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The POTATO Model

A Physiological Simulation Computer Model

R. K. Steinhorst, G. E. Kleinkopf, M. J. Grube and R. B. Dwelle

Introduction

Even though computer simulation of crop growth
has increased our understanding of plant adaptation
and physiology, a continuing need exists for com-
munity level crop modeling efforts to help expand
our knowledge base of plant-environment interac-
tions. POTATO was developed to fulfill some of
those needs for potato production. The primary ob-
jective for POTATO was to develop a research tool
for investigation of integrative potato physiology as
affected by biotic and abiotic conditions.

POTATO is a result of a cooperative agreement
among the University of California at Davis, the
University of Idaho and the U.S. Department of
Agriculture. Ed Ng and Bob Loomis at UCD pro-
duced the model that closely followed the format
of the sugarbeet model (Fick et al. 1975). Data on
potato growth and development was supplied by
cooperating scientists at several locations.

Objectives for POTATO were to provide a tool
for investigations of potato-climate interactions and
to establish a better understanding of potato growth
physiology. A secondary goal was that management
strategies could be evaluated including varietal selec-
tions. The initial model was purposely limited in
scope to provide a basic plant model free from water,
nutrient, disease or insect stresses. The initial model
was also developed to simulate growth of the Russet
Burbank potato cultivar under normal growing con-
ditions. A working model of potato crop growth is
described in detail in this publication.

The model consists of a set of nonlinear differen-
tial equations driven by temperature, solar radiation,
dewpoint and wind. When several variables affect
a change of state of a variable (flow), it is generally
assumed that one is most limiting. The solution is
found using an Euler approximation with one hour
time steps. Each leaf, internode and tuber is ac-
counted for separately as a state variable, and others
account for roots, carbohydrate reserves and mother
tuber as well. Plant state variables are either area,
biomass, phenological age or counts of leaves, in-
ternodes, branches or tubers.

At the start of a typical run, just a few state
variables have flows. As leaves, branches, internodes
and tubers are initiated, more state variables become
active. For example by day 50, 200 state variables
might be operational. The model is organized in five
major components (Fig. 1). A typical potato plant
is simulated by growing main stem and branch in-
ternodes, main stem and branch leaves, roots and
tubers. The growth of each of these organs depends
on carbohydrate reserves, water availability and the
influence of temperature.

The calculations for the numerous distinct organs
are organized around a single set of physiological
equations that represent a ‘‘canonical’’ organ
(Fig. 2). This canonical organ can represent a leaf
or stem or root or tuber by selecting different values
for the parameters: of the equations describing
growth. For example, roots respire but do not
photosynthesize, so in this case, the respiration coef-
ficient would be positive, but the photosynthesis
parameter would be zero. Branches, leaves and so
forth are similarly distinguished by the values of the
controlling parameters of the canonical equations.

Values for the model parameters and forms of
flow functions were derived both from the literature
and from data collected at the University of Idaho
Agricultural Research and Experiment Stations at
Kimberly and Aberdeen. Basic photosynthesis
follows the Duncan model (Duncan et al. 1967) us-
ed in the sugarbeet model developed by Loomis and
others (Fick et al. 1975).

The transfer of carbohydrate from the reserve
pool (RES) to tissue dryweight (DW) is controlled
by growth rate (GR) that is affected by temperature
(T), water (W) and available reserves (RES). This
growth is applied to the fraction of the biomass
capable of growing (FCG). The fraction capable of
growth is dependent on the physiological age (PA)
of the organ and its current dryweight. Reserves are
affected by respiration (RESP), the rate of photosyn-
thesis (PS) and the mobilization rate (MR) of
reserves from the mother tuber (MT). This rate is
dependent on the developmental state of the plant
as a whole.
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POTATO Growth

Photosynthesis

Gross photosynthesis rates (g2 CH,0O/m?/hr) are
calculated from the elevation angle of the sun and
the current leaf area index (LAI) (Duncan et al.
1967). Photosynthesis rates are different for four
states: (1) untuberized plants, clear skies; (2) un-

tuberized plants, overcast skies; (3) tuberized plants,
clear skies and (4) tuberized plants, overcast skies.
Tuberized plants can produce as much as twice the
photosynthate as untuberized plants under similar
conditions (Ku et al. 1977).

The sun angle, LAI and photosynthesis functional
relationships for the four states are shown in Tables
1 and 2. For given values of the sun angle and LAI,

Table 1. Photosynthesis rates (g CH,0/m?/hr) figured on the basis of leal area index (LAI) and the sine of the helght of the sun for un-
mmvmmmwmmmmmm

SNHSUN

LAl 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1.0
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.29 0.73 1.17 1.45 1.76 2.15 2.55 2.87 3.00 3.13
0.00 0.06 0.26 0.44 0.61 0.75 0.88 0.87 1.03 1.05 1.07

2 0.00 0.41 0.96 1.65 2.14 2.60 3.20 3.73 4.01 4.05 4.10
0.00 0.09 0.37 0.62 0.86 1.06 1.23 1.37 1.45 1.48 1.50

3 0.00 0.47 1.06 1.85 248 3.07 3.78 4.38 4.70 4.75 4.84
0.00 0.10 0.42 0.71 0.98 1.21 1.41 1.56 1.66 1.69 1.71

4 0.00 0.49 1.09 1.93 2.62 3.26 4.06 4,69 491 4.86 4.92
0.00 0.10 0.44 0.74 1.03 1.27 1.48 1.64 1.74 1.78 1.80

5 0.00 0.50 1.11 1.96 269 3.38 422 4.87 510 5.05 5.11
0.00 0.10 0.45 0.76 1.05 1.30 1.52 1.68 1.79 1.83 1.85

6 0.00 0.50 1.11 1.98 273 3.44 4.29 4,96 5.19 5.15 5.20
0.00 0.10 0.45 0.76 1.06 1.32 1.54 1.70 1.81 1.85 1.87

7 0.00 0.51 1.12 1.98 274 3.47 4.33 5.00 5.24 5.20 5.25
0.00 0.10 0.45 0.77 1.07 132 1.54 1.7 1.82 1.86 1.88

8 0.00 0.51 1.12 1.99 275 3.48 4.35 5.03 5.27 5.22 5.28
0.00 0.10 0.45 0.77 1.07 1.32 1.56 1.71 1.82 1.86 1.88

9 0.00 0.50 1.12 1.99 2.75 3.48 4.36 5.04 5.28 5.23 5.29
0.00 0.10 0.45 0.77 1.07 1.32 1.55 1.72 1.82 1.86 1.88

10 0.00 0.50 1.12 1.98 275 3.49 4.36 5.04 5.28 5.24 529
0.00 0.10 0.45 0.77 1.07 1.32 1.55 1.7 1.82 1.86 1.88

Table 2. Photosynthesis rates (g CH,0/m?/hr) figured on the basis of ieaf area index (LAI) and the sine of the height of the sun for tuber-

ized plants. Values in the second line correspond 1o overcast conditions.

SNHSUN

LAI 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000
0.00 0.00 0.00 0.00 0.00 000 000 0.00 000 000 000

1 0.00 0.43 1.04 1.65 2.16 2.71 3.16 3.44 360 367 3.68
0.00 0.09 0.39 0.65 0.90 1.10 1.26 1.39 1.46 1.49 151

2 0.00 0.60 1.38 2.34 3.18 399 475 5.25 555 567 5.70
0.00 0.13 0.54 0.91 127 1.55 1.79 197 2.09 213 215

3 0.00 0.68 151 2.62 3.68 470 561 6.22 658 673 677
0.00 0.14 0.61 1.04 144 1.77 2.04 2.25 239 243 2.46

4 0.00 0.71 156 2.73 3.88 500 605 6.77 7.21 730 744
0.00 0.15 0.64 1.08 1.51 185 215 2.37 2.51 256 259

5 0.00 0.73 1.58 2.78 3.99 518 628 7.04 749 769 774
0.00 0.15 0.65 1.1 1.54 190 220 243 257 263 2.66

6 0.00 0.74 1.59 2.80 4.04 827 6 N7 764 784 7.89
0.00 0.15 0.66 1.12 156 192 223 2.46 2,61 266 269

7 0.00 0.74 1.60 2.81 4.06 532 645 7.24 7.71 7.91 7.97
0.00 0.15 0.66 113 157 193 224 2.47 262 288 270

8 0.00 0.74 1.60 282 4.07 534 648  7.28 775 7986 801
0.00 0.15 0.67 113 158 194 225 2.48 263 268 27

9 0.00 0.74 1.60 282 4.08 B35 @4 - T | TIW TS . AOY
0.00 0.15 0.67 113 158 194 225 248 263 260 272

10 0.00 0.74 1.60 282 4.08 536 650 730  7.78 798  8.04
0.00 0.15 0.67 113 158 194 225 249 263 269 272
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the photosynthesis values for clear skies are com-
bined in proportion to the translocation of assimilate
to the tubers. The proportion (EFBPS) is calculated
from the average daily transfer of assimilate to the
tubers (AVDTRN). That is:

PHOTO (clear) = (1-EFBPS) x PHOTO (clear,
untuberized) + (EFBPS) x
PHOTO (clear, tuberized)

with a similar formula for photosynthesis under
overcast skies.

The maximum rate of photosynthesis under given
sky conditions is calculated as PHOTO = (1-p) x
PHOTO (clear) + p x PHOTO (ovrcst), where p
is the proportion of cloud cover and PHOTO (clear)
and PHOTO (ovrcst) are from the clear and over-
cast calculations above. Actual photosynthesis for
a given hour is calculated as maximum photosyn-
thesis times a multiplier that depends on
temperature, water and the age of the leaf tissue:

photosynthesis = PHOTO x effect of age X min
(effect of temp and water)

See Figs. 3 and 4. The amount of photosynthate pro-
duced for a given plant is found by dividing the
photosynthate per m2 by the number of plants per
m2 (plant density).

Main Stems

Each hill typically has three to five main stems
growing from a single seed piece. The actual number
depends primarily on the size, shape and
physiological age of the seed piece. These main stems
develop in parallel without any one of them attain-
ing apical dominance.
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Fig. 4. Water-dependent muitiplier for photosynthesis (unitiess).

In the model, the average number of main stems
per hill is input as a model parameter. The calcula-
tions for growth, development and formation of
branches are carried along in tandem. The model
run is started with several below ground and several
above ground internodes, generally coincident with
emergence. From that point, internode initiation rate
is calculated as a function of carbohydrate reserves
and mother tuber reserves (depending on leaf area)
(Figs. 5 and 6).

The phenological ages of the main stems are
characterized by main stem ‘‘developmental age.”’
Likewise, each internode has an age state variable.
Each elapsed hour is modified by a temperature
dependent multiplier (Fig. 7) and then accumulated
as developmental age for the main stems and each
internode. Thus, the ages of the main stems and each
internode are functionally related to the temperature
regime since their emergence or initiation. Above
ground or below ground temperature is used for
above ground or below ground internodes,
respectively.

Internode initiation is controlled by reserves and
temperature. The change in number of internodes
per unit time is given by:

d (#internodes) _ k X min (temperature
dt effect, reserve effect)

where the temperature effect follows from Fig. 7,
and the reserves effect is calculated as the maximum
of the effect of mother tuber reserves and the ef-
fect of the general reserve pool (Figs. 5 and 6). The
number of internodes is rounded down to the nearest
integer, so that new internodes appear one at a time.
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Fig. 5. Muitiplier for organ initiation rate, dependent on plant
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The growth of each internode in each unit of time
is a function of reserves, temperature, water
availability and internode age. Reserves, temperature
and water enter in a ‘“‘most limiting’’ calculation:

limit = min (effects of temperature, water and the
maximum of reserves and MT reserves)

See Figs. 8 and 9. The water limiter is calculated in
the water subsection. The age effect is entered as a
multiplicative factor (Fig. 10) so that the change in
dryweight per unit time is given as:

d [wt of internode (i)] = k X effect of age X

dt limit X current
internode weight
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Fig. 7. Temperature-dependent multiplier for organ develop-
ment rate (unitiess).
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Fig. 6. Leal area-dependent multiplier for the effect of mother
tuber reserves (unitiess).

In this equation, k is the maximal growth rate;
the effect of age and the limit defined above are
unitless modifiers taking values between 0 and 1.
These are multiplied together with the current in-
ternode dryweight to determine the change of the
internode’s weight for this time period. This for-
mulation follows the general format of all of the first
order differential equations used to describe the
system written as:

99X _fX, P, Z 1)

dt
1.88 l
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Reserves, %
Fig. 8. :::m-dmm multiplier for internode growth (unit-
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where X is the vector of state variables, P is a vec-
tor of parameters, Z is a vector of driving variables
(see Abiotic Processes section on page 14) and t is
time. These equations are solved using an Euler ap-
proximation with dt = 1 hour. Initial conditions,
X(0), are input as values of the state variables at
emergence. In this notation, if X, is the first main
stem internode, then:

f,(X,P, Z,t) = k x effect of age x limit x X,

where k is from P, effect of age depends on X and
P, and the limit depends on Z and P.

In summary, main stems have state variables and
differential equations describing their change per
unit time for numbers of internodes and internode
weights. This also applies to the physiological ages
of the main stems and each internode.

Main Stem Leaves

Calculations for leaf initiation, phenological age
and growth are similar to main stems. In addition,
the main stem leaf section has calculations to deter-
mine leaf area and leaf senescence. Developmental
age of each leaf is calculated as a temperature
modification to elapsed chronological age. Initiation
rate of leaves is calculated as a function of reserves
and development rate:

d (#ms leaves) = k X min (AG dev rate
dt *24, effect of reserves)

See Fig. 5. The change in weight of a main stem leaf
in a unit of time is:

d [wt of leaf (i))) = k x effect of leaf age x
dt limiter X current leaf weight
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Fig. 10. Muitiplier for internode growth, dependent on internode
development (age) (unitiess).

where the limiter is given as (Figs. 9, 11 and 12):

limiter = min (effects of temp, water and the
max of reserves and MT reserves)

The effect of water is calculated in the plant water
section. The effect of mother tuber (MT) reserves
is the same as calculated for main stem internodes.
Leaf area is started as 2.75 cm2. The change in leaf
area is proportional to the change in leaf weight and
is calculated each hour as (Figs. 13 and 14):

d [area of leaf(i)] = k x [d (wt of leaf (i))] x
dt effect of leaf age X
effect of solar radiation

The expected life of a leaf is 55 developmental
days for the first leaves and decreases for leaves in-
itiated as the season progresses (Fig. 15). Leaves ac-
tively grow early in their life and eventually lose half
of their biomass before they senesce (Fig. 16). In
summary, then, once initiated, each leaf has a state
variable for its phenological age, leaf area and dry
weight.

Branches

In the model, branches are initiated under suitable
conditions of reserve availability and development
rate if there are not several branches already com-
peting for these reserves. The change in the number
of branches per hour is calculated as (Figs. 7, 17 and
18):

d (# branches) = k x effect of # previous
dt branches X min (effect of dev
rate, effect of reserves)

which implies that either development rate or
reserves is most limiting but not both, and the
number of previous branches enters multiplicatively.
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For each branch, internode initiation is calculated
as a function of above ground development rate and
percent reserves. The change in number of internodes
on a given branch is calculated as (Figs. 5 and 7):

d (# branch internodes) = k x min (effect of dev
dt rate, effect of reserves)

The development rate of a branch is taken as the
current above ground development rate.

Once initiated, branch internode growth in-
crements are calculated as (Figs. 8, 9 and 10):

d [wt of branch internode (i)] =
dt

k x effect of age x min (effects of reserves,
temp, water) x current internode weight

The effect of plant water is calculated in the water
subsection.

Branch Leaves

Branch leaves grow in a manner parallel to main
stem leaves but perhaps at differing rates. To
summarize:

k x min (effect of dev
age, effect of reserves)

d (# branch leaves) =
dt

See Figs. 5 and 7.

d [wt of branch leaf (i)] _ k x effect of age
dt X min (effects of
reserves, temp, water)
x current leaf dry
weight
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Fig. 18. Reserve-dependenl mulliplier for the branch Initiation
rale (unitiess).
See Figs. 9, 11 and 12. The effect of water on branch

leaf weight increment is calculated in the plant water
section.

d [area of branch leaf (i)] k x [d (wt of branch
dt = leaf (i))] x effect of
branch leaf age

See Figs. 13 and 14. Branch leaves senesce in the
same manner as main stem leaves (Figs. 15 and 16).

Tubers

Tuber initiation and growth is a three step pro-
cess, Tubers are initiated into a preliminary ‘‘induc-
tion’’ state under suitable photoperiod conditions.
They remain ‘‘induced but not growing’’ until they
experience a sufficient number of hours under
favorable carbohydrate reserve availability. They
then become growing tubers.

The change in the number of tuber starts is (Fig.
19):

d (# tuber starts) _
dt

effective photoperiod
# hours required of
photoperiod < critical

Tubers are initiated in groups of three. To determine
if these “‘tuber starts’’ begin to develop, the propor-
tion of total hours under favorable reserve condi-
tions is monitored. When this figure reaches one,
then a tuber is released for growth (Fig. 20):

effective time under
suitable reserve
conditions

# of hours needed

d (proportion for release)
dt
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Tuber growth is regulated by soil temperature, per-
cent reserves, available water, developmental age and
the current dry weight (Figs. 21, 22 and 23):

d [wt of tuber (i)] = k x effect of tuber age
dt X min (effects of temp,
reserves, water) X current

tuber dry weight

The effect of plant water is calculated in the water |

subsection.

Roots

The process of root growth involves the con-
tinuous increase of fibrous root material through
growth and the continuous decrease of fibrous roots
through suberization. The growth rate and the rate
of suberization must be monitored. In addition, since
water uptake is associated with the fibrous root sur-
face, the length of fibrous root material available
must be known. Consequently, state variables are
modeled for total root biomass, total root length that
results from the elongation of adventicious roots and
suberized root length. The current unsuberized root
length is merely the total length minus the suberiz-
ed root length.

Root growth is controlled by reserves, soil
temperature, water availability and the amount of
existing root material (Figs. 9, 24 and 25):

d (wt fibrous roots) — k x effect of existing root
dt wt X min (effects of MT
and general reserves, temp
and water) X current dry
wt of roots
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Fig. 20. muitiplier for paralle! tuber initiation

rates (unitiess).

The effect of plant water is calculated in the water
subsection.

The change in total root length is a function of
current growth and soil temperature (Fig. 26):

d (root length) = k x [d (wt of fibrous roots)]
dt x effect of temperature

Suberization is a function of soil temperature and
reserves. In each unit of time a proportion of the
current fibrous root length is converted to suberiz-
ed material according to (Figs. 24 and 27):

d (suberized length) = k X effect of temperature
dt X effect of reserves X
current length of fibrous
roots

Carbohydrate Reserves

The reserve pool consists of carbohydrates
associated with the labile carbon available to all plant
parts. Initially, the pool has reserves from the grow-
ing plant and the mother tuber. As the plant grows,
the mother tuber disappears, and the reserve pool
becomes merely the plant part carbohydrates. The
reserves decrease with translocation to nonlabile dry
weight and with respiration and increase with
photosynthesis and translocation from dying leaves.
The change in mother tuber reserves is a fraction
of the total translocation in a unit time:

d (MT reserves) = - total translocation of reserves
dt x effect of MT reserve
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The change in the overall reserve pool is calculated
as:

photosynthesis + return from
dying leaves + d (MT reserves)
- total translocation

d (reserves) =
dt

where total translocation is translocation to below
ground internodes, main stem internodes, main stem
leaves, branch internodes, branch leaves, tubers,
roots and losses caused by maintenance respiration
and growth respiration. The maintenance respira-
tion rate for the various organs is calculated as (Figs.
28, 29 and 30):
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Fig. 29. Multiplier for maintenance respiration of leaves, de-
pendent on leaf development (age) (unitiess).
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below ground internodes =
(1-f) drywt of BG internodes x effect of temperature
X base resp rate for internodes

above ground internodes =
(1-f) drywt AG internodes x effect of temperature
X base resp rate for internodes

branch internodes =
(1-f) drywt branch internodes x effect of

temperature X base resp rate for internodes

roots =
(1-f) drywt roots x effect of temperature
% base resp rate for roots
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function of individual tuber dry weight.
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Fig. 31. Potential clear sky radiation as a function of sun height.

main stem leaves =
(1-f) drywt MS leaves x effect of temperature
X effect of age x base resp rate for leaves

branch leaves =
(1-f) drywt branch leaves x effect of temperature
x effect of age X base resp rate for leaves
for each tuber =
tuber drywt x effect of temperature x base
resp rate for tubers (dependent on the tuber dw)

where f is the fraction of the plant in reserves.
Growth respiration is proportional to translocation.
For each organ the calculation is:

growth resp of organ (i) = k X translocation rate (i)

Abiotic Processes
Woat_her (Driving Variables)

The model is driven by temperature (average
temperature and daily fluctuation), daily incoming
solar radiation, average daily dewpoint and wind run
per day Hourly air temperatures are generated
assuming a sinusoidal, diurnal fluctuation coinciding
with the two temperature inputs. Soil temperature
is calculated from air temperature allowing for the
buffering effect of the soil. The average soil
temperature is a 48-hour moving average calculated
each hour as:

avg. soil temp =
previous average daily soil temp + the difference
between the current air temp and previous
avg. soil temperature divided by 48

Soil temperature is assumed to have a sinusoidal,
diurnal pattern just like air temperature except it lags

Radlation
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Fig. 32. Polential overcast sky radiation as a function of sun
height.

air temperature by 4 hours, and the amplitude is
dampened. Photoperiod is calculated as:

photoperiod = k X arccos [- tan (latitude)
X tan (declination)]

where k! is a constant.

The current hourly radiation is calculated for clear
and overcast skies as a function (Figs. 31 and 32)
of the sine of the height of the sun (from Photosyn-
thesis section on page 5). These two figures are ac-
cumulated for each 24-hour period to use in the frac-
tion clear sky computation for the following day —
DRCP and DROP, respectively.

The fraction clear sky is calculated once a day as:

fraction — current daily radiation - DROP
clear sky DRCP - DROP

In addition, actual radiation for the current hour
is computed as:

radiation = p X current clear sky radiation +
(1 - p) X current overcast radiation
where p is the fraction clear sky calculated above.

Plant Water

The relative water content of the plant is calculated
hourly and used to determine the effect of water con-
tent on the parts of the plant: stems and branches,
fibrous roots, tubers and leaves. These effects are
calculated individually by:

effect of water content — k + | X relative water
content of plant

~ where | is dependent on the specific organ.
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IThe letters k, | and m are used in this section to denote
constants in the equations, and not a specific constant
among the different equations.
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Fig. 33. Multiplier for root water uptake abllity, dependent on
root dry weight (unitiess).

The effect of water on photosynthesis is also
calculated using the relative water content (see
Photosynthesis section on page 5). The relative water
content is figured as a percent of the plant’s total
weight, calculated as:

relative water content =
total water weight of plant

[ total dry weight of the plant ]

dry matter fraction of the plant
- total dry weight of plant

where the dry matter fraction of the plant is figured
as:
dry matter fraction of plant =

> dry weight of each organ X

its dry matter fraction

plant’s total dry weight

The total water weight of the plant is a state
variable that is updated each hour by the change in
weight of the water:

d (water weight of plant) =water weight taken up
dt by roots - water weight
lost to transpiration

The water uptake of the plant is assumed to be
the lesser of (a) the capacity of the root system and
(b) the amount needed to bring the relative water
content to 100 percent, including the amount
necessary to cover transpiration. The capacity of the
root system is figured as (Fig. 33):

root water uptake possible =

k X effect of soil temperature
and water potential x effect of root
dry weight X available root length
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Fig. 34. an ground cover as a function of leaf area index
The calculations for the amount of water lost each
hour to transpiration are considerably more com-
plex (Rijtema 1965). The calculation for transpira-
tion uses a set of preliminary calculations using the
driving variables and the current state of the plant
(Figs. 34, 35 and 36):
Saturation vapor pressure = f (air temperature)
Actual vapor pressure = f [minimum (air
temperature, dewpoint)]

Slope of vapor pressure curve = f (air temperature)

Longwave radiation = f (fraction of clear skies,
actual vapor pressure,
air temperature)

f (crop albedo, actual current

radiation, longwave radiation)

Diffusion resistance = f (actual current radiation,

amount of plant cover)

Given these values, the potential evapotranspira-
tion is figured in several steps. First a sub calcula-
tion gives (Figs. 37 and 38):

EAP = f (windspeed) x f (plant height)
X windspeed X (saturation vapor
pressure - actual vapor pressure)

Net radiation =

This value for EAP is used to help construct the
numerator of the final equation for potential
evapotranspiration:
slope of vapor pressure
curve X n;t radiation (m x EAP)
The denominator for the expression is found as

DENOM = slope of vapor pressure curve +
1 + f (windspeed) x f (plant height) x
windspeed x diffusion resistance x 24

TOP =
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The potential evapotranspiration is then figured
as:

potential evapotranspiration = TOP

DENOM

This value must be modified to take into account
factors that are leaf- and soil-related. The hydraulic
conductivity of the soil is determined, a value which
is dependent on the soil type (Willis 1960) (Figs. 39
and 40).
plant water potential =
potential evapotranspiration X

diffusion resistance dependent
on percent live leaves

hydraulic conductivity
+ (m X soil water potential)

The diffusion resistance modifier is figured as a
function of this plant water potential. The
denominator of the evapotranspiration equation is
then modified by adding the new modifier to the
previous diffusion resistance value, and the actual
evapotranspiration is figured using this new
denominator (DENOM2):

evapotranspiration = TOP

DENOM2

This figure is multiplied by the community leaf
area index if the index is less than one, to provide
a crop evapotranspiration figure. The transpiration
for the single model plant is:
transpiration = k X evapotranspiration
planting density

This is the transpiration figure used for the water
content calculations.

Input and Output

Input to and output from the model are functions
handled to a large extent independently from the
main flow of calculations for the growth of the
potato plant. Most input is handled in the calling
(MAIN) section of the model, while input pertain-
ing to desired output, as well as the output itself,
is handled in the ‘“‘Output’ subsection.

Input

Input to the POTATO model consists of an
ordered deck of card data. In this guide, “‘card’’ and
““‘deck’’ are used to refer to 80-byte card-image data
which may or may not be actual physical pun-
checards. This deck is referred to internally as file
5 (FTO5F001). An example of an input deck may
be found in Appendix B. A typical input deck con-
sists of (a) run and input/output control, (b) a
parameter namelist, (¢) two table namelists, (d) an
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initial condition namelist and (e) driving variables.
Those data which have defaults are entered in the
five namelist groups. A variable which can be in-
cluded in a namelist may be omitted, in which case
the default value for the variable is used. Other data,
which are (normally) required, are read from the
deck on cards with formatted fields.

The first cards of the deck comprise the first
namelist that is the run control group. The variables
in this group control the simulation run itself. These
variables are NDAYS, the number of days for the
run; IDAST, the Julian date of the first day of the
run; IOUTPT, the number of variables to be printed
in tabular form; IPLOTN, the number of plots to
be printed; and IHEADR, to control the amount of
information in the output header. Default values for
namelisted variables may be found in the output
listing in Appendix B.

When either IOUTPUT and IPLOT is not zero,
cards describing the requirements for the output im-
mediately follow the run control namelist. If there
are any variables (up to 12) to be printed in tabular
form, the first card (or two, if necessary) will pro-
vide the variable names and the hour of day for
which each variable is requested. If there are any
plots to be output (up to 10), the following cards
will have information on each plot.

For each plot, a card details the variables (up to
five) to be included with the hour of day for each
variable. If column 51 of the card is nonzero, then
another card is included immediately following to
force the maximums and minimums of the x and y
axes of the plot. Otherwise, these will be determin-
ed by the range of values of the variables included.
Field specifications for these cards may be found in
Appendix B.

The second namelist, which is for modification
of parameter values, follows at this point in the deck.
As with the other namelists, any or all of these
variables may be omitted if the default is acceptable.

The third and fourth namelists are included for
modification of function values in the model. These
are variables that are of the TxLx or TxPx form.

The final namelist is for modification of initial
conditions of the parts of the plant. In most cases,
the simulation run begins at emergence so that the
various weights and measurements of the plant at
that time must be known. Appendix B contains the
variables in each of the five namelists.

The second half of the input deck consists of the
driving weather variables. The first of these cards
provides an identifier for the weather deck,
WHEAD. Each variable in the weather deck is read
in its entirety for the given calendar year, day 1 to
day 365, even though only those days to be actually
used in the model need to be valid. The calendar year
data for each of the following variables are read in




order: average daily air temperature in degrees
Fahrenheit, average daily air temperature amplitude
( = .5 x range) in degrees Fahrenheit, daily total
radiation in Langleys, average daily dewpoint in
degrees Fahrenheit and wind run in miles per day.

Output

Two major output files can be produced during
a simulation run. One is temporary for saving plot
data, and the other is the printed output from the
run.

The temporary disk file is used to retain values
of those variables which are to be plotted at the end
of the run. The size of this file must be sufficient
to contain a record for each day of the run, and each
record must be of a length to contain the total
number of variables to be plotted, multiplied by 12
(length of file in characters = 12 X number of
variables X number of days).

The header of the output file that is normally sent
to the printer is controlled by the variable IHEADR.
The sections of header available for output include
a listing of all weather data, a listing of all parameter
and function parameter values and a listing of some
initial conditions.

The tabular portion of the output follows the
header. It provides those variables requested once
for each day of the run, along with the run day
number. These variables are specified on the run
control cards at the beginning of the run. This is the
first major portion of the permanent output.

The other section of permanent output consists
of the requested plots. These follow the tabular out-
put and are designed to be ‘‘drawn’’ by the printer,
one per page. Each plot is identified as is each of
the variables on the plot. On each plot the x axis
shows the number of days elapsed since the first day
of the run. Appendix B contains the output from
a run of 10 days.

Sensitivity Analysis

Since POTATO is a physiological model, it has
many parameters describing organ growth poten-
tials, abiotic effects, respiration rates, etc. These
were obtained largely from the literature, but some
were estimated empirically. A sensitivity analysis was
performed on the model to see how sensitive the
model is to parameter perturbations. If a parameter
perturbation has little effect, that parameter need
not be known as precisely as one which is sensitive.
Further, if it is known how such a change affects
the real system, then information is obtained on
model adequacy based on the simulation model’s
response.

18

Too many parameters exist to perturb each of
them (even singly), so the fractional factorial per-
turbation technique of Steinhorst, Hunt, Innis and
Haydock was used (1978). Two sensitivity analyses
were run — one for the abiotic and photosynthesis
portions of the model and one for the plant growth
portion. Single parameters and groups of parameters
defining a single effect curve were combined in
logical groups as macroparameters. Each was per-
turbed 5 percent unless otherwise indicated. The
direction of perturbation was selected randomly for
each macroparameter. All parameters within the
macroparameter were perturbed in a manner con-
sistent with this randomly selected direction.

Six sensitivity indicator variables were selected:
(1) total dry weights of the plant (TDW) and (2)
tubers (TUBER) at harvest, (3) maximum Leaf Area
Index (LAI), (4) maximum percent reserves (Rmax),
(5) minimum percent reserves (Rmin) and (6)
minimum relative water content of the plant (WC).
The latter three variables were taken from midday
readings.

Abiotic and Photosynthesis
Sensitivities

Five macroparameters were defined for the abiotic
and photosynthesis portions of the model (Table 3).
A modifies the effects of incoming solar radiation.
B modifies the effects of water balance on photosyn-
thesis and growth. C deals with water uptake. D af-
fects actual photosynthesis rates. E changes the
evapotranspiration calculations.

A one-half fraction of a 25 factorial perturbation
was run. Table 4 shows the model responses. The
first line, (1), is the control run. The letter codes of
subsequent lines show which macroparameters were
perturbed in that run. The plant harvest dry weight
ranges from 339 g pl-! to 417 g pl-!. The nominal
value is 392 g pl-!. Tuber harvest dry weight echoes
the same pattern. In the control run, the LAI rose
to 2.74; in the other runs, it ranged from 2.25 to
2.84. The maximum (minimum) percent reserves
range from 29.89 to 35.96 (5.39 to 5.56). The
nominal minimum for the portion of the plant that
is water is .89. The range over all 16 runs was from
.87 to .9%4.

The normalized mean squares from the analysis
of variance provide an index of sensitivity (Table 5).
The nonsignificance of the various two- and three-
way effects implies that line 2 expresses sensitivity
to B rather than ACDE. B decreased total dry weight
by an average of 47 g. It likewise reduced tuber
biomass, LAI and Rmax while increasing the relative
water content of the plant. Rmin was not affected
by B. Rmin, however, was increased by A which in-
creased the effect of radiation. Perturbing B effec-
tively reduced plant growth by making less water
available.



The model was not particularly sensitive to
macroparameters C, D, E and (except for Rmin) A.
From this, you would conclude that in the Abiotic
and Photosynthesis sections of the model, you must

Table 3. Macroparameter definitions.

Macroparameters Default Perturbed

A. Incoming radiation
PHCCOR 1.05 1.10
CROT table x1.05
CRCT table x1.05

B. Effect of water balance
EWPH function x0.95
YINT table x0.95

C. Water uptake
WURINT 0.16 0.152
EFLFLR function x0.95

D. Temperature and radiation effects
on evapo transpiration (et) and photosynthesis
ETPH function x1.05
TRNFCI 1.22 1.28
ACRDV 60.0 63.0

E. Evapotranspiration
RPSI function x1.05
RC function x1.05
HFUNCT function *1.05

F. Initiation of leaves and stems
PBLIR 0.017 0.01615
PNIR 0.017 0.01615
PBNINR 0.017 0.01615
PBLIR 0.017 0.01615

G. Leaf area
SLAP 350. 3325
ERASLA function %095
EAGEAG, EABLAG function x0,95

H. Global
DEVRAG, DEVRBG function x1.05
ETAGIG, ETMSLG, ETBRIG, function x1,05

ETBLG, ETRFG

EFBPST function x1.05

J. Internode growth
RINCD 0.0215 0.02043
STINRT 0.01 0.0095
ERMSG, ERBRIG function *0.95

K. Tuber growth
RTUB 0.02083 0.0219
STTBRT 0.06 0.063
ETTUBG function x1.05

L. Leal senescence
RASLOSS 0.02083 0.02187
DAGEmL, dagebl function x1.05

M. Leaf growth
RMSL 0.02083 0.0188
RBL 0.02083 0.0198
STLFRT 0.005 0.00475
ERMSLG, ERBLG function %0.95

N. Initiation of branches, tubers
CF 0.55 0.5775
PBRIR 0.04 0.038
DAMNTU 8. 8.4
PTUBIR 0.014 0.0133
EPPTUB function x0.95

P. Root growth
SFRW 290. 304.5
BSUBR 0.01562 0.0148
ERFRG function x1.05
EDWFRG function x1.05

Q. Respiration
SGRPIN 0.39 0.4095
SGRPTU 0.22 0.231
BMRPTU 0.0002 0.00019

ETAMRP, ETSMRP function %0.95

be able to estimate the parameters dealing with the
interaction of water availability with photosynthesis
and growth quite well.

Plant Growth

The macroparameters were defined using
parameters from the various organ growth routines.

Parameter Effect of perturbation

decreases leaf and internode initiation.
decreases leaf area.

increases overall plant growth by increasing
organ development rates, increasing the effect
of temperature on growth and increasing photo-
synthesis with tuberization.

decreases internode growth.

increases tuber growth.

deals with leaf senescence. It increases the
amount of carbohydrate translocated back to the
plant upon senescence and increases leaf
longevity.

depresses leaf growth.

decreases branch initiation and tuberization.
increases root growth.

increases organ maintenance costs and
respiration.

r X« Iom

Doz

The 1/25 fraction of the 210 factorial produced
32 runs (Table 6). Plant harvest dry weight ranged
from 274 g pl-! to 436 g pl-!. The tuber harvest dry
weights were maximum (392 g pl-!) and minimum
(229 g pl') for the same runs as were the LAI
figures (3.24 and 1.56, respectively). The noontime
maximum and minimum percent reserve values rang-
ed from 18.30to0 43.32 and 4.32 t0 5.79, respective-
ly. The minimum relative water content varied from
.85 to .99.

The principal sensitivities were for the main ef-
fects of M, L and G in that order (Table 7). The
16 runs with M perturbed had a mean total dry
weight of 317.4 g pl-! while the unperturbed runs
averaged 376.1. M decreases leaf growth and hence
photosynthesis. L increases the translocation of car-
bohydrates from the leaves to reserves and prolongs

Table 4. Responses to ablotic and photosynthesis perturbation.
TOW  TUBER LAI wcC Rmax RAmin

1) 392 347 274 089 3264 544
ACDE 408 364 273 089 359 556
ABDE 369 326 237 094 3186 552

ABCE 346 305 228 092 31.33 5.48
ABCD 357 316 227 092 31.86 5.52
BCDE 354 313 228 092 31.19 5.43
AB 353 311 234 094 31.33 5.48
AC 387 344 265 087 34.19 5.53
AD 417 372 284 091 35.96 5.56
AE 403 358 283 091 34.19 5.53
BC 339 298 225 092 29.89 5.39
8D 361 318 234 094 31.19 5.43
BE 350 307 234 095 29.89 5.39
CD 397 353 266 087 3439 5.48
CE 385 340 265 087 32.64 5.44
DE 412 367 284 091 34.39 5.48




Table 5. Sensilivity of ablotic and photosynthesis parameters and Interactions.

Line Main
number effect Aliages TOW Tuber LAl wcC Rmax Amin
1 incoming rad A,BCDE 0.02 .02 - — 16 1.00
2 water eff. B,ACDE 1.00 1.00 1.00 1.00 1.00 29

12 AB,CDE — - - 02 01 —

| 3 water uptake C.,ABDE .05 .04 06 .35 — —

13 AC BDE — - — — —_ -

23 BC ADE — - 01 .02 — —
123 ABC.DE — — - - — —

4 temp and rad. eff. D,ABCE 10 ML 0 .01 2 ¥ 18
| 14 AD,BCE — — — — —

24 BD,ACE — - —_ .02 .02
124 ABD,CE — — — - —

34 CD,ABE — - — — - —
134 ACD,BE - — - — - -
234 BCD,AE — - - - - —

1234 et calc. fns. E.ABCD — — - .03 — —_
Table 6. Responses to plant growth perturbations.
TOW TUBER LAI WC Rmax Rmin TOW TUBER LAl WC Rmax Rmin
(1) 392 347 274 891 3264 544 FGMNP 274 229 156 .992 1959 432
PQ 399 353 284 925 3270 5.36 FGMNQ 276 231 1.57 .992 2071 461
GJLM 351 309 228 936 1977 476 FJLNP 436 392 324 954 4216 5.31
GJLMPQ 351 309 229 959 1969 452 FJLNQ 428 385 3.08 922 4332 542
GJKNP 347 307 216 956 2461 467 FJKM 334 297 200 .947 2898 587
GJKNQ 346 306 216 932 2569 489 FJKMPQ 336 299 200 966 2788 579
KLMNP 362 315 226 957 2907 556 FGKL 390 341 274 8B6 2779 498
KLMNQ 361 315 226 934 3028 568 FGKLPQ 394 344 281 912 1969 454
HJMN 301 265 1.74 992 3466 578 FGHJP 329 293 216 .967 2535 4N
HJMNPQ 295 259 1.74 992 3331 558 FGHJQ 329 293 216 950 2645 5.05
GHLN 351 306 243 962 2740 4862 FHLMP 343 300 229 970 2981 540
GHLNPQ 354 309 247 982 2640 4.49 FHLMQ 342 300 229 946 3097 560
GHKMP 288 246 1.76 991 1830 439 FHKN 344 304 218 954 3884 569
GHKMQ 278 236 166 991 1854 488 FHKNPQ 345 305 218 967 3768 563
HJKLP 422 385 318 876 3653 566 FGHJKLMN 294 257 1.73 992 2357 501
HJKLQ 412 376 302 855 37.79 569 FGHJKLMNPQ 293 256 1.73 991 2249 478
Table 7. Sensitivity to plant growth parameters and interactions.
Line number Main effect Low order aliases TOW TUBER LAl WC Rmax Rmin
1 leaf, node initiation F,GHJ,GKL.,GMN,HKN,JLN,JKM,HLM,KPQ .02 .02 01 .07 .01 -
2 dev. rate, temp eff. H,FGJ,JKL,JMN,FKN,GLN,GKM,FLM,NPQ .24 .18 10 23 02 .01
12 FH,GJ,KN,LM,JLPQ — — 02 — 01 0
3 tuber growth K,FGL,HJL,LMN,FHN,GJN,GHM,FJM,FPQ — — o1 12 .o .03
13 FK,.GL,HN,JM,PQ - - 01 .0 _ -_
23 HK,JL,FN,GM,FGJK 01 .01 02 01 .01 .02
123 br initiation, tuberization N,GKL,FJL,GJLMN,FGM,HJM KLM,HPQ,FHK .09 .10 13 59 07 —
4 leaf senescence L. FGK,HJK,KMN,GHN, FJN,FHM,GJM,GPQ 51 46 52 32 .0 -
14 FL,GK,JN,HM,HJPQ ,MNPQ — —_ - 01 - —
24 HL,JK,GN,CM,GKLM .01 -~ — 02 .0 —
124 leaf growth M,FHL,GJL,GHK FJK KLN,FGM,JPQ,HMNPQ 100 100 100 100 .30 —
34 KL,FG,HJ,MN HMPQ — - - 12 - .01
134 leaf area G,FKL,FHJ,FMN,HLN,JKN,JLM,HKM,LPQ HJKPQ .42 46 27 27 100 100
234 internode growth J,HKL HMN,GLM,FKM .01 .05 — .01 .08 .03
1234 LN,GH,FJ,FHKL,GJMN — - - 10 - —_
5 respiration Q,FKP,GLP,HNP - — - = - —
15 FQ,KP,GHJQ,GKLQ,GMNQ - — =
25 HQ,NP,JMNQ — — - 0 - -
125 FHQ,JLP ,GMP ,HKP - - - - — —
35 KQ,FP,GHJP,FGLQ - - -_— - v—
135 root growth P.,FKQ,GLQ,HNQ,JMQ — — — 18 .02 .05
235 HKQ,HJP,JLQ,FNQ,KNQ — — - - - -
1235 NQ,HP,FHKQ,JMNP,FGMQ — _ - 02 - -_
45 LQ,GP,FHJP,HKMP — — —_— .01 _— 01
145 FLQ,HJP,GKQ,JNQ HMQ,FGP o - - - — —
245 HLQ,FJP,JKQ,GNQ,FMQ,LNP — -_ —_ — —
1245 JP,MQ,FHLQ,GJLQ - — E - =
345 KLQ,JNP,FGQ,HJQ ,MNQ,FLP - - - - — —

1345 LP,FKLQ,GHNP,FHJQ — - o - —

2345 MP,JQ,HKLQ HMNQ - — — 02 - —_
12345 GNP,LNQ,HLP,FHKLQ - == == e = o

20
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Fig. 41. Ng and Loomis validation on total dry weight.

leaf life thus increasing photosynthesis slightly. The
combined effects of these changes increases plant
growth in terms of total dry weight, tuber weight
and LALI. The relative water content of the plant is
decreased. G decreases leaf area and hence photosyn-
thesis and growth. The relative water content of the
plant also responded to macroparameter N that
decreases branch initiation and tuberization. Max-
imum and minimum percent reserves were sensitive
to two of the same macroparameters as TDW,
TUBER and LAI, namely G and M; however, the
order of importance is reversed. The model is not
particularly sensitive to macroparameters F, H, J,
K, P and Q.

These analyses show that for both abiotic and
biotic parameters, the interaction of
macroparameters is not of any particular impor-
tance. This implies that the macroparameters each
deal with fairly distinct parts of the model. In the
first analysis, macroparameter B is the most sen-
sitive, and macroparameter A is less so. In the se-
cond analysis, macroparameters M, L and G are all
sensitive, and all deal with some aspect of the leaves.

Overall, then, parameters dealing with the
availability of water for photosynthesis and growth
and those dealing with leaves must be well estimated.
The sensitivity to water availability is not surpris-
ing. The importance of leaf development and growth
confirms the tenet that potato plants are source
limited. Without sufficient leaf area, photosynthesis
will be decreased and eventually translocation of car-
bohydrate to the tuber will be diminished.
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Fig. 42. Ng and Loomis validation on tuber dry weight.

Validation

Ng and Loomis (1979)2 performed a validation
analysis for Aberdeen using 1978 data. They found
that leaf area index (LAI) was underestimated by
the model, numbers of tubers were overestimated
early in the season and total dryweight and tuber
dryweight were similar to field observation (Figs. 41
to 44).

The data used by Ng and Loomis were used in
part for model development. Some tuning of the
model to account for unknown initial conditions and
parameters was done. To provide another test of
model validation, we compared model simulation
with field data collected by Gale Kleinkopf at two
locations at Kimberly in 1981. Weather data were
obtained from the Kimberly weather station.

Total dry weight, tuber dryweight and the
dryweights of internodes, leaves and roots were
selected for comparison. Total dryweight and tuber
dryweight simulations parallel dryweight accumula-
tion seen in the field (Figs. 45 and 46). The tuber
bulking curve for the model starts out higher than
that observed in the field, but the final weight is quite
close.

Tuber dryweight makes up most of the total
dryweight of the plant after tubers begin to grow.
At the end of the growing season, the other plant
parts amount to only 60 g pl-! out of a total of 387

2E. Ng and R. Loomis, personal communication, 1979,
Final report on potato model development.
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g pl-l. Stem dryweight never got to the level seen in
the field (Fig. 47). Leaf dryweight has the correct
dynamics, but the magnitude is 50 percent too low
through most of the season (Fig. 48). The simulated
root biomass agrees quite well with the observed field
data until the end of the growing season when the
field data biomass drops off. We attribute this to
a problem of root recovery in the field and not to
a droblem in simulating root growth.

Overall, the model agrees very well with observ-
ed field data. The fact that the linear phase of the
oulking curve starts too soon may be caused in part
by poor estimates of the weights of the various plant
parts at emergence. In the vegetative parts of the
model, roots are modeled more accurately than
stems and leaves.
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Appendix A — Model Dictionary

This appendix provides a dictionary of the names in parentheses indicate where the variable is
variables used within the POTATO model. Paren- to be found if it is not available through a common
theses () following a variable name indicate that the block. The unit ‘‘days’’ refers to temperature-
variable name covers an array of values. Subroutine dependent developmental ‘‘age.”

ABLIR ()
ABNIR ()
ABRIR
ACR

ACVP
ADEWPT ()
MAFRL
AGBRIN ()
AGEBL ()
AGEBR ()
AGEFR
AGEIN ()
AGEMS
AGEMSL ()
AGETUB ()
AGLFST
ALBEDO
ALIML
AMLINR ()
ANINR
ANPNRA
ARBL ()
AREALV
ARMSL ()
AVAMP ()
AVDTMP ()
AVDTRN
AVSLA
AVTEMP ()
AVTS

B

BLGLIM
BLILIM
BMRPFR
BMRPIN
BMRPL
BMRPTU
BNILIM
BSUBR
CARBL ()
CARMSL ()
CDWMT
CGR

CLFR
CMBLAR
CMLAI
CMLAR
CMMLAR
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Actual initiation rates of branch leaves, If/br

Actual initiation rates of branch internodes, int/br

Actual branch initiation rate, br

Actual current radiation, Langleys

Actual vapor pressure (PLWAT), mm hg

Daily average dewpoint, degr F

Length of unsuberized root (FIBRTG, PLWAT, COMMUN), cm
Ages of branch internodes, days

Ages of branch leaves, days

Ages of branches, days

Age of fibrous roots, days

Ages of main stem internodes, days

Age of main stem, days

Age of main stem leaves, days

Ages of tubers, days

Age of leaf when growth stops - constant (MSLEAF, BRLFGR), days
Reflection coefficient of plant - constant (PLWAT)

Area growth limiter of main stem leaves (MSLEAF)

Actual initiation rates of main stem leaves, If

Actual main stem internode initiation rate, int

Actual to possible branch node initiation rate ratio

Areas of branch leaves, cm-sq

Area of leaves, total, cm-sq

Areas of main stem leaves, cm-sq

Daily average amplitude of air temperature, degr F

Hourly reserve use of tubers in last 24 hours

Average hourly tuber use of reserves

Total specific leaf area (COMMUN), cm-sq/g

Daily average air temperature, degr F

Buffered 48-hour average soil temperature (WEATHR), degr C
Root physiology factor - constant (PLWAT), cm

Growth limiter for branch leaves (BRLFGR)

Branch leaf initiation rate limiter (BRLFGR)

Base maintenance respiration rate for fibrous roots - constant (RPRES), g
Base maintenance respiration rate for internodes - constant (RPRES), g
Base maintenance respiration rate for leaves - constant (RPRES), g
Base maintenance respiration rate for tubers - constant (RPRES), g
Branch internode initiation rate limiter (BRANGR)

Base rate for suberization - constant (FIBRTG), ¢cm

Changes in areas of branch leaves, cm-sq

Changes in areas of main stem leaves, cm-sq

Change in dry weight of mother tuber from previous day (MAIN), g
Community growth rate, g/m-sq

Change in length of fibrous roots, cm

Community branch leaf area (COMMUN), cm-sq/m-sq
Community leaf area index, m-sq/m-sq

Community leaf area (COMMUN), cm-sq/m-sq

Community main stem leaf area (COMMUN), cm-sq/m-sq
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CRC

CRES

CRO
CROPET
CSUBFR
CTDW
CWATPL
CWBL ()
CWBRIN ()
CWDEDL
CWFR
CWINOD ()=
CWMSL () =
CWRES
CWTUB ()
DAGEBL
DAGEML
DAMNTU
DAYHRS
DAYRAD
DCGR
DEC
DEDMLT
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DELTA
DENOM
DENOM2
DENS
DEVBRI ()
DEVRAG
DEVRBG
DEVRBL ()
DEVRBR ()
DEVRFR
DEVRIN ()=
DEVRML ()=
DEVRMS
DEVTUB( )
DEWPT
DGRPBI
DGRPBL
DGRPBR
DGRPFR
DGRPMI
DGRPML
DGRPTU
DLAT
DMFFR
DMFIN
DMFLV
DMFTUB
DMFPL
DMRPBI
DMRPBL
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Current radiation for clear skies, Langleys

Change in reserves from previous day (MAIN), g

Current radiation for overcast skies, Langleys

Crop evapotranspiration (PLWAT), mm/m-sq

Change in length of suberized roots, cm

Change in total dry weight from previous day (MAIN), g
Change in plant water content, g

Changes in weights of branch leaves, g

Changes in weights of branch internodes, g

Change in weight of dead leaves, g

Change in weight of fibrous roots, g

Changes in weights of main stem internodes, g

Changes in weights of main stem leaves, g

Change in weight of reserves, g

Changes in weights of tubers, g

Death age of branch leaves (BRLFGR), days

Death age of main stem leaves (MSLEAF), days

Minimum number of days with photperiod X critical - constant (TUBER)
Hours of daylight, hr

Day’s radiation, Langleys

Day’s community growth, g

Declination of the sun

Percentage of carbohydrate returned to the plant from dying leaves
- constant (RPRES)

Model time step, hr

Partial calculation for POTET (PLWAT)

Partial calculation for ET (PLWAT)

Planting density, plts/m-sq

Developmental rates of branch internodes, days
Developmental rate above ground, days

Developmental rate below ground, days

Developmental rates of branch leaves, days

Developmental rates of branches, days

Developmental rate of fibrous roots, days

Developmental rates of main stem internodes, days
Developmental rates of main stem leaves, days
Developmental rate of main stem, days

Developmental rates of tubers, days

Daily average dewpoint, degr C

Day’s below ground internode growth respiration, g

Day’s branch leaf growth respiration, g

Day’s branch internode growth respiration, g

Day’s fibrous root growth respiration, g

Day’s main stem internode growth respiration, g

Day’s main stem leaf growth respiration, g

Day’s tuber growth respiration, g

Latitude of the geographical area

Dry matter fraction for fibrous roots - constant (MAIN, PLWAT)
Dry matter fraction for internodes - constant (MAIN, PLWAT)
Dry matter fraction for leaves - constant (MAIN, PLWAT)
Dry matter fraction for tubers - constant (MAIN, PLWAT)
Dry matter fraction of the plant (MAIN, PLWAT)

Day’s below ground internode maintenance respiration, g
Day’s branch leaf maintenance respiration, g
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DMRPBR
DMRPFR
DMRPML
DMRPMS
DMRPTU
DPHPP
DRC
DRCP
DRO
DROP
DTGRP
DTMRP
DTRAD ()
DTRANS
DTRP
DWBL ()

DWBRIN ()

DWDEDL
DWFR
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DWINOD ()=
DWMSL () =

DWMT

DWTUB ()

EABLAG
EABLIR
EABNIR
EABRIG
EAGBLG
EAGE
EAGEAG
EAGEIG
EAGELG
EAGPSL
EAGRBL
EAGRML
EAP
EATUBG
EBRAC
EDWFRG
EFBPS
EFBPST
EFLFLR
ELNFR
EMTRES
EPPTUB
ERASLA
ERBLG
ERBLIR
ERBNIR
ERBRIG
ERBRIR
ERFRG
ERING
ERINR
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Day’s branch internode maintenance respiration, g

Day’s fibrous root maintenance respiration, g

Day’s main stem leaf maintenance respiration, g

Day’s main stem internode maintenance respiration, g

Day’s tuber maintenance respiration, g

Day’s photosynthesis per plant, g

Day’s total possible radiation for clear skies, Langleys
Previous day’s total possible radiation for clear skies, Langleys
Day’s total possible radiation for overcast skies, Langleys
Previous day’s total possible radiation for overcast skies, Langleys
Day’s total growth respiration, g

Day’s total maintenance respiration, g

Daily solar radiation, Langleys

Day’s total transpiration, g

Day’s total respiration, g

Dry weights of branch leaves, g

Dry weights of branch internodes, g

Dry weight of dead leaves, g

Dry weight of fibrous roots, g

Dry weights of main stem internodes, g

Dry weights of main stem leaves, g

Dry weight of mother tuber, g

Dry weights of tubers, g

Effect of age on branch leaf area growth (BRLFGR)

Effect of age on branch leaf initiation rate (BRLFGR)

Effect of age on branch internode initiation rate (BRANGR)
Effect of age on branch internode growth (BRANGR)

Effect of age on branch leaf growth (BRLFGR)

Partial effect of leaf age on maintenance respiration (RPRES)
Effect of age on main stem leaf area growth (MSLEAF)
Effect of age on main stem internode growth (MSTEM)
Effect of age on main stem leaf growth (MSLEAF)

Effect of leaf age on photosynthesis

Effect of branch leaf age on maintenance respiration (RPRES)
Effect of main stem leaf age on maintenance respiration (RPRES)
Partial calculation for ET (PLWAT)

Effect of age on tuber growth (TUBER)

Effect of previous branching on branch initiation (BRANGR)
Effect of dry weight on fibrous root growth (FIBRTG)
Percentage of photosynthesis affected by tuberization

Table for determining EFBPS

Effect of suberization on root water uptake (PLWAT)
Effective length of fibrous roots (PLWAT)

Effect of mother tuber reserves

Effect of photoperiod on tuberization stimulation (TUBER)
Effect of radiation on specific leaf area (MSLEAF, BRLFGR)
Effect of reserves on branch leaf growth (BRLFGR)

Effect of reserves on branch leaf initiation rate (BRLFGR)
Effect of reserves on branch internode initiation rate (BRANGR)
Effect of reserves on branch internode growth (BRANGR)
Effect of reserves on branch initiation rate (BRANGR)

Effect of reserves on fibrous root growth (FIBRTG)

Effect of reserves on main stem internode growth (MSTEM)
Effect of all reserves on internode initiation rate (MSTEM)
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ERIR
ERLINR
ERLIR
ERMLG
ERMSG
ERMSLG
ERNINR
ERSFRG
ERTIR
ERTUBG
ET
ETAGIG
ETAMRP
ETBGIG
ETBLG
ETBLIR
ETBNIR
ETBRIG
ETBRIR
ETFRG
ETLINR
ETMSLG
ETNINR
ETPH
ETSFRW
ETSLA
ETSMRP
ETSUBR
ETTUBG
EWFRG
EWLFG
EWPH
EWSTG
EWTUBG
FCL
FOV
FRCRES
FRGLIM
FRL
FRSUBL
GFUNCT
GLIMBI
GLIML
GLIMMS
GLIMT
GR
GRRBGI
GRRBRI
GRRBRL
GRRFR
GRRMSI
GRRMSL
GRRTUB
GRTPP
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Effect of all reserves on tuber initiation (TUBER)

Effect of reserves on main stem leaf initiation rate (MSLEAF)
Effect of all reserves on leaf initiation rate (MSLEAF)

Effect of all reserves on main stem leaf growth (MSLEAF)
Effect of reserves on main stem growth (MSTEM)

Effect of reserves on main stem leaf growth (MSLEAF)

Effect of reserves on main stem internode initiation rate (MSTEM)
Effect of all reserves on fibrous root growth (FIBRTG)

Effect of reserves on tuber initiation rate (TUBER)

Effect of reserves on tuber growth (TUBER)
Evapotranspiration (PLWAT), mm/m-sq

Effect of air temperature on internode growth (MSTEM)
Effect of air temperature on maintenance respiration (RPRES)
Effect of soil temperature on internode growth (MSTEM)
Effect of temperature on branch leaf growth (BRLFGR)

Effect of temperature on branch leaf initiation rate (BRLFGR)
Effect of temperature on branch internode initiation rate (BRANGR)
Effect of temperature on branch internode growth (BRANGR)
Effect of temperature on branch initiation rate (BRANGR)
Effect of temperature on fibrous root growth (FIBRTG)

Effect of temperature on main stem leaf initiation rate (MSLEAF)
Effect of temperature on main stem leaf growth (MSLEAF)
Effect of temperature on main stem internode initiation rate (MSTEM)
Effect of temperature on photosynthesis (PHOTOS)

Effect of soil temperature on fibrous root length growth (FIBRTG)
Effect of temperature on specific leaf area (MSLEAF)

Effect of soil temperature on maintenance respiration (RPRES)
Effect of temperature on suberization rate (FIBRTG)

Effect of temperature on tuber growth (TUBER)

Effect of water content on fibrous root growth

Effect of water content on leaf growth

Effect of water content on photosynthesis

Effect of water content on stem growth

Effect of water content on tuber growth

Fraction of skies clear

Fraction of skies overcast

Fraction of total weight in reserves

Fibrous root growth limiter (FIBRTG)

Fibrous root length, cm

Suberized root length, cm

Effect of plant height on ET (PLWAT)

Growth limiter for branch internodes (BRANGR)

Growth limiter for main stem leaves (MSLEAF)

Growth limiter for main stem (MSTEM)

Growth limiter for tubers (TUBER)

Growth factor for a plant organ, g

Growth respiration rate for below ground internodes, g
Growth respiration rate for branch internodes, g

Growth respiration rate for branch leaves, g

Growth respiration rate for fibrous roots, g

Growth respiration rate for main stem internodes, g

Growth respiration rate for main stem leaves, g

Growth respiration rate for tubers, g

Growth per plant (COMMUN), g
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HEIGHT
HFUNCT
HLVAP
HTINT
IDACNT
IDAOUT
IDAST
IDATE
IDAY
IHEADR
IHOUR
IOFLAG
IOUTPT
MTSTOP
NBGIN
NBL
NBLT
NBR
NBRIN
NBRIT
NDAYS
NDEDL
NINTOT
NLVTOT
NMSIN
NMSL
NMST
NTADD
NTUB
NTUBM
NTUBP
NTUBI
OLDWMT
OLRES
OLTDW
PBLIR
PBNINR
PBRIR
PC
PCOVER
PCTBL
PCTMSL
PHCI
PHC2
PHCCOR
PHCR
PHCRPP
PHCT ()
PHCT2 ()
PHOI
PHO2
PHOT ()
PHOT2 ()
PLINR
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Height of plant (PLWAT), cm

Effect of wind speed on ET (PLWAT)

Heat of vaporization - constant (PLWAT)

Average internode height - constant (PLWAT), cm

Days since last output header

Counter for days between header outputs

Starting date of the run in Julian (MAIN)

Julian day of the year

Days from start of the run

Control for the output listing headers

Hour of the day

Internal subroutine flag (OUTPUT)

Number of variables to be outputted per day

Day on which mother tuber ceases to have an effect - constant (MSTEM)
Number of below ground internodes

Number of branch leaves per branch (BRLFGR)

Number of branch leaves total

Number of branches

Number of branch internodes per branch (BRANGR)
Number of branch internodes total

Number of days for the complete run (MAIN)

Number of dead leaves

Number of main stem internodes total

Number of live leaves (PLWAT)

Number of above ground main stem internodes

Number of main stem leaves

Number of main stems

Number of tuber initials that may be developing at one time - constant (TUBER)
Number of tubers

Number of last tuber initial (TUBER)

Maximum number of tubers possible constant (TUBER)
Number of first tube initial (TUBER)

Previous day’s dry weight of mother tuber, g

Previous day’s reserves, g

Previous day’s total dry weight, g

Potential rate for branch leaf initiation - constant (BRLFGR), If/br
Potential rate for branch internode initiation - constant (BRANGR), int/br
Potential rate for branch initiation - constant (BRANGR), br
Psychrometric constant (PLWAT)

Percent soil cover (PLWAT)

Percent of life lived for branch leaf (BRLFGR)

Percent of life lived for main stem leaf (MSLEAF)

Potential photos. for clear skies (untuberized), g

Potential photos. for clear skies (tuberized), g
Photosynthesis correction factor - constant (PHOTOS)
Photosynthesis rate (PHOTOS), g

Photosynthesis rate per plant, g

Photosynthesis table for clear skies (untuberized)
Photosynthesis table for clear skies (tuberized)

Potential photos. for overcast skies (untuberized), g
Potential photos. for overcast skies (tuberized), g
Photosynthesis table for overcast skies (untuberized)
Photosynthesis table for overcast skies (tuberized)

Partial main stem leaf initiation rate calculation (MSLEAF), If
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PLIVLV
PMLINR
PNINR
PNIR
POTET
PRES
PSINRM
PSIPLT
PSISOL
PSLIM
PTUBIR
RBL

RC

RES

RFR
RINOD
RL
RMRPBI
RMRPBL
RMRPBR
RMRPFR
RMRPML
RMRPMS
RMRPTU
RMSL
RNBL ()
RNBR

RNBRIN ()

RNET
RNMSIN
RNMSL
RPL
RPMTUB
RPSI
RSLOSS
RSPBGI
RSPBRI
RSPBRL
RSPFR
RSPGRP
RSPMRP
RSPMSI
RSPMSL
RSPRP
RSPTUB
RSTBGI
RSTBL
RSTBRI
RSTFR
RSTGRP
RSTMRP
RSTMSI
RSTMSL
RSTTUB
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Percent of leaves alive (PLWAT)

Potential main stem leaf initiation rate - constant (MSLEAF), If
Partial main stem internode initiation rate - constant (MSTEM), int
Potential rate of internode initiation - constant (MSTEM), int
Potential evapotranspiration (PLWAT), mm/m-sq

Reserves as percent of total plant weight

Normal soil water potential under irrigation conditions - constant (PLWAT), cm H,0
Plant water potential (PLWAT), atm

Soil water potential (PLWAT), cm H,O

Photosynthesis limiter (PHOTOS)

Potential tube initiation rate - constant (TUBER), tub

Base rate for branch leaf growth - constant (BRLFGR), g
Effect of plant cover on diffusion resistance (PLWAT)
Reserves in the plant, g

Base rate for fibrous root growth - constant (FIBRTG), g

Base rate of internode growth - constant (MSTEM, BRANGR), g
Effect of actual radiation on diffusion resistance (PLWAT)
Maintenance respiration rate for below ground internodes, g
Maintenance respiration rate for branch leaves, g

Maintenance respiration rate for branch internodes, g
Maintenance respiration rate for fibrous roots, g

Maintenance respiration rate for main stem leaves, g
Maintenance respiration rate for main stem internodes, g
Maintenance respiration rate for tubers, g

Base main stem leaf growth rate - constant (MSLEAF), g
Numbers of branch leaves per branch

Number of branches

Numbers of branch internodes

Net radiation (PLWAT), Langleys

Number of main stem internodes

Number of main stem leaves

Effect of percent live leaves on plant water potential (PLWAT)
Base maintenance respiration rate per tuber weight (RPRES), g
Effect of plant water potential on diffusion resistance (PLWAT)
Potential translocation by senescing leaves - constant

Percent of reserves in below ground internodes (COMMUN)
Percent of reserves in branch internodes (COMMUN)

Percent of reserves in branch leaves (COMMUN)

Percent of reserves in fibrous roots (COMMUN)

Percent of reserves for growth respiration (COMMUN)

Percent of reserves for maintenance respiration (COMMUN)
Percent of reserves in main stem internodes (COMMUN)
Percent of reserves in main stem leaves (COMMUN)

Percent of reserves for respiration (COMMUN)

Percent of reserves in tubers (COMMUN)

Reserve status of below ground internodes, g

Reserve status of branch leaves, g

Reserve status of branch internodes, g

Reserve status of fibrous roots, g

Reserve status for growth respiration, g

Reserve status for maintenance respiration, g

Reserve status of main stem internodes, g

Reserve status of main stem leaves, g

Reserve status of tubers, g
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RTBGIN
RTBL
RTBRIN
RTFDLV
RTFR
RTGRP
RTMRP
RTMSIN
RTMSL
RTTUB
RTUB
RUPLIM
RUPT
RWCMLT
RWCPL
SATVPA
SFRW
SGRPFR
SGRPIN
SGRPML
SGRPTU
SLA
SLABL
SLAP
SLOPE
SNHSUN
STINRT
STLFRT
STTBRT
T+ +L+ +
T+ +P+ +
TAHOFF
TAIR
TARBL
TARMSL
TCWBL
TCWBRI
TCWFR
TCWIN
TCWMSL
TCWTUB
TDW
TDWBGI
TDWBRI
TDWBRL
TDWFR
TDWMSI
TDWMSL
TDWTUB
TFRL
TFRSUB
TGRPBI
TGRPBL
TGRPBR
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Change in reserves in below ground internodes, g

Change in reserves in branch leaves, g

Change in reserves in branch internodes, g

Rate of translocation of reserves from dead leaves (RPRES), g
Change in reserves in fibrous roots, g

Change in reserves to growth respiration, g

Change in reserves to maintenance respiration, g

Change in reserves in main stem internodes, g

Change in reserves in main stem leaves, g

Change in reserves in tubers, g

Base rate for tuber growth constant (TUBER), g

Limiting multiplier for root uptake constant (PLWAT)
Maximum soil water uptake (PLWAT), g

Multiplier for effect of plant water on plant organs - constant (PLWAT)
Relative water content of the plant by weight

Saturation vapor pressure of the air (PLWAT)

Potential rate for fibrous root length growth - constant (FIBRTG), cm
Growth respiration coefficient for fibrous roots - constant (RPRES)
Growth respiration coefficient for internodes - constant (RPRES)
Growth respiration coefficient for leaves - constant (RPRES)
Growth respiration coefficient for tubers - constant (RPRES)
Specific leaf area (MSLEAF, BRLFGR), cm-sq/g

Specific leaf area of branch leaves (BRLFGR), cm-sq/g
Specific leaf area possible - constant (MSLEAF, BRLFGR), cm-sq/g
Partial calculation for net radiation (PLWAT)

Sine of the height of the sun

New internode growth rate - constant (MSTEM, BRANGR), g
New leaf growth rate - constant (MSLEAF, BRLFGR), g

New tuber growth rate - constant (TUBER), g

Function limiting values

Function curve parameters

Air temperature sine wave hour offset - constant (WEATHR)
Temperature of the air, degr C

Total area of branch leaves (COMMUN), cm-sq

Total area of main stem leaves (COMMUN), cm-sq

Total change in weight of branch leaves, g

Total change in weight of branch internodes, g

Total change in weight of fibrous roots, g

Total change in weight of main stem internodes, g

Total change in weight of main stem leaves, g

Total change in weight of tubers, g

Total dry weight of the plant

Total dry weight of below ground internodes, g

Total dry weight of branch internodes, g

Total dry weight of branch leaves, g

Total dry weight of fibrous roots, g

Total dry weight of main stem internodes, g

Total dry weight of main stem leaves, g

Total dry weight of tubers, g

Total fibrous root length (COMMUN), cm

Total suberized root length (COMMUN), cm

Total growth respiration for below ground internodes, g

Total growth respiration for branch leaves, g

Total growth respiration for branch internodes, g
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TGRPFR
TGRPMI
TGRPML
TGRPTU
TMRPBI
TMRPBL
TMRPBR
TMRPFR
TMRPML
TMRPMS
TMRPTU
TOP
TPDEF
TPHPP
TRANSP
TRESFL
TRGRP
TRMRP
TRNET
TRRP
TRTRAN
TSOIL
TTGRP
TTMRP
TTRANS
TTRP
TUBIR
TUBIS ()
TUBISR ()
TUBSTR
TUBSTS
UPTAKE
WATDEF
WATMAX
WATPL
WERR
WHEAD
WIND ()
WINDSP
WNDMIN
WUR

XK

YINT ()
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Total growth respiration for fibrous roots, g

Total growth respiration for main stem internodes, g
Total growth respiration for main stem leaves, g

Total growth respiration for tubers, g

Total maintenance respiration for below ground tubers, g
Total maintenance respiration for branch leaves, g
Total maintenance respiration for branch internodes, g
Total maintenance respiration for fibrous roots, g
Total maintenance respiration for main stem leaves, g
Total maintenance respiration for main stem internodes, g
Total maintenance respiration for tubers, g

Partial calculation for POTET and ET (PLWAT)
Transpiration deficiency (PLWAT), g

Total photosynthesis per plant, cc (=g)

Transpiration rate (PLWAT), g

Total plant reserves (COMMUN), g

Total growth respiration rate, g

Total maintenance respiration rate, g

Longwave radiation (PLWAT), Langleys

Total respiration rate, g

Total translocation of reserves (RPRES), g
Temperature of soil, degr C

Total growth respiration, g

Total maintenance respiration, g

Total transpiration, g

Total respiration, g

Tuber initiation rate (TUBER), tub

Individual tuber initiation status

Changes in initiation rates of individual tubers
Tuberization stimulation rate (TUBER)

Tuberization stimulation status (TUBER)

Water uptake of the plant (PLWAT), cc (=g)

Water deficiency (PLWAT), g

Maximum water content possible (PLWAT), g

Plant water content, g

Weight error, g

Driving variable deck identifier

Wind run, mi/day

Wind speed, m/sec

Minimum wind speed for advection effect (PLWAT), m/sec
Soil water uptake rate (PLWAT), g

Hydraulic conductivity of the soil (PLWAT), mm/day
Y-intercepts for water effect curves - constants (PLWAT)
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Appendix B — Input and Output Examples

Input

This section provides an example of an input deck
that is necessary for a typical POTATO model run.
The numbered notes refer to the numbers found with
the listing of the deck and provide details on the for-
mation of the input deck. The lines of asterisks (*)
are not part of the input deck but are provided on-
ly to delineate the different components of the deck
for the appendix, as are the words in parentheses.

1. Namelists — The variables within the five
namelists have defaults and may therefore be omit-
ted from the input in which case the defaults occur.
A list of the variables for each of the namelists, with
their defaults, may be found in the output section
of this appendix as part of the output listing. Even
if all variables in a given namelist are defaulted,
however, the header and trailer cards for the namelist
must still be included in the deck. The header card
contains a blank in column 1, an ampersand (&) in
column 2 and the name of the namelist immediate-
ly following. The trailer card contains the blank and
the ampersand immediately followed by the word
““end.”” Cards containing new variable values for a
given namelist always contain a blank in column 1,
followed by ‘‘variable name = value’’ for each
variable to be modified. The entries in a namelist
are separated by commas, and as many cards as are

necessary may be used to include all variables to be
modified. These cards are inserted between the
header and trailer cards.

2. Tabular Printout Requests — Variables to
be printed in tabular form follow the CNTRL
namelist as many as are designated by the variable
IOUTPT. Each variable input takes up a field of
10 characters; the field begins with the variable name
(8 characters) and ends with the hour of day for the
reading (1 to 24). If no hour is specified, 12 is assum-
ed. Up to seven variable names and times may be
entered on the first card with up to five more on a
second card if more than seven are requested.

3. Plotting Output Requests — Information
on plotting requests, if any are indicated by the
number of plots IPLOTN, follow the tabular prin-
tout requests. All of the variables for one plot (up
to five) are entered on a single card in the same
fashion as those for tabular output. The maximum
number of plots for one run is 10. If there is a
nonzero entry in column 51 of any plot card, another
card will be read for that plot. This card contains
four decimal fields of 10 characters each that have
the requested x-minimum, x-maximum, y-minimum
and y-maximum for the plot. Any or all of these may
be omitted for the default values that will be deter-
mined by the plotting routine from the ranges of the
variables to be plotted.

e o e T e o b b e o e D e e e e L S R SO e R R B R RS

&CNTRL

IPLOTN=1, IOUTPT=5,IDAST=148 ,NDAYS=10, IHEADR=15

&END

(1)

e e o e L o S e i o

TDW TDWTUB CMLAI PRES

RWCPL (2)

B o L L o e o R L o L o 3

TDW TDWTUB

(3)

e o e e D T e b e e e e o D b L o o o e ey

&PARS
SLAP=350.0,PHCCOR=1.05,CF=.55,

RINOD=.0215 ,RMSI=.0207,RBL~.0207,
PNIR=.017,PMLINR=.017 ,PBNINR=.017 ,PBLIR=.017,

&END
&FUN1
T12L1=150.,T12L2=150.,
&END
&FUN2
&END
&INCOND
DENS=3.56 ,DLAT=42.6
&END

(1)

o o e D e o o e e o D o i L o o b O e T o e P o e vy g

(CONT)
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(4)

for each day of the calendar year (1 to 365). All of
these values will be read, although only those which
are required by the run will actually be used. Blank

cards may suffice for unused dates. Each card is read
as 16 fields of length five, in decimal format. Note
that radiation and wind run are read as 5.0, while
temperature, temperature amplitude and dewpoint
are read as f5.1. The order of variables that the pro-
gram expects to see is (a) daily average air
temperature, (b) daily average air temperature

amplitude, (c) daily incoming solar radiation, (d) dai-

ly average dewpoint and (e) daily wind run.

4. Weather Deck Identifier — The card that
begins the driving variable portion of the input deck
contains the weather deck identifier at the beginning
of the card; it may have up to eight characters. This
identifier will be printed in the output along with
the driving variable listing if that header listing is

5. Driving Variables — Each of the component
decks that comprise the complete driving variable
deck is similar to the others. Each contains values

P e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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17.0 17.5 18.0 19.5 21.0 21.0 16.0 15.0 16.0 18.5 22.5 14.5 18.5 18.5 18.5 19.5
15.0 8.5 16.0 22.0 11.5 11.5 18.0 12.5 16.5 18.0 17.5 18.0 18.0 19.5 18.0 18.0

16.5 21.5 20.0 20.0 20.0 11.5 18.5 13.0 15.0 15.0 12.5 12.5 14.5 17.5 10,

3.0 205051700 6,5 12,5 17,5 21.0 10.0 10.6 9.5 6.5 6.5 6.5 6.5

.0
5

0.5 8
6.5 61

1120130 16,5 16:0 13.0° 1270 12,0 15.0: 10.5 14:0°12.0 12.5 14.0 14.0, 8.5'12.5

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

o e e e e e e e o o e e o o e L L b i e by et oy e e e T s i

B8 w00 050 0.0 00 0008000 (0.0 0.0 9.0 0080008 QR0 0N 0w0T 00
0.0 0.0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0

0.

0.

(5,SOLAR RADIATION) O.
0. 0

0.

0
0.

0.
0.

613,508, 392: 623.

0. 484. 564. 661.
394, 682. 333. 334, 438. 269. 277.

704. 681.
760. 584. 660. 681.
572, 626. 134.
7555 (5965 716.

701.

0.

0.

663. 215. 427.

619. 499.

230. 322, 610. 561.

702. 658. 693. 554. 404. 303. 657.

705.

251. 398: -679. 693, 674, 371.

767. 601.

734. 750. 758. 761.

733.

718.

676.

492. 722. 567.
748. 680.
748. 747,

687.

756. 749. 725. 708.

588. 673.

739. 487.

741.

757.

771.

646. 704. 710.

678. 679. 580. 651,

619. 620. 581.
578 51T 483, 553. 540 540:./532 529, 533. 5&40. 525,

729. 707. 719. 714. 647.
688. 688. 691.

717

1Y

750.

664. 629.

677. 691.

701.

668. 698.

588. 531.

612 597

346, 527, 611

389. 591. 610. 644. 639. 497.

568. 564. 590. 538. 587.

2 L

3307 353, 35 024650399 423

526. 519. 514. 505. 489. 466. 462. 496. 461.

451.

0.

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

0.

T e e e e e e e e e e e e e e e e e T e e e e e e e

6 0.0
.0 0.0
0 0.0

0
()3

0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0(5,DEWPOINT)O.

0o0: 0.0 0.0 0.6 0.0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0’ 0.0 0.0 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0

0:0° 0.0, 0.0 60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

WEDR 0205 1000 0508 V0000 020 QCO) (00" 0.0 0:008:0 00 00 0:0 050 0.0
9200000 0200 0.0 S0.0n 0.0, 0.0 0.0:41.7 36.6 :25.6 31.3 26,60 23.7 23.7" 23.7

25.8 30.2 32.6 33.7 33.7 34.9 40.6 39.9 32.2 36.4 45.1 45.1 44.7 40.8 46.9 51.2
45.0 54.0 54.0 34.2 33.3 41.9 44.5 36.9 47.2 47.2 48.3 51.4 51.5 47.9 49.1 46.2
050 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0:0° 0:0
0.0 60 0.0 0.0 0.0 0.0 0.0 0.0 0:.00 0.0 0,0 050 0.0 0:0 050 00
0:0 0.0 0.0 0.0 0.0 0:0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0:0 0.0

Go0050" 00000508 0008001 =610 0.0 0.0 0.0 0.0 0.0 0.0

o e e S e e L o e e L e e T T e e B e e

0%0: “0.0" 0.0 0,0 0,0 0.0 '0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
020 0500 00 0.0 3050° 0.0 0.0 0.0 0.0 0.0:0.0 0.0 0.0 0.0 0.0 0.0
46.2 44.7 34.4 31.2 31.3 32.8 37.7 38.1 35.1 41.2 43.4 36.2 42.0 45.5 45.5 49.6
42.8 32.3 28.1 30.8 46.9 46.9 42.3 48.7 46.2 52.1 49.5 39.8 39.8 54.7 47.8 45.8
49.6 41.0 38.7 38.7 46.8 55.7 55.5 43.6 44.1 43.7 43.7 49.1 43.8 48.3 44.5 54.0
52.2 52.2 41.2 45.7 41.5 40.1 41.8 41.1 41.1 48.0 46.4 43.3 54.2 50.8 48.3 48.3
B84 80 55709 510905120510 53.4; 60.2 &7.7 45.7 49.5 5&.4 55,1 551 55,1 5535
55.5 41.4 44.2 48.0 44.1 44.1 48.3 43.8 47.6 53.8 57.0 56.8 56.8 50.7 49.0 45.4
41,640,742 .7 42,7 42,7 35:3 39.8 36.2 33.5 33.5 40.6 40.6 39.5 &7 §4.5 37.3
35.8 38.0 40.2 40.7 31.9 30.1 43.9 23.4 23.4 39.3 49.8 49.8 49.8 49.8 49.8 49.8

38.9 38.5:41.2 41.2 32.9 24.8 24.8 29.3 22.5 36.6 31.8 32.2 22.2 22.2 29.4 28.1
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(END OF INPUT)

Output

The second half of this appendix contains a typical
output listing from a single run. For purposes of
space, the run encompassed only 10 days from the
date of emergence (day 1). The normal default is for
a run of 100 days.

Driving Variable Listing — When requested by
the variable IHEADR, the output listing will begin
with a listing of the input driving variables for the
run identified by the weather deck identifier. The
information is provided for every day of the calen-
dar year identified by Julian date. For this listing,
add four to IHEADR.

Namelist Listings — When requested through
IHEADR, the variables of the CNTRL, PARAM,
FUNI and FUN2 namelists will be listed with the
variable values that were current for the run. For
this listing, add two to IHEADR.

Initial Conditions Listing — When requested
through IHEADR, some of the initial conditions for
the run will be listed; this is not, however, a listing

35

of the initial conditions namelist. For this listing,
add one to IHEADR.

Simulation Results — The actual output of the
run begins under this heading. The tabular output
appears first, with each data column titled every 20
days by variable name and hour of reading. The left-
most data column provides the current day number.

Plots — Each requested plot is printed on a
separate page titled with a plot number and iden-
tifiers for the variables included on the plot. The
range for the x-axis of the plot will default to the
number of days of the run, and the range of the y-
axis will default to the range of the values to be plot-
ted unless either is overridden on input.

Following is a listing of the namelist INCOND
that is not provided in the output listing because of
its length. This listing of the variables of INCOND
and their defaults has been modified to decrease the
length of the listing. The ellipses in the listing in-
dicate a repetition of the last previous value shown,
for the extent of the array.




&INCOND

TDWMSL=.0181, TDWBRL=0.0, TDWBGI=.3333, TDWMSI=.069, TDWBRI=0.0,

TDWFR=.0121, TDWTUB=0.0, AREALV=4.05, PRES=10.0, DWMT=20.0,

DLAT=43.60, DENS=3.6, NINTOT=0,

AGEIN=12.0, 11.0, 10.0, 9.0, 8.0, 7.0, 6.0, 5.0, 4.0, 2.0, 0.0,...,

DWINOD=.063, .058, .053, .045, .043, .035, .033, .028, .023, .018,
00, -

AGEMS=3.0, NBGIN=7, RNMSIN=3.0,

AGEMSL=.7, .6, .5, 999.99,...,

DWMSL=.0062, .0060, .0059, 999.99,...,

ARMSL=1.4, 1.35, 1.30, 999.99,...,

RNMSL=3.0,

AGEBR=999.99, ...,

RNBRIN=999.99, ...,

DWBRIN=999.99, ...,

AGBRIN=999.99, ...,

RNBR=0.0,

RNBL=999.99, ...,

AGEBL=999.99,...,

DWBL=999.99,...,

ARBL=999.99,...,

DWTUB=999.99, ...,

AGETUB=999.99, ...,

NTUB=0, AGEFR=8.0, =.01214, FRL=3.520, FRSUBL=1.760

&END

Following is the listing of an output from a run
of 10 days. The defaults of all namelists except IN-
COND, above, may be seen in the listing header.
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LE

POTATO GROWTH MODEL PRINTOUT

A 000 0000 30000000 00 00000 000 00 00000 3000 0 0000 0 00 00 0 0 0 0 0 00 0 0000 3 0000 000 0 00 00 20 00 0 0 00 0 00 T 0 30 30030 0000 30 0 0 00 0 0 0 00 00 0003 0 30 90 00 60 90 30 00 0 0 96 30 90 90 0 ¢

TEST SITE WEATHER : |IDENTIFIER = KMBRLY81

JULDAY/AVTEMPF/AVAMPF/DTRAD/AVDEWPTF /WINDMD/JULDAY/AVTEMPF/AVAMPF /DTRAD/AVDEWPTF/WINDMD/JULDAY/AVTEMPF/AVAMPF /DTRAD/AVDEWPTF /WINDMD/
1 .0 0. . . . 123 4 13. 661.0 25.6 4o 245 60.5 1. 587.0 uh.1

0 0 0.0 0.0 0.0 . 0 . . 5 199.0

2 0.0 0.0 0.0 0.0 0.0 28 51.5 14.5 613.0 31.3 220.0 246 60.5 11.5 578.0 = Bh.1 95.0
3 0.0 0.0 0.0 0.0 0.0 125 44.5 12.5 508.0 26.6 192.0 247  62.0 18.0 517.0 u48.3 133.0
I 0.0 0.0 0.0 0.0 0.0 126 41.0 9.0 392.0 23.7 346.0 248 65.5 12.5 u483.0 43.8 189.0
5 0.0 0.0 0.0 0.0 0.0 127 41.0 9.0 623.0 23.7 339.0 249 62.5 16.5 553.0 Uu47.6 118.0
6 0.0 0.0 0.0 0.0 0.0 128 41.0 9.0 0.0 23.7 344.0 250 64.0 18.0 540.0 53.8 158.0
7 0.0 0.0 0.0 0.0 0.0 129 u48.5 17.5 230.0 25.8 115.0 251 66.5 17.5 540.0 57.0 134.0
8 0.0 0.0 0.0 0.0 0.0 130 52.5 14.5 322.0 30.2 199.0 252 66.0 18.0 532.0 56.8 77.0
9 0.0 0.0 0.0 0.0 0.0 131 48.0 10.0 610.0 @ 32.5 460.0 253 66.0 18.0 529.0 56.8 200.0
10 0.0 0.0 0.0 0.0 0.0 132 45.5 1.5 561.0 33.7 156.0 254 66.5 19.5 533.0 50.7 108.0
11 0.0 0.0 0.0 0.0 0.0 133 45.5 11.5 663.0 33.7 208.0 255 66.0 18.0 540.0 49.0 131.0
12 0.0 0.0 0.0 0.0 0.0 134 52.0 9.0 215.0 34.9 146.0 256 67.0 18.0 525.0 u5.4 152.0
13 0.0 0.0 0.0 0.0 0.0 135 45.5 9.5 Uu427.0 40.6 219.0 257  66.5 16.5 526.0 41.6 174.0
14 0.0 0.0 0.0 0.0 0.0 136 u6.5 11.5 394.0 39.9 318.0 258 6hy 21% 91950 | w07 129.0
15 0.0 0.0 0.0 0.0 0.0 137 51.5 12.5 682.0 32.2 221, 259 68.0 20.0 514.0 42.7 149.0
16 0.0 0.0 0.0 0.0 0.0 138 53.0 12.0 333.0 36.4 165.0 260 68.0 20.0 505.0 42.7 152.0
17 0.0 0.0 0.0 0.0 0.0 139 52.5 10.5 334.0 45.1 126.0 261 68.0 20.0 u489.0 42.7 123.0
18 0.0 0.0 0.0 0.0 0.0 140 52.5 10.5 U438.0 45.1 165.0 262 61.5 135 H66:0 :35.3 258.0
19 0.0 0.0 0.0 0.0 0.0 141 52.0 5.0 269.0 44.7 434.0 263 56.5 18.5 Wu62.0 39.8 125.0
20 0.0 0.0 0.0 0.0 0.0 2 53.5 7.5 277.0 40.8 254.0 264 53.0 13.0 496.0 36.2 186.0
21 0.0 0.0 0.0 0.0 0.0 133 57.0 13.0 619.0 46.9 82.0 265 u49.0 15,0 #561.0 33.5 147.0
22 0.0 0.0 0.0 0.0 0.0 44 60.5 13.5 499.0 51.2 110.0 266 u49.0 15:0 339.0 " 33.5 90.0
23 0.0 0.0 0.0 0.0 0.0 145 57.0 6.0 251.0 45.0 147.0 267 58.5 12.5 353.0 40.6 143.0
24 0.0 0.0 0.0 0.0 0.0 146 60.0 8.0 398.0 54.0 116.0 268 58.5 12.5 325.0 40.6 210.0
25 0.0 0.0 0.0 0.0 0.0 147  60.0 8.0 679.0 54.0 149.0 269 48.5 185 206.0 39.5 120.0
26 0.0 0.0 0.0 0.0 0.0 148 58.0 15.0 693.0 34.2 152.0 270 59.5 17.5 399.0 47.1 129.0
27 0.0 0.0 0.0 0.0 0.0 149  62.0 17.0 674.0 33.3 89.0 271 56.5 10.5 423.0 44.5 172.0
28 0.0 0.0 0.0 0.0 0.0 150 61.0 15.0 371.0 41.9 165.0 272 u48.0 8.0 173.0 37.3 115.0
29 0.0 0.0 0.0 0.0 0.0 151 56.5 10.5 704.0 H4.5 225.0 273 47.0 13.0 451.0 35.8 117.0
30 0.0 0.0 0.0 0.0 0.0 152 59.0D 18.0 681.0 36.9 100.0 274 50.0 20.0 0.0 38.0 0.0
31 0.0 0.0 0.0 0.0 0.0 193 5975 3.5 T705.0 47.2 144.0 27> 57«0 17.0 0.0 ho.2 0.0
32 0.0 0.0 0.0 0.0 0.0 154 59.5 3.5 12.0 4i.2 271.0 276 u43.5 6.5 0.0 40.7 0.0
33 0.0 0.0 0.0 0.0 0.0 155 61.0 14.0 658.0 48.3 172.0 277 41.5 12.5 0.0 31.9 0.0
34 0.0 0.0 0.0 0.0 0.0 156 65.5 17.5 693.0 51.4 144.0 278 u4.5 17.5 0.0 30.1 0.0
35 0.0 0.0 0.0 0.0 0.0 157 65.0 9.0 554.0 51.5 223.0 2719 55.0 21,0 0.0 43.9 0.0
*36 0.0 0.0 0.0 0.0 0.0 158 62.0 10.0 404.0 47.9 113.0 280 57.0 10.0 0.0 23.4 0.0
37 0.0 0.0 0.0 0.0 0.0 159 595 9.5 303.0 49.1 134.0 281 57.0 10.0 0.0 23.4 0.0
38 0.0 0.0 0.0 0.0 0.0 160 58.0 8.0 657.0 46.2 165.0 282 50.5 9.5 0.0 39.3 0.0
39 0.0 0.0 0.0 0.0 0.0 161 58.0 8.0 492.0 u6.2 84.0 283 51.5 6.5 0.0 49.8 0.0
4o 0.0 0.0 0.0 0.0 0.0 162 63.0 13.0 722.0 uu.7 136.0 284 51.5 6.5 0.0 49.8 0.0
L1 0.0 0.0 0.0 0.0 0.0 163 53.0 13.0 567.0 3u.4 306.0 285 D15 6.5 0.0 49.8 0.0
y2 0.0 0.0 0.0 0.0 0.0 164  45.5 9.5 676.0 31.2 328.0 286 51.5 6.5 0.0 449.8 9.0
43 0.0 0.0 0.0 0.0 0.0 165 47.5 11.5 718.0 31.3 336.0 287 51.5 6.5 0.0 49.8 0.0




8¢

JULDAY/AVTEMPF/AVAMPF/DTRAD/AVDEWPTF /W INDMD/JULDAY/AVTEMPF /AVAMPF /DTRAD/AVDEWPTF /W I NDMD/JULDAY/AVTEMPF/AVAMPF/DTRAD/AVDEWPTF /W1 NDMD/
[} . . 0. . . 166 S54. 16. 118. 288 0 6.5 -0 .8 0.

L 0.0 0.0 0 0.0 0.0 0 6.0 760.0 32.8 0 5 0 49 0
45 0.0 0.0 0.0 0.0 0.0 167 62.0 22.0 584.0 37.7 298.0 289 47.0 11.0 0.0 38.9 0.0
46 0.0 0.0 0.0 0.0 0.0 168 56.5 1.3 660.0 38.1 277.0 290 50.0 11.0 0.0 38.5 0.0
47 0.0 0.0 0.0 0.0 0.0 169 63.0 13.0 681.0 35.1 120.0 291 49.5 16.5 0.0 41.2 0.0
L8 0.0 0.0 0.0 0.0 0.0 170 64.0 11:0 733.0 43.2 234.0 292 50.0 16.0 0.0 41.2 0.0
L9 0.0 0.0 0.0 0.0 0.0 171 63.5 12.5 734.0 43.4 216.0 293 50.0 13.0 0.0 32.9 0.0
50 0.0 0.0 0.0 0.0 0.0 172 63.0 11.0 750.0 36.2 242.0 294  42.0 12.0 0.0 24.8 0.0
51 0.0 0.0 0.0 0.0 0.0 173. 617.0 19.0 758.0 42.0 104.0 295 42.0 12.0 0.0 24.8 0.0
52 0.0 0.0 0.0 0.0 0.0 174  65.5 9.5 761.0 45.5 2u44.0 296 43.0 15.0 0.0 29.3 0.0
53 0.0 0.0 0.0 0.0 0.0 S  65:5 9.5 767.0 u45.5 101.0 297 u46.5 10.5 0.0 22.5 0.0
54 0.0 0.0 0.0 0.0 0.0 176 73.5 21.5 601.0 49.6 161.0 298 47.0 14.0 0.0 36.6 0.0
55 0.0 0.0 0.0 0.0 0.0 177 72.0 12.0 748.0 42.8 164.0 299 50.0 12.0 0.0 31.8 0.0
56 0.0 0.0 0.0 0.0 0.0 178 65.0 12.0 680.0 32.3 0.0 300 50.5 12.5 0.0 32.2 0.0
57 0.0 0.0 0.0 0.0 0.0 179 61.0 15.0 771.0 28.1 0.0 301 51.0 14.0 0.0 22.2 0.0
58 0.0 0.0 0.0 0.0 0.0 180 64.0 18.0 757.0 30.8 0.0 302 51.0 14.0 0.0 22.2 0.0
59 0.0 0.0 0.0 0.0 0.0 181 72.0 20.0 572.0 u46.9 166.0 303 38.5 8.5 0.0 29.4 0.0
60 0.0 0.0 0.0 0.0 0.0 182 72.0 20.0 626.0 46.9 203.0 304 43.5 12.5 0.0 28.1 0.0
61 0.0 0.0 0.0 0.0 0.0 183 70.5 16.5 734.0 42.3 129.0 305 0.0 0.0 0.0 0.0 0.0
62 0.0 0.0 0.0 0.0 0.0 184 71.5 175 T41.0 U8.7 125.0 306 0.0 0.0 0.0 0.0 0.0
63 0.0 0.0 0.0 0.0 0.0 185 73.5 19.5 739.0 46.2 107.0 307 0.0 0.0 0.0 0.0 0.0
64 0.0 0.0 0.0 0.0 0.0 186 77.0 20.0 487.0 52.1 145.0 308 0.0 0.0 0.0 0.0 0.0
65 0.0 0.0 0.0 0.0 0.0 187 69.5 12.5 588.0 49.5 156.0 309 0.0 0.0 0.0 0.0 0.0
66 0.0 0.0 0.0 0.0 0.0 188 56.0 6.0 673.0 39.8 315.0 310 0.0 0.0 0.0 0.0 0.0
67 0.0 0.0 0.0 0.0 0.0 189 56.0 6.0 756.0 39.8 108.0 an 0.0 0.0 0.0 0.0 0.0
68 0.0 0.0 0.0 0.0 0.0 190 69.0 24.0 749.0 54.7 97.0 312 0.0 0.0 0.0 0.0 0.0
69 0.0 0.0 0.0 0.0 0.0 191 73.0 13.0 725.0 A47.8 128.0 313 0.0 0.0 0.0 0.0 0.0
70 0.0 0.0 0.0 0.0 0.0 192 68.5 13.5 708.0 45.8 139.0 314 0.0 0.0 0.0 0.0 0.0
il 0.0 0.0 0.0 0.0 0.0 193 68.0 18.0 748.0 49.6 132.0 315 0.0 0.0 0.0 0.0 0.0
72 0.0 0.0 0.0 0.0 0.0 194  65.0 11.0 747.0 41.0 213.0 316 0.0 0.0 0.0 0.0 0.0
73 0.0 0.0 0.0 0.0 0.0 195 62.0 16.0 750.0 38.7 142.0 30 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 196 62.0 16.0 755.0 38.7 94.0 318 0.0 0.0 0.0 0.0 0.0
75 0.0 0.0 0.0 0.0 0.0 197 69:5 21.5 596.0 45.8 179.0 319 0.0 0.0 0.0 0.0 0.0
76 0.0 0.0 0.0 0.0 0.0 198 72.5 17.5 7T16.0 55.7 104.0 320 0.0 0.0 0.0 0.0 0.0
77 0.0 0.0 0.0 0.0 0.0 199 71.0 16.0 719.0 55.5 154.0 321 0.0 0.0 0.0 0.0 0.0
78 0.0 0.0 0.0 0.0 0.0 200 67.5 16.5 717.0 u3.6 148.0 322 0.0 0.0 0.0 0.0 0.0
79 0.0 0.0 0.0 0.0 0.0 201 68.5 18.5 729.0 Ly.1 125.0 323 0.0 0.0 0.0 0.0 0.0
80 0.0 0.0 0.0 0.0 0.0 202 68.5 15.5 707.0 43.7 161.0 32y 0.0 0.0 0.0 0.0 0.0
81 0.0 0.0 0.0 0.0 0.0 203 68.5 15.5 119.0 u43.7 132.0 325 0.0 0.0 0.0 0.0 0.0
82 0.0 0.0 0.0 0.0 0.0 204 68.0 18.0 714.0 49.1 153.0 326 0.0 0.0 0.0 0.0 0.0
83 0.0 0.0 0.0 0.0 0.0 205 68.0 20.0 647.0 u43.8 101.0 327 0.0 0.0 0.0 0.0 0.0
84 0.0 0.0 0.0 0.0 0.0 206 67.5 15.5 646.0 u8.3 138.0 328 0.0 0.0 0.0 0.0 0.0
85 0.0 0.0 0.0 0.0 0.0 207 64.0 14.0 704.0 uy.5 165.0 329 0.0 0.0 0.0 0.0 0.0
86 0.0 0.0 0.0 0.0 0.0 208 69.0 16.0 710.0 54.0 129.0 330 0.0 0.0 0.0 0.0 0.0
87 0.0 0.0 0.0 0.0 0.0 209 72.0 21.0 687.0 52.2 101.0 331 0.0 0.0 0.0 0.0 0.0
88 0.0 0.0 0.0 0.0 0.0 210 72.0 21.0 668.0 52.2 151.0 332 0.0 0.0 0.0 0.0 0.0
89 0.0 0.0 0.0 0.0 0.0 211 66.0 14.0 698.0 41.2 176.0 333 0.0 0.0 0.0 0.0 0.0
90 0.0 0.0 0.0 0.0 0.0 212 68,5 20.5 703.0  45.7 105.0 334 0.0 0.0 0.0 0.0 0.0
91 0.0 0.0 0.0 0.0 0.0 213 69.5 21.5 701.0 U41.5 123.0 335 0.0 0.0 0.0 0.0 0.0
92 0.0 0.0 0.0 0.0 0.0 214  67.0 15.0 677.0 40.1 164.0 336 0.0 0.0 0.0 0.0 0.0
93 0.0 0.0 0.0 0.0 0.0 215 65.5 18.5 691.0 41.8 143.0 337 0.0 0.0 0.0 0.0 0.0
94 0.0 0.0 0.0 0.0 0.0 216 66.5 18.5 688.0 41.1 154.0 338 0.0 0.0 0.0 0.0 0.0




6€

JULDAY/AVTEHPF/AVAMPF/DTRAD/AVDENPTF/NINDMD/JULDAY/AVTEHPF/AVAHPFéDTRAD/AK?EHPTF/HANDHD/JULDAY/AVTEHPF/AVAHPF/DTRAD/AVDEHPTF/HINDHD/
. . . . . o1 142, 339 . . . . .

95 0.0 0.0 0.0 0.0 0.0 217 66.5 18.5 688.0 0 0.0 0.0 0.0 0.0 0.0
96 0.0 0.0 0.0 0.0 0.0 218 69.0 19.0 691.0 48.0 122.0 340 0.0 0.0 0.0 0.0 0.0
97 0.0 0.0 0.0 0.0 0.0 219 72.0 20.0 678.0 46.4 133.0 3u 0.0 0.0 0.0 0.0 0.0
98 0.0 0.0 0.0 0.0 0.0 220 72.5 17.5 679.0 43.3 143.0 3u2 0.0 0.0 0.0 0.0 0.0
99 0.0 0.0 0.0 0.0 0.0 221 75.5 20.5 580.0 54.2 191.0 3u3 0.0 0.0 0.0 0.0 0.0
100 0.0 0.0 0.0 0.0 0.0 222 73.5 20.5 631.0 '50.8 159.0 3uy 0.0 0.0 0.0 0.0 0.0
101 0.0 0.0 0.0 0.0 0.0 223 69.5 19.5 664.0 48.3 114.0 345 0.0 0.0 0.0 0.0 0.0
102 0.0 0.0 0.0 0.0 0.0 224 69.5 19.5 629.0 48.3 101.0 346 0.0 0.0 0.0 0.0 0.0
103 0.0 0.0 0.0 0.0 0.0 225 73.0 17.0 389.0 58.4 119.0 3u7 0.0 0.0 0.0 0.0 0.0
104 0.0 0.0 0.0 0.0 0.0 226 13.5 17.5 591.0 59.5 123.0 3us 0.0 0.0 0.0 0.0 0.0
105 0.0 0.0 0.0 0.0 0.0 227 12:0 18.0 610.0 57.9 141.0 349 0.0 0.0 0.0 0.0 0.0
106 0.0 0.0 0.0 0.0 0.0 228 69.5 19.5 644.0 51.9 114.0 350 0.0 0.0 0.0 0.0 0.0
107 0.0 0.0 0.0 0.0 0.0 229 T2:0 210 63930 « 512 109.0 351 0.0 0.0 0.0 0.0 0.0
108 0.0 0.0 0.0 0.0 0.0 230 72.0 21.0 497.0 51.2 131.0 352 0.0 0.0 0.0 0.0 0.0
109 0.0 0.0 0.0 0.0 0.0 231 4.0 16.0 376.0 53.4 123.0 353 0.0 0.0 0.0 0.0 0.0
110 0.0 0.0 0.0 0.0 0.0 232 T2.0 15.0 527.0 60.2 105.0 354 0.0 0.0 0.0 0.0 0.0
111 0.0 0.0 0.0 0.0 0.0 233 67.0 16.0 611.0 47.7 95.0 355 0.0 0.0 0.0 0.0 0.0
112 0.0 0.0 0.0 0.0 0.0 234  66.5 18.5 619.0 45.7 122.0 356 0.0 0.0 0.0 0.0 0.0
113 0.0 0.0 0.0 0.0 0.0 235 10:5 22,5 6200 49.5 124.0 357 0.0 0.0 0.0 0.0 0.0
114 0.0 0.0 0.0 0.0 0.0 236 11,5 14.5 581.0 5u4.4 151.0 358 0.0 0.0 0.0 0.0 0.0
115 0.0 0.0 0.0 0.0 0.0 237 74.5 18.5 1632:0 5551 99.0 359 0.0 0.0 0.0 0.0 0.0
116 0.0 0.0 0.0 0.0 0.0 238, 4.5 18.5 597.0 55.1 112.0 360 0.0 0.0 0.0 0.0 0.0
117 0.0 0.0 0.0 0.0 0.0 239 4.5 18.5 588.0 55.1 114.0 361 0.0 0.0 0.0 0.0 0.0
118 0.0 0.0 0.0 0.0 0.0 240 69.5 19.5 531.0 55.5 101.0 362 0.0 0.0 0.0 0.0 0.0
119 0.0 0.0 0.0 0.0 0.0 241 73.0 15.0 568.0 55.5 152.0 363 0.0 0.0 0.0 0.0 0.0
120 0.0 0.0 0.0 0.0 0.0 242 62.5 8.5 564.0 41.4 294.0 364 0.0 0.0 0.0 0.0 0.0
121 65.0 17.0 484.0 41.7 113.0 243 58.0 16.0 590.0 44.2 104.0 365 0.0 0.0 0.0 0.0 0.0
122 53.5 6.5 564.0 34.6 320.0 244 62.0 22.0 538.0 48.0 128.0 365 0.0 0.0 0.0 0.0 0.0
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NDAYS= 10, IDAST= 148, IOUTPT= 5, IPLOTN= 1, |HEADR= 9
&END
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&PARS

AVTSOF= 36.000000 ,DMFIN= 0.63999951E-01,DMFLV= 0.11999995 ,DMFTUB= 0,10999995 ,DMFFR= 0.49999997E-01,DIVLY=
10000.000 DYRCON‘ 0.79999995 ,DAYOFF- 10.000000 TAHOFF— 8.0000000 ,AVTSDV=_ 48.000000 , TSAMPM= 0.44999999 ’
TSHOFF=  10.000000 , SNHOFF= 12.000000 ,YINT= =4, 1110992 , =4.2222195 , =4.3888998 , =b.4443998 »ALBEDO=
0.21999997 HLVAP- 58.000000 ,PC= 0. 48999995 ,B= 0.29999996E-03,HTINT= 5.5000000 , SLOPEM= 4097.5469 , TRNFCI=
1.2199993 ,TRHFCS— 0.17999995 » TRNACI= 0.32499999 » TRNACS==0. 44000000E - 01 ACVPDV= 0.75000000 ,ACRDV=_ 60.000000 P
WNDMIN= 2.2999992 ,XKM= 7000.0000 ,PSIOFF= 1450. 0000 , PSIMLT= 0. 999999935 03,WURINT= 0. 15999997 , WURS=
0.33599999E~01, PSINRM= 333.32983 RUPLIH= 0.29200000 RHCHLT— 5.5555553 PHCCOR- 1.0u499992 ,RINOD= 0.2149999%9E-01,

PNIR= 0.16999997E~ 01,MTSTOP= 50 STINRT= 0.99999979E- 02 PMLINR= 0. 16999997E 01 RMSL= 0.20699997E-01, SLAP= 350.00000 ;

DAGEML= 50.000000 »STLFRT= 0, 49999990E 02,AGLFST= 15, 400000 ,PBRIR= 0 39999999E 01,PBNINR= 0. 16999997E~- 01,CF=
0.54999995 PBLIR- 0.16999997E-01,RBL= 0. 20699997~ 01, DAGEBL= 50. 000000 ,RTUB= 0. 20829998E-01, PTUBIR= 0. 13999999¢- 01,
DAMNTU= _8.0000000 »NTUBP= 28, NTADD= 3 STTBRT= 0.59999999E~ 01 RNFR= 1.0000000 ,RFR= 0.20829998E-01,BSUBR=

» SGRPFR= 0.38999999 , SGRPTU= 0, 21999997 »

0.15619997E-01,SFRW=_ 290.00000 ,SGRPIN= 0.38999999 , SGRPML= 0.38999999
19999999~ 03, SBRLWT= 0.49999990E~02, DEDMLT=

BMRPIN= 0.62499987E~-03, BMRPML= 0.62499987E-03, BMRPFR= 0.62"99987E-03,BHRPTU= 0.

0.50000000 ,SATM= 4.5812292 , PHOT= 0.0 , 0.0 » 0.0 , 0.0 , 0.0
0.0 » 0.0 ; 0.0 ,» 0.0 ,» 0.0 ’ » 0.0 ; 0 59999999E~01,
0.25999999 , 0.44000000 » 0.60999995 » 0.75000000 , 0.88000000 ’ 0.96999997 » 1.0299997 , 1.0u499992 i
1.0699997 , 0.0 , 0.89999974E-01, 0.36999995 , 0.61999995 » 0.85999995 ,» 1.0599995 , 1.2299995 s
1.3699999 , 1.4499998 » 1.4799995 ,» 1.5000000 » 0.0 , 0.99999964E-01, 0.41999996 » 0.70999998 F
0.97999996 y 12099991 , 1.4099998 , 1.5599995 » 1.6599998 ,» 1.6899996 s 1.,7099991 » 0.0 s
0.99999964E-01, 0.44000000 » O 73999995 , 1.0299997 , 1.2699995 , 1.4799995 , 1.6399994 , 1.7399998 ,
1.7799997 ,»  1.7999992 , 0.0 , 0.99999964E-01, 0,44999999 » 0.75999999 , 1.0499992 » 1,2999992 s
1.5199995 ,» 1.6799994 , 1.7900000 » 1.8299999 , 1.8499994 » 0.0 , 0.99999964E-01, 0.44999999 ’
0.75999999 » _1,0599995 , 1.3199997 , 1.5400000 » 1.6999998 » 1.8099995 , 1.8499994 » 1.8699999 ’
0.0 , 0.99999964E-01, 0.44999999 » 0.76999998 » 1.0699997 »  1.3199997 , 1.5400000 »  1.7099991 »
1.8199997 , 1.8599997 ., 1.8799992 » 0.0 , 0.99999964E-01, 0.44999999 , 0.76999998 , 1.0699997 F
1.3199997 , 1.5499992 ,» 1.7099991 , 1.8199997 5 1:8599997 , 1.8799992 » 0.0 ,» 0.99999964E-01,
0.44999999 3 0 76999998 » 1.0699997 » 1.3199997 , 1.5499992 » 1.7199993 , 1.8199997 , 1.8599997 ’
1.8799992 » 0.0 , 0.99999964E-01, 0.44999999 , 0.76999998 , 1.0699997 » 1,3199997 » 1.5499992 F
1.7099991 , 1.8199997 , 1.8599997 , 1.8799992 , PHCT= 0.0 s 050 » 0.0 s
0.0 » 0.0 , 0.0 , 0.0 ,» 0.0 ,» 0.0 , 0.0 s B0 »
0.0 » 0.28999996 ,» 0.72999996 , 1.1699991 , 1.4499998 » . 17599993 , 2.1499996 » 2.5499992 ’
2.8699999 , 3.0000000 s 3.1299992 s 0.0 » 0.40999997 , 0.95999998 » 1.6499996 s 2.1399994 ;
2.5999994 s 3:1999998 , 3.7299995 , 4.0099993 ,» 4.0499992 , 4.0999994 » 0.0 , 0.46999997 ’
1.0599995 , 1.8499994 , 2.4799995 , 3.0699997 s 31199997 , 1.3799992 ,» U.6999998 » L4.7500000 s
4.8399992 » 0.0 » 0.48999995 , 1.0899992 » 1.9299994 , 2.6199999 s 3.2599993 ,» 4.0599995 ’
4.6899996 ,» 1.9099998 , U.8599997 , 4.9199991 » 0.0 , 0.50000000 ,  1.1099997 , 1.9599991 ’
2.6899996 s 3.3799992 , 4.2199993 ,» 4.8699999 ,» 5.0999994 , 5.0499992 , 9.1099997 > 9.0 :
0.50000000 s 1.1099997 , 1.9799995 , 2.7299995 » 3.4399996 , 4.2900000 ,» 1.9599991 » 5.1899996 ’
5.1499996 , 5.1999998 » 0.0 » 0.50999999 , 1.1199999 s 1.9799995 » 2.7399998 » 3.4699993 ’
4.3299999 » 2.0000000 , 5.2399998 , 5.1999998 » 9.2500000 , 0.0 , 0.50999999 » 1.1199999
1.9899998 ,» 2.7500000 ,  3.4799995 ,»  U4.3499994 ,» 5.0299997 s 5.2699995 . 5.2199993 s 5.2799997 ’
0.0 » 0.50000000 ., 1.1199999 , 1.9899998 ., 2.7500000 , 3.4899998 , 1.3599997 » 5.0400000 ’
5.2799997 » 5,2299995 » 5.2900000 , 0.0 , 0.50000000 s 1.1399999 »  1.9799995 , 2.7500000 >
3.4899998 , 4.3599997 » 5.0400000 5  D5.2799997 ,» 5.2399998 , 5.2900000 ’
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PHOT2= 0.0
0.0
0.0
1.2599993
0.90999997
0.0

2.3899994
1.8499994
0.64999998
2.6599998
2.4599991
1.5699997
0.14999998
2.6799994
2.2500000
1.1299992
PHCT2= 0.0
0.0

2.1599998
0.59999996
5.6699991
5.6099997
267299995

7.4899998
5.2699995
1.5999994
7.9699993
7.2799997
4,0799999
0.73999995
7.9799995
233.20000
149.00000
2160.0000
&END

F T 0 0 020 0 00 000 0 00 T 00 0 00 0 0 R 6 0 0 0 R0
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0.0
0.0
1.3899994
1.2699995
0.13999999
2.4299994
2.1499996
1.1099997
0.0
2.6099997
1.9299994
0.66999996
2.7099991
2.4799995
1.5799999
0.0
2.7099991
1.3799992
5.6999998
6.2199993
3.8799992
0.72999996
7.6899996
6.3899994
2.8099995

0.0
7.7500000
5.3499994
1.5999994
8.0400000
276.00000
360.00000
2376.0000

0.0
0.0
1.4599991
1.5499992
0.60999995
2.4599991
2,3699999
1.5400000
0.14999998
2.6599998
2.2399998
1.1299992
0.0
2.6299992
1.9399996

r

3.1599998
2.3399992

0.0
6.5799999
5.0000000
1.5799999
7.7399998
7.1699991
4.0599995

0.73999995
7.9499998
6.4899998
2.8199997

CROT= 0.0

324.00000
600.00000

R L e T T

W e W oW W e W ow wow oW e W

-

0.0
0.8999997T4E-01

1.4899998
1.7900000
1.0400000
0.0
2.5099993
1.8999996
0.65999997
2.6899996
2.4699993
1.5799999
0.14999998
2.6899996
2.2500000

s 0.0
0.0

3.4399996
3.1799994
0.67999995
6.7299995
6.0499992
2.7799997
0.0
7.6399994
5.3199997
1.5999994
8.0099993
7.2900000
4.0799999

, 28.79998

384,00000
840.00000

W W W W W W W OWOW OWOW W W wWw

0.0
0.38999999
1.5099993
1.9699993
1.4399996
0.14999998
2.5599995
2.1999998
1.1199999
0.0
2.6199999
1.9399996
0.66999996
2.7199993
2.4899998

0.0
3.5999994
3.9899998
1.5099993
6.7699995
6.7699995
3.9899998
0.73999995
7.8399992
6.4499998
2.8199997
0.0

7.7699995
5.3599997

74.39999

43200000
1104.0000

W W W W OE W W OW WM W W W W

W W OW %W O®R oW OE R O® Owow W

.64999998
2.0899992
1.7699995

0.63999999
2.5899992
2.4299994
1.5599995

0.14999998
2.6799994
2.2500000
1.1299992

0.0
2.6299982

5.0
0.42999995
3.6699991
4.7500000
2.6199999

.2099991
. 1799994
. 5899992
.8899994
.2399998
. 0699997
0.73999995

7.9695993

6.5000000

coo
oD

o
E~N~=\N~-
o

120.0000

472.79980
1392.0000

W W W W oOW oW OW oW oW OW W W Owow

0.0
0.89999998
0.13000000
2.1299992
2.0400000
1.0799999
0.0
2.5699997
1.9199991
0.65999997
2.6999998
2.4799995
1.5799999
0.14999998
2.6899996

1.0400000
3.6799994
5.2500000
3.6799994
0.70999998
7.3899994
6.2799997
2.7999992
0.0

7.7099991
5.3399992
1.5999994
8.0299997
7.2999992

., 170.3999
CRCT= 0.0

1680. 0000

e e e W oW W Oe R oW OwW W oOwow

D% = = = % & = % % % % = = %

0.0
1.0999994
0.53999996
2.1499996
2.2500000
1.5099993
0.14999998
2.6299992
2.2299995
1.1299992
0.0
2.6299992
1.9399996
0.66999996
2.7199993

1.6499996
5.5u99992
4.6999998
1.5599995
7.4399996
7.0400000
4.0400000
0.73999995
7.9099998
6.4799995
2.8199997
0.0
7.7799997

»

1920.0000

R T I

" e W W W W W e W owowW O owow
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&FUN1

T T

" e W www

TiL1= 0.0 ,T1L2= 2.5000000 ,T1P1=_ 40.000000 ,T2L1= 90.000000 ,T2L2= 0.0 ,T2P1- 1.5000000 ,T2P2=
-0.40043999E-01,T2P3= 0.34295994 , T2P4= 0.,17999995 ,T3L1= 0.50000000 ,T3L2= 1,0000000 ,T3L3= 1.5000000 » T3LU=
2.0000000 ,T3L5= 7.0000000 ,T3P1= 1.3199997 ,T3P2= 1,4699993 , T3P3=-0.29999995 ,T3P4= 1.4099998 , T3P5=
-0.23999995 ,T3P6= 1.3199997 » T13P7=-0.17999995 ,T3P8= 1.1398592 , T3P9=-0.25624996 ,T3P10= 0.69000000 , TUL1=
0.99999964E-01, T4L2= 0.38000000 ,TUP1= 3.7699995 , TUP2= 6.1320496 , TUP3= -26.427475 ,TUPY= 27.118805 » 15L1=
10.000000 ,T5L2= 20.000000 ,T5L3= 30.000000 ,T5L4= 40.000000 ,T5L5= 50.000000 ,T5L6= 60.000000 ,T5L7=
70.000000 ,T5L8= 80.000000 ,T5L9= 90.000000 ,T5P1= 2,3299999 ,T5P2= 2.9399996 , T5P3=-0.60999997E-01, T5P4=
2.6199999 , T5P5==0, 44999998E-01,T5P6= 2.3799992 , T5P7==0.36999997E-01,T5P8= 2.0999994 , T5P9=-0.29999997E-01, T5P10=
1.8499994 , T5P11==0.24999999E-01,T5P12=  1.3699999 , T5P13=-0.16999997E-01, T5P14= 0.88000000 »T5P15=-0.99999979E-02,
T5P16= 0.71999997 ,T5P17==0.79999976E-02,T6L1= 0.69999999 , 16L2= 60.000000 ,T6P1= 1.0000000 ,T6P2= 28.000000 3
T6P3= 0.71298498 ,T6P4= 16.910660 ,T7L1= 0.0 ,T7L2= 1.0000000 ,T7L3= 10.000000 , T7L4= 20.000000 s T7L5=
70.000000 ,T7P1= 0.39999999E-01,T7P2=-0.12669998 ,T7P3= 0.16669995 , T7P4= 0.19999999 ,T7P5= 0.13399994 » TTP6=
-0.39562996E-01,T7P7= 0,15827996 , T7P8==-0.59059984E-03,T7P9= 85.1599998 ,T8L1= 1.1599998 ,T8L2= 2.2900000 » T8L3=
4. 7900000 ,T8LY= 7.5999994 ,T8L5= 11.429999 ,T8L6= 20.000000 ,T8P1= 1.7399998 , 18P2= 2.6022997 , T8P3=
-0.74335998 ,T8P4= 1,3579998 T8P5—-0 19999999 , T8P6= 0.62159997 , T8PT=-0.46259999E-01, T8P8= 0.34936994 , T8P9=
-0.10439999E-01,T8P10= 0.26999998 , T8P11=-0.34999999E~ 02 T8P12= 0.19999999 ,T9L1= 5.0000000 ,T9L2= 10.000000 , T9L3=
20.000000 ,T9P1=-0.78999996 .T9P2' 0.15799999 T993' 0.14999997E-01, T9Pﬂ" 0.10663998 , T9P5==-0.28700000E-02, T9P6=
1.1244497 T9P7' 0.13016999E-01,T9P8==-0.71049994E~ 03 T10L1= 0.64999998 ,T10L2= 0.89999998 ,T1I0P1= =9.2784195 , T10P2=
21.654785 ,T10P3= =11.367149 ,T11L1= 2.0000000 ,T11L2= 16.000000 ,T11L3= 20,000000 ,T11L4= 30.000000
T11L5= 40. 000000 ,T11P1==0, 13999999 ,T11P2= 0.69999993E-01 T11P3= 0.89999998 ,T11P4= 0. 49999990E~ =02,T11P5= 4. 0000000
T11P6=-0.99999964E~01, T12L1- 150.00000 ,T12L2= 150.00000 ,T12P1= 2.5000000 ,T12P2=-0,99999964E-01,T13L1= =10.000000
T13L2= 0.0 T13L3= 4.0000000 , T13P1= 0.50000000 ,T13P2= 0.“9999997E-01,T13P3= 0.50000000 .T13PH= 0.12500000
T14L1= 100.00000 T1hL2— 400.00000 ,T14L3= 10000.000 ,TI4P1=  1,4535694 , TI4P2=-0.41309968E-02, T14P3= 0.11899992E~05
T14P4= 0,49999997E-01,T14P5= 0.52079998E-01, T14P6=~-0.52099995E-05,T15L1= 5.0000000 ,T15L2= 9.0000000 ,T15P1= =1,2500000
T15P2= 0.25000000 ,T16L1= 28.000000 ,T16L2= 38.000000 , T16P1==0.,25000000 ,T16P2= 0.62500000E-01,T16P3= 2,9599991
T16P4=-0.69999993E-01,T16P5= 6.0000000 ,T16P6=-0. 14999998 ,T17L1= 3.0000000 ,T17L2= 15.000000 ,T17P1=  1,5335693
T17P2=-0.19692999 ,T17P3= 0.63570999E-02, T17P4= 0.10810997E-01, T17P5==0.54049990E~04,T18L1= 3.0000000 ,T18L2= 7.0000000
T18P1==0.75000000 ,T18P2= 0,25000000 ,T19L1= 0.0 ,T19L2= 125.00000 ,T19L3= 225.00000 ,T19P1= 1,0000000
T19P2=-0.11439999E-02,T19P3= 1.2669992 , T19P4=-0.32799998E~-02, T19P5= 0.52899998 ,T20L1= 8.0000000 ,T20L2= 15.000000
T20L3= 20.000000 ,T20L4= 200.00000 ,T20P1= 1,2285700 , T20P2=-0.,28570998E~-01,T20P3= 0.79999995 , T20P4= 0.88888997
T20P5==0. 4L4L4L43980E-02, T26L1= 0.19999999 ,T26L2= 0.69999999 ,T26P1= 1,3999996 , T26P2= -2.0000000 ,T27L1= 8.5000000
T27L2= 12,000000 ,T27TP1= =2,4285698 , T27P2= 0.28570998 ,T35L1= 0.15999997 ,T35L2= 0.84999996 ,T35P1= 2.1428995
T35P2= ~-7.1428995
&END
&FUN2
T21L1= 11.000000 ,721L2= 16.000000 ,T721L3= 25.000000 ,T21P1=  2,9799995 , 121P2=-0,17999995 ,T21P3= 0.25999999
T21P4=-0.99999979E-02, T21P5= 0.99999979E-02,T22L1= 9,0000000 ,T22L2= 13.000000 , 122P1= -2,2500000 ,T22P2= 0.25000000
T23L1= -10.000000 ,T23L2= 10.000000 ,T23L3= 23,750000 ,T23L4= 34.,000000 ,T23P1= 0.25000000 ,T23P2= 0.24999999E-01
T23P3=-0.24069995 ,T23P4= 0.74099958E-01,T23P5= 3.3170996 ,T23P6=-0.97599983E-01,T24L1= 6.0000000 ,T24L2= 10.000000
T24P1= -1.5000000 , T24P2= 0,25000000 ,T125L1= 12.000000 ,T25P1=-0.59490997E-01,T25P2= 6.6264496 ,T25P3= T74.230652
T28L1= 5.0000000 ,T28L2= 12.000000 , T28P1=-0.71428996 ,128P2= 0.14286000 ,T29L1= -5.0000000 ,T29L2= 20,000000
T29L3= 50.000000 ,T29P1= 0,69000000 , T29P2= 0.75199997 ,T29P3= 0,12399998E-01,T29P4= 0.51732999 ,T29P5= 0.24129998E-01,
T29P6= 1.7240000 ,T30L1= 4,0000000 ,T30L2= 20.000000 ,T30L3= 35.000000 ,T30P1=-0. 16666996 ,T30P2= 0.41666999E-01,
T30P3= 0.22221994 ,T30P4= 0,22221997E-01,T31L1= 0.39999998 ,T731L2= 4,0000000 ,T31L3= 9.,0000000 ,T31L4= 30.000000
T31P1= 1.0888796 ,T31P2=-0.22221994 ,T31P3= 0.35200000 ,T31P4==0,37999999E-01,T31P5= 0.14285997E-01,T31P6=~0. Q7619990E-03
T32L1= 0.0 ,T32L2= 45.000000 ,T32L3= 50.000000 ,T32P1= 0. 18680997E-01 T32P2= 0.15356999E-01,T32P3= 0.10274998E-02,
T32P4= 7.7500000 , T32P5==0.10999995 ,T32P6= 2.2500000 ,T33L1= 0.0 ,T33L2= 10,000000 ,T33L3= 20,000000
T33L4= 83.000000 ,T33P1= 0.41700000 , T33P2= 0.41700000 ,T33P3= 0.58300000E-01, JT33P4=  1,3174591 ,T33P5==0.,15872996E-01,
T3uL1= 2.7999992 T3uL2= 8.0999994 , T34L3= 15.000000 , T34L4= 50.000000 , T34L5= 100.00000 , T34P1= 0,18999998E~02,

T34P2=-0.29999996E-03, T3l #3=
Tg:58=-0.2289999hE-05,T3QP9-
&

0.14614998E~-02, T34PY=~0.14339999E~ 03 T34P5=
0.38999991E-04, T34P10=-0.37999996E~ 06 T3uP1

0.53477986E~ 03 T34P6=—0.28989991E~0ﬂ.T3kP7=
1= 0.99999943E-06

0.13428999E-03,
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SETPOINTS FOR SIMULATION AND INITIAL PLANT STATUS

DLAT= 0.74 DENS= 3.6 PRES=10.00 DWMT= 20.00 AREALV= 12.1
TDWMSL=0.0543 TDWBRL=0.0 TDWBGI1=0.9999 TDWMSI=0.2070 TDWBRI=0.0 TDWFR=0.0363 TDWTUB=0.0

TDW=1.2975

F A I B A B R R B0 A 0B 00 R 0RO R N

111111l SIMULATION RESULTS |I1I11111

HEHEE B A M I B R S R R R 0 0 B 0 0 0 0 B 30 0 B B S 0

IDAY  TDW 12 TDWTUB 12 CMLAI 12 PRES 12 RWCPL 12
1 1.3498 0.0 0.0048 10.1096 0.9939
2 1.5244 0.0 0.0064 10.0042 0.9938
3 1.7310 0.0 0.0087 9.8938 0.9941
L 1.9986 0.0 0.0137 10.2447 0.9947
5 2.2309 0.0 0.0178 11,6673 0.9943
6 2.5419 0.0 0.0245 13.5025 0.9952
7 2.9569 0.0 0.0360 15.9250 0.9948
8 3.4075 0.0 0.0492 18.8776 0.9934
9 4.0343 0.0 0.0695 18.4718 0.9925

10 5.0410 0.0 0.1061 9.2075 0.9924



AT HOUR 12
AT HOUR 12

1

A = TDW
B = TDWTUB

PLOT NUMBER

uuhu“uuu3333333333332222
OO~ ONITMN-~ORD~ONIMON— OO~

---------------------------------------

NN =
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Appendix C — Program Listing

Note that commons in each of the subroutines
have been removed for brevity. They have been
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replaced with a statement of those commons that
are necessary for that subroutine.



e e AR i e e

B3$POTATO (MALN)
** OPERATIONAL POTATO GROWTH MODEL |
t**tt****t**t*t*t*****#*t** Akkk kb kb kkkk ek kkk kb kokkkokkk hkkkkkk
*% MKAIN PROGRA
GRIGINALLY DEVELOPED AT UC DAVIS, BY R. LOOMIS A¥D E. NG.
MAINTAINED AND MODIFIED AT UNIV. OF IDAHO, |
STEINHORST, KLEINKOPF, AND GRUBE. |
CURRENT
MODIFIED LEAF SENESCENCE 3/84 MJG

VERSION REV 284; ‘

ARRRAR R R R KRR R R R R TR R R R R R A R Rk Rk RSk kR kR kR kR kR Rk Rk Rk R ok Rk ok ok dkok ok
THE MAIN PROGRAM READS CONTROL INFORMATION, AS WELL AS INITIAL
VALUES AND MODIFICATIONS TO PARAMETERS. & CONTAINS THE BASIC
DAILY AND HOURLY LOOPS, WITHIN WHICH IT CALLS ALL OF THE SUB-
RCUTINES WHICH PEFFORH THE MODEL CALCULATIONS.

L e e e e i s
DEFINITIONS OF COMMON VARTABLES ARE FCUND IN BLOCK DATA

COMMON/LOCL/ CDWMT, CRES, CTDW, CROPET, PCOVER, HEIGHT, HLVIO;

2leleizieizlsielsizinizininisizicininiel
LA E R EE SR B R R RS SR R

1 PLIVLY, SATvPA, sfoPE, ZTRNET,’ GFUNCT, HFUNCT Tob,
2 DENON, POTET, RPL, XK, RPSI, DENOMZ, RFLELE - ELm%R AghE
3 ROPT, DMFPL, WATMAX, WATDEF, TPDEF UPTKK pHCh ETPHL Ew Pfi,
& psLIfk, PNINR, ETNINE Eanrnﬁ ERINR, ERMSG, ERING, ETASIG
5 ETBGLG, GLIM%s, Eacete, pPLINk, ETLI%E, ERLYINR, ERLIR, ERNSIG
& ERMLG, ERASLA, ETSLA, ETMSLG, GLIML, ALIAL, EAGELG, EAGEAG, SLA,
7 EBRAC ETBRIR, ERBRIR, ETBNIR, ERBNIF anira nsrin, EABNER,
8 ETBRIS, ERBRIG, GLIMBY, EABRI&, ETBLIR, ERBLIR BLILE&, NBLy
9 EABLIR, ERBLG, ETBLG, BLGLIM §LABL EfcBLG, EABLA
1 EPPTUB, ERTIR, ERIR, TUBIR, NTUB1, NTUBM iTjBG ASkruBc ERTEBG,
2 GLINT, EATUBG., ERFRG, ERSFRG, ETFRG, FPGLIH Emsﬁnw, ETSBR,
3 AFRL, EDWFRG, EAGRML. EAGE, ECAGRBL, ETAMRP, ETSMRP, FRCRES,
i ppuThB, TRTRAN, RTFDLV, GRTPP, TARYSL ;ARQL “avsif TFRL,
5 TPRSUB, RSPBGI, RSPMSI, EspPusi, RaPBRi nspnﬁL rspfuB, RSPFR,
& RSPMRP, RSPGRP, RSPRP, CMMLAR, CBBL&H
COMHON 7STVAR / AGEMS, RNNSINg DWINOL 120& GEIN 205 RNHSL,
1 DWASL(120), AGE HSL(1§O% annéné 20) , TUB §(3 0) ; 0) »
2 AGETUB(30), TuBSTS, RSTHG MSI, RSTMSL fBRI 1B
3 RSTTUB, RSTFR, RSTHRP, RSTGRP DoEBBL. DRRBML. DGREML. DGREDR
4 DGRPBL., DGRPTD, DGRPFR, DMrpBY DHRPH§ DHRPHL Dnapaﬁ DL EPBL,
5 DMRPTU. DMRPF¥R., DTMRP, DTGRP, DTRP, RES, DPHPP, DWN
| 6 DTRANS, DCGR, RNBR R&EBREBOf Rusﬁx 36 nwsé:nilzdb,
7 AGBRIN(120) RNBLéioL ﬁzo; L(1§a), ARB (12 5,
8 WATPL, AGEFR, DWF L, FRS 6wn
| COMMON' /DERIV / Dzﬁnu ANINR 6ﬂINOD 120&g DEVRIN b INR,
| 1 CWMSL({120), DEVRML (120 CARH§L§1 0), TUB 534 0) 30
| 2 DEVTUB(30), TUBSTR, RTBGIN, RTMSIN, RTMSL, RTBRIf, RTBL«
| 3 RTTUB, RTFR, RTMRP, RTGRP GRRBGI, GRRHSI GRRNJL GRRBEI
| 4 greBrRL, GeRTUB, GRRFR, RMRPBI, ukpMr, BMRPBE nnﬁEBL,
S5 RMRPTU, RMRPFR TRHRP TRGEP TRRP LﬁHES 6npp ChbaBe
6 TRANS?, CGR, ABRIR, D RBBéBBl' aBRIR(30), cuanxu 120)
7 nEvaax(120L ABLIR(30) L{120), CuB 6120" nsxﬁizo),
8 CHATPL, DEVRFR, CRWFR, &Lra BFR, CWDED
CORMON /INFO / TSOIL, 'TAI DENS . DRES ENTRES, NBGIN, NINTCT
A EMSL, NMST, NBR, NBRIT 1§LT NFuB. BDELTA, CHLAI nzﬁaau EfraG,
B ACRE DAYHES, IDAY. PIbakE, THOUR, DAYRAD, bBEC C, DLAT i
¢ oLrEs, oLTDh, oLDENT TBESFL, TEWIN, Tcﬁns Tcuani TCHBL,
p TCwTuB, TCWFf, ANPNRA, WERR, IDACNT, DEWPT, WINDSP, NMSIN
E BWFRG, 'ENTUBG, EKSTG, EWLFG, EAGPSL NDEDL RWCPL, RNET, fcve,
F psiLp®, psisof, NDAYS, IDAS Iouwp{ 1orLic, IHR{(24),
G IHRPLTY 2uL 1PLOTN, AVDERN, AV in
coMMor/ToTALs/, TTRANS, Tefipp TGRPMI, TGRPML, TGRPBR
1 TGRPBL, TGRPTU, TGRPFR, TW bBI Tuﬁﬁus TurbuLl, TERPBR, TMRPBL,
2 TMRPTU, TMRPFR, TTMRP, TTGRP irnp bk, Tpwsci, Townst,
3 TDWMSL., TDWBRI, TDWBRL, TDWTOB
COFMON/CLIMAT LVTEnp(36 b AVAEP63 ) DTRAD 365) RDEHPT(]GS},
$ WIND(365), AVTS, CRC, DRC, DRO, DRCP, DROP, FCL, FOV,
$ PHC PHO, 'sNHSUK
CON {pnﬁan AVTSOF, DMFIN, DMFLV, DMFTUB, DMFPR, DIVLYV,
A D!RCO DAYOFF, TAHOFF, AvrSov, Tshmpx, Tshorr, shuorr,
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U0 e
W HWWD
Ny o= v =g

* ok

HEHHEE

rEExIE
fLon g el
00000
fog Py Lo T T2y

EKkkkkkkkk

*

~ONmFnN
o000 D
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L) *DMFLV +

TDWBRL+T

SL¢
*DMFIN + (T
TDW

RUN:

HPBIDLST)-AVTSOP)*O.SSSSSSG
LAT 3
T
D

O X% ot

HLEL RN
>OEQ-asn
lh:LDMﬁinﬁzl

INITIALIZE FOR THE

CAL

kkkkkkkkkkkr bk kb r bk Rk kkkkkh kb kb ko kkhkk ko kkkkhkkkkhkkkkkkkkkkkk k%
Ekkkkk
WR

*

UL LLLD

EEEEEEEERFEE R R LR R RN kR Rk bk kb kkkk kb k ko k ko kk kR k hkkkk kK

RCING DATA AND SETPOINTS FCOR SIMULATION TO QUTPOT

NHIBITED BY (IHEADR)

I
*
0
I

INITL
Rk
P

S

L
%
ITE
UNLES

*
*

48




106
107

(olalp

olele]

ann

MAT("1',50X,'POTATO GROWT EL_ERINTOUT'///132("**
sgﬂﬁ §¥ésr SIgE'HEATHEB : Inﬂngggxza v 3 / CR/
gggﬁawt1x,3(-JULDA!/AVTEnpr/avaupr/ntnan/nvn TF/WINDMD/') )
J=123
K=245
P A TN
uafrhsg'321l I avrsnpézﬁ,nvnapér£ DTRAD(I L DEHPTJ L RIND (1),
$AVTEM ij’ A aubéa) DTRAD(J) ,ADEWPT (J),¥IND(J) , K, AVTEAP (K) ,
snvanpé 5,513;04 ;,inzwpr K) s WIND (K)
FORMAT (371I6,4F7.9,F9.1,1X)
i
K=K+1
CONTINUE
(AR, 2oy, comegt yasgps
THSADRE LHEADRS
HRITE*G,SOOE
FORMA é//” (**')//)
WRITE (6 ENTRL)
WRITE RUN PARAMETER VALUES
WRITE 6,500E
WRITE (6 ,PAR 1
WRITE SOUN TABLE FUNCTION VALUES
)
[ J
WRITE(6,FUN2
WRITE B'SOOL
ggigﬁzigérgTL1;LégTTgT%gus INFORMATION
WRITE(6,110)
roaunééﬁox lsarponrs FOR SIMULATION AND INITIAL PLANT STATUS'/)
waxTzé 126; DLRT‘DENS pnzs'nuur.nnenLv
FORMAT (17X, DLAT= ) DERS=Y,F6.1,3X, PRES="',F5.2,3X,
$ 'DWMT=1,F6.2,3X 'KREALﬁzf FS.1E
ﬂRITEJ& 1301 fnuRSL‘TDHBRL TDWBGI, TDWHSI, TDWBRI, an?n IDHTUE TDW
FORMA }1ux TDWNSL=FV ,F6. 4, 2X, ' TDWBRL=",Fb.4 2x DWBG ﬁ 2X,
$°TDWMSI=* ,F6.4,2X, 'TDWBRIZY,F6.4,2X,'T bepR=t 2FE. 4 2x,°rnﬁrua- .
sagi%é/39x 'rnw=-,§6.u)
s{ggﬁ;f}‘i' 7132 ("'*%) /745X, ' 1411111 SIMULATICN RESULTS 111dd11*//
#t*é‘ttt #ttt*#t‘#t*‘**t*#*##*#*####*t#t****t*t*#t‘t't‘**tt*tt*#tt*
THIS IS TUE DAILY LOOP, BEGINNING {IDATE) , GOING FOR (NDAYS
EACH DAY fnnsrnrh EALLED, THEN MLt OTHE ROUTINES ARE CALLED
EACH HOuk IN THE HOURLY LOGP.
DO 2000 IDAY=1,NDAYS
IF(IDACNT .EQ. IDAGUT) LDACNT=0
IDACNT=IDACHNT ¢1
CALL DASTRT

THIS IS THE HCURLY LOOP.

DO 1500 IHOUR=1,24
OLDWMT=DWMT

OLT DN=TDW

OLKES= RES

DETERMINE DRIVING DATA:

CALL WEATHR

CALL PLWAT

CALL PHOTOS

DETERMINE GROWTH OF INDIVIDUAL PLANT ORGANS:
CALL MSTEH

CALL MSLEAF
CALL BRANGR
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* DETERMINE DIVISION OF RESEKVES AND EESPIRATION:
CALL EPRES

* UPDATE THE STATE VARIABLES USING AN EULER APPROXIMATION:
CALL DEQSOL

* DETERMINKE COMMUNITY-WIDE INFORMATIGN:
CALL COMMUN

* CHECK MASS BALANCE

CDWMT=OLDWMT-DWMT

CRES=RES-OLRES

CTDW=TDW-OLTDW

WERR =DPHPP+CDWMT -CRES-CTDW-DTRP

OUTPUT, IF REQUIRED AT THIS HOUR:

IF&IHRJIHOUR).NE.O) CALL OQUTPUT
CONTINUE

CALL BRLFG
CALL TUBER
CALL FIBRT

anno oo oo onn

E

AOOn= ONo0
(=10,
(=l
* ©O

CONTINUE
END OF LOOPS. PLOT IF REQUESTED, THEN END.
IOFLAG=3
IFéIPLOTN.HE.O} CALL OUTPUT
STOP
END
$35$SBLOCKDAT
BLCCK DATA
5 kg kkkkkkk kR kkk kb ko kkhkkhkkhkhkhkkhkkkkkhkkhkkokkkkkkkkk kkkkkkk
C * THIS ROUTINE CONTAINS ALL OF THE INITIALIZATIONS FOR VARIABLES
E * WHICH ARE CONTAINED IN THE COMMON BLCCKS.
C kg ko ke ko ke ke koo ek ke ke ke e dede ek ok ok kol ke
C * THE LOCL COMMON CONTAINS VARIABLES WHICH ARE USED WITHIN THE
g * SUBROUTIKES OF POTATO WHICH ARE LOCAL TC THOSE ECUTINES.

COMMOKN LOCL CDWMT, CRES, CTDW, CROPET, PCOVER, HEIGHT, NLVTOT

1 PLIVLY, SATvVPA Lopz, frNET,’ GFUHCT, HFUNCT 13 A EAP, TOD,

2 DENOM,  POTET, kot RPSI, DENCMZ, EFLELR ELu%n FLigs

5 RUDT, DMPBL,  WATSAX, WAIDEF, TEDEF, UBTAKE, DACE ETPH, EW 0,

4 psLif, pninNR, ETNINR, ERNINR, ERINR, ERASG. ERING, ETAGIG

5 ETBGIG, uLIHﬁs, EAGEiG pLINﬁ ETLI& EaLiNR ER£1R cruS1G

6 ERMLG, ERASLA, ETNMSL LIFL, "KLl EAGELG, EAGEAG

7 EBRAC, ETBRIR ERBRI& ETBR Tk, CERpE TR BNILIM manin EAGLN IR,

8 ETBRIG, ERBRIG, Bt, "EADR1S, ETDLIG, ERBLIR BLILIM, ¥BI,

9 EABLIR, ERBLG,' ETBLG BLGLIM, SLABL, EAGBLG, EABLAG

1 EPPTUB, ERTIR, ERIR, TUBIR, KTGB1, NTUBM, ETTUBG EﬁTUBu ERT BG,

2 GLIMT, EATUBG, ERFRG, ERSFRGc, ETFRc, FrgLin, ETSPRW, ETsS0BS,

S SEPEL. "EDNTRG.’EAGRML EAGE, BAGEBLC'ETANED ETSHBP ’ FECRES,

4 rpNTOB, TRTRAN, RTFDLvV, GEteP, TARfSL, TARBL, AvSLA, TFRL

5 TFRSUB, RSPBGI, RsPMsI, RSPusf, RSPBRE, RSPB&L RspfuB, ESPFR,

6 RSPMRP, RSPGRP, RSPRP, CMMLAR, CMBLAR, CML
C tt*tt**tt*itttt*tt&t**tttitttttt*i*ttt#ttlt***:*t*t*ttt*t*ttt*att*ttt
C * THE COMMON STVAR CONTAINS ALL OF POTATO'S STATE VARIABLES. THEY
C * ARE ARRANGED IN THE SAME ORDER AS THOSE IN DERIV, SINCE THERE 1S
C * A ONE-TO-ONE CORRESPONDENCE BETWEEN THEM FOR THE EULER
E * APPROXIMATION ROUTINE (DEQSOL) .

CONMON /srvan / AGEMS, RNMSIN, DWINOD(12 AGELN 120£ RNESL

1 DWNSL(120), AGEMSL(120 % ARHSL 120) , TUBI§(30% WTU 53

2 AGETU (30 TUBSTS, RSTBGI MSI, RSTHSL fBRI T8

3 RSTTUB, ir BoThRe. BSTERD. DORDPBY. DERbNMI Dunﬁnn ncﬁpnn

4 DGRPBL. DGFPTﬁ pGrprk, pMepBt, pmrpxS, pMrpMf, DMrRPBR, DM&DB
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DPHPEQIRH
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e T T Il L T T eI T T I I S,
ANGE VARIABLES FOR ALL OF
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O THEIR NER VALUES DURING
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EEmeooH
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HHOQOE™S e
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W0t 500G e ()
#IOTE O T -
it B« B W - 1~
#0 =IOWDDDDs ©
BECp=Iv O -~
CRaEWeD [ -
Mnomalihnan
pr~unkHMrD o

OO 22Nk
* =

#EJOVIFE N =

orgel #

*lttttttt
FO COMMON

ATA.
/INFO / TSOIL T&IRELDENS

dklkkbkkkkkkkhk ok ek R hkkkk ok

TIONAL DATA WHICH MUST BE PASSED
S NEITHER STATE VARIABLE NOE

M#HED=gwSH0N0
. o= Umz*wwmammcrz HO g #t=H3
QO #OHHHEODIHED
O #EDDTHO T E
i #has Z0N 8 <

> #Iw UM
2 W OO DNIR

o OB =mO=
Peb e = D

=R I l=l il Ll ple]
()
=
3
-
=
=
-
o

* e
HOm #EOEZwHMNER

(o]

PRES, EHTRES, NBGIN
xtuB, DEL LTR, C¥ wiax, DEVRBG
IDIY IDA&E THbul DSI bec, LA EAREA

fin RESFL, TCWIN, Tcﬁnsn TC uBat TCWEL
uphnk wzna, IDACNT, DEWPT, WINDSP, NMSIN
WSTG, EWLFG, EAGPSL, NDEDL, RWCPL, JENET, fcve,
pszsoi NDAIg%PIDASfB L pf, 1orLic, IHR(24),

o

i Liigktttﬁéxgt*ti*t#* t*tttttttttt*#*tt*‘ttt*tttttt*
M TOTALS COKNTAINS THE O LL TCTALS OF TilE WEIGHTS AND
F HE VARIOUS ORGANS OF TH OCTATO PLANT.

s TGRPMI, TGRPML, TGRPBR
pTu, TGRPFR, THR bvs, TxrbuL, taxbsr, THRPBL,
P ke ok, TDWBGY, Towast,

FR, TTMRP
L‘ TDHTﬁB FP

A

b

v

DW BI TDWBR

itttttttlt:ttttt ERRRR AR R R R R R R AR AR R R AR AR E Rk R Rk k&

T CONTAINS THE WEATHER DRIVING VARIABLES, A5 WELL AS THOSE
BLES DERIVED FROM THEM.

) 5CLIHLT AVTEHP(JGS AVAHP {365)
D TS ‘ CRC, CRO, DRC, LRO, bac

itttt5*tttrtttttmtttttttttttttttt#:t::ttttttt:ttttt*tt*ttttttt

M CONTAINS PARAMETERS FOR THE MOLDEL WHICH MAY BE CHANGED FOR
EREING RUNS TO MODIFY THE ACTION OF THE GROWTH OF THE PLANT.

NOK/PARAY / AVISOF, DMFIN, DAFLV, DMFTOB, DMFFR. DIVLY,
CcoN, DAYOFF, TAHOFF, AVTéDv, TsAupK, TShoFF, SNHOFF
4f , 200, "HLVAP, PC HTINT éLop tRYFCI inufcs,
DY r‘Eu:n.', WNDNIfT, bSIOFF bSINL
NPL RHCMLT, " DHCCOR RINOD,
A® BHL - BTLERT. AGLEST,’ PBRIR
zTha, prudfe, paMNTu, STTBET,
SGRPAL, SGRPFR, SGRPTU
(SBRLWI, DEDULT, ZERO OxE,
1 phcr2 (11, f1) ,crér(11y,

t‘t**t*ttt*t*#t*t**t***t*ttt**t***t*
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3 8.:.gS:1.%?:%.;%:3-&S:u.?3:3-5?:2.§2:2.§§:2.?§:§.¥9:
€ Uepell,1.56,2.73,3488;5.00,6.05,6.77,7-21;17:39,7.084,
D 0epea?73,1.58,2.78,3.99,5.18,6.28,7.04,7.49,7.69,7.74,
B 05 5s78:1209;,2580,00005521,6539,7<17:1564;128857.89;
F Qape?8,1.60,2.81,4.00,5.32,6.485,7.24,7.71,7<91,17-587,
G OepaZlt;1.60,2.82,8.07,5.34,6.48,7.28,7.75,7.95,8.01,
H 0-,.7“,1.60,2-32,“.03,5.35,6.39,7.29,7.77,7.97,3.03,
I s i8yla 2.82 08,5.36,6.50,7.30,7.78,7.98,8.04/
c ttttttitttit*ttittttﬁ*tttittttitttti#ttt‘tt*tlttttittt*t*tttttttttttt
g * INITIAL CONDITIONS FOR MSTEM
DATA AGEIR/12. 12 512:3 Va3 11as 1 a0 1083058822955 90584%84;8s
1T VL PrL AR p R e P PR R e T D P
DATL Dﬁrubn =06 5,.6 v=-063,2058,.0558,.058;2053,.053,.053,.045,
= 0 re 4 Ou .0“3,-035'-035'-0353-033 -033,.033,.02 .
- .028 .023 -023,.023; +023,20718 -018,.013,90*969-99/
ATA AGENS,NBGIN nnuﬁzn 7. 3:521:9, 7
c #ttttt*tttttt‘#*ttt T i I LT
E ¥ INITIAL CONDITIONS FOR MSLEAF
DATA AGENSL/:l:alsals5a6pb4520,4 «5,111%999.99/
DATA DEASL/.0 062,.0062..0062,.006,.606,.006,.0059,.0059,.0059
DATA ARMSL/1.4,1. 4 1-401-35,1.35,1.35,1.3,1.3,1.3,111%999.99/
ATA RNMSL 35
I tt*tttttttttmitat#tttttttitttttttttttt*t¢*t*tttttttttt*t:tt**ttttts**
C * INITIAL CONDITIONS FOR BEANGR
DATA AGEBR/30%999.99 /
DATA RNBRIK / 30%959299
DATA DWBRIN / 120%999.99/
DATA AGBRIN / 120%999.99 /
DATA BNBER / 0.0
R I L MmN I T T TN T T T T
g * TINITIAL CONDITIONS FOER BRLFGR
DATA RNBL/ 30%999.99/
DATA AGEBL/ 120%999.99/
DATA DWBL/ 120%999.99/
DATA ARBL/ 120%995,99/
C AR FE AR R AR R R AR R R R KRR R AR R R R AR AR E R R R AR R R R AR R KRR R ARk kR k%
g * INITIAL CONDITICNS FOR TUBER
DATA Tupis /72:° 03 o, 1, .05 05, -0
$ % '.1 : 5 S P 15 '.5,'. e 6, .ﬁ,'- '} 05, °.0,
DATA DWTUB / 30*999.596 T i
DATA AGETUB 630*999 9 7
DATA NTUB
R I I T I TTTmMmMTmm MM T I T TTThThIImTTTT
C * INITIAL CONDITIONS FOR FIBRTG
DATA AGEFR,DWFR PRL FRSUBL/8B. 03642 ,10.56,5.28/
C Rt ERERRERRERRRE R AP AR AR RRRRRRREREERE bt b st nnnnsnosbrnensnans
C * INFO FOR SENESCENCE
DATA DWDEDL, KDEDL 7040 20, ./
R I I I T MMM T T T T
C * INFO FOR DEQSOL
DATA DELTA 1al
END
$5$SSINITL
SUBROUTINE INITL
R I I T T L I mN T N T T T T T T
C % INITL IS USED PRIMARILY FOR ZEROING TOTALS, AT THE BEGINNING OF
¢ t#tt#Etttttttttttt#ttt#tttttttttt*ttttt‘ttttttt*#tttt*ttttttttttttttt
[ o
esssess (COMHONS INFO AND TOTALS GO HERE)
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AR R R R R R AR E R AR R R R KRR R R R R R R AR R R R KRR KRR Rk kR kR Rk Rk E Rk R Rk k&
* INITIALIZE TOTALS, IDACNT, AND WERR

(glgigle!
e L e L L B
Gaaoe
00 20 0o f =3 o
rwroturo oo to
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rorg
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o3
S
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- EN
$5$33DASTRT
kkkkkbkrkkbkk bk kke bk ke kb d kR k¥

THE BEGINNING OF EACH DAY. IT PERFORMS THOSE

AT THE DAILY LEVEL.
T e T Ty

essees (COMMONS STVAER, INFO, TOTALS, CLIMAT AND PARAM GG HERE)

T I I L I T T T T I T Tt
¥ UPDATE THE RUN DATE:

IDATE=IDATE+1
FEE R KRR R R R R R R AR AR Rk ek kR Rk Rk ko kk ke ke ok f Rk ok k
* CONVERT TO METRIC:
* TCEMPERATURES FEOM FAHRENHEIT TO CENTIGRADE:

nvmenpixnnmz) (AVTENP (IDATE) - 32.; $0.5555556
AVAKP (IDATE)=AVAMP (IDATE) #0.5555
DFHPT-(ADEH T (IDATE) -32.) #0. 555555

WIND FRCM MILES/DAY TO M4/SEC

WINDSP=WIND(IDATE) *0.01863
o o e A o ook ook o i o ok e o o o o ok Ok o ok R R oo R ok R ROk ok R ok ok Rk ok
* PRADIATION CALCULATIONS:
« DETERKINE A STARTING RADIATION FIGURE:

DAYRAD = (DTRAD (IDATE) *DYRCON) /CMLAT
SAVE OLD OVERCAST/CLEAR FIGURES, AND CALCULATE NEW ONES:

DRCP=DRC

DROP=DRO
FCL=‘DTRAD£IDLTE)-DBOP)/(DBCP-DEOP)
FOV=1.0-FC

IFéFO?O.LT- 0.0) FOV=0.0

* DASTRT
*

*

*

£

*

*

#* o
ﬁ 'l":U

#*0O

*
o %3

(=1
£
#*oH #

oo oanos aonnn
»*

ana oaonn Oonn
*

DRO=0.
C ttttgttgtgtttttttt*tttttttttttttt*tt**ttttttttttttttttttttttttttttt*t
E * CALCULATE DAYLENGTH IN HOURS THROUGH DECLINATION:

DEC=-23.4%,01745%C0S 6 2832* IDATEfDLYOFFE/JGS .)
DAYHRS=7.639435 * AR =TAN (DLAT)* TAN(D
C t#*t#ttt*ttttttt**t#tttttt LR R e S S tttttt*t**tttt#*t#t#t*ttt*
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an

$S353W
L T T Ty

coaoe aoanan

glelele

glelip]

ADD DAILY VALUES TO TOTALS,

TTRANS=TTRANS+DTRANS
TPHPP=TPHPP+DPHPP

TGKPBI=TGRPBI+DGRPBI
TGRPMI=TGRPMI+DGRPMI
TGRPML=TGRPML+DGRPML
TGRPBR=TGRPBR+DGRPBR
TGRPBL=TGRPBL+DGRPBL
TGRPTU=TGRPTU+DGRPTU

MS+D

TMRPTU=T

Cromggidrgo
P+ +EDms
ogcHot
ekl e+ + + 4

=
=

o
I'U
= i llgwmHouERZXoYHoDREDO=

L=
(21217
HoOHODORIDno Do oD o:m

L T T T T T =

=oo |l MGTWFMHWQI“WFHH (1%
oo il

lglololelelelelolrlolelolelelelolelelele {vlel)
j<$< < 121717 -~
wr CQoiumgrornoggroboroithiug

=
GrmOPOEEER xR

QUTINE WEATHR

THEN ZERO DAILY VALUES:

WEATHR TAKES THE DAILY WEATHER VALUES PROVIDED BY (DASTRT), AND
CALCULATES HOURLY VALUES POR USE BY

THE GROWTH ROUTINES.
EREREFRERER AR KRR e bk ek ko k ke ko hh ek ddokk khkdokdok fokokodok ok dok ok ok dok fok d &
~sess (COMMONS INFO, CLIMAT AND PARAM GO HERE)
L S P T P T T T T T PP T Tt ittt ittt

CALCULATE AIR AND SOIL TEMPERATURES USING SINE APPROXIMATIONS.
IDATE *SIN&6.2832*(IHOUR-T!HOFF]/ZH.O}
/ AVISDY

TAIR=AVTEN?(IDLTEL;?{%E%

TSCIL=AVTS + TSAMPM *AVAN
EEERRREEREEE AR RRE KRR AR RKKXER

AVTS=AVTS ¢ (AVTE

-AVT

USE OVERCAST/CLEAR RADIATION TABLES

THE SUN, TO DETERMINE POTENTIAL RADfA

{IDATE)*sIX
ko kyrkk

6.2832%
REKEEEE

WITH SINE OF THE HEIGHT OF

‘IHOUR—TSHOFFL/ZR.)
EXRRRRERFREERRRRERKK

SNHSUN=SINJDLAT)*SEN&DEC)tCOS(DLAT)*COS(DEC)‘COS(6.2832*

$ (IHOUR-SNHOFF)

2
IF (SNHSUN .LT. 6.0) SNHSUN=0.0

USE OF CR TABLES (PREVIOUSLY FUNCTION SANTRP)
XPTR= SNHSUN¥*10. + 1.
= XPTR

I
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TER%.ceX T? cotro 20
IF{I.LT.1) GO TO 1
CRC = CRCT(I) # FRAC * fCRCT{I ;—CRCT i
CRO = CROT{I) + PRAC * {CROT [I+1)-CROT(I
GO TO 30
10 CRC = CRCT (1
CRO = CROT {1
GO TO 30
20 CRC = CRCT(11
CRO = CROT{11

RO
30 CONTINUE

o LT L L T T T T T
C * ADD TO DAILY TOTAL:
DRC=DRC+CRC/24.0
DRO=DRO+CRO/24-
R L T L T T T T T T YT T T T T T I I Y
g * DETERMINE ACTUAL RADIATION BASED ON FRACTION CLEAR/OVERCAST:
Rg¥=§CL*CRC/20.0 + FPOV#CRO/24.0
END
ssssspnwar
SUBROUTINE PLWAT
o #tt#*ttttt*ttttt*#tt*#tt*ttttt*t*ttt#ttt#t*ttttttt#***tt#tt#tt#t*tttt
C * PLWKAT DETERMINES THE PLANT WATER BALANCE, USING ENVIRONMENT
¢ * MOISTURE CONDITIONS AND NEEDS OF THE PLANT. RELATIVE WATER
C * CONTENT (RWCPL kODIPTED DEPENDING ON THE PLANT'S ABILITY TO
C % OBTAIN I Tt REQUIEE!ENT.
C ek r AR R SRR kR R R R R AR AR AR R RN R KRR R R R AR AR AR R AT AR AR R R R S SRR & &
¢
ee=<es (COMMONS LOCL, STVAR, DERIV, INFO, TCTALS, CLIMAT, PARAM AND
PR FUNCT1 GO HE&E
DIMENSION EW
C *kkxkkkhkbrkess #tttttttt*tt*#tttt#ttttttttttttttttttt#tttttttttt#ttt
g o SATURATION VAPOR PRESSURE (MM HG) FUNCTION (MORGAN AND GOUDRIAAN)
SATVR (T) =SATM®EXP((17.269%T) /(T+237.28))
C kbbb kkkhk kb kb ko hkkhkkkkkki kb ko kkk ko kkkdhkkkhk
¢ *# AT NIGHT TRANSP = 0

TRANSP=0.0

FENLACR s LE. GO TO 700
KRRk EE ttttttttt*tt tt*tttt#*##ttttttttttt*tt*tttt*ttttttttttttttttt*

C
C * CALCULATE PERCENT COVER, HEIGHT OF CAROPY, AND PERCENT TOTAL
g * LEAVES STILL ALIVE:
PCOVER=ZERO
IF(CMLAI.GE.T1L1) PCOVER=TI1P1*CMLAIL
c IF (CMLAT.GT.T1L2) PCOVER=ONE*100.
o HEIGHT=NMSIN*HTINT
NLVTOT=NMSL+NBLT
PLIVLV=100.0%* NLVTOT-NDEDLL/NLVTO
o e e e R L
g * CALCULATE SATURATICN VP AND SLOPE OF SAT. VP V5 TEMP CURVE
hATVPA-SATYP(TA &
C SLOPE=SLOPEN *SATVPA/ (TAIR+237.28) %*2
E * CALCULATE ACTUAL VP OF THE AIR
ACVP=SATVP (AMINT1(DEWPT AIRL ‘
ol T T L et Tt o s T T L T T T P T T
C * CALCULATE NET THERMAL RAD. (LY/DAY) FOR S. IDAHO
E * (JENSEN 1974 PIS5-27)

TRNET= (TENFCI*FCL+TRNFCS) *(TRNACI+TRNACS*SQRT (ACVP/ACVPDV))
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* CALCULATE NET RADIATI B 3.5 OF JENSEN, 1974) ALBEDO F RON
* NEKMERDIAN, ACR ENTERS OH BB BASIS, CCNVERT IT TO DAY BASIS
RHET=£‘1.0—ALBEDOL*RCR - TRNET/24.0
I L T s T I T T T T T T T T I
* USE RIJTENA {1965} EQUATION TO CALCULATE ET.
* EFFECT OF HE1IGHT:
GPUNCT=T2P1
IF(HEIGHT.LE.T2L1) GFUNCT=T2P2 + T2P3*ALOG(HEIGHT)
IF{HEIGHT.LE.T2L2) GFUNCT=T2P4Y
GFUNCT=GFUNCT/24.
* EFFECT OF WINDSPEED (M/SEC):

* *

¥ %

HFUNCT=T3P1

IF(WINDSP.GE.T3L1) HFUNCT=T3P2 + T3P3*WINDSP

IF (WINDSP.GE.T3L2) HFUNCT=T3P4 + T3PS*WINDSP
IF(WINDSP.GE.T3L3) HFURCT=T3P6 + T3P7+#WINDSP
IF(WINDSP.GE.T3L4) HPUNCT=T3IPB*WINDSP** (T3P9)
IF(WINDSP.GT.T3L5) HFUKRCT=T3P10

DIFFUSION RESISTANCE VS. MEAN RAD. INTENSITY (LY/MIN)

RL-T
ACR/&CRDV GE. TuL1) RL=TU4P2 + TUP3*(ACR/ACRDV) +
$ T PYU*(ACR/ACRDV
IF (ACR/ACRDV.GT. QLZ) RL=ZERO

CALCULATE DIFFUSION RES. VS. PERCENT SOIL COVER

RC=T5P1
PCOVER.G
PCOVER.G

PCOVER.G
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PCOVER.G
PCOVER.GT.T5L9

CALCULATE PCTENTIAL ET, INCLUDE NKMERDIAK ADVECTION CORRECTICHN

EAP=GFUNCT*HFUNCT*WINDSP* (SATVPA-ACVP)

IF (WINDSP .GT. WNDMIN) EA EAP/HINDSP

TOP= SLOPE*RNET/HLVAP+# PC*EAP

DENONA=SLOPE#PC* (1+GFUNCT*HFUNCT*RINDS?) *(RL+RC)*24.0
POTET=TOP/DENCGH

CALCULATE DIFFUSI
ULTIMATELY STOMAT

RPL=T6P1
IF{PLIYLV.GT.T6L1] GO TO 1
=T6P2
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ON RES DEPENDING ON SOIL MOISTURE SUPPLY AND
AL BEHAVIOR

GO TO_2
IF(PLIVLV.LT.T6L2) RPL=T6P3 ¢ T6P4U/PLIVLV

HYDRAULIC CONDUCTIVITY (MM/DAY) AND SOIL WATER POTENTIAL IN CMH20
REL POR DIABLO LOAM WILLIS 1960 SSSAP24:239-242

XK=XKM/(PSISOL*PSISOL ¢ PSIOFF)
CONVERT PSISOL TO ATN. FROM CM H20
PSILPT=POTET* (RPL¢B/XK) +PSISOL*PSIMLT

RPSI=ZERO
IF(PSILPT.GE.T7L1) RPSI = T7P1#*#PSILPT
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F(PSILPT.GE.TJ7L RPSI = TIPRZ2 ¢ P3*PSI
iF PSILP%.GE.T%L% RPSI = Ti?% + ¥1Pg*551tg¥
IF(PSILPT.GE.T7L4 BPSI=T;P ¢ T7TP7*PSILPT + T7P8#%PSILPT*%*2
IF{PSILPT.GT.T7L5) RPSI=T7PY
* CALCULATE ET AND CORRECT FOR LOW LAI
g%Nggg;DéSLOPﬁtPC*{1. ¢GFUNCT*HFUNCT*WINDSP) * {RL#¢RC+RPSI) *24.0 )
CROPBT-AHIN1(1 0, CMLAI) *ET
NTINUE

t*t#t*ti**tt*tt#tttt#ttttttttt*t#t#tttt#ttttttt*tttttttt#‘ttttttttttt
* TRANSP IN MM/HR, CCNVERT TO CH3/HR PL

TRANSP = ‘CROPET*TOO0.0L/DEH

t#ttt*t‘*‘*t AR AR EE LR EFREREE TR RERRE R SRR KRR kR kR Rk Rk ke kkk F Rk kK kX
# CALCULATE WATER UPTAKE IN CM3/PL HR.
* WEIGHT FOR SUBERIZATION:

EFLFLR=T8P1

IF (TDWFR.GE.T8L1) EFLFLR=T8P2 + T8P3I*TDWFR

IF TDHFR.GE.TBL% EFLFLR=TBPU4 + TBPS*TDWFR

IF(TDWFR.GE.T8L EFLFLR=TBP6 + TBP7*TDWFR

IF(TDWNFR.GE.T8L4) EFLFLR=T8P8 + TBPI*TDWFR

IF(TDWFR.GE.T8L5) EFLFLR=T8P10 + TB8P11*TDWFEK

IF(TDWNFR.GE.T8L6) EFLFLR=T8P12

ELNFR=EFLFLR*FRL
* FIGURE WATER UPTAKE BASED ON ROOT ABILITY AND EXISTING SOIL H20.
* BASE VALUE .292 G/M HR FOR UPTAKE.

WUR= (WORINT+WURS*TSOIL) * (PSINRM/PSISCL)

AFRL=FRL-FRSUB

RUPT=ELNFR*WUR*RUPLIN

kb kkkkkkhkkkk kb kk ko kk bk kR kb kkkkkk ke kk ko kkk ke kk kkk k¥ kX

* CALCULATE WATER IN THE PLANT, DEFICITS:
* FIGURE DRY MATTER FRACTION OF TOTAL PLANT:

DMFPL= ATDUBGIGTDHWSIfTDHBRI) * DMFIN + (TDWMSL+TDWBRL) *DMFLV +
$ TDWTU MFTUB + TDWFR*DMFFR) / TDW

* DETERMINE RELATIVE WATER CONTENT, MAX POSSIBLE, DEFICIT NEEDING
* CORRECTIO

RWCPL=WATP ;TDH/DHFPL -TDW)

AATMAX=TDW PL -T

WATDEF=WA nx-wn

IF (VATDEF .LT. 0) WATDEF=0.0

* ACTUAL UPTAKE IS MINIMUM OF THAT NEEDED VS AMOUNT OBTAINABLE:

TPDEF=WATDEF/DELTA + TRANSP
UPTAKE=ANMLIN1(TPDEF,RUPT)

* CHANGE OF WATER CONTENT IS OBTAINED MINUS CBTAINED:
CWATPL=UPTAKE-TRANSP

Rk ERk R R AR RN ER AN R AR R R AR E R E Rk E kT kR bk kb ke kb kb kkkkkkk R kkkkkx %k

* CALCULATE THE EFFECT OF RELATIVE WATER CONTENT ON ROCTS (EWEFRG),
* TUBERS (EWTUBG), STEMS (EWSTG), AND LEAVES (EWLFG):

DO 800 I=1,

EW IL=¥ILT 1) 4 BHCHLTARECPL
IF{EW (I Te Eb EW (1) =ONE
IF (EW(I) -LT. ZERO) EW(I)=ZERO
CONTINU

EWFRG=EN (1)

EXTUBG=EW (2)

EWSTG=EW

EWLFG=EW (&

RETURN
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NE PHOTO
C *%% ttttt#gtttttttt*tttttttttttt#ttttttt*t#ttttttt#ttttt##tttt
C * PHOTOS CALCULATES THE AMOUNT OF PHOTSYNTHESIS CARRIED ON BY THE
C * PLANT, GIVEN THE CURRENT LEAF ACTIVITY, H20 CONTENT, TEMPERATURE,
¢ * a¥ ISCIDENT RADIATION.
C RERkr Rk kA e AR Rk Rk R R R Rk Rk Rk kR bRk k ke bk kR kR hr Rk k kkk Rk k%
¢
é.....(conuons LOCL, DERIV, INFO, CLIMAT, PARAM AND FUNCT1 GO HERE)
[ o ke ko ko ko kk ok k ok ko ko ko ko ko ko ko ok kkkk k
C * TEMPORARY NAMELIST AND INITIALIZATICN FOR EFFECT OF TUBERIZATION
C * ON PHOTOSYNTHESIS LEVEL (EFBPST TABLE):

DIMENSION EPBPST(13)

DATA EFBPbTé 13. Des+7500,025,08,255,265;15052085;1:5;1:07
" NAMELIST/PHEFPB/ Psb

IF (IDAY.EQ. 1. AND. IHOUR.£Q.1) PEAD(S PHEFB)
C kkdkkkkkkkkkk #****t**ﬁ##***t*‘ *ttt L ‘ 2222 2 2231232223 22222222 8
g ** INITIALIZE TEMPORARY VARIABLES:

ETPH=0.0

EFBPS=0,0

EWPH=0.0

PHCR=0.0

PHCRPP=0. 0
C hkbkk ke kb kb ke kb ko ke ke ke kb kg kg
g & SKIP CALCULATICNS IF THE SOUK 1S NOT ABOVE THE HORIZON.

SNHSUX .LE. 0) GO TO 20

EEEEER R AR X R R AR L RN TR kA kS Rk kR kR kb ke ke kR kxR kX
C * CONVERT SINE OF THE HEIGHT OF THE SUN BACK TO ANGLE ADOVE THE
y * HORIZON (DEGREES):

SUNANG=ARSIN (SNHSUN) + 57.29578
C Rk kR R KRR AR R R AR KRR Rk R R R F R R R Rk ARk kR Rk KR Rk kR kR ko kR Ak ok k&
C * INTERPOLATE IN THE OVERCAST/CLEAR TUBERIZED/UNTUBERIZED TABLES
C * TO GET GROSS PHOTOSYNTHESIS FOR CURRENT CONDITICNS FOR EACH OF THE
C * FOUR POSSIBLE SITUATIONS:

PHC1=STINTR (PHCT, CMLAI, 1.0, 0.0, SUNANG, 0.1, 0.5, 13; 11

PHO1=STINTR (PHOT, CMLAI, 1.0, 0.0, SUNANG, 0.1, 0.5 11, 11

PHC2=STINTR (PHCT2, caLAf, 1.0, 0.4, suuan&, Bi%: 038 1% 3

PHO2=STINTR (PHOTZ, CMLAL, 1.0, 0.0, SUNANG 0.1y 0.5 135 11
C *EESRREEREERRREIRR Rk Rttt rnohprbhhbhrhnbarnkbres tttitttt&tttlttt EKE
C * DETERMINE THE EFFECT OF TUBERIZATION ON PHOTOSYNTHESIS, THEN
C % WEIGHT THE USE OF CLEAR/OVERCAST TABLES ACCORDING TO 2hE PEECENT
g * TUBERIZATION EFFECT:

CALL Tanxnrénrnpsr AVDTRN,EFBPS, 'EFBPY)

PHC= (1.0-EFBPS) *PHE1 + Efﬁps*pnéz

PHO= {1.0- EFBPS) *PHO1 + EFBPS*PHG2

ERRRRERRRRRRRERRE tttttttttttttttttttttttttttttttttttttttttttttt*t*tt

plale

* CALCULATE THE EFFECT OF AIR TEMPERATURE ON PHOTOSYNTHESIS:
ETPH=0.0

IF (TAIR.GE.T9L1) ETPH=T9P1 + T9P2*TAIR
IF(TAIR.GE.TIL2 ETPH=TQP3 + TOPY4*TAIR ¢ TIPS*TALR*%2
IF(TAIR.GT.T9L3 TPH=TI9P6 + TOP7*TAIR + TIPB*TAIR**2
IF(ETPH- GT.ONE ETPH =0NE

IF (ETPH.LT.ZER ETPH =ZERQ

C  kkxkk t#*tttttttt* e e e
g * CALCULATE THE EFFECT OF PLANT H20 CONTENT ON PHOTOSYNTHESIS:

EWPH=ZERO
IF(RWCPL.GE.T10L EWPH=T10P1 + T10P2*RNWCPL + T10P3*RWCPL*%2
1 RﬂCPL.GT.TlOLZ EWPH=0NE
C et e e R R AR AR R R R R R AR KRR R R R RS R R AR R KRR R AR Rk Rk R R Rk e E ARk Rk &

C #* USE EFFECT OF LEAF AGING ON PHOTOSYNTHESIS, WITH FRACTION OF CLEAR
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* AND OVERCAST SKIES O DETERMINE ACTU P OSYNTHESIS; MODIF
g + MPsOEY AR w35 FLenIRING EFFEQ{ OF H30 OH TeRp: HESIS; MODIFY
PHCR=£ FCL*¥DPHC + FOV*PHOL *EAGPSL *AHIH1£EHPH ETPHL
C S*EE R h bbb R AR AR R AR R R KRR R AR R R AR F AR E R E AR R AR R R R R AR AR k%
C * ADJUST FOR USE OF NON-PCTATC PHOTOSYNTHESIS TABLES ‘BY PHCCCR) ,
E * THEN CHANGE FROM PHOTOS/UNIT AREA (M2) TO PHOTOS/PLANT.
PHCR=PIHCR * PHCCOR
PHCRPP=PHCR/DENS
20 CONTINUE
RETURN
END
$$FSSIMSTEN
SUBROUTINE MSTEM
C b rbd kbR AR ER R R R RN REERER R RA RS R AR R RR AR KRR ER R AR RN KRR RRE SRR KE KR
C * MSTEM CALCULATES THE INITIATICN AND GRCWTH OF INTEZNODES ON THE
C * MAINSTEMS. NO MAINSTEM IS CONSIDERED DOMIKANT, SO ALL MAINSTEMNMS
g : ARE DEVELOPED IN PARALLEL.
C SREERFkRRR AR R IR AR R KRR RN R R R R E SRR SRR ARk Gk kR Rk kR Rk Ak ok k&
C
&.....(COHHORS LOCL, STVAR, DERIV, INFO, PARAY AND FUNCT2 GO HERE)
C RErEk kAR b kR R R KR AR R R R Rk kR kR R AR R R KRR Rk kR Rk kR kR KRRk Rk kR k%
C * CALCULATE ABOVE- AND BELOW-GROUND DEVELCPMENTAL RATES AS FURCTIONS
C * OQOF AIR AND SOIL TEMPERATURE:
E * ABOVE-GROUND:
DEVRAG=ZERO
IF(TAIR.GE-.T11L1) DEVRAG=T11P1 ¢ T11P2*TAIR
IF{TAIR.GE.T11L2) DEVRAG=T11P3 + T11P4*TAIR
IF(TAIR.GE.T11L3) DEVEAG=0ONE
IF(TAIR.GE.T11L4) DEVRAG=TI11P5 # T11P6#*TAIR
c IF({TAIR.GE.T11L5) DEVRAG=ZERO
g # BELOW-GROUND:
DEVRBG=ZERO
IF{(TSOIL.GE.TI11L1 DEVRBG=T11P1 + T11P2*TSOIL
IF(TSOIL.GE.T11L2) DEVRBG=T11P3 + T11P4*TS0IL
IF(TSOIL.GE.T11L3) DEVRBG=ONE
IF(TSOIL.GE.T11L4) DEVEBG=T11P5 ¢ T11P6*TSOIL
IF{TSOIL.GE.T11L5}) DEVRBG=ZERO
DEVRAG=DEVRAG/24.
DEVRBG=DEVRBEG/24.0
C *kFkkhher Sk kR R Rk R R Rk Rk Rk k ko kR Rk Rk Rk kR kR kR R ko k&
C * INTERNODE IEITIATION:
C #* CALCULATE INTERNODE INITIATION RATE AS A FUNCTION OF AGE OF THE
g * MAINSTEMS:
ANPNRA=ONE
1F AGEHS.GE.T12L1; ANPNRA=T12P1 + T12P2*AGEMS
IF (AGEMS.GT.T12L2) ANPNRA=ZERO
& PNINR=ANPNRA*PNIR
C * THE TEMPERATURE EFFECT ON INIT. IS THE HOURLY DEV. RATE.
g * ALSO DETEEMINE THE EFFECT OF PLANT RESERVES:
& ETNINR=DEVRAG *24.0
ERNINR=ZEROQ
IF(PRES.GE.T13L1) ERNINR=T13P1 + T13P2*PRES
IF(PRES.GE.T13L2) ERNINR=T13P3 ¢+ T13P4*PRES
& IF(PRES.GT.T13L3) ERNINR=ONE
C #* DETERMINE THE EFFECT OF MOTHER TUBER RESERVES, AS A FUNCTION OF
E * LENGTH OF PLANT GROWTH AKD LEAF AREA FOE PHOTbSYNTHESIS:
EMTRES=ZERO
IF{IDAY «GT. MTSTOP) GO TO S
EMTRES=0ONE
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IF (AREALV.GE.TI4L1) EMTRES=T14P1 ¢ TI14P2%*AREALV +T14P3I*AREALV*%2
IF{EMTRES.LT.T14P4) EMTRES=TI14P4
IF(AREALV.GT.T14L2) EMTRES=TI14P5 # TI14PG*AREALYV
IF{AREALV.GE.T14L3) ENTRES=ZERO

* ACTUAL EFFECT OF RESERVES ON INIT. IS THE MAX OF PLANT RESERVE

* EFFECT AND MOTHER TUBER RESERVE EFFECT:

S5 ERINR=ANMAX1T1(ERNINR,EMTRES)

* ACTUAL INTERNODE INITIATION RATE IS THE POTENTIAL EATE TIMES THE

* HNOST-LIMITING OF TEMP AND RESERVE EFFECTS:

**% (MULTIPLIED BY # MAINSTEMS TC KEEP ALL TN PARALLEL) MOD. - MJG
AHINR=PNINR*AHIN1£ETNINR ERINR) *N

kkkkkkk ke kb rkkkkk Xk PP ‘tt*t###ttt#tt#t**‘t*t*##tt*#t#*t##*

* MAINSTEM DEVELOPMENTAL RATE IS THE ABOVE-GROUND RATE:
DEVRMS=DEVEAG

*% (NUMBER CF ABOVE-GROUND INTERNCDES IS MODULC 3
% TO KEEP ALL THREE MAINSTEMS EQUAL) HOD. = 136

NMSIN=INT (RNMSIN/3.0)*3

TOTAL NUMBER OF INTERNODES OKN MAINSTEM IS SUM CF ABCVE- AND BELOW-
GROUND INTERNODES:

NINTOT=NBGIN+NMSIN
** (TECH. PROTECTION FOR TOO MANY INTERNODES) #0D. - MNJG
IF(NINTOT.GT.117) ANINR=0.0
T e

* INTERNODE GROWTH:
* CALCULATE EFFECT OF RESERVES CN INTERNODE GROWTH:

*

ERHSG-ZBRO
PRES.GE. T15L1; ERMSG=T15P1 + T15P2*PRES
I? PRES.GT.T15L2) ERNSG=CONE
* ACTUAL EFFECT OF RESERVES IS MAX OF EFFECT OF PLAKT RESERVES AND
* EFFECT OF MOTHER TUBER RESERVES:

ERING=AMAX1 (ERMSG, ENTRES)
¥ ZERO TOTALS FOR ALL INTERNODES:

TCWIN=0.0
RTBGIN=0.0
RTHSIN=0.0
* CALCULATE EFFECT OF TEMPERATURE FOR ABOVE- AND BELOW-GEOUND
* INTERNCDES, AS FUECTIONS OF TEMP:
ETAGIG=T16P1 + T16P2%TAIR
IF(TAIR.GT.T16L1) ETAGIG=T16P3 + T16E4*TAIR
IF{TAIR.GT.T1€6L2) ETAGIG=T16P5 + T16P6*TALR
IF(ETAGIG.LT.ZERDO) ETAGIG=ZERO
IF(ETAGIG.GT.ONE) ETAGIG=CNE
ETBGIG=T16P1 + T16P2*TSOIL
IF (TSOIL.GT-.T16L1) ETBGIG=T16P3 ¢ T16P4*TSOIL
IF{TSCIL.GT.T16L2 ETBGIG=T16?5 + T16P6*TSOIL
IF (ETBGIG.LT.ZERO TBGIG=ZERO
IF (ETBGIG. GT.OKE; ETBGIG=ONE
ERF R PR R R PR R R R R R R R R R R AR R R R Rk kR AR R ARk Rk h kR kR kR Rk kR kK kR Rk kR KXk

* BELOW-GROUND GROWTH:
* CALCULATE LIMITER FOR BELOW~GROUND GROWTH AS MOST-LIMITING OF
* RESERVE EFPFECT, TEMP EFFECT, H20 EFFECT:

GLIMMS=AMIN1 (ERING,ETBGIG,ENSTG)
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C *
C
140
C
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Cc
c
cC »
Cc
C
C *
C
200
535554
C  *x%x%
cC. &
C =
C _*

FOR EVERY BELOW~GROUND INTERNODE:
DC 100 I=1,NBGIN
DETERMINE EFFECT OF INTERNODE AGE ON ITS GROWTH:

EAGEIG=ONE
AGEILN &.GE T17L1) EAGEIG=T17P1 + T17P2¥AGEIN(I) +

T17B3*¥AGELH (1) #*

IF (AGEIN (I). () TI?L2) EAGEIG=T17P4 + T17P5*AGEIN (I)

GROWTH FOR THIS HOUR IS POTENTIAL RATE MODIFIED BY EFFECT OF AGE
AS WELL AS LIMITER DEFINED ABOVE {(GLIMMS) ;
AND IS A FUNCTION OF CURRENT WEIGHT:

GR=RINOD*EAGEIG*GLIMMS*DWINOD (I)
CWINOD(I) =GR

ADD RATES TO TOTALS:

RTBGIN=RTBGIN+GR

DEVRINéIi =DEVRBG

ESﬁ%N WINOD(I) +TCWIN
:ttttt*ttttttt:*t#t*t:tttttttttttttt**t*tttt*tt*t***tt:tttttt*tttt
ABOVE-GROUND GROWTH:

DETERMINE FIRST ABOVE-GRCUND INTERNODE

CALCULATE LIMITER (GLIMMS) FOR THE ABOVE~GROUND SITUATION:

N=NBGIN+1
GLIMMS=AMIN1 (ERING, ETAGIG, EWSTG)
FOR EVERY ABOVE-GROUND INTERNODE:
DO 200 I=N,NINTOT
IF THE INTERNODE IS NEW, (D#=999.99) SET ITS INITIAL RATES:
IF (DWINOD(I) .NE. 999.99) GO TO 140
DWINOD{I) =STINRT
RTHSIN=RTMSIN+STINRT
AGEIN I£=0.0
CONTINU
CALCULATE EFFECT OF INTERNODE AGE ON GROWTH:
EAuEIG*ONE
{AGELY { GE-T17L1) EAGEIG=T17P1 + T17P2*AGEIN(I) +
{IB3%AcE (I ®
IF(AGEIN(I) T T1?L2) EAGEIG=T17P4 + T17P5%AGELN (I)
GROWTH IS AS FPOR BELOW-GROUND INTERNGDES:

GR=BINODEAGETG*GLINNS*DWINOD (1)
CWINOD (I) =GR

TOTALS AS BEFORE:
RTHUSIN=RTMSIN+GR

I) SDEVRAG
RINOD (I) +TCHIN
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EAF FOR EVERY ABOVE-GROUND INTERNODE,
HT AND AREA GRCWTH FOR EACIl.
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sssse (COMMONS LOCL, STVAR, DERIV, INFO, PARAM AND FUNCT2 GO HERE)

ERRRER KRR EERERREERRE KRR R R AR Rk ok ok Rk Rk ok Rk ok ok kodokok & kodok ok ok Kok kok &
* TEMPORARY NAMELIST AND INITIALIZATION FOR SENLSCERCE ROUTINE MJG
_DATA T36L1, T36L2, T36P1, T36P2, T3I6P3, T36P4, T36P5, RSLOSS /
40., 80., 55« 0.375, 0.0,  -0.5, 20.0, 0.02083 /

NAMELIST/MLSEN/ T36L1, T36L2, T36P1, T36P2, T36P3, T36P4, T36PH,
= RSLOSS
IFlIDlY.E « 1. AND. THOUR 9 L RELD£5 HLSEN)
ERkkkk K Rk K tt**#*t#t*ttt# R I L L L I T T T T ™
* INITIATION OF MAINSTEM LEAVES:
* DETERMINE INITIATION OF LEAVES, MODIFIED BY MAINSTEM AGE:
PLINR=0ONE
IF (AGEMS.GE.T12L1 PLINR=T12P1 + T12P2*AGENS
IF{AGEMS.GT.T12L?2) PLINR=ZERO
PLINR=PLINR*PHLIN
* CALCULATE TEMP EFFECT (HOURLY DEV. RATE), AND EFFECT OF RESERVES:
ETLINR=DEVRAG *24.0
ERLINR=ZERO
IF PRES.GE.T13L1 ERLINR=T13P1 # T13P2*DPRES
IF({PRES.GE.T13L2) ERLINR=T13P3 + T13P4*PRES
IF(PRES. GE. I3L3 ERLINR=0ONE
* ACTUAL EFFECT OF RESERVES IS MAX OF PLANT RESERVES EFFECT AMND
* MOTHER TUBER RESERVE EFFECT:

ERLIR=AMAX1 (ERLINR,EBMTRES)

* ACTUAL INITIATION RATE IS POTENTIAL MODIFIED BY MOST-LIMITING OF
* TEMP AND RESERVES
*%* (CHANGED TO INCLUDE MJULTIPLE MAINSTEMS, AS IN MSTEM) HMOD. - MJG

AMLINR=PLINR*AMIN1(ETLINR,EBRLIR) *NMST

*% (NUMBER OF MAINSTEM LEAVES IS EQUAL FOR ALL THREE MAINSTEMNS
*x* ( AS IN MSTEM) MOD. - MJG

NMSL=INT (RNMSL/3.0) *3
** (TECH. PROTECTION FOR TOO MANY LEAVES) MOD. =MJG

!NHSL.GT.117£ AMLINR=0.0
tttt* EREEEEREREE tt*#*tttttttttt*t*****t***tt#tt*ttttt*t*ttt*t*t*tt*

* LEAF GROWTH SECTION

*¥* DETERMINE EFFECT OF RESERVES AS MAX COF PLANT RESERVE EFFECT AND
* MOTHER TUBER RESERVE EFFECT:

ERMSLG=ZERO
IF (PRES.GE.T18L1) ERMSLG=T18P1 + T18E2*PRES
IFjPRES.GT.TISLZ ERMSLG=CNE
ERNLG=AMAX1 (ERMSLG,EMTRES)
* CALCULATE EFFECT OF RADIATION AND TEMP ON SPECIFIC LEAF AREA:
ERASLA=0ONE
DAYRAD.GE.TI19L1) ERASLA=T19P1 + T19P2%DAYRAD
IF{DAYR&D GT.T19L2) ERASLA=T19P3 ¢ T19P4*DAYRAD
IF(DAYRAD.GT.T19L3) ERASLA=T19P5
ETSLA=0ONE

* EFFECT OF TEMPERATURE ON GROWTH
ETMSLG=T16P1 + T16P2*TAIR
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TEMP AND RADIATiON'
GLIML=AMIN1(ERMLG, ETMSLG, EWLFG)
ALIML= AMIN1(ETSLA,ERASLA)

ZERO TOTALS FOR GROWTH RATES:
TCWMSL=0.0

RTMSL=0.0

CWDEDL=0.0

FOR EVERY MAINSTEM LEAF:

DO 100 I=1,NMSL

IF LT HAS SENESCED (DH=888.88)  DQ NOT INCLUDE IT
IF IT IS A NEW LEAF (DW=999.99f, SET ITS AL

S Ii .Eﬁ 888.88) GO TO 100
(@) & 995-395) “%0 20 ' €0

a-
=
=
1
)
L

w2 Herrnoxs

o = HJG
INITIATION

=
mot%’ﬂ s vawmm:‘-.c

Wi
L
._5
G
M
R
T
E
L
6

DOODHE OO~ OO

= =ty
il

L = T36P3 - FST
IF (LEAFST.GT.T36L2) DAGEML = T36P5

DETERMINE PERCENT OF LIFE LIVED; IF 100%, REMOVE THE LEAF:

PCTUSL = AGEHSL(I) /DAGEML
1F (PCTHMSL .LT. 2] SO TO 82
TCWMSL= TCHHaL-DHHS (1)
NDEDL=NDEDL#*1

DHMSL(Ib-uBB .88

GC

CONTINUE

SET THE LEAP'S DEV. RATE AT THE ABOVE-GROUND RATE:
DEVRHUL (T) =DEVRAG

USE PERCENT OF LIFE LIVED TO DETERMINE IF SENESCING:

IF (PCTMSL.GT.T35L2) GOTO 83

FOR LEAVES NOT SENESCING, DETERMINE GROWTH AS A RESULT OF AGE:
EAGELG=ONE

PCTMSL.GE.T35L1) EAGELG=T35P1 + T35P2*PCTMSL

AGELG.LT.0.) EAGELG=0.

I?{
IP(E
GROWTH OF THE LEAF IS POTENTIAL MODIFIED BY AGE EFFECT AND

&%;éﬁ%ﬁ DEFINED ABCVE (GLIML); GROWTH IS A FUNCTICN OF CURRENT
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C

GR=RMSL*EAGELG*GLIML*DWMSL (I)
4 CWMSL{(I) =GR
RTMSL=RTMSL4GR
C kkkkkkkkbkkhdkhkhhh bk bhdhbk bk h ko kbk Rk hk kR ok kR kR ok kR kk ok hk Rk Ak & ok &k
g * DETERMINE EFFECT OF LEAF AGE ON LEAF AREA GROWTH:
EAGEAG= ONE
IF AGEASL E.T20L1) EAGEAG=T20P1 + T20P2*AGEHSL (I)
AGEMSL .GE T20L2) EAGEAG=T20P3
AGEMSL .T20L3) EAGEAG=T20P4 ¢ T20P5%AGEMSL(I)
g AGEMSL .GT T20L4) EAGEAG=ZERO
C * CHANGE IN LEAF AREA IS5 CURRENT AREA TIMES SPECIFIC LEAF AREA
E * POTENTIAL, MODIFIED BY EFFECT OF AGE AND LIMITER DEFINED ABCVE:
c CARMSL(I)= CWMSL (I)*SLAP*EAGEAG*ALINL
g * SPECIFIC LEAF AREA IN CM2/G LEAF
é%%;AgESL(I)/DHHSL(I}
C kkkokkk ok kkk ok khhk ok ko hkkkkhkkkkhhkkokrkkkrkkkgkkkkkhkkkhkkkkhkkgkkhkkkkkk
C * TRANSLOCATION OF MATERIAL BACK FROM LEAF TO PLANT DURING
C * SENESCENCE:
C
83 IF (CWMSL(I .EQ.O-L
CWMSL I = - RSLOSS * (DWMSL (I)/{DAGEHML-AGEMSL (I)))
. CWDEDL=CWDEDL-CWMSL(I)
g * TOTALING OF WEIGHT CHANGES:
84 TCWNMSL=TCWXSL+CWMSL (I)
85 CONTINUE
100 CONTINUE
RETURN
END
$$$$SBHANGR
SUBROUTINE BRANGR
C tt******tt#t*t**#t*t###***tt***** ko kR kfkokkokk ko kkok ook kg kokkkokkk
C * SUBROUTINE PRANGR DETERMINES THE INITIALIZATION AND GROWTH CF
: * DBRANCHES IN THE POTATO PLANT.
C Sk kk kR kkk ko kk ok k ke kokkkkk ok kfkkkkkokkokkhkkkkhkbkkkkkkkkfkk
C
E.....(coanons LOCL, STVAR, DERIV, INFO, PARAM AND FUNCT2 GO HERE)
C AR RRR kR kR ARk Rk kR ke kb hdok bk kR kR R kR kR Rk R Rk R Rk Sk &k Rk k% k&
C * BRANCH INITIATION:
¢ * ?gn§§§ POTENTIAL BRANCHING EATE BY ACTIVITY OF PREVIOUS BRANCHES,
c -
NBR=RNBR
ANPNRA=ANPNRA*CF
IF (NBR .GE. 1) ANPNRA=(ABNIR(NBR)*CF)/PBNINR
EBRAC=0ONE
IF(ANPNRA.GE.T26L1) EBRAC=T26P1 # T26P2*ANPNRA
A IF{AHPNRA.GT T26L2) EBRAC=ZERO
C * EFFECT OF TEMP IS HOURLY DEV. RATE; ALSO DETERMINE EFFECT OF
E * RESERVES ON BRANCH INITIATION:
5 ETBRIR=DEVRAG *24.0
ERBRIR =ZERO
IF{PRES.GE. T27 L1i RBRIR=T27P1 + T27P2*PRES
5 IF(PRES.GT.T27L2) ERBRIR=ONE
C * ACTUAL BRANCH INIT. RATE IS POTENTIAL RATE MODIFIED BY EFFECT OF
¢ * PREVIOUS BRANCHING AND THE MOST-LIMITING OF TEMP AND RESERVES:
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ABRIR=PBRIR*EBRAC*AMINI1{ETBRIR,ERBRIR)

**¥ (TECH. PROTECTION AGAINST TOO MANY BRANCHES) MOD. - MJG

wkkkX tltt##**t#t#

IF{RNBR.GT.29. Ol ABRIR=
tttt#t*tttttt*ttttttttt#ttttttttttttt*tttlttt#t*t#

*+ BRANCH INTERNODE INITIATION:
* DETERMINE LIMITER AS MOST-LIMITING OF EFFECT OF RESERVES OR TEMP,
* WHERE EFFECT OF TEMP IS HOURLY DEV. BATE:
ETBNIR=DEVRAG  *24.0
ERBNIR=ZERO :
IF (PRES.GE.T13L1) ERBNIR=T13P1 ¢ T13P2%PRES
IF{PRES.GE.T13L2) ERBNIR=T13P3 ¢ T13P4*PRES
IF (PRES.GT.T13L3) ERBNIR=CNE
BNILIM=AMINT (ETBNIR, ERBNIR)
kkkkkkkhkkkkkbkxk **t***‘t**#**# shkkkhkt ke khhkbk kb kk bk hkkkkkk bk kkkk
* CONTINUE ONLY IF AT LEAST ONE BRANCH EXISTS:
IF (NBR .LT. 1) RETURN
* ZERO TOTAL # OF INTERNODES ON BRANCHES, FOR SUMMING:
NBRIT=0
* FOR EVERY BRANCH:
po 100 I=1,NBR
* IF THE BRANCH IS A NEW ONE (AGE=999.99), SET ITS VALUES TO
* INITIAL STATES:
IF (AGEBR Ib .HE. 999.99) GO TO 50
AGE R&I}
RNBRI ;
RNBL( I
CONTIND
¢ RESET THIS BRANCH'S INTERNODE INIT. RATE; ALSO INCLUDE ITS
* INTERNODES 1N THE TOTAL (NBRIT):
ABNIR(I)=0.0
NBRIN=RNBRIN (I)
NBRIT=NBRIT+NBRIN
* DETERMINE EFFECT OF AGING OF THIS BRANCH ON ITS INTERNODE IRNIT.
EABNIR=ONE
IF&AGEBR!I] +GE. 11 2L1; EABNIR=T12P1 + T12P2%AGEBR (I)
IF (AGEBR (I) -GT.T12L2) EABNIR=ZERO
* ACTUAL INTERNODE INIT. KATE FOR THIS BRANCH IS POTENTIAL RATE
* MODIFLIED BY THE LIMITER DEFINED ABOVE AND THE EPFECT OF AGE:
ABNIE (1) =PBNINR3NILIN*EABNLR
CONTI
* DEV. RATE OF THIS BRANCH IS THE ABOVE-GROUND DEV. KATE:
DEVRBR (1) <DEVRAG
CONTINUE

CONTINUE ONLY IF THERE ARE INTERNODES TO PROCESS:
IF(NBRIT .LE. 0) RETJRN

*% (TECH. PROTECTION AGAINST TOO MANY BRANCH INTERNODES) KEOD. - NJG
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IF‘NBRIT «GTa 120) NBRIT = 120

C REAEREXEEEERRREXER R AR ER TR R ke kb k kb k kbbb kk ke kkkk kb kb kkk %k

C * BRANCH INTERNODE GROWTH:

g * RESET TOTALS:
TCWBRI=0.0

¢ RTBRIN=0.0

g * DETERMHINE EFFECT OF TEMP ON INTERNODE GROWTH:
ETBRIG=T16P1 + T16P2*TAIR
IF(TAIR.GT.T16L1) ETBRIG=T16P3 + TI16P4*TALR
IF{TAIR.GT.T16L2) ETBRIG=T16P5 ¢ T16P6*TAIR
IF(ETBRIG.LT.ZERO) ETBRIG=ZERG

c IF(ETBRIG.GT.ONE) ETBRIG=0ONE

g * DETERMINE EFFECT OF RESERVES ON INTERNODE GROWTH:

EEBRIG=ZERO

IF PRES.GE.T15L1} ERBRIG=T15P1 ¢ T15P2*PRES
- IF (PRES.GT.T15L2) ERBRIG=ONE
c * LINITER IS MOST-LIMITING OF EFFECTS OF TEMP, RESERVES, AND K20:
5 GLIMBI=AMIN1(ERBRIG, ETBRIG, EWSTG)
E ¢ FOR EVERY INTERNODE:
. DO 200 I=1,NBRIT
C * IF THIS IS A NEW INTERNODE (DW=999.99), SET ITS VALUES TO INITIAL
g * LEVELS:
IF INéI& .NE. 999.99) GC TO 150
D¥B IN NR
RTBBIE BRIK+STINRT
AGBBINJI)-O.
éso CONTINUE
E * DETERMINE EFFECT OF AGE OF INTERNCDE ON ITS GROWTH:
EABRIG=ONE
IF{AGBRINéI&.GE.T??L1) EABRIG=T17P1 + T17P2*AGBRIN(I) ¢
$_TT7RIXAGBRIN (1) ¥*2
. IF (AGBRIN (I).GT-T17L2) EABRIG=T17P4 + T17P5*AGBRIN (I)
C * GROWTH OF INTERNODE IS POTENTIAL RATE MODIFIED BY EFFECT OF AGE
g * AKD LIMITER DEFIKED ABOVE; GROWTH IS A FUNCTION OF CURRENT WEIGHT:
GR=RINOD*EABRIG*GLIMBI*DWBRIN(I)
. CWBRIN (I) =GR
g * TOTALS:
TCHBRI=TCWBEI+CWBRIN (I)
a RTBRIN=PTBRIN+GR
g * BRANCH INTERNODE DEV. RATE IS ABOVE-GROUND DEV. RATE:
nEvsaxély-DEvfaa
200 CONT
RETURN
END
$$$SSBRLFGR
SUBROUTINE BRLFGR
24 khkkkkkk kb kbt ke ke ke kb ek ke ke k kR kk Xk
C * THIS SUBROUTINE DETERMINES GROWTH AND SENESCENCE OF THE LEAVES
C * ON THE BRANCHES.
E o ke e e o ok o ok 8 ok ok ok ol ook o o o o ook ol e s o o stk o ok ok o e o ol o ke o o ok ok ko ook ook ol ok ok o b ok ok ek
¢
eeeees (COMMONS LOCL, STVAR, DERIV, INFO, PARAM AND FUKCT2 GO HERE)
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* TEH?OR% Y _NAM %IST lg NITI%L ZLTS% FOR ENESCENCE ROUTIHE MJG
DATA 6L1. T ’ 6P £r ?3 TJ P4, 6 LOSS /

= 05' 20-0. 0-02083 /

Nagf IST/BLbEF/ T36L1, T36L2. T36P1 T3692, T36P3, T36P4, T36P5,
I?‘ID&Y.EQ ND.IHOUR.EQ. READ BLSEN)
PP S g R A Sl -Gt g AP PSR I it d A S T T T T T T

* IF THERE ARE NO BRANCHES, SKIP THIS EOQUTINE

NER=RNBR
IF &HBR «LE. OL RETURN
e e

* DBRANCH LEAF INITIATION:
* EFFECT OF TEMP I35 HOURLY DEV. RATE; ALSO, DETERMINE EFFECT OF
* RESERVES GN LEAF INIT.:

ETBLIR=DEVRAG *24.0

ERBELIR=ZERO

IF (PRES.GE. T13L1 ERBLIR=T13P1 + T13P2*PRES
IF(PRES.GE.T13L2) ERBLIR=T13P3 + T13PY*PRES
IF (PRES.GT.T13L3) ERBLIR=ONE

* LIMITER IS MOST-LIMITING OF TEMP AND RESERVES:
BLILIMN=AMIN1(ETBLIR,ERBLIR)

* RESET TOTAL # OF BRANCH LEAVES:
NBLT=0

* FOR EVERY BRANCH:
Do 100 I=1,NBR

* RESET BRANCH LEAF INIT. RATE; ALSO INCLUDE THIS BRANCH'S LEAVES
« IN TOTAL (NBLT):

ABLIR(I)=0.0
NBL=RNBL IL
BL

NBLT=NBLT+
* DETERMINFE EFFECT OF AGE ON LEAF INITIATION:
E&BLIR'ONE
Ib{AGE I «GE.T12L1) EABLIR=T12P1 + T12P2*AGEBR(I)
IF (AGEBR -GT.T12L2) EABLIR=ZERO
* ACTUAL BRANCH LEAF INIT. IS POTENTIAL RATE MODIFIED BY LIMITER
* DEFINED ABOVE AND EFFECT COF AGING:
ABLIRJIE PBLIR*BLILIM*EABLIR
CONTINO
CONTINUE
*¥%* (TECH. PROTECTION AGAINST TOO MANY LEAVES) NMOD. - MJG

IF (NBLT. GT. 120& NBLT = 120
R e e L *ttt*t**t*t*ttttttttt*#tttt*ttttt**t**t*tt**#ttt

* DBRANCH LEAF GROWTH:
* RESET TOTALS:

TCWBL=0.0
RTBL=0.0

* DETERMINE EFFECT OF RESERVES ON GROWTH:
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ERBLG=ZERQ

IF(PRES.GE.T18L1) ERBLG=T18P1 & T1BP2*PRES
IF (PRES.GT.T18L2) ERBLG=ONE

DETERMINE EFFECT OF TEMP ON GROWTH:
ETBLG=T16P1 + T16P2%TAIR
IF(TAIR.GT.T16L1) ETBLG=T16P3 ¢ T16PUYU*TAIR
IF (TAIR.GT.T16L2) ETBLG=T16P5 ¢ T16P6*TAIR
IF{ETBLG.LT.ZERO) ETBLG=ZERC

IF (ETBLG.GT.ONE) ETBLG=0ONE

LIMITER IS MOST-LIMITING OF EFFECTS OF FESERVES, TEMP, AND H20:
BLGLIM=AMIN1(ERBLG, ETBLG, LWLFG)

DETERMINE SPECIFIC LEAF AREA OF BRANCH LEAVES, AS SPECIFIC LEAF
AREA POTENTIAL MODIFIED DY EFFECT OF RADIATICN ON SLA:
ERASLA=0ONE

IF(DAYRAD.GE.T19L1) ERASLA=T19P1 + T19P2¥DAYRAD
IF(DAYRAD.GE.T19L2) ERASLA=T19P3 ¢ T19P4*DAYRAD

IF (DAYRAD.GT.T19L3) ERASLA=T19P5

SLABL=SLAP*ERASLA

FOR_EVERY BRANCH LEAF:
DO 200 I=1,NBLT

IF LEAF HAS SENESCED, DO NOT PROCESS IT; IF LEAF IS NEW, SZT LTS
VALUES TO INITIAL STATES:

IF (DWBL(I) .EQ. 888.88) GO TO 200
IE_(DRBL(I) .NE. 999.99) GO TO 150

AGEBL
DWBL ( STLFRT

RTBL=RTBL+STLFRT

ARBL (L) =SLAP*DWDL ()

CONTINUE

DETERMINE POTENTIAL LIFE SPAN OF THIS LEAF, BASED ON TIME OF
INITIATION RELATIVE TO BRANCH AGE:

LEAFST = AGEMS — AGEBL(I)

IF (LEAFST.GT.T36L1) GOTC 155

DAGEBL = T36P1 - T36P2 * LEAFST

GOTO 156

DAGEBL = T36P3 - T36P4 * LEAFST

IF (LEAFS;.GT T36L2) DAGEBL = T36P5
CALCULATE PERCENT OF LIFE LIVED:
PCTBL=AGEBL (I) /DAGEBL

IF 100% LIVED, THEN DROP THIS LEAF:
IF(PCTBL .LT. 1.) GO TC 160
TCRBL=TCKDL-DWBL (1)

NDEDL=NDEDL#+1

DUBL (1) = 886, 88

GO TO 200

CONTINUE

FOR LIVING LEAVES:
DEV. RATE IS ABOVE-GROUND DEV. RATE:

DEVRBL(I) =DEVRAG
DETERMINE EFFECT OF AGE ON GROWTH OF THIS LEAF:
IF(PCTBL.GT.T35L2) GOTO 162
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EAGBLG=ONE

IF{PCfBL.GE.T3SL1 EAGBLG=T35P1 + T35P2*PCTBL
L IF{EAGBLG.LT.0.) EAGBLG=0.
¢ * GROWTH IS POTENTIAL MODIFIED BY EFFECT OF AGE AND LIMITER DEFINED
¢ * KBOVE; GROWTH IS A FUNCTION OF CURRENT LEAF WEIGHT:

GR=RBL*EAGBLG*BLGLIM*DWBL (I)
" CWBL (I) =GR
C % ADD TO TOTAL:

RTBL=RTBL +GR
C s s g e ke ke ok o 3k ok ok ok aie e ok kool 3 e ok e ke ok ol o ok ook o ok ok ok ok B K ke ok o e ok e ok ok ok ok o ok ok ok ok o el ok o ok ok ok ok ke ook ok o ok
¢ % LEAF AREA GROWTH:
C % CALCULATE EFFECT OF AGE ON AREA GROWTH:

EABLAG=ONE

IF (AGEBL (I)-GE.T20L1) EABLAG=T20P1 + T20P2*AGEBL (I)

IF (AGEBL (I} -GE.T20L2) EABLAG=T20P3

IF (AGEBL {I)-GT.T20L3) EABLAG=T20P4 + T20P5*AGEBL (I)
- IF (AGEBL {I)-GT.T20L4) EABLAG=ZERO
C * CHANGE OF AREA IS CHANGE OF WEIGHT, MODIFIED BY SPECIFIC LEAF
C + AHEA AND EFPECT OF AGE:
. CARBL (I) =CABL (I) *SLABL*EABLAG
C * SPEC. LEAF AREA IS AREA DIVIDED DY WEIGHT:

SLA=AKBL (I) /DWBL (I

3670 1630 (1)
C kb bk kkkkkkkokokkkkfkkkeokkkkkkkkk kb kkkkkkkkkkkhkkkokbkhkkkkkkkkkkk kkkkk k¥
C * IF THE LEAF IS SENESCING, TRANSLOCATE HALF OF ITS DWT BACK TO THE
C * PLANT BEFORE IT DLES

162 IF(CHBL(I) .EQ. 0.)

§  'CHBL SLOSS# (DUBL(I) / (DAGEBL-AGEBL(T)))

CHDEDL=CRK DEDL-CHBL I)
C *t***t‘***##********* hkkkkkkkkkkkkkhhkhhhkhkhkkkkkkkkhkhkkhhkkkkgkkhkkkkkkk
¢ * TOTAL CHANGES IN WEIGHT:
~ 163 TCWBL=TCKBL+CWBL (I)
170 CONTINUE
200 CONTINDF

KETURN
$5$$8F IBETG

OUTINZ FIBRTG

G *#******.*t*****tt*******‘*‘*‘****t********************t*****‘****‘**
¢ * FIBRTG DEVELOPS THE FIBROUS ROOTS OF THE PLANT, AND DETERMLNES
¢ ¥ THE AMOUNT OF SUBERTZATION 4HICH HAS TAKEN PLACE.
C ki ke ke kk ok ke kk ko ko okkokok ok ok kkkkkkkkkk khkkkkkk
¢
=++c<+ (CONMONS LOCL, STVAR, DERIV, INFO, PARAM, FUNCT2 AND FUNCT4 GO
E kbbb k kb hkhkkkhkkkkkhkhkkkhkkkdkkhkkhkkkbhkkkkk bk kb khkkkkkkkkkrkkkkkk
¢ * LIMITING EFFECTS FOR ROOT GROWTH:
C % CALCULATE EFFECT OF PLANT RESERVES ON FOOT GROWTH:

ERFRG=ZEEQ

IF (PRES.GE.128L1) ERFRG=1 T28P1 + T28P2*PRES
2 IF(PRES.GT.T28L2) ERFRG=ONE
¢ * EFFECT OF RESERVES ON ROOT GROWTH IS MAX OF PLANT RESERVE EFFECT
C * AUD HOTHER TUBER RESERVE EFFECT:
i ERSPRG=AMAX1 (EMTRES, ERFKG)
C * CALCULATE EFFECT OF TEMP:
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ETFRG=
IF(TSO
IF(TSO
IF{ETF
c IF(ETF ONE)
E * LIMITER IS HOST-LIMITING OF EFFECTS CF RESERVES, TEMP, AND H20:
FRGLIM=AMIN1 hHSFRG ETFRG, EWFRG)
R L I T I I T T e T I T
E * DETERMINE EFFECT OF TEMP ON SPECIFIC ROOT WEIGHT (FOR LENGTH):
ETSFRW=T29P1
IF{TSOIL.GE.T29L1 ETSFRH=T29P2 + T29P3*TSOIL
IF{TSOIL.GT.T29L2) ETSFRW=T29P4 ¢ T29FE5*TSOIL
IF(TSCIL.GT.T29L3) ETSFRW=T29P6
C RkkkkkkkkrRkhRhREhkhk Rk khk ok kkkk ko ek bk hkk ok kb ko kkk ek k Rk k ke k k&
g * DETERMINE EFFECT CF TEMP ON SUBERIZATION:
ETSUBR=ZERO
IF(TSOIL.GE.T30L1) ETSUBE=T30P1 + T30P2*TSOIL
IF{TSOIL.GT.T30L2) LTSUBR=T30P3 + T30P4*TSOIL
F{TSOIL.GT.T30L3) ETSUBR=QNE
C 5k EkRE R R R AR R AR Rk AR KRR R R AR K AR Rk R R ARk R AR KRR KRRk R Rk kA kR kR K AR KRR &
g * ACTUAL FIBROUS ROOT LENGTH IS TCTAL MINUS SUBERIZED:
e AFRL=FRL-FRSUBL
E * ROOT DEV. RATE IS BELOW-GEOUND DEV. EATE:
& DEVRFR=DEVRBG
E * DETERMINE EFFECT OF CURRENT DRY WEIGHT ON FURTHER GREOWTH:
EDWFRG=0ONE
IF DHFR.GE. 31L1 EDWFRG=T31P1 &« T31P2*DHFR
IF(DWFR.GE.T31L2) EDWFRG=T31P3 + T31E4*DWFR
IF DHFR.GE. T31L3) EDWFRG=T31P5 + T31P6%#DWFR
& IF(DWFR.GT-.T31L4) EDWFRG=ZERO
C * GROWTH IS POTENTIAL MODIFIED BY EFFECT OF CURRENT ¥EIGHT AND
8 * LIMITER DEFINED ABCVE; GROWTH IS A FUNCTION CF CURRENT WEIGHT:
GR=RFR*EDWFRG*FRGLIM*DWIE
o CWFR=GR
g ¥ TOTALS:
RTFR=GR
TCWFR=CWFR
C ke Rk R Rk R R R R KRR R R R AR KRR R R R R R R R AR R KRR KRR R AR AR kR kR Rk Rk Rk kX
C * CALCULATE THE CHANGE IN ROCT LEKNGTH, USIKG SPECIFIC ROOT WEIGHT
g * AND EFFECT OF TEMP:
FR=CWHFR*SFRW*ETSFRHW
C ARk Rk R Rk kR R Rk AR AR kR R Rk KRR E R A AR KRR AR R Rk AR Rk R Rk Rk Rk Rk KX
C * DETERMINE CHANGE IN SUBERIZED LENGTH, A5 POTENTIAL MODIFIED BY
C * EFFECTS OF TEMP AND RESERVES; CHANGE IS A FUNCTICN OF CURRENT KRGOT
E * LENGTH:
CSUBFR=BSUBR*ETSUBR*ERSFRG*AFRL
RETURN
END
$33$$TUBER
SUBROUTINE TURER
C AR ER AR R R AR KRR RS AR AR R AR AR AR R KRR R F R RR R KRR R R R KRR SRR R R &
C * TUBER DETAILS THE INDUCTION, INITIALIZATION, AND GROWTH OF THE
C : TUBERS ON THE PLANT.
E i I I s I I I I I T I L T T T I It
C
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-+« (COMMONS LOCL, STVAR, DERIV, INFO, PAEKAM AND FUNCT3 GO HERE)

ok kkkkkk ke kkkk bk k kk ok kk ko k ek kkkkkk ok khk ke k ek kkkkkkokkkkkkkkkkkkkk

*% NTUBP (# OF TUBERS POSSIDLE) SHOULD BE NTUBP*NTADD < 30
*% INDUCTION OF TUBERIZATION -- CUMULATIVE STIMOLUS

*% EPPTST - EFFECT OF PHOTOPERIOCD ON TUBERIZATION STINMULUS TABLE
*% DAMNTU-MIN # OF DAYS WITH PP<CPP OR EQUIVALENT
*% TUBSTS - TUBERIZATION STIMULATICHN STATUOS
*% TUBSTR - TIHBERIZATION STIMULATION RATE
®*% NTADD - NUMBER OF TUBER INITIALS THAT MAY BE DEVELOPING AT 1 TIME
*% PTUBIR=INVERSE OF KRUMBER CF HOURS OF SUFFICIENT CONDITIONS
NEEDED FOR TUBERIZATIORN AFTER INDUCTION.
sk o ok ok ok ek ok o o o ok ok ok o ol o o ok e ok o ok 0 ok ok ok ok kol o ok o ok o ko o okl ok ok ook ok K
* IF THE MAX # OF TUBERS EXIST, DON'T ADD ANY MORE:

IF{ NTUB .GE. NTUBP) GO TO
kR Rk kkk Rk ek kkkk Rk & #t*tt*t#t#t***tttt*t**tttttt*t***#*t*t*t##tt**

* DETERMINE THE EFFECT OF DAYLENGTH O TUBERIZATION:
EPPTUB=0ONE

IF(DAYHRS.GE.T21L1) EPPTUB=T21P1 + T21P2*DAYHRS
IF (DAYHRS.GE.T21L2) EPPTUB=T21P3 + T21PU*DAYHRS
IF(DAYHRS.GT.T21L3) EPPTUB=T21P5

* SET TUBERIZATION STIMULUS RATE:

TUBSTR=EPPTUB/ (DAMNTU*24.0)
* CCNTINUE CNLY IF THERE ARE TUBER STARTS:

{IUBSTS .LE. 1) RETURK
*t*t*t ok o o ok o o ok ok o ook ko o K ok o ok ok o Ok ok oK KR OR KR R R Rk Ok Rk K R ROk ok Rk kR ok &

* TOUOBER INITIATICN -- PARALLEL PROCESS
* DETERMINE EFFECT OF RESERVES ON INIT.:
ERTIR=ZERC
IEEPRES.GE T22L1¥ ERTIR=T22P1 + T22P2*PRES
IF{PRES.GT.T22L2) ERTIR=ONE
* EFFECT OF RESERVES ON INIT. IS HAX OF EFFECTS OF PLANT RESERVES
* AND MOTHER TUEER RESERVES:

ERIR=AMAX1{ERTIR,ENTRES)
* CALCULATE INIT. RATE AS POTENTIAL MODIFIED BY EFFECT OF RESERVES:
TUBIR=ERIF*PTUBIR

START WITH NEXT TUBER NOT YET GRGWING; INCLUDE THE NUMBER TC BE
INITIALIZED AT ONE TIME (NTADD):

NTUB1=NTUB+1
NTUBM=NTUB #NTADD

* FOR EACH TUBER BEING INIT
* INITIALIZED, ADD IT TO FU

DO 100 I=NTUB1, NTUBM

* ¥

IALIZE
LLY IN

TUBISR}I)*TUBI&
IF (TUBIS(I) -GE. 1) NTUB=NTUB+1
CONTINUE
CONTINUE
KRR RRRE R R kR kAR SRR ARk kR AR Rk Rk hk ok Rk E Rk Rk Rk
* LIMITERS TO TUBER GROWTH:
# RESET TOTALS:
RTTUB=0.0
TCRTUB=0.0

* DETERMINE EFFECT OF TEMP ON TUBER GROWTH:
ETTUBG=ZERO
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IF(TSOIL.GT.T23L1 ETTUBG=T%3?; + TE%P2‘TSOIL
IF(TSOIL.GE.T2 Lg ETTUBG=T23P3 + T23P4*TSOIL
IF(TSOIL.GE.T23L ETTUBG=T23P5 + T23P6*TSOIL
IF(TSOIL.GT.T23L4) ETTU3G=ZERC

IF (ETTUBG.GT.ONE) ETTUBG=CONE

DETERMINE EFFECT OF RESERVES ON TUBER GROWTH:
ERTUBG=ZERO

IP*PHES.GE.TZQL1 ERTUBG=T24P1 + T24P2*PRES
IF (PRES.GT.T24L2) ERTUBG=ONE

EFFECT OF RESERVES IS MAX OF EFFECTS OF PLANT RESERVES AND MNOTHER
TUBER RESERVES:

ERTBG =AMAX1(ERTUBG, EXTRES)

LIMITER IS MOST-LIMITING OF EFFECTS OF TEMP, RESERVES, AND E20:

GLIMT=AMIN1(ETTUBG, ERTBG, EWTUBG) _
e I Imnnm M MM

TUBER GROWTH:
CONTINUE ONLY IF TUBERS EXIST:

IF (NTUB .LT. 1) GO TO 500

FOR EVERY TUBER:

DO 200 I=1,NTUB

IF THE TUBER IS NEW (DW=999.99), SET ITS VALUES TO INITIAL STAYES:
égggUB(Ib .NE. 999.99) GO TO 160

DHTUB( STTBRT
RTTUB=RTTUB+STTBRT

éso CONTINUE
C * DETERMINE THE SPFECT OF THE AGE OF THE TUBER ON ITS GROWTH:
EATUBG ONE
AGETUB (I) . G GE.T25L1) EATUBG=T25P1 + T25P2/AGETUB(I) +
$1 593(3 U5 (I) ** 2)
2 IF(EATHRG.LT.ZERD) EATUBG = ZERO
C * GROWTH IS POTENTIAL MODIFIED BY EFFECT CF AGING AND LIMITER
C * DEFINED ABOVE; GKOWTH IS A FUNCTION OF CURRENT WEIGHT UF TUBER:
GR=RTUB*EATUBG*GLIHT*DHTUB(I)
" CWTUB (I) =GR
C * SOM TO TOTALS:
RTTUB=RTTUB+GR
" TCRTUB=TCHTUB+GR
C * TUBER DEV. RATE IS BELOW-GROUND DEV. RATE:
DEVTUB (I) =DEVREG
200 CONTI
500 CONTINUE
RETURN
END
$$$SSRPRES
SUBROUTINE RPRES
C KRRk R Rk kR kR ke ke kR kb kR kkkk kR kkk kR kxR kR kkk &k
C * RPRES CALCULATES THE USE AND MOVEWENT OF RESERVES OF THE PLANT.
C kkkkkkkhkk kbbb kkkkk kxR kb hkk kb kb kb kg hkk ke bk fxkkkkk
c

.-..-.(COH%?NS LOCL, STVAR, DEEIV, INFO, TCTALS, PARAM AND FUNCT4 GO
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ok okkk Rk kR ko kb kb kkkkFhkkkkkkkkkkkk kb kkkkk kb kb kkkk ek dhkhg gk
* GROWTH RESPIRATION:
* CALCULATE THE GROWTH RATE RESPIRATION REQUIRED BY VARICUS PARTS
* OF THE PLANT (INTERNODES, LEAVES, TUBERS, ROOTS):
GRRBGI=RTBGIN*SGRPIN
GREMSI=RTMSIN*SGRPIN
GRRMSL=RTMSL*SGRPML
GRRBRI=RTBRIN*SGRPIN
GERBRL=RTBL*SGRPML
GRRTUB=RTTUB*SGRPTU
GRRFR=RTFR*SGRPFR
ok hkkkkkkk ok ko kkkhkk ok kk ko ko k ko ko ko ko ke kokk bk f kg kK
* MAINTENANCE RESPIRATION:
* DETERMINE EFFECTS CF ALR AND SOIL TEMP ON THE MAINT. RESP. CF
* PLANT PARTS:
ETAMRP=ZERO
IF(TAIR.GE.T32L1) ETANRP=T32P1 # T32P2%TAIR + T32P3*TAIR¥*2
IF TAIR.GT.T32L2§ ETAMRP=T32P4 + T32P5%TAIR
IF (TAIR.GT.T32L3) ETAMRP=T32P6
ETSKRP=ZERO
IF(TSOIL.GE.T32L1) ETSMEP=T32P1 # T32P2*TSOIL + T32P3*TSOIL #*2
IF(TSOIL.GT.T32L2) ETSMRP=T32P4 + T32P5*TSOIL
IF(TSOTL.GT.T32L3) ETSKRP=T32P6
* GET PERCENT RESERVES OF PLANT IN HUNDREDTHS:
PRCRES=PRES/100.0
* DETERNINE THE EFFECT OF LEAF AGING ON PHOTOSYNTHESIS AND
*+ MAINT. RESP. THE PLANT:
+ RESET TOTALS:
EAGRML=0.0
EAGPSL=0.0
* FOR EVERY MAINSTEM LEAF:
DC 2 I=1,NMSL
* IF IT HAS NOT SENESCED, DETERMINE THE EFFECT OF ITS AGING:
IF(DWMSL(I) .EQ. 886.88) GO TO 2
EAGE=T33P1
IF GEHSL .GE.TJ3L1 EAGE=T33P2 + T33P3*%AGEMSL{I)
IF (AGEMS GE.T33L2) EAGE=CNE
IF AGEHS GT.T33L3) EAGE=T33P4 + T33PS*AGEMSL (I)
TF {AGENST (1) -CT.T33LL| BAGE-ZBRO
* INCLUDE FFECT IX PROPORTION TO sz WEIGHT TO ALL LEAVES,
* FOR"RESEAVES EFFECT, AND PHOTOS. EFFECT
EAGRML=EAGRML+ (DWMSL(I)/TDWMSL) *EAGE
EAGPSL=EAGPSL+ (ARMSL (I) /AREALV) *EAGE
CONTINUE
* RESET FOR BRANCH LEAVES:
EAGRBL=0.0
* INCLUDE ONLY IF BRANCH LEAVES EXIST:
IF(NBLT .LE. 0) GO TO 5
* FOR EVERY BRANCH LEAF:

DO 4 I=1,NBLT
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IF IT HAS NOT SENESCED, DETERMINE THE EFFECT OF ITS AGING:
IF(DWBL(I) .EQ. 888.88) GC TO 4
EAGE =T33P1

IF(AGEBL(I).GE.T33L1) EAGE=T33P2 + T33P3*AGEBL (I)

IF (AGEBL(I)-.GE.T33L2) EAGE=0ONE

IF (AGEBL(I) .GT.T33L3) EAGE=T33P4 + T33P5*%AGEBL (I)

IF (AGEBL (I).GT.T33L4) EAGE=ZERC

IF (NBLT-EQ-1) TDWBRL=SBPLRT

INCLUDE ITS EFFECT IN PROPORTION TO ITS WEIGHT TO ALL LEAVES,

FOR RESERVES EFFECT, AND PHCTOS. EFFECT:
EAGRBL=EAGRBL+ (DWBL (I) /TDWBRL) *EAGE
EAGPSL=LEAGPSL+ (ARBL(I) /AREALV) *EAGE
CONTINUE

CONTINUE

CALCULATE THE AMOUNTS OF MAINT. RESP. FOR ALL PLANT PARTS:

RMRPDBI=(TDWBGI-FRCRES*TDWBGI1) *ETSMRP*BNBRPIN
RMEPMS=(TDWMSI-FRCRES*TDWMSI) *ETAMRP*EARPIN
RUE2ML=(TDWMSL-FRCRES*TDWMSL) *ETAMRP*BMFPL*EAGRML
RMEPBR=(TDWBRI-FRCRES*TDWBRI)*ETAMRP*BMRPIN

RMRPBL= (TDWBRL-FRCRES*TDWBRL) *ETAMRP*#BMRPL*EAGRBL

FGR TUBERS, INCLUDE EFFECT CF CUERENT INDIVIDUAL WEIGHTS:
RARPTU=0.0

IF (NTUB - LE. 0) GO 10 7

DO 6 I=1,NTUB

BHRPTU=T54P1 + T349?*DHTUB{I)

IF(DWTUB(I).GE.T34L1 BMRETU=T34P3 + T34PUXDWTOBI(I
IF(DWATUB(I) .GE.T34L2) BMRPTU=T34P5 + T34P6*DWTUB (I
IF(DRTUB(I).GE.T34L3) BMRPTU=T34P7 + T34PB8*DWTUB(I

IF (DWTUB(I) -GE.T34L4) BERPTU=T34P9 + T34P10*DWATUB(I)
IF(DRETUB(I) .GE.T34L5 BMEPTU=T34P11

RPMTUB=3H¥R TU*DHTUBé ) *ETSMR?

RMRPTU=RMRPTU+RPMTU

CONTINUE

CONTINUE

RHRPFR=£TD*FR-FECRES*TDHER{*ETSSEP*BHRPFR

Rk kR Rk Rk kR kR kR Rk Rk Ak kR R Rk Rk Rk kR ko kk kR kR kk kkkokkk Kk k kK £ %
RESPIRATION TOTALS:
TRMEP=RMRPBI+RMRPMS+RMRPML+RMEPFR+RMRPER+RMRPBL+EMRPTU
TRGRP=GRRBGI +GRRMSI+GRERMSL+GRRFR+«GRRERI+GRRBRL+GRRTUE
TRRP=TRMRP+TRG

RTHRP=TRMRP

RTIGEP=TRGRP

CALCULATE TOTAL MOVEMENT OF RESLRVES:

TRERég;hTBGIN +RTHSIN #RTMSL +RTBEIN +RTBL +RTTUB +RTFR +EKTMRP
+
EkkkRk R Rk kR kR Rk kR Rk Rk Rk Rk R fokdek ok ook k dekokokoR g ko ko ookl Kook ok ROk Sk ko k &

SAVE HOURLY TUBER PROPORTION OF RESERVE USAGE, FOR USE IN
PHOTCSYNTHESIS CALCULATIONS:

iEDTHP(EHUUB) = (RTTUB ¢ RMRPTU + GRERTUB)/TKTRAN

AVDTRN IS A MOVING AVERAGE OVER THE PAST DAY:

DO 10 I= 1,24
AVDTRN=AVDTRN + AvDTHMP (I)
AVDTRN=AVDTRN/24.
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€ % DETERMINE THE EFFECT OF RESERVE USAGE ON HOTHER TUBER RESERVES:
. CMTRES=-TRTRAN*EMTRES
C * DETERAINE THE ANOUNT OF TRANSLOCATION BACK FROM SENESCING LEAVES:
i RTFDLV=DEDMLT*CWDEDL
C * CHANGE IN RESERVES IS TOTAL OF PHOTOS. INPUT, RECOVERY FROM
C * LEAVES, AND INPUT FROM THE MOTHER TURER - MINUS THE AMOUNT LOST
E « TO MAINTENANCE AND GROWTH:
CWRES=PHCRPP+RTFDLV+ (TRTRAN*EXTRES) ~TRTRAN
RETURN
END
$33$SCOMMUN
UBROUTINE COMMUN
(2 kkkkhkkkhkbkk ko kokhkk kb kkkhkkkkhkkkkkkhkkkk kg kkkk bk kkkkkkpkkkkk%x
C * THIS SDBROUTIN“ TAKES THE INFORMATION DEVELOPED FOR AN INDIVIDUAL
¢ * PLANT IN THE OTHER ROUTINES, AND DERIVES COMMUNITY VALUES FOR
¢ * MNULTIPLE BLANTS BASED ON DERSITY
C bk kb kbkhkkhk kb kkbh ko kkkkkkkkk kb kh kb kb hkkkkkkbkhkkkkkkkhkkkk
c
&.....(connoxs LOCL, STVAR, DERIV, INFO AND TOTALS GO HERE)
C dekkkkkbkkkk bk kb kg kbkkkkkkhkkkbkkkkkhk bk hkkkk kb kkkhhkkkkkkhkkkkkkkkkkk
C * CALCULATE TOTAL GROWTH RATE PER PLANT:
GRTPP= (TCHINSTCHMSL+TCKBRI+TCHBL+TCRTUBSICKER) /DELTA
c kb kbbb kkkkkb bk hkkkkkkkbkkth bk xhkkkkhkt bbbk kkk ok kkkkkkokkkk kkkkk ik
C * TOTALS OF PLANT PAKTS (WEIGHTS AND AREAS):
C % BELOW-GROUND INTERNODES:
TDWBGI=0.
DO 100 I=1,NBGIN
. 100 TDWBGI= TDWBGI+DWINCD (I)
g * ABOVE-GROUND INTERNODES:
N=NBGIN+1
TDHMSI=0.
DO 200 I=N,NINTOT
. 200 TDWHSI=TDWHSI+DWINOD (I)
C * MAINSTEM LEAVES:
TARMSL=0.
TDWMSL=0.
DO 300 I=1,NMSL
IF(DHHSL{IL.EQ.BSB.GB GO TO 300
TARMSL=TARMSL+ARMSL (I
TDHHSL=TDHMSL+DHHSLf1
& 300 CONTINUE
C * BRANCH INTERNODES:
TDWBRI=0.
IF(NBRIT.LE.0) GO TO 550
DO 500 I=1,NBRIT
500 TDWBRI=TDWBRI+DWBRIN (I)
a 550 CONTINUE
¢ *# BRANCH LEAVES:
TARBL=0.
TDWBRL=0.
IF(HBLT.LE.OL GO TO 650
DO 600 I=1,NBLT
IF (DWBL{1) . EQ.888.88) GO TO 600

17




TDWBRL=TDWBRL#+DWBL (I)
TARBL=TARBL+ARBL (I)
600 CONTINUE
& 650 COKTINUE
C * TOTALS FOR MAINSTEM AND BRANCH LEAVES:
g * TINCLUDE PROPORTIONAL INCLUSION FOR SPECIFIC LEAF AREA:
AREALV=TARMSL+TAEBL
c AVSLA=AREALV/(TDWMSL+TDWBRL)
g * TODBERS:
TDWTUB=0.
IF(HTUB.LE.D& GO TO 750
DO 700 I=1,NTUB
700 TDHTUB=TDH*UB*DHTUB{I)
& 750 COKTINUE
g * ROOTS:
TDWFR=DWFR
TFRL=FRL
TFRSUB=FRSUBL
AFEL=TFRL-TFRSUB
C tttt**ttt**ttt*t*t*tt*tttt*tttt*ttttttt#*tt*tttt**tttt#**ttt**‘ttt*#t
C * CALCULATE TOTAL DRY WEIGHT OF THE PLANT, AND THE AMOUNT OF THAT
g * WHICH IS IN RESERVES:
- TOWN=TDNBGI+TDWMSI+TDWRERI+TDWMSL+TDABRL+TDWFR+TDWTUB
PRES=100.0*RES/TDW
C SRRk R R R R R AR R R AR KRR R R R R R R R AR AR AR R AR AR R R AR R ARk Rk AR KK %
g ¥ PARTITICN RESERVES ACCORDING TO REQUIREMENTS OF PLANT PARTS:
TRESFL=RSTBGI+RSTMSI#RSTMSL+RSTBRI+RSTHL+#RSTTUB+RSTFR
$ +RSTMRP#+RSTGEP
IF(TRESFL.EQ.0.) TRESFL=0.0001
RSPBGI=RSTBGI/TRESFL
RSPMSI=RSTMSI/TRESFL
RSPNSL=RSTMSL/TRESFL
BRSPBRI=RSTBRI/TRESFL
RSPBRL=RSTBL/TRESFL
ESPTUB=RSTTU ﬁTRESFL
RSPFR=RSTFR/TRESFL
RSPMRP=BRSTMRP/TRESFL
p ESPGRP=RSTGRP/TRESFL
RSPRP=RSPMRP+RS
R L I I I e T T I T T T T T
g ¥ CALCULATE VALUES FOR COMMUNITY LEVEL ATTRIBUTES
CGR=GRTPP*DENS
CMMLAR=TARMSL*DENS
CMBLAR=TARBL*DENS
CHMLAR=CMMLAR+CMBLAR
CHMLAI=CHMLAR/10000.
RETURN
END
$3$$300TPUT
SUBROUTINE OQUTPUT
C EARERE AR R ARk R R R Rk KR AR Rk AR KRR R R AR R R R R R Rk Rk R kR Rk Rk Rk k&
C * QUTPUT HANDLES THE OUTPUT FOR POTATO. TWO FORMS ARE POSSIBLE:
C * TABULAR (UP TC 12 ITENMS), AND PLOTTED (UP TO 10 PLOTS OF 5
E : VARIABLES EACH).
R L T T g T T T T T e T
g * COMMONS FOR DATA:
E.....(COHHONS LOCL, STVAR, DERIV, INFO, TCTALS AND CLIMAT GO HERE)
C Rk AR kR AR R R AR R R KRR KRR R AR R AR R AR KR AR KRR R R KRR KRRk ARk R k&
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Go TO (1,300,500), IOFLAG
INITIALIZATION OF OUTPUT
ICHEK=0

CHECK FOR TABULAR OUTPUT

IF IOUTPT.LE.05 GO TO
IF (IOUTPT.GT. 12) IOUTPT~12

READ VARIABLES FOR TABULAR OUTPUT
énsnzsta),upa(a) ,J=1,I0UTPT)

READ (5, 1008)
FORM Ti?éha I

AND RANGES FOR PLOT(OPT)

ITEHP
IOFLAG 2
READ PLOTTING REQUEST: VARIABLES, HOURS,
IF (IPLOTN.LE.0) GOTO 90
%giﬁ}f 1000 NA'ESéJB hHR*Jk &
2 i Y
IF(L.GF.0 D 9 I in I) , YMN(I) ,YHX (I
IF(L-CT.0) B2 (.[ f (1), XAk (), yun (1) , YEX (1)
FORMAT {4 10.
DETERMINE VARIABLE POSITIONS IN COMMCN AND IN FILE 7
ITEMP=
DO 4 1=1,5
ég g g {L) . EQ. NBLANK) ITEMP=ITEMP-1
NPCONT %=ITEHP
DO ITENMP
IF (ICH -EQ-Ok GO TO 9
DO 7 K=1, ICHE
IF (NAM {JL.HE.F mnscx}é GO TO 7
IF {NHR 5. E.NPHOUR(K)) GO
i g

=

131
(3).NE.RLN(K)) GO TO

(o

o

= =
Heaabd e GO
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§).NE.ILX(K)) GO TO

o

T

NTIN

2 12 Tho2
A (5) .NE.RSN(K)) GO TO
T

NTIN

2 1,1422

{¥AMES (J) . NE.RDK{K)) GO TO

=
= =

mARQCY RO

1
NE.RIN(K)) GO TO
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CONTINUE
IF NCOT F
WRITE(6,
POR!I ;6
SAVE THE

IOFLA
J

nmIE=EWn

f e LA HHEH OO LD

HO La-LOAnT

[ L= - - S e i L=

ZrmED O - |

o

*%
Cc

= -3l

oz wOo
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L=

1
{5; NE.RTN(K)) GG TG 40

2

et |

§

—

NE.RCN(K)) GO TO 45

OUND,
1001L

1X,*
FOUND INFORMATICN ABOUT REQUESTS:

B R

DELETE AND OUTPUT

NAMES (J

**¥%x% ¢ AB_¢ NOT FOUND, DELETED (QUTPUT) #*¥%%%x1,/)

5 NHR(J) =12

=

- (Y——_ _.m

o

MES (J)
NHR (J) =12
ERE(J)

=m=ERe
=

Saipe ettt ~—He Ui
no i

S~ it s “"‘"‘ZHN{"‘
ORI R+

L]
-

GO TC
GO TO

2
3

8

ge

TN

T P P T P T T T e T Ittt ittt T T
ALLS TO ROUTINE ARE FCR QUTPUT AND PLOT-SAVES

T.LE.0) GOTO 399

fi) .NE. IHOUR) GO TO 399
0,315,320,325,330,335,340,345), J
RTOT (NWSITE (I))

RSTV(NWSITE(I))

RINF (N¥SITE (I))

=IINF(NWSITE(IL))

ZRLOC(NHSITElI))

=ILOC (NWSITE(I))

ZRDER(NHSITE{x))

RCLI(NWSITE(I))

;
B
{0
:

]
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C * PLOTS:
IF (TPLOTN.LE.O0) GOTO 499
DO 499 I=1,ICHE
IF (NPHOUR () .NE.IHOUR) GO TG 499
0 76 (440)415,420,425,630, 435,440 u45), J
GO TO 99 L r v ’ L L L r
410 PLOT(T) ~RTOT (NPSITE(I))
GO TO 499

415 PLOT (1) <RSTV (NPSITE(T))
GO TO 499

420 PLOT (I) ~RINF (NPSITE(T))

425  PLOT(T) =TINF (NPSITE(I))

430 PLOT(I) <RLOC (NPSITE(I))
GO TO 499

435  PLOT (I) =TLOC(NPSITE(I))

440 PLOT (T) =RDER (NPSITE(T))
GO TO 499

445 PLOT I’=RCLI(NPSITE{I))
499 CONTINDE

C
¢ * PRINT AND SAVE PLOT VALUDES I1F END-OQF-DAY:

IF(IHOUR.NE.24) RETURN

IF {IOUTPT.LE.O} GOTO 9001

IF (MOD(IDAY, 20 .38.1 uarwnés 9080)

$ é NAM SIJ& N¥HOU 1 J=1,10U%PT
9080 F RuaTé/ bay ¢ 2&1x A7 12)/%

HEITE} 9090) Inni,{ naiaiﬁ ¢J=1,I0UTPT)
9090 FORMA éix,xu,zx,izé X,F9.4)
9001 IF{IPL TN.LE.0)  RETURK

WR TE%? 9700) (PLOT(J) ,J=1, ICHEK)
9100 S%%ﬁ%N(5°F12'5}
& ehk kb kb k bk kkkkkkkkbkhkkk bbbk kkbkhkkbhk bbbk khkhhkkkkkbkhkhkhkkgkkkkkhkkk
¢ * FINAL CALL TO PLOT IS FOR PLOTTING
¢ * READ DATA FROM OUTPUT
500 REWIND 7

I10B5=1 )
510 azno£7,1ooz END=600) (DATA(IOBS,I),I=1,ICHEK)
1002 FORN TésoF12.5)

IOBS=I0BS+1

GO TO 510
§00  IOBS=IOBS-1
¢ * pLot

DO 800 II=1,IPLOTN

IFLAG=0
. LL=NPCONT (1I)
C * DETERAINZ RANGES, EITHER BY INPUT O VARTABLE VALUES

XMIN=XMN (LI

XMAX=XHX(II

YMIN=YHN (II

YMAX=YMX (IT

IF (YMAX. NE. 0. OR. YHIN,XE.0) GO TO 615

YMIN=9.99E10

YMAX=-9.99E10

gg(%égogJ;}'gg EQ.0) GO TO 610

A - -

56 {6 16 KR=T" Tob3 )

TEHP=DATA4K& NPLOT II,JJLL

IF(YMIN.GT.TEMP) YXINZTE

IF(YMAX.LT. TEMP) YMAX=TEMP
610 CONTINUE
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615

CR.XMIN.NE.O) GO TO 619

IE(XNAX.NE.O.
IMAX=I0BS
619 IF (IMAX. EQ. YNIN) GO TO 800
DO 700 JJ=1,LL
1F (NPLOT (II,JJ).EQ.0) GO TO 700
NP=NPLOT {II.JJ
- IF(IFLAG.NE-0) GO TO 670
g * FOP FIRST VARIABLE OF PLOT, PREPARE PLOT FORMATS
IFLAG=1
DO 620 I=1,51
DO 620 J=1,121
620 GRAPHJJ I) BLANK
Do 630 £=9,51
GRAPH (121 1£=BORDEE
630 GRAPH(1 1£= ORDER
DO 640 £=7,121
640 GRAPHéI,26£=PBRD
XSCALE={XMAX-XNIN)/120.
YSCALE=(YMAX-YMIN)/50.
DO 660 R=1,13
£60 ZX (K) =10. #*FLOAT (K-1) *XSCALE+XMIN
¢ * PLOT VALUES WHICH FALL WITHIN THE PLCT RANGE
670 DO 680 I=1
IF nnrair ﬁp GT.IEAX GO TO 680
IF Dgra I,NP).LT.YXIN} GO TC 680
IF (DAY. GT.XMAX) GO TO 680
IF DAY.LT.XHIN GO TO 680
IX= nnr—xutnL SCALE+1.5
IY= (DATA (I, N !nrub YSCALE+1.5
GRA Héll.lf} 3
680 CONTINUE
Zoo CONTINUE
E * OUTPUT THE PLOT
IF IFLAG.ES .0) GO TG 800
WR T546‘10 &
1003 FORMAT(¥17/3%X,"PLOT NUMBER ',I2,' :')
po 710 JJ=1,LL
IF (NPLOT (II,JJ).EQ.0) GC TO 710
NP=NPLOT(II.JJ
unxrzés 006; ETT‘JJE.FNBHES NP) ¢ NPHOUR (NP)
1009 FORMA J11x,a L' = T,AB," AT HOUR V,12)
710 COKTINUE
naxrzéﬁ 1ooui
YES=YMAL+YSCALE
DO 720 I=1,51
KK=52-1
WRITE (6. 1008) YES, (GRAPH (J,KK) ,d=1,121
720  CONTENGE ) g e FhE pi= Lot 4sh
WRITE (6, 1006
WRITE(6,1007) 2X
800 CONTINUE
1004 ?EEEE% J1%,9%,%1',12(9('.*),'1I"))
1005 FORMAT{1x,F8.2 11'12{5{) Ve
1006 FPORMAT(1X,9X,'f® 12J9§-. u '17))
1007 EORNAT 2x,13F10.1/740%,71bhy ")
Sssssnzgson
SUBROUTINE DEQSOL
C FEERER R E R R KRR R AR AR R R AR R A R AR AR AR R AR R R KRR KRR ARk kR Rk k&
C * DEQSOL UPDATES THE STATE VARIABLES IN észvnak 3Y THE APPLICABLE
- * BATE VARIABLES IN (DERIV) FOR EACH HOURLY STZP.
C kkkh ok kk ok kokkkkkk kb kb ik kg kg hhkk kg bk hkhkhhkkhhkhkk kkkkkkk
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NJE) (1)
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Teaching ... Research ... Service ... thisisthe three-fold charge

of the College of Agriculture at your state Land-Grant institution, the University
of Idaho. To fulfill this charge, the College extends its faculty and resources to
all parts of the state.

Service ... The Cooperative Extension Service has offices in 42 of Idaho's 44
counties under the leadership of men and women specially trained to work with
agriculture, home economics and youth, The educational programs of these
College of Agriculture faculty members are supported cooperatively by county,
state and federal funding.

Research ... Agricultural Research scientists are located at the campus in
Moscow, at Research and Extension Centers near Aberdeen, Caldwell, Parma,
Tetonia and Twin Falls and at the U. S. Sheep Experiment Station, Dubois and
the USDA/ARS Soil and Water Laboratory at Kimberly. Their work includes
research on every major agricultural program in ldaho and on economic activi-
ties that apply to the state as a whole.

Teaching ... Centers of College of Agriculture teaching are the University
classrooms and laboratories where agriculture students can earn bachelor of
science degrees in any of 20 major fields, or work for master’s and Ph.D. degrees
in their specialties. And beyond these are the variety of workshops and training
sessions developed throughout the state for adults and youth by College of Agri-
culture faculty.
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