)

ENTRY VINIT

READ(S5,240) RCHECK
WRITE(6,250) RCHECK
wRITE (6h,260)

Modeling

VEG 40S
Here, TVRSPR becomes the sum of respiration of
photosynthesizing parts during darkness and respiration of
roots during all hours.

VEG 407
VEG doA

Keep running sums from January 1 of photosynthesis and
respiration as calculated above.

VEG 423
Determine transpiration occurring during the time-step.
The amount is passed to the water submodel which then
removes it from the soil.

VEG 430
Partition the photosynthate among the various plant
parts.

VFG 4T

Determine death rates and death amounts. Then add
these amounts to appropriate litter categories and subtract
them from plant part categories.

VEG 48}
This is the end of the main loop of the program.

VEG 513
VEG S14

X is the fraction of soil surface covered by perennial
vegetation. CVVCOV is the fraction of soil surface covered
by perennial vegetation and by whatever else went into
value of CVVCOV passed to VEG. The submodel simu-
lating annual vegetation can be called before or after VEG
(or not at all). Each time-step CVVCOYV is finally used by
subroutine EVAP to determine evaporation from soil after
which CVVCOYV is reset to zero.

VEG 530
This entry point is called once from MAIN for
initialization purposes.

VEG ST71
VEG 572
VEG 573
Read a comment card, write it out and space. Typically it

will read: INITIALIZATION DATA FOR VEG.
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READ(S,200) RCHECK VEG 575
WRITE(6,250) RCHECK VEG 576
READ(S,/) DEBUG3 VEG 577
WRITF(&,/) DERUGI VEG 578
WRITE(6,240) VEG 5§79

Read and write a comment describing DEBUG3, the
variable about to be read. Read and write DEBUG3 and
then space. Perform similar read and write operations for
the rest of the set of variables peculiar to VEG.

CALL VPINITC J, PMDT, PMFGPS, PMJNAT, TVPP,77) VFG 714
CaLL VGINIT VEG 715
CALL VDINTT VEG Ti6
CALL VTINIT VEG 717

Call initialization sections of subroutines supporting
VEG, i.e., VPHEN, VGROW, VDETH, VTRANS.

SusrouTINE VPHEN
Table A-2 gives the definitions of variables for this sub-
routine.
IF (PMJDAT LGE, PMDT) 6O T0 20 VPHN 096
DO 10 I=i,PMFGPS VPHN 097
10 TVMDD(I) = 0,0 VPKN 098
20 CONTINUE VPHN 099

Reset TVMDD at January 1 each year.

TVMDD(J) ® TVMDD(J) + ZZ*PHOT VPHN 102
Keep a running sum of moisture degree-days.

IFCCTVACI) GT, 1) ,0R, ((TVA(J) LEQ, 1) ,AND, (PMJDAT ,LE, 175)))VPHN 108

1 GO TOo 30 VEHN 106
NNN ® | YPHN 107
TYPP(J) m |} VPHN 108

Don't allow switch into phenophase (PHPH) 2 late in the
year. Test performed by IF is false only if current PHPH is 1
and Julian date .GT. 175. When this happens, no further
tests to determine PHPH switching are made. This ensures
the FG’s returning to PHPH 1 in the fall cannot advance
through any more PHPH's until after January 1.

TV = FTAVE( PMDT, 10) VPHN 132
Determine TV, average temperature for the previous 10
days.
NNNBTVACJ) VPHN 113

Set present PHPH equal to NNN.
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Table A-2. Variable dictionary for VPHEN

FLAG LOGICAL VARIABLE WHICH EQUALS ,TRUE, IF PH. PH, OF CURRENT
FG I8 TO BE INCREASED BY 1 THIS TIME S8TEP,

FTAVE (PHMDT,10) FUNCTION WHICH CALCULATES AVERAGE AIR TEMPERATURE
FOR PREVIOUS 10 DAYS GIVEN THAT THE TIME STEP LENGTH HAS
BEEN OF LENGTH PMDT,

NNN CURRENT PH,PH, OF CURRENT FG, IT I8 EQUAL TO, AND HUCH
EASIER TO PUNCH THAN TVPP(J),

PHMJDAT CURRENTY JULTIAN DAY

PYENV (JyNNN) ENVIRONMENTAL INDEX PARAMETER FOR FG J IN PH,PH,

NNN, THE LAST OF THREE TE@TS WHICH MUST BE MET FOR
ENVIRONMENTAL COMBINATION FACTOR YO SWITCH PH,PH, 18 ZZ.GE
PVENN (JpNNN),

PVJD (JoNNN) JULIAN DAY FACTOR FOR FG J WHEN ITS PH,PH, I8 NNN,
THAT 18, IF PMJDAT I8 GREATER THAN OR EOUAL TO
PYJD(J,NNN), THEN NNN 18 INCREMENTED TO THE NEXT PH,.PH,

PYMDD (JsNNNJY MOISTURE= QEGREE DAY PARAMETER FOR FG J IN PH, PH,
NNN, THE FIRST OF THMREE TESTS WHICH MUBT BE MEY IF
ENVIRONMENTAL COMBINATION FACTOR I8 TO SHITCH PH,PH, 18
TUMDD (J) oGE, PVMDD(J/NNN)

PVTHINC(JyNNN) MINIMUM TEMPERATURE FACTOR FOR FG J WHEN ITS PH,PH,
1§ NNN, IF GREATER THAN OR EQUAL TO TV, SWITCH TO NEXT
PH,PH,

PVTV(J,NNN) TEMPERATURE PARAMETER FOR FG J IN PH,PH, NNN, THE
SECOND OF THREF TESTS WHICH MUST BE MET IF ENVIRONMENTAL
COMBINATION FACTOR I8 TO SWITCH PH,PH, I8 TV ,GE,

PVTL (JoNNNY,

TV AVERAGE AIR TEMPERATURE DURING PREVIOUS TEN DAYS, DEGREES
CELSIUS
Tva(d) PHENOPHASE OF FG J AT BEGINNING OF EXECUTION OF

SUBRQUTINE VPHEN

TVDAY(J) AN INTEGER VARIABLE, USED FOR OEBUGGING, WHICH STORES
THE JULIAN DATE OF THE PH,PH, SWITCH OF FG J,

TVMDD (J) RUNNING SUM FROM JANUARY 1 OF MOISTURE DEGREE DAYS FOR FG

J» Davy,
TvPR(J) CURRENY PH,PH, OF FG J
TYSw(J) AN INTEGER VARIABLE, USED FOR DEBUGGING PURPOSES, WHICH

INDICATES THE TEST WHMICH CAUSED THE PH,PH, OF FG J TO
CHANGE, EQUALS 4 IF JULTIAN DAY FACTOR CAUSED SWITCH, 2
IF MINIMUM TEMPERATURE, | IF ENVIRONMENTAL COMBINATION,
IF MORE THMAN ONE FACTOR COULD WAVE CAUSED BWITCH, TVEW(J)
1§ SUM QF INDIVIDUAL INDICES, E,G, IF ALL FACTORS SAY
SWITCH THEN TvBw(J)m7,

12 ENVIRONMENTAL INDEX GENERATED IN VEG, VARIES BETWEEN 0
(UNFAVORABLE FOR GROWTH) AND | (OPTIMAL FOR GROWTH),

Modeling
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FLAGE ,FALSE,

IF(PMJDAT ,GE, PVJD(JsNNN)) GO TO 40
Go To S0
40 FLAGEs,TRUE,

50 IF(TY LT, PVTMIN(J,NNN)) GO TO &0
GO To 70
60 FLAGE,TRUE,

70 IF (CTVMDD(J) +GE, PVMDD(J,NNN)) ,AND,
1 JAND, €IZ ,GE, PVENV(J,NNN))) GO TO B0
GO TO 90

80 FLAGE,TRUE,

IF(FLAG) NNNmNNNel

ENTRY VPINIT( Jo PMDT, PMFGP3, PWJDAT, TVPP, 22)

TVYNETECVPH8(J) = TVRBPR
TVNPETVNET

(TV +GE. PVTL(JsNNN))

116

VRHN 118
If FLAG is set equal to .TRUE. during any or all of the
next three tests, PHPH for the current FG is advanced.

VPHN 121
VPHN 122
VPHN 123

This is a switch based on Julian date.

VPRHN 127
VPHN 128
VPHN 129

Minimum temperature switch. If average temperature is
too cold, PHPH is advanced. This will probably be the main
switch when NNN equals 4 or 5.

VPHN
VEHN
VPHN {38
VPHN 136

Environmental combination switch. If all three tests here
are met, conditions are good enough to advance PHPH. The
first test is to determine if enough moisture degree-days have
accumulated. The second is to assure that the average air
temperature is warm enough. The third is to see that ZZ (a
moisture-temperature combination factor) is favorable
enough.

133
134

VEHN 101
Here is where PHPH is actually advanced.

VPHN 157
Entry point VPINIT is called once from VEG for
initialization purposes. Because there are no common blocks
in VPHEN, argument lists are used in calls to VPHEN and
VPINIT. The READ and WRITE statements are set up in
just the same way as in VEG.

SuerouTINE VGROW

Table A-3 defines variable names for this subroutine. The
abbreviations used are the same as those previously used.

YGRO 095
VGRO 096

Calculate net photosynthate to be allocated for current
FG. TVNET will be decreased as it is allocated. TVNP holds
initial value.
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Table A-3. Variable dictionary for VGROW

ABRREVIATIONS COMMONLY USED ARE FG FOR FUNCTIONAL GROUP AND PHPH
FOR PHENOPHASE,

Al FRACTION OF TYNP8 PLANT PARY I WILL GET, DIMENBIONLES

CVPHS (J) NET PHOTOSYNTHATE PROOUCTION OF FG J DURING DAYLIGHT PART
OF TIMESTEP, KG HAs=|

J INDEX OF CURRENT FG
NN PH,PH, OF FG J
PHOT TIMESTEP LENGTH, DAY,

PVHT(FGsPP,PHPH) HALF TIMES REQUIRED FOR PLANT TO BUILD UP PART
(LEAVES, FRUITS, FLOWERS) UNDER OPTIMUM CONDITIONS

PYLR(FG, 1) FACTORS LEAVES aND REPRODUCTIVE PARTS ARE MULTIPLIED
BY IN ALLOCATING NEGATIVE TVNET,

PVPF(FG,PP,PHPH,182) INTERCERT AND BLOPE OF LINE WITH ENV, INDEX AS
INDEPENDENT VARIABLE Yo DETERMINE PROPORTIONALITY FACTOR
FOR ALLOCATION OF REMAINDER QF TVNET, DEPENDS ON FG, PP,
AND PHPH,

PVPROP(FG,PP,PHPH,1R2) INTERCEPY AND SLOPE OF LINE WITH
ENVIRONMENTAL INDEX AS INDEPENDENT VARIABLE TO
DETERMINE ALLOCATION PROP, FOR 187 S PLANT PARTS

PVYRSA(FG,X,L) ROOT 8HOOT ALLOCATION RATIC A8 IT DEPENDS ON PHENOPH,

RS ROOT = SHOQT ALLOCATION RATID FOR PRESENT F,G,
THIS TIME STEP, DIMENSIONLESS,
RSTOT ROOT = SHOOT RATIO OF TOTALS ALLOCATED THIS YEAR
TO ALL F,.G,'8S,
RTOT TOTAL ALLOCATED TO ROOTS OF ALL F,G,'S SINCE
JANUARY 1, KG HA=1,
SSuH TOTAL ALLOCATED ABOVE GROUND THI§ TIME 8TEP
TO PRESENT F,G, KG HA=l,
§TOT TOTAL ALLOCATED TO SHMOOTS OF ALL F,G.'S SINCE
JANUARY 1, KB HA={,
T(1) ALLOCATION TO PART | THWIS TIME STEP OF PREBENT F,G,
IN ORDER TO BRING IT UP TOWARD NOMINAL LEVEL, KG HA=}
T8UM SUM OVER I OF Y(I), KG Ha=},
TVNET REHAINING PHOTOSYNTHATE TO ALLOCATE, KG HA=}
TYNP NET PHOTOSYNTHATE FOR PRESENT F,.G,s TIME STER, KG HA={
TYNPR ROOTS!' SHARE OF TYNP AFTER REMOVAL OF T(I1)'S, KG Hie]
TVYNPS SHOOTS'! SHARE OF TYNP AFTER REMOVAL OF T(I)'8, KG HiAel
TYRSPR RESPIRATION OF FG Jy KG HA=i
X TEMPORARY VARIABLE
XP NOMINAL PROPORTION OF TOTAL BIOMASS OF FG J FOR PP I,

XVPLNT(J,I) BIOMASS QF PP I OF FG J» KG HAmi,

Y AMOUNT OF BIOMASS INCREMENT NEEDED BY PP I IN ORDER FOR IT
TO REACH NOMINAL PROPORTION xP,

z LARGEST PORTION OF Y wHICH wiLL BE ALLOWED TO BE ALLOCATED

Iz ENVIRONMENTAL INDEXx wWHICH VARIES FROM 0 (UNFAVORABLE FOR

GROWTH) YO { (FAVORABLE FOR GROWTH),

Modeling
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X80,0
DO 10 Imi,é
10 X ® X & XVPLNT(J,1)

DO 20 Imi,S

XP 8 PVPROP(J,I,NNN,1) + ZZ = PVPROP(J,I,NNN,2)
Y B X & XP a XVPLNT(J,I)
IF(Y LT, 0,0) Yu0,0

T 8§, = EXP(=,693147#PMDT / PVHT(J,I,NNNJ)

T(I) = ¥ » 7 = 22
XYPLNT(J,1) ® XVPLNT(J, 1) « T(I)

X 8 PYRSA(J,1,NNN) + 77 » PVRSA(J,2,NNN)
TVNPR ® (X/(Xe1,)) & TVNET
XYPLNT(J,6) 5 XyPLNT(J,8) ¢ TyNPR

118

VGRO 10}
VGRO 102
YGRO 103

Determine total biomass of current FG and call it X.

VGRO 10a
DO loop over PP.

VGRO 108
VGRO 109
YGRO 112

XP is the nominal proportion of total biomass X of current
PP. It depends on FG J, PP I, PHPH NNN and
environmental index ZZ. Y is the biomass increment needed
by PP I if it is to reach its nominal proportion XP. Y is not
allowed to be negative.

VGRO 114
Since growth cannot occur instantaneously, determine Z,
the largest fraction of Y which can be allocated. Z depends
on length of time-step, PMDT and a “half-time” PVHT,
which itself depends on FG, PP and PHPH.

VGRO 116
VGRO 118

The amount allocated to PP I in bringing it up toward its
nominal proportion is T(I), which is the product of Y, Z and
ZZ.

VGRO 126
VGRO 128
VGRO 129

The nominal root:shoot allocation ratio, X, for FG ]J,
PHPH NNN and environmental index ZZ is found using the
parameters in array PVRSA. The roots’ share of the
remainder of the net photosynthate to be allocated is
TVNPR. The shoots’ share is thus TVNET — TVNPR. Their
ratiois X, i.e.:

X = TVNPR/(TVNET — TVNPR) (A-2)

If Equation A-2 is solved for TVNPR, one gets line 128. The
next line shows the root compartment being incremented.

XuQ,0 YGRO 134
PO 30 Iml,5 VGRO 135
A(I)a(PVPF(J,IoNNN, L) & ZZwPVPF(J,I,NNN,2)) = XVPLNT(J,I) VGRO 136
30 x = x ¢ A(I) VGRO 137
IF(X (LT, ,001) X=m, 001 VGRO 138
X®y, /X VGRO 140
DO 40 Is1,5 VGRO 14}
40 ACIIEACI)nX YGRO 142

X is a proportionality factor. A(I) is proportional to the

amount of photosynthate which is about to be allocated to
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shoot part I (for shoots, I = 1,2,3,4,5). Remember that at
this point, all of the material to be allocated is going to the
shoots. The first time A(I) is calculated, it is proportional to
the biomass of PP I of FG ] and a proportionality factor
which depends on environmental conditions, PHPH, PP and
J. X first becomes the sum of A(I) -- it is not allowed to get
less than .001. X is then inverted in order to get the
proportionality factor needed. When each A(I) is multiplied
by the final X, then the resulting A(I) values will sum to 1. If
somehow the sum of the original A(I) values was less than
.001, then not all of the remaining photosynthate will be
allocated.

IF(TVNET ,BE, 0,0) GO To 80 VGRO 347
If TVNET is less than zero, allocation will actually be
removing material.

DO 50 Imi,3 VGRO 149
S0 ACIYBACT)*PVLR(J,I) VGRO 150
Xm0,0 VGRO 151
DO &0 Imi,5 VGRO 152
60 X ® X + ACD) VGRO 153
IF(X ,LE, | ,Ead) Xmil,Eed VGRO 1S4
po 70 Im={,S VGRO 158
70 A(I)macl)/X VGRO 156

We reach here only if TVNET is less than zero. These
lines adjust array A(I) in order to favor certain organs,
leaves and reproductive organs; e.g., first A(I) is multipled
by PVLR (],I), which might be 1.0 for stems but only 0.2 for
leaves. Then, A(I) is normalized as above in order to get the
sum of A(I) equal to 1.

ENTRY VGINIT VGRO 202
Entry point VGINIT is called once from VEG for
initialization purposes. The READ and WRITE statements
are set up in just the same way as in VEG.

SusrouTINE VTRANS
Table A-4 defines variable names for subroutine
VTRANS.
TVHVD ® FWVP(ZAIRR) % (1,=IRN) VTRN 052

Determine water vapor pressure difference between leaf
and air (in mb).

TVPT ® PVRT(1) ¢ PVPT(2) » TVWVD VIRN 055
Find uncorrected photosynthesis to transpiration ratio
(P:T). This is the correct ratio if the temperature is
optimum.



Lommen and Wilkin 120

Table A-4. Variable dictionary for VTRANS

CVTSPR({JoLITRANSPIRATION OF FG J FROM SOIL LAYER L, KG WATER HAel

DATA ARRAY STORING PAIRS OF DATA POINTS POR RELATIONSHIP
BETWEEN FACTOR F AND DIFFERENCE BETWEEN ACTUAL AND
OPTIMUM TEMPERATURE,

F FACTOR TO "CORRECT" P/T RATIO FOR DIFFERENCE BETWEEN
ACTUAL AND OPTIMUM TEMPERATURE,

Fi FUNCTION WHICH INTERPOLATES OVER SINGLE INDEPENDENT
VARTIABLE,

FHVP(T) FUNGTION WHICH DETERMINES BATURATED WATER VAPOR PRESSURE

AT TEMPERATURE (IN OEGREES CELSIUS) T, MB,
NPTS NUMBER OF PAIRS OF DATA POINTS IN ARRAY DATA,

PVPT(1&2) PARAMETERS OF BTRAIGHT LINE GIVING RELATIONSHIP BETWEEN
P/T AND WATER PRESSURE VAPOR DIFFERENCE BETWEEN LEAF

AND AIR,

TVPTY P/T=RATIO OF PHOTOSYNTHESIS (KG CO2 HA=1) TO
TRANSPIRATION (KG WATER Hi=i)

TVTCOR DIFFERENCE BETWEEN 20 DEGREES CELSBIUS AND CURRENT OPTIMUM
TEMPERATURE FOR FG J, CALCULATED IN VEG, DEGREES CELSIUS,

TYWVD WATER VAPOR PRESSURE DIFFERENCE BETWEEN LEAF AND AIR, MB,

X DIFFERENCE BETWEEN ACTUAL AND OPTIMUM TEMPERATURE DEGREES
CELSIUS,

ZAIRR AVERAGE TIME STEP AIR TEMPERATURE, DETERMINED IN P8WG,

DEGREES CELSIUS,

ZRAM AVERAGE TIME STEP RELATIVE HUMIDITY, DETERMINED IN
PSWB, DECIMAL FRACTION BETWEEN 0 AND 1,

X 8 ZAIRR = (20, = TVTCOR) VIRN 059
F @ Fi(X, DATA, NPTS) VIRN 061
Calculate the difference, X, between actual and optimum
temperature for FG ]. Use this difference to determine
“correction” factor, F, to P:T. At Curlew Valley, for
example, if the optimum is 10 C above air temperature, F =

2.
TVPT 8 TVPT w F VTRAN 062
IFCCTVET ,GT, ,030) ,OR, (TVRT ,LT, ,0005)) TVPT = ,009 VTRN 065
“Correct” P:T and make sure the value is reasonable.
CVTSPR(J,1) = ABS(CVPHS(J) / (,74 = TVRT) ) VIRN 072

Caleulate the amount of transpiration in kg H,O-ha™'.
Recall that CVPHS (J)/.74 is the amount of photosynthesis
of FG ] in kg CO,-ha™' taken up (CVPHS(]) is in kg dry
biomass-ha!). At this point, transpiration is assumed to be
entirelv taken from layer 1. WATER determines the layer(s)
from which transpiration is actually taken.

ENTRY VTINIT VTRN 081

This entry point is called once from VEG for initialization
purposes. The READ and WRITE statements are set up in
just the same way as in VEG.
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Table A-5. Variable dictionary for VDETH

CVRDSBT (J,L) RONT DISTRIBUTION IN LAYER L OF FG J. THE 8UM OVER
L FOrR EACH J EQUALS i,

PMDT LENGTH OF TIME STEP, DAY,

PVDTH(FG, PP, PHPH, ENV) INSTANTANEOUS DEATHM RATES A8 FUNCTIONS OF
FUNCTIONAL GROUP, PLANT PART, PHENOLOGICAL
INDEX, ENVIRONMENTAL INDEX, DAY=l,

PARAMETERS OF STRAIGHT LINE DEPENDENT ON
ENVIRONMENTAL INDEX GIVING ROOT = SHOOT
BIOMASS RATID WHICH PLANT TRIES TO REACH BY
FUNCTINNAL GROUP AND PHENDPHASE,

PVRSB(FG,PHPH,1+2)

TVDETH (K) NOMINAL INSTANTANEOUS DEAYH RATE OF PLANT PART K, DAY=l
TVOTH(K) AMOUNT OF PP K DYING THIS TIME 8TEP, XG Hiei,
X TOTAL SHOOT BIOMASS OF FG J,» KG HA=1,
XVLITR(L.M) LITTER AMOUNT IN LOCATION L (8TANDING, SOIL SURFACE
:: :?-T'SUIL LAYERS) OF TYPE M (FECES, SOFT, HARD, W0ODY),

XVPLNT(J,K) DRY WEIGHT RIOMASS OF PP K OF FG J, KG HA=l,

¥ CURRENT ROOT=8HOOT RATIQ OF FG J,
z NOMINAL ROOT=SHOOT RATIO,
77 ENVTRONMENTAL INDEX CALCULATED IN VEG, EAUALS 0 IF

CONDITIONS UNFAVORABLE FOR GROWTH, EQUALS | FOR
TDEAL CONDITIONS,

IF(TVDETH(K)

SusrouTINE VDETH

Table A-5 defines variable names for this subroutine.

VOTH 061
TYDETH(K) @ PVOTH(J,K,NNN,L) = ZZ«PVDTH(J,K,NNN,2) yDTH 052
0,0) TVDETH(K)®0,0 VDTH 033

Determine nominal instantaneous death rate for PP K of
FG J. It depends on PHPH and environmental conditions.

AWQ,0

D0 20 Kmi,S

X B X & XVPLNT(J,K)
IF(X ,LT. S,) X=5,
YEXVPLNT(J,6)/X

7 ® PVRSB(J.NNN,1) = 77 # PVRSB(JsNNN,2)

TVDETH(&)BTVDETH(SE) w ¥ / I

DO 30 Kmi,é
TYDTH(KImXYPLNT(J,K) & (1, = EXP(=TVDETH(K)*PMDT))

VOTH 059
VDTH 060
VOTH 061
VDTH 062
VOTH 063

Determine the current root:shoot ratio.

VDTH 086
Determine the nominal root:shoot ratio.

YOTH 068

Adjust the rtoot death rate in order to help bring the

root:shoot ratio toward nominal value.

VDTH 072
VDTH 073

Determine the amount of PP K dying this time-step.
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VOTH 099

This entry point is called once from VEG for initialization

purposes. The READ and WRITE statements are set up in
just the same way as in VEG.

ENTRY VDINIT

Funcrion FWVP

FWYPBEXP(1,81337 # 0,0714#7 = 0,00023#T%T) FwyP 13
Given temperature in degrees Celcius, this equation gives

the saturation water vapor pressure in mb. “True” values
were taken from Smithsonian Meteorological Tables, page
352 (List 1949). At —5 C, the equation gives a value 1.4%
high, Between 0 C and 45 C, the equation varies between
extremes of .29% low and .33% high. At 50 C, itis .71%

low.
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COMPLETE PROGRAM LISTING

SusrouTINE VEG

SUBROUTINE VEG € VEG
C C VEG
(A A A Ao A oA oA ol f A o o of o o o f o o o of o o o f o o f 4 o o4 o o of o of o o f o o o of o f i o o o o 1 o o o o o e o o L A 2}
c VEG
c SUBROUTINE VEG C VEG
c t VEG
€ WRITTEN RY DONOVAN C, WILKIN AND PAUL W, LOMMEN €t VEG
C DESERT RIOME = ECOLOGY CENTER UMC 52 € VEG
c UTAH STATE UNIVERSITY €t VEG
c LOGAN, UTAH 84322 €t VEG
[+ € VEG
c AUGUST 19764 t VEG
c C VEG
CCCCCCCCCCCCEECCECCECECCEECECCCECCCCCCECCCCCCCCCCCECCCECCOCCCCECCECLCCCE VEG
c C VEG
€ THIS SUBROUTINE SIMULATES PERENNIAL PLANT BIOMASS, IT I8 C VEG
C PARAMETERIZED S0 THAT THE DYNAMICS OF EACH OF THE DESERT BIOME €t VEG
C RESEARCH SITES CAN BE SIMULATEN, FUNCTIONAL GROUPS RATHER THAN t VEG
C SPECIES ARE SIMULATED. ORGANS TRACKED ARE LEAF, FRUIT, FLOWER, ¢ VEG
€ NEW STEM, OLD STEM, AND ROOT, C VEG
C C VEG
CCCCCCCCCCCCCCECCLCCCCECCECECrCCCCCECECECEECCCECCCECECCCECCCLLCCLCECCLCCt VEG
c C VEG
c VARIABLE DICTIONARY C VEG
c C VEG
€ CAMAR(J,K) AMOUNT OF PLANT PART K, FUNCTIONAL GROUP J, INGESTED € VEG
c BY AnIMALS DURING THE TIME STEP, KG Haiej, C VEG
[+ C VEG
€ CADEST(J,K) AMOUNT 0OF LIVE PLANT PART K, FUNCTIONAL GROUP J» € VEG
c TRANGFERRED BY ANIMAL ACTTVITY FROM PLANT TOD SURFACE C VEG
c LITTER DURING TIMF STEP, KG Ha=i, € VEG
c € VEG
€ CUMPSN(J) ACCUMULATED PHOTOSYNTHAYE PRODUCTION FROM JANUARY | € VER
c FAR FUNCTIONAL GROUP J, KG His{, € VEG
c € VFG
C CUMRSP(J) ACCUMULATED RESPIRATORY LOSSES FROM JANUARY | FOR C VEG
e FUNCTIONAL GROUP J, KG Hi=1, € VEG
c € VEG
€ CUMTRP(J) ACCUMULATED TRANSPIRATION FOR FUNCTIONAL GROUP J C VEG
c FROM JANUARY |, KG Ha=i, € VEG
c C VFG
C CVPHS(J) NET PHOTOSYNTHATE PRODUCTIONM OF FUNCTIONAL GROUP J C VEG
c DIRING THE PAYLIGHT PART OF THE TIMFSTEP, KR Hieil, C VEG
c C VES
€ CVRDST(J,x) FRACTION OF TATAL ANQT AINMASS OF FUNCTIONAL GROUF J C VEG
c FOUND IN SOIL LAYER X, ¢ TO 1, C VEG
c C VEG
C CVTSPR(J,K) wATFR TRANSPIREN FRNOM SCIL LAYER wx Ay FUNCTTONAL ¢ VEG
c GROUP J DURTING THE TIME STEP, KGWATFR Ha=i, C VEG
C € VEG
¢C cvvecov FRACTION OF SNTL SURFACF COVERED RY VEGETATION, 0 TD |, C VEG
c € VEG
C CwWPSI(K) SOTL WATER POTEATTAL IM SOIL LAYER %, BaR, C VEG
€ € VEG
| - TEMPORARY VARTARBLE USED IN ANIMAL REMOVAL SECTION, C VEG
c C VEG
¢ DATAL(L,2,J) DATA PAIRS (L TN NUMRER) RELATING AVERAGE C VEG
c AIR TEMPERATIRE TO ORTIMUM PHOTOSYNTHESIS AIR C VEG
c TEMPERATURE (BOTHW DEGREES CELSIUS) FOR C VEG
| FUNCTIONAL GROUP J, € VEG
£ € VEG
€ DNATAI(L,2,J) DATA PAIRS (L IN NUMRER) FOR FUNCTIONAL GROUP J, C VEG
c RELATING SOIL MINERAL NTTROGEN CONCENTRATIONS IN KG Hael C VEG
[~ TO A PHOTOSYNTHESIS SCALING FACTNR, 0 TO 1, C VEG
c C VEG
€ DATAS(L,2) DATA PAIRS (L TN NUMARER) RELATING THE FRACTION OF ¢ VEG
c POSSTRLE SUNLIGHT HWNURS DURING THE PHOTOPFRIOD TO A C VEG
C SCALING FACTOR FOR PHOTOSYNTHESIS, 0 TO 1, € VEG
e} €t VEG
C DATAS1(NRS{,NCS1,]) ARRAY CONTAINING A 2=DTMENSIONAL MATRIX FOR c VEG
c EACH FUNCTIONAL GROUP J FOR USE WITH FUNCTION F3, EACH C VEG
c 2=DIMENSIONAL MATRIY MAS NRS{ ROWS AND NCS! COLUMNS AND  C VEG
(s 1S A FAMILY OF RELATIVE NFT PHOTOSYNTHESIS VvS§, C VEG
c TEMPERATURE CURVES FOR VARIOUS VALUES OF SOIL WATER C VEG
(= POTENTIAL, C VEG
c C VEG
C DATAS2(NRS2,NCS2,J) ARRAY CONTAINING A 2=DIMENSIONAL MATRIX FOR ¢ VEG
(v EACH FUNCTIONAL GRQUP J FOR USE WITH FUNCTION F3, EACH C VEG
c 2=NIMENSIONAL MATRIX HAS NRS52 ROWS AND NCSg COLUMNS AND C VEG
€ I8 4 FAMILY NF RELATIVE NET PHOTOSYNTHESIS V§, C VEG
[ SOIL WATER POTENTIAL CURVES FOR DIFFERENT VALUES OF C VEG
c WATER VAPOR DENSITY OIFFERENCE BETWEEN LEAF AND AIR, €t VEG
c € VEG
C DNATASI(NRS3,NCS3,J) ARRAY CONTAINING A P2«DTMFNSIONAL MATRIX FOR C VEG

001
002
003
00u
00S
006
007
008
009
010
011
012
01%
014
0158
016
017
018
019
020
(-3
022
023
02y
02s
02e
027
028
029
030
031
032
033
034
038
036
037
03A
039
oun
041

oug
043
ooy
04s
04b
a7t
0uB
0u9
050

051

652

053
054
055
056
0s7
058
059
060
061
tee
063
sl
065
066
067
068
069
010
071
07e
073
074
07s
076
077
078
079
080
081
082
083
084
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DBGFLG

DEBUGS

o7
Fi
F3

FTAVE (PMDT,

FUVP(T)

NCS1

NCS52

NEST

NNN

NPTS1(J)
NPTS3(J)
NPTSG (1)

NRS1

NRS2

NRS3

PMDT
PMEGPS
PMJDAT
PMJIDAY
PM|_YRS
PYyCOV

PVPRAT(J,K)

PYRRAT (J, k)

Q
RCHECK

T

TRRFAC
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EACH FUNCTIONAL GROUP J FOR USE WwITH FUNCTION F3, EACH
2=DIMENSTONAL MATRIX HAS NRS3 ROWS AND NCS3 COLUMNS AND
18 4 FAMILY OF RELATIVE DARX RESPIRATION v8, TEMPERATURE
CURVES FOR VARIOUS VALUES OF SOIL WATER POTENTIAL,

LOGICAL DEBUGGING FLAG, IF EQUALS ,TRUE, DERUGGING
INFORMATION IS WRITTEN THIS TIME STEP,

PRESET TO A VALUE 'w', PRINTS DEBUGGING INFORMATION
EVERY NeTH TIME STEP BEGINNING WITH TIME STEP NUMBER ONE,

EQUALS PMOT, LENGTH OF TIMESTEP, DAY,

A OWNE ODIMENSIONAL INTERPOLATION FUNCTION,
TWO DIMENSIONAL INTERPOLATION FUNCTION,

N) FUNCTION TO AVERAGE PREVIOUS N DAYS' AIR
TEMPERATURES BY AVERAGING APPROPRIATE NUMBER
OF PREVIOUS TIME STEP AVERAGE TEMPERATURES,

FUNCTION wHICH, GIVEN T IN DEGREES CELSTUS,
CALCULATES SATURATION WATER VAPOR PRESSURE IN MB,

INDEX VARIABLE,
USED AS PLANT FUNCTIONAL GROUP SUBSCRIPT,

USED VARIOUSLY 48 PLANT PART SURSCRIPT, OR SNIL LAYER
SURSCRIPT,

INDEX VARIABLE,
INDEx VARIABLE USED TO INDICATE LITTER LOCATION,
USED A8 SUBSCRIPT OF WEYTEST SOIL LAYER,

NUMBER OF COLUMNS IN EACH OF THE PMFGPS 2«DIMENSTONAL
MATRICES MAKING UP THE DATAS{ ARRAY,

NUMBER OF COLUMNS IN EACH OF THE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATAS2 ARRAY,

NUMRER OF COLUMNS TN EACH OF THE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATAS3I ARRAY,

PHENQPKASE OF CURRENT PLANT GROUP,

NUMRER OF DAT4 PATRS IN DATA1, FUNCTIONAL GROUP J,
NUMARER OF DATA PAIRS IN DATAY FOR FUNCTIONAL GROUP J,
NIJMRER OF DATA PATRS IN DATAG,

NUMRER OF RCOwS IN EACH OF THE PMFGPS 2«DIMENSIONAL
MATRICES MAKING UP THE DATAS] ARRAY,

NUMRE® 0OF R0wS IN EACH OF THE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATAS2 ARRAY,

NUMRER (OF ROwS IN EACH OF THE PMFGPS 2=DIMENSIONAL
MATRICES MAKING UP THE DATAS3 ARRAY,

LENGTH OF TIMESTER, DAY,

NUMRER OF PLANT FUNCTIONAL GROUPS BEING SIMULATED,
JULTAN DATE OF THWE CURRENT TIME STEP,

JULIAN DATE OF THE CURRENT TIME STEP, EAUALS PMJDAT,
NUMRER OF SOIL LAYERS REING SIMULATED,

PARAMETER USEND TN COVER CALCULATION

MaxTMUr POSSIRLE PHOTOSYNTHESIS RATE OF PLANT PART K,
FUNCTIONAL GROUP J, KG KG=] HR=i,

MAXTMUM RESPIRATNRY RATE OF PLANT PART K, FUNCTIONAL
GROUP J, KG KG=1 HR=1,

TEMPORARY VARIARLE USED TO DETERMINE VALUE OF DBGFLG.
ARRAY USED TO RFAD AND WRTTE COMMENTS IN INPUT NATA,

TEMPNRARILY USEND TOD HOLD vALUE OF RFSPIRATION OF
PHOTOSYNTHMESIZING PARTS DURING DARX HOURS, KG HA=1,

SCALING FACTOR FOR RESPIRATIOM OF PHOTOSYNTHESIZING
PARTS, DECIMAL FRACTION, O TO 1,

a2 lsiatalansiakalaka R NaNa iz s s ks Rl e N e N R YaNs N s RaRa s Ra Ko N N NeNaNa s Na RaNaRaRa Ra e NaNa N Nn NaRa Ra Na Na Na NaNa Na Na e Ne Na e Na Ra NoaRaNa NeNaNaNaNRe Na Na Na NaNe Na Nela Na s Ne Ne Na e Na |
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085
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1oa
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i1l
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114
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17
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120
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123
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12%
126
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145
14s
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164
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TVRFAC(2)

TYPFAC(3)

TVPFAC(S)

TVPFAC(T)

TVPP(J)

TvP8I

TvPS2

TVRFAC

TVRSPR

TvsoLT

TVTCOR
VDETH
VGROW
VPHEN

VTRANS

X

XHSOLT (k)

XNMN

¥VFG(JrK)

XVLITR(J, %)

XVRLNT(J,X)

XVTOTL

ZAIRR

ZAIRY

ZPHPD

Z8UN

IRK

ITMAYX

ZTMIN
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AFTER INTERMEDTATE USE, BECOMES A SCALING FACYOR FOR
PHOTOSYNTHESIS RATE OFPENDING ON AJR TEMPERATURE (IN
DEGREES CELSIUS) AND SOIL WATER POTENTIAL (IN BaARS),
=,3 701,

PHOTOSYNTHESIS SCALING FACTOR DEPENDING ON SOIL MINERAL
NITROGEN CONCENTRATION (IN KG HMi=1), 0 TO §.

AFTER INTERMEDIATE USE, BECOME A SCALING FACTOR FOR
PHOTOSYNTHESTS RATE DEPENDING ON RELATIVE
HUMIDITY, 0 TO (,

A SCALING FACTOR FOR PHOTOSYNTHESIS RATE DEPENDING ON
FRACTION OF PNSSIALE SUNLIGHT HOURS, 0 YO 1,

PHENQPHASE OF PLANT GROUP J,

SOIL WATER POTENTIAL IN THE WETTEST LAYER CONTAINING AT
LEAST 10 PER CENT OF THE ROOTS OF THE PLANT FUNCTIONAL
GROUP, BAR,

SOIL WATER POTENTIAL OF THE ROOT zONE WEIGHTED BY ROOT
DISTRIBUTION, BAR,

4 SCALING FACTOR FOR RESPIRATION RATE FOR ROOTS
48 A FUNCTION OF SOIL TEMPERATURE (IN DEGREES CELSIUS)
AND SOTL WATER POYENTIAL C(IN BAR), 0 70 i..

DARK RESPIRATION, EQUALS SUM OF RESPIRATION OF
PHOTOSYNTHESIZING PARTS DURING DARKNESS AND RESPIRATIONM
NF RODTS FOR ALL HOURS DURING THE TIMESTEP, KG HA=1,

TIMF STEP AVERAGE WEIGHTED MEAN SOIL TEMPERATURE
WEIGHMTED BY ROOT NISTRIRUTION OF THE FUNCTIONAL
GROU®, DEGREES CELSTUS.

CORRECTION TERM FOR TEMPERATURE ACCLIMATION, DEG, CELSIUS

DEATH SUBROUTINE, SEE wRITE=UP ON VvDETH FOR DETAILS,

GROWTH SURBROUTINE, SEE WwRITE=UP AN YGROW FOR DETAILS,

PHENOLOGY SUBRNUTINE, SEE wRITE=yUP ON yPHEN FOR DETAILS,

SURRQUTINE WHICH CALCULATES TRANSPIRATION, SEE
WRITE=UP ON VTRANS FOR DETAILS,

INTERMEDIATE VARJABLE= VARIOUSLY UBED,

TIME STEP AVERAGE SOIL TEMPERATURE IN SOIL LAYER K=1,
DEGREES CELSIUS,

SNIL INCRGANIC (MINERAL) NITROGEN CONCENTRATION, KG HA=i

ABOVE GROUND BINMASS OF PARTS OF FUNCTIONAL GROUP J,
1F k=1, IT 18 LEAVES, IF w=2, IT IS A_LL REPRNDUCTIVE
STRUCTURE, IF Km3, IT 18 NEw STEM, IFKk=4, IT IS OLD
STEM, AND IF k=S, IT I8 TOTAL OF ALL ABOVE GROUND
PLANT PARTS, KG HA=1{,

M485 OF LITTER OF TYPF K, IN LOCATION J, LITTER TYPES

ARE (1) FFCES, (2) SOFT, (3) HARD, AND (4) w0OD,
LITTER LOCATIONS ARF (1) STANDING DEAD, (2) GROUND
SURFACE, AND (3 Tn N) THE DEFINED SOIL LAYERS, KG HA=i,

BTOMASS OF PLANT PART K IN PLANT FUNCTIONAL
GROUP J, THE PLANT PARTS STMULATED ARE (1) LEAF, (2)
FLOWER, (3) FRUIT, (4) NEw STEM, (5) DLD STEM, AND (&)
ROOTS, KG HAet,

TOTAL AROVE GROUND PLANT BIOMASS, KG HA=],

VARTARLE USED TO WANG ON TO TEMPERATURE TO WHICH NET
PHOTOSYNTHESIS 18 xEYED, DEGREES CELSTUS,

AVERAGE DAILY MEAN AIR TEMPERATURE DURING TIME STEP,
DEGREES CELSIUS,

AVERAGE DAILY PHOYORERIOD DURING THE TIME STEP, HR DAY=l,

AVERAGE ACTUAL FRACTION OF POSSIRLE SBUNLIGHT HOURS FOR
TIME STEP, 0 TO 1§,

AVERAGE 11 A,M, RELATIVE WUMIDITY DURING TIME S8TEP 0 TO 1

AVERAGE DAILY MAXIMUM AIR TEMPERATURE DURING TIME STEP,
DEGREES CELSIUS

AVERAGE DAILY MINIMUM AIR TEMPERATURE DURING TIME STEP,
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o DEGREES CELSIUS, €t VEG 265

C € VEG 266

c 2z MAXIMUM OF TYPFAC(2) AND ZERO, USED AS AN ENVIRONMENTAL € VEG 267

c INDEX, DECIMAL FRACTION, 0 TO 1, C VEG 268

c C VEG 269

c C VEG 270

ccceceeccececccecceccccccccccccccccccecccccecececcecceecccLeeceececeececcececececccecee veEGe 271

c VEG 272

c VEG 273

OBGFLGa ,FALSE, VEG 274

IF (DEBUG3 .67, 1E=5) QuMOD(((TIME=TSTART)/DT),DEBUGY) VEG 275

IF((DEBUGS .GT., 1,E=S) .AND. (Q ,LT, 1,E=S)) DBGFLG=,TRUE, VEG 276

IF(DBGFLG)Y WRITE(3,10) PMJDAT VEG 277

10 FORMAT (I Dstwanduntnkedhdn PMJDAT ®1, 14) VEG 278

PMJDAY=PM DAY VEG 279

C VEG 280

C RFSET 80ME THINGS ONCE 4 YEAR VEG 261

IF(PMJDAT ,GE, PHDT) GO TO 30 VEG 282

Do 20 Js=i,PMEGPS VEG 283

CUMPSN(J)=0,0 VEG 284

CUMRSEP(J)=0,0 VEG 28S

CUMTRP(J)=0,0 VEG 286

XVPLNT(J,5) ® XVPLNT(Js5) ¢ XVPLNT(J,4) VEG 287

20 XVPLNT(J,4) = 0,0 VEG 288

30 CONTINUF VEG 289

4 VEG 290

¢ VEG 291

c VEG 292

c VEG 293

ccecceeeececcececccccecccecccccceceCcCCeceececcccececccceceeecceceececcecececccee vEG 294

c VEG 295

C THIS IS THE MAIN LOOP IN THIS SUBROUTINE VEG 296

c VEG 297

cecccececccceccceccceecececcecececeeceecceececceccccceccccceEcacccceeceececececce veG 298

c VEG 299

Do 200 Jal,PMFGPS VEG 300

t VEG 301

(ool of f o of o o of o o o o off o of o o ol o ] ff o 8 o of o f ¥ o off o o1 of o o  f o of o o f o o i f o f ol o f o o o o o f f o of o ol f o} A AT Y -

c vEG 303

c VEG 304

C FIND WETTEST SOIL LAYER VEG 305

TVPS1a=3500, VEG 30&

NEN VEG 307

DO 70 Ks{,PM_ YRS VEG 308

IF (CVRDST(J,x)=,1) 70,40,40 VEG 309

40 IF ((XHSQOLT(K+1) ,LE, 0,) .AND, ((CWPSI(X)=S8Q,) ,GY, TVPSI)) VEG 310

1 GO YO 590 VEG 311

IF ((XHSOLT(x+1) ,GT, 0,) AND, (CWPSI(x) ,GT, TVPSI)) GO TO 60 VEG 312

GO TO 70 VEG 313

50 NmK VEG 314

TVPSImCuPSI(K)=50, VEG 31S

G0 TD 70 VEG 316

60 Nek VEG 317

TVPSIECWPSI(K) VEG 318

70 CONTINUE VEG 319

c VEG 320

[ of of A of o o o o o of o o of o o o of o o of o of o o of o ol o il o o o o o o ] of ] of o o o o o o o o o o o o o o o o o A 3 ] ;g;
c VEG

C SOIL wATER POTENTIAL AND AIR TEMP FACTOR vEG 323

TVPFAC(2)BFL (FTAVE(PMDT, 15), DATAL(L,1,J), NPTS1(J)) VEG 324

TVTCOR=20,=TVPFAC(2) VEG 325

¥YRZAIRT 4, 35« (ZTMAX=TAIRT) VEG 32é&

TVPFAC(2) B F3 (X¢TYVTCOR, TVPSI, DATYASI(l,1,J)s NRS1, NCS1) VEG 327

C ZAIRR IS SIMPLY & VARIABLE USED TO MANG ON TO THE VALUE OF Xx VEG 328

ZAIRREYX VEG 329

t VEG 330

[ VEG 13131

€ 27 18 USED IN “OISTURE=DEGREE DAY SECTION AS wILL AS IN SUBROUTINES vEG 332

€ VGROW AND VDETH VEG 333

IZ = AMAX1(TVPFAC(2), 0,0) VEG 334

o VEG 335

C NITROGEN FACTOR VEG 336

TVPFAC(3)8F 1 (XNMN,DATAS(1,1,J),NPTS3(])) VEG 337

c VEG 338

C WATER VAPOR DIFFERENCE FACTOR VEG 3139

C WATER VAPOR DENSITY DIFFERENCE BETWEEN LEAF AND AIR, MG/L VEG 340

TVPFAC(SIS(FWVP(ZAIRR) #2146 ,6/(ZATRR+273,))w (], =ZRK) VEG 341

TVPFAC(S) & F3 (TVPFAC(S), TVPSI, DATAS2(!,3,J), NRS2, NCS2) VEG 342

o VEG 343

X ® AMINI( TVPFAC(2), TVPFAC(3), TVPFAC(S)) VEG 34d

c VEG 345

C FRACTION OF POSSIBLE SBUNLIGHT FACTOR VEG 346

TVPFAC(?)mF1(Z8UN, DATA9, NPTS9(1)) VEG 347

XX« TVPFAC(T) VEG 3uB

[ VEG 349

{of o of o of of o of of of o o of o of o of of o off ¥ f of f of f of o o of f of o of ¥ o of o f ¥ f o of o off f o of f of o i f o of o of o f of o of o of of f o f £ oY BN 2 - 11}
cccececececeecececceccecececccccccccececececeececcecececececceeccecccecccereceecccececcececcec vEG 351
C GET PHENOLNGY INFORMATION VEG 352

CALL VPHEN( J, PMDT, PMFGPS, PMJDAT, TvPP, 7Z, DAGFLR) VEG 353
c VEG 354
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C PHENOPHASE NF THIS FUNCTIONAL GROUP
NNNETVPP(J)
c

cecececececceceececeecccencececccececceceeceeececeecceccececcececccccecceccececececcecceee
ceeeceeececececececececccceccccccceececccecceccecccceccccecceccecececcccecececceccecceccec

c
C CvPHSE(J) WILL BECOME NET PRIMARY PRODUCTION (NOT QUITE THE SAME 4§
C NET PHOTOSYNTHESIS = DIFFERENT BY 4 FACTOR OF ,74 Y0 BE PRECISE =
€ THE FACTOR THAT CONVERTS FROM PHOTOSYNTHATE TO STRUCTURE) OF
€ FPUNCTIONAL GROUP J DURING DAYLIGHT
C HOURS OF PMDT
CYPHS(J)=0,
DO 80 Km§,S
B0 CVPHS(JIBCVPHS (J) 4, TU*XaXVPLNT(J,K)%PVPRAT(J,K,NNN)*ZPHPD
{ PHMDT
[
IF(DBGFLG)
§ WRITE(3,90) J. N, TVPSI, TVTCOR, ZAIRR,
2(TVPFAC(K), x®2,7), CVPHS(J)
90 FORMAT(' J=', 11, ' Nm!,
y 12, ' TvRSIm', FS,1, ' TVTCOR=', F&,2, ' ZAIRR=!', F5,2, ' TVPFAC=s
2'y 6F5,3, ' CVPHS=!', F7,2)
c

(o of of o of of of of o o o of o o of o o of o of o of of ol of o o o of o o of o o of o o off of o f o o o of o o of o i o ol o e o of of sl Y o o o o i oY o
ceceeeccccececceececceecccceccceeccececccecccceececcecececceccerccecccececceccce
c

C RESPIRATION SECTION

c

c

C RESPIRATION OF PHOTOSYNTHESISING PARTS DURING NDARK HOURS OF PHNOT
X B ZAIRT = 35« ({ZAIRT=7TMIN)
TRRFAC 3 F3(X, TVPSI, DATAS3(1,1,J), NRS3, NCS3)
IF(TRRFAL ,LT, 0,) TRRFAC=0,0

c

TE0,0
DO 100 Xm1,%
100 TeT & ,7TU*XVPLNT(J,K)*TRRFAC#PVRRAAT(J,K,NNN)#(24,=7PHPD)*PMDT

c
€ ROOT RESPIRATION FOR ALL HOAURS OF PMDT
TvSOLTm0,
TVPg2=0
DO 110 x=2,PMLYRS+1
TVPS2aTyP82+TVPSI*#CVRNST(),x=1)
110 TVESOLTeTVSOLTeXHSNLT(K)«CVROST(J,Kmy)

c
TVRFAC & F3 (TVvSOLT, TvPS§2, NATAS3(L,1,J), WNRSI, NCSI)
1F (TYRFaAC ,LT, 0,) TVRFACs=O,

c
TVRSPR ® ,TUsXVPLMT(J,b)YaTYRFAC*PVRRAT(J,6,NNM)*2U, «PHDT
TVRSPRETVRSPR&T

[+
CUMPSN(JI=CUMPSN{J)+CVPHS(])
CUMRSEP (J)=CIIMRSP (J)+TVRSPR

c

c

1F(DAGFLG)
1 wWRI1TF(3,120) X, TRRFal, TVPs2, TVSOLT, TVRFaC, T, TVRSPR,
2 (XVPLNT(J,X), ®=31,86)
120 FORMAT(' x!, Fb,2, ' TRRFAC', F5,3, ' TyPS2', Fb,2, ' TVEOLT!,
{F6,2, 'TVRFaC', F5,3, It', FT,2, ' TVR§PR!', F7,2,
2 'UXVPLNT!, BFT7,.11
t
ccececcceececercecreccenccrencecnccececeenrcececcecercecccecrcrecrcccecceecce

{of of o of o] it o ol ol o o oo o o ] s ol of o o v o 1w o o o o aff i o o o oo ] o it o o oo o o o o o o o o4 o e o o
c

C DETERMINE TRANSPIRATION
c
CALL VTRANS
c
(ol o off ol of o ot ot o o o o o o o o o o o o o ff o ol i o o fl o ff ol o o L o of o o o o of o o o o o fl o o o o o o e o o o o o o { o
cececeecececceecceccececreccecennsccecccecececccrceccccccccecececececccenrccecccceccec

c
C PARTITINN NET PHOTNSYNTWATE
[+
CALL VGRNW
c
cccececcceeccecececcccececececcrecreeececeeecercoccccccecececccecceccacececceaercrccc
ccceececceecececececceccecccecceneececcccecccececccccrcecereccccccececcececeaccecec
C
C ANTMAL REMOVAL SECTION
E
DO 130 KeEf,hs
IF((CARRCI,K) + CADEST(J,K)) ,LF, XVPLNT(J,K)) GO TO 130
DECAAR(J,K)+CADEST (J,K)
CAAR(J,M)SCAAR(J,K)*XVPLNT (I, )/D
CADEST(J,K)BCADEST(J, M) =XVPLNT(J,X) /D
130 CONTINUE

DO 140 Kmi,?2
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VER
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3173
374
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176
377
378
379
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3181
384
385
3186
387
18R
389
190
39)
192
393
394
3195
319
397
398
199
uon
40
402
uoy
404
405
406
ao7?
408
409
410
a1t
ar2
413
414
41s
d4ie
ur7
uir
419
a20
421
uze
a3
424
425
426
427
428
429
430
431
432
433
434
438
uie
437
uis
439
440
aut
que
auy
uuu
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XVLITR(2,2)8XVLITR(2,2)+CADEST(J,K) VEG 445

140 XVPLNT(J K)aXVPLNT(J,4)=CAREST(J,K) VFG 44s

c VEG udu?
XVLITR(2,3)axVLITR(2,3)+CADEST(J,3) VEG UdR
XVRPLNT(J,3)aXVPLNT(JS,)=CADEST(J,3) VEG du9

c VEG 4S50
DO 150 Kad,5 VEG 451
AVLITR(2,0)8XVLTITR(2,4)+CADEST(J,K) VEG uS2

1850 XVPLNT(J,K)aXVP NT(J,K)=CADEST (J,K) VEG 453

c VEG 454
DO 160 K={,PMLYRS VEG 45%

MEK+2 VEG 456

160 XVLITR(M,4)eXVLITR(M,4)«CVRDET(J,K)e CADEST(J.6) VEG 457

c VEG uSA
XVPLNT(J,8)@Y VP NT(J,6)=CADEST(J,6) VEG u5@

(o VEG 460
DO 170 K=i,6 VEG 4ot
XVPLNT(J,K)eXVPLNT(J,K)=CAAR(J,K) VEG 462
IF(XVPLNT(J,X) LT, 1 ,E=d) XVPLNT(J,K)=] E=l VEG 463

170 CONTINUE VEG 46U

c VEG d65
(5] VEG dhb
c VEG d4&a7
IF(DBGFLG) VEG 468

1 WRITE(3,1R0) (XVPLNT(J,K),Ks1,6) VEG 469

180 FORMAT(' XVPLNT=2', 6F7,1) VEG 470
190 FORMAT(' ', S5(3F6,1, ®6,0, 2X)) VEG 471

c VEG 472

CEECCECCCCCCCCCerCeCeCCCCCEeeeoteeeeettCCCeCtCCCCeCCECECCCCCeCeCCeccecect VEG 4T3
(A A A A A A A A A LA o o o oL Aok X of ek o oA o o o ef f o o o of f f o o f o o o of f i of of f o off o of of o o of o o o o o o o LA O B

C VER 4758
CALL VDETH VEG W76
[ VEG 477

(A AR oA A oA oA o oo ol o of ok o ok A o f o o o of of o o of o o of f o of ko o of o of f ff of of ok o of o o of e o of ff o of f o of o o o of o o R AL LU LY
ceceececeeccccorecceecceeeeecceeecccacecceeeccecccceeccaccceccecceccceercee VEG 479

c VEG 480

200 CNNTINUE VEG 481
(s VEG 482
C END LCOP THROUGHK FUNCTIONAL GROUPS VEG 483
c VEG 484

Crmdkd kb v ah r kR b R R A ARG AR bRt R R kAR R Ak R R TR a A ke Ak kxue VEG UBS
Cruddanhd bbbtk b h bt dddhd b ddddda kbbb kbbb adhdbddbndeda b bR unanbvrkannwne VEG UBS
Crevaipdpdhbbheabibthhbhudbhododddbbnrdbbunphbbdhabsbavddhannnnnnwwnenwn VEG UBTY

c VEG 488
C VEG uB9
c VEG 490
[+ VEG 491
IF(DBGFLG) VEG u92

{1 WRITE(3,210) (CUMP§ANIK), Km|,PMFGPS), (CUMRSP(K), Kel,PMFGPS) VEG 493

2 (CUMTRP(K), xm],PMFGPS) VEG 494

210 FORMAT(! CUMPSN, CUMRER, CUMTRR!', QFG 1) VEG 495

c VEG 496
IF (ORGFLG) VEG 497

1 WRITE(3,190) ((XVLITR(x,KK),kr=],d),ka],PHNs]) VEG 494

C VEG 499
e VEG 500
€ MISCELLANFOUS TOTALS FOR GRAPHING PURBOSES VEG 501
C VEG 502
XVTOoTL=20, VEG 503

00 230 J=y,PMFGPS VEG S04
AVFG(J, 13X VRLNT(J,1) VEG 505
XVEG(J,2)8XVALNT(J,2)+XVPLNT(J,3) VEG 506
XVEG(J,3)=XVRLAT(J,u) VEG 507
XVFG(J,4)axXVPLNT(J,9) VEG S08
XVEG(J,S)aXVFG(J,1)¢xXVFG(J, 2)exXVFG(J,3)+XVFG(J,4) VEG 509

230 XVTOTLEXVTIOTL+XVFG(J,S) VEG 510

c VEG Stit
C CALCULATE COVER VEG 5t2
XEPVCOVH (XVTOTLwe kh66T) VEG S13
Cvveove] ,=(1,=CVVCOVI* (] =X) VEG 514

C VEG 515
C VEG 516
RETURN VEG 517

c VEG 518
o VEG 519
C VEG 520

CCeeceecocecceeccrcroccccrececccrencccocceccececccccceececeecceececccececcrcccee veEg sal
ceeeececceccaccececnerceccceccrceccoccecececcecreececececcerceceeccenacececeeecececce veEg 522
(o of o of o of off of of of off of o of o of o of o of f o of o of ol o o o1 o of o o o o o i of ol e o o o o o of f o of o f o o f o o of o of f o WA A A I T3
{6 of o of o of off of of o off o of off of o of ff of f of f o of o of lk of lf o f o & o o8 ¥} o of o of o f ol o ol o o f f o o f o of o f of o o f o of o of f o o R T T
VEG 525
VEG 526
VEG 527
VEG 528
VEG 529
ENTRY VINIT VEG 530
8 VFG 531
c VEG 532
P
c

(2 ¥z R RaNal

INITIALTZATION SECTION VEG 533
VARIAALES OFCULTAR TCO vF3 ARE READ TM AND wRITTENM OUT, ANA SIMILAR vEG 534
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INTTIALIZATINN SFCTINNS TN SURROUTINES SIIPPOBTING vFG

240
250
260
270

COmMMON TTHME , TSTART, TENN,PAT,NTPW,DTPL,

1Cea2(h,2),CANFEST(A,A),CADETH, CAUwST, CPDLI12,8),cRDlIN),CHOX(10),

4RE CALLED.

2CRDYY (1A, ONFTX, CNGDF, CNENE, CNSAME , CNSOMS , ChSIP, CVRFTH(12,4),

ICVLTFR(11,4),CVPHEN(E,R) ,CVPHS(R),CYRDST(A,10),CVTSPR(&,B8),CVVCOV,
UCWINF yCWPSTI(10),PUDT,PMDTPL ,PHDTPR,PMFGPS,PMINAT,PMN,PHNCOH, PMNSP,
GPWK(10), XBA(U), XAAVWT (U, B), XAAWT(U), XAFTS(U), XAFWT(U),XANIIMR (U, A,
AXASA(D) s XASAWT (L) s xAYNG(U) , XYAYWT (U), xHSOLT(10),xNMN, XNSNHF, XNSOMS,
TXVFG(6,5) o XVLITR(12,4), XVPLNT(6,R),XVTOTL,, XWTHTAC10),XwSTHD,7ATRT,
RZEVAP, ZESUM, ZPHPD, ZRATH , ZRSUM, ZRH, ZRINT , ZRISUM, 75IIN, ZTHAX , ZTMIN,

QZwIND

COMMOM/DR/DERLIG] ,NERIGZ,DERLIGT

COMMON/PCAM/CUMTRP , DRGFLG, Js NNN,PM_YRS, TVRSPR,TVTCOR,7ATRR, 77

NIMFNSINN CIMPSN(6), CUMRSP (&), CUMTRP(6), PVPRAT(S
{ PVRRAT(6,6,%), RCHECK(20), TVPFAC(7), TVPP(&)

NIMENSION DATAL(S5,2,6) ,NPTSI(A),DATAR(27,3%,h),NPTSE2
1 DATAZ(U,2,6),NPTSI(A),DATAUCU,2,86),NPTSU(E),

2 NDATAQ(2,2), NPTS9(1),

T DATAS{(B,6,3), DATASP(%,4,3), NATASY(8,6,3)

INTEGER PMLYRS, PMJDAY, PMINDAT, TVRP

LOGICAL DRGFLG

FORMAT(20A4)
FORMAT(!' ', 2nau4)
FORMAT(! ')
FORMAT(1N0F12,6)

READ(5,240) RCHECK
WRITE(6,250) RCHECK
WRITF (6,260)

REAN(S,240) RCHECK
MRITF(b,250) RCHECK
REAN(S,/) DFRUGS
WRITF(b6,/) NDERUGE
WRITE(6,2h0)

PMLYPSEPMN=D

REAN(S,2U0) RCHECK
ARITE(HK,250) RCHECK
READ(S,/)((CVRDST(J,X),Key , P4 YRS),Jel,PMFGRY)
WRITE(A, /)Y ((CVRDST(J,X), K31 ,PFLYRS),Ju],PMFGPS)
RRITE(H,260)

READ(5,240) RCHECK

WRITE(8,250) RCHECK

READ(S, /Y C(XVLITR(J, %), X2l ,4),Jx1,PHLYRS+2)
WRITE(A, /Y CExVLITR(J,X), k3] ,4),)=1,PHLYRS+2)
WRITF(&,260)

READ(S,240) KCRFLCK

WRITE(H,250) RCHECK

READ(S, /) CLXVPLNT (], X)), %2l ,4),)el,PFFGPS)
wRITF (&, /) ((xveLNT(D,x),x21,6),)],PHFGPS)
wRITELS,260)

REAN(S,24N0) RCHECK

WRTTE(&,250) QCHECHK

REAN(S, /) (C(PVPRAT( T, kL), LB1,5), K=1,5), [I=f,
WRITF(&,270) (((PVPRAT(J,®,L), | ®1,5), KE{,5), J=31,
WRITE (b, 260)

KFAR(5,2U0) HCRECK
WRITF(6,250) RCHECK

1555,

(6),

PMFGFS)
PMFGPS)

KEAN(5,/) (((PVRRAT(J,%,L), L=1,5), ¥ui,b6), Jul,PMFGPS)
ARITE(H,270) (((PVRRAT(J,x,L), L=1,5), k=i,b6), J=1,PMFGPS)

HETTE(8,260)

REAN(S,240) RCHECK

»RITE(s,250) FCHECX

REAN(S, /) (NPTS1(J),Jm1,PMFGPS)
wRITF (6, /) (NPTST1(J), 81,PMFGPS)
WRITE (6,260

HEAD(S,240) RCHECK

WPITE(6,250) RCHECK

HEAD(S /) CC(NATAL(Jy%,L),J=21,5),Ks1,2),Lx1,PHFGPS)
WRITE(A, /) CC(NATALET, KoL), 081 ,5),KEL,2),L=]1,PMFGPS)
WHITE(6,260)

VEG
VEG
VEG
VER
VEG
VEG
VEG
VEG
VEG
VF G
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
vEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VER
VEG
vEG
VEG
VEG
VEG
VEG
VFEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG
VEG

535
534
537
53R
539
540
Suy
542
543
Suu
548
546
547
SUf
549
550
551
552
553
554
555
556
557
558
559
560
S&t
562
563
Seu
565
566
567
568
569
570
571
572
573
574
575
576
577
S78
579
580
581
582
583
584
585
S58h
587
588
589
590
591
592
593
594
59
564
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624

Modeling



Lommen and Wilkin

s NalNalal

130

READ(5,2u0) RCHECK
WRITE(6,250) RCHECK
READ(S,/) MRS1, NCS1
wRITE(6,/) NRS{, NCSH
wRITE(6,260)

READ(5,240) RCHECK
WRITE(6,250) RCHECK
READ(S,/) DATASY
WRITE(A, /) DATAS]Y

WRITE(6,260)

READ(S,240) RCHECK

WRITE(6,250) RCHECK

READ(S, /) (NPTS3(J), =1 ,P4FGPS)
WRITE(6, /) (NPTS3(J),J=1,PMFGPS)
WRITE(6,260)

READ(5,240) RCHECK
WRITE(b,250) RCHECK

READ(S, /) (((DATAS(J,K,L),Ja8,8),Kn1,2),L21,PMFGPS)
WRITEC(O, /) CL(OATASCI, K, L), JBL,4),k=1,2), 81,PHFGPS)
WRITE(b,260)

HEAD(S,240) RCHECK

WRITE(6,250) PCHECK

READ(S, /) (NPT8U(J),Jul,PHMFGPS)
WRITE(6,/)(NPTSU(]), 51 ,PHFGPS)
WRITE(&6,260)

READ(S,240) RCHECK

WRITF(6,250) RCHECK

READ(S, /) (((DATAU(I,K,L)sJa1,4),Kal,2),Lal,PHFGPS)
WRITE(L, /)CO(DATAUC(I,K,sL),081,08),k21,2),L51,PHFGPS)
WRITE(H,260)

READ(S,200) REHECK
WRITE(6,250) RCHECK
READ(S,/) NRS2, NCS2
WRITE(&,/) NRB2, NECS2
WRITE(k,260)

READ(S5,240) RCHECK
WRTITE(6,250) RCHECK
READ(S,/) DaTAS?
WRITE(6,/) DATASZ

wRITE(6,260)

READ(5,2un) RCHECK
WRITE(6,250) RCHECK
READ(S,/) NPTSE9(1)
WRITE(6,/) NPTSO(1)
WRITE(6,260)

RE&D(5,2U0) RECHECK

WRITE(6,250) RCHECKX
READ(S,/)((DaTAR(S, %), m1,2),K81,2)
WRITE(H, /) ((OATAG(S, ), Ju],2),Kkel,2)
WRITE(6,260)

RE&AD(5,2U0) RCHFCK
WRITE(&6,250) RCHECK
READ(S,/) NRS3, NCS3
WRITE(6,/) NREY, NCS3
WRITE(6,260)

READ(S,240) RCHECKX
WRITE(6,250) PCHECK
READ(S,/) DATASY
WRITE(6,/) DATASS

WwRITE(6,260)

READ(5,240) RCHECK
wRITE(6,250) RCHECK
READ(S5,/) PVCOV
WRITE(6,/) PVLOV
WRITE(6,260)

READ(5,240) RCHECK
WRITE(6,250) RCHECK

*RITE(6,260)
WRITE(6,260)
WRITE(6,260)
WRITE(6,260)

CALL INITIALIZATION SECTIONS OF yPHEN, VGHOW, VDETH, VTRANS

CALL VPINITC [, PMDT, PMFGPS, PMJDAT, TVPP,ZZ)
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CaLL VGINTT VEG

CALL VDINTT VEG

CALL VTINIT VEG

£ VEG
c VEG
RETHRN VEG

ENE VEG

SusrouTinE VPHEN

; SUBROUTINE VPHEN( J, PMDT, PMFGPS, PMJDAT, TVPP, ZZ, DBGFLG) VPHN
VPHN

C WRITTEN BY PAUL W, LOMMEN VPHN
c DESERT BIOME = ECOLOGY CENTER UMC 52 VRKN
C UTAH STATE UNIVERSITY VPHN
c LOGAN, UTAH 84322 VPHN
c VOHN
c AUGUST 1976 VPHN
[ VPHN
c YRHN
C VPHEN SIMULATES PHENQOPHASE (PH,PH,) OF FUNCTIONAL GROUP(FG), THERE VPWN
C ARE 5 POSSIBILITIES #4HICH NORMALLY ARE, 1, WINTER DORMANCY, VRHN
C 2, LEAFING OUT, 3, VEGETATIVE GROWTH, 4, REPRODUCTIVE GROWTH, VPHN
C S5, POST REPRODUCTIVE GROWTH, A FG ]9 ASSUMED TO BE ENTIRELY VPKN
C IN ONE PH,PH, EACH YEAR OF SUMULATION EACK FG GOES THROUGH ALL VPHN
C PH,PH,!S ONCE AND ONLY ONCE, VPHN
c VPHN
c VPHN
C ABBREVIATIONS USED ARE FG FOR PERENNIAL PLANT FUNCTIONAL GROUP AND VPHN
C PH,PH, FOR PHENOPHASE, VPHN
[« VPHN
CVVVVVVVVVVVVVUVVVYVYVYVVVY YV VY VYV VYV YV YV YV VYV VUV YV VYV VYV VYV VY P RN
C VARIABLE DICTIONARY FOR VYPHEN VPHN
c VPHN
c VPHN
C FLAG LOGICAL VARIJABLE wHICH EQUALS ,TRUE, IF PH, PH, OF CURRENTVPKN
C FG IS TO BE INCREASED BY | THIS TIME 8TEPR, VRHN
c VPHN
C FTAVE (PMDT,10) FUNCTION WHICH CALCULATES AVERAGE AIR TEMPERATURE VPHN
c FOR PREYIQUS 10 DAYS GIVEN THAT THE TIME STEP LENGTH HAS VPHN
c 3EEN OF LENGTW PHMDT, VPHN
c VPHN
C NNN CURRENT PrH,PH, OF CURRENT FG, IT I8 EQUAL TO, AND MUCH VPHN
¢ ELSIER TO PUNCH THAN TVPP(J), YRHN
(7 VPHN
C PMJDAT CURRENT JULIAN DAY VPHN
[ VYPHN
€ PYENV (JyNNN) ENYIRONMENTAL INDEX PARAMETER FOR FG J IN PH,PH, VPHN
c NNN, THE LAST OF THREE TESTS WHICH MUST BE MET FOR VPHN
C ENVIRONMENTAL COMBINATION FACTOR TO SWITCH PH,PH, 18 ZZ,GEVPHN
(& PVENN (J,NNN), VPHN
[ VPHN
C  PV.ID (JeNNN) JULIAN DAY FACTOR FOR FG J WHEN ITS PH,PH, I8 NNN, VPHN
C THAT 18, IF PMJDAT 18 GREATER THAN OR EQUAL TO VPHN
c PYJDCJyNNN), THEN NNN 18 INCREMENTED TO THE NEXT PH,PH, VPHN
c VPHN
C PVMDD (JsNNN) MOISTURE= DEGREE DAY PARAMETER FOR FG J IN PH,PH, VBHN
c NNN, THE FIRST OF THREE TESTS WHICH MUST BE MEY IF VPHN
c ENVIRONMENTAL COMBINATION FACTOR IS TO SwITCH PH,PH, I8 VPHN
C TVMDD(J) GE, PVMDD(J,NNN), VPHN
[+ VPHN
E VEHN
C PVTMIN(JI,NNN) MINIHMUM TEMPERATURE FACTOR FOUR FG J WHEN ITS PH,PH, VPHN
e 1S NNN, IF GREATER THAN OR EQUAL TO TV, SWITCH TO NEXT VPHN
C PH,PH, VPHN
G VPHN
C PVTV(J,NNN) TEMPERATURE PARAMETER FOR FG J IN PH,PH, NNN, THE VPN
C SECOND OF THREF TESTS wHICH MUST BE MET IF ENVIRONMENTAL VPHN
C COMRINATION FACTOR IS TO SWITCH PH,PH, IS8 TV .GE, VRHN
e PYTL(JsNNNY, VPHN
(o VPHN
C Tv AVERAGE AIR TEMPERATURE DURING PREVIOUS TEN DAYS, DEGREES VPHN
C CELSIUS VPHN
E VPHN
C TvA(]) PHENUPHASE OF FG J AT BEGINNING OF EXECUTION OF VPHN
€ SUBROUTINE VPHEM VPHN
€ VPHN
C TvDarv(J) AN INTEGEW VARIABLE, USED FOR DEBUGGING, WHICHM STORES VPHN
t THE JULI&HW DATE OF THE PH,PH, SWITCH OF FG J. VPHN
c VPHN
G TVMDD(J) RUNNING 83UM FRO™ JANUARY | OF MOISTURE DEGREE DAYS FOR FG VPHN
C Jy DAY, VPHN

718
Ti1e
117
718
719
720
721

0ot
002
003
oo
005
00e
00?7
oea
0o0e
oio0
011
6i2
013
0id
015
016
017
018
019
0ao
021
nz2e
023
024
028
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
04t
oua
043
04y
0us
Ode
04y
04s
049
050
051
052
053
054
055
054
057
058
059
060
0ot
0ee
0863
Obd
06S
066
067
068
069
[]
071
072
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[ VPHN 073
C tvee(y) CURREMNT PH,PH, OF FG J VBHN 070
c VRHN 075
C TVSw(J) AN INTEGER VARIABLE, USFD FOR DEBUGGING PURPOSES, wHICK VPHN 076
c INDICATES THE TEST wHICH CAUSED THE PW,PHM, OF FG J TO VBHN 077
[ CHANGE, EQRUALS 4 IF JULIAN DAY FACTYOR CAUSED SWITCH, 2 VasHN (78
C IF #INIMyM TEMPERATURE, | IF ENVIPONMENTAL COMBINATION, VPHN 079
(w4 IF MORE THAN ONE FACTOR COULD WAVE CAUSED BWITCH, TVSW(J) VPHM 080
c 15 suM™ QF INDIVIOUAL INDICES, .G, IF ALL FACTORS 8aY VEHN 081
.5 SWITCH THEN TVSW(J)=T, VEHN 082
c VRHN 083
L. 7t ENVIRONMENTAL INDEX GENERATED IN VEG, VARIES RETWEENM 0 VRHN 084
C (UNFAVORABLE FOR GROWTH) AND | (OPTIMAL FOR GROWTH), VONN 085
C VFHN 086
CVVVVVVVVVVVYVYVVVYVYVUVYVY VYV VY VYV VYV VYV VYV VYV VYV VYV VY VY VYV Y VYV YV Y VYR RN 087
c VPHN 088
c VPHN 0B9
C TvMDD I8 MOISTURKE DEGREE DAYS AND SIMPLY I§ THE CUMULATIVE SUM FROM VPHN 090
C JANUARY | EACH YEAR OF TVPFAC(2)#PMDT, ( FNR POSITIVE TVPFAC(2)) VEMN 091
[ (REMEMBER, TVPFAC(2) IS8 THE PHOTOSYNTHESIS SCALING FACTOR FOR AIR TEMVPHN 092
C PERATURE AND SOIL WATER POTENTIAL,) VPHN 093
€ VPHN 094
C RESET TvMDD AT JANUARY | EACH YEAR VRHN 098§
IF(PHJDET .GE, PMDT} GO TN 20 VPHN 006

DO 10 1=1,PMFGPS VPHN 097

10 TVMDD(I) = 0,0 VPHN 098

20 CONTINUE VPHN 089

€ VBHN 100
C KEEP RUNNING SuUM OF MDISYURE=DEGREE DAYS VEHN 101
TVMDD(J) & TwMDD(J) ¢ ZZ#=PMDT VEHN 102

c VPHN 103
C DON'T ALLOA SWITCH INTD BH, PH, 2 LATE IN VYEAR VRHN 104
IFCCTVACIY) ,GT, 1) ,0R, C((TVYA(J) .E@, i) .AND, (PMJDAT ,LE, 175)))VvPHN {08

i GG Yo 30 VPHN 106

NAN B YRHN 10T
TVRP(J) = 1 VPHN 108

GO TD 100 VPHN 109

c VPHN 110
30 CONTIMUE VPHN 111

TV a FTAVE( PMDT, (0] VORN 112
NNNSTVA(J) VRHN 113

c VPHN 114
c VPHN 115
C VARIABLES FLAG, TvBw AND TVDAY ARE HMELPFUL IN DEBUGGING IN TELLING VAHN 114
€ ON wHAT DAY AND FOR WHMAT REASON THE PHENGPHASE WAS AWITCHED, vesuN {17
FLAGS FALSE, VPHN {18
IaTV8W(J) VPHN 119
TVEW(J)=0 VPHN 120
IF(PMJDAT ,GE, PVJDCJ,NNN)) GO TO 40 VEHN 1214

GO YO S0 VPHN 122

40 FLAG=,TRUE, VRN 123
TVSHW(J)=d VPHN (24

TVDAY (J)=mPMJDAT VPEN 128

[« VPHN {26
S0 IF(TY LT, PvIMIN(J,NMNN)) GO TO &0 VPEN 127

GO T0 70 VPHN 128

60 FLAGE,TRUE, VPHN (29
TVBW(J)BTVEW(J)e2 VBEN 130
TVDAY(J)aPHIDATY VRN 131

c VRHN {32
70 IF C((TVMDD(J) (GE, PVYMDD(J,NNN)) LAND, (TY GE, PVTL(JsNNN)) yeHN 133

1 «AND, €¢ZZ ,GE, PVENV(J,NNN)}) GO TO 80 VPHN 134

GO TO 90 VEHN 138

80 FLAGE,TRUE, VPHN 136
Tvsw(J)aTvsw(J)+1 VRHN 137

TVDAY (J)aPHIDAT VeuN 138

90 CONTINUE VPHN {39

= VPHN 140
IE(FLAG) NNNENNN®] VEHN {01
IF(,NOT, FLAG) TVSw(J)=] VORN {42
IF(NNN ,GT, 5) NNnNE] VOMN 143
TVA(J)ENNN VPHN 144

TVPP (J)sNNN VPHN {uf

100 CONTINUE VPHN 146

c VPHN 147
[+ VPHN {48
IF(OBGFLGIWRITE(3,110) TV, NNN, TYMDD(J),ZZ,PVMDD(J/NNN),PYTL(J,NNN) VPHN 149

1 ¢ TVEW(J), TVDAY(J) VPHN 150

110 FORMAT (' PPPPPPPPPP Tvet!, FR,2, ! NNNEI, 2, ' TVYMDD(J)®!, FB,2,VPHN 15}

1 V' zza8', FR, 3, ' PYMDD(J,NNN)E', FB8,3, ! PVTL(J,NNN)m', FB, 3, VPHN 152

2 ' Tvsws!', T{, ' TVDAY®', I3) VPHN 153
RETURN VBHN {154

[+ VPHN 155
¢ YPHN 156
ENTRY VPINIT( J, PMDT, PMFGPS, PMJDAT, TVvPP, 2Z) VPHN 187

C VPHN 158
DIMENSION TVA(&), PYJD(6,5) VPHN 159
DIMENSION TvSw(b), TYDAY(S) VPHN 1680
DIMENSTION TVYMDD(&), TVPP(A), RCHECK(20) VPHN 1641

DIMENSION PVENV(&,5), PVMOD(b,5), PYTL(6,5), PVTMIN(E,S) VPHN j&2
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LOGICAL OBGFLG, FLAG

INTEGER Tv8w
INTEGER TVPP, TvA, PMDT, PMFGPS, PVJD, PMJDAT

READ INITIAL DATA FOR PHENOLOGY SUBROUTINE

READ(S,130) RCHECK
WRITE(b6,140) RCHECK

READ(S5,130) RCHECK

WRITE(6,100) RCHECK

READ(S,/) (CPVENV(J,K), Koi,5), Jui,PHFGPS)
WRITE(6,/) ((PVENV(J,K), KB{,5), Jui,PMFGPS)
WRITE(6,150)

READ(5,130) RCHECK

WRITE(6,140) RCHECK

READ(S,/) ((PYMDD(J,K), Km1,5), Jul,PHFGPS)
WRITE(6s/) ((PVMDD(J,K), Ka1,5), Jmi,PMFGPS)
HRITE(6,150)

READ(S,130) RCHECK

WRITE(6,140) RCHECK

READ(S,/) C(PYTL(J,K), Kmi,S), JE1,PMFGPS)
WRITE(6,/) ((PVTLCJ,K), KB1,5), Jm],PMFGPS)
WRITE(6,150)

READ(S,130) RCHECK
WRITE(b,3U0) RCHECK

READ(S,/) ((PYTMIN(J:K), Kmi,5), Ju1,PMFGRS)
WRITE(6,/) ((PVTMIN(J,K), KBY,5), Jui,PMFGPS)

FRITE(H,150)

READ(S,130) RCHECK

WRITE(6,140) RCHECK

READ(5,/) (TVMDO(J), Js1,PHFGPS)
WRITE(&,/) (TVMDD(J), Jm1,PMFGPS)
WRITE(6,150)

READ(5,130) RCHECK

WRITE(6,140) RCHECK

READ(S,/) (TVPP(J), Jm],PMFGPS)
WRITE(6,/) (TVPP(J), Jmi,PMFGPS)
WRITE(6,150)

VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN

VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VRHN
VRHN
VPHN
VPHN
VPHN
VPHN
VEHN
VPHN
VPHN
VPHN
VRHN
VEHN
VEHN
VPHN
VRHN
VRHN
VPHN
VPHN
VPHN
VPHN
VRHN
VPHN
VPHN
VPHN
VPHN
VPHN

TVA HOLDS VALUE OF TVPP, PHENOPHASE, A8 OF BEGINNING OF CALL TO VPHENVPHN
I HAVE TO DO SOMETHING CUTE LIKE THIS OR ELSE TVPP GETS ZEROED FIRST VPHN

TIME vPHEN 18 CALLED,
D0 120 Imt, PMFGPS

120 TVACI)aTVPP(])

READ(S,130) RCHECK

WRITE(6,140) RCHECK

READ(S,/) ((PVJDLJ,K), Kmi,5), Js],PHFGPS)
WRITE(&,/) ((PVJD(J,K), KB},5), Jm],PMFGPSE)
WRITE(6,150)

READ(S,130) RCHECK
WRITE(&,1040) RCHECK
WRITE(6,150)
WRITE(6,150)

130 FORMAT(2044)
140 FORMATC! ', 2044)
150 FORMAT (! 1)

RETURN
END

SuBrouTINE VGROW

SUBROUTINE VGROW

AUGUST 1976
MRITTEN BY PAUL W, LOMMEN

DESERT BIOME « ECOLOGY CENTER UMC 52

LOGAN, UTAM Bu322
UTAH STATE UNIVERSITY

VPHN
VPHN
VPHM
VPHN
VP HN
VRHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN
VPHN

VGRO
YGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO

163
164
165
166
167
168
149
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
194
192
193
194
195
196
197
198
199
200
201
202
203
204
208
206
207
208
209
210
241
212
213
214
218
2164
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

001
002
003
oou
00§
006
o007
oo
009

Modeling



Lommen and Wilkin

134

CVVVVVVVVVYVVVVVVVYVYVYVYVVVYVVVYYY VYV VY VYV VYV VYV VYV VY VYV VYV VYV VYV VY VG RO
CVVVVYVVYVYYVVVYVYYVVYVVYVVVVVYVVYYVVY VY VYV YV VYV VY YV VY VYV VYV VYV VYV VYV VVGRO

PYLR(FG,1)

RS

RSTOT

RTOT

LR IVE

§TO0T

T

T8UM
TVNET
TyNP
TYNPR
TYNPS
TVRSPR
X

XP

Y

Iz

OOOO0ONOONO0O00O0O0CO0O00O0O0O0DOOO0ONO0O0 000000 0000000000000 0000aOCOO0O0Oo0000000000000

PYRSA(FG,KsL)

XVPLNT(J, 1)

VARIABLE DICTIONARY FOR YGROW

ABRREVIATIONS COMMONLY USED ARE FG FOR FUNCTIONAL GROUP AND PHPH
FOR PHENOPHASE,

ACI) FRACTION OF TyNP8 PLANT PART I wWILL GET, DIMENSIONLES

CVPHS (J) NET PHOTOSYNTHATE PRODUCTION OF FG J DURING DAYLIGHT PART
OF TIMESTEP, XG Hi=l

J INDEX OF CURRENT FG

NNN PH,PH, OF FG J

PMDT TIMESTEP LENGTH, DAY,

PVHT(FG,PP,PHPH) HALF TIMES REQUIRED FOR PLANT TO BUILD UP PART

(LEAVES, FRUITS, FLOWERS) UNDER DPTIMUM CONDITIONS

FACTORS LEAVES AND REPRODUCTIVE PARTS ARE MULTIPLIED

BY In ALLOCATING NEGATIVE TVNET,

PVPF(FG,PP,PHPH,182) INTERCEPT AND BLOPE OF LINE WITH ENV, INDEX A8
INDEPENDENT VARIABLE TO DETERMINE PROPORTIONALITY FACTOR

FOR ALLOCATION OF REMAINDER OF TVYNET, DEPENDS ON FG,
AND PHRHM,

PVPROP(FG,PP,PHPH, 1&2) INTERCEPT AND SLOPE OF LINE WITH

ENVIRONMENTAL INDEX AS INDEPENDENT VARIABLE TO
DETERMINE ALLOCATION PROP, FOR 18T 5 PLANT PARTS

ROOT = SHDOT ALLOCATION RATIO FOR PRESENT F.G,
THIS TIME STEP, DIMENSIONLESE,

ROOT = SHOOT RATIO OF TOTALS ALLOCATED THIS YEAR
TO ALL F,G,'S,

TOTAL ALLOCATED 7O ROOTS OF ALL F,G,'S SINCE
JANUARY 1, KG Hh={,

TOTAL ALLOCATED ABOVE GROUND THIS TIME BTEP
TO PRESENT F .G, KG His{,

TOTAL ALLOCATED TO SHOOTS OF ALL F,G,'S SINCE
JANUARY 1, KG HAel,

ALLOCATION TO PARY | THIS TIME STEP OF PRESENT F,G.
IN ORDER TO BRING IT UP TOWARD NOMINAL LEVEL, KG HA=}

SUM OVER T OF T(I)y KG HA=],

REMAINING PHOTOSYNTHATE TO ALLOCATE, KG HA=l

NET PHOTOBYNTHATE FOR PRESENT F,G,» TIME BTER, KG HA=]
ROOTS' SHARE QF TVNP AFTER REMOVAL OF T(I)'8, KG HAe=]
8HOOTS' SHARE OF TVYNP AFTER REMOVAL OF T(I)'8, MG HAe]
RESPIRATION OF FG Jy KG HAe=}

TEMPORARY VARIABLE

NOMINAL PROPQRTION OF TOTAL BIOMASS OF FG J FOR PP I,

BIOMASS QF PP I OF FG Js KG HA=l,

VGRO
VGRO
YGRO
YGRO
VGRO
YGRO
VGRO
VGRO
YGRO
VGRO
YGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
YGRO
VGRO
YGRO

RODT 8HOOT ALLOCATION RATIO A8 IT DEPENDS ON PHENOPH,VGRO

VGRO
VGRO
YGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
YGRO
YGRO
VGRO
VGRO
VGRO
YGRO
YGRO
YGRO
VGRO
VGRO

AMOUNT OF BIOMASS INCREMENT NEEDED BY PP I IN QRDER FOR ITVGRO

TO REACH NOMINAL PROPORTION xP,

VGRO
VGRO

LARGEST PORTION OF ¥ wHICH wILL BE ALLOWED TO BE ALLOCATEDVGRO

ENVIRONMENTAL INDEX wWwHICH VARIES FROM 0 (UNFAVORABLE FOR

GROWTH) T0 1 (FAVORABLE FOR GROWTH),

VGRO
YGRO
VGRO
VGRO
VGRO

CVVVVYVVVVVVVVVVVVVVVVYVV VYV YV VYV VYV VYV VY VY VYV VY VYV VYV VYV VY VYV YV VYV VGRO
CVVVVVVVVYVVVVVVVVVVVVVYVVVEVYVVVYYVV VYV Y VY VVVVVVV VYV V VYV VYV VYV VYV VYV VGRO
c

c

C CALCULATE NET PHOTOBYNTHATE
TVNETeCVPHS(J) = TVREPR
TVNPETVNET

[
C CALCULATE INCREASE ABOVE GROUND PARYTS THINK THEY NEED
c

VGRO
VGRO
VGRO
YGRO
VBRO
VGRO
VGRO
VGRO

010
011
012
013
014
018
016
017
018
019
020
o021
vea
023
oee
0gs
oge
02y
028
029
030
031
032
033
034
035§
03e
037
03a
039
040
04y
o042
043
044
04s
0de
047
048
049

050
051
0s2
083
054
055
056
057
058
059
080
081
062
063
064
065
0bb
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
08U
085
086
087
088
089
090
091
092
093
094
095
096
097
098
099
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¥ 19 ABOUT TO BECOME TOTAL BIOMASS
Xu0,0
DO 10 I=1,6

10 X = X ¢ XVPLNT(J, 1)

Do 20 I={,S

FIND PROPQRTION CURRENY PLANT PART I8 AIMING FOR
XP s PVPROP(J,I,NNNy1) ¢ 2Z » PVPROP(J,I,NNN,2)
Y 8 X % XP = XVRLNT(J,I1)

Y 18 AMOUNT CURRENY PLANT PARYT wOULO LIKE YO ADD

DON'T PENALIZE PARY IF SOMEMOwW IT GREW TOO MUCH
IFCY LT, 0,0) Y=0,0

NOw FIND LARGEST PORTION OF Y WE CAN ALLOW IT TO CHANGE (IF ZZ = 1)

Z B 1, = EXP(w,69314T72PMDT / PVHT(J,I,NNN))
THE BIOMASS INCREMENT WE WILL ACTUALLY ALLOCATE I8 T(I)
T(I) = ¥ % 2 » 22

XVPLNT(J,1) 8 XVPLNT(J,I) # T(I)
IF(XVPLNT(Js1) oLEs 0,0) XVPLNT(J,I) = 1,E=d
TVNET ® TVNET = T(I)

20 CONTINUE

DIVIDE UP TNVET REMAINING
CALCULATE ROOT=8HOOT ALLOCATION RATIO

X ® PVRBA(J,1,NNN) ¢ 77 = PVRSA(J,2,NNN)
ROOTS' §HARE

TVNPR 3 (X/(X#l1,)) = TVNEY

XVPLNT(J,6) ® XVYPLNT(J,6) ¢ TYNPR

REMAINDER GOES TO SHOOT PARTS IN PROPORTION TO PRODUCT OF THEIR
BIOMASS AND PROPORTIONALITY FACTOR wWHICH I8 DEPENDENT ON
PHENOPHASE AND ENVIRONMENTAL INDEX,

Xu0,0

po 30 I1s{,S

ACI)R(PVPF LI, 1aNNN, 1) & ZZ«PVPF(JsTaNNN,2)) % XVPLNT(J,1)
30 X = ox ¢ A(I)

IF(X LT, (001) X2,00%

Xey, /X
DO 40 I=i,5
40 A(I)EA(I)aX

A(I) IS FRACTION OF 8HOOT TVNET THAT PART I WILL GET IF TVNET .07,

IF TVNET I8 NEGATIVE TAKE A DIFFERENT AMOQUNY FROM LEAYES AND
REPRODUCTIVE ORGANS (LESS, PRESUMABLY)
IF(TVNET ,GE, 0,0) GO YO &0
ADJUST A ARRAY
DO 50 I={,3
50 ACI)BACLIWPVLR(J,I)
Xu0,0
DO &0 I=1,5
60 X =8 X + A(I)
IF(X ,LE, 1,E=d) Xml,Ead
po 70 Is{,S
70 A(I)maCI)/X

80 CONTINUE
NOW MOVE THE MATERIAL

TYNPS ® TVNET = TVNPR

DO 90 I=y,S

XVPLNT(J,1) = XVPLNT(J,1) ¢ TYNPE * A(])
90 IF(XVPLNT(Jsl) 4LE, 0,0) XVPLNT(J,1)mi, E=d

TSUMEO,0
DO 100 Iwi,d

100 TSUMaTSUM + T(I)
SSUMBTSUM % TVNPS

IF(ABS(SSUM) LT, 1,) R8m99,99
IF(ABS(SSUM) ,LT, 1,) GO YO t10
R8 s TYNPR/BSUM

110 CONTINUE

IF(PMJDAT ,GE, PMDT) GO TO 120
RT0T=0,0
8§T0T=0,0

120 CONTINUE 4

RTOTSRTOT+TVNPR
STOTESTOT+8SUM
IF(ABS(STOT) 6T, 1,) GO YO 130
R8T0T=99,99
GO TO 140
130 CONTINUE
RETOTRRTOT/STOT
140 CONTINUE
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V&3
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186
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180
151
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187
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IF(DBGFLG)
{ WRITE(3,1%0) TVNP, TVNPR, TVNP8, T, A, 88UM, RB, RTOT,
2 RETOT

FORMAT(' GGG NP,NPR,NPB', 3F6,1, 'T', Pb1,2Fd 1, @F0,1,'4"',5Fd,3,

1 YQSUM', Fo,ly ' R8', Fé,2, 'Ry 8, RB', 2F6,0, F6,3)
RETURN

ENTRY VGINIT
COMMON TIME,T8TART,TEND,DT,0DTPR,DTPL,

{1CAAR(b,8),CADESBT(6,B8),CADETH,CAUNST,COOL(1R,4)sCHD(L10),CHDX(10),

8707,

2CHDXX(10) ,CNFIX,CNBDF,CNSDS,CNSOMF,CNSOMB,CNSUP,CYDETM(12,4),
JCYLTFR(11,4),CVPHEN(®6,8),CVPHE(6),CVRDBT(6,10),CVTSPR(6,8),EYVCOV,VGRO
UCWINF CWPBI(10),)PMDT,PHDTPL sPMDOTPR)PMPFGPB,PMJDAT PMN,PMNCOH,PMNEP,YGRO
SPWKCL10)p XAACHY s XAAVHTY (O, B) , XAAWT(U), XAPTSCU) , XAFWT (4), XANUMB(U,8),VBRO
GXASACL) , XABAWT (W) ) XAYNG(Q) , XAYWT (4), XHBOLT(10), XNMN, XNSOMF, XNSOMB, VGRO
TXVFG(6s5) p XVLITRC(LI2,4) o XVPLNT(6,8) o XVTOTL,XWTHTACL0Q),XW8TND,ZAIRY,VGRO

BZEVAP, ZESUM, ZPHPD ) ZRAIN, ZREUM, ZRH ) ZRINT ,ZRISUM, ZBUN, ZTMAX, ZTHIN,

FIWIND

COMMON/PCOM/CUMTRP DBGFLG,J s NNN,PMLYRS, TYRBPR, TVTCOR, ZAIRR, 72

INTEGER PMFQGRS8, PMDT, TVPP
LOGICAL DBGFLG

DIMENSION A(S), PVHT(6,5,5), PVPROP(&,5,%5,2)) PVRBA(6,2,5),

1 PVLR(6,3), RCHECK(20)}, TVPP(&)

DIMENSION PVPF(6,5,5,2)
DIMENSION CUMTRP(b6), T(S)

AD INITIAL DATA

READ(S,160) RCHECK
WRITE(6,170) RCHECK
WRITE(6,180)

READ(S,160) RCHECK

WRITE(6,170) RCHECK

READ(S,/) (CCPVHTCJ KeL)s L®1,S), KBY,5), Jui,PHFGPS)
WRITE(6,190) (((PVHT(J,X,L), L81,5), Kui,5), Jm],PMFGPS)
WRITE(&6,180)

READ(S5,160) RCHECK

WRITE(6,170) RCHECK

READ(5,/) ((PYLR(J,X),Ke{,3), Jml,PMFGPS)
WRITE(6s/) ((PVLR(J,K),K8},3), Ju],PMFGPS)
WRITE(6,180)

READ(S,160) RCHECK
WRITE(6,170) RCHECK

READ(S,/) (CCCPYPROP(J, K, L,M),M81,2),L01,5),Kei,8),In],PMFGPS)
WRITE(6,190) ((((FVPHU’(J:‘IL|“3'"'lf!’lL'llS)JK'll!)lJlllP"FGPS}

WRITE(6,180)

READ(S,160) RCHECK
WRITE(6,170) RCHECK

READ(S,/) (COCPVPF (I, M, L,M) ,Me),2)sL0),5),K01,8),J81,PHFGPS)
WRITE(6,190) ((((PVPF(J,K,L,M),Mal,2),L0),5),Kui,5),Jm],PHFGPS)

WRITE(6,180)

READ(S,160) RCHECK

WRITE(6,170) RCHECK

READ(S5,/) (C(PVRBACJ,K,L), L®1,5), Koy,2), Jul,PMPFGPS)
WRITE(6s/) (C(PVRSACJ,X,L)y Lut,5), Kui,2), Jul,PMFGPS)
WRITE(6,180)

READ(S,160) RCHECK
WRITE(6,170) RCHECK
WRITE(6,180)

FORMAT(20A4)
FORMAT(' ', 20A4)
FORMAT (' 1)
FORMAT(10F12,9)
RETURN

END

YGRO
VGRO
VGRO
YGRO
VGRO
VGRO
YGRO
YGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VORO

VGRO
VGRO
¥GRO
VGRO
VGRO
YGRO
VGRO
VGRO
VGRO
YGRO
VGRO
YGRO
VGRO
VGRO
YGRO
YGRO
VGRO
VGRO
VGRO
VGRO
YGRO
VGRO
VGRO
VGRO
YORO
VGRO
vaRro
VG@RO
VGRO
VGRO
VGRO
YGRO
VGRO
VGRO
VGRO
VGRO
VBRO
VGRO
VGRO
VGRO
VGRO
YGRO
YGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VBRO
VaRrRO
YGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
VGRO
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193
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198
199
200
201
202
203
204
208
208
207
208
209
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21l
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214
215
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217
218
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234
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242
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24u
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SusrouTINE VTRANS

SUHROUTINE VTRANS VTRN

c VTRN
C APRIL 1976 PAUL LOMMEN VTRN
4 VTRN
c VTRN
c VTRN
CYVVYVVYVYVVYVVYVYYVVYVV VYV VYV VYV VVY VYV VYV VYV VY VYV VY VYV VY VY VY TRN
4 VARTABLE DICTIONARY FOR VTRANS VTRN
[ VTRN
C CVT8PR(J,L)ITRANSPIRATION OF FG J FROM SQIL LAYER L, KG WATER HAw=} VTRN
c VTRN
C DATA ARRAY STORING PAIRS OF DAYA POINTS FOR RELATIONSHIP VTRN
c BETWEEN FACTOR F AND OIFFERENCE BETWEEN ACTUAL AND VTRN
c OPTIMUM TEMPERATURE, VTRN
c VTRN
cC F FACTOR TO "CORRECT" P/T RATIO FOR DIFFERENCE BETWEEN VTRN
C ACTUAL AND OPTIMUM TEMPERATURE, VTRN
c VTRN
€t F1 FUNCTION WHICH INTERPOLATES OVER SINGLE INDEPENDENT VTRN
4 VARIABLE, VTRN
G VTRN
C FHVP(T) FUNCTION WHICH DETERMINES BATURATED WATER VAPOR PRESSURE VTRN
c AT TEMPERATURE (IN DEGREEB CELSIUS) T, MB, VTRN
C VIRN
C NPTS NUMBER OF PAIRS OF DATA POINTS IN ARRAY DATA, VTRN
c VTRN
C PVPT(1&2) PARAMETERS OF S8TRAIGHT LINE GIVING RELATIONSHIP BETWEEN VTRN
C P/T AND WATER PRESSURE VAPOR DIFFERENCE BETWEEN LEAF VTRN
c AND AIR, YTRN
c VTRN
C Tver P/T=RATI0 OF PHOTOSYNTHESIS8 (KG CO2 MA=1) TO VTRN
o TRANSPIRATION (KG WATER Hhel) VTRN
¢ VTRN
€ TVTICOR DIFFERENCE BETWEEN 20 QEGREES CELSIUS AND CURRENT OPTIMUM VTRN
[ TEMPERATURE FOR FG J, CALCULATED IN VEG, DEGREES CELSIUS, VTRN
4 VTRN
C  TvwvD WATER VAPOR PRESBURE OIFFERENCE BETWEEN LEAF AND AIR, MB, VTRN
c VTRN
[ DIFFERENCE BETWEEN ACTUAL AND OPTIMUM TEMPERATURE DEGREES VTRN
c CELSIUS, VTRN
[ VTIRN
C ZAIRR AVERAGE TIME STEP AIR TEMPERATURE, DETERMINED IN P8WG, VTRN
4 DEGREES CELSIUS, VIRN
o VTRN
C ZRH AVERAGE TIME STEP RELATIVE HUMIDITY, DETERMINED IN VTRN
c PSHG, DECIMAL FRACTION BETWEEN 0 AND 1, VTRN
[ VTRN
CVVVVYVVVYYVVYVYVVYVYVVVY VY VYV VYV VYV VY VYV VYV YV Y VY Y YV VY Y Y Y VYWY Y TRN
C VTRN
¢ VTIRN
C OETERMINE WATER VAPQR PRESSURE DIFFERENCE BETWEEN LEAF AND AIR (MB) VTRN
TVKVD ® FWYP(ZAIRR) # (1,=ZRH) VTRN

c VTRN
C FIND VALUE OF P/T IF TEMPERATURE AT OPTIMUM VTRN
TVPT = PVRT(1) ¢ PVRT(2) « TyWyD VTRN

[+ VTRN
C ADJUST THIS FOR TEMPERATURE BY HMULTIPLYING BY A FACTOR F VIRN
C X IS THE DIFFERENCE BETWEEN ACTUAL AND OPTIMUM TEMPERATURES, VTRN
X @ ZAIRR = (20, = TVTCOR) VIRN

c VTRN
F s Fi(X, DATA, NPTS) VTRN

TVPT & TVPT = F VTRN

C VIRN
C CHECK IF VALUE REASONABLE VTRN
IF((TVPT ,6GY, ,030) ,O0R, (TVPT ,LT, ,0005)) TVPT = ,009 VTRN

c VTRN
C SUBROUTINE WATER DETERMINES FROM WHICH LAYER TRANBPIRATION VIRN
C 1§ REMOVED 80 PUT ENTIRE DEMAND IN CVYSPR 48 THOUGM IT'S FROM LAYER {VTRN
c VIRN
C CALCULATE TRANSPIRATION = DON'T ALLOW NEGATIVE VALUES VIRN
C THE ,74 APPEARS HERE TO CONVERT CVPHB BACK TO WEIGHT OF €02 TAKEN UP VTRN
CVISPR(J,1) = ABS(CVPHB(J) / (.74 = TVPT) ) YTRN

c VTRN
C ACCUMULATE IT VTRN
CUMTRP(J) & CUMTRP(J) ¢ CVTSPR(J,1) VTRN

c VTRN
c VTRN
RETURN VTRN

C VTRN
c VIRN
ENTRY VTINIT VIRN

c VTEN
COMMON TIME, T8TART, TEND, DT, DYTPR, DTPL, VTRN
1CAAR(b,8))CADEST(6,8) ,CADETH, CAUNST,CODLC(12,4),CHO(L0),CHDXCI0), VTRN
2CHOXX(10),CNFIX,CNSDF,CNSDS,CNSOMF,CNSOMS,CNSUP,CVDETH(12,4), VTRN

3CVLTFR(11,4),CVPHEN(&,8),CVPHE(6),CVRDST(6,10),CYTSPR(6,8),LVVCOV,VTRN
UCWINF,CWPSI(10),PMDT,PMDTPL,PMDTPR, PHFGPA,PHJDAT ,PMN,PMNCOH, PMNSP, VTRN

001
002
0ol
ood
00Ss
006
007
008
009
ofio
011
012
013
014
0158
01é
017
018
019
020
021
022
023
o2y
0es
026
oav
028
029
030
031
032
033
034
035
036
037
0ia
039
o040
oul
oude
043
04y
0u4s
0ds
o4y
0us
049
050
051
052
083
054
055
056
057
058
059
060
061
0s2
063
06y
065
DE-T)
067
068
069
070
071
072
073
074
0758
076
0717
078
079
080
081
082
083
084
085
08a
087
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850
851
852

[a N2l

OO0 O00000O0NNO0O00O0DOO000OaO00000000n00

WRITTEN BY

CVRD8Y (J,L)

TVDTH(K)

XVLITR(L M)
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SPHK(10), XAACU) ;XAAVHT (4, 8)  XAAWT (L), XAFTE(U) , XAFWT(U), XANUMB(4,B),VTRN
GXASA(UY, XASAWT (U) s XAYNG(U) ) XAYWT (U) s XHEOLT(10),XNHN, XNSOMF , XNSOMB, VTRN
TXVFGL6,5) o XVLITR(12,4) s XVPLNT(6,8) pXVTOTL, XHTHTAC10) ,XWSTND,ZAIRY,VTRN

8ZEVAP, ZESUM, ZPHPD, ZRAIN, ZRSUM, ZRH,ZRINT, ZRISUM, Z8UN, ZTMAK, ZTHIN,

QZWIND

DIMENSION DATA(10),

COMMON/PCOM/CUMTRP ,DBGFLG,Js NNN, PM_LYRS, TYREPR, TVTCOR, ZAIRR,ZZ

FORMAT(20A4)
FORMAT(! ', 2044)
FORMAT(! 1)

READ(5,850) RCHECK
HRITE(6,851) RCHMECK

READ(%5,8%0) RCHECK
WRITE(6,8%1) RCHECK
READ(S,/) NPTS
WRITE(G6,/) NPTS
WRITE(6,852)

READ(S,850) RCHECK
WRITE(6,851) RCHECK
READ(S,/) DATA
WRITE(6,/) DATA
WRITE(6,852)

READ(S,850) RCHECK
WRITE(6,851) RCHECK
READ(S,/)PVPT
WRITE(6,/) PVPT
WRITE(6,852)

READ(5,850) RCHECK
WRITE(6,8%1) RCHECK
WRITE(6,852)
WRITE(6,852)

RETURN
END

SURROUTINE VDETH

RCHECK(20), PVPT(2), CUMTRR(6)

SusrouTINE VDETH

PAUL W, LOMMEN
DESERT BIOME = ECOLOGY CENTER

UTAHM STATE UNTVERSITY
LOGAN, UTAHW 84322

AUGUBT 1978

VARTABLE DICTIONARY FOR VDETH

ROOT DISTRIBUTION IN LAYER L OF FG J,

L ForR EACH J EQUALS 1,

PVDTH(FG, PP, PHPH, ENV)

PVRSB(FG,PHPH,{+2)

TOTAL SHOOT BIOMASS OF FG J,

KG HAet,

LITTER AMOUNT IN LOCATION L
UP Tn B SOIL LAYERS) OF TYPE M (FECES,

PHMDT LENGTH OF TIME S8TEP, DAY,

INSTANTANEOUS DEATH RATES A8 FUNCTIONS OF
FUNCTIONAL GROUP., PLANY PART, PHENOLOGICAL
INDEX, ENVIRONMENTAL TNDEX,

PARAMETERS OF STRAIGHT LINE DEPENDENT ON
ENVIRONMENTAL INDEX GIVING ROOT = SHOOT

uMe s2

THE 8UM OVER

VIRN
VTRAN
VTRN
VTRN
VIRN
VTRN
VIRN
VIRN
VIRN
VTRN
VTRN
VTRN
VTIRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VIRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTRN
VTIRN
VTRN
VTRN
VTRN
VTRN

VDTH
VOTH
VDTH
VOTH
VOTH
VOTH
VDTH
VDTH
VOTH
VOTH

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVUVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVDTH

VDTH
VOTH
VDTH
VDTH
VDTH
YDTH
VDTH
YOTH
VDTH
VOTH
VOTH
VOTH
VOTH

BIOMASS RATIOD WHICH PLANT TRIES TO REACH BYVDTH

PUNCTIONAL GROUP AND PHENOPHASE,
TVDETH (K) NOMINAL INSTANTANEOQUS DEATH RATE OF PLANT PART K, DAYel

AMOUNT OF PP K DYING THIS TIME 8TEP,

KG HAel,

(8TANDING, SOIL SURFACE

WoOoDY),VOTH

VOTH
VOTH
VDTH
VDTH
VDTH
VDTH
VDTH
VOTH
VOTH

VOTH

088
089
090
094
092
093
094
095
096
097
098
099
foo
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

00t
0oe
003
004
008
006
007
008
009
010
011
012
013
oid
018
016
017
018
019
020
021
022
023
o024
02s
oReé
027
028
029
030
031
032
033
034
035
036
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PLNT(J,K) DRY WEIGHT RIOMASS OF PP K OF FG J, KG HA=l,
CURRENT ROOT=8HOOT RATIO OF FG J,
NDMINA| ROOT=SHOOT RATIO,
ENVIRONMENTAL INDEYX CALCULATED IN VEG., EQUALS 0 IF

CONDITIONS UNFAVORABLE FOR GROWTH, EQUALS { FOR
TDEAL CONDTITIONS,

NOMINAL DEATH RATES

DO 10 Kmi,b
TVDETH(K) & PVOTH(J,K,NNN,{) = ZZ#PVDTH(JsK,NNN,2)

10 IF(TVDETH(K) ,LT, 0,0) TVDETH(K)®O,0

IF ROOT = 8HOOT RATIO Y00 HIGH OR TOO LOW FIDDLE WITH DEATH RATE

FIRST, ROOT=SHNOT RATIO

x=0,0
pn 20 Ks{,S

20 X ® X ¢ XVPLNT(J,X)

IF(X .LT. B,) Xu§,
YEXVPLNT(J,6) /X

CALL THE NOMINAL ROOT=8HOOT RATIO I

7 ® PVRIB(JANNN, 1) = 77 % PVREB(JsNNN,2)

HERE 1§ THE ADJUSTED DEATH RATE

TVYDETH(6)=sTVDETH(6) w ¥ / T

TVYDETH I8 INSTANTANEOUS DEATH RATE(UNITS OF DAYel),
NOW DETERMINE TVDTH(K), AMOUNT OF PARYT K DYING THIS TIME STEP,

DO 30 Kmi,s

30 TVOTH(K)mXVPLNT(J,K) & (1, = EXP(=TVDETH(K}#PMDT))

DO THE ¥VLITR AND XVPLNT BOOKKEEPING

ABOVE GROUND LITTER

AVLITR(1,2) = XVLITR(1,2) » TVDTH(1) ¢ TVDTH(2)
XVLITR(!,3) m XVLITR(1,3) ¢ TVDTH(3)
XVLITR(1,4) m» XVLITR(1,08) ¢ TVDTH(4) ¢ TVDTH(S)

BELOW GROUND LITTER

DO 40 Kmi,PH| YRS
HaKe2

40 XVLITR(M,4)eXVLITR(M,4) & TYDTH(6)aCVRDST(J,K)

SHOOTS AND ROOTS

DO S0 kmi,é

50 XVPLNT(J,K) s XVPLNT(J,K) = TVDTH(K)

IF(DBGFLG) WRITE(3,40) TVDETH, TVDTH

60 FORMAT(' DDPDDD TVDETH ', &F6, 4, ! TVOTYH ', &6F8,2)

RETURN

ENTRY VDINIT

COMMON TIME,TSTART,TEND,DT,OTPR,0TPL,

{1CAAR(L,B),CADEST(6,8) ,CADETH,CAUWST,CDDL(12,4),CHD(10),CHDX(10),

2CHDXX(10),CNFIX,CNEBDF,CNSDS,CNSOMF,CNSOMS,CNSUP,CVDETH(12,4),

3CVLTFR(11,0),CYPHENCE,8) ,CYPHS(6),CYRDBT (8,10),CVTSPR(6,8),CVVCOV,
HCWINF,CHPST(10),PMDT ,PMDTPL ,PMDTPR, PMFGPS, PHIDAT , PMN, BHNCOH, PHNSP,
SPWK(10), XAACA)  XAAVHT (U, 8)  XAAWT (U), XAFTHEU) ,XAFHT(U), XANUMB(U,8),
GYASACUY, XASAWT(U) ) XAYNG (U, XAYWT (U), XHEOLT (10, XNMN, XNSOMF , XNSOMS,
TXVEG 6, 8), ¥VLITR(12,4), XVPLNT(6,8), XVTOTL, XUTHTAC10), XWSTND, ZAIRT,
BIEVAP,ZESUM, ZPHPD, ZRAIN, ZREUM, ZRH, ZRINT ;ZRIQUM, Z8UN, ZTHAX , ZTMIN,

QIWIND

COMMON/PCOM/CUMTRP , OBGFLG,JsNNN,PMLYRE, TVRBPR, TVTCOR,ZAIRR, 22

INTEGER PMLYRS
LOGICAL DBGFLG

DIMENSION PVDTH(6,8,5,2), PVRBB(6,5,2), TVDETH(&), TVDTH(&)
DIMENSTON RCHECK(20)
DIMENSION CUMTRP(&)

READ INITIAL VALUES

READ(S,70) RCHECK
WRITE(6,80) RCHECK

VOTH
VDTH
VDTH
VDTH
VOTH
VDTH
VOTH
VDTH
VDTH
VDTH
VDTH

VVVVVYVVVYVYVVVVVYVVVVV YV VUV VYV VYV VYV VY VYV VYV VYV VYV VYV VYV YV VYV VYV YYD TH

VDTH

VOTH
VOTH
VDTH
VOTH
VDTH
VDTH
VOTH
VOTH
VOTH
yDTH
VOTH
VOTH
VOTH
VOTH
VOTH
VOTH
VDTH
VOTH
VDTH
VOTH
VOTH
VOTH
VDTH
VOTH
VDTH
VDTH
VOTH
VDTH
VOTH
VDTH
VDTH
VDTH
VDTH
VOTH
VDTH
VDTH
YOTH
VDTH
VOTH
VDTH
VDTH
VDTH
YOTH
VDOTH
VOTH
VDTH
VDTH
VOTH
VOTH
VOTH
VOTH
VOTH
VOTH
VDTH
VDTH
VOTH
VOTH
VDTH

VODTH
VOTH
VDTH

VDTH
VDTH
VDTH
VDT
VOBTH
VOTH
VOTH
VOTH
VOTH
VOTH
VOTH
VOTH
VOTH
VOTH
VDTH
VOTH

037
038
039
040
ouy
ouz
043
ouda
0us
0o
047
0us
Que
050
051
052
05%
050
055
056
057
058
059
060
T3
062
063
(1Y
068
066
067
066
069
070
071
072
073
074
078
076
077
078
079
080
081
082
083
08
085
086
087
0a8
089
090
091
092
093
094
098
096
097
098
099
100
104
102
103
104
105
106
107
108
109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
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WRITE(6,90) VDTH 127
c VOTH 128
READ(S,70) RCHECK VDTH 129
WRAITE(6,B0) RCHECK VDTH 130
READ(S, /) CCCCPYDTH(I Ko LoM) Mol 2),Lmt,5),Kml,6),J81,PMFGPS) VOTH 131
WRITE(&,100) (CCC(PVDTH(J,K,Lo™),Mm1,2),L08,5),ke1,6),J81,PHFGPB) vOTH 132
WRITE(6,90) VDTH 133
c VOTH 134
READ(S5,70) RCHECK VDTH 138
WRITE(6,80) RCHECK VOTH 138
READ(S, /) CCCPYRBB(J)K,L) s Lm1,2), Kui,5), Jui,PMFGPS) VOTH 137
WRITE(6,100) (((PVRSB(J,K,L), L®1,2), Km{,5), Juil,PMFGPS) VYDTH 138
WRITE(6,90) VDTH {39
t VDTH 140
READ(S,70) RECHECK VOTH {41
WRITE(6,B80) RCHECK VDTH 142
WRITE(6,90) VOTH 143
c VDTH 148
70 FORMAT(20A4) VOTH 145
80 FORMAT(' ', 20A4) VDTH 146
90 FORMAT(! 1) VDTH 147
100 FORMAT(10F12,86) YDTH 148
o VDTH {49
RETURN VDTH 50
o VOTH 184
END VOTH 152
Funcrion FWVP
FUNCTION FWYR(T) FWVP 01
c FWVP 02
c FWVP 03
c Y4=T=Tb PAUL LOMHEN FWVP 04
C GIVEN TEMPERATURE IN DEGREES CELSIUS THIS FUNCTION RETURNS SATURATION FWVP 05
C WATER VAPOR PRESSURE IN B, FHYP 04
C “TRUE™ VALUES WERE TAKEN FROM P 352 BMITHSONIAN MET, TABLES, FWVP 07
C AT =5 C, EQGUATION GIVES & VALUE 1,4X HIGH, BETWEEN 0C AND 4SC FHVP 08
C EBQUATION VARIES BETWEEN EXTREMES OF ,29% LOW AND ,33% HIGH, FWVP 09
€ AT S0C IT I8 ,71% LOW, FWYP 10
c FuvP 11
c Fwyp 12
FHUVPRBEXP(1,81337 ¢ 0,0714%T = 0,00023«T«T) FuyP 13
c FuvP 14
¢ FWVP 15
RETURN PWyP 16
END FwVP 17
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B. NITROGEN SUBMODEL

P. W. Lommen

GENERAL DESCRIPTION OF THE NITROGEN
SUBMODEL

The nitrogen submodel, called N, simulates simply, but
realistically, the flows of nitrogen in a desert ecosystem.
Early in the development of the Water Response Ecosystem
Model, it was decided that plant growth would depend on
soil mineral nitrogen level. Thus, a nitrogen submodel was
needed, but it was to be as simple as possible since the
overall model objective called for simulation of
above-ground phytomass amounts rather than soil nitrogen
dynamics or amounts. Figure B-1 is a box-and-arrow
diagram of the nitrogen submodel.

Nitrogen flows simulated in N include decomposition,
mineralization, fixation, nitrogen in precipitation, denitrifi-
cation and uptake. Many of the ideas in N came from the
work of Gist et al. (in press), Reuss and Innis (in press) and
from helpful discussions with J. Skujins, A. Wallace, E. M.
Romney, R. B. Hunter and C. §. Gist.

Precipitation

Fixation

Denitrification
Perennial

Plant Submodel

Atmospheric

Modeling

The input of nitrogen from precipitation is proportional
to precipitation amount (Gist et al. in press).

The rate of input of nitrogen from fixation is proportional
to factors for soil surface temperature and for soil water
potential near the surface. The proportionality factor is a
constant which depends only on the site being simulated.
Ideally, this factor might be proportional to the biomass of
the fixers, but this would be beyond the requirements of the
Water Response Ecosystem Model.

Volatilization of NH, is assumed negligible. Denitrifica-
tion of mineral nitrogen is proportional to the amount of
mineral nitrogen in the soil, and soil temperature and soil
water potential factors at about 10-em depth. As with
fixation, the proportionality factor is a site-dependent
constant.

Nitrogen in litter decomposed is divided between mineral
nitrogen and soil organic matter pools by a scheme adapted
from Reuss and Innis (in press). Decomposition is handled in
a separate submodel (see Section C, below). For each type of
litter (feces, soft, hard, woody), a constant fraction of
nitrogen in decomposed litter goes to the mineral nitrogen

CONTROLLING VARIABLES

P Precipitation
§ Soil Temperature and Soil
Water Potential

Soil
Mineral N

Decomposition

f

Mineralization

D

Litter
N

Soil Organic
Matter N

Decomposition

Figure B-1.

Simplified box-and-arrow diagram for the nitrogen submodel.
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TNUPEO 0

pO10Inl,PMFGPS
IF(CVPHS(I),LT,0,0)G0T010
TNUPBTNUR+CVPHB(])
CONTINUE

TNUPBRTNUP#®PNFNP#0,152

TNPRCP8O,016%ZRAIN

142

pool, This fraction depends on an estimate of the
carbon:nitrogen ratio in a given litter type; the higher the
ratio, the smaller the fraction to the mineral nitrogen pool.

The mineralization flow from soil organic nitrogen to
mineral nitrogen is proportional to the size of the soil
organic nitrogen pool and to factors for soil temperature and
soil water potential. Again, the proportionality factor is a
site-dependent constant.

Finally, uptake is proportional to amount of
photosynthesis. The proportionality factor equals the
fraction of nitrogen in fresh plant material (~ 0.02), times a
factor which accounts for respiration (which equals 0.152
and was determined during the course of several runs of the
model).

PROGRAM DESCRIPTION OF N

Only the important segments of the code in the program
listing are shown and described. Sequence numbers are
shown to aid in reference to full code listing which follows
the Program Description. All comment cards, specification
statements and bookkeeping sections have been left out.
Almost all initialization has also been deleted. Definitions of
variable names may be found in Table B-1, which also
appears at the beginning of the Program Listing.

NNN 132
NNN 133
NNN 134
NNN 135
NNN 134

TNUP first becomes the sum over perennial plant
functional groups of positive photosynthesis amounts.

NNN 137
Here, TNUP becomes mineral nitrogen amount, in
kg-ha™', taken up by perennial plants this time-step. It is
proportional to total photosynthesis and fraction of nitrogen
in fresh plant material. The proportionality factor was
determined in early runs of the model.

NNN 149
The amount of mineral nitrogen getting into the soil
profile via precipitation is proportional to the precipitation
this time-step.
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Table B-1. Variable dictionary for N

CODL(I,d)

CNFIX
CNSDF
CNSDS
CNSOMF
CNSOMS
CNBUP
CVPHS (J)

CwP8I(L)

DBGFLG
DEAUG]
Fi

PMDT

PNONIT

PNFIX

PNFMN(d)

PNFNL

PNFNP
PNROT

PNTT(4,2)

PNWW (4, 2)

TNCCC(20)
TNDNIT
TNFIX
TNLMN
TNLSOM
TNPRCP
TNSMN
TNUP
XHSOLT(I)

XNMN

XNSOMS

LITTER DECOMPOSED THIS TIME S8TEP (IN DCMP) IN
LOCATION I (STANDING, SURFACE, SOIL LAYERS) OF

TYPE J (FECES, 80FT, HARD, WOODY), KG DRY WGT

HA=1,

S8UM FROM OCT | OF FIXED N, KG N HAe=l

SUM FROM OCT § OF N FROMLITTER TO MINERAL N, KG N HA=}
SUM FROM OCT { OF N FPROM LITTER 7O 80M, KG N HA=}

8UM FROM OCT | OF N LOST FROM DENITRIFICATION, KG N HA=i
SUM FROM OCT | OF N FROM 8OM TO MINERAL N; KG N HAs={

SUM FROM OCT, 1| OF UPTAKE BY PLANTS, KG N MA=i,

PHOTOSYNTHESIS THIS TIME STEP OF FUNCTIONAL
GROUP J (CALCULATED IN VEG), KG HA=i,

SOIL WATER POTENTIAL OF SOIL LAYER L, COUNTING
FROM TOP LAYER, BARS,

IFs,YRUE, WRITE DEBUGGING INFORMATION THIS TIME STEP

NUMBER OF TIME B8TEPS BETWEEN DEBUGGING OUTPUTS
FUNCTION WHICH INTERPOLATES BETWEEN GIVEN DATA POINTS AND
DETERMINES TEMPERATURE AND WATER POTENTIAL FACTORS, THE
ARGUMENT OF Fi 183 X VALUE, ARRAY OF DATA POINTS, NO,
PAIRE OF DATA POINTS, THE ARRAY OF DATA POINTS MUST BE
READ IN IN FREE FORMAT A8 FOLLOMWS) X1,X2,X¥3,X4,Y1,Y2,Y3,Y4
IN ASCENDING NRDER OF X,

LENGTH OF TIME STEP, DAYS,

MAXIMUM DENITRIFICATION RATE, KG N LO8S HiA=1 PER
KG MINERAL N HA=i DAY

MAXIMUM PIXATION RATE, HKG N HAwm] DAYel

FRACTION OF DECOMPOSING LITTER N GOING TOD MINERAL N
COMPARTMENT, DIMENSIONLESS

PRACTION N IN LITTER BY TYPE, FECES, BORT, HARD, WOODY,
OIMENSIONLESS,

FRACTION OF N IN FRESH PLANT MATERIAL, DIMENSIONLESS,
RULE DF THUMB FRACTION FOR MINERALIZATION, FRACTION YR=i,

TEMPERATURE DEPENDENCE CURVE, Y I8 DIMENBIONLEGS,
¥ 18 IN DEG, C,

S0IL WATER POTENTIAL DEPENDENCE CURVE, Y I8 DIMENBIONLESS,
X IS IN BARS,

ARRAY FOR READING IN COMMENTS,

DENITRIFICATION LOSS DURING PMDT, KG N HAe=l

TOTAL N FIXED DURING PMDT, KG N MAe}

FLOW DURING PMDT FROM LITTER TO MINERAL NyKG N HA=l
FLOW DURING PMDT FROM LITTER TO BOM, KG N HAej

FLOW OURING PMDT FROWM N DISAOLVED IN PRECIP, KG N HA=1
FLOW DURING PMDT FROM SOM TO MINERAL N, KG N HA=}
PLANT UPTAKE DURING PMDY, KG N MAel,

TEMPERATURE OF SOIL NODE 1, COUNTING FROM BURFACE,
(THE FIRST 80IL LAYER I8 CENTERED ON THE 2ND

NODE,) DEGREES CELBIUS,

MINERAL NITROGEN (AVAILABLE TO PLANTS), KG N HAm=i,

SOIL ORGANIC MATTER Ny KG N HAw|
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TNFIXBPNFIXwPMOT#F | (XHEOLT(1),PNTT,4)eF 1 (CWPBT(1) PNk, 4) NNN 154

The amount of mineral nitrogen fixed by soil microbes
this time-step is proportional to: maximum daily rate;
length of time-step; soil temperature factor between 0 and 1
(based on soil surface temperature); soil moisture factor
between 0 and 1 (based on water potential of top layer).
(Water potential of the soil surface is not calculated by the
WATER submodel.)

TNDNTTEXNMN*PNDNITaPMDT#F L (XHSOLT(2) ,PNTT,4)%F i (CWPSIC1),PNWH,4) NNN {58

TNLMNEO, 0

TNLSOMS0,0

0030Jmi, 4

RE0,0

Dog0Img,PMN
20 RER+CODL(T,J)

TNLMNSTNLMN#REPNFNL (J)2PNFMN(J)

TNLSOMBTNLSOMeRRPNENL (J)w(§ ,»PNFMN(J))
30 CONTINUE

The loss of mineral nitrogen due to denitrification is
proportional to: amount of mineral nitrogen; maximum
daily rate; length of time-step; soil temperature factor
between 0 and 1 (based on temperature of first soil layer);
soil moisture factor between 0 and 1 (based on water
potential of top layer).

NNN 182
NNN 183
NNN {84
NNN 185
NNN {186
NNN 187
NNN 188
NNN 189
NNN 190

Determine TNLMN and TNLSOM, amounts of nitrogen
in decomposed litter going to mineral nitrogen and soil
organic matter compartments, respectively. For each litter
type ] (feces, soft, hard, woody) we sum over soil surface
and below-ground layers to find total of that type litter
decomposed. This total is then multiplied by the fraction of
nitrogen in that type litter and by the fraction of that type
litter going to the mineral compartment. The remainder
goes to the soil organic matter compartment.

TNSMNEXNSOMAwPNROT#PMDT#0 03 30p ] (NHEOLT(E) ,ONTT,U)uFl(CHWpPBT(R), NNN 209

L PNWW,4)

XNSOMSWXNSOMS+ TNLBOM=TNEMN

NNN 210

The amount of soil organic matter nitrogen transferred to
the mineral nitrogen compartment, TNSMN, is equal to: the
amount of soil organic matter nitrogen, XNSOMS; times
PNROT, a “rule of thumb” parameter (typically .005 to .02)
for the approximate yearly fraction of soil organic matter
decomposing; times the length of the time-step; times .033,
which is to be thought of as 1 year’s activity per 30 optimum
days; times a soil temperature factor between ( and 1; times
a soil water potential factor between 0 and 1. The factors for
soil temperature and water potential are both keyed to
values in the second soil layer (typically about 10-cm depth)
which we roughly estimate to be close to the center of this
activity.

NNN 221
The soil organic matter nitrogen compartment is
increased this time-step by a flow from the litter
compartment and decreased by mineralization.
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XNMNBXNMN+TNPRCP#TNFIX 4 TNLMN4 TNSMN=TNDNITo TNUP NNN 225
The mineral nitrogen compartment is increased by
precipitation, fixation and flows from litter and soil organic
matter. It is decreased by denitrification and uptake.

ENTRY NINIT NHN 282
This entry point is called once from MAIN and is for
initialization purposes. The reading and writing of input
comments and variables is handled the same way as for
VEG (Section A, this Research Memorandum).
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COMPLETE PROGRAM LISTING

SuBROUTINE N

SBUBROUTINE N

WRITTEN BY

PAUL W, LOMMEN

DESERT BIOME = ECOLOGY CENTER UMC S2
UTAH STATE UNIVERSITY

LOGAN, UTAH 84322

AUGUBT 1976

CoDLCI,J)

CNFIX
CNSDF
CNSDB
CNBOMF
CNSOMS
CNBUP

CVPHS (J)

CWPBICL)

DBGFLG

DEBUG1

Fi

PMDT

PNDNIT

PNEIX

PNFHMN(4)

PNFNL

PNFNP
PNROT

PNTT(U,2)

PNWW(U,2)

TNCCC(20)
TNDNIT
TNFIX
TNLMN
TNLSOM
TNRRCP

TNSMN

VVVVVYVYYYVVVVVVYYVYYV VYV VYV VYV Y VY YV VYV VYV VYV VYV YV VYV VYV VYV VY VY

VARTABLES FOR N

LITTER DECOMPOSED THIS TIME STEP (IN DCMP) IN

LOCATION 1 (STANDING, BURFACE, 80IL LAYERS) OF

TYPE J (FECES, SOFT, HARD, WOODY), KG DRY WGT

Hhel,

8UM FROM OCT | OF FIXED Ny KG N HA=]

SUM FROM OCT | OF N FROMLITTER TO MINERAL Ny KG N HAe=l
SUM FROM OCY | OF N FROM LITTER TO 80M, KG N HA=i

8UM PROM OCT | OF N LOST FROM DENITRIFICATION, KG N HA=i
SUM FROM OCT { OF N FROM 80M TQ MINERAL Ns KG N HA=i

8UM FROM 0CT, 1 OF UPTAKE BY PLANTS, KG N HA=i,

PHOTOSYNTHESIS THIS TIME STEP OF FUNCTIONAL
GROUP J (CALCULATED IN VEG), KG HA=1,

80IL WATER POTENTIAL OF SOIL LAYER L, COUNTING
FROM TOP LAYER, BARS,

IFa,TRUE, WRITE DEBUGGING INFORMATION THIS TIME STEP
NUMBER OF TIME 8TEPS BETWEEN DEBUGGING OUTPUTS
PUNCTION WHICH INTERPOLATES HETWEEN GIVEN DATA POINTS AND
DETERMINES TEMPERATURE AND WATER POTENTIAL FACTORS, THE
ARGUMENT OF F1 183 X VALUE, ARRAY OF DATA POINTS, NO,
PAIRS OF DATA POINTS, THE ARRAY OF DATA POINTS MUBT BE
READ IN IN FREE FORMAT AS FOLLOWS) X1,X2,X3,Xd,Y1,Y2,Y3,Yd
IN ASCENDING ORDER OF x,
LENGTH OF TIME STEP, DAYS,

MAXIMUM DENITRIFICATION RATE, KG N L0883 HA=i1 PER
KG MINERAL N HA={ DAY

MAXIMUM FIXATION RATE, KG N HAe] DAYel

FRACTION OF DECOMPOBING LITTER N GOING TO MINERAL N
COMPARTMENT, DIMENSTIONLESS

FRACTION N IN LITTER BY TYPE, FECES, BORT, HARD, WOODY,
DIHENSIONLEGS,

FRACTION OF N IN FRESH PLANT MATERIAL, DIMENSIONLESS,
RULE OF THUMB FRACTION FOR MINERALIZATION, FRACTION VYR=l,

TEMPERATURE DEPENDENCE CURVE, Y I8 DIMENSIONLEBS,
X I8 IN DEG, C.

SOIL WATER POTENTIAL DEPENDENCE CURVE, Y I8 DIMENBIONLESS,
X I8 IN BARS,

ARRAY FOR READING IN COMMENTS,

DENITRIFICATION LOSS DURING PHMDT, KG N HA=l

TOTAL N FIXED DURING PMDT, KG N HA={

FLOW DURING PMDT FROM LITTER TO MINERAL N,KG N HA={
FLOW DURING PMDY FROM LITTER TO BOM, KG N HAe|

FLOW DURING PMDT FROM N DISSOLVED IN PRECIP, KG N HAw=l

FLOW OURING PMDT PROM 30M TO MINERAL Ny KG N HA=]

NNN
NNN
NNN
NNN
NNN
NNN
NNN
NNN
NNN
NNN
NNN
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NNN
NNN
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001
oo
003
004
008
006
007
008
009
010
011
0le2
013
04y
015§
olé
017
0l
019
020
oal
022
023
o024
0as
o02e
0ar
o028
029
030
031
032
033
034
035
036
037
038
039
040
0wy
ouz
ouly
o4y
0us
0ds
0ur
0us
049
0s0
051
0se2
053
084
055
056
057
058
059
060
061
062
063
06U
065
kb
067
068
069
070
071
072
073
074
078
076
077
078
ore
oso
081
ose
083
08u
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TNUP PLANT UPTAKE DURING PMDT;, KG N HA=i,

XHSOLT(I1) TEMPERATURE OF SOIL NODE I, COUNTING FROM BURFACE,
(THE FIRST B80IL LAYER IS CENTERED ON THE 2ND

NODE,) DEGREES CEL8IUS,
XNMN MINERAL NITROGEN (AVAILABLE TO PLANTS),; KG N HA=l,
ANSOMS SOIL ORGANIC MATTER Ny KG N HAm{

VYVVVYVVVVVYVVVVVY VY VY Y VYV VY VY VY Y Y VY YV VYV Y Y VY VY YV VYV YV VY

COMMON TIME,VTSTART,TEND,DT,DTPR,DTPL,

1CAAR(6,8) )CADEST(6,8) ,CADETH, CAUNST ;CODL(12,4),CHDC10),CHOX(10),
2CHDXX(10),CNFIX,CNBDF,CNSDS,CNSOMF,CNSOME,CNBUP,CVDETH(12,4),
JCYLTFRE11,4) ,CVPHEN(6,8),CVPHS(6),CVRDBT(6,10),CVTIPR(6,8),CVVCOY,
GCWINF, CHPBTIC10))PMDT,PMDTPL,PHDTPR)PMFGPS PHIDAT o PMN,PMNCOH, PMNSP,
GPWK(10) ) XAACU) pXABVAT(U,8) XAAWT(4) , XAFTE(4), XAFHT(4), XANUMB(4,B8),
GYASA(U) yXASAWT (U) p XAYNGCU) p XAYWT (4) p XHSOLT(10) s XNMN, XNSOMF , XNSOMS,
TAVFG(b,S) o XVLITR(12o4) s XVPLNT(6,8)y XYTOTL o XWTHTACLO) s XWSTND,ZAIRT,
BZEVAP,ZESUM, ZPHPD, ZRAIN, ZRSUM, ZRH, IRINT , ZRISUM, ZSUN, ZTMAX, ZTHIN,
9ZWIND

COMMON/DB/DEBUGY ,DEBUG2,DEBUGS
INTEGER PHFGPS,PMN
DIMENSION PNFNL(4), PNEMN(U) , PNTT(4,2), PNWW(4,2), TNCCC(20)

LOGICAL DBGFLG

uuuvuyyuuyuuuuuyuBUyuuUyyUUUyUUUUyuyuBUUDUUBUUUUUUUUuuuuUyuuuUUByUU U Uy

UPTAXE SECTION

FOR REALISM, UPTAKE 18 PROPORTIONAL 70O PHOTOSYNTHESIS, WE ALSO
XKNOw N CONTENT OF FRESH PLANY MATERIAL, PNFNP, FROM RUN OF
12=19=74 WE WANTED PNFNP=0 03, BY FAILING TO CONSIDER RESPIRATION,
HOWEVER, AND MAKING UPTAKE 8 0,03 X PHOTOSBYNTHESIS, NEW GROWTH WAS
2430 KG HAe] BUT UPTAKE U8B0 KG HAw], THE DESIRED UPTAKE WAS

0, 3 x 2430 = 73 KG N HA={, THUS TAKE PROPORTIONALITY BETWEEN
GROWTH AND UPTAKE TO BE = PNFNP X 73 / 480 m PNFNP X 0,192

TNUP=0 0
DO10I=s1,PMFGPS
IF(CVPHS(1),LT7,0,0)G0T01L0
TNUPBTNUP+CVPHB (1)

10 CONTINUE
TNUPBTNUPRPNFNP®O, 152

END UPTAKE SECTION

[V VvV VIV VIV VIR VAV IS VTV VRV FL DAV LVIVIVV NS R VN[V M R VARV [V VRV O U NAV VAV G VAR AV N WAV ]
C
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[
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AMAAAAAAAAAAARAAAAAARAAAAAAARAAARAAAAAAAAARRAARAARAAAAAARAAAAAAARARRAAAAAR
ATMOSPHERE SECTION

FROM PRECIP, FACTOR QF 0,016 KG N HAw] MMw} FROM GIST, WEST,MCKEE
TNPRCP=0,0}6%ZRAIN

FROM FIXATION

IDEALLY MIGHT MAKE THIS PROPORTIONAL TO BIOMASS OF FIXERS BUT I THINK

THAT'S BEYOND wATER RESPONSE MODEL REQUIREMENTE
TNFIXSPNEIX«PHDTwF { (XHSOLT(L),PNTT,4)eF 1 (CHPBI(1),PNuwW,4)

DENITRIFICATION LOB8

ASSUME VOLATILIZATION L0OSS OF NM4 NEGLIGIBLE
TNONTTEXNMN*PNDNITaPMDT#F 1 (XHSOLT(2) ,PNTT,4)4Fi(CWPBI(1),PNWK,4)

SKUJINS SAID TODAY ABQUT 1/3 QF SURFACE LIYTER N I8 DENITRIFIED AND

1410 OF ROOT N I8 DENITRIFIEC, 80 IF UPTAKEsLITTER FALL ® LIVTER

DECOMPOBITION ® 100 KG N HAei YRe{ AND ROOT/8MOOT ® 3 THEN {/3X25 ¢

1710 X 75 8 {6 KG N HA={ YRe},

END ATMOSPHERE SECTION
AAAAAMAAAAANAAAAMAANAAAADAAAAANAARAAAAARAAMAAAALMAAAAAARAARAAARAAAAAAMAAAAAARA

copOOOOPDODDDDODDODDOODDEOODEOCOOOODDDDDODDDDDEODOEDONODDODBDODODDODDDDODD
DECOMPOSITION SECTION

LOCATIONS CONSIDERED « = SURFACE, BELOW GROUND
TYPES CONSBIDERED = FECES, SOFT, HARD, WOODY
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094
098
094
097
098
089
100
i01
102
103
104
108
106
107
108
109
110
111
112
113
144
115
116
117
118
119
120
121
i22
123
124
129
ide
127
128
129
130
131
132
133
134
135
136
137
138
139
1a0
1a1
142
143
144
148
146
147
148
149
150
1519
152
153
154
158
156
157
188
159
160
161
162
163
164
165
166
167
168
169
170
i71
172
173
174
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c NNN 178
C TURNOVER TIMES FOR FECES, 80FT, HARD, WOODY PRESUMABLY WILL BE A FEW NNN (7@
C HONTHS, A FEW MONTHS, ABOUT 4 YEAR, SEVERA| YEARS, REBPECTIVELY, BUT NNN 177
€ THESE TURNOVER TIMES (OR DECOMPOSITION RATES) wWILL BE READ IN IN DCMP NNN {78
C AND SO CAN BE READILY CHANGED, NNN 179
c NNN 180
c NNN (81
TNLMNEO,0 NNN {82
TNLSOM=E0,0 NNN 183
DO30Jal, 4 NNN {84

Ra:0,0 NNN §8S
D020182,PMN NNN 186

20 RmR+CDODL(I,J) NNN 187
TNLMNBTNL MNeR&PNENL (J)«PNFMN(J) NNN 188
TNLSOMBTNLBOM*R*PNFNL(J)w (1 ,=BNFMN(J)) NNN 189

10 CONTINUE . NNN 190

C THIS DIVISION OF DECOMPOSED LITTER HWAS BEEN DIVIDED BETWEEN MINERAL NNN 19}
C N AND SOM BY A SCHEME ADAPTED FROM A GRASSLAND NITROGEN FLOW NNN 192
C SIMULATION MODEL, 197S(PREPRINT) J,0,REU88 AND G,9,INNIS, NNN 193
4 NNN 194
C END DECOMPOSITION SECTION NNN 195
CooODODDDDDODREDDODODDOODODDDDDDDDORDODDDDDDDDDDDDOOOODODDDDDDODDDDDDDDD NNN 196
c NNN 197
c NNN 198
c NNN 199
c NNN 200
CHMMMMMMMMMMMMMMMMMMMMMMMMMHMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM. NNN 201
C MINERALIZATION SECTION NNN 202
4 NNN 203
C THE SOIL ORGANIC MATTER 1§ A& VERY STABLE COMPARTYMENT WITH A TURNOVER NNN 204
C TIME OF 50=100 YEARS, RULE OF THUMB ESTIMATES FOR 890M TURNOVER NNN 208
C ARE USUALLY ABOUT 2% PER YEAR, HERE, I MUST USE A SMALLER FIGURE NNN 206
C IN ORDER TO BALANCE THE OVERALL N BUDGET, NNN 207
C 0,03381/30 I8 A FACTOR TO BE THOUGHT OF AS { YEAR PER 30 OPTIMUM DAYS NNN 208
TNSMNBXNSOMB#PNROT#PMDT#0,0332F i (XHEOLT(3),ENTT, U)nFiCCWPBTI(2), NNN 209

1 PNWW,0) NNN 210

C END MINERALIZATION BECTION NNN 2141t
CMMMMMMMMMMMMMMMMHMME MMM MM MMMM MMM MMM MMMMMMMMMMMMMMEMMMMMMMMMMMMMMMHMS NNN 212
¢ NNN 213
4 NNN 214
[» NNN 215
c NNN 216
CIIIIIITITITIZIZIRIQIIZIZLQI TSI QR III IR IIIIITSIIII0 222222223212 NNN 247
C INCREMENT 8ECTION NNN 218
4 NNN 219
C 80IlL ORGANIC MATTER N NNN 220
XNSOMIEXNSOMB+ TNLBOM=THNEMN NNN 221
IF(XNSOMS ,LT,0,0)XNSOMES0,0 NNN 222

c NNN 223
C MINERAL N NNN 224
XNMNBYXNMN+ TNPRCP#TNFIX e TNLMNe TNEMNaTNDN] T= TNUP NNN 225
IF(XNMN,[T.0,0)XNMNEO, O NNN 226

c NNN 227
4 NNN 228
c NNN 229
C END INCREMENT SECTION NNN 230
CITITIIZIITTRR TSI T Iee eI IqosIseeseyqeIseaeessesIsqeasiqsassqsqnzay NN 231
c NNN 232
4 NNN 233
4 NNN 234
c - NNN 235§
C5558853558555583995898935399939855358595988993585558985859959558888898888 NNN 236
C SUMMING SECTION NNN 237
c NNN 238
IF(PMJDAT,LT,270)6G0T040 NNN 239
IF(ABS(PMJDAT=270),6E,PMOT)IGATOUO NNN 240
CNFIXa0,0 NNN 241
CNSDF20,0 NNN 242
CNSDS®=0,0 NNN 243
CNBOMS=0,0 NNN 244
CNSUPEO,0 NNN 24§
CNSOMFm0,0 NNN 2464

U0 CONTINUE NNN 247
CNFIXSCNFIX+#TNFIX NNN 248
CNSDFaCNSDF ¢ TNLMN NNN 249
CNSDSECNSDS+TNLSOM NNN 280
CNSOMSBCNSOMS 4 TNSMN NNN 251
CNEBUPECNSUP+TNUP NNN 252
CNSOMFECNSOMF ¢ TNONTT NNN 253

c NNN 254
C END SUMMING SECTION NNN 255
£58588855388555888985889959883885558598598589955858583889835355558955898888 NNN 256
[ NNN 257
4 NNN 258
c NNN 259
c NNN 260
CODDDDDDODODOODODDDDOODDDDDDODODDDDDDDDDODODODOODOODOODDDDONDDDDODODDDPDDD NNN 261
C DEBUGGING SECTION NNN 262
C NNN 263

DBGFLG® FALSE, NNN 264
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IF(DEBUGY ,LT, 1,E=5) GO TO 50 NNN 265
IF(MOD(((TIME=TSTART)/PMDT), DEBUGY) LT, 1,E=S5) DBGFLGm,TRUE, NNN 266

50 CONTINUE NNN 267
IF(,NOT, DBGFLG) GO TO 80 NNN 288

60 WRITE(L,70)XNMN,XNBOMS,CNFIX, TNFIX,CNB8DF, TNLMN,CNBDS,TNLBOM, NNN 269
1CNSOMS, TNSMN,CNSUP, TNUP,CNSDMF , TNDNIT NNN 270

70 FORMAT(' NNNN wwwwwhwwwew!, F7. 1, FO,1, 12Fb,1) NNN 271

B0 CONTINUE NNN 272

C NNN 273
C END DEBUGGING NNN 274
EDQDDDaDDDDODDDDDDDDDDDDDDODQDDDDDDDDDDDDDDDDDDGDDDDDDDDDDDDDDDDDDDDDDDD NNN 27§
NNN 276

= NNN 277
RETURN NNN 278

¢ NNN 279

CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEFEEEEECEEEEECEEEEEFEEEEEEEEEEEEEEEEEE NNN 280
CEEEFEEEEFEFEEEEEEEEEEEEEEEFEEEEEPEFEEEEEEEEEEEEEEECEFEEEEFEEEEEEEEREEEE NNN 281

ENTRY NINIT NNN 282
c NNN 283
4 NNN 280
C READ AND WRITE COMMENTS , INITIAL DATA AND PARAMETERS NNN 288
c NNN 286
READ(S,90)TNCCC NNN 287
MRITE(&,100)TNCCC NNN 288
WMRITE(6,110) NNN 289
c NNN 290
READ(S,90)TNCCC NNN 291
WRITE(6,100) TNCEC NNN 292
READ(S, /) XNMN NNN 293
WRITE(6, 120)KNMN NNN 294
WRITE(&,110) NNN 29§
¢ NNN 296
READ(S,90)TNCEC NNN 297
WRITEC6,100)TNCEC NNN 298
READ(S, /)XNBOMS NNN 299
WRITE(6,120)XNBOMS NNN 300
WRITE(6,110) NNN 301
4 NNN 302
READ(S,90)TNCEC NNN 303
WRITE(6,100)TNCCC NNN 304
READ (S, /)PNFNP NNN 308§
WRITE(6,120)PNFNP NNN 306
WRITE(&,110) NNN 307
[ NNN 308
READ(S,90)TNCCE NNN 309
WRITE(6,100)TNCEC NNN 310
READ(S,/)PNFIX NNN 311
WRITE(6,120)PNFIX NNN 3§2
WRITE(b,110) NNN 313
c NNN 314
READ(S,90)TNECCC NNN 315
WRITE(6,100)TNCCC MNN 316
READ(S,/)PNDNIT NNN 317
WRITE(6, 120)PNONIT NNN 318
WRITE(B,110) NNN 319
4 NNN 320
READ(S,%0)TNCCC NNN 321
WRITE(6,100)TNCCE NNN 322
READ(S, /IPNFNL NNN 323
WRITE(6,120)PNFNL NNN 324
WRITECE,110) NNN 325
[ NNN 326
READ(5,90)TNCCC NNN 327
WRITE(6,100)TNCCC NNN 328
READ(S,/)PNROY NNN 329
WRITE(6,120)1PNROT NNN 330
WRITE(6,110) NNN 331
c NNN 332
READ(S,90)TNCCC NNN 333
WRITE(6,100)TNCCC NNN 334
READ (S, /)PNTT NNN 335
WRITE(6,120)PNTT NNN 336
WRITE(6,110) NNN 337
c NNN 338
READ(5,90)TNCCC NNN 339
WRITE(6,100)TNCCC NNN 340
READ(S,/)PNWK NNN 3414
WRITE(6,120)PNHKH NNN 342
WRITE(&,410) NNN 343
c NNN 344
READ(5,90)TNCCC NNN 345
WRITE(6,100)TNCEC NNN 346
READ(S, /IPNFMN NNN 347
WRITE (b, 120)PNFMN NNN 348
WRITE(6,110) NNN 346
C NNN 350
READ(5,90)TNCEC NNN 351
WRITE(6,100)TNCCC NNN 352
WRITEC(6,110) NNN 353

c NNN 354
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90 FORMAT(20A4)

100 FORMAT(' ',2044)
110 FORMAT(! 1)

120 FORMAT(! ',8F14,S)

(aNaNal

RETURN
END
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C. DECOMPOSITION SUBMODEL DCMP
P. W. Lommen

GENERAL DESCRIPTION OF DCMP

DCMP calculates the amount of litter, in kg-ha™,
separated by location and type, which is decomposed each
time-step. This information is used by the nitrogen
submodel to determine some key nitrogen fluxes. Locations
are standing, surface and up to eight soil layers; types are
feces, soft, hard and woody.

Each time-step in DCMP, a fixed fraction of each of the
various litter categories is shifted downward by a transfer
matrix (standing to surface, surface to first soil layer, etc.).
The processes doing these transfers might be wind, rodents,
insects, etc., but remain unspecified.

Next, a fraction F is determined for each litter category. F
is the decimal fraction of a category decomposed during the
current time-step. F depends on litter type, temperature and
water potential factors at its location, and length of
time-step:

F=1—-exp[(R) (Fp) (Fw) (At)] (C-1)
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where R is maximum instantaneous (not dailyl) rate of
decomposition of this type of litter (units are day™'), Fp and
Fyy are temperature and water potential factors,
respectively, whose values are between 0 and 1, and At is
the length of the time-step in days. It should be noted that
standing litter is not decomposed until it is transferred to the
soil surface.

Each litter category is then multiplied by the appropriate
value of F and the result stored in an amount-decomposed
array for use by the nitrogen submodel. The litter category
is then decreased by this amount.

PROGRAM DESCRIPTION

Only the important segments of the code in the program
listing are shown and described. Sequence numbers are
shown to aid in reference to full code listing which follows
the Program Description. Comment cards, specification
statements and bookkeeping sections have been left out.
Definitions of variable names may be found in Table C-1,
which also appears at the beginning of the Program Listing.

Table C-1. Variable dictionary for DCMP

CODL(12,4) AMOUNT OF LITTER DECOMPOSED DURING PMDT BY LOCATION,

AND CATEGORY, KG MA=]

CVLTFR(11,4) LITTER TRANSFER ARR

AY,

CVLTFR(I,J) IS FRACTION PER

DAY OF LITTER OF TYPE J, LOCATION I TRANSFERRED BY
WIND, RODENTS, ETC, TO TYPE J LOCATION I+1, DMNBNLESS,

1Fm,TRUE, WRITE QEBUGGING INFORMATION THIS TIME STEP
NUMBER OF TIME STEPS BETWEEN DEBUGGING QUTPUTS

FUNCTIUN wHICH INTERPOLATES BETWEEN GIVEN DATA POINTS AND
DETERMINES TEMPERATURE AND WATER POTENTIAL FACTORS,

THE

ARGUMENT OF F1 I8J X VALUE, ARRAY OF DATA POINTS, NO,
THE ARRAY OF DATA POINTS MUST BE
READ IN IN FREE FORMAT AS FOLLOWS) X1,X2,X3,KU,Y1,Y2,Y3,Y4

DBGFLG
DEBUGH
Fi
PAIRS OF DATA POINTS,
IN ASCENDING ORDER OF X,
POTT(4,2) TEMPERATURE DEPENDENCE CURVE,

X 18 IN DEGREES C,

POWW(4,2) SOIL WATER POTENTIAL DEPENDENCE CURVE,

X 18 IN BARS,
PDR(4)
TOCCC(20)

XVLITR(§2,4)

Y IS DIMENSIONLESS,

Y I8 DIMENSIONLESS,

OPTIMUM INSTANTANEOUS DECOMPOSITION RATE BY CATEGORY,DAY=1
ARRAY USED TO READ IN COMMENTS

AMOUNT OF LITTER BY LOCATION, CATEGORY, KG/HA
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DO 10 MmQ,PMLYRS
KEPMLYRS+2eM
DO 10 Lmi,d

XVLITR(K,L)SXVLITR(K,L)*XVLITR(Kel)L)#(1,=(1,=CVLTFR(K=1,L))

| w«PHDT)

10 XYLITR(K=1,L)8XVLITR(K=1,L)=XVLITR(K=1,L)*(l,e(),=CVLTFR(K=1,L))

1 *2PMDT)

DO 30 Im2,PMN

KEl=2
IF(I,LE.2)Kn}
FFoFL (CHPSI(K) ,POWN,4)*F1 (XHSOLT(I=1),FPOTT,4)«PMHDT
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DCHP
DCHP
DCMP
DCHMP
DCHMP
DCMP
DCHMP

068
069
070
071
072
073
074
Transfer litter downward using rates in CVLTFR,
starting at the bottom layer. CVLTFR(K—1,L) is the frac-
tion per day of type L litter moving downward from

location K—1 to location K.

The fraction remaining is 1 —CVLTFR(K—1,L). After
PMDT da{/s[ the fraction remaining is [I—CVLTFR
(K—l,L)]P bT. The fraction moved down to location K
is 1— [I—CVLTFR(K—1,L)]FMDT  Thus, an amount,
XVLITR(K—1,L) » {1—[1—CVLTFR(K—1,L)JFMDT} |
is added to XVLITR(K,L) and subtracted from XVLITR
(K—1,L).

DCHP 081

Beginning of main DO loop which calculates

decomposition.

DCHMP 083
DCHMP 084
DCHMP 0BS5S

First time through the loop is for surface litter where we
want surface temperature XHSOLT(1) and water potential
of the first layer CWPSI(1) (which is as close as we can get to
water potential at the surface) used in calculating decom-
position rates.

Second time through the loop is for the first layer in the
soil where we want temperature of the first layer [= temp.
of second node = XHSOLT(2)] and water potential of the
first layer again [CWPSI(1)]. Many processes have
exponential rates of decay (radioactive decay of some
elements, animal mortality functions, etc.). If the
instantaneous rate of decomposition of S is R, then

(d$/dT) = — RS
and it follows that
S= Soeéﬁt, wheretistime

In this submodel,

R = (max. instantaneous decomp. rate) x (water
pot. factor) x (temp. factor) x time
= PDR(J) x F1 (WATER) x F1 (TEMP) x PMDT
= PDR(J)xFF (C-2)
PMDT is the length in days of a time-step (note that an

instantaneous rate is not the same as a daily rate). Within
each litter location, FF is the same for all four categories of
litter. That is why FF is calculated before the next
statement.



20

30

DO30Js, 4

IF(XVLITR(1,J),LE,0.,0)GOTOR20

Fey,=EXP(=FFxPDR(J))

CODL(T,J)mXVLITR(I,J)*F

XVLITRCI,J)aXVLITR(I,J)*(1,=F)

CODL(I,J)®0,0

CONTINUE

ENTRY DINIT

Modeling

DCHP 086
Now go through litter categories . (feces, soft, hard,
woody) for the present layer.

DCMP 087
If there is no litter in this category there can be none
decomposed, so go to 20.

DEHP 088
F is the fraction of this litter category decomposed in this
time-step.

DCHP 094
CDDL (1,]) is the amount of litter decomposed in this
time-step.

DCMP 095
Reduce XVLITR accordingly. Because exponential is used
to determine F, F is always <1.

OCMP 097
Reach here only if there is no litter in this category to
decompose.

LCHP 098
End of both DO loops.

DCHP 122
DCMP initialization section. The reading and writing of
input variables is handled the same way as in subroutine
VEG.
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COMPLETE PROGRAM LISTING

SusrouTINE DCMP
SUBROUTINE DCMP DEMP
OCHpP
DECOMPOSITION SUBMODEL OF WATER REBPONSE MODEL MARCH 1976 DCMP
DCMP
WRITTEN BY PAUL W, LOMMEN DCHP
UTAH BTATE UNIVERSITY  UMCS2 ocme
LOGAN, UTAH 84322 DCHP
OCHMP
DCMP
DCMP
VVVVVVVYVVVVVY VYV VYV YV VYV VYV VYV VYV VYV VYV VYV VYV VVVY YV VYV VYV VY VY YV DEMP
VARIABLE LIST FOR DCMP DEMP
DCHMP
DCHP
CODL(12,4) AMOUNT OF LITTER DECOMPOSED DURING PMDT BY LOCATION, DCMP
AND CATEGORY, KG HA=| DCHP
DCHP
CYLTFR(11,4) LITTER TRANSFER ARRAY, CVLTFR(I,J) I8 FRACTION PER DCMP
DAY OF LITTER OF TYPE J, LOCATION I TRANSFERRED BY DCHMP
MIND, RODENTE&, ETC, TO TYPE J LOCATION I+, DMNSNLESS, DCHP
DEMP
DCHP
DBGFLG IFm,TRUE, WRITE OEBUGGING INFORMATION THIB TIME STEP DCMP
DCMP
DEBUGY NUMBER OF TIME STEPS BETMEEN DEBUGGING OUTPUTS pCHP
DCHP
Fi FUNCTION WHICH INTERPOLATES BETWEEN GIVEN DATA POINTS AND DCHP
DETERMINES TEMPERATURE AND WATER POTENTIAL FACTORS,  THE DCMP
ARGUMENT OF F1 IBJ X VALUE, ARRAY OF DATA POINTS, NO, DCMP
PAIRS OF DATA POINTS, THE ARRAY OF DATA POINTS HUST BE  DCMP
READ IN IN FREE FORMAT A8 FOLLOWS) XI1,X2:,X3,X4,Yi,Y2,Y3,YUDCMP
IN ASCENDING ORDER OF X, DEHP
pCHP
PDTT(4,2) TEMPERATURE DEPENDENCE CURVE, Y I8 DIMENSBIONLESS, DCMP
X I8 IN DEGREES C, DCHP
DCMP
PDWW(U,2) SOIL WATER POTENTIAL DEPENDENCE CURVE, Y IS DIMENSIONLESS,OCMP
X 18 IN BARS, DCMP
DCMmP
POR(Y) OPTIMUM INSTANTANEDUS DECOMPOSITION RATE BY CATEGORY,DAYelDCHP
DCMP
TDCCC(20) ARRAY USED TO READ IN COMMENTS DCHMP
DCMP
XVLITR(12,4) AMOUNT OF LITTER BY LOCATION, CATEGORY, KG/HA DChP
VVVYVVYYVYY VYV VYV VYV VY VYV VY YV YV VYV V VYV VYV VYV YV VY VYV VYV VY Y YV YV VYV VY VDC P
DEMP
COMMON TIME,TSTART,TEND,DT,DTPR,DTPL, DCMP
1CAAR(6,8),CADEST(6,8) CADETH, CAUNBT,CODL(12,4),CHD(10),CHDX(10), DCHMP
2CHDXX(10) ,CNFIX,CNSDF,CNSDS,CNSOMF,CNSOMS,CNSUP,CVDETH(12,4), DCMP

3CYLTFR(L1,4),CVPHEN(6,B),CYPHS(6),CYROST(6,10),CVTSPR(6,8),CVVCOV,DCHP
UCWINF,CWPSI(10),PMOT,PMDTPL,PHDTPR,PMFGPE,PMJDAT,PHMN,PHNCOH,PMNSP,DCHP
SPAK(10) s XAACU) pXAAVWT (U, B) o XAAWT(U) , XAFTB(U), XAFWT(U), XANUMB(U,8),DCHP
GXASACL) pXASAWT(U) g XAYNG(U) ) XAYWT(U), XHSOLT(L10), XNMN, XNSOMF , XNSOM8,DCHP
TXVFG(6,5) s XVLITR(12,4)pXVPLNT(6,8),XVTOTL, XNTHTACL10),XWSTND,ZAIRT,DCHP

BZEVAP, ZEBUM, ZPHPD, ZRAIN, ZRBUM, IRH, ZRINT,ZRISUM, ZSUN, ZTHAX, ZTMIN, DCHP
9IWIND DChuP
pCHP

COMMON/DB/DEBUG!,0EBUGZ,DEBUG3 DEMP
DCHP

VIMENSION PDR(4),PDTT(4,2), PDww(4,2), TOCCC(20) DCmP
DCHP

INTEGER DEBUGY, PMN, PMLYRS DCMP
DCHP

LOGICAL DBGFLG DCHP
DCMP

LITTER TRANSFER BY UNSPECIFIED PROCESSES DCHP
DCMP

DO 10 MmO,PMLYRS DCHP
KEPMLYRS¢2=M DCMP

DO 10 L=, 4 DCHP
XVLITR(K,L)SXVLITR(K,L)#XVLITR(K=1,L)a(1,=(1,=CVLTFR(K=1,L)) DCHP

1 waPMDT) DCHMP
10 XVLITR(K=1,L)@XVLITR(K=1,L)=XVLITR(Kel,L)I%(1,=(1,=CVLTFR(K=1,L)) DCHP
1 waPMOT) DCMP
DCMP

EACH TIME STEP DCMP ATTEMPS TO PARTIALLY DECOMPOSE ALL LITTER DCHP
CATEGORIES BUT STANDING DEAD, STANDING DEAD I8 DECOMPOSED ONLY DCHP
AFTER LITTER TRANSFER FUNCTION PUTS IT ON BURFACE, DCMP
DCMP

DCHP

DO 30 Is=g,PHMN DCMP
SURFACE LITTER AND LITTER IN {87 LAYER HWAVE SAME WATER FACTYORS, DCHP
KE]=2 DCHP
IF(I.LE.2)Km} DCHMP

FFRF1(CWPSI(K),PDHWH,4)*F 1 (XHBOLT(I=1),POTT,4)*PMDT DCHP

001
002
003
004
005
006
007
008
009
010
01l
o012
013
014
018
01e
017
018
019
020
021
o022
023
024
02s%
02é
027
028
029
030
031
032
033
034
035
036
037
038
039
0uo
04}
oug
043
0uy
ous
04s
a7y
ous
049
050
051
052
053
054
055
056
057
058
059
060
oel
0e2
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
ose
083
084
08s
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0030Js1,4 DCMP 086
IFCXVLITR(I,J),LE.0,0)G0OT0O20 DCMP 087
Fu)l,=EXP(=FF%POR(J)) DCMP 088

L F I8 NOW THE FRACTION OF PRESENT LITTER CATEGORY DECOMPOSED THIS TIMEDCMP 089
C S8TEP,. UBING EXPONENTIAL wILL USUALLY BE OVERKILL ON CORRECTNESS DCHMP 090
€ (BUT ALSO MEANS IF F I8 LARGE WE wON'T GET NEGATIVE VALUE GENERATED DCHMP 091
c
%

IN ANY LITTER CATEGORY), DCHP 092
DCHP 093

CODL (I, JIEXVLITREI,J)#F DCHP 094
XVLITROI,JIBXVLITR(I,J)4(1,=F) DCHP 095

GO TO 30 DCHP 096

20 COOL(1,J)=0,0 DCMP 097

30 CONTINUE DCHP 098

C DEMP 099
C DCMP 100
L DCMP 101
C DEBUGGING DEMP 102
DBGFLGE,FALSE, DCHP 103

IF (DEBUGL LT, 1,Ee5) GO TO 40 DCHP 104
IF(MOD( ((TIME=TSTART)/PMDT), DEBUGL) LT, 1,E=5) DBGFLGE,TRUE, DCHP 105

40 CONTINUE DCMP 1086
IF(,NOT, DBGFLG) GO TO 80 DCHMP 107

50 WRITE(1,60)C0DL DCHMP 108
WRITE(1o70) C(CXVLITR(K,KK),KKS1,4), K81, PMN4+1) DCMP 109

60 FORMAT(! OD', 12FS,1, 5X, 12F5.1./, ' DD'y 12F5,1, 5X, 12FS,1)  DCHMP 110

70 FORMAT(' D', S(4F6.1,2X), /5 ' D', S(4F6,1,2X)) DCMP 111

80 CONTINUE DCMP 112

£ ) DCMP 113
C END DEBUGGING DCMP 114
c DCHP 11§
C THAT'S8 ALL FOLKS DCHMP 116
¢ DCHP 117
RETURN DEMP 118

DEMP 119

CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEDCHP 120
CEEEEEEEEEEEEEEEEEECEEEEEEEFEEEEEEEEEEEEEEEEEEEEECCEEEEEEEEECEECEEEEEEEEDCMP 121

ENTRY DINIT DCHMP 122

C DCHP 123
C READ AND WRITE INPUT DATA AND COMMENTS DCMP 124
c DCMP 128
READ(S5,90)7DCCC DCMP 126
WRITE(6,100)TDCCC DCHMP 127

c DCMP 128
READ(5,90)TDCCC DCHMP §29
WRITE(6,100)T0DCCC DCHP 1§30
READ(S,/)PDR DCHP §31
WRITE(&,120)POR DCHP 132
WRITE(6,110) DCMP 133

c DCMP 134
READ(S,90)TDCCC DCMP 135
WRITE(&,100)TDCCC DCHP 136

READ (S, /)PDMW DCHP 137
WRITE(6,120)PDwN DCHMP 138
WRITE(b,110) DCHP 139

c DCHP 140
READ(5,90)TDCCC DCHP 141
WRITE(6,100)TDCCC DCHMP 142
READ(S,/)PDTY DCHP 143
WRITE(6,120)PDTT DCMP 144
WRITE(6,110) DCHMP 145

c DCHP 146
PMLYRBEPMN=2 QCMP 147
READ(5,90) TDCCC DCHMP 148
WRITE(6,100) TDCCC DCMP 149
READ(S,/)C(CVLTFR(JoK) KB, 4),Jm],PMLYRS+1) OCHP 150
WRITE(6, /) (CCYLTFR(J,K) oK), 4),Ju],PHLYRE®]) DCMP 151
MRITE(G,110) DCHP 152

[+ DCHMP 153
READ(S,90)TDCCC i DEMP 154
WRITE(6,100)7DCCC DCHP 155
READ(S5,/)DEBUG] DCMP 1586
WRITE(6,120)DEBUGH DCMP 157
WRITE(6,110) pDEMP 158

C DCHMP 159
READ(5,90)TDCCC DCHP 160
WRITE(6,100)TDCCC OCMP 161
WRITE(6,110) DCMP 162

c DCMP 163
c DEMP 164
90 FORMAT(20A4) DCHP 165
100 FORMAY(' ',2044) DCHP 166
110 FORMAY(' ') DCHP 167
120 FORMAT(' ',8F14,5) DCHP 168

C DCHMP 169
c DCMP 170
RETURN DEHP 171

END DCMP 172
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