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The POT A TO Model 
A Physiological Simulation Computer Model 

R. K. Steinhorst, G. E. Klelnkopf, 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. POT A TO 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. 

POT A TO 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. 
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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 aJ. 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 (P A) 
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 tuberized plants, overcast skies; (3) tuberized plants, 

Photosynthesis 
clear skies and (4) tuberized plants, overcast skies. 
Tuberized plants can produce as much as twice the 

Gross photosynthesis rates (g CH20 / m2 / hr) are photosynthate as untuberized plants under similar 
calculated from the elevation angle of the sun and conditions (Ku et al. 1977). 
the current leaf area index (LAI) (Duncan et al. The sun angle, LAJ and photosynthesis functional 
1967). Photosynthesis rates are ilifferent for four relationsrups for the four states are shown in Tables 
states: (I) untuberized plants, clear skies; (2) un- 1 and 2. For given values of the sun angle and LAI, 

Table 1. Phototynth"a. ratet (g CH10 /m1/hr) flgur.cl on the Ntlt of leaf area Index (LAI) and the t ine of the height of the tun for un-
tubertad ptantt. YaiUH In the aecond line col'f'HPOftd to overeat condltlona. 

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 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 000 1.1.00 0.00 0.00 0.00 0.00 

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 0.97 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 2.48 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 4.91 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 2.69 3.38 4.22 4.87 5.10 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 2.73 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 2.74 3.47 4.33 5.00 5.24 5.20 5.25 
0.00 0.10 0.45 0.77 1.07 1.32 1.54 1.71 1.82 1.86 1.88 

8 0.00 0.51 1.12 1.99 2.75 3.48 4.35 5.03 5.27 5.22 5.28 
0.00 0.10 0.45 0.77 1.07 1.32 1.55 1.71 1.82 1.86 1.88 

9 0.00 0.50 1.12 1.99 2.75 3.49 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 2.75 3.49 4.36 5.04 5.28 5.24 5.29 
0.00 0.10 0.45 0.77 1.07 1.32 1.55 1.71 1.82 1.86 1.88 

Table 2. Phototynth"l• ra'" (g CH10 /mt/hr) figured on the batlt of leaf am Index (LA I) and the tine of the height of the•un for tuber-
lad plantt. Yalt.1" In the aecond line correspond to overcatt condltlona. 

SNHSUN 
LAI 0.0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 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 

0.00 0.43 1.04 1.65 2.16 2.71 3.16 3.44 3.60 3.67 3.68 
0.00 0.09 0.39 0.65 0.90 1.10 1.26 1.39 1.46 1.49 1.51 

2 0.00 0.60 1.38 2.34 3.18 3.99 4.75 5.25 5.55 5.67 5.70 
0.00 0.13 0.54 0.91 1.27 1.55 1.79 1.97 2.09 2.13 2.15 

3 0.00 0.68 1.51 2.62 3.68 4.70 5.61 6.22 6.58 6.73 6.77 
0.00 0.14 0.61 1.04 1.44 1.77 2.04 2.25 2.39 2.43 2.46 

4 0.00 0.71 1.56 2.73 3.88 5.00 6.05 6.77 7.21 7.39 7.44 
0.00 0.15 0.64 1.08 1.51 1.85 2.15 2.37 2.51 2.56 2.59 

5 0.00 0.73 1.58 2.78 3.99 5.1 8 6.28 7.04 7.49 7.69 7.74 
0.00 0.15 0.65 1.11 1.54 1.90 2.20 2.43 2.57 2.63 2.66 

6 0.00 0.74 1.59 2.80 4.04 5.27 6.39 7.17 7.64 7.84 7.89 
0.00 0.15 0.66 1.12 1.56 1.92 2.23 2.46 2.61 2.66 2.69 

7 0.00 0.74 1.60 2.81 4.06 5.32 6.45 7.24 7.71 7.91 7.97 
0.00 0.15 0.66 1.13 1.57 1.93 2.24 2.47 2.62 2.68 2.70 

8 0.00 0.74 1.60 2.82 4.07 5.34 6.48 7.28 7.75 7.95 8,01 
0.00 0.15 0.67 1.13 1.58 1.94 2.25 2.48 2.83 2.68 2.71 

9 0.00 0.74 1.60 2.82 4.08 5.35 6.49 7.29 7.77 7.97 8.03 
0.00 0.15 0.67 1.13 1.58 1.94 2.25 2.48 2.63 2.69 2.72 

10 0.00 0.74 1.60 2.82 4.08 5.36 6.50 7.30 7.78 7.98 8.04 
0.00 0.15 0.67 1.13 1.58 1.94 2.25 2.49 2.63 2.69 2.72 
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Fig. 3. Temperature-dependent multiplier for photosynthesis 
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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 (A VDTRN). 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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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 bas 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) 
dt 

_ k x min (temperature 
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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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 

... 
.!! 
G. = "S 
2 

dt limit x current 
internode weight 

8.75 

8.51 

8.25 

TemPef'ature, oc 
Fig. 7. Tempereture-dependent multiplier for organ develop

ment rete (unltleu). 
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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 frrst 
order differential equations used to describe the 
system written as: 

... 
.!! 
D. = "S 
2 
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Fig. 8. R ... rve-dependent multiplier for Internode growth (unit
leu). 
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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 = I hour. Initial conditions, 
X(o), are input as values of the state variables at 
emergence. In this notation, if X1 is the first main 
stem internode, then: 

f1 (X, P, Z, t) = k x effect of age x limit x X1 

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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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)] 
dt 

= k x [d (wt of leaf (i))] x 
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. 1 5). 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 
ln 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) = 
dt 

k x effect of # previous 
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 mitiation 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 ana 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: 

d (# branch leaves) = 
dt 

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

See Figs. 5 and 7. 

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

k x effect of age 
x min (effects of 
reserves, temp, water) 
x current leaf dry 
weight 
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See Figs. 9, II 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): 

d (proportion for release) 
dt 

effective time under 
suitable reserve 

conditions 
= ---,-#-o-;f,--,h,-o_ur_s_n_e_e-=-de-d-:-
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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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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: 

d (reserves) = 

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

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 m•lntenence reaplretlon of leev", de
pendent on leef development (ege) (uniU ... ). 
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below ground internodes = 
(I -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 = 

• ! 

i 
l 
a: 

(1-f) drywt roots x effect of temperature 
x base resp rate for roots 
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Fig. 30. EHectlve tuber beN melnten•nce reaplreUon rete •• • 
function of Individual tuber dry wefghl 
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main stem leaves = 
(1-0 drywt MS leaves x effect of temperature 

x effect of age x base resp rate for leaves 

branch leaves = 
(1-0 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 
Weather (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 
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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 I 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 + I x relative water 
content of plant 

where I is dependent on the specific organ. 

IThe letters k, I and mare used in this section to denote 
constants in the equations, and not a specific constant 
among the different equations. 

.I 
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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 J 
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 = 

E [ dry. weight of each or~an x] 
1ts dry matter fracuon 
plant's total dry weighl 

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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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) 

Net radiation = 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) 

This value for EAP is used to help construct the 
numerator of the final equation for potential 
evapotranspiration: 

slope of vapor pressure 
TOP = curve x net radiation + (m x EAP) 

k 
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 
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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
chcards. This deck is referred to internally as file 
5 (FTOSFOO I). 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, (c) 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 NDA YS, 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 f"m1; 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 !OUTPUT 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 POT A TO 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. 
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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 (TOW) and (2) 
tubers (TUBER) at harvest, (3) maximum Leaf Area 
Index (LAI), (4) maximum percent reserves (Rmax), 
(5) minimum percent reserves (Rrnin) 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-1 to 417 g pl-1. The nominal 
value is 392 g pl-1. Tuber harvest dry weight echoes 
the same pattern. In the control run , the LAJ 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 .94. 

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. Rrnin, 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 

Macrop~~rameters O.fault 

A. Incoming radiation 
PHCCOR 
CROT 
CRCT 

B. Effect of water balance 
EWPH 
YINT 

C. Water uptake 

1.05 
table 
table 

function 
table 

WURINT 0.16 
EFLFLR function 

D. Temperature and radiation effects 
on evapo transpiration (et) and photosynthesis 
ETPH function 
~N~I 1~ 
ACRDV 60.0 

E. Evapotranspiration 
RPSI 
RC 
HFUNCT 

F. Initiation of leaves and stems 
PBLIR 
PNIR 
PBNINR 
PBLIR 

G. Leaf area 
SLAP 
ERAS LA 
EAGEAG, EABLAG 

H. Global 
DEVRAG,DEVRBG 
ETAGIG, ETMSLG. ETBRIG. 

ETBLG,ETRFG 
EFBPST 

J . Internode growth 
RINOD 
STINRT 
ERMSG. ERBRIG 

K. Tuber growth 
RTUB 
STTBRT 
ETTUBG 

L. Leafsenescence 
RSLOSS 
DAGEmL, dagebl 

M. Leaf growth 
RMSL 
RBL 
STLFRT 
ERMSLG. ERBLG 

N. Initiation of branches. tubers 
CF 
PBRIR 
DAMNTU 
PTUBIR 
EPPTUB 

P. Root growth 
SFRW 
BSUBR 
ERFRG 
EDWFRG 

a. Respiration 
SGRPIN 
SGRPTU 
BMRPTU 
ETAMRP, ETSMRP 

function 
function 
function 

0.017 
0.017 
0.017 
0,017 

350. 
function 
function 

function 
function 

function 

0.0215 
0,01 

function 

0.02083 
0.06 

function 

0.02083 
function 

0.02083 
0.02083 
0.005 

function 

0.55 
0.04 
8. 
0.014 

function 

290. 
0.01562 

function 
function 

0.39 
0.22 
0.0002 

function 

Perturbed 

1.10 
X1 .05 
X1.05 

x0.95 
x0.95 

0.152 
x0.95 

x1.05 
1.28 

63.0 

x1 .05 
x1 .05 
x1 .05 

0.01615 
0.01615 
0.01615 
0.01615 

332.5 
x0.95 
x0.95 

x1 .05 
x1.05 

x1.05 

0.02043 
0.0095 

x0.95 

0.0219 
0.063 

X1.05 

0.02187 
x1 .05 

0.0198 
0.0198 
0 .00475 

x0.95 

0.5775 
0.038 
8.4 
0.0133 

x0.95 

304.5 
0.0148 

x1.05 
X1 .05 

0.4095 
0.231 
0.00019 

x0.95 
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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. 

F 

G 
H 

J 
K 
L 

M 
N 
p 

a 

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 tuberlzatlon. 
Increases root growth. 
increases organ mamtenance costs and 
respiration. 

The 1/25 fraction of the 210 factorial produced 
32 runs (Table 6). Plant harvest dry weight ranged 
from 274 g pl-1 to 436 g pl-1. The tuber harvest dry 
weights were maximum (392 g pl-l) and minimum 
(229 g pl-l) for the same runs as were the LAJ 
figures (3.24 and 1.56, respectively). The noontime 
maximum and minimum percent reserve values rang
ed from 18.30 to 43.32 and 4.32 to 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-1 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 

T1ble 4. Reapon111 to abiotic 1nd photoaynthea!s perturbltlon. 

(1) 
ACDE 
ABDE 
ABCE 
ABCD 
BCDE 
AB 
AC 
AD 
AE 
BC 
BD 
BE 
CD 
CE 
DE 

TOW TUBER LAI 

392 
408 
369 
346 
357 
354 
353 
387 
417 
403 
339 
361 
350 
397 
385 
412 

347 
364 
326 
305 
316 
313 
311 
344 
372 
358 
298 
318 
307 
353 
340 
367 

2.74 
2.73 
2.37 
2.28 
2.27 
2.29 
2.34 
2.65 
2.84 
2.83 
2.25 
2.34 
2.34 
2.66 
2.65 
2.84 

WC Rmax Rmln 

0.89 
0.89 
0.94 
0.92 
0.92 
0.92 
0.94 
0.87 
0.91 
0.91 
0.92 
0.94 
0.95 
0.87 
0.87 
0.91 

32.64 
35.96 
31 .86 
31.33 
31.86 
31.19 
31 .33 
34.19 
35.96 
34.19 
29.89 
31 .19 
29.89 
34.39 
32.64 
34.39 

5.44 
5.56 
5.52 
5.48 
5.52 
5.43 
5.48 
5.53 
5.56 
5.53 
5.39 
5.43 
5.39 
5.48 
5.44 
5.48 



Table 5. Sensitivity of abiotic and photosynthesis parameters and Interactions. 

Une Main 
number effect AI lues TOW Tuber LAI we Rmu Rmln 

1 Incoming rad A.BCDE 0.02 .02 .16 1.00 
2 water eft. 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. eH. D,ABCE .10 .11 .01 .01 .17 .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. Respontes to plant growth perturbations. 

TOW TUBER LAI we Rmax Rmln TOW TUBER LAI we Rmax Rmln 

(1) 392 347 2.74 .891 32.64 5.44 FGMNP 274 229 1.56 .992 19.59 4.32 
PO 399 353 2.84 .925 32.70 5.36 FGMNO 276 231 1.57 .992 20.71 4.61 
GJLM 351 309 2.28 .936 19.77 4.76 FJLNP 436 392 3.24 .954 42.16 5.31 
GJLMPQ 351 309 2.29 .959 19.69 4.52 FJLNQ 428 385 3.08 .922 43.32 5.42 
GJKNP 347 307 2.16 .956 24.61 4.67 FJKM 334 297 2.00 .947 28.98 5.87 
GJKNO 346 306 2.16 .932 25.69 4.89 FJKMPQ 336 299 2.00 .966 27.88 5.79 
KLMNP 362 315 2.26 .957 29.07 5.56 FGKL 390 341 2.74 .886 27.79 4.98 
KLMNO 361 315 2.26 .934 30.28 5.68 FGKLPO 394 344 2.81 .912 19.69 4.54 
HJMN 301 265 1.74 .992 34.66 5.78 FGHJP 329 293 2.16 .967 25.35 4.91 
HJMNPO 295 259 1.74 .992 33.31 5.58 FGHJO 329 293 2.16 .950 26.45 5.05 
GHLN 351 306 2 43 .962 27.40 4.62 FHLMP 343 300 2.29 .970 29.81 540 
GHLNPQ 354 309 2.47 982 26.40 4.49 FHLMQ 342 300 2.29 .946 30.97 5.60 
GHKMP 288 246 1.76 .991 18.30 4.39 FHKN 344 304 2.18 .954 38.84 5.69 
GHKMQ 278 236 1.66 .991 18.54 4.88 FHKNPQ 345 305 2.18 .967 37.68 5.63 
HJKLP 422 385 3.18 .876 36.53 5.66 FGHJKLMN 294 257 1.73 .992 23.57 5.01 
HJKLO 412 376 3.02 .855 37.79 5.69 FGHJKLMNPQ 293 256 1.73 .991 22.49 4.78 

Table 7. Sensitivity to plant growth parameters and Interactions. 

Line number Main eHect Low order aliases TOW TUBER LAI we Rmu Rmln 

1 leaf, node Initiation F,GHJ,GKL,GMN,HKN,JLN,JKM,HLM,KPQ .02 .02 .01 .07 .01 
2 dev. rate, temp eH. H,FGJ,JKL,JMN,FKN,GLN,GKM,FLM,NPQ .24 .18 .10 .23 .02 .01 

12 FH,GJ,KN,LM.JLPQ .02 .01 .01 
3 tuber growth K,FGL,HJL,LMN,FHN,GJN,GHM,FJM,FPQ .01 .12 .01 .03 

13 FK,GL,HN,JM,PO .01 .01 
23 HK,JL.FN,GM,FGJK .01 .01 .02 .01 .01 .02 

123 br Initiation, tuberizatlon 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.GPO .51 .46 .52 .32 .01 

14 FL,GK,JN,HM,HJPQ,MNPQ .01 
24 HL,JK,GN,CM,GKLM .Q1 .02 .01 

124 leaf growth M,FHL,GJL,GHK,FJK,KLN,FGM,JPQ,HMNPQ 1.00 1.00 1.00 1.00 .30 
34 KL,FG,HJ,MN,HMPO .12 .01 

134 leaf area G,FKL,FHJ.FMN,HLN,JKN,JLM,HKM,LPQ,HJKPQ .42 .46 .27 .27 1.00 1.00 
234 Internode growth J,HKL,HMN.GLM,FKM .01 .05 .01 .03 .03 

1234 LN,GH,FJ,FHKL,GJMN .10 
5 respiration Q,FKP,GLP,HNP 

15 FQ,KP,GHJQ,GKLQ,GMNQ 
25 HO,NP,JMNQ .01 

125 FHO,JLP,GMP.HKP 
35 KO,FP,GHJP,FGLQ 

135 root growth P,FKO,GLO,HNQ,JMO .18 .02 .05 
235 HKQ,HJP,JLO,FNO,KNQ 

1235 NQ,HP,FHKQ,JMNP,FGMO .02 
45 LQ,GP,FHJP,HKMP .01 .01 

145 FLQ,HJP,GKQ,JNQ,HMQ,FGP 
245 HLO,FJP,JKO,GNO,FMO,LNP 

1245 JP,MO,FHLO,GJLQ 
345 KLQ,JNP,FGQ,HJQ,MNQ,FLP 

1345 LP,FKLO,GHNP,FHJO .01 
2345 MP,JQ,HKLO,HMNQ .02 

12345 GNP,LNO,HLP,FHKLQ 
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Fig. 41. Ng end Loomis validation on total dry welghl 

leaf life thus increasing photosynthesis slightly. The 
combined effects of these changes increases plant 
growth in terms of total dry weight, tuber weight 
and LAI. 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 TOW, 
TUBER and LAI, namely G and M; however, the 
order of importance is reversed. The model is not 
particularly sensitive to macro parameters 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 8 is the most sen
sitive, and macroparameter A is less so. In these
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-1 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 pH. 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 ')roblem 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 

variables used within the POT A TO model. Paren
theses ( ) following a variable name indicate that the 
variable name covers an array of values. Subroutine 

names in parentheses indicate where the variable is 
to be found if it is not available through a common 
block. The unit "days" refers to temperature
dependent developmental ''age.'' 

ABLIR () = 
ABNJR () = 
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 = 

COR = 
CLFR = 

CMBLAR = 
CMLAI = 
CMLAR = 
CMMLAR = 

Actual initiation rates of branch leaves, lf/br 
Actual initiation rates of branch internodes, int/br 
Actual branch initiation rate, br 
Actual current radiation, Langleys 
Actual vapor pressure (PL W A 1), mm hg 
Daily average dewpoint, degr F 
Length of unsuberized root (FlBRTG, PLWAT, COMMUN), em 
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 (PL W A 1) 
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 (WEA THR), degr C 
Root physiology factor - constant (PL W AT), em 
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), em 
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, em 
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 = Current radiation for clear skies, Langleys 
CRES = Change in reserves from previous day (MAIN), g 
CRO = Current radiation for overcast skies, Langleys 
CROPET = Crop evapotranspiration (PL W AT), mm/ m-sq 
CSUBFR = Change in length of suberized roots, em 
CTDW = Change in total dry weight from previous day (MAIN), g 
CW A TPL = Change in plant water content, g 
CWBL ( ) = Changes in weights of branch leaves, g 
CWBRIN ( ) = Changes in weights of branch internodes, g 
CWDEDL = Change in weight of dead leaves, g 
CWFR = Change in weight of fibrous roots, g 
CWINOD () = Changes in weights of main stem internodes, g 
CWMSL ( ) = Changes in weights of main stem leaves, g 
CWRES = Change in weight of reserves, g 
CWTUB () = Changes in weights of tubers, g 
DAGEBL = Death age of branch leaves (BRLFGR), days 
DAGEML = Death age of main stem leaves (MSLEAF), days 
DAMNTU = Minimum number of days with photperiod x critical - constant (TUBER) 
DA YHRS = Hours of daylight, hr 
DA YRAD = Day's radiation, Langleys 
DCGR = Day's community growth, g 
DEC = Declination of the sun 
DEDML T = Percentage of carbohydrate returned to the plant from dying leaves 

-constant (RPRES) 
DELTA = Model time step, hr 
DEN OM = Partial calculation for POTET (PL W AT) 
DENOM2 = Partial calculation for ET (PL W AT) 
DENS = Planting density, plts/ m-sq 
DEVBRI ( ) = Developmental rates of branch internodes, days 
DEVRAG = Developmental rate above ground, days 
DEVRBG = Developmental rate below ground, days 
DEVRBL ( ) = Developmental rates of branch leaves, days 
DEVRBR ( ) = Developmental rates of branches, days 
DEVRFR = Developmental rate of fibrous roots, days 
DEVRIN () = Developmental rates of main stem internodes, days 
DEVRML () = Developmental rates of main stem leaves, days 
DEVRMS = Developmental rate of main stem, days 
DEVTUB( ) = Developmental rates of tubers, days 
DEWPT = Daily average dewpoint, degr C 
DGRPBI = Day's below ground internode growth respiration, g 
DGRPBL = Day's branch leaf growth respiration, g 
DGRPBR = Day's branch internode growth respiration, g 
DGRPFR = Day's fibrous root growth respiration, g 
DGRPMI = Day's main stem internode growth respiration, g 
DGRPML = Day' s main stem leaf growth respiration, g 
DGRPTU = Day's tuber growth respiration, g 
DLAT = Latitude of the geographical area 
DMFFR = Dry matter fraction for fibrous roots- constant (MAIN, PLWAT) 
DMFIN = Dry matter fraction for internodes- constant (MAIN, PLWAT) 
DMFLV = Dry matter fraction for leaves- constant (MAIN, PLWAT) 
DMFTUB = Dry matter fraction for tubers - constant (MAIN, PL W AT) 
DMFPL = Dry matter fraction of the plant (MAIN, PLWAT) 
DMRPBI = Day's below ground internode maintenance respiration, g 
DMRPBL = Day's branch leaf maintenance respiration, g 
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DMRPBR = 
DMRPFR = 
DMRPML = 
DMRPMS = 
DMRPTU = 
DPHPP = 
DRC = 
DRCP = 
ORO = 
DROP = 

DTGRP = 
DTMRP = 
DTRAD () = 
DTRANS = 
DTRP = 
DWBL () = 
DWBRIN ()= 
DWDEDL = 
DWFR = 
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 = 
BRING = 
ERINR = 

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 (PL W AT) 
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 (PL W AT) 
Effective length of fibrous roots (PL W AT) 
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 = Effect of all reserves on tuber initiation (TUBER) 
ERLINR = Effect of reserves on main stem leaf initiation rate (MSLEAF) 
ERLIR = Effect of all reserves on leaf initiation rate (MSLEAF) 
ERMLG = Effect of all reserves on main stem leaf growth (MSLEAF) 
ERMSG = Effect of reserves on main stem growth (MSTEM) 
ERMSLG = Effect of reserves on main stem leaf growth (MSLEAF) 
ERNINR = Effect of reserves on main stem internode initiation rate (MSTEM) 
ERSFRG = Effect of all reserves on fibrous root growth (FIBRTG) 

ERTIR = Effect of reserves on tuber initiation rate (TUBER) 
ERTUBG = Effect of reserves on tuber growth (TUBER) 
ET = Evapotranspiration (PL W AT), mm/ m-sq 
ETAGIG = Effect of air temperature on internode growth (MSTEM) 
ETAMRP = Effect of air temperature on maintenance respiration (RPRES) 
ETBGIG = Effect of soil temperature on internode growth (MSTEM) 
ETBLG = Effect of temperature on branch leaf growth (BRLFGR) 
ETBLIR = Effect of temperature on branch leaf initiation rate (BRLFGR) 
ETBNIR = Effect of temperature on branch internode initiation rate (BRANGR) 
ETBRIG = Effect of temperature on branch internode growth (BRANGR) 
ETBRIR = Effect of temperature on branch initiation rate (BRANGR) 
ETFRG = Effect of temperature on fibrous root growth (FIBRTG) 
ETLINR = Effect of temperature on main stem leaf initiation rate (MSLEAF) 
ETMSLG = Effect of temperature on main stem leaf growth (MSLEAF) 
ETNINR = Effect of temperature on main stem internode initiation rate (MSTEM) 

ETPH = Effect of temperature on photosynthesis (PHOTOS) 
ETSFRW = Effect of soil temperature on fibrous root length growth (FIBRTG) 
ETSLA = Effect of temperature on specific leaf area (MSLEAF) 
ETSMRP = Effect of soil temperature on maintenance respiration (RPRES) 
ETSUBR = Effect of temperature on suberization rate (FIBRTG) 
ETTUBG = Effect of temperature on tuber growth (TUBER) 
EWFRG = Effect of water content on fibrous root growth 
EWLFG = Effect of water content on leaf growth 
EWPH = Effect of water content on photosynthesis 
EWSTG = Effect of water content on stem growth 
EWTUBG = Effect of water content on tuber growth 
FCL = Fraction of skies clear 
FOV = Fraction of skies overcast 
FRCRES = Fraction of total weight in reserves 
FRGLIM = Fibrous root growth limiter (FIBRTG) 
FRL = Fibrous root length, em 
FRSUBL = Suberized root length, em 
GFUNCT = Effect of plant height on ET (PL W AT) 
GLIMBI = Growth limiter for branch internodes (BRANGR) 
GLIML = Growth limiter for main stem leaves (MSLEAF) 
GLIMMS = Growth limiter for main stem (MSTEM) 
GLIMT = Growth limiter for tubers (TUBER) 
GR = Growth factor for a plant organ, g 
GRRBGI = Growth respiration rate for below ground internodes, g 
GRRBRI = Growth respiration rate for branch internodes, g 
GRRBRL = Growth respiration rate for branch leaves, g 
GRRFR = Growth respiration rate for fibrous roots, g 
GRRMSI = Growth respiration rate for main stem internodes, g 
GRRMSL = Growth respiration rate for main stem leaves, g 
GRRTUB = Growth respiration rate for tubers, g 
GRTPP = Growth per plant (COMMUN), g 
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HFUNCT 
HLVAP 
HTINT 
IDACNT 
IDA OUT 
IDAST 
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IDAY 
IHEADR 
IHOUR 
IOFLAG 
IOUTPT 
MTSTOP 
NBGIN 
NBL 
NBLT 
NBR 
NBRIN 
NBRIT 
NDAYS 
NDEDL 
NINTOT 
NLVTOT 
NMSIN 
NMSL 
NMST 
NT ADD 
NTUB 
NTUBM 
NTUBP 
NTUBl 
OLDWMT 
OLRES 
OLTDW 
PBLIR 
PBNINR 
PBRIR 
PC 
PCOVER 
PCTBL 
PCTMSL 
PHCl 
PHC2 
PHCCOR 
PHCR 
PHCRPP 
PHCT () 
PHCT2 () 
PHOl 
PH02 
PHOT () 
PHOT2 () 
PLINR 
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= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

Height of plant (PL WA T), em 
Effect of wind speed on ET (PL W AT) 
Heat of vaporization - constant (PL W AT) 
Average internode height - constant (PL W AT), em 
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), lf/br 
Potential rate for branch internode initiation - constant (BRANGR), int/br 
Potential rate for branch initiation - constant (BRANGR), br 
Psychrometric constant (PL W AT) 
Percent soil cover (PL W AT) 
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), Lf 
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PLIVLV = 
PMLINR = 
PNINR = 
PNIR = 
POTET = 
PRES = 
PSINRM = 
PSIPLT = 
PSI SOL = 
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 = 

Percent of leaves alive (PL W AT) 
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 (PL W AT), mm/ m-sq 
Reserves as percent of total plant weight 
Normal soil water potential under irrigation conditions - constant (PL W AT), em H20 
Plant water potential (PL W AT), atm 
Soil water potential (PL W AT), em H20 
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 (PL W AT) 
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 (PL W AT) 
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 (PL WA T), Langleys 
Number of main stem internodes 
Number of main stem leaves 
Effect of percent live leaves on plant water potential (PL W AT) 
Base maintenance respiration rate per tuber weight (RPRES), g 
Effect of plant water potential on diffusion resistance (PL W AT) 
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 
TDWBRl 
TDWBRL 
TDWFR 
TDWMSI 
TDWMSL 
TDWTUB 
TFRL 
TFRSUB 
TGRPBI 
TGRPBL 
TGRPBR 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

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 (PL W AT) 
Maximum soil water uptake (PL W AT), g 
Multiplier for effect of plant water on plant organs - constant (PL W AT) 
Relative water content of the plant by weight 
Saturation vapor pressure of the air (PL W AT) 
Potential rate for fibrous root length growth - constant (FIBRTG), em 
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 (PL W AT) 
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 (WEA THR) 
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), em 
Total suberized root length (COMMUN), em 
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 = Total growth respiration for fibrous roots, g 
TGRPMI = Total growth respiration for main stem internodes, g 
TGRPML = Total growth respiration for main stem leaves, g 
TGRPTU = Total growth respiration for tubers, g 
TMRPBI = Total maintenance respiration for below ground tubers, g 
TMRPBL = Total maintenance respiration for branch leaves, g 
TMRPBR = Total maintenance respiration for branch internodes, g 
TMRPFR = Total maintenance respiration for fibrous roots, g 
TMRPML = Total maintenance respiration for main stem leaves, g 
TMRPMS = Total maintenance respiration for main stem internodes, g 
TMRPTU = Total maintenance respiration for tubers, g 
TOP = Partial calculation for POTET and ET (PL W AT) 
TPDEF = Transpiration deficiency (PL W AT), g 
TPHPP = Total photosynthesis per plant, cc ( =g) 
TRANSP = Transpiration rate (PL W AT), g 
TRESFL = Total plant reserves (COMMUN), g 
TRGRP = Total growth respiration rate, g 
TRMRP = Total maintenance respiration rate, g 
TRNET = Longwave radiation (PL W AT), Langleys 
TRRP = Total respiration rate, g 
TRTRAN = Total translocation of reserves (RPRES), g 
TSOIL = Temperature of soil, degr C 
TTGRP = Total growth respiration, g 
TTMRP = Total maintenance respiration, g 
TTRANS = Total transpiration, g 
TTRP = Total respiration, g 
TUBIR = Tuber initiation rate (TUBER), tub 
TUBIS ( ) = Individual tuber initiation status 
TUBISR ( ) = Changes in initiation rates of individual tubers 
TUBSTR = Tuberization stimulation rate (TUBER) 
TUBSTS = Tuberization stimulation status (TUBER) 
UPTAKE = Water uptake of the plant (PLWAT), cc ( = g) 
WATDEF = Water deficiency (PLWAT), g 
W A TMAX = Maximum water content possible (PL W AT), g 
W A TPL = Plant water content, g 
WERR = Weight error, g 
WHEAD = Driving variable deck identifier 
WIND ( ) = Wind run, mi/ day 
WINDSP = Wind speed, m/sec 
WNDMIN = Minimum wind speed for advection effect (PL W AT), m/sec 
WUR = Soil water uptake rate (PL W AT), g 
XK = Hydraulic conductivity of the soil (PL W AT), mm/ day 
YINT ( ) = Y -intercepts for water effect curves - constants (PL W AT) 
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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 l, 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 ttie CNTRL 
namelist as many as are designated by the variable 
lOUTPT. 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. 

&CNTRL 
IPLOTN=l,IOUTPT=S,IDAST=148,NDAYS=lO,IHEADR=15 
&END (1) 

TDW TDWTUB CNLAI PRES RWCPL 

TDW TDWTUB 

&PARS 
SLAP=350.0,PHCCOR=l.OS,CF=.55, 
RINOD=.0215 ,RMSL=.0207,RBL=.0207, 
PNIR=.017,PMLINR=.017,PBNINR=.017,PBLIR=.Ol7, 

&END 
&FUNl 

T12L1=150.,T1212=150., 
&END 
&FUN2 
&END 
&INCOND 

DENS=3.56,DLAT=42.6 
&END 

(CONT) 
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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 wiU be printed in the output along with 
the driving variable listing if that header listing is 
requested. 

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

for each day of the calendar year (1 to 365). All of 
these values wiU 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 f5.0, 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. 

*~'r'':~'r**m'rlr~':,h'r,h'r'lr*'':~':*****~h'r*''r~'r~'r*'hh'n'dr******~'c,'<*m"r***,'<*>'r~h'r~'r,'r*•'<**m'r**'ln'r,'r***** 

Kl'lBRLY81 (4) 
***~lr*~~'rm'nh"n'rlrl:l.. *\ 1 .. ,-., ... ~~~~h'n':T:*lt .: .. : .. l .. :m-..-:--.-: lt :: ,-,,'t,'r*mHrlrl:**'lnh~*** 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (S,TEMPERATURE)O.O 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 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 o.o 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 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 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 65.0 53.5 46.0 51.5 44.5 41.0 41.0 41.0 

48.5 52.5 48.0 45.5 45.5 52.0 45.5 46.5 51.5 53.0 52.5 52.5 52.0 53.5 57.0 60.5 
57.0 60.0 60.0 58.0 62.0 61.0 56.5 59.0 59.5 59.5 61.0 65.5 65.0 62.0 59.5 58.0 
58.0 63.0 53.0 45.5 47.5 54.0 62.0 56.5 63.0 64.0 63.5 63.0 67.0 65.5 65.5 73.5 
72.0 65.0 61.0 64.0 72.0 72.0 70.5 71.5 73.5 77.0 69.5 56.0 56.0 69.0 73.0 68.5 
68.0 65.0 62.0 62.0 69.5 72.5 71.0 67.5 68.5 68.5 68.5 68.0 68.0 67.5 64.0 69.0 
72.0 72.0 66.0 68.5 69.5 67.0 65.5 66.5 66.5 69.0 72.0 72.5 75.5 73.5 69.5 69.5 
73.0 73.5 72.0 69.5 72.0 72.0 74.0 72.0 67.0 66.5 70.5 77.5 74.5 74.5 74.5 69.5 
73.0 62.5 58.0 62.0 60.5 60.5 62.0 65.5 62.5 64.0 66.5 66.0 66.0 66.5 66.0 67.0 
66.5 64.5 68.0 68.0 68.0 61.5 56 . 5 53.0 49.0 49.0 58.5 58.5 48.5 59.5 56.5 48.0 
47.0 50.0 57.0 43.5 41.5 44.5 55.0 57.0 57.0 50.5 51.5 51.5 51.5 51.5 51.5 51.5 
47.0 50.0 49.5 50.0 50.0 42.0 42.0 43.0 46.5 47.0 50.0 50.5 51.051.0 38.5 43.5 
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 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 0.0 0.0 0.0 

**''<**''r''r***>'r1'r'lc,•r~'r*>'r1'<**•h'<***''<*•'<*>':*•'r*>'<***>'<*>'<,'r*'ln'r**''r*ir***''r~':•hh'r**''r*"'<>'r>h'r>'r****** 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (S,TEHPERATURE Ar-1PL)O. 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 0.0 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 0.0 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 0.0 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 17.0 6.5 13.0 14.5 12.5 9.0 9.0 9.0 

17.5 14.5 10.0 11.5 11.5 9.0 9.5 11.5 12.5 12.0 10.5 10.5 5.0 7.5 13.0 13.5 
6.0 8.0 8.0 15.0 17.0 15.0 10.5 18.0 3.5 3.5 14.0 17.5 9.0 10.0 9.5 8.0 
8.0 13.0 13.0 9.5 11.5 16.0 22.0 7.5 13.0 11.0 12.5 11.0 19.0 9.5 9.5 21.5 

12.0 12.0 15.0 18.0 20.0 20.0 16.5 17 . 5 19.5 20.0 12.5 6.0 6.0 24 .0 13.0 13.5 
18.0 11.0 16.0 16.0 21.5 17.5 16.0 16.5 18.5 15.5 15.5 18.0 20.0 15.5 14.0 16.0 
21.0 21.0 14.0 20.5 21.5 15.0 18.5 18.5 18.5 19.0 20 . 0 17.5 20.5 20.5 19.5 19.5 
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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 10.5 8 . 0 
13.0 20.0 17.0 6.5 12.5 17.5 21.0 10.0 10.0 9.5 6.5 6.5 6.5 6.5 6.5 6.5 
11.0 11.0 16.5 16.0 13.0 12.0 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 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 0 . 0 0.0 0.0 

-;tr-;h':-.'r*-;'t-.':*"*'r;'r*;~;~*;~.,':"*"r*..,~rn .. ·(*"'#':*-1'*..,-r-,•: .... t.:.,'r*-.':mt.:"'i':-.tr .... ':·k****-lrlrlrlr********'*****"*h':-.':-.~..,l~**;~;"r-tri'r.,'r 

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. (5,SOLAR RADIATION) 0. 0. 
0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 . 0. 0. 
0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0 . 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 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. 0. 0. 0. 0. 0. 0. 
0. 0. 0. o. 0. 0. 0. 0. 484. 564. 661. 613. 508. 392. 623. 0. 

230. 322. 610. 561. 663. 215. 427. 394. 682. 333. 334. 438. 269 . 277. 619. 499. 
251. 398. 679. 693. 674. 371. 704. 681. 705. 702. 658. 693. 554. 404. 303. 657. 
492 . 722. 567. 676. 718. 760. 584. 660 . 681. 733. 734. 750. 758. 761. 767. 601. 
748. 680. 771. 757. 572. 626. 734. 741. 739. 487. 588. 673 . 756. 749. 725. 708. 
748. 747. 750. 755. 596 . 716. 719. 717. 729. 707. 719. 714. 647. 646. 704. 710. 
687. 668. 698. 701. 701. 677. 691. 688. 688. 691. 678. 679. 580. 651. 664. 629. 
389. 591. 610. 644. 639. 497. 376. 527. 611. 619. 620. 581. 612. 597 . 588. 531. 
568. 564. 590 . 538. 587. 578. 517. 483. 553. 540. 540. 532. 529. 533. 540. 525. 
526. 519. 514. 505. 489. 466. 462. 496. 461. 339. 353. 325. 246. 399. 423. 173. 
451. 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. 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. 0. 0. 0. 0. 0. 0. 0. 
0. 0 . 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

**m'r .... Ht**·l-:*·k-ir-;':-,':*"'k-.':*;'r#':'#'r*~"*"*'r .... ._***...,':*******m':*-.':**..,'rlr.,T***...,':,':#':*;'t,'r;'~"*'r.,~*""h':mtr~·, .. ,t:*.,':** 

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.O 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 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 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 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 41.7 34.6 25.6 31.3 26.6 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 
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 
58.4 59.5 57.9 51.9 51.2 51.2 53.4 60.2 47.7 45.7 49.5 54.4 55.1 55 . 1 55.1 55.5 
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 
41.6 40.7 42.7 42.7 42.7 35.3 39.8 36.2 33.5 33.5 40.6 40.6 39.5 47.1 44.5 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 

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 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 0 . 0 0.0 0.0 

**'':*>':***,':>'r********m'r**,':>h'r***'':'ir***>'r*>h'r****'lrk**>'r*,h'r***,'r-irn*****''r-!:-frn*>'r**-!nb'<* 
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0. 0. 0. 0. 0. 0. 0 . 0. 0 . 0. 0. 0. (5, WIND RUN) 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. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 
0. o. 0. 0. 0 . 0. 0. 0. 0. o. 0. 0. 0. o. 0. o. 
0. 0 . 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 113. 320. 240. 220. 192. 346. 339. 344. 

115. 199. 460. 156. 208. 146. 219. 318. 221. 165. 126. 165. 434. 254. 82. 110. 
147. 116. 149. 152. 89. 165. 225. 100. 144. 271. 172. 144. 223 . 113. 134. 165. 
84. 136. 306. 328. 336. 118. 298. 277. 120. 234. 216. 242. 104. 244. 101. 161. 

164. 0. 0. o. 166. 203. 129 . 125. 107. 145. 156. 315. 108 . 97. 128. 139. 
132. 213. 142. 94. 179. 104. 154. 148. 125 . 161. 132. 153. 101. 138. 165. 129. 
101. 151. 176. 105. 123. 164. 143. 154. 142. 122. 133 143. 191. 159. 114. 101. 
119. 123. 141. 114. 109. 131. 123. 105. 95. 122. 124. 151. 99. 112. 114. 101. 
152. 294. 104. 128. 199. 95. 133. 189. 118. 158. 134. 77. 200. 108. 131. 152. 
174. 129. 149. 152. 123. 258. 125. 186. 147. 90. 143. 210. 120. 129. 172. 115. 
117. 0. 0. 0 . 0. 0. 0. 0 . 0. 0. 0. 0. 0. 0. 0. 0. 

o. 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. 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. 

>':>'r>'r'l:****'>'rlr****•"*"'n'r**•'rln':**m'nh'r******''r•':***•':*>'rlnh'r**>'r********'h'r****''rlr*>h~* 

(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 I 0 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, 
FUN 1 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 
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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 
TDWNSL=. 0181, TDWBRL=O. 0, TDWBGI=. 3333, TDW~1SI=. 069, TDWBRI=O. 0, 
TDWFR=.0121, TDWTUB=O.O, AREALV=4.05, PRES=10.0, DWtfT=20.0, 
DLAT=43.60, DENS=3.6, NINTOT=O, 
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, 

0. 0, ... , 
AGEHS=3.0, NBGIN=7, RNMSIN=3.0, 
AGE~1SL=. 7, . 6, . 5, 999 . 99, ... , 
DWMSL=.0062, .0060, .0059, 999.99, ... , 
AR~1SL=l.4, 1.35, 1.30, 999.99, ... , 
RN~1SL=3 . 0, 
AGEBR=999.99, ... , 
RNBRIN=999.99, ... , 
DWBRIN=999.99, ... , 
AGBRIN=999.99, ... , 
RNBR=O . O, 
RNBL=999.99, .. . , 
AGEBL=999.99, ... , 
DWBL=999.99, ... , 
ARBL=999.99, ... , 
DWTUB=999 . 99, ... , 
AGETUB=999.99, ... , 
NTUB=O, AGEFR=8 .0, DWFR=.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 narnelists except IN
COND, above, may be seen in the listing header. 
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w ...... 

POTATO GROWTH HODEL PRINTOUT 

*********************************************************************************************************************************** 

TEST SITE WEATHER : IDENTIF IER= KHBRLY81 

JULDAY/AVTEHPF/AVAHPF/DTRAD/AVDEWPTF/WINDHD/JULDAY/AVTEHPF/AVAMPF/DTRAD/AVDEWPTF/WINDHD/JULDAY/AVTEHPF/AVAHPF/DTRAD/AVDEWPTF/WI NDHD/ 
1 0 . 0 0.0 0.0 0.0 0 . 0 123 46 . 0 13.0 661.0 25.6 240.0 245 60.5 11.5 587.0 44.1 199.0 
2 0.0 o.o 0.0 0.0 0.0 124 51.5 14.5 613.0 31.3 220.0 246 60.5 11.5 578.0 44.1 95.0 
3 o.o 0 . 0 0.0 0.0 o.o 125 44.5 12.5 508.0 26.6 192.0 247 62.0 18.0 517.0 48.3 133.0 
4 0.0 0.0 0.0 0.0 0.0 126 41.0 9.0 392.0 23.7 346.0 248 65.5 12.5 483.0 43.8 189.0 
5 o.o 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 47.6 116.0 
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 16.0 540.0 53.6 156 . 0 
7 0.0 0.0 0.0 0.0 0.0 129 48.5 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 16.0 532.0 56.6 77 . 0 
9 0.0 0.0 0.0 0.0 0.0 131 46.0 10.0 610.0 32.6 460.0 253 66.0 16.0 529.0 56.6 200.0 

10 0.0 0.0 0.0 0.0 0.0 132 45.5 11.5 561.0 33.7 156.0 254 66.5 19.5 533 . 0 50.7 106 . 0 
11 0.0 0.0 o.o 0.0 0.0 133 45.5 11.5 663.0 33.7 206.0 255 66.0 16.0 540.0 49.0 131.0 
12 o.o 0.0 o.o 0.0 0.0 134 52.0 9.0 215.0 34.9 146.0 256 67.0 16.0 525.0 45.4 152 . 0 
13 0.0 0.0 0.0 0.0 0.0 135 45.5 9.5 427.0 40.6 219.0 257 66.5 16.5 526.0 41.6 174.0 
14 0.0 0.0 0.0 o.o 0.0 136 46.5 11.5 394. 0 39 . 9 316.0 258 64.5 21 . 5 519.0 40.7 129.0 
15 0.0 o.o 0.0 0.0 0.0 137 51.5 12.5 662.0 32.2 221.0 259 66.0 20.0 514.0 42.7 149.0 
16 0.0 0.0 0.0 o.o 0.0 138 53.0 12.0 333.0 36 . 4 165.0 260 66.0 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 66.0 20.0 469.0 42 . 7 123 . 0 
16 0.0 0.0 0.0 0.0 0.0 140 52.5 10.5 438 . 0 45.1 165.0 262 61.5 11.5 466.0 35.3 256.0 
19 0.0 o.o 0.0 0 . 0 0.0 141 52.0 5.0 269.0 44.7 434.0 263 56.5 16.5 462.0 39.6 125.0 
20 0.0 0.0 0.0 o.o 0.0 142 53.5 7.5 277.0 40.6 254.0 264 53.0 13 . 0 496.0 36.2 186.0 
21 o.o 0.0 0.0 0.0 o.o 143 57.0 13.0 619.0 46.9 62.0 265 49.0 15 . 0 461.0 33 . 5 147.0 
22 0.0 0.0 0.0 0 . 0 0.0 144 60.5 13.5 499 . 0 51.2 110.0 266 49.0 15.0 339.0 33.5 90.0 
23 o.o 0.0 0.0 0.0 o.o 145 57.0 6.0 251.0 45.0 147.0 267 56.5 12.5 353.0 40.6 143.0 
24 0.0 o.o 0.0 0.0 0.0 146 60.0 6.0 398.0 54.0 116.0 266 56.5 12.5 325.0 40.6 210.0 
25 o.o 0.0 0.0 0.0 o.o 147 60.0 6.0 679 . 0 54.0 149.0 269 48.5 14 . 5 246.0 39 . 5 120.0 
26 0.0 o.o o.o 0.0 0.0 148 56.0 15.0 693.0 34.2 152.0 270 59.5 17.5 399.0 47 . 1 129.0 
27 o.o 0.0 0.0 0.0 o.o 149 62.0 17.0 674.0 33 . 3 69.0 271 56.5 10 . 5 423.0 44.5 172.0 
26 0.0 0.0 0.0 0 . 0 0.0 150 61.0 15.0 371.0 41.9 165.0 272 46.0 6.0 173.0 37.3 115.0 
29 0.0 0.0 0.0 0.0 0.0 151 56.5 10.5 704.0 44.5 225.0 273 47.0 13.0 451.0 35 . 6 117.0 
30 0.0 0.0 0.0 o.o 0.0 152 59.0 16.0 681 . 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 0.0 153 59.5 3.5 705 .0 47.2 144 . 0 275 57.0 17.0 0.0 40.2 0.0 
32 0.0 0.0 0.0 o.o 0.0 154 59.5 3.5 702.0 47.2 271.0 276 43.5 6.5 o.o 40.7 0.0 
33 0.0 0.0 0.0 0.0 0.0 155 61.0 14.0 658.0 46.3 172.0 277 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 44.5 17.5 0.0 30.1 0.0 
35 0.0 o.o 0.0 0.0 0.0 157 65.0 9.0 554.0 51.5 223 . 0 279 55.0 21.0 0.0 43.9 0.0 

•36 o.o 0.0 0.0 0.0 o.o 156 62.0 10 . 0 404.0 47.9 113.0 260 57.0 10.0 0.0 23.4 0.0 
37 0.0 o.o 0.0 0.0 0.0 159 59.5 9.5 303.0 49.1 134 . 0 261 57.0 10.0 0.0 23.4 0 . 0 
36 0.0 0.0 0.0 0.0 0.0 160 56.0 6 . 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 56.0 6.0 492.0 46.2 64 . 0 283 51.5 6.5 0.0 49.6 0 . 0 
40 0.0 0.0 0.0 o.o 0.0 162 63.0 13.0 722 . 0 44.7 136.0 264 51 . 5 6.5 0.0 49.8 0.0 
41 0.0 o.o 0 . 0 0 . 0 0.0 163 53.0 13 . 0 567 . 0 34.4 306 . 0 265 51.5 6.5 0.0 49.6 0 . 0 
42 o.o o.o o.o o.o o.o 164 45.5 9.5 676.0 31.2 326.0 266 51.5 6.5 o.o 49.6 ~.o 
43 o.o 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 



w 
00 

JULDAY/AVTEMPF/AVAMPF/DTRAD/AVDEWPTF/WINDMD/JULDAY/AVTEMPF/AVAMPF/DTRAD/AVDEWPTF/WINDMD/JULDAY/AVTEHPF/AVAMPF/DTRAD/AVDEWPTF/WINDMD/ 
44 0.0 o.o 0.0 o.o 0.0 166 54.0 16.0 760.0 32.8 118.0 288 51.5 6.5 0.0 49.8 o.o 
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 o.o 0.0 0.0 168 56.5 7 . 5 660.0 38.1 277.0 290 50.0 11.0 0.0 38.5 0.0 
47 0.0 o.o 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 
48 0.0 0.0 0 . 0 0.0 0 . 0 170 64.0 11 . 0 733.0 41.2 234.0 292 50.0 16.0 0 . 0 41.2 0 . 0 
49 0.0 o.o 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 67.0 19.0 758.0 42.0 104.0 295 42.0 12.0 0.0 24.8 0.0 
52 0.0 0.0 o.o 0.0 o.o 174 65.5 9 . 5 761.0 45.5 244.0 296 43.0 15.0 0.0 29 . 3 0.0 
53 0.0 0.0 0.0 0.0 0 . 0 175 65.5 9.5 767.0 45.5 101.0 297 46.5 10.5 0.0 22.5 0.0 
54 0.0 o.o 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 o.o 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 o.o 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 o.o 0.0 181 72.0 20.0 572.0 46.9 166.0 303 38.5 8.5 o.o 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 o.o 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 o.o 0.0 0.0 0 . 0 0.0 184 71.5 17.5 741.0 48.7 125.0 306 0.0 o.o 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 o.o 
66 0.0 0.0 0.0 0.0 0 . 0 188 56.0 6.0 673.0 39.8 315 . 0 310 o.o 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 . 0 311 o.o 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 o.o 191 73 . 0 13.0 725.0 47.8 128.0 313 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 o.o 0.0 0.0 0.0 0.0 
71 0 . 0 0.0 o.o 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 o.o 0.0 195 62.0 16 .0 750.0 38.7 142.0 317 0.0 0.0 0.0 0.0 0.0 
74 0.0 0 . 0 0.0 o.o 0.0 196 62.0 16.0 755.0 38.7 94 . 0 318 0.0 0.0 0.0 0.0 o.o 
75 0.0 0.0 0.0 0.0 0.0 197 69.5 21.5 596.0 46.8 179.0 319 0.0 0.0 0.0 0.0 0.0 
76 0 . 0 0.0 0.0 0.0 0.0 198 72.5 17.5 716.0 55.7 104.0 320 0.0 o.o o.o 0.0 0.0 
77 0.0 0.0 0.0 0.0 o.o 199 71.0 16 .0 719.0 55.5 154.0 321 0.0 0.0 0.0 o.o 0.0 
78 0.0 0.0 0.0 0.0 0.0 200 67.5 16.5 717.0 43.6 148 . 0 322 0.0 o.o 0.0 0.0 0.0 
79 0.0 0.0 0.0 0 . 0 0.0 201 68.5 18. 5 729.0 44 . 1 125.0 323 0.0 0.0 0.0 o.o 0.0 
80 0.0 0 .0 0.0 0.0 o.o 202 68.5 15. 5 707.0 43.7 161 . 0 324 0.0 0.0 0.0 0.0 o.o 
81 o.o 0.0 0.0 0.0 0.0 203 68.5 15.5 719.0 43.7 132.0 325 o.o 0.0 0.0 0.0 0.0 
82 0.0 0 . 0 0.0 o.o 0.0 204 68.0 18.0 714.0 49.1 153.0 326 0.0 0.0 0.0 0.0 o.o 
83 0.0 0.0 0.0 0.0 0.0 205 68.0 20.0 647.0 43.8 101 . 0 327 0.0 0.0 0.0 0.0 0 . 0 
84 0.0 0.0 o.o 0.0 o.o 206 67.5 15.5 646.0 48 . 3 138.0 328 0.0 0.0 0.0 0.0 0.0 
85 0.0 0 . 0 0.0 o.o 0.0 207 64.0 14.0 704.0 44.5 165.0 329 0.0 0.0 0.0 0.0 0 . 0 
86 o.o 0.0 0.0 0.0 0.0 208 69.0 16.0 710.0 54.0 129 . 0 330 o.o 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 o.o 0.0 0.0 
90 0.0 0.0 0.0 0 .0 0.0 212 68.5 20.5 701.0 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 41.5 123.0 335 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 o.o 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 



UJ 
\0 

JULDAY/AVTEMPF/AVAMPF/DTRAD/AVDEWPTF/WINOMO/JULOAY/AVTEMPF/AVAMPF/OTRAD/AVOEWPTF/WINDMD/JULDAY/AVTEMPF/AVAMPF/DTRAO/AVDEWPTF/WINOMD/ 
95 o.o 0 . 0 0 . 0 0.0 0.0 217 66.5 18.5 688 . 0 41.1 142.0 339 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 o.o 0.0 0 . 0 0.0 0.0 219 72.0 20 . 0 678 . 0 46 . 4 133.0 341 0.0 0 . 0 0.0 0.0 0.0 
98 0.0 0.0 o.o 0.0 0.0 220 72.5 17.5 679.0 43.3 143.0 342 0.0 0.0 0.0 0.0 0.0 
99 o.o 0.0 0.0 0.0 0.0 221 75.5 20.5 580 . 0 54.2 191.0 343 0.0 0.0 0.0 0.0 0.0 

100 0.0 0.0 0.0 0.0 0.0 222 73.5 20.5 651.0 50.8 159.0 344 0.0 0.0 0.0 0.0 0.0 
101 0.0 0.0 0.0 o.o 0.0 223 69.5 19.5 664 . 0 48 . 3 114.0 345 0.0 0.0 o.o o.o 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 o.o 0.0 o.o 0.0 0.0 225 73.0 17.0 389.0 58 . 4 119.0 347 0.0 o.o 0.0 o.o 0.0 
104 0.0 0.0 0.0 0.0 0.0 226 73.5 17.5 591.0 59.5 123.0 348 0.0 0.0 0.0 0 . 0 0.0 
105 0.0 o.o 0 . 0 0.0 0.0 227 72.0 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 o.o 0.0 0.0 0.0 0.0 
107 o.o 0.0 0 . 0 0.0 0.0 229 72.0 21.0 639.0 51.2 109.0 351 0.0 0.0 0 . 0 o.o 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 o.o 0.0 0.0 231 74.0 16.0 376.0 53.4 123.0 353 0.0 0.0 0 . 0 o.o 0.0 
110 0.0 0.0 0 . 0 0.0 0.0 232 72.0 15.0 527.0 60.2 105.0 354 0.0 0.0 0.0 0.0 0 . 0 
111 0.0 0.0 o.o 0.0 0.0 233 67.0 16.0 611.0 47.7 95.0 355 0.0 0.0 0 . 0 o.o o.o 
112 o.o 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 70.5 22.5 620 . 0 49.5 124 . 0 357 0.0 0.0 0 . 0 0.0 o.o 
114 0.0 0.0 0.0 0.0 0.0 236 77.5 14.5 581.0 54.4 151.0 358 0.0 0.0 0.0 0.0 0.0 
115 0.0 0.0 o.o o.o 0.0 237 74.5 18.5 612 . 0 55 . 1 99.0 359 0.0 0.0 0 . 0 o.o o.o 
116 0.0 0.0 0.0 0.0 0.0 238 74.5 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 o.o 0.0 239 74.5 18.5 588.0 55 . 1 114.0 361 o.o o.o o.o 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 o.o o.o o.o 0.0 0.0 
120 0.0 0.0 o.o 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 o.o o.o 0.0 o.o 

*********************************************************************************************************************************** 

&CNTRL 
NDAYS:: 
&END 

10, IDAST= 148, IOUTPT= 5, IPLOTN= 1, IHEADR= 9 

*********************************************************************************************************************************** 



~ 
0 

&PARS 
AVTSOF= 36.000000 ,DMFIN= 0 . 63999951E-01,0MFLV= 0.11999995 ,DMFTUB= 0.10999995 ,OMFFR= 0.49999997E-01,DIVLV= 

10000.000 ,OYRCON= 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 , -4.4443998 ,ALBEDO= 
0.21999997 ,HLVAP= 58.000000 ,PC= 0.48999995 ,B= 0.29999996E-03,HTINT= 5.5000000 ,SLOPEM= 4097.5469 ,TRNFCI = 

1.2199993 ,TRNFCS=-0.17999995 ,TRNACI= 0.32499999 ,TRNACS=-0.44000000E-01,ACVPDV= 0.75000000 ,ACRDV= 60.000000 
WNDMIN= 2.2999992 ,XKM= 7000.0000 ,PSIOFF= 1450.0000 ,PSIMLT= 0.99999993E-031WURINT= 0.15999997 ,WURS= 

0.33599999E-01,PSINRM= 333.32983 ,RUPLIM= 0.29200000 ,RWCMLT= 5 . 5555553 ,PHCCOR= 1.0499992 ,RINOD= 0.21499999[-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-021AGLFST= 15.400000 ,PBRIR= 0.39999999E-01,PBNINR= 0.16999997E-01,CF= 
0. 54999995 , PBLI R= 0. 16999997[-01, RBL= 0. 20699997E-01, DAGEBL= 50.000000 , RTUB= 0. 20829998[-01, PTUB I R= 0. 13999999[-01, 

DAMNTU= 8.0000000 ,NTUBP= 28,NTADD= 3,STTBRT= 0.59999999E-01 1RHFR= 1.0000000 ,RFR= 0.20829998E-01,BSUBR= 
0.15619997E-01,SFRW= 290.00000 ,SGRPIN= 0.38999999 ,SGRPML= 0.38999999 ,SGRPFR= 0.38999999 ,SGRPTU= 0.21999997 

BMRPIN= 0.62499987E-03,BMRPML= 0.62499987E-03,BMRPFR= 0.62499987E-03,BMRPTU= 0.19999999E-03,SBRLWT= 0.49999990E-02,DEDMLT= 
0.50000000 1SATM= 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. 0 , 0. 59999999E-01, 
0.25999999 , 0.44000000 , 0.60999995 , 0.75000000 , 0.88000000 • 0.96999997 , 1.0299997 , 1.0499992 

1.0699997 , 0.0 , 0.89999974E-01 1 0.36999995 , 0.61999995 , 0 .85999995 , 1.0599995 , 1.2299995 
1.3699999 , 1.4499998 , 1.4799995 • 1.5000000 , 0.0 , 0.99999964£-01, 0.41999996 , 0.70999998 

0.97999996 1 1,2099991 1 1.4099998 1 1.5599995 1 1.6599998 1 1.6899996 1 1.7099991 I 0.0 
0.99999964[-01, 0.44000000 1 0 . 73999995 1 1.0299997 1 1. 2699995 1 1.4799995 1 1. 6399994 1 1.7399998 

1,7799997 
1 

1.7999992 1 Q,Q 1 0.99999964[-011 0.44999999 1 0.75999999 1 1.0499992 1 1,2999992 
1.5199995 • 1.6799994 • 1.7900000 • 1.8299999 • 1.8499994 , o.o , 0.99999964£-01, 0.44999999 

0.75999999 1 1.0599995 1 1.3199997 1 1.5400000 1 1.6999998 1 1.8099995 1 1,8499994 1 1.8699999 
0.0 , 0.99999964E-01, 0 .44999999 • 0.76999998 , 1.0699997 , 1.3199997 I 1.5400000 , 1.7099991 

1.8199997 , 1.8599997 , 1.8799992 , o.o , 0.99999964[- 01, 0.44999999 , 0.76999998 , 1.0699997 , 
1.3199997 

1 
1.5499992 1 1.7099991 1 1.8199997 1 1.8599997 1 1.8799992 1 0.0 1 0.99999964£-01, 

0.44999999 • 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 I 1.0699997 , 1.3199997 • 1.5499992 
1.7099991 , 1.8199997 , 1.8599997 , 1.8799992 ,PHCT= 0.0 , 0.0 , 0.0 

0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 
0.0 , 0.28999996 , 0.72999996 , 1.1699991 , 1.4499998 , 1.7599993 , 2.1499996 

2.8699999 • 3.0000000 , 3.1299992 , 0.0 , 0.40999997 , 0.95999998 , 1.6499996 
2.5999994 1 3.1999998 1 3.7299995 1 4.0099993 1 4.0499992 1 4.0999994 1 0.0 
1.0599995 1 1.8499994 1 2. 4799995 1 3.0699991 1 3,7799997 1 4.3799992 1 4.6999998 
4,8399992 1 0.0 1 0.48999995 1 1.0899992 1 1.9299994 1 2.6199999 1 3.2599993 
4.6899996 1 4 . 9099998 1 4.8599997 1 4.9199991 1 0.0 1 0.50000000 1 1.1099997 
2 . 6899996 1 3.3799992 1 4.2199993 1 4.8699999 1 5.0999994 1 5.0499992 1 5.1099997 

0.500QQQOQ 1 1.1099997 1 1.9799995 1 2.7299995 1 3.4399996 1 4.2900000 1 4.9599991 
5 . 1499996 1 5.1999998 1 o.o 1 0.50999999 1 1.1199999 1 1.9799995 1 2.7399998 
4.3299999 1 5.0000000 1 5.2399998 1 5.1999998 1 5.2500000 1 0,0 I 0.50999999 
1. 9899998 1 2,7500000 1 3.4799995 1 4,3499994 1 5.0299997 1 5.2699995 1 5.2199993 

0,0 I 0.50000000 1 1.1199999 1 1.9899998 1 2.7500000 1 3.4899998 1 4.3599997 
5 . 2799997 1 5. 2299995 1 5.2900000 1 0.0 1 0.50000000 1 1.1199999 1 1.9799995 
3.4899998 • 4.3599997 • 5.0400000 1 5.2799997 • 5.2399998 • 5.2900000 

, o.o' 
2.5499992 
2.1399994 

, 0.46999997 
4.7500000 
4.0599995 
1.9599991 

1 0.0 
5.1899996 
3.4699993 
1.1199999 
5.2799997 
5.0400000 
2.7500000 



PHOT2= 0.0 
0.0 , 0.0 , 0.0 , 0.0 , 0.0 , 0.0 , 0.0 , 0.0 
0.0 , 0.0 , 0.0 , 0.89999974E-01, 0.38999999 , 0.64999998 , 0.89999998 , 1.0999994 

1.2599993 , 1.3899994 , 1.4599991 , 1.4899998 , 1.5099993 , o.o , 0. 13000000 , 0 . 53999996 
0.90999997 , 1.2699995 , 1. 5499992 , 1.7900000 , 1.9699993 , 2.0899992 , 2.1299992 , 2.1499996 
0.0 , 0.13999999 , 0.60999995 , 1.0400000 , 1.4399996 , 1.7699995 , 2.0400000 , 2.2500000 

2.3899994 , 2.4299994 I 2.4599991 1 0.0 1 0.14999998 , 0.63999999 , 1.0799999 I 1.5099993 
1.8499994 , 2.1499996 , 2.3699999 , 2.5099993 I 2.5599995 , 2.5899992 , 0.0 , 0. 14999998 

0.64999998 , 1.1099997 , 1.5400000 , 1.8999996 , 2.1999998 , 2.4299994 , 2.5699997 I 2.6299992 
2.6599998 , 0.0 , 0.14999998 , 0.65999997 I 1. 1199999 , 1.5599995 , 1.9199991 , 2.2299995 
2.4599991 I 2.6099997 , 2. 6599998 , 2.6899996 , 0.0 , 0. 14999998 , 0.65999997 , 1.1299992 
1.5699997 , 1.9299994 , 2.2399998 I 2.4699993 , 2.6199999 , 2.6799994 , 2.6999998 , 0.0 

0.14999998 , 0.66999996 , 1.1299992 , 1.5799999 , 1.9399996 I 2.2500000 , 2.4799995 I 2.6299992 
2.6799994 , 2.7099991 1 0.0 , 0.14999998 , 0.66999996 , 1.1299992 I 1. 5799999 , 1 . 9399996 
2.2500000 , 2.4799995 , 2. 6299992 , 2.6899996 , 2.7199993 , 0.0 , 0. 14999998 1 0.66999996 
1.1299992 , 1.5799999 , 1.9399996 I 2.2500000 I 2.4899998 , 2.6299992 I 2 . 6899996 I 2 . 7199993 

PHCT2= 0.0 , 0.0 , 0 . 0 , 0.0 , 0.0 , 0.0 1 0.0 , 
o.o , 0 . 0 , 0.0 , 0.0 , 0.0 , 0.42999995 , 1.0400000 I 1 . 6499996 

2.1599998 , 2.7099991 , 3.1599998 , 3.4399996 , 3.5999994 , 3.6699991 , 3.6799994 , 0.0 
0.59999996 , 1.3799992 , 2.3399992 , 3.1799994 , 3. 9899998 , 4.7500000 , 5.2500000 , 5. 5499992 

5.6699991 , 5.6999998 • 0.0 , 0.67999995 , 1.5099993 , 2.6199999 , 3.6799994 , 4.6999998 
5.6099997 , 6.2199993 , 6.5799999 , 6 . 7299995 , 6.7699995 , 0.0 , 0 . 70999998 , 1 . 5599995 

~ 
2.7299995 , 3.8799992 , 5.0000000 , 6.0499992 , 6.7699995 , 7.2099991 , 7.3899994 , 7.4399996 

...... 0.0 , 0.72999996 , 1.5799999 , 2.7799997 I 3.9899998 , 5.1 799994 , 6 . 2799997 , 7.0400000 
7.4899998 , 7.6899996 , 7.7399998 , 0.0 , 0.73999995 , 1.5899992 , 2.7999992 , 4.0400000 
5.2699995 , 6.3899994 , 7.1699991 , 7.6399994 , 7.8399992 , 7.8899994 , 0.0 , 0.73999995 
1.5999994 , 2.8099995 , 4.0599995 , 5.3199997 , 6.4499998 , 7.2399998 , 7.7099991 , 7.9099998 
7.9699993 , 0.0 , 0.73999995 , 1.5999994 , 2.8199997 , 4.0699997 , 5.3399992 , 6.4799995 
7.2799997 , 7 . 7500000 , 7.9499998 , 8.0099993 , 0.0 , 0.73999995 , 1.5999994 , 2.8199997 
4.0799999 , 5.3499994 , 6.4899998 , 7.2900000 , 7. 7699995 , 7.9699993 , 8.0299997 , 0.0 

0.73999995 , 1.5999994 , 2. 8199997 , 4.0799999 , 5.3599997 , 6.5000000 , 7.2999992 , 7.7799997 
7.9799995 , 8.0400000 ,CROT= 0.0 , 28.799988 , 74.399994 , 120.00000 , 170.39999 
233.20000 , 276.00000 , 324.00000 , 384.00000 , '•32. 00000 , 472.79980 ,CRCT= 0.0 , 
149.00000 , 360.00000 . 600. 00000 . 840.00000 , 1104.0000 , 1392.0000 , 1680.0000 . 1920.0000 
2160.0000 2376.0000 

&END 

*********************************************************************************************************************************** 



~ 
IV 

&FUN1 
T1L1= 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= 0.11999995 ,T3L1= 0.50000000 ,T3L2= 1.0000000 ,T3L3= 1.5000000 ,T3l4= 

2.0000000 ,T3L5= 7.0000000 ,T3P1= 1.3199997 ,T3P2= 1.4699993 ,T3P3=-0.29999995 ,T3P4= 1.4099998 ,T3P5= 
-0.23999995 ,T3P6= 1.3199997 ,T3P7=-0.17999995 ,T3P8= 1.1398592 ,T3P9=-0.25624996 ,T3P10= 0.69000000 ,T4L1= 

0.99999964E-01,T4L2= 0.38000000 ,T4P1= 3.7699995 ,T4P2= 6.1320496 , T4P3= -26.427475 ,T4P4= 27.118805 ,T5L1= 
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 ,T6L2= 60.000000 ,T6P1= 1.0000000 ,T6P2= 28.000000 , 
T6P3= 0.71298498 ,T6P4= 16.910660 ,T7L1= 0.0 ,T7l2= 1.0000000 ,T7L3= 10.000000 ,T7L4= 20.000000 ,T7L5= 

70.000000 , T7P1= 0. 39999999E-01, T7P2=-0. 12669998 , T7P3= 0. 16669995 , T7P4= 0. 19999999 , T7P5= 0. 13399994 , T7P6= 
-0.39562996E-01,T7P7= 0.15827996 ,T7P8=-0.59059984E-03,T7P9= 6 .1599998 ,T8L1= 1.1599998 ,T8L2= 2.2900000 ,T8L3= 

4.7900000 ,T8L4= 7.5999994 ,T8L5= 11.429999 ,T8L6= 20.000000 ,T8P1= 1.7399998 ,T8P2= 2.6022997 ,T8P3= 
-0.74335998 ,T8P4= 1.3579998 ,T8P5=-0.19999999 ,T8P6= 0.62159997 ,T8P7=-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 ,T9P3= 0 14999997E-01,T9P4= 0.10663998 ,T9P5=-0.28700000E-02,T9P6= 
1.1244497 ,T9P7= 0.13016999E-01,T9P8=-0.71049994E-03,T10L1 = 0.64999998 ,T10L2= 0.89999998 ,T10P1= -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= 0.89999996 ,T11P4= 0.49999990E·02,T11P5= 4.0000000 
T11P6=-0.99999964E-01,T12L1 = 150.00000 ,T12L2= 150.00000 ,T12 P1 = 2.5000000 ,T12P2=-0.99999964E-01,T13L1= -1 0.000000 
T13L2= 0.0 ,T13L3= 4.0000000 ,T13P1 = 0.50000000 , T13P2= 0.49999997E-01,T13P3= 0.50000000 ,T13P4= 0.12500000 , 
T14L1= 100.00000 ,T14L2= 400.00000 ,T14L3= 10000.000 ,T14P1 = 1.4535694 ,T14P2=-0.41309968E-02,T14P3= 0.11899992E-05, 
T14P4= 0. 49999997E-01, T14P5= 0. 52079996E-01, T14P6=-0 . 52099995E-05, T15L1 = 5. 0000000 , T15L2= 9. 0000000 , T15P1= -1 .2500000 
T15P2= 0.25000000 , T16L1 = 26.000000 , 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 . 10810997£-01, T17P5=-0. 54049990E-04, T16l1= 3. 0000000 , T16L2= 7. 0000000 
T16P1 =-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=-0.32799996E-02,T19P5= 0.52699996 ,T20L1 = 8.0000000 ,T20L2= 15.000000 
T20L3= 20.000000 ,T20L4= 200.00000 ,T20P1= 1.2265700 ,T20P2=-0.26570998E-01,T20P3= 0.79999995 ,T20P4= 0.68866997 
T20P5=-0.44443980E-02,T26L1 = 0.19999999 ,T26L2= 0.69999999 ,T26P1= 1.3999996 ,T26P2= -2.0000000 ,T27L1= 8.5000000 
T27L2= 12.000000 ,T27P1= -2.4265698 ,T27P2= 0.28570998 ,T35L1= 0.15999997 ,T35l2= 0.84999996 ,T35P1= 2.1428995 
T35P2= -7.1426995 
&END 
&FUN2 
T21L1= 11.000000 ,T21L2= 16.000000 ,T21L3= 25.000000 ,T21P1= 2.9799995 ,T21P2=-0.17999995 ,T21P3= 0.25999999 
T21P4=-0.99999979E-02,T21P5= 0.99999979E-02,T22L1= 9.0000000 ,T22L2= 13.000000 ,T22P1= -2.2500000 ,T22P2= 0 . 25000000 , 
T23L1= - 10.000000 ,T23L2= 10.000000 ,T23L3= 23.750000 ,T23L4= 34.000000 ,T23P1 = 0.25000000 ,T23P2= 0.24999999£-01, 
T23P3=-0.24069995 ,T23P4= 0.74099956E-01,T23P5= 3.3170996 ,T23P6=-0.97599963E-01,T24L1= 6.0000000 ,T24L2= 10.000000 
T24P1= -1.5000000 ,T24P2= 0.25000000 ,T25L1= 12.000000 ,T25P1=-0.59490997E-01,T25P2= 6 . 6264496 ,T25P3= 74.230652 
T26L1= 5.0000000 ,T26L2= 12.000000 ,T28P1=-0.71428996 ,T28P2= 0.14266000 ,T29L1= -5.0000000 ,T29L2= 20.000000 , 
T29L3= 50.000000 ,T29P1= 0.69000000 ,T29P2= 0.75199997 ,T29P3= 0.12399998E-01,T29P4= 0.51732999 ,T29P5= 0.24129998£-01, 
T29P6= 1.7240000 ,T30L1= 4.0000000 ,T30L2= 20.000000 ,T30L3= 35.000000 ,T30P1=-0.16666996 ,T30P2= 0 . 41666999£-01, 
T30P3= 0.22221994 ,T30P4= 0.22221997E-01 , T31L1= 0.39999996 ,T31L2= 4 . 0000000 ,T31L3= 9 . 0000000 ,T31L4= 30.000000 , 
T31P1= 1.0688796 ,T31P2=-0.22221994 ,T31P3= 0.35200000 ,T31P4=-0.37999999E-01,T31P5= 0.14265997E-01,T31P6=-0.47619990E-03, 
T32L1= 0.0 ,T32L2= 45.000000 ,T32L3= 50.000000 ,T32P1= 0.18660997E-01,T32P2= 0.15356999E-01,T32P3= 0.10274996£-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= 0.56300000E-01 , T33P4= 1.3174591 ,T33P5=-0.15672996E-01, 
T34L1= 2.7999992 ,T34l2= 8.0999994 ,T34L3= 15.000000 ,T34L4= 50.000000 ,T34L5= 100.00000 ,T34P1= 0.18999996£-02, 
T34P2=-0 . 29999996E•03,T3~13= 0.14614996E-02,T34P4=-0.14339999E-03,T34P5= 0.53477986E-03,T34P6=-0.28989991E-04,T34P7= 0.13428999E-03, 
T34P6=-0 . 22699994E-05,T34P9= 0.36999991E-04,T34P10=-0.37999996E-06,T34P11= 0.99999943E-06 
&END 



~ w 

*********************************************************************************************************************************** 

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=O.O TDWBGI=0.9999 TDWMSI=0.2070 TDWBRI=O.O 

TDW=1.2975 

TDWFR=0 . 0363 TDWTUB=O.O 

*********************************************************************************************************************************** 

II II I I I SIMULATION RESULTS II I I I I I 

*********************************************************************************************************************************** 

I DAY TOW 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 
4 1.9986 0 . 0 0.0137 10.2447 0.9947 
5 2.2309 0.0 0.0118 11.6673 0.9943 
6 2.5419 0 . 0 0.0245 13.5025 0.9952 
1 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 



t 

PLOT NUMBER 1 : 

5.04 
4.94 
4.84 
4.74 
4.64 
4.54 
4.44 
4.34 
4.23 
4. 13 
4.03 
3.93 
3.83 
3.73 
3.63 
3.53 
3.43 
3.33 
3.23 
3.13 
3 . 02 
2.92 
2.82 
2.72 
2.62 
2.52 
2.42 
2. 32 
2.22 
2.12 
2.02 
1. 92 
1.81 
1. 71 
1. 61 
1.51 
1. 41 
1. 31 
1. 21 
1 • 1 1 
1.01 
0.91 
0.81 
0.71 
0.60 
0.50 
0 . 40 
0.30 
0.20 
o. 10 

-0.00 

A = TOW AT HOUR 12 
B = TDWTUB AT HOUR 12 

.. ..... . . I .. .. . .... I ......... I ....••.•. I ....•.... I ........ . I • . ...... . I .. .. .. .. . I ... .. .... I ......... I ......... I .. . .. . .. . I . A 

A 

A 

A 

I 
I 
I 
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I 
I 

A 

A 

A 

A 

A 

I 
I 
I B B B B B B B B B B 
I .... . .... I ......... I .. . .... . . I ......... I ......... I . . ...... . I ...... . .. I ......... I ......... I ......... I ......... I ..• . . .. .. I 

0.0 0.8 1.7 2.5 3.3 4.2 5.0 5.8 6.7 7.5 8.3 9.2 10.0 

I DAY 



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. 



$l$$$POTATO CMAIN) 
C *~ OPERATION~ POTATO GROWTH ~ODEL 
c ********************************************************************* 
C ** MAIN PROGBAM 
C * ORIGINALLY DEVELO~ED AT UC DAVIS, BY R. LOOMIS lNO E. NG. c • 
C * MAINTAINED AND MODIFIED AT UNIV. OF IDAHO, 
C * STEINHORST, KLEINKO~F, AND GRU3E. c • 
C * CURRENT VERSION REV 284: 
C * MODIFIED LEAF SENESCENCE 3184 MJG c • 
c ********************************************************************* 
C * THE lUIN PROGRA!\ Rl:ADS CONTROL INFOR~ATIONL AS WELL AS INIT .IAL 
C * VALUES AND MODIFICATIONS TO PARAMETERS. IT CONTAINS THE BASIC 
C * DAILY AND HOURLY LOOPS, ~!THIN WHICH IT CALLS ALL OF THE SUB-
C * ROUTINES WHICH PERFORM THE ~ODEL CALCUL~TIONS. 
c * c ********************************************************************* 
C * DEFINITIONS OF COMMON VARIABLES ARE FOUND IN HLOCK UATA 
c 

COMMONILOCLI CDWMT 1 CRESL CTDW, CROPET, PCOVER, HEIGHT, NLVIOT~ 
1 PLIVLV, SATVPA, SLOPE, TRNET, GFUNCT, HFUNCTL RL, RCL EAP~ TO~, 
2 DENOM, POTET, RPL, XK, RPSI, DENOM2, ET EFL~LR ELN¥R, WUF 
3 RUPTt D~FPLL WATMAX~ WATDEFL TPDEFL UPT1KE, PHC~, ETPHt EWPH, 
4 P5Ll~ PNINK ETNINH ERN!NH ERINH ERMSG ERING ETAGIG 
5 ETBGIG, GLIM~s, EAGEfG~ PLIN~. ETLr~e, ERLiNRt rnLIR~ ER~§LGt 
6 ERMLG, ERASLA, ETSLA ~TMSLG GLIML ALI~L EaGELG ~AGEAG ~LA, 
7 EBRAC~ ETBFIRt ERBRifi~ ETBNIR~ ERBNiFL BNilraL N3R{Nf EABNfR, 
8 ETBRI~, ERBRIG, GLIMBL~ EABRIG~ ETBLIH 1 ERBLIHr DLIL ~, NBL, 
9 EABLIR, ERBLG, ETBLG, ~LGLI~ ~LABL EAGDLG EABLAG 
1 EPPTUB, ERTIR, ERIR, TOBIR 'TOBl ~TUBM EfTUBG ERTUDG ERTBG, 
2 GLI~T, EATUBG, ERFRG, ERSPfiGL ETFRG, FRG[IM, ETSfRW, ETSftBB, 
3 AFRL'- EDWFRG 1 EAGRML1 EAGEL ~AGRBLL ETAMRPL ETSMRP1 FRCRES, 
4 RPMTuB, TRTRAN, RTFDLV, GRIPP TlR~SLL TARtlL AVSLA TPRL 
5 TFRSUB, RSPBGI, RSPMSI, RSPMS[, RSPBRL, RSPD~L, RSPfua, RSPFR, 
6 RSPMRP, RSPGRP, RSPRP, CMMLAR, C~BLAR C~LAR 

COMMON /STVAR I AGEMS~ RNMSIN~ DWINOD(,20~§ AGEIN~120h, BNMSL, 
~ ~~~~~~1~8~~ ~~:~~~! 1 R~~~Gi~MR~~~~~~·a~¥~sL! 3g~fBR~!UR£igt: 
3 FSTTUB, R~IFR RSTnRP BSTGRP DGR~BI DGR~MI DGR~ML DGHPBR 
4 DGRPBL, DGRPTb, DGRPFfi, DMRPBiL OMRPM§~ DMRPHL, DMRP~R, D~~PBL, 
5 DHRPTU, D~RPFBL DTMRPt DTGRP uTRPt Rl:~~ DPHPPL DWMT 6 6 DTRANS, DCGR, ttNBR AGEBR(JOf RNBHlN{Ju) D.,BwiN{12)., 
7 AGBRIN(120)L RNBL(~O)L AG~BL,,20) 6 DWBL(1~0), ARB£(120), 
8 WATPL, AGEFH, DWFR FttL, FRS~BL WOEDL 

COMMON /DERIV I DE~RMS ANINR twrNOD(120) DEVRIN(120), A!LINR, 
1 CWMSLj120~, DEVRML(120f, CARM§L(120)R TUBl~R~lO~~ CWTUn(JO), 
1 R¥~a~ <~~~R Tg¥~~~· ~~~~~N,G~~~~IN,GHfig~i· ~R~~5L. ~~~~~I 
4 GRRBRL, GRRfon, GRRF R, RM~PBI, R~~PMSL aM§PMt~ R~~PBR~ RM~~OL, 
5 RMRPTU, RMRPFR~ TRMRP, TRGBP6 TRRPN CwRES, PU~RPP, CMTRES, 
~ ~~~g~i < 1 ~gr; ~B~i~c 38r!a~~J~al c, ~g) ;n ~~gt c, ~~r~r ~1J~£)< 12o) , 
8 CWATPL DEVHFR CWFR ~LFR, CSUBFR CWDEDL 
CO~MON iiNFO I f sO IL 1 TAI~ DENS P~ES E~TRES NBGI~ NINTCT 

A NMSL, N~ST~ NBR{ NB~ITL N~LT0 Nfua1 DELTAb CMLAil DE~RBG{ DE~RAG, 
~ ~i~!s~Ab~~D~§18tfi~M~~A~~~sJ~, 0¥~w~N!R~E~Msf~'Tg~Bii,A¥~~Br: 
~ ~~;~gL'E~i~~G; ~:~¥~L·E:f~~~ ~~A~NI~ g5~bt; ~~~~f:·n~~~!N1cv2, 
F PSILPT, PSISOL

6 
NDAY~L IDASTL IOUTP·1, IOFLAG, IHR(24), 

GC~~:bi>~6~k£~~LT~~1:~~T¥~~~~~I~a~~~iL TGRPMIL TGP.PMLL TGRPBRL 
1 TGRPBL, TGRPTU, TGRPrR, TMR¥BI TMR~HS TMR~"L X~R~BR TMR~BL, 
2 TMBPTU, TMRPFR, TT~RPl TTGRPI. fTRP~ TD~, TDWBGi, TDWMsi, 
3 TDWMSL TDWBRI TDWBR TDWTuB TDwFR 

COMMON/CLI!\AT/ 1VTEMP(3t5), 1VA"P(365)L DTRADC365)L ADEWPT(365), 
$ WIND(365), AVTS~ CRC, CRO, DBC, ORO, vRCP, oaop, ~CL, FOV, 
$ PHC PHO SNHSUN 

CO!MON/PARAM / AVTSOF~ DHP~N~ DMFLV! DMFTUD~ DMFPR~ DIVLV, 
A DYRCON, DlYOFF, TABOr·r, AVT~DV, TS ~PM, TSHOFF, SNHOFF, 
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c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

f ~ll~J:~ll~~:ill~l:fl~t~:~~~f~:t~J~l:tlJ~~:t1ltl~T13L2,T13L3, 
B T13P1,T13P2,T13P3,T13P4,T14L1,T14L2,T14Ll,T14P1,T14P2,T14P3, 
C T14P4,T14P5,T14P6,T15L1,T15L2 , T15P1,T15P2,T16Ll,T 16L2,T16P1, 
0 T16P2,T16P3,T16P4,T16P5,T16P6,T17L1,T17L2,T17P1,T17P2,T17P3, 
E T17P4 T17P5 T18L1 T18L2 T18P1 T18P2 T19Lt T19L2 T19L3 !19P1 
F T19P2:T19P3:T19P4:T19P5:T20Ll:T20L2:T20L3;T20L4:T20P1:T20P2: 
G T20P3,T20P4,T20P5,T26L1,T26L2,T26P1,T26P2,T27L1,T27L2,T27P1, 

HNI~~r~§~3~~J~Jf~tt,!f~~i~!~~~E3LT21P1LT21P2LT21P3LT2 1P4L 
A T21P5,T22L1,T22L2 T22Pl,T22P2 T23L1 T23L2 ~23Ll T2lL4 T23P1 
B T23P2,T2JP3,T23P4:T23P5,T23P6:T24L1:T24L2:T24~1:T24P2:T25Lt: 
i T~~~ltT~~~E~T~~K~' T28P2 T29L1 T29L2 T29L3 
A T29P1,f29P2,f29Pl,f29P4,f29P5,f29P6,fJOL1,fJOL2,130LJ,T30P1, 
D T30P2,T30P3,T30P4,T31Ll,T31L2,T31L3,T31L4,T31P1,T31P2,TJ1P3, 
C T31P4,T31P5,T31P6,T32L1,T32L2,T32L3,T32P1,T32P2,T32P3,T32P4, 
0 T32P5,T32P6,T33L1,T33L2,T33L3,T33L4,T3321,T33P2,T33P3,T33P4, 
E Tl3P5,T34L1,T34L2,T34Ll,Tl~L4,T34L5lTJ4P1 1 T34Pl,T34PJ,T3424, F T34P5 T34P6 T34P7 T34P8 T34P9 T34P1u T34Pl1 

·········'·····~·····'·····'·····'······'···························· * READ CONTROL INFOR~ATION POR THIS RUN: 

.R REEAADD(05~cT~NPTUTRL)EQUESTS AND u ~ . SET UP FOR OUTPUT FOU THIS RU~: 

CALL OUTPUT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* READ CHANGES TO PARAMETERS OR INITIAL CONDITIONS: 

READj5, PARS! READ 5,FUN1 
READ 5,FUN2 
R~AD 5 !NCO !D \ ....... ·'······~···················································· * READ FORCING DATA (TE~PS I ~ F, WIND IN MILES/DAY) 

READ 5,105 iHEAD 
READ 5 ,1 03 AVTEMP 
READ 5,103 AVAMP 
BEAD 5,104 DTRAD 
BEAD 5,103 ADEWPT 
READ 5,104 WIND 

101 FORM T125I ) 102 FORMAT 4!5} 
103 FORMAT 16F5.1) 
104 FORMAT 16F5.0) 
10 5 FORMAT A8) c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * SET STARTING VALUES FOR THESE VARIABLES DEPt~DING ON INPUT VALUES: 
c 

AVTS=(AVT~KP(IDAST)-AVTSOP)*0.5555556 
DLAT=.01745*DLAT 
TDW=TDWBGI+TDWMSI+TDWBRI+TDWMSL+TDWBRL+TDWTUD+TDWPR 
DMFPL=ICTDWBGI+TDWMSI+TDWBUI)*DMFIN + (TDW~SL+TDWBRL) *D~FLV + 

$TDWTUB.OKPTUB + TDWFR*DMPPR)/TDW 
WATPL=TDW/D~PPL-TDW 
RES=(PRES/100.0l*TDW 
C~LAI=AREALV*DENS/DIVLV 
IDATE=.IDAST-1 

c ********************************************************************* 
C * INITIALIZE FOR THE 3UN: 
c 

CALL INITL 
c ********************************************************************* 
C * WRITE FORCING DATA AND SETPOINTS FOR SI~ULATION TO OUTPOT, 
C * UNLESS INHIBITED BY (IHEADR): 
c 

IF(IHEADB.LT.4) GO TO 10 
IHgADR=IHEADB-~ 
iHITE(6,106) WHEAD 
WRITE (6, 1 07) 
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106 FOR~tTf'1'£50X,'POTATO GROWTH ~ODEL PRINTOUT~(/132('* ') // 

107 l~g~~Af1~~~~1f~u~5ti'f~T~~P~,f~I~~~'~!RA~/f~of,~TP/WIND~D/') ) 
I=1 
J=123 
K=245 
DO 3 22 l'l= 1 122 
IF(K.EQ.36~t K=365 
WR!T£(6t321 I~AVTEMP(l) ,AV~Mr(I)LDTRADjit,ADEWPT ( l) t. iiND ( I ) ,J, 

$AVTEL"lP{u) , A At111 (J) fDTRADJJ} ,ADgWl>'L'(J) ,w ND{J) ,K,A'ITE1'1P (K), 
$AVAMP(~),DTRAD{K),ADEWPT K ,WIND(K) 

321 POR~A1(3(I6,4F7.'1,F9.1,1 ) 
I=I+1 
J=J•l 
K=K+1 

322 CONTINUE 
C ** WRITE RUN CONTROL VALUES 
10 IF{IHEADP..LT.2) GO TO 20 

IHeAOB=IUEADR-2 

500 
WRITE(6 500) 
P'ORMA1'J/L132 ('*') //) 

C ** i=~i¥~ ~s~T~kbAMETER VALUES 
W R IT E l6 , 50 0 ) 
WRITE 6LPAR.S) 

C ** WRIT HUN TlDLE FUNCTION VALUES 

WRITE 6 1 FUN'1) 
WRITE 6,PUN2) 
WRITEI6,500) 

i RITE 6 500) 
C ** WRITE INITIAL PLANT STATUS INFORMATION 
20 IF(IHEADR.LT.l) GO TO 30 

110 

120 

WRITE(6 110\ 
FOR~ATC40x~'SETPOINTS FOR SIMULATION AND INITIAL PLANT STATUS ' /) 
WRITE(6 1 12u\ DLAT,DENS~PRES 1 DWMT , ABEALV 
FORl'IA1(l7X 1 DLAT= 1 P6.£t.3X. DENS= 1 ,P6.1,JX,'PRES= ', F5.2 , 3X , 

$W~~~~16:1~3\ 2f~~M~tDI~~~~~~~~~W~~ILTDWMSI,TDWBRI 1 TDWFR ,TDWTUE,.TDW 130 FORMA't{l4X 'TDWL"lSL= F6 . 4,LX ' TOWuRL=' Fo.4 2X TDWBG~= · F 6 . ~ 2X , 
$'TDWHS!=' ,f6.4,2X~•T6WBRI= 1 ,F6.4,2X, 1 T6WPR= f, p&.4 , 2X, ' TD~TUB=f, 
$Fb. 4,/3 9X~ 'TOW=', t·6. 4) 

~gO ;gi~A~~r1,~}132('*')//45X,'IJJJJJI SI!'!tJLATIC~ RESULTS IIJHI I ' // 
$132('* l//) 

c ··········~·················································· · · ·· ···· C * THIS IS TUE DAILY LOOPL BEGINNING AT (IDATE), GOING FOR CND AYSl. 
C * EACH DAYL CDA STRT) IS ~ALLED, THEN ALI OTREn ROUTINES ARE CALLED 
C * EACH HOD« !N THE hOURLY LOOP. 
c 

c 

DO 2000 IDAY=1,NDAYS 
IF(IDACNT .EQ. IDAOUT) IDACNT=O 
IDACNT=IDACNT+ 1 
CAI.L DAST RT 

C * THIS IS THE HOURLY LOOP. 
c 

c 

DO 1500 IHOUR=1,24 
OLOWMT=DWMT 
OLT DW=TDW 
OLnES= RES 

C * DETERMINE DRIVING DATA: 
c 

c 

CALL WEA!BR 
CALL PLWAT 
CALL PHOTOS 

C * DE~ERMINE GROWTH OF INDIVIDUAL PLANT ORGANS: 
c 

CALL MSTE:i 
CALL MSLEAF 
CALL BRANGB 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CALL BBLFGR 
CALl TUBER 
CALL FIBRTG 

* OETER~INE DIVISION OF RESEhVES AND RESPIRATION: 

CALL BP"RES 

* UPDATE THE STATE VARlABLES USING AN EULER APPROXIMATION: 

CALL DEQSOL 

* DETER~INE COMMUNITY-WIDE INFORMATION: 

CALL CO!HIUN 

C * CHECK MASS BALANCE 
c 

c 
c 
c * 

CDWMT=OLDW~T-DW~T 
CRES-=RES-OLRES 
CTDW=TOW-OLTDW 
iERR =DPHPP+CDWMT -CRES-CTD~-DT R P 

OUTPUT, IF REQUIRED AT THIS HOUR: 

1sgo 
20 0 
c 

ebJ~~~J~ROUR).NE.O) CALL OUTPUT 
CONTINUE 

c * c 
END OP LOOPS. PLOT IF REQUESTED, THEN END. 

IOFLAG:J 
IF(IPLOTN.N E.O) CALL OUTPUT 
STOP 
END 

$$$$$BLOCKDAT 

c 
c 
c 
c 
c 
c 
c 
c 

BLOCK DATA 
********************************************************************* * THIS ROUTINE CONTAINS ALL OF THE INITIALIZATION$ FOR VARIABLES * WHICH ARE CONTAINED IN THE COMMON BLOCKS. 

********************************************************************* * THE LOCL COMMON CONT AINS VARIABLES WHICH ARE USED WITHIN THE * SUBPOUTINES OF POTATO WHICH ARE LOCAL TO THOSE ROUTI~ES. 

COMMON/LOCL/ COWMT CRES CTDW, CROPET, PCOVER, HEIGll~, NLVTOT 
1 PLIVLV, SATVPAL S[OPE, f RNET, GPUNCT. HFUNCTL RL, RCL EAPL TO~, 
2 DENOM, POTET, HPLr XKL RPSI, OEN0~2, ET( EFLrLRL ELNrR, WuB~ 

~ ~gti~~o~~f~A~w~~g~~Rfw~~~f~~~T~~Y~R~u~fi~~~~ ~N~~G,Ei¥rGr~:Ptl, 
5 ETDGI~, GLIM~S EAGE G PLINH, ETLINR ERLLNR ERLIR ERMsLG 
6 ERMLG, ERASLA.'ETSLA~ ~TMSLG~ GLIML1 ~LI~Ll E~GELGI EAGEAG1 SLA, 
~ ~~~~~G,E~R~I¥~.E~f~~Bi~E~fg~IG~E~~gLf~(B~~Bt~~t~~frr1M;A~~r;• 
9 EABLIR, ERBLG, ETBLG, uLGLIM ~LABL EAGBLG EaBLAG 
1 EPPTUB, ERTIR, EP.IR, TUBIRR ~TUD1R ~TUBMt EfTUBG~ E~TUDG, ERTBG, 
1 i~i~;~E~c~g~;'Ei~~~~; ~~~~LGfA~~~L~,E~~~F~~·E~§~R~~,F~l~~~~, 
4 BPMTuB, TRTRAN, RTFDLV, GB~PP TAHnSL TARtlL AVSLA TFRL 
5 TFRSUB• RSPBGI, RSPMSI, RSPMs!. RSPBRf, RSPB~L, RSPTUB, R~PFR, 

c •• ~.~~~~~l,.~~~~:~,.~~~~~,.~~~;t~,.~~~~~~,.~~~~~ .................... . 
C * THE CO~MON STVAR CONTAINS ALL OF POTATO'S STATE VARIABLES. THEY 
C * ARE ARRANGED IN THE SAME ORDER ~S THOSE IN DERIV, SINCE THERE IS 
C * A ONE-TO-ONE CORRESPONDENCE BETWEEN THEM FOR THE EOLETI 
C * APPROXIMATION ROUTINE (DEQSOL). 
c 

COMMON /STVAR / AG~S~ RNr.SIN, DWINOD(120}, AGEIN C120) , RN~SL, 
1 0Wt1SL{120t, AGEMSL(1~0) ARMSL(120), TUBIS(30) I)WTUl3{30) , 
2 AGETOB(30 L TOBSTSL ns~BGI~ astMSIL RSTMSLL RSTBRI 1 BSTBlL 
3 RSTTUB R ~FR RSToRP RSTvRP DGR~BI DGR~MI DGR~ML DGHPfiR 
4 DGRPBL= DGRPT6, DGRPF§, OM RPBf, D~RPM§, OMRPM[, DMRPB~, D~RPB1, 
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c 
c 
c 
c 
c 
c 

c c 
c 
(; 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 

5 DMRPTU, DMRPFR~ DTMRP~ DTGR8 DTRP~ RESO DPRPP~ DW~~A 

~ ~a~~~~\1~~r! ' RN~f~jQ~~E~~~~L~'2ijfB6 «~~~t(\~or~B~~~l ( 1~bf, 
•• ~.~!I~~,.~~fi:,.2~~f,.t:t,.~~~~~~, •• ~~~~;•••••••••••••••••••••••••• * THE DERIV COM~ON CONTAINS THE RATE-OF-CHANGE VARIABLES FOR ALL OF * THE VARIABLES IN THE STVAR COMMON. THEY ARB USED IN ROOTINE * CDEQSOL) TO UPDATE THE STATE VARIABLES TO THEIR NEW VALUES DURING * £AC0 IT~RATION. 

COM~ON /DERIV I DEVR~S{ ANINR~ CWINOD(120}~ OEVRIN(120), AMLI NR , 
1 CWlSLd120~, DEVRML(120hG CABM~L~120)fi TUDl~R~30) ~ CWTUB(30) , 
J ~~~a~ {~~~R Tg¥~~~~ ~iGB~N,G~~gGIN'GR~:~~· ~R~~~L' ~~~fiai 
4 GRRBRt, GRRfDB, GRfiPR, RMfiPBI, BM~P~SL R~~PMLL RMRPBR& nMAPBL, 
5 RMBPTO, RMRPFR~ TRMRP~ TRGRP6 TRRP~ CwRES, PH~RPP, CM~RES , 

~ fi~~~~i,,~gr~ ~n!i~~38) !F.g~~~at(,~B> ;a!~gt~,~~P!I~IJ~£>(, 20), 
8 CWATPL DEV~FR CWFR ~LFR CSUBFR CWDBDL 

··········'·······'·····'·····'·······'···~·$························ * THE INFO COMMON CONTAINS INFOR"ATIONAL DATA WHICH MUST DB PASSED * FROM ROUTINE TO ROUTINE, WHICH IS NEITHER STATE VARIABLE NOB * RATE DATA. 

Acg~~~~ (~~~~ {a~~ 0~E~r4~I~BL~~N~fu~~E~EL~~~R~~tA¥~G~~VR~~~T~1vRAG , 
~ ~t~~S~A6~~o,t 1gL5~~~~AT~~s~~,u~~W~N=R~g,Mst~'Tg~aii,A¥~ C ar : 
D TCWTUtl, TCWFH, ANPNRA, WERR, IDACNT, DEWPT, wiNDSP, NMSIN 
E EWFRGL EaTUBut EWSTG, EWLFGL EAGPSLL NDEDL, RWCPL, BKET , ! CVP, 
F PSILP~, PSISO b NDAY~f IDAS~b IOUTP~, IOFLaG, IHB(24) , 

•• ~.i~~~~IJ~~~,;~~.;:,~:~.~:,.t~.I~~j~~~•••••••••••••••••••••••••••• • * THE COPIMOt\ TOTALS CO~TAINS THE OVERALL TCT"LS OF THE WEIGHTS AND * RATES OF THf. VARIOUS ORGANS OF THE POTATO PLANT. 

,c~~~~~(;0¥~~~fu;T¥~~~fn~P~~~~Bi~n~g~~M~;a¥~~~~I~n¥g~~a~;a~~~~BL , 
2 TMRPTU , TMRPFn, TTMRPl !TGRP~, ~T~P'- TOw, TDWBG~, TDW~S ~ , 
3 TDWHSL TDWDRI TDWDR TD~T1JB TDwFF 

··········'·······'·······'·······'·································· * CLI~AT CONTAINS THE WEATHEn DRIVING VARIABLES, AS WELL AS THOSE * VARIABLES DERIVED FROM rHEM. 

COMMON/CLIMAT/ AVTEMP(J65), AVAMP(J65)~ DTRAD(J65) ~ ADEWPT (36 5), 
$ WlND(365), AVTS~ CRC, CRb, DRC, ORO, uRCP, onOP, ~CL, FOV , 
.S PIIC, PEiO SNHSU.N 

············'················································· ····· ·· * PARAM CONTAINS PARAMETERS FOR THE MODEL WHICH MAY BE CHANGED POR * DIFFEBING RUNS TO MODIFY THE ACTION OF THE GROWTH OF THE PL ANT . 

CO~~OK/PARA3 / AVTSOFL D~FI~ 1 DlFLV( DMFTUB~ D~FFR'- DIVLV, 
A OYRCO~ DAYOFF, TAH~r· F, AVT~DV, TSAMPM TSuOFF S~ROFF 
B YINTC4), ALBEDO, HLVAP, PCL O, HTIN!~ SLOPEM 1 fRNFCIL fRNPCS , 
C r9 ~ ACI, TRN ACS ACV PDV AC~DV, WND!II IN, XKH l:'SIOFF l:'Situ.T , 
o wu.aiNT, wussN ~SINRM, ~UPLI:1b awc~Lr§ PHcct>n1 RINOD, rNrn , 
¥ ~~~~:~~ ~~;IP~LI~~Sfi~L;L~lGEDt?E~~~D~T~fg~fHL3Ei~~fu~ 8~~~~BT , 
G RYFR ~FR DSUBR SFRW, SGRPIN, SGBPoL, SGRPFR, SGRPTU 
~ BMRPfN B~RP~L, A~q?FR, B~R~TU, SBRLWT, DEDMLT ZERO 6NE, 
l:i PHOT~1~,11)fPBCT(11L11} , PHOT2(11!.1H,PHCT2(11,11) ,CROT{11) , 

•• ~.~~~~!l!~,.~.;;~~,.~~2~t,.~;~~2,.~~I~ ••••••••••••••••••••••••••••• 
* FUNCT1 CONTAINS SOME OF THE TARLE VARIABLES USED IN TH~ SUB-* ROUTINES. TMLN IS THE NTH LI~IT IN TABLE M, AND THPQ IS THE * QTH FUNCTION PARAMETER IN TABLE ~. 

COM:10N/FUNCT1/T1L1lT1L2{T1P1~T2L1tT2L2~12P1LT2P2~T2Pl~T2P4L 

t 1~~d:1§~~:~~~16~~41,!~4l~~~~~~!~4~~;~~~~!f~~4!~st~~~~~~!i~l~ . 
c T5L4,T5tS,TSL6,~5L7 T5L8 T5L9 T5P1 ~5P2 ~SP3,T5P4 ~5P5 T5P6 
0 TSP7,T5P8,TSP9,T5P16,TSP11,T5~12,T~P13,TSP1~,TSP1~,TSP16,T5~17, 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

E ToL1,ToL?,T6P1, T6P2,ToP3,T oP4,T7L1,T7L2,T713 , T7L4,T7L3,T7Pl , T7P2 , 
F T7P3,TJP•,~7P5, T7P6,T7P7,T7P8,T7P9,TOL 1, T8L2 ,TALJ,T8L4~T8L-c 
G T8L6 TdPl TOP2 TOP) T8P4 T8P5 TAP6 !8P7 TOPS T8Pq T8P1u ,T8F11, 
H T8P l ~,T9L,~T9L~LT9L~~T9P1 1 T9P~,T9P~,T9P4 , T9P~ ,T9P~,T9 P7,T9Pd , 
I TlOLl T 1 0L~ T10p1 T1vP2 TIOPJ 

·········'·····'·····'·····'········································· * PUNCT2 IS A!WT:IER COMMON LIKE FUNCT 1. 

CO~HON/FUNCT2/T11L1LT11L2LT11~3LT11L4LT11L5LT1 1P1LT11P2LT11FJ, 
A T11P4,Tl1?~,T11P6,T12L1,T12L2,T12P1,T12~2,T13L1,·r13L2,T13L3, 
B T13 Pl,T13P2,T13P3,T13P4,T14L1,714L2,T14Ll,T14P1,T14?2,T14P3, 
C T14P4, T14P5,T14P6,T15L1,T15L2,T15P1,T15P2,T16L1,T16L2,T16P1, 
D T16P2,T16PJ,T16P4,T16P5,T16P6,T17Ll,T17L2,T17P1,T17P~,T17PJ , 
E T17P4 T17P5,T18L1 T18L2,T18P1 T18?2 T19L1,T 19L2 ,T11LJ,T19?1, 
F t19P2:T19PJ,T19?4:I19P5,T20L1:T20L2:T20L3,T20L4,T20P1,TLOP2, 
G T20P3,T20P4,T20P5,T26L1,T26L2,T26P1,T26P2,T27L1,T27L~,T27?1, 

•• ~.I~Z~~,;~~~l,I~~~~,I~~~l'~~~~~********************** ************** 
* FUNCT3 IS ANOTHEU COM~ON LIKE PUNCT1. 

CO~~ON/FUNCT3/T21L1 T21L2 T21L3 T21P1,T21P2 T21Pl,T2 1P4 
A T21P5,T22L1,T22L2,T?2P1,t22P2,T2JI.1,T21l2,f2JLJ,T23L4,T23P1, 
B T23P2,T23PJ,T2JP4,T2JP5,T23P6,T24L1,T2~L2,T24Pl,T24P2,T25L1, 
C T25P1 T25P2 T25P3 ......... , ..... , •.......•.•................•......................•.. 

* FUN CT4 IS ANOTAER COMMON LIKE FUNCT1. 

COY. MO~/FUNCT4/T28L1 T28L2 T28P1 T28P2 T29L 1 T29L2 T29LJ 
A T29P1,T29P2,T29PJ,f29P4,f29PS,t29P6,t30L1,iJOL2,f30LJ,fJOP1 , 
B T30P2,T30P3,T30P4,T31L1,T31L2,T31L1,T31L4,T11P1,T31P2,T31P3 , 
C T31P4,T31P5,T31P6,T32L1,T32L21T32LJ,T3~P1,T32P2,TJ2PJ,T32P4, 
D T32PS,T 32P6,T33L1,TJ3L2,T33LJ,T33L4,T33P1,T33P2 ,T33P3,T33P4, 
E TJ3P5,T34L1,T34L2,T34L3,T34L4,TJ~LS~T34P 1 1 T34P2, T34PJ,T34P4, F T34P5 T34P6 T34P7 T34P8 T34P 9 T34P1u T34Pt1 

·········'·····'·····'·····'·····'······'···························· * CONTROL DEFAULTS: NU~BE9 OF DAYS, STARTING DOY, OUTPUT CONTFOLS. 

DATA NDAYS, lDAST~ roryrPT, TOFLAG, IHR I •• !.l~~,.!~~,.~,.!, •• ~:~,.!.{ •••••••••••••••••••••••••••••••••••••••• 
* INITI AL CONDITIO~S AN D ZEFOING: 

DATA CROPET/0./ 
DATA EAGP~L,EAGE,EAGRDL~3*0./ 

~~g~~Xf~~c~ f~~~,f~J~~~Gi). (Z2(1) ,DEVR,S) 

Et1~ ~~'~i·gR~~ ~~D~~~!8:~ 
DATA EHTRE§,TcwiN,TC~MSL,TC~DHI,TCWDL,TC~TUD, TC WF R, ANPNRAIA*O./ 
DATA Nt1ST/3/ 
DATA NDRIT'-NDL~6 NilR/3*0/ DATA PHCLPH0/2* ./ 
DATA WAlPi./0.0/ 
DATA PSI SOt I 333.33 L 
DATA DRC DR0/843.9,168.5/ 
DATA MTS~OP, KTUilP( NTADD/ 50, 28, 3 I 
DA TA SATM I 4.5812~ L 
DAfA CRCT/0.,149.,360.,600., 040.,1104., 1392.,1680.,1920.,2160. , 

$ 2376./ 
DATA CROT/0-~28.8r.74.~L120.,.170.q~233.2~276.,J24 . 1 38~.,4J2.,472.8/ DA7A AREAtV,~RESLuW~T~uLATLuE~S/1L.15L1u.L20 .,43.b1.3.8/ 
DA TA TDW~S~~TDWD~L,TDwBgi,TDi~SI,TD;Uui,TuWFR ,TDWTuB/0.0543,0 . 0, 

- 0.9999 , 0.2v7o ,o. o,o.03oJ,o.o; 
*****************o********** **************************************** 
* INITIALIZATION OP PARAMETERS 

DI MENSION F1 (110}, F2J83t, F3 {30) ,F~ (64), PAR C74) 
EQUIVALENCE (T1L1,F1 1) , (T11Ll,F2(1)) , (T 2 1Ll,P'.1(1)), 

l (T28L1 F4 {1 }),(AVTS P AR(1)) 
DATA PA~/ 36., . 064 1 .,2, .n.._ .05, 10000., .8, 10 ., 8 .«. 48., 

1 .45, 10 • ._ 12., -4.l111~ -4.2~2.22, -4.3889~ -4 . 4444 , .2L, 56., 
2 .49, 3E-u4, 5.5, 4097.:>47, 1.22, - .1 3 , .3L5, -.044 , .75, 60., 
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c 
c 
c 

3 2.3, 700 0~ , 1450~~ .001, .16~ .0336, 333~33 - ~ 292 - 5 .5~5556, 
4 . 60 - .020:;, , .029•o6.c. .o,, .0~9166.c. .0208"'.r. :>Su.,. :>0. , 
s .OO:>, 15.4, . o41 .OL9166 ... 6 -. .02~166• .o~oa3. :>O.~ .o2oa3, 
6 .014«. a.~ . 06 Jt ., . 020a..s,_ . u 156 2, 29u., 3*.3~, .2~, 
1 J•.Ou062:>, . Ou02 , .005.c .:>, 0., 1. / 

DATA F1/ 0., 2.5, 40 • .c ~o.,. 0., 1.5 1 -.040044, .34296, .1a, .5, 
1 1. 1 1.5, 2.1.. 1.,_ 1.3 L 1 1."7, -.31. 1.41.J -.24~ 1.32, -.1a, 
2 1.13986._ -.~562:> ,_ .69<. .1'- .38,_ .J.77l o.1320:>._ - 26 .42749, 
3 27.1 188~,_ 10.,_ 2u., 3u.~ "o ... :>0., 6u., 70., tlO., 90 .,_ 2.33._ 
4 2.94, -.u61, ~.6 2 , -.04:>, 2.Ja, -.037&. 2.1, -.OJ, 1.8:>, -.0L5, 
5 1.37, -.011, . aa, -.01, .12, -.ooa • • 1, 60.~ 1., 2a. , .7129a5, 
6 16.9•066«. o., 1., 10 ... 20.,. 70.,_ .u4, -.1261 1 .1667, .2" 
7 .134~,. -.u395o3" .1S02tll -.u0059u6, 8.16, 1.1o, 2.29 1 4. 19,. 7.b, 
a 11.4.JL 20. ,. 1.14 1 2.60L3«. -. 743J6, 1.35tl,_ - . 2, .621o,_ -.QQ626, 
9 .34931, -.u1044, .21 .. -.u035,. .2, 5. 1 1u., 2u.c -.7~,. .158, 
1 . 0 15~ .10664, -.0028 1, 1.1 24"5 , . 013017 , -.0007105, .o5, .<J, 
2 -9.21a42 21 .65479 -11.36715 1 

DATA F2L ~-.c. 16., 26., 30., 40.'- -.14, .07, .90, .005, 4., -.1, 
1 15., 25 .~,. L.5, -.1( -10., 0. 1 "·' . 5 «. .05, .5,_ .125,_ 100., 
2 400." 10uOO .,_ 1.45.J571 -.004131, . OOu 0~ 71~ , . uS, .0:>20a, 
3 -.OOu005 21 , :>., 9., -t.2S, . 25( 20. , 3a.,_ -. 25 ,_ .0625, L.961 4 -.07,_ 6 ... -.1? , 3., 15., 1.53.J57, -.196~3 .... Ou63571, .010811, 
5 -.OOu054uS, 3., 7.( -.75, .25, 0. , 125., 2L5 • .r. 1., -.001144, 
6 1.267,_ -. 0u32a, .5L 9 r. a.t. 15., 20., 200., 1.2La57, -.02a571, 
1 . a ,. .tlaaa9 , -.u04444"r. . L, .1, .1.4, -2., o.5, 12., -2.42a57, a . 2tl571 , .l o , .as, 2. h29, -7. 1429 1 

DATA FJ/ 11., 16., 25 ., 2 . 98,_ -.1a , . 26 , -.01, . 0 1,. 9., 13. 1 1 -2. 25 , .25,_ -10. , 10.,. 23.7:>J J4.,_ .25, .025,_ --2"07, .0141, 
2 3.3171 1 -.u976, o., 1u., -1. :>, .2 :> , 12., -.0::>9491, 6.62645, 
2 74.2JOo6 I 

DATA F41 5 ... 12 ., -.71429, .1 42a6, -5., 20., 50. 1 .69, .752 1 1 . 0 124.c. .51133._ . 024 13,. 1.724, 4., 20.,_ 35., -.1o667, . 0416o7, 
2 .2222L, .0222L2 1 .4, Q. 1 9 • .( 30.,_ 1.0ua88, -.22222, .J52A. 
J -.oJa .... 0142a6 , -. Ou047o2 • u., 4::>., so., .o1a6a 1,. . 015351, 
4 .0010L75, 7~75, -.11J 2.2:>A 0., 10., 20., aJ., .Q17, .417, 
5 .o5aJ( 1.31,461 -.01:>a73,. L.a, a. 1( 15., so .,. 100., .oo19~ 
b -.OOO.J~ .0 014615 1 -. 000 1~34,_ .0005~478 1 -.OOu0 2a99, . 0001J429, 
7 -.OOOOu2 29 .OOOu39 -.0000u~3a .OOOOu1 I .............. , ........ , ........... , ................................ . 

* INITIAL CONDITIONS FOR PUOTOS 

DATA PHOTL12*0.,.0b,.26 1 .44A.61,.75 1 .a8,.97~1 . 03 6 1.05,1.07 , 
A 0 .,.09,. 3 7,. 62 ,. a6 1 1.0o 1 1. L3 1 1. 37 1 1.45 1 1.4 ~ 1 1.5 1 
a o. , . 1,.4 2 ,.71,. 98 (1. 2 1~•- 41l l. 56 ,.J. 66 ,. ,.69,_•.716 c o. , . 1,.4 4 ,.74,l. O.J ,1.2,,1.4 ~,1.6",,·7",1.7 ~ ,,.a , 
D 0.,.1,.45 ,.76,1. 05 ,1.30,1.52,1.6a,1.79,1. a3 ,1. a5, 
E 0. ,41,.45,.76,1. 06 ,1.32,1. 54, 1.70,1. a 1,1.a5,1. a7, 
F 0.,.1,.45, .77,1.07,1. 32,1. 54,1.71,1. a2 ,1.06,1. aa , 
G 0.,.1,.45, .77,1. 07 ,1.J2,1.55,1.71,1. a2 ,1.a6,1.aa, 
"o.,.1,.45,.77,1. 07,1.32,1. 55 ,1.72, 1.a2,1.a6,1.aa, 
I 0. (.1~.45 1 .77,1.07, 1 .32 1 1. 55 1 1.71 1 1. a2 ._1.a6,_1.a8/ 

DATA PHCTfl2*0.,.29 1 .73,1.17 1 1.45,1.76,L.15,L. 55,2.a7,3.00,3.13, 
A o. ,.41,.96~ 1. 6 =>. 2 .14~2.60~J.2 0~3.73,_4.o1 .. 4.05,_4.104 B o. ,.47,1. 0o,1.a :> , 2 .4 ~ ,3.01, 3 .7~,4.3 ~,4-7v,4.7 ~,4.a I 
c 0.,.49,1.09,1. 93,2.62,3.26,4.06 ,4.69 ,4. 9 1,4. 86,4.92, 
D 0., .50 ,1.11,1.96,2.69,3.3a,4. 22,4.a7,5 .10,5. 05,5.11, 
E o.,.so,1.11,1. 98,2. 73,J.44,4. 29 , 4. 96,s .1 9,5.1 5, 5.2o, 
F O.,.S1,1.1 2,1. 9a , 2. 74,3 .47,4.J3, 5.00, 5.24,5.20,5.25, 
G o.,.51 ,1.1 2 ,1.99 , 2.75,3.4a,4.35 , 5. o3 , 5. 27 , 5. 22 ,5.28 , 
H 0.,. 50,1.12 ,1.99,2.75,3.4 9,4.36, 5. 04,5.2a ,S. 23,5.29, 
I o. ,.sot1.1 2._1 . 98 , 2.7 5(3. ~9,4.36,5.04,5.2a,5.24,5.291 

DATA PHuT211L*0. 1 . 09 ,. J9 -.6:> ... 90,1.10,1.26,1.39,1.46,1 .49,1.51, 
A 0. 1 • 1 3 1 • 54 1 • 9 1 f. I. 27 f. 1. 5 ::>A. 1. I 9 ,_ 1. 9 7 ,_ 2. 0 9 «. 2. 13 c. 2. 15 1 s o.,.14,.61,1.o",1.4",1-7,,2.o",2.2=>, 2 . 3~ ,2.4J,2.4b, 
c o.,.15,.64,1 .oa, 1. 5J ,1. a5,2. 15, 2. 37 , 2.51 ,2. 56 ,2. 59 , 
D 0.,.15,.65,1.11,1.54,1.90 , 2.20 ,2. 43 , 2.57, 2.63,2.66, 
E 0.,.15,.66,1.1 2,1.56,1.92,2. 23, 2.46,2.61 ,2.66 , 2. 69, 
F 0.,.15, . 66,1.13,1.57,1.93,2.24,2.47,2.62,2.68,2.70, 
G 0 .,.1 5 ,.67,1.13,1. 58, 1.94, 2.25, 2.4a , 2.63,2.6~ ,2.71, 
H 0.,.15,.67,1.13,1.58,1.94,2.25,2.48,2.63,2.69,2.72, 
I o. 1.15,. 67f1.13,1.5a 1 1. 94,2.25,2.49,2.63 , 2.69 c. 2.72L 

DAT PHCT21 2*0., .43,1 . 04 , . 65,L .16,L.71,J.16,J.44, 3.60,3.67,3.6a, 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

A g. ,. 60,1.38,2.34,3.18,3.99,4.75,5.25,5.55,5.67,~.70 , 
B .,.68 ,1. 51, 2.62 ,3.68,4.70,5.61,6. 22 ,6.58,6.73, .11, 
c 0 .,.71,1.56,2.73,3.88,5.00,6.05,6.77,7.21,7.39, .44, 
D 0.,.73,1.58,2.78 ,3.99,5.1 8 ,6.28,7.04,7.49,7.69,7.74, 
E 0.,.74,1.59,2.80,4.04,S.27,6.39,7.17,7.64,7.04,7.89, 
P 0.,.74,1.60,2.81,4.06,5.32,6.45,7.24,7.71,7.9 1,7. S7 , 
G 0.,.74,1.60 ,2. 82,4.07,5.34,6.48,7. 28 ,7.75,7.95,8.01, 
H 0.,.74,1.60,2.82,4.08,5.35,6.49,7.29,7.77,7.97,8 . 03 , 
I 0. 1 .74(1 .60,2.82,4.08,5.36 , 6. 50,7.30 ,7.78 1 7. 98 , 8 . 041 ••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••• * INITIAL CONDITIONS FOR MSTEM 

DATA AG EI N/ 12.,1 2 .,1 2 .-11.,11.,11.,1 0.,10.,1 0.,_9.~9.,9.,8.,H.,8., 
- 1 • ( 7. ,_7 • 66 • , 6 ... 6 • t 5. I J. J 5 • , 4 • " 4 • " " • , 2. ,. 2. , 2. ( '.:1 0 * u • I 

DATA DwiN DI.06~,.u63,.0o3, . 05~,.u58 ,.0j 8 ,. 05~ ,. 053,.053,.045 , 
- .045,. 045,.043,. 04 3,.043,. 03S ,.03 5 ,. 035 , ~03Jt.0 33 ,. 033, .0 28 , 
- .0281.028,.02J~.023l.023,.01 8 ,. 0 18,.010, 90 *9'.:19.991 

••• ~~I~ •• ~~~~,:~~;:,~:~;~:.;..~.,~.,~;.{ •••••••••••••••••••••••••••••• 
* INITIAL CONDITIONS FOR MSLEAF 

DATA AGEMSLI.7,.7,.7J.6,. bJ . 6 ,. 5J . St.S ,111*999.991 
DATA DW~ S Lf. OO o2,. 00o2 ,. 00o2 ,.00o ,. u06 ,. 006, . 0059 ,.0059 ,. 0059 , 

- 111*999.99,( 
DATA ARMSL/1.4§1.4,1.4,1.35, 1.35,1.35,1.3,1.3,1.3,111*999.991 

••• ~tit.~~~i;,.~~.~ •• ,~.~'i·'·································••***** 
* I NIT IAL CONDI TI ONS FOR BRANGR 

DATA AGEBR/30*999.99 I 
DATA RNBRIN / 30*999.99 I 
DATA DWBRIN I 120*999.991 
DATA AGB RIN I 120*999 .99 I 
DATA RNBK I 0.0 I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

* INITIAL CONDITIO~S FOR BRLFGR 

DATA RNBLI 30*999. 99/ 
DATA AGEBLI 120*999 .991 
DATA DWBL/ 120*999.991 
DATA ARB LI 120*999 . 991 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * INITIAL CONDI TIONS FOR TUBER 

DATA TUBSTS 10.5 I 
DATA TUBIS 1-2~,. .1, .OS• .0«. .2.._ .1 1 .OS,r .Ot .2,_ .1 , .05• . 0,, 

$ .L., .1, .0 .:> , .u, .L, .1, . 0:> • 4 u , .L., .1, . 0:>, .u, 
$ .2t . 1~ .OS, . 0 , . 2 , .1 I 

DA TA DWTUB 130 * ~99 .~91 
DATA AGETUB 130*999.99 I 
DATA NTUB I 0 I 

································· ·······························•** ** * INITIAL CONDITIO NS FOR FIBBTG 

••• ~~It.t~~~~,~~r~,t~;,~~~~~~'~*'*2~~~~,l2·~~,~.;~{ •••••••••••••••••• 
* I NFO FOB SENESCENCE 

... ~:;~.~:2~~~,.~~~~~ ...... ,2.2.,2.{ ••••••••••••••••••••••••••••••••• 
* INF O FOR DEQSOL 

DATA DELTA 
END 

$$$$$INITL 

/1 . 0 I 

c 
c 
c 
c 
c 

SUBROUTINE INITL ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * INITL I S USED PRIMARILY FOR ZEROING TOTALS, AT TBE DEGINNING OF * THE RUN. ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••• (COMMONS INFO AND TOTALS GO HERE) 
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c c c 
c 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * INITIALIZE TOTALS, IDACNT, AND WERB 
IDACNT=O 
WERB=O. O 
TTRANS=O.O 
TPHPP=O.O 
TGRPBI=O. 0 
TGRPMI=O.O 
'l'GRPHL=O.O 
TGRPBR=O.O 
TGRPBL=O.O 
TGRPTU=O.O 
TGRPFR=O. 0 
TMRPBI=O. 0 
Tr!RPI'IS=O.O 
TMRPllL=O. 0 
TMRPBB=O.O 
TMBPDL=O.O 
TMBPTU=O.O 
TMRPFB=O .. O 
TTI'!RP=O.O 
TTGRP=O.O 
TTRP=O.O 
RETURN 
END 

l$$$$DASTRT 

c 
c 
c 
c 
c 

SUBROUTINE DASTRT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * DASTRT IS CALLED AT TilE BEGINt\ING OF EACH DAY. IT PERFORMS THOSE * CALCULATIONS NEEDED AT THE DAILY LEVEL. ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••• (CO~MONS STVAR, INFO, TOTALS, CLIMAT AND PARAM GO HERE) 
c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * UPDATE THE RUN DATE: 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c c 
c 
c 
c 

c 
c 
c 

c 

IDATE=IDATE+1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CONVERT TO METRIC: 
* TEMPERATURES FROM FAHRENHEIT TO CENTIGRADE: 

AVTEMP(IDATE)=(AVTEMP(IDATE)-32.) *0.5555556 
AVAMP(lDATE)=AVll1P(IDATE)*0.5555556 
DEWPT=(ADEW~T(IDAT~)-32.)*0.5555556 

* WIND F~OM MILES/DAY TO ~/SEC 
WINDSP=WINDCIDATE)*0 .. 01863 

··············~·····\················································ * RADIATION CALCULATIONS: * DETERMINE A STARTING RADIATION FIGURE: 
DAYRAD =(DTRAD(IDATE)*DYBCON)/CMLAI 

* SAVE OLD OVERCAST/CLEAR FIGUBBS, AND CALCULATE NEW ONES: 

DRCP=DRC 
DROP= ORO 
FCL=CDTRAD(IDATE)-DR9P)/(DRCP-DBOP) 
FOV= 1. 0- FCL 
IPCFOV .LT. 0.0 ) FOV=O.O 
DRC=O. 0 
DRO=O.O ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CALCULATE DAYLENGT~ IN UOURS THROUGH DECLINATION: 

DEC=-2J.ij*.01745*COS(6.2832*{IDATE+DAYOFP)/365.) 
DAYHRS=7.639435 * ARCOS(-TAN{DLAT)* TANtD~C)) 

·······························*··········~·························· 
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C * ADD DAILY VALUES TO TOTALS. THEN ZERO DAILY VALUES: c 

c 

TTRANS=TTRANS+DTBANS 
TPHPP=TPUPP+DPHPP 
TGRPBI=TGRPBI+DGRPBI 
TGRPMI=TGRPMI+DGRPMI 
TGRP~L=TGRPML+DGRPML 
TGRPBR=TGRPDR+DGRPBR 
TGRPBL=TGRPBL+DGRPDL 
TGFPTU=TGRPTU + DGRPTIJ 
TGRPFR=TGRPFR+DGRPFR 
TMRPB~=T~RPBI+DMRPBI 
TMRPMS=TMRPMS+DMRPMS 
TMBP~L=TMRP~L+DMRPML 
TMRPBR=TMRPBR+DMRPBR 
TMRPBL=TM3PBL+DMRPBL 
~M5PTU=TMRPTU+DMRPTU 
TMRPFR=TY.RPFR+DMRPFR 
TTMRP=TTMRP+DTMRP 
TTGRP=TTGRP+DTGRP 
TTRP=TTRP+DTRP 

DTRANS=O.O 
DPHPP=O.O 
DGRPBI=O. 0 
DGRPMI=O.O 
DGRPML=O.O 
DGRPBR=O.O 
DGRPBL=O.O 
DGRPTU=O.O 
DGRPFR=O.O 
DMRPBI=O. 0 
DMRPMS=O. 0 
DMRPML=O. 0 
DMRPBR=O.u 
DMRPBL=O.O 
DMRPTU=O.O 
DMRPFR=O.O 
DTMBP=O.O 
DTGRP=O.O 
DTRP=O.O 
DCGR=O.O 
RETURN 
END 

$S$$$WEATHR 

c 
c 
c 
c 
c 
c 

SUBROUTINE WEATHR 
********************************************************************* * WEATHR TAKES THE DAILY WEATHED VALUES PROVIDED BY (DASTRT}. ~NO * CALCULATES HOURLY VALUES FOR USE DY THE GROWTH ROUTINZS. 
* ********************************************************************* 

•••••• (COMMONS INFO. CLIMAT AND PARAM GO HERE) c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * CALCULATE AIR AND SOIL TEMPERATURES USING SINE APPROXIMATIONS. 
c 

c 
c 
c 
c 

c 
c 
c 

TAIR=AVTE~P(IDATE) +AVAMPCIDATEl*SINC6.2832*(IHOOR-TAHOFF)/24.0) 
AVTS=AVTS + {AVTE~P(IDATf)-AVTS) / AVTSDV 
TSOIL=AVTS + TSAHPM *AVAM~liDAT~)*SINC6.2a32*1IHOUR-TSHOFF)/24.) 

·····························~··········~···························· * USE OV&RCAST/CLEAR RADIATION TABLESf WITH SINE OF THE HEIGHt OF 
* THE SUN. TO DETERMINE POTENTIAL RAO ATION: 

SNHSUN=SIN COL AT} *S·IN (DEC) +COS (DLAT) *COS (DEC) *COS (6. 2832* 
$ {IHOUR-SN~OFF)L 24.0) 

It(SNHSUN .LT. 0.0} SNHSUN=O.O 

* USE OF CR TABLES (PREVIOUSLY FUNCTION SANTRP) - ~JG 

XPTR= SNHSUN*10. + 1. 
I = XPTR 
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c 
c 
c 

c 
c 
c 

FRAC = XftB - I 
I~~!:ri:,)>Gg0T6o,go 
CJH~ = CFC'l'(I) + FRAC * (CRCT(l+1)-CRCT{l)) 
CRO = CROT(I) + PRAC * (CROT(I+l)-CROT(l)) 
GO TO 30 

10 CRC = CRCT(1) 
CRO = CROT (1) 
GO TO JO 

20 CRC = CRCT(11) 
CRO = CROT (11) 

30 CONTINUE ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* ADD TO DAILY TOTAL: 

DRC=DRC+CRC/24.0 
DRO=DRO+CR0/24 • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * DETERMINE ACTUAL RADIATION BASED ON FRACTION CLEAR/OVERCAST: 

ACR=PCL*CRC/24.0 + POV*CR0/24.0 
RETURN 
END 

$$$$$PLWAT 

c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE PLWAT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* PLWAT DETER!UNES TilE PLAN'I WATER BALANC.El USING ENVIRON~ENT 

: ~g~~~g~El~~~~ffi~§s~o~I~r~geg~P~~oi~~ b~ ~~E PE~i~T~'is~~~ TO 
* OBTAIN I1S WAT~R REQUIBE~ENT. • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••• (COM"ONS LOCLL STVAR, DERIV, INFO, TOTALS, CLI~AT, PARA! AND 
•••••• FUNCT1 GO HE~E 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

DIMENSION EW 14) ..........••... , .................................................... . 
* SATURATION VAPOR PRESSURE (M~ HG) FUNCTION (MORGAN AND GOUDBIAAN) 

SATVP l'l') =SATM* EXP ( ( 17 .. 269*T) /IT+ 2J7. 28)) ........ , ........................•................................... 
* AT NIGHT TBANSP = 0 

TBANSP=O.O 
IF lACR .LE. 0.0\ GO TO 700 

···················~················································· * CALCULATE PERCENT COVER , HEIGHT OF CANOPY, AND PERCENT TOTAL * LEAVES STILL ALIVE: 

PCOVER=ZE RO 
IY(C~LAI.GE.T1L1) PCOVER=T1P1*CMLAI 
IF(CMLAI .. GT.T1L2) PCOVER=ONE*100. 

HEIGHT=~MSIN*HTINT 

NLVTOT=NMSL+NBLT 
PLIVLV=lOO.O*{NLVTOT-NDEDL)/NLVTOT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

* CALCULATE SATURATION VP AND SLOPE OP SAT. VP VS TEMP CURVE 

SATVPA=SATVP(TAIR) 
SLOPE=SLOPEH *SATVPA/(TAIR+237.28)**2 

* CALCULATE ACTUAL VP OF THE AIR 

••• ~ii~:;~~I~J~~l:lj~~~~I,.Itl~~.~ ••••••••••••••••••••••••••••••••••• 
* CALCULATE NET THERMAL BAD. {LY/DA~ FOR S. IDAHO * (JENSEN 1974 PIS-27) 

TRNET= (TF~PCI*PCL•TRNFCS)*(TRNACI•TBNACS*SQRT(ACVP/ACVPDV)) 

57 



c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

1 
c 
c 
c 
c 

2 
c c 
c 
c 

$ *11.71E-08*CTAIR+273.\ **4 

·························~··································· · ······· * CALCULATE NET RADIATION (EQ. 3.5 OF JENSEN, 1974) ALBEDO FROM 
* NKHERDIAN, ACR ENTERS ON HB BASIS, CONVERT IT TO DAY BASIS 

RNET=ll1.0-ALBEDO)*ACR- TRNET/24.0) 

········~~···················································· · ······ * USE RIJTEMA (1965) EQUATION TO CALCULATE ET. 
* EFFECT OF HEIGHT: 

• 

• 

• 

• 

• 
* 

• 
* 

•• 

GPUNCT=T2P1 
IflHEIGHT.LE.T2L1) GFUNCT=T2P2 + T2P3*ALOG(HEIGHT) 
If HEIGHT.LE.T2L2) GFUNCT=T2P4 
GF NCT=GFUNCT/24. 

EFFECT OF WINDSPEED (M/SEC): 

BPUNCT=T3P1 
IFlWINDSP.GE.T3L1l HFONCT=T3P2 + T3P3*WINDSP 
IF WINDSP.GE.T3L2 HFUNCT=T3P4 + T3P5*WINDSP 
IF WINDSP.GE.T3L3 HFUNCT=T3P6 + T3P7*WINDSP 
IF WINDSP.GE.T3L4 llfUNCT=TlP8*WINDSP**(TJP9) 
If WINDSP.GT.T3LS RFUNCT=T3P10 

DIFFUSION RESISTANCE VS. MEAN RAD. INTENSITY (LY/MI~) 

RL=T4P1 
IFUCR/ACRDV.GE.T4L1) RL=T4P2 + 'I4P3*(ACR/ACRDV) + 

$ TaP4*-(ACR/ACRDV}**2 
IF (ACR/ACRDV.GT.'r4L2) RL=ZERO 

CALCULATE DIFFUSION RES. VS • PERCENT SOIL COVER 

RC=TSP1 
IF PCOVER.GE.TSL1 
IF PCOVER.GE.T5L2 
IF PCOVER.GE.TSL3 
IF PCOVER.GE.T5L4 
IF PCOVER.GE.TSLS 
If PCOVER.GE.TSL6 
IF PCOVER.GE.T5L7 
IF PCOVER.GE.TSL8 
IF PCOVER.GT.T5L9 

FC = TSP2 + T5P3*PCOVER 
RC = TSP4 + TSPS*PCOVER 
FC = T5P6 t TSP7*FCOVER 
RC = T5P8 + T5P9*PCOVER 
RC = T5P10 + T5P11*PCOVER 
RC = T5P12 t T5P13*PCOVER 
RC = T5P14 + T5P15*PCOVER 
RC = TSP16 +T5P17*PCOVER 
RC=ZERO 

CALCULATE POTENTIAL ET, INCLUDE NKMERDIAK ADVECTION CORRECTION 

EAP=GFUNCT*HFUNCT*WINDSP*(SATVPA-ACVP) 
IF(WINDSP .GT. WND~IN) EAP=EAP/WINDSP 
TOP= SLOPE*RNET/HLVAP+ PC*EAP 
DEN08=SLOPE+PC*(1+GFUNCT*HfUNCT*WINDS?) *(RL+RC)•24.0 
POTET=TOP/DENOM 

CALCULATE DIFFUSION RES DEPENDING ON SOIL "OISTURE SUPPLY AND 
ULTIMATELY STOMATAL BEHAVIOR 

RPL=T6P1 
IF(PLIVLV.GT.T6L1) GO TO 1 
RPl:=T6P2 
GO TO 2 
IF(PLIVLV.LT.T6L2) RPL=T6P3 + T6P4/PLIVLV 

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

IK=XK~/{PSISOL*PSISOL + PSIOFP) 

CONVERT PSISOL TO AT~. FRO~ CM H20 

PSILPT=POTET*(BPL+B/XK)+PSISOL*PSIMLT 

RPSI=ZERO 
IF(2SILPT.GE.T7L1) RPSI = T7 P1•PSILP7 
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c 
c 
c 

IFIPSILPT.GE.T7L2l RPSI = T7P2 + T7Pl*PSILPT IF PSILPT.GE.T7L3 RPSI = T7P4 + T7P5*PSILPT 
IF PSILPT.GE.T7L4 BPSI=T7P6 + T7P7*PSILPT + T7P8*PSILPT**2 
IF PSILPT.GT.T7L5 RPSI=T7P9 

• CALCULATE ET AND CORRECT FOR LOW LAI 

DENOM2= (SLOPE+PC*(1. +GFUNCT•HPUNCT*WINDSP)*(RL•RC+RPSI)*24.0 
ET=TOP/OaNOM2 
CROPET=AMIN1(1.0, CMLAI)*ET 

100 CONTINUE c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * TRANSP IN M~/HR, CONVERT TO CM3/HR PL 
c 
c 
c 
c 
c 

c 

TRANSP = lCROPET*1000.0l/DENS 
············~·············~·········································· • CALCULATE iATER UPTAKE IN CM3/PL BR. 
* WEIGHT FOR SUBER I~ATION : 

EFLFLR=T8P1 
IF !OWFR.GE.T8L1 EPLFLR=T8P2 + T8P3*TDWFR 
IF TDWFR.GE.T8L2 EFLFLR=T8P4 + T8P5*TDWFR 
IF TDWFR. GE .T8L3 EFLFLR=T8P6 + T8P7*TDWFR 
IF TDWFR.GE.T8L4 EFLFLR=T8P8 + T8P9*TDWFR 
IF TDWFR.GE.T8L5 EFLPLR=T8P10 + T8P11*TDWFfi 
IF TDWFR.GE.T8L6 EFLFLR=T8P12 
EL FR=EFLFLR*FRL 

C • FIGURE WATER UPTAKE BASED ON ROOT ABILITY AND EXISTING SOIL H20. 
C * BASE VALUE .292 G/M HR FOR UPTAKE. 
c 

c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

800 

~UR=(WURINT+WURS*TSOIL)*(PSINRM/PSISGL) 
AFRL=FRL-FRSUDL 

DMFPL=( (TDWBGI+TDWMSI+TDWBRI) * DMFIN + (TDWHSL+TDWBRL)*DMFLV + 
~ TDWTUS*OMFTUB + TDWFR*DHPFR) / TOW 

* DETERMINE RELATIVE WATER CONXENT, HA~ POSSIBLE, DEFICIT NEEDING 
• CORRECTION: 

RWCPL=WATPL/ {TOi/DMFPL -TOW) 
MATMAX=TDW/DHFPL -TOW 
~ATDEF=WATMAX-WATPL 
IF(VATDEF .LT. 0.0) WATDEF=O.O 

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

TPDEP=WATDEF/OELTA + TRANSP 
UPTAKE=AfHNl (TPDEP.~UPT) 

* CHANGl:! OP WATEP CO~TENT IS OBTAINED ~INIJS OBTAINED.: 

CWATPL=UPTAKE-TRANSP ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CALCULATE THE EfFECT Of RELATIVE WATER CONTENT ON BOOTS (EWFRG), 
* TUBERS (EWTUBG), STEMS (E~STG), AND LEAVES (EWLPG): 

DO 800 I= 1 4 
EWli)=YINTti) + RWCMLT*BiCPL 
IF E~JI~ .GT. ONE) EWJI)=ONE 
IF EW I .LT. ZERO) E (l)=ZERO 
CO TI U 
EWPRG=EW { 1) 
EW'l'UBG=E\J i2) 
EWSTG=EW (3) 
EwLFG=Ei (4) 
RETURN 
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END 
S$S$SPROTOS 

c 
c 
c 
c 
c 
c 
c 

SUBROUT~NE PHOTOS ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * PHOTOS CALCULATES TBE AMOUNT OF PHOTSYNTHESIS CARRIED ON BY THE 
* PLANT~ GIVEN THE CURRENT LEAF ACTIVITY 6 H20 CONTENT, TEMPERATURE, * A~D IaCIDENT RADIATION. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••• (COM!ONS LOCL 6 DERIV 6 INFO, CLIMAT, PARAM AND FUNCT1 GO HERE) 
c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * TEMPORARY NAMELIST AND INITIALIZATION PO~ EFFECT OF TUBERIZATION 
C * ON PHOTOSYNTHESIS LEVEL (EFBPST TABLE): 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

DIMENSION EFBPST(13) 
DATA EPBP~T/ 13.LO.L0.,.1,0.,.25,.4,.55,.65,1.0,.d5,1.5,1.u/ 
NAMELIST/PH~PB/ ~PB~ST 

••• !~J!2!!·~~-l.~:~.;~~~~.;~-~~.~;!2J~,~~~~~~ •••••••••••••••••••••••• 
** INITIALIZE TEMPORARY VARIABLES: 

ETPH=O.O 
EFDPS=O.O 
EWPH=O.O 
PHCR=O.O 
PHCRPP=O. 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * SKIP CALCULATICNS IF THE SO~ lS NOT ABOVE THE HORIZON. 

IF (SNUSUN .LE. 0) GO TO 20 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CONVERT SINE OF THE HEIGHT OF THE SUN BACK TO ANGLE ADOVE THE * HORIZON (DEGREES): 

SUNANG=ARSINfSNHSUN) * 57.29578 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * INTERPOLATE IN THE OVERCAST/CLEAR TUBERIZED/UNTUBERIZED TABLES 
* TO GET GROSS PHOTOSYNTHESIS FOR CURRENT CONDITIONS PO~ EACH OF TUE 
* POUR POSSIBLE SITUATIONS: 

PHC1=STINTR 1P UCT, Cl'ILAl, 1.0, 0.0, SUNANG, 0.1 6 0.5, 11, 11~ 
PH01=STINTR PHOT( C!LAI! 1.0« 0.0~ SUNANG~ 0.1 1 0.5. 11 1 11 
PHC2=STINTR PHCT~, C~LA, 1.u, O.u, SUNAN~, 0. 1, 0.~, 11, 1 t 
PH02=STINTR PHOT2 C~LAI 1.0 0.0 SUNANG 0.1 0.5 11 11 

............... ·····'······'····'····'·······'····'····'···'··· .... * DETEB~INE THE EFFECT OF TUBERIZATION ON PHOTOSYNTHESIS THEN * WEIGHT THE USE 07 CLEAR/OVERCAST TABLES ACCORDING TO T~E PESCENT 
* TUBERIZATION EFFECT: 

CALL TABINT(EFDPST~AVOTRNLEFBPS~'EFBP') 
PHC=l1.0-EFaPSt*PH~1 + EFtiPS*PH~2 
PHO= 1.0-EFBPS *PH01 + EFBPS*PH02 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CALCULATE THE EFFECT OF AIR TEMPERATURE ON PHOTOSYNTHESIS: 

ETPH=O.O 
If1TAIR.GE.T9L1~ ETPH=T9P1 + T9P2*TAIR 
IF TAIR.GE.T9L2 ETPH=T9P3 + T9P4*TAIR + T9P5*TAIR**2 
IF TAIR.GT.T9L3 ETPH=T9P6 + T9P7*TAIR + T9P8*TAIR**2 
IF ETPH.GT.ONE) ETPH =ONE 
IF ETPH.LT.ZERO) ETPH =ZEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CALCULATE THE EFFECT OF PLANT H20 CONTENT ON PHOTOSYNTHESIS: 

EWPH=ZERO 
IF(9WCPL.G.E.T10L1) EiPH=T10P1 + T10P2*RWCPL + T10P3*RWCPL**2 
IF(RWCPL.GT.T10L2) EWPH=ONE ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * USE EFFECT OF LEAP AGING ON PHOTOSYNTHESIS, WITH FRACTION Of CLEAR 
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c c c 
c 
c 
c 
c 

• • AND OVERCAST SKIES! TO DETERMINE ACTUAL PHOTOSYNTHESIS; MODlPY 
THIS BY THE MOST L ~ITING EFFECT OF H20 OR TEMP: 
PHCR~t PCL*PHC + FOV*PHO) *EAGPSL *AMIN1fEWPH ETPHl ........ , .................................. , .... , .... ~ .•............. 

* ADJUST fOR USE OP NON-POTATO PHOTOSYNTHESIS TABLES 1BY PRCCCB), 
* THEN CHANr.E FROM PHOTOS/UNIT AREA (M2) TO PHOTOS/PL NT. 

PHCR=PHCR * PHCCOR 
PHCRPP=PHCR/DENS 

20 CONTINUE 
RETURN 
END 

S$$$$MSTEM 

c 
c 
c 
c c 
c 
c 

SOBBOUTINE MSTEM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ~STEM CALCULATES THE INITIATION AND GROWTH OF INTEuNODES ON THE 
* ~AINSTEMS. NO ~AINSTE~ IS CONSIDERED DO"INANT, SO ALL "AINSTEMS * ABE DEVELOPED IN PARALLEL. 
* 
··············································~······················ 

•••••• (COHftONS LOCL, STVAR, DERIV, INFO, PARAH AND PUNCT2 GO HERE) 
c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * CALCULATE ABOVE- AND BELOW-GROUND DEVELCPMENTAL RATES AS FUNCTIONS 
C * OF AIR AND SOIL TEMPEHATURE: 
C * ABOVE-GROUND: 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 

* 

DEVRAG=ZERO 
IFlTAIR.GE.T11L1l IF TAIR.GE.T11L2 
If TAIR.GE.T11U 
IF TAIR. GE. T11 L4 
IF TAIR.GE.T11L5 

BELOW-GROUND: 

DEVRBG=ZERO 

DEVRAG=T11P1 + T11P2*TAIR 
DEVRAG=T11P3 + T11P4*TAIR 
DEVRAG=ONE 
DEVRAG=T11P5 + T11P6*TAIR 
DEVRAG=ZERO 

IFlTSOIL.GE.T11L1i DEVRBG=T11P1 + T11P2*TSOIL IF TSOIL.GE.r11L2 DEVRBG=T11P3 + T11P4*TSOIL 
IF TSOIL.GE.T11L3 DEVRBG=ONE 
IF TSOIL.GE.T11L4 DEVRBG=T11P5 • T11P6*TSOIL 
IP TSOIL.GE.T11L5 DEVRBG=ZERO 
DE RAG=DEVRAG/24. 
DEVRBG=DEVRBG/24.0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * INTERNODE ItiTIATION: * CALCULATE INTE RNODE INITIATION RATE AS A FUNCTION OP AGE OF THE 

* HAINSTEMS: 

ANPNRA=ONE 
1FJAGE~S.GE.T12L1) ANPNRA=T12P1 + T12P2*AGEMS 
IF AGE~S.GT.T12L2) ANPNRA=ZERO 
PN NR=ANPNRA*P~IR 

C * THE TE~PERATURE EFFECT ON !NIT. IS THE HOURLY DEV. RATE. 
C * ALSO DETER~INE THE EFFECT OF PLANI RESERVES : 
c 
c 

c 
c c 
c 

• 
* 

ETNI!{R=DEVRAG *24. 0 

ERN .IN R=Z ERO 
IF{PReS.GE.T13L1J ERNINR=T13P1 + T1JP2*PRES 
IF PBES.GE.T1JL2 ERNINR=T13P3 + T13P4*PBES 
IF PBES.GT.T1JL3 ERNINR=ONE 

DETERMINE THE EFFECT OP ~OTHER TUBER RESERVES~ lS A FUNCTION OF 
LENbTH OF PLANT GROWTH AND LEAF AREA FOR PHOTuSYNTHESIS: 

EMTR ES=Z ER O 
IPCIDAY .GT. ~TSTOP) GO TO 5 
EM1' RES=ON E 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 

IriA BEALV.GE.T14L1l E~TRES=T14P 1 + T14P2 *AREALV +T14P3*AREA LV**2 
IF EaTRES.LT.T14P4 EMTBES=Tt4P4 
IF AREALV.GT.T14L2 E~TgES=T14P5 + T14P6 *AREALV 
IF AREALV.GE.T14LJ E~TBES=ZEnO 

* ACTUAL EFFECT OF RESERVES ON INIT . I S THE MAX OF PLANT RESE RVE * EFFECT A!D MOTHER TUBER RESERVE EFFECT: 

5 ERINR=Ar.AX1(ERNINR,E~TBES) 

* ACTUAL INTERNODE 1NITIA7ION RATE IS THE POTE~TIAL hAfE TI~ES ~HE 
* HOST-LIMITING OF TE~P AND RESERVE EFF ECTS: 
** (,ULTIPLIED BY t MAINSTEMS TO KEEP ALL IN PARALLEL) ~OD. - ~JG 

ANINR=PNI~R*A~INl(ETNINR , ERINR ) *N~ST ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ~AINSTEM DEVELOP~ENTAL FATE IS THE ABOVE-GROUND RATE: 

DEVRH S=DEVRAG 

** (NU" BER OF ABOVE-GROUND I~TERNCDES IS MODULO ) , 
** ( TO KEEP ALL THREE ~AINSTEHS EQUAL) MOD . - MJG 

NMSIN=INT(BNHSIN/3.0)*3 

* TOTAL NUM~ER OF INTERNODES 0~ ~AINSTE~ IS SUM CF ABOVE- AND BELOW
* GROUND INTERNODES: 

N:NTOT=NS~IN+NHSIN 

** (TECU. PROTECTION FOR TOO MANY INTERNODES) ~OD. - MJ~ 

IPlNINTOT . GT.117) ANINR=O.O 
·····~····································· ·············· ····· ···· · ·· * INTERNOD E GROWTH: 
* CALCULATE EFFECT OF RESERVE~ ON INTERNODE GROWTH: 

* • 

ERMSG=ZERO 
IF(PBES.GE.T15L1) ERMSG=115P1 + 
IF(PRES. GT.T15L2) ER ~SG=ONF. 

ACT OAL EFFECT OF RES ERVES IS MAX 
EFFECT OF MOTHER TUBER RESERVES: 

ERING=AMAX1 (E~MSG,EMTRES) 

* ZERO TOTALS FOR ALL INTERNODES: 

TCWIN=O.O 
RTBGIN=O.O 
RTaSIN=O.O 

T15P2*PRES 

OF EFFECT OF PLANT RESERVES AND 

C * CALCULATE EFFECT OF TEMPERATURE FOB ABOVE- AND BELO~-GROUND 
C * INTERNODES, AS FU~CTIONS OF TEMP: 
c 

c 

c 
c 
c 
c 
c 

ETAGIG=T 16P1 + T1bP2*TAIR 
IF,TAIR .GT.T16L1~ ETAGIG=T16P3 + T16F4*TAIR 
IF TAIR.GT.T16L2 ETAGIG=T16P5 + T16Pb*T AIR 
IF ETAGIG.LT.ZER ) ETAGIG=ZERO 
IF ETAGIG.GT.ONE) ETAGIG=ONE 

ETBGI G=T16P1 + T16P2*TSOIL 
IFITSOIL.GT.T16L1} ETBGIG=T16P3 + T16P4*TSOIL 
I F TSCIL. GT.T16L2 ETBGIG=T16P5 + T16P6*TSOIL 
IF ETDGIG.LT.ZERO ETBGIG=ZERO 
IF BTBGIG.GT.O~E) ETBGIG=QNE 

......................... ·············*················ ············· * BELOW-GROUND GROWTH: 
* CALCUlATE liMIT ER FOF BELOW-GROOND GROWTH AS MOST-LIM ITING OF 
* RESERVE EFFECT, TE~? EFFECT, H20 EFFECT: 

GLI"MS=A~I K 1 (EBING,ETBGIG,EWSTG) 
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c c c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

* 

* 

* • • 

• 

FOR EVERY BELOW-GROUNO INTERNODE: 
DO 100 1=1,NBGIN 

DETERMINE EFFECT OF INTERNODE AGE ON ITS GROWTH: 

EAGEIG-=ONE 
IF(AGEIN(I).GE.T17L1) EAGEIG=T17P1 + T17P2*AGEIN(I) + 

$ T17P3*AGElN(l)**2 
IF(AGEIN(I).GT.T17L2) EAGEIG=T17P4 + T17PS*AGEIN(I) 

GROWTH FOR THIS HOUR IS POTENTIAL RATE ~ODIFIED BY EFFECT OF A~E 
AS ~ELL AS LIMITER DEFINED ABOVE (GLIMMS); 
AND IS A FUNCTION OF CURRENT WEIGHT: 

GR=RINOD*EAGEIG*GLIMMS*DWI~OD(I) 
CWINOD (I) =GR 

AUD RATES TO TOTALS: 

RTBGIN=RTBGIN+GR 
DEVRINfi)-=OEVRBG 
TCWIN=CWlNOD(I)+TCWIN 

100 CONTINUE c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * ABOVE-GROUND GROWTH: 
C * DETERMINE FIRST ABOVE-GROUND INTERNODE 
C * CALCULATE LIMITER (GLIMMS) FOR TBE ABOVE-GROUND SITUATION: 
c 
c 
c 
c * c 
c c • 
c 

140 
c 
c * c 

c 
c • 
c 

c c • 
c 

N=NBGIN+l 

GLIMMS-=AMINl (ERING, ETAGIG• ERSTG) 

FOR EVERY AoOVE-GROUND INTERNODE: 

DO 200 I=N,NINTOT 

Ir' THE INTERNODE IS NEW, (Dw=999. 99) SET ITS INITIAL RATES: 

IF CDWINOD(l) .NE. 999.99 ) GO TO 140 
DWHlOD (I) -=STlNRT 
RTHSIH-=RTMSIN+SXINRT 
AGEIN {I) -=0. 0 
CONTI NUt: 

CALCULATE EFFECT OF INTERNODE AGE ON GROWTH: 

EAGEIG=ONE 
IF(AGEIN(I).GE.T17L1) EAGE~G=T17P1 + T17P2*AGEIN(I) + 

$ T17P3*AGEINCI)**2 
IF ( AGEIN (I). ~T. T 17L2) EAGEIG=T 17P4 + T17P5*AGEIN (I) 

GROWTH IS AS FOR BELOW-GROUND INTEBNODES: 
GR=RINOD*EAGETG*GLIM~S*DWINOD(I) 
CWINOD(I)=GR 

TOTALS AS BEFOF.E: 

RTMSIN=RT~SIN+GR 
DEVRINU) =DEVRAG 
TCWIN=CWlNOD(I)+TCWIN 

200 CONTINUE 
RETURN 
END 

li.£$$$.MSl.EAF 
SUBROUTINE ~SLEAF c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C * MSLEAF DEVELOPS A LEAF FOR EVERY ABOVE-GBOOND INTERNODE, 
C * AND CALCULATES WEIGHT AND AREA GROWTH FOR EACil. 
c * 
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c c ********************************************************************* 
•••••• {COMMONS LOCL, STVAR, DERIV, INFO, PARAM AND FUNCT2 GO HERE) c 
c ********************************************************************* 
C * TEMPORARY NA"ELIST AND INITIALIZATION FOR SENESCENCE P.OUTINE MJG 

DATA Tl6L1, T36L2, T36P1, T36P~, ~36P3, T36P4, T36P5, RSLOSS / 
c 

c 
c 
c 
c 
c 

c 
c c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c c 

c 
c 

- 40., 80., 55., 0.375, bO.O, -0.5, 20.0, 0.02083 1 

NAMELIST/~LSEN/ T36L1, T36L2, T36P1, T36P2, T36P3, T36P4, T36P~, 
- RSLOSS 

••• I~JI~tl;~~•l•t~~.l~~~~.~~.l~.~~~~J~,~~~~~~************************ 
* INITIATION OF MAINSTEM LEAVES: * D~TERMIKE INITIATION OF LEAVES, ~ODIFIED BY MAINSTEM AGE: 

PLINR=ONE 
IF1AGEMS.GE.T12L1l PLINR=T12Pl + T12P2*AGE~S 
IF AGEMS.GT.T12L?. PLINR=ZERO 
PL NR=PLINR*P~LIN 

* CALCULATE TEMP EFFECT (HOURLY DEV. RATE), AND EFFECT JF RESERVES: 
ETLINR=DEVRAG *24.0 
ERLINR=ZEBO 
IF~PRES.GE.T13L1} ERLINR=T13P1 ~ T13P2*PRES 
IF PRES.GE.T13L2 ERLINR=T13P3 + T13P4*PRES 
IP PRES.GE.T13L3 ERLINR=ONE 

* ACTUAL EFFECT OF RESERVES IS MAX OF PLANT RESERVES EFFECT A~D * MOTHER TUBER RESERVE EFFECT: 

ERLIB=AMAX1 (ERLINR,EMTRES) 

* ACTUAL INITIATION RATE IS POTENTIAL MODIFIED BY MOST-LIMITING OF 
* TEMP AND RESERVES: 
** (CHANGED TO INCLUDE MULTIPLE ~AINSTEMS, AS IN ~STEM) MOD. - MJG 

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

** (NU~DEB OF MAINSTf.M LEAVES IS EQUAL FOR 
** { AS IN MSTEM) ~OD. - MJG 

N~SL=INT(RNftSL/3.0)*3 

ALL THREE MAINSTEMS 

** (TECH. PROTECTION FOR TOO MANY LEAVES) MOD. -MJG 

IFJNMSL.GT.117l AMLINR=O.O ..... ···········~··················································· * LEAF GROWTH SECTION 
* DETERMINE EFFECT OF RESERVES AS MAX OF PLANT RESERVE EFFECT AND 
* MOTHER TUBER RESERVE EFFECT! 

ERMSLG=ZERO 
IFAPRES.GE.T18L1t ERMSLG=T18P1 + T18f2*PRES 
IF PRES.GT.T18L2 ERMSLG=ONE 
EB LG=AMAX1(ERHS G,E MTRES) 

* CALCULATE EFPECT OF RADIATION AND TEMP ON SPECIFIC LEAF AREA: 

EflASLA=ON E 
IFlDAJRAD.GE.T19L1l ERASLA=T19P1 + T19P2*DAlRAD 
IF DAYRAD.GT.T19L2 ERASLA=T19P3 t T19P4*DAYRAD 
IF DAYRAO.GT.T19L3 ERASLA=T19P5 

ETSLA=ONE 

C * EFFECT OF TEMPERATURE ON GROWTH 
c 

ETMSLG=T16P1 + T16P2*TAIR 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

* * * 

* 

IF,TAIR.GT.T16L1~ ETMSLG=T16P3 + T16P4*T AIR 
IF TAIR . GT.T 16L2 ETMSLG=T16P5 + T16P6*TAIR 
IF ETMSLG.LT.ZER ) ETMSLG~ZERO 
IF ETMSLG.GT.ONE} ET~SLG=ONE 

WEIGHT GROWTH LIMITER IS TUE HOST-LIMITING OF RESERVES L TEMP, 
AND PLANT WATERf• AREA GROWTH LIMITER IS THE MOST- L IMIT L ~G OF 
TEMP AND RADIAT ON: 

GLIML=AMIN1 (ERMLG, ETMSLG, EWLFG} 

ALIML= AMIN1 (ETSLA,ERASLA) 

ZERO TOTALS FOR GROWTH RATES: 

TCWMSL=O.O 
RTMSL=O. O 
CWDEDL=O.O 

C * FOR EVERY MAINSTEM LEAF: 
c 
c 
c 
c 
c 

60 c 
c 
c 
c 
c 

61 

c 
c 
c 
62 

82 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c c 
c; 

* * 

DO 100 I~l,NMSL 

IF !T HAS SENESCED (DW~888.88) DO NOT INCLUDE IT• 
IF IT IS A NEW LEAF (DW=999.99f, SET ITS INTIAL VlLUES: 

IP(DWMSL(I) .EQ. 888.88) GO TO 100 
IF CDWMSL (l) • NE. 999. 99) GO TO 60 
AGE!1SL(I) =0.0 
DWi1SL (!) =STLFRT 
RTMSL~RT~SL+STLFRT 
ARMSL {I) =SLAP*DWMSL (I) 
COt\TINU}; 

** (CHANGE TO ALLOW DifFERENTIAL SENESCENCE OF LEAVES} ~00. - MJG 
* OETERHINE 'DEATH-AGE • OF TBE LEAF AS A FUNCTION OF ITS INI TI AT I ON 
* DATE RELATIVE TO THAT OF THE MAINSTEMS: 

LEAFST = AGEMS - AGEMSL(I) 
IF (LEAFST.GT.T36L1} GOTO 61 
DAG£ML = T36P1 - T3oP2 * LEAFST 
GOTO 62 
DAGEML = T36P3 - T36P4 * LEAFST 
If {LEAFST.GT.TJ6L2) DAGEML = T36P5 

* DETER~INE PERCENT Of LIFE LIV£D; If 100%6 RE~OVE THE LEAF : 

* 

* 

* 

* 
* 
* 

PCT~SL ~ AGEMSL{I)/DAGEML 
lF CPCTMSL .LT. 1.) GO TO 82 
TCW~SL=TCw~SL-DWMSl(I) 
NDEDL=NDEDL+1 
DWMSL (I) =800. 88 
GO TO 100 
CONTI!iiJE 

SET THE LEAi'S DEV. RATE AT THE ABOVE-GROUND RATE: 

DEVR C1L (I) =DEVB AG 

USE PERCENT OF LIFE LIVED TO DETEBaiNE IF SENESCING: 

IF(PCT~SL.GT.I3512 ) GOTO 83 

FOR LEAVES NOT SENESCING, DETERMINE GROW~H AS A RESULT OF AGE : 

EAGEI.G=ONE 
IP(PCTMSL.GE.T35L1) EAGELG=T35P1 + T35P2*PCT~SL 
IF(EAGELG.LT.O. ) EhGELG=O. 

GFOWTll OF THE LEAF IS POTENTIAL HODIFIED BY AGE EFFECT AND 
LIMITER DEFINED ADOVE (GLIML}; GROWTH IS A FUNCT I ON OF CO RRENT 
iEIGUT: 
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c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
83 

c 
c 
c 
84 
85 
100 

GR=RMSL*~AGELG*GLIML*DWMSL(I) 
CWMSL(I)=GR 

RT~SL=RTMSL+GR ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * DETER~INE EFFECT OP LEAF AGE ON LEAF AREA GROWTH: 

• • 

• 

EAGEAG=ONE 
IFIAGEMSLIIl.GE.T20L1l IF AGEMSL I .GE.T20L2 
IF AGEMSL I .GT.T20L3 
IP AGEMSL I .GT.T20L4 

EAGEAG=T20P1 + T20P2*AGEMSL(I) 
EAGEAG=T20P3 
EAGEAG=T20P4 t T20P5*AGEMSL(I) 
EAGEAG=ZERO 

CHANGE IN LEAP AREA IS CURRENT AREA TIMES SPECifiC LEAF AREA 
POTENTIAL, MODIFIED BY EFFECT OF AGE AND LIMITER DEFINED ADCVB: 

CARMSL(I)= CWMSL (I)*SLAP*EAGEAG*ALIML 

SPECIFIC LEAF AREA IN CM2/G LEAF 

SLA=ABMSL(I)/DWMSL{I) 
GOTO 84 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * TRANSLOCATION OF MATERIAL BACK FfiOM LEAF TO PLANT DURING * SENESCENCE: 

• 

IF(CWMSLli~.EQ.O.) 
$ CWMSL I =- RSLOSS *(DWMSL(I)/(OAGE~L-AGEMSL(I))) 

CWDEDL=C D DL-CWMSL(I) 

TOTALING Of WEIGHT CHANGES: 

TCWMSL=TCW~SL+CWMSL(I) 
CONTINUE 
CONTINUE 
RETURN 
END 

$S$$$BRANGR 

c 
c 
c c 
c 
c 

SUBROUTINE BRANGR ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * SUBROUTINE DRANGR DETER~INES THE INITIALIZATION AND GROWTH CP 
* BRANCHES IN THE POTATO PLANT. • 
********************************************************************* 

•••··· (C OMMONS LOCL, STVAR, DERIV, INFO, PARAM AND FUNCT2 GO HERE) 
c 
c ********************************************************************* 
C * BRANCH INITIATION; 
C * MODIFY POTENTIAL BRANCHING RATE BY ACTIVITY OF PREVIOUS BRANCHBS. 
C * IF ANY: c 

c 
c 
c 
c 
c 

c 
c 
c 
c 

NBB=RNBR 
ANPNRA=ANPNRA*CF 
IF(NBR .GE. 1) ANPNR~=(ABNIR(NBR)*CF)/PBNINR 
EBRAC=ONE 
1F(ANPNRA.GE.T26L1) EBRAC=T26P1 + T26P2*ANPNRA 
IF{ANPNRA.GT.T26L2) EBRAC=ZERO 

* EFFECT OF TEMP IS HOURLY DEV. RATE; ALSO DETERMINE EFFECT OF 
* RESERVES ON BRANCH INITIATION: 

ETBBIR=DEVRAG *24.0 

ERBRIR =ZERO 
IF(PRES.GE.T27L1) ERBRIR=T27P1 + T27P2*PRES 
IF{PRES.GT.T27L2) ERBRIR=ONE 

* ACTUAL BRANCH lNIT. RATE IS POTENTIAL RATE ~ODIFIED BY EFFECT OF 
* PREVIOUS BRANCHING AND THE MOST-LIMITING OF TEMP AND RESERVES: 
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ABRIR=PBRIR*EBRAC*A,IN1(ETBRIR,ERBRIR) 
c c 
c 

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

c 
c 
c 
c 
c 

IFlRNBR.GT.29.0\ ABRIF.=O.O 
•••••f••··········~·················································· * BRANCH INTERNODE INITIATION: * DETERMINE LIMITER AS ~OST-LI~ITING OF EFFECT OF RESERVES OR TEMP, * WHERE EFFECT OF TEMP IS HOURLY DEV. RATE: 

c 
ETBNIR=DEVRAG *24.0 

ERBN IR=Z ERO 
IF\PRES.GE.T13L1} EHBNIR=T13P1 • T13P2*PRES 
IF PRES.GE.T13L2 ERBNIR=T13PJ t T13P4*PRES 
IF PRES.GT.T13L3 ERBNIR=ONE 

c 
c 
c 
c 

••• ~~l~i~:!~i~!l~l~~;~,.~~~~I~~ •••••••••••••••••••••••••••••••••••••• 
* CONTINUE ONLY IF AT LEAST ONE BRANCH EXISTS: 

IF ( N B R • L T. 1 ) R E T U R N 
c 
c 
c 

* ZEFO TOTAL • OF INTERNODES ON BRANCHES, FOR SUMMING: 

c c • 
c 
c 
c • 
c • 
c 

50 
c 
c • 
c • 
c 
c 

c c • 
c • 
c 

c 
c • 
c • 
c 
60 
c 
c • 
c 

NBRIT=O 

FOR EVERY BRANCU: 

DO 100 I=1,NBR 

IF TilE BRANCH IS A NEW ONE (AGE=999.99), SEt ITS VALUeS TO 
INITIAL STAT ES : 

IF (AJEBR{I) .NE. 999.99) GO TO 50 
AG EB R (I} =0. 0 
RNBRIN (l) =0. 0 
RNBL( I )=0.0 
CONTINUE 

RESET THIS BRANCH'S INTERNODE INIT. RATE; ALSO INCLUDE ITS 
INTERNODES lN THE IOTAL {NBBIT): 

ABNIR(!)=O.O 

NBRIN=RNBRIN {I) 
NBRIT=NBRIT+NB~IN 

DETERMINE EFFECT OF AGING OP THIS BRANCH ON ITS INTERNODE INIT. 
BATE: 

EADNIR=ONE 
IF(AGEBR (I) .GE.T12L1) EABNIR=T12P1 + 112P2*AGEB!l (I) 
IF(AGEBH(I).GI.T12L2) EABNIR=ZERO 
ACTUAL INTERNODE INIT. RATE FOR THIS DBANCH IS POTENTIAL RAiE 
MODIFIED BY THE LIMITER DEF!KED ABOVE AND THe EFFECT OF AGE: 

ABNin(I)=?BNINR*BNILIM*EABNIR 
CO~TINUE 

DEV. FATE OF TniS BRANCH IS TilE ABOVE-GROUND OEV. BATE: 

DEVRBR(I)=DEVRAG 
CONTINUE 100 

c 
c 
c 

• CONTINO£ ONLY IF THERE ARE INTERNODES TO PROCESS; 

IF(NBRIT .LE. 0) RF.TuRN 
c 
c 
c 

** (TECH. PROTECTION AGAINST TOO "ANY BRANCH INTERNODES) BOD. - ftJG 
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c 
c 
c 
c 

IFl NBBIT .GT. 120\ NBRIT = 120 ..... , .............. ~ ............................................... . 
* BRANCH I NTERNODE GROWTH: 
* RESET ·roT ALS: 

c 
c • 
c 

c c • 
c 

c c • 
c 
c c • 
c 
c c • 
c • 
c 

150 
c c • 
c 

c c • 
c • 
c 

c c • 
c 

c 

TCWD RI=O.O 
RTDRIN=O .. O 

DETERMINE EFfECT OF TEaP ON INTERNODE GROWTH: 

ETBRI G=T 16P 1 + T16P2*TAIR 
I F ITAIR . GT.T16L1~ ETBRIG=T16P3 + T16P4*TAIR 
IF TAIR.GT.T16L2 ETBRIG=T 16P5 + T16P6*TAIR 
IE. ETBRIG.LT.ZBR ) ETBRIG,;ZERO 
IF ETBRIG.GT.ONE) ETBBI G=ONE 

DETERMI~E EFFECT OF RESEfiVES ON INTERNODE GROWTH: 

ERBRIG-=ZEilO 
IF(PRES.GE.T15L 1) ERBRIG=T 15P1 + T15P2*PRES 
IP(P RES . GT.T15L2) ERBRIG=ONE 

LIMITER IS MOST-LIMITING OF EFFECTS OF TEMP, RESERVES , AND B20: 

GLIMBI=AMIN1 (ERBRIG, ETBRI G, EWSTG) 

FOR EVERY INTERNODE: 

DO 200 I=l,NBRIT 

I F THIS IS A NEW INTERNODE ( DW=999 . 9~), SET ITS VALUES TO I NI TIAL 
LEVELS: 

I f (OWBRIN (I) .N E. 999.99) GO TO 150 
DWDIUN Ul =STINRT 
RTBRIN=BTBRIN+STINRT 
AGBRI N (I) =0. 0 
CONTINUE 

DETERMINE EFFECT OF AGE OF INTERNCDE ON ITS GROWTH: 

EABRIG-=ONE 
IF(AGBRIN{I) .GE.T17L1) EADRIG=T 17P1 t T17P2*AGBRIN(I) • 

$ T17P3*AGBRlN(I}**2 
IF(AGBBIN(I).CT.T17L2) EABRIG=T17P4 + T1 7PS* AG BRIN (I ) 

GROWTH OF I~TEFNODE IS POTENTIAL RATE ~ODIFIED BY EPFEC'l' OF AGE 
AND LIMITER DEFINED ABOV E; GROWTH IS A FUNCTION OF CUFBENT WEIGHT: 

GR=RlNOD*EADFIG*GLIMBI*D~BRIN(I) 
CWBRIN (I)=GB 

TOTALS: 

TCWBBI=TCWB&I+CWBRIN (I) 
RTBRIN=P.TBPIN+GR 

C * BRA~CH I NTERNODE DEV. RATE IS ABOVE-GROUND DEV . RATE : 
c 
200 

DEV BRI U) =DEVP. AG 
CONTINUE 
RETURN 
END 

$$$$$BRLFGB 

c 
c 
c 
c 
c 
c 

SUBROU~INE BRLFGR ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * THI S SUBROUTINE DETERftiNES GROWTH AND SENESC ENCE OF THE LEAVES 
* ON THE BRANCHES. • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••• (COM~ONS LOCL, STVAR, DEBIV, INFO, PARAM AND FUNCT2 GO HERE) 
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c c 
c 

c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * TEMPORARY NAMELIST AND INITIALIZATION FOR SENESCENCE ROUT~Nf KJG 
DATA T36L1, T36L2, T36P1, T36P2, T36P3, Tl6Pij, T36P5, RSLOSS / 

- ijO., 80., 55., 0.375, 60.0, -0.5, 20.0, 0.02083 1 

NlMELIST/DLSEN/ T36L1, T36L2, T36P1, T36P2, T36P3, T36P4, T36P5, 
- RSLOSS 

••• !~Jl~ii.~¥·l·~:~.;~~~:.~~.l~.~~~~J~,~;~~~~ •••••••••••••••••••••••• 
* IF THERE ARE NO BRANCHES, SKIP THIS 60UTINE 

NUR=RNBR 
IFLNBR . LE. 0) RETURN 

················~···················································· * BRANCH LEAF INITIATION: * EFFECT OF TEM£.1 13 :iOU R.LY DEV. .RATE; ALSO, DET ERlUUE EFFECT OF 
* RESERVES ON LEAF INIT.: 

ETBLIR=DEVBAG *24.0 

ERBLIR=ZEIJO 
IF tPHES. GE. T 1JL 1l ERBLIB=T 13P1 + T 13 P2 *PRES 
IF PRES.GE.T13L2 ERBLIR=T13P3 + T13P4*PBES 
IF PRES.GT.T13L3 ERDLIR=ONE 

* LIMITER IS HOST-LIMITING OF TEMP AND RESERVES: 

3LILIM=A~~N1 (ETBLIR,ERBLIR) 

* R~SET TOTAL * Of BRANCH LEAVES: 

NBLT=O 

* FOR EVERY BRANCH : 

DO 100 I=1,NBR 

* RESET BRANCH LEAP I~IT. RATE; ALSO INCLUDE THIS BRANCH•S LEAVES 
* IN TOTAL (NDLT): 

ADLIR {I) =0. 0 

NBL=RNBL {I) 
NOLT=NBLT+lWL 

C * DETERMINE EFFECT OF AGE ON LEAP INITIATION: 
c 

c 
c c 
c 
85 
100 
c 
c 
c 
c 
c 
c 
c 

c 

EAB.LIR=ONE 
Ii (AGEBB (I) .GE.T12L1) EADLIR=T 12P 1 + T12P2*AGEBR (.I) 
Ir (AGEBR(I}.GT.T12L2) EABLIR=ZERO 

* ACTUAL BRANCH LEAF INIT . IS POTENTIAL RATE MODIFIED BY LIMITER * DEFINED ABOVE AND EFFECT OF AGING: 

ADLIR(I)=PBLIR*BLILIM*EABLIR 
CONTINO~ 
CONTINUE 

** (TECH. PROTECTION AGAINST TOO MANY LEAVES) ~OD. - MJG 

IF (NBLT. GT. 1201 NBLT = 120 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * BRANCH LEAF GROWTH: * RESET TOTALS: 
TCWBL=O.O 
RTBL=O.O 

C * DETERMINE EFFECT OF RESERVES ON GROWtU: 
c 

69 



c 
c 
c 

c 
c c 
c 
c 
c 
c 

c 
c 

• 

• 

• 
* 

c • 
c c • 
c • 
c 
c 

150 
c c • 
c • 
c 

155 

c c • 
c 
156 
c c • 
c 

160 
c c • 
c • 
c 
c c • 
c 

ERBLG-=Z EIW 
IF(PRES.GE.T18L1} ERBLG=T18P1 + T18P2*PRES 
IF(?RES.GT.T18L2) ERBLG=ONE 

DETERMI3E EFFECT OF TEMP ON GROWTH: 

ETBLG=T16P1 + T16P2*TAIR 
IFITAIR.GT.T16L1} ETBLG=T16PJ + T16?4*TAIR 
IF TAIR.GT.T16L2 ETBLG=T16P5 + T16P6*TAIR 
IF ETBLG.LT.ZERO ETBLG=ZERO 
IF ETBLG.GT.ONE) ETBLG=ONE 

LIMITER IS MOST-LI~ITING OF EFFECTS OF FESERVES, TEMP, AND 820: 
BLGLIM=AMIN1 (ERBLG, ETBLG, EWLFG) 

fftifR~~'~N~~~~I~~~I~~~& ftfE~F~~c¥R~~C=Atft~~~& ~~ ~[~~IPIC LEAP 

ERASLA=ONE 
IF{DAYRAD.GE.T19Lli ERASLA=T19P1 + T19P2*DAYRAD 
IF DAYRAD.GE.T19L2 ERASLA=T19P3 + T19P4*DAYRAD 
IF DAYRAD.GT.T19L) ERASLA=T19P5 

SLADL=SLAP*ERASLA 

FOR EVERY BhANCH LEAF: 
DO 200 I=1,NBLT 

IF LEAF HAS SENESCED 1 DO NOT PROCESS IT; IF LEAF LS NEW, SE1 ITS 
VALUES TO INITIAL STATES: 

IF(DWBL(I) .EQ. 888.88) GO TO 200 

IF (DWBL (.I) • NE. 999.99) 
AGESL {I) =0. 0 
DWBL(I)=STLFRT 
RTBL=RTBL+STLFRT 
lRBLli)=SLAP*DWDL(I) 
CONT NOE 

GO TO 150 

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

LEAFST = AGEKS - AGEBL(l) 
IP (LEAFST.GT.T3 6L1) GOTO 155 
DAGEBL = T36P1 - T36P2 * LEAFST 
GOTO 156 
DAGEBL = T36P3 - T36P4 * LEAFST 
IF (LEAF ST. GT. T 36L 2) DAGEDL ::: T36P5 
CALCULATE PEFCENT OF LIFE LIVED: 

PCTBL=AGEBL(l)/DAGEBL 

IF 100~ LIVED, THEN DROP THIS LEAF: 
IF(PCTDL .LT. 1.) GO TO 160 
TC~BL=TCWDL-DWBL{I) 
NDEDL-=NDEDL+1 
DWBL(I}=888.88 
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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c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

EAGDLG=ONE 
IF(PCTBL.GE.T35L1) EAGBLG=T35P1 + T35P2*PCTBL 
IF{EAGBLG.LT.O.) EAGDLG=O. 

* GROWTH IS POTENTIAL MODIFIED BY EFFECT OF AGE AND LIMITER DEFINED 
* ABOVE; GROWTH IS A FUNCTION OF CURRENT LEAF WEIGHT: 

GR=RBL*EAGBLG*BLGLIM*DWBL(I) 
CWBL(I)=GR 

* ADD TO TOTAL: 

RTBL=RTBL+GR ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * LEAF AREA GROWTH: * CALCULATE EFFECT OF AGE ON AREA GROWTH: 

EABLAG=ONE 
IPlAGEBL!Il.GE.T20L11 ~ABLAG=T20P1 + T20P2*AGEBL(I) IF AGEBL I .GE.T20L2 EABLAG=T20P3 
IF AGEBL I .GT.T20L3 EABLAG=T20P4 + T20P S*AGEBL(I) 
If AGEBL I .GT.T20L4 EADLAG=ZERO 

* CHANGE OF AREA IS CHANGE OF WEIGHT, MODIFIED BY SPECIFIC LEAF * AREA AND EFFECT OF AGE: 

CARBL(I)=CwBL(I)*SLABL*EABLAG 

* SPEC. LEAF AREA IS AREA DIVIDED DY WEIGHT: 

SLA=ARDL(I}/DWBL(l) 
GOTO 163 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * IF THE LEAF IS SENESCING, TRANSLOCATE HALF OF ITS DiT BACK TO THE 

* PLANT BEFO~E IT DIES 

162 IF(CWBLJit .EQ. 0.) 
$ CWDL I=- BSLOSS*(DWDL(I)/(DAGEBL-AGEBL(I})) 

CWDEDL= W EDL-CWBL(I) c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * TOTAL CHANGES IN WEIGHT: 
c 

163 TCWBL=TCWDL+CWBL(I) 
170 CONTINUE 
200 CONTINUE 

RETURN 
END 

$;$$$FIDRTG 

c 
c 
c 
c 
c 
c 

SUBROUTIN E FIBRTG ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * FIBRTG DEVELOPS THE F~BROUS ROOTS OF THE PLANT~ AND DETERMINES * THE AMOUNT OF SUBERIZATION ~HICH HAS TAKEN PLA~E. • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••• (CO~MONS LOCL, STVAB, DERIV, INFOr PARAM, FUNCT2 AND FUNCT4 GO 
•••••• HERE) c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * LIMITING EFFECTS FOR BOOT GROWTH: * CALCULATE EFFECT OF PLANT RESERVES ON ROOT GROWTH: 

ERP RG=ZEBO 
IP{PRES.GE.T28L1) ERFRG=T28P1 + T28P2*PRES 
If(PRES.GT.T28L2) ERfRG=ONE 

* EFFECT OF RES~RVES ON BOOT GROWTH IS MAX OF PLANT RESERVE EFFECT * AND MOTHER TUBER RESERVE EFFECT: 

ERSPRG=AMAX1 (EMTRES,ERFRG) 

* CALCULATE EFFECT OF TEMP: 
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c 

c 

ETFRG=T16P1 + T16P2*TSOIL 
IFlTSOII .• GT.T16L1) ETFRG=T16P3 + 
IF TSOIL.GT.T16L2) ETFRG=~16P5 + 
IF ETFRG.LT.ZERO) ETFRG=ZERO 
IF ETFRG.GT.ONE) ETFRG=ONE 

T16P4*TSOIL 
T16P6*.TSOIL 

c * c 
LIMITER IS HOST-LIMITING OF ~FFECTS OF RESERVES, TEMP, A~D H20: 

c 
c c 

c 
c 
c 

c 
c 
c 
c 

••• t~~~l~~~~l~!J~~~t~~,~~~~~,.~~t~:~********************************* 
* DETERMINE EFFECT Of TEMP ON SPECIFIC ROOT WEIGHT (FOR LENGTH}: 

ETSFRW=T29P1 
IF~TSOIL.GE.T29L1} ETSFRW=T29P2 + T29P3*TSOIL 
IF TSOIL.GT.T29L2 ETSFRW=T29P4 + T29P5*TSOIL 
IF TSOIL.GT.T29L3 ETSFBW=T29P6 

********************************************************************* 
* DETERl'UNE EFFECT OF TEMP ON SIJBERIZA'IlON: 

ETSUBR=ZERO 
IFiTSOIL.GE.TJOL1l ETSUBR=T3~P1 + TJOP2*TSOIL 
IF TSOIL.GT.TJOL2 ETSUBR=T30P3 + T30P4*TSOIL 
IF TSOIL.GT.T30L3 ETSUBB=ONE 

******************** ************************************************ 
* ACTUAL FIBROUS ROOT LENGTH IS TOTAL MINUS SUBERIZED: 

AFRL=FRL-FRSUBL 

C * ROOT DEV. RATE IS BELOW-GROUND DEV. BATE: 
c 
c 
c c 

c 
c 
c 
c 

c 

DEVRFR=DEVRBG 

* DETERMINE EFFECT OF CURRENT DRY WEIGHT ON FURTHER GEOWTH: 

EDWFRG=ONE 
IF!DWFR.GE.T31L1l EDWFRG=T31P1 + T31P2*DWFR 
IF DWFR.GE.Tl1L2 EDWFBG=T31P3 + T31P4*DWFR 
IF DWFR.GE.T31L3 EDWFRG=T31P5 + T31P6*DWFR 
IF DWFR.GT.T31L4 EDWFRG=ZERO 

* GROWTH IS POTENTIAL MODIFIED BY EFFECT OF CURRENT WEIGHT AND 
* LIMITER DEFINED ABOVE; GROWTH IS A FO~CTION OF COP.RENT WEIGHT: 

GR=RFB*EDWFRG*FRGLIM*DWFR 
CWFR=GR 

C * TOTALS: 
c 

RTFR=GR 
TCWFR=CWFR 

c ********************************************************************* 
C * CALCULATE THE CHANGE IN ROOT LENGTH, USING SPECIFIC BOOT WEIGHT 
C * AND EFFECT OF TEMP: 
c 

CLFR:CWFR*SPRW*ETSFRW 
c ********************************************************************* 
C * DETERMINE CHANGE IN SUBERIZED LENGTH, AS POTENTIAL MODIFIED BY 
C * EFFECTS OF TE~P AND RESERVES; CHANGE IS A FUNCTICN OF CURRENT ROOT 
C * LENGTH: 
c 

CSUBFR=BSUBR*ETSUDR*ERSFRG*AFRL 
RETURN 
END 

$$$$$TUBER 
SUBROUTINE TUBER 

c ***************************************************··~··············· 
C * TUBER DETAILS THE INDUCTION, INITIALIZATION, AN~ GROWTH OF t ilE 
C * TUBERS ON THE PLANT. 
c * c ********************************************************************* c 
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•••••• (COMMONS LOCL, STVAR , DERIV, INFO , PA~AM AND FUNCTl GO UER E) 
c 
c ********************************************************************* 
C ** NTUBP (# OF TUBERS POSSIBLE) SHOULD RE NTUBP*NTAOD < 30 
C ** INDUCTION OF TUBERIZATION -- CUMULATIVE STIMULUS 
C ** EPPTST - EFFECT OF PHOTOPERIOD ON TUBERIZATION STI~ULUS TABLE 
C ** DAMNTU- MIN I OF DAYS WITH PP<CPP OR EQO~VALENT 
C ** TUBSTS - TUDER IZATION STIMULATION STAfUS 
C ** TUBSTR - TIJBERIZATION STlMULATION BATE 
C ** NTADD - NUMBER OF TUBER INITIALS THAT MAY BE DEVELOPING AT 1 TIME 
C ** PTUBIR=INVERSE OF NU~BER OF HOURS OF SUFFI CIENT CONDITIONS 
C NEEDED FOR TU BERIZATIJN AFTER INDUCTION. 
c ********************************************************************* 
C * I? THE MAX t OP TUBERS EXIST, DON'T ADD ANY MORE: 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

IF( NTUB . GE. NTUBP). GO TO 102 
********************************************************************* 
* DETERMINE THE EFFECT OF DAYLENGTH oa TUBERIZATION: 

EPPTUB=ONE 
IF1DAYHRS.GE.T21L1J EPPTUB=T21P1 + T21P2*DAYHRS 
IF DAYURS.GE.T21L2 EPPTUB=T21P3 + T2 1P4*0AYHRS 
IF DAYHRS.GT.T21L3 EPPTUB=T21P5 

* SET TUDERIZATION STIMULUS RATE: 

TUDSTR=EPPTUB/{DA MNTU *24.0) 

* CONTINUE ONLY IF ~HETIE ARE TUBER STARTS! 

IF l 1'Ui3ST S • LE. 1) RETURN 
********************************************************************* 
* TUBER INITIATION PARALLEL PROCESS 
* DETERMINE EFFECT OF RESERVES ON INIT.: 

ERTIR=ZERO 
IF(PRES.GE. T22L 1) ERTIR=T22P1 + T22P2*PBES 
IF{PRES.G T. T22L2) ERTIR=ONE 

* EFFECT OP RESERVES ON INIT. IS MAX OF EFFECTS OF PLANT RESERVES 
* AND MOTHER TUEER RESER VES: 

ERIR=AMAX1{ERTIR.E~TBES) 

* CALCULATE l~IT. RATE AS POTENTIAL ~ODIFIED BY EFfECT OF RESlRVES: 

TUDIB=ERIP*PTOBIR 

C * START WITU NEXT TOBER NOT YET GROWING ; INCLUDE THE NU~BER TC BE 
C * INITIALIZ ED AT ONE TIME (NTAOD): 
c 

NTU31=NTUB+1 
NTUBM=NTUB +NTADD 

c 
c 
c 
c 

* FOR EACH TUBER BEING I~ITIALIZEDL SET ITS INIT. RATEi IF IT IS 
* INITIALIZED, ADD IT TO FULLY INILIALIZED TUDERS FOR ~ROWTH: 

DO 10 0 I=N TUB1 1 NTUBM 
TU BISR (I)=THBit< 
IF l'I'UB!S (I) .GE. 1) NTUB=NTUD+1 

100 CO NTINUE 
102 CONTINUE 
c ************************************************* ******************** 
C * LI~ITERS TO TUDER GROWT H: 
C * RESET TOTALS: 
c 

c 
RTTU B=O . 0 
TCWTUD=O.O 

C * DETERMINE EFFECT OY TEMP ON TUBER GROWTH : 
c 

ETTUDG=ZE~O 
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c 
c c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 

IFITSOIL.GT.T2JL1l ETTUBG=T23P1 • T23P2*TSOIL IF TSOIL.GE.T23L2 ETTUBG=T23P3 + T2JP4*TSOIL 
IF TSOIL.GE.T23L3 ETTUBG=T23P5 + T23P6*TSOIL 
IF TSOIL.GT.T23L4 ETTUJG=ZERO 
IF ETTUBG.GT.ONE) ETTUBG=ONE 

* DETERMINE EFFECT OF RESERVES ON TUBER GROWTH: 

EBTUBG=ZERO 
IF (PBES. GE .. T24L 1) ERTUBG=T24P1 + T24P2*PRES 
IF(PRES.G~.T24L2) EBTUBG=ONE 

* EFFECT OF RESERVES IS MAX OF EFFECTS OP PLANT !ESERVES ANJ ~OTHER 
* TUBER RESERVES: 

ERTBG =AMAX1 (ERTUBG,E~TRES) 

* Ll~ITER IS MOST-LIMITING OF EFFECTS OF TEMP, ~ESERVES, AND H20: 

••• ~;i~I:~~~~~J~I~~~~,.;~I~~,.~~I~~~~•••••••••••••••••••••••••••••••• * TUBER GROWTH: 
* CONTINUE ONLY IF TUBERS EXIST: 

IF (NTUD .LT .. 1) GO TO 500 

* FOU EVERY TUBER: 

DO 200 I=1,NTUB 

c * c 
IP THE TUBEH IS NEW (DW=999.99), SET ITS VAL~ES TO INITIAL SrATRS: 

160 
c 
c * c 

c c • 
c * c 

c 
c * c 

c 
c 
c 
200 
500 

* 

IP{DWTUB(Il .NE. 999.99) GO TO 160 
AGBTUBCI)=O.O 
DWTUa (Il =STTBRT 
RTTUB=RTTUB+STTBRT 
CONTINUE 

DETER~INE THE EFFECT uP THE AGE OF THE TUBER ON ITS GROWTH: 

EATUBG=ONE 
IF{AGETUB(I).GE.T25L1) EATUBG=T25P1 + T/5P2/AGETUB(I) + 

$ T25P3/CAGETUBCil**2l 
IF(EATtJBG.LT.Z~Rb) £ATUDG = ZERO 

GROWTH IS POTENtiAL ~ODIFIED BY EFF~CT OF AGI~G A~D LIMITER 
DEFINED ABOVE; GRO~TH IS A FUNCTION OF CUHRENT WEIGHT UF TUBER: 

GR=RTUD*EATUBG*GLIMT*DWTUB(I) 
CiTUB(I)=GR 
SUM TO TOTALS: 

BTTUD=RTTUB+GR 
TCWTUB=TCWTUB+GR 

TUBER DEV. RATE IS BELOW-GROUND DEV. RATE: 

DEVTUD U) =DEVRBG 
CONTINUE 
CONTINUE 
RETURN 
END 

$$$$SRPRES 

c 
c 
c 
c 
c 

SUBROUTINE BPRES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * RPRES CALCULATES THE USE AND ~OVEftENT OP RESERVES OF THE PLANT. • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••• (COMMONS LOCL, STVAR, DEEIV, INPO, TOTALS, PARAM AND FONCT4 GO 
• • • • • • HERE) 
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c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * GROWTH RESPIRATION: 
C * CALCULATE THE GROWTH RATE RESPIRATION REQUIRED BY VARIOUS PARTS 
C * OP THE PLANT (INTE RNODES , LEAVES, TUBERS, ROOTS): 
c 

GRRBGI=RTBGIN*SGRPIN 
GRRMSI=RTMSIN*SGRPIN 
GRRMSL=RTMSL*SGRPML 
GRRBRI=RTBRIN*SGRPIN 
GnRBRL=RTBL*SGRPML 
GRRTUB=RTTUB*SGRPTU 
GRRFR=RTFR*SGRPFR 

c ********************************************************************* 
C * MAINTENANCE RESPIRATION: 
C * DETER~INE EFFECTS OF AIR AND SOIL TEMP ON THE MAINT. RESP. OF 
C * PLANT PARTS: 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

ETAMRP=ZERO 
1FlTAIR.GE.T32L1~ ETAMRP=T32P1 + T32P2*TAIR + T32P3*TAIR**2 
IF TAIR.GT.T32L2 ETAMRP=T32P4 + Tl2P5*TAIR 
IF TAIR.GT.T32L3 ETAMRP=T32P6 

ETSI!RP=ZERO 
IF' {TSOIL .. GE.T32I.1l ETSl1RP=T32P1 + T32P2*TSO.IL + T32P3*TSOIL**2 
IF TSOIL.GT.T32L2 ETSMRP=T32P4 + T32P5*TSOIL 
IF TSOIL.GT.T32L3 ETSMRP=T32P6 

* GET PERCENT RESERVES OF PLANT IN HUNDREDTHS: 

PRCRES=PRES/100.0 

* DETERMINE THE EFFECT OF LEAF AGING ON PROTOSYNTHESIS AND 
* MAINT. RESP. OP THE PLANT: 
* RESET TOTALS: 

EAGRZ!L=O. 0 
EAGPSL=O.O 

C * FOR EVERY MAINSTEM LEAF: 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
2 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DO 2 I=l,NMSL 

* IF IT HAS NOT SENESCED, DETEB~ INE T~B EFFECT OF ITS AGING: 

IF ( DWMSL (I) • EQ. 888 . 88) GO TO 2 

EAGE=TJ3P1 
IFIAGEHSL!Il.G E.T)3L1l EAGE=TJ3P2 + T33P3*AGEMSL(I) IF AGEMSL I .GE.T3JL2 EAGE=ONE 
If AGEMSL I .GT.TJ3L3 EAGE=T33P4 + T3JP5*AGEMSL(.I) 
IF AGEMSL I .GT.T33L4 EAGE=ZBRO 

* INCLUDE ITS EFFECT IN PROPORTION TO ITS WEIGHT TO ALL LEAVES, 
* FOR RESERVES EFFECT, AND PHOTOS. EFFECT: 

• 

• 

• 

EAGRML=EAGRML+ (DWMSL(I)/TDWMSL) *EAGE 

EAGPSL=EAGPSL+(ARMSL(I)/AREALV)*EAGE 
CONTINUE 

RESET FOR BRANCH LEAVES: 
EAG RBl.=O.O 

INCLUDE ONLY IF BRANCH LEAVES EXIST: 
IF(NBLT • LE. 0) GO TO 5 

FOB EVERY BRANCH L.EA.P: 
DO 4 I=1,NBLT 
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c 
c * c 
c 

c 
c * c • 
c 
c 
4 
5 
c 
c * c 

c 
c • 
c 

c 

6 
7 

IF IT HAS NOT SENESCED, DETERMINE THE EFFECT OF ITS AGING: 

IF(OWBL(I) .EQ. 888.88) GO TO 4 

EAGE =T33P1 
IPIAGEBL1Il.GE.T33L1l EAGE=TJ3P2 + T3JP3*AGEBL (I) IF AGEBL I .GE.T33L2 EAGE:ONE 
IF AGEBL I .GT.T33L3 EAGE=T33P4 + T33P5*AGEBL (I) 
I} AGEBL I .GT.T33L4 EAGE=ZERO 
IF NBLT. Q.1) TDWORL=SBPLWT 

INCLUDE ITS EFFECT IN PROPORTION TO ITS WEIGHT TO ALL LEAVES, 
FOR RESEnVES EFFECT, AND PHOTOS. EFFECT: 

EAGRBL=EAGRBL+ (DW BL(I )/TDW BR L) *EA GE 

EAGPSL=EAGPSL+(ARBL(I)/AREALV)*EAGE 
CONTINUE 
CONTINUE 

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

RMRPOI=ITDWBGI-FRCRES*TDWBGII*ETSMRP*BMRPIN 
RMRPMS= TDWMSI-FRCHES*TDWMSI *ETAMRP*BMRPIN 
RMR~ML= TDWMSL-FRCRES*TDWMSL *ETAMRP*BMRPL*EA~BML 
aMRPBB= XDWBRI-FRCRE5*TDWDRI *ETAMRP*BMRPIN 
RMRPOL= TDWBRL-FRCRES*TDWBRL *ETAMRP*BMRPL*EAG~BL 

FOR TUBERS, INCLUDE EFFECT OF CURREN! INDIVIDUAL WEIGHTS: 

RiiRPTU=O. 0 
IF(NTUB .LE. 0) GO TO 7 

DO 6 1=1 NTUB 
B~RPTU=T14P1 + T34P2*DWTUB(I) 
IFjDWTOOJit.GE.T34L1i BMRPfU=~J4PJ + T34P4*DWTUBlll IF DWTUB I .GE.T34L2 BMRPTU=T34P5 + T34P6*DWTUB I 
IP DWTUB I .GE.T34L3 BMRPTU=T34P7 + T34P8*DWTUB I 
IF DWTUD I .GE.T34L4 BfiRPTU=T34P9 + T34P10*DwTU ( ) 
IF DiTUB I .GE.Tl4L5 BMRPTU=T34P11 
RP TUB=B. R TU*DWTUB( )*ETSMRP 
RMRPTU=RMRPTO+BPMTUS 
CONTINUE 
CONTINUE 

c 
c 
c 

RMRPFR=(TDWFR-FRCRES*TDWFR\*ETS~RP*DMRPFn 
*****************************~*************************************** 
* RESPIRATION TOTALS: 

c 

TR~RP=RMRPBI+R~RPMS+RMRPML+RMRPFR+RMRPBR+RMRPBL+R~RPTU 
TRGRP=GRRDGI+GRRMSI+GRRMSL+GRRFR+GRRBRI+GRRBRL+GRRTUB 
TRBP=TRMRP+TRGRP 

RTMRP=TRMRP 
RTG RP::TRGRP 

c ********************************************************************* 
C * CALCULATE TOTAL MOVEMENT OP RESERVES: 
c 

TRTRAN=iTBGIN +RTMSIN +RTMSL +RTBRrN +HTBL +RTTUB +RTFR +KTMFP 
1 +RTGRP 

c ********************************************************************* 
C * SAVE HOUFLY TUBER PROPORTION OF RESERVE USAGE, FOR USE IN 
C * PHOTOSYNTHESIS CALCULATIONS: 
c 

c 
AVDTMP(IHOU R) = (RTTU B + RMRPTU + GRRTUB)/TRTRAN 
AVDTRN=O. 

C * AVDTRN IS A MOVING AVERAGE OVER THE PAST DAY: 
c 

DO 10 I= 1 24 
10 AVDTRN=AVDtRN + AVDTMP(I) 

AVDTRN=AVDTRN/24. 
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E 
c 
c 
c 

********************************************************************* 
* RESERVE STATUS: 
* DETERMINE THE EFFECT OF RES ERVE USAGE ON MOTHER TUBER RESERVES: 

CMTRES=-TRTRAN*EMTRES 

C * DETERaiNE THE AMOUNT OF TRANSLOCATION BACK FROM SENESCING LEAVES: 
c 
c 
c 
c 
c 
c 

* * * 

RTFDLV=DEDMLT*CWDEDL 

t~t~i~~~~NgE~~~~~sF~gaT~~~L~g~H~~oig~En 1~PMl~o~E~~~E~~ob~¥MLOST 
TO MAINTENANCE AND GROWTH: 

CWRES=PHCRPP+RTPDLV+(TRTRAN*EXTRES)-TRTRA~ 
RETURN 
END 

$$$$ $COMMON 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE COMMUN 
********************************************************************* 
* TillS S UB ROUTINE TAKES THE INFORM ATION DE VELOPED FOR AN INDIVIDUAL 
* PLANT IN THE OTHER ROUTI~ES~ AND DEBIVES COMMUNITY VALUES FOR 
* MULTIPLE PLANTS BASED ON DENSITY 

********************************************************************* 

•••••• (COMMONS LOCL, STVAR , DEPIV, INPO AND TOTALS GO HERE) 
c 
c ********************************************************************* 
C * CALCULATE TOTAL GROWTH RATE PER PLANT: 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

GRTPP=lTCWIN+TCWMSL+TC~DRI+TCWBL+TCWTUB+TCWFR)/DELTA 
·········~····················••************************************* 
* TOTALS OF PLANT PARTS (WEIGHTS AND AREAS): 
* B~LOW-GROUND IKTERNODES: 

TDWBGI=O . 
DO 100 I=1 NBGI N 

100 TDWBGI=TDWAGI+DWINOD(I) 

• ADOVE-GROUND INTERNODES: 

N=NBGI~+l 
TDWMSI=O. 
DO 200 I=N NINTOT 

200 TDW5SI=TDWMSI+DWINOD(I) 

* MAlNSTEM LEAVES: 

TARMSL=O. 
TDWMSL=O. 
DO 300 !=1 N~SL 
lF(DWftSL(lL.EQ.888.BBl GO TO 300 
TARMSL=TAR SL+ARMSL I 

300 
TUWMSL=TDWMSL+DWHSLlr 
CONTI NUB 

* BRANCH INTERNODES: 

TDWBR1=0. 
1F(NBRIT.LE.01 GO TO 550 
DO 500 I=1 ND IT 

500 TDWBRI=TD~~RI+DWBRIN(I) 
550 CONTINUE 

• BBANCU LEAVES: 

TARBL=O. 
TDWBRL=O. 
IF ( NBLT.LE.O~ GO TO 650 
DO 600 !=1 N LT 
I F(DWBL(I)!EQ. 888.88) GO TO 600 
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600 
650 

c 
c • c • c 

c 
c • c 

700 
750 

c 
c • c 

TDWBRL=TDWBRL+DWBL(I) 
TARBL=TARBL+ARBL(I) 
CONTI~UE 
CONTINUE 

TOTALS FOR MAINSTEM AND BRANCH 
INCLUDE PROPORTIONAL INCLUSION 

AREALV=TARMSL+TARBL 
AVSLA=AREALV/(TDWMSL+TDWBRL) 

TUBERS: 

TDWTOB=O. 
IF(NTUB.LE.O~ GO TO 750 
DO 700 I=1 N UB 
TDWTUB=TDWfUB+DWTUB(I) 
CONTINUE 

ROOTS: 

TDWFR=DWF R 
TFRL=FRL 
TFRSUB=FP SOBL 
AFRL=TF RL-TFRSUB 

LEAVES: 
FOR SPECIFIC LEAF AREA: 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * CALCULATE TOTAL DRY REIGHT OF THE PLANT, AND THE AM OUNT OF T5AT 
C * WHICH IS IN PES~RVES: 
c 
c 
c 
c 
c 

c 
c 
c 
c 

TOW=TDiBGI+TDWKSI+TDWBRI+TDWMSL+TDWDRL+TDWFR+TD~TUB 

PRES=100.0*RES/TDW ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * PARTITION RESERVES ACCO RD ING TO REQUIRE~ENTS OP PLhNT PARTS: 

TR~SFL=RSTBGI+R STMSI+RSTMSL+RSTBRI+R STDL+BSTTUB+RSTFR 
$ +RSTHRP+ RSTGBP 

IF(TRESPL.EQ.O.) TRESPL=0. 000 1 
BSPBGI=BSTBGI/TRESFL 
RSPMSI=RSTMSI/TBESFL 
RSP~SL=RSTMSL/TRESFL 
RSPBRI=PSTBR0TRESFL 
RSPBRL=RSTBL RESFL 
RSPTUB=RSTTU /TRESFL 
RSPFR=RSTFR/TRESFL 
RSPMRP=RSTMRP/TP.ESFL 
RSPGRP=RSTGRP/TRESFL 

RSPRP=RSPMRP+RSPGRP ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * CALCULATE VALUES FOR COM!UNITY LEVEL ATTRIBUTES 

CGR=GRTPP*DENS 
CMMLAR=TARMSL*DENS 
CMBLAR=TARBL*DENS 
C~LAR=CM"LAR+CMBLAR 
CHLAI=CMLAR/10000. 
RETURN 
END 

$$$$$OUTPUT 

c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE OUTPUT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * OUTPUT HANDLES THE OUTPUT FOR POTATO. TWO FORMS ARE POSSIBLE: * TABULAR (UP TO 12 ITEMS), AND PLOTTED (UP TO 10 PLOTS OF 5 * VARIABLES EACH). • 
··················································~··*••············· * CO~MONS FOR DATA: 

•••••• (COMMONS LOCL, STVAR, DERIV, INFO, TOTALS AND CLI~AT GO HERE) 
c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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c c 

c 
c 
c 

c 

c 

* EQUIVALENCES FOR CO~SIDERING DATA IN ARRAYS: 

REAL RLOC(131t~ RSTV{1422), RDEB{1422), RINF(131), 

$I~~~a~~ 7ito~cJst~ 12frNF(43> 
EQUIVALENCE CD\lMT~RLOC{l)), (NLVTOT,ILOC(1)), 

$ DEV RH~ RDEII { f 
$ TSOILL§INF(f) ,'(NBGIN,IINF(l)), 
$ jAGEHSt. STV(1 l 
$ TTRAN~ LRTOT (1 J , 
$ AVTS RcLI(ll) 

******** ****'******~················································ 
* EQUIVALENCES FOR FI~DING NAMES OF VARIADLES REQUESTED: 

REAL*8 RLN(131)~ RSN1(726)r RSN2(696), .RDN1(726), RDN2(696) , 
$ RINC131)~ RTN(~7)~ RCNC12 , ILN(84), IIN(4J) 

REAL'S RSN(1422), HDN(1~22 
EQUIVALENCE (BS~(1\tRSN1(1 )L(RSN(727),RSN2(1)), 

$ (RDN(1),RDNf( J), (ltD (127),ltDN2(l)} 

DATA RLN / 'CDWMT', 'CRES't 'CTDW't.'CROPET'~ 1 PCOVEB't_'HEIGBT'c 

~ :RL' ·~~:p~Ii~!· :~~YP~~EN~~t0~f~6T~i~N T~~L:GFY~KT'·:~~g~;T•, 
3 'DEN~M2','ET' 1 EfLFLR' '•ELNFR•' 1 WUR' '~OPT' foMFPtf ' 
4 WATMAX', 'liAfDEP' 'TPDEF', 1 UPT1KE', 1 PHCR' IETPH' •fwPH' 
5 PSLIM' 'PNINR' IETNINR' 'ERNINR' 'ERINRI 1 ERMSGt 1 ERING 1 

6 ETAGIGf,'ETBGlGI 'GLiri.MSI 1 EAGEIGS 1 PLINRS 1 ETL~N~','ERLIN~', 
7 ERLIR', 'E. R~SLG':'ERMLG't ~ERASlA', IETSLA',_ IETP.SLG'L 'GliML', 
8 ALIMl' 'EAGELG' 'EAGEAu', 1 SLA 1 , 1 EBRAC' · ~TBRIR' ,'EHBRIR' 
9 ETBNIR1 1 ERENIR( 1 BNlLIM' 1 1 1 EAB~IR 1 'ETBRIG 1 'EBBRIG', 
0 GLlMBI 11 1 EABRIG'

1
'ETBLlR'' 'ERBLIR( 'BLILHit ' ' CEAELIR' 

1 ERBLG',''ETBLG' , SstGLIM's''SLA.BL 1 , 1 ~AGBLG'L •i&BLAG 1 ~ 1 EPPTOB 1 : 
2 ERTIR', 'ERIR', 1 TtJBIR' ' 1 ' 1 r;TTUBG' 'r;RTUEG' 
3 ERTBG' 1 GLIMT' 'EATUBGC 'ERF.l\GC 'ERSF~G' 1 ETFRG','PRGLn11 
4 ETSPRW(, 'ETSU~R' 'AFRL'' 1 EDWFRGI, 'EAGRMLI ' EAGE ','EAGRBL•: 
5 ETAMRP','ETSMRP'r1FRCRES1L'RPMTUB'L'TETRAN'LCRTFDLV 'L'GRTPP', 
5 TARMSL 1 , 1 TABBL' AVSLA' 1 TFRL' 'TF~SUB' 'RS~BGI','RSt>~SI', 
6 RSP~S1' 1 liSPDRl I 1 RSPB§I. 1 'R~ PTU B 1 , 1 ~SPFR 1 

7 RSPrtRP•: 'RSPGRPC, 'RSPRP'
1 'C~MLAii', 1 CMBL&n1 1 CMLAR 1 / 

DATA IL~ I 1 NLVTOT',60*' ' 1 NBRIN',8*' • 'NBL' ,, •• I 
1 'NTOB1 1 ,'NTUBM'/ ' ' ' ' 

DATA RSH1f' AGEMS', 'RNMSIN 1 , 1 DWINOD1' 1 DWINOD2' 1 DWINODJ' 1 DWINOD4 ' 
1 'OWINOD5 1 'DWINOD6 1 , 1 DWINOD7' 'DWINOD8' 1 DWI~OD9 1 111*SDWINOD0', 
2 IAGEIN1•,•1GEIN2 1 , 1 AGEIN3 1 , 1 AGEIN4', 1 AGEIN5 1 , 1 AGEIN6', 1 AGEIN7' 
3 1 AGEIN8 1 1 AGEIN9 1 111* 1 AGEIN0 1 'RNl1SL 1 'DWI-ISL1 1 1 DWMSL2 1 1 DiH1SL3' 
4 1 DWl'iSL4( 1 D~MSL51 'DWMSL6' 1 DWMSL7 1 •6W!'I!SL8' •6w1'1SL9 1 ' 
5 h ,. 'DR MSLO. • AGE~L 1' I AGEMSL2' • AG~MS 13. 'AGEMSL4' 'AGEMSL5. 
6 • AGE.MSL6. • AG.EMSJ. 7' 'AGE.MSL8' • AGEMSL9. 111•• AGEMSLO 1,' ARrtSL 1., 
7 'ARMSL2 1 ,1ARMSL3 1 •1RMSL4' 'A~MSL5 1 1 AR~SL6' 1 ARMSL7 1 1 ARMSL8 11 

8 1 ARMSL9' 111*'AR!It~L0 1 1 TUBfS1' 1 TUBfS2' 'TUBfS3 1 1 TUBfS4 1 ' 
9 •Tuars5•~•runrs6•,•ruArs7•,•ru§Isa•,•Tu~rs9•,21*fTusrso• ' 
0 'DWTUB1', 1 DWTOB2 1 , 1 DliTUB3' 1 DWTUB4 1 , 1 DWTUB5 1 'DWTUB6' 'D~TUB7', 
1 • ow TUBS. • DWTUB9 I 21 *I D WTU~O. • AGETUB 1 t • AGETUB2' 'AG ~TO BJ . 
2 'AGETUB4f 'AGETUB~' 'AGETUB6'

1
'AGETUB7':'AGETUD8'

1
'AGETUB9': 

J 21*'AGETuAo• 'TUBST~' •nsTBGir 'RSTr5SI' 'RSTMSL' CnsTBRI', 
4 • RS 'l'BL • • RSTTiJ s• • RS'i'FR • • RST MR P' • RSTGRP' • DGRPDI' • DGRPMI • 
5 'DGRP~Lt,'DGRPBRC,'DGRPB!•, • DGRPTO','DGRPF~ ','DMRPDf •f•DMRPM~', 
6 'D~RPML'~'DMRPBR'L'D~RPBL's'DMRPTU 1 , 1 DMRPFR'c'DTMRP', DTGRP', 
7 'DTRP' '«ES','DPH.I:'P. 1 ,'DWMT ,'DTRANS','DCG.R 1 RNBR'/ 

DATA RS~2 / 1 AGEI3R1' 'AGEBR2 1 'AGEBR3' 1 AGEBR~','AGEBR5' 'AGEBR6' , 
1 1 AGE5R7 1 1 AGEBRfP fAGESR9' ~l*'AGt;BR~' 'RNBRI~1' 'RNBP.IN2' 
2 'RNBRIN3t, 1 RNDRIN~' 1 RNBRIN5 1 1 BNl:HHt\61 1 RNBRIN71 1 RNBRIN8 ( 
3 1 RNBR.IN9',21* 1 1\NBRI&O• 1 D"WBRI~1','DWDRIN2' 'D~BRIN3 1 ' DWBRI~4' 
4 'DWDRIM5', 1 DWBRIN6 1 ,'D~BRIN7','DWB&IN8','D'BRIN9 1 11'*' DWOBINOI, 
5 1 AGBRIN1','AGBRIN2','AGBRIN3 1 , 1 AGBRIN4' 'AGBRIN5 1 11 AGrlRIN6 1 

6 'AGBRIN7' 'AGBRIN8 1 1 AGBRIN9 1 111*'AGDRfN0 1 'liNBL'' 1 RNBL2 11 

7 'RNBL3' '~NBL4' 'RN~L5 1 1 RNBL~','RNBL7' 1 RN~L8' 1 RN~L9', ' 
8 21*'RNBLO• 1 AGE~L1' 'AG~BL2' 1 AGEDL3 1 •1GEBL4 1 CAGEBL5 1 

9 'AGEBL6' 'AGEDL7' •1GEBL8 1 'AGEBL9 1 1~1*'AGEBt6• 1 DWDL1C 1 DwBL2' 
o 'DWBLJ' CowsL4' ·~wBL5' 'D~DL6' 'DW~L7' 'DWBL8' fow sl.9 ' ' ' 
1 111* 1 Di~L0', 1 AR~L1','AR~L2','ARAL3 1 , 1 AR§L4 1 ,'AR~L5 1 ,'AR~L6', 
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c 

c 

c 

c 

c 
c 
c 

c 
c 
c 

2 'ARBL7 1 'ARDL8' 1 ARDL9' 111*'ARBL0 1 1 WATPL' 'AGEFR 1 1 DWFR 1 .tfRL' 
3 'FBSUBLI,'DWDEDt•; ' 1 

' ' ' ' 

DATA RON1L'DEVRMS 1 , 1 ANINR'~'Ci1NOD1 1 ~ 1 CWINOD2 1 ~ 1 CWINOD3 1 , 1 CWINOD4' 
1 'CWINOD5 1 1 CWINOD6' ' CWINOD7 ' 1 CWI NOD8 ' 'CWIN001 ' 111*'CWI~OD0 1 , 
2 IDEVRI N1 1 ,fDEVRIN2•,foEVRIN3 1 ,1DEV ulN4 ' fD EVRIN5 ' fDEVRIN6 1 

3 DEVRIN7' 'DEVRIN8' 'DEVRIN9' 111* 1 CEVR f:NO 1 1 Al5LI ~ F' 'CWMSl ~' 
4 CWftSL2 1 ,fCWMSL3' •l:WttSL4 1 •c6MSL5 1 1 CWt'tSL6f 1 CWl1SL71 1 CWPIS.L8f 
5 CWMSL9' 111* 1 Cil!SL0' 'DEV~ttl1' 'DE~RML2 1 1 D~VRML l' •6EVRlU4' ' 
6 DEVF~L51, 1 DEVRML6 1 ,'DEVR~L7 1 , 1 DEVRPIL8 1 ,'DEVR~L9',111*'DEVBML6•, 
1 CARMSL 1' 1 CARMSL2' 'CARMSL3' 1 CARMSL4 1 'CARMSL 5' 1 CARl!lSL6 1 

8 CARMSL7•:•CARl1SL8':'CARMSL9 1 ;111*'CARM~LO'L'TUBISR1't'TUBISR2', 
9 TUSISR3 1 ,'TUDISF4' 'TUBISRS' 'TOBISR6 1 1 TUtsiS R7','TU[jiSR8 1 , 
0 TUBISR9• 1 21*'TOBISfi0 1 , 1 CWTOB1 1 ~ 1 CWTUB2C~·C~TUBJ'~'CWTUB4 1 , 
1 CiTUB5 1 CWTUB6' 1 C~TUB7 1 'CWTuB8 1 , 1 CWTuB9 1 21*'\,.;WTUBO' 
2 DEVTUB1f, 1 D£VTOB~ 1 , 1 DEVTU~3 1 , 1 DEVTUB4' 'DEVfUB5' 'DEVTU~6' 
3 DEVTUB7' 1 DEVTUB8' 1 D£VTUB9 1 21*'DEVTU~0 1 1 TUBST~ 1 , 1 RT BGINC 
4 BTllSIN 1 ,fRTPISL 1 1 RfDRIN 1 ' BT~L ' ' RTTUD 1 •fiTFR' 'RTl!Rl?' 'RTGRP', 
5 GRRDGI 1 , 1 GRRHSII 'GRRMstf ,' GRRBfir• ,• GR~6RL ' 'GRRTUB ','~RRFR' 
6 RMRPSI' ' RMRPl1S 111 RM RPrlL 1 'RMRPDR' ' R~RPDL 111 RI"iRPTU' 'RMRPFR(, 
7 TRMRP' (THGRP•,•fBRP',' CW~ES' 'PHC~PP','CMTfiES','TRA~SP', 
8 CGR' •lDRIR'I ' 

DATA noN2/'DEvaaa1• 1 •oEvasa2•,•nevasE3','DEvRan4•~·oEvRaas•« 1 1 DEV RSR6 ' 1 DEVRBR7 'DEV RBR8 'DEV~DR9' 21* 1 0EVRuR0 1 1 ABNiu1' 
2 1 ABNIR2 1 ,tABNIR3' 'ABNIIi4' 'A~NIRS','AB,IR 6 ' 1 ABlUR 71 1 ABNIR 8f, 
3 1 ABNIR9' 21*'ABNI~0 1 'CW BRfN1' 1 CWBBIN2 1 1 CW~RIN3 1 1 CWBRIN4' 
4 1 CWBRIN5C,'CWBRIN6' fcwBBIN7 1 ,fc-n giN8' ,CCWBRIN9 1 ,,11* 1 CRDRI~ 0 1 , 
5 1 DEVBRI1' 'OEVBRI2':'DEVBRI3','DEVBRI4' 1 D EVBR~5 ' 'DEVBRI6 1 

6 'DEVDRI7':'DEV BRI8 'r'DEVBRI9 '~111*' DEVB~I0 1 , 1 AB LI~1 1 , 1 AuLIE~ 1 1 
7 1 ABLI R3 1 'ABLIR4 1 1 ABLIR5 1 'Ats.L1Ii6 1 'ADLIR7' 1 AOLIR8' 'ABLI!l9', 
8 21* 1 ABLI~0'~'DEVR§L1'~'DEVfiBL2'~'ilE~RBL3','D~VRDL4'~'bEVRBlS 1 , 
9 1 DEVRBL6 1 1 uEVRBL7' 1 uEV RBL8 1 1 u EVfiDL9 1 ,111*' DEVRllLu 1 ' CWi> l1' 
0 1 CWBL2' •f:WBLJ', 'CW~L4 1 'CWB L~' 1 CWBL6 1 'CWBL7 1 , 1 CWBL~' 'CWBL~', 
1 111 *'CWflLO' 'CARBL1 1 •clRBL2 1 'CA.rtBL3 1 CcARBL4 1 1 CARBL5f 
2 ' CARBL6 1 , 1 CARBL7'~'CARBL8•,.•c1RBL9 1 1 11'*'CARBLO I,•cWATPLC, 3 'D£VRFR','CWFP 1 , 1 LLFR','CSuDFR','CRuEOL'/ 

DATA RIN/ 'TSOIL' 1 TAIR ',' DENS 1 , 1 PRES 1 , 1 EMTRES ' ' ' 1 ' 

A' 1 1 1 ' ( ' ' ' 1 1 1 'DELTA( 'C~LA~','::>E~RilG', 
B 1 0 EVRA~ 1 1 Af:n• 'DAYHRS•,•' ' •' 1 ( 1 t DAYRAD ' 'DEC', 
C 1 DLAT' •1R EALVI 1 0LRES 1 'OLTDW ( 1 0LDIH!ff• 1 TR E!>tL • 1 TCil~'c 
D ' TCWHs l•,•TC'iiBRI' 1 TCWBl 1 , 1 TCWT6a• 1 TCwF~ ' ' ll~PNR1 • 1 WE RF , 
E 1 ' 1 DEWPT',fWINDSP' ' 1 (EWFRG' SEWTUBG 1 ,CEWSTG 1 , 

F 1 EWLFG1 tEAGPSL 1 ' ',,RWCPL 1 fnNET' 'ACVP' 'PSILPT','PSI SCL 'I 
DATA IINi 1 NB3IN 1 INI NTOT ' 'NHSL' (Ni1ST' (UBR' '~BRIT' 1 NBL! 1 , 

1 'NTUB' 6*' ' 1 IDAY 1 'IDAfE• 'IHOUR' 16'' •,•foACNT',~*' •, 
2 'NMSINS,5*' 1, 1 NDEDl 1 / ' ' 

DATA RTN / 1 TTRANS' , 1 TPHPP' 1 TGRPDI' 'TGRPC1I ' 'TGRPlfL' 'TGRPBR' 
1 'TGRPBL ','TGRPTU','TGBPFRS,' THRPBI( 'THRPMS' 1 TMRP~L$, 1 TMRPBR l 
2 'TMRPBL 1 , 1 TMRPTQ ','T~RPPR 1 , 1 TTMR P 'r' TTGRP'L'fT9P'L'TDW 1 , 1 TDWBGf •, 
3 1 TDWMSI 1 , 1 TOWMSL 1 ,'TDWBRI','TDWBRL ,'TDWTUts','TDW~R'/ 

DATA RCNL 'AVTS' 'CBC' 'CR0 1 'DRC 1 , 1 DR0 ', 1 DRCP 1 , 1 DROP ', 
$ 'FCL' 'FOV' 1 PH(;• 'PHO' 1 SNHSUN 1 / 

*********'*****'*****'•••••'·······························•********* 
* DATA FOR ?RIHTI~G AND PLOTTING: 

REAL*8 NAHES(12), FNA~ESC50), WNAMES(12l NBLANK 
DIMENSION NWCO!Ml12t, NWSITE{12~, NW~OU~112t, WDATA(12) DIMENSION NPCOMM 50 , NPSITE 50 , NPHOUR 50 DATA(150 50) 
DIMENSION HPCONT 10, NPLOT( 0, >t. LETT(), fiR(12),PLOf(S0), 

$ ZX(13), GRAPHC1 11. I)LX~N(1'0)LXMx(10),Y'!N(10),Y~~(10) 
INT£GER GRAPH aLANK SOuDER PEBu 
DATA NWCOPIM,NGSITE,~WBOUR/~6*0/ 
DATA NPCOMM,NPSITE NPHOUR/150*0/ 
DATA BORDEB,BLANK,PERDINELANK/'IIII',' •,• •••• •,• 'I 
DATA LETT I ' A 1 1 B' 1 C 1 D ' , ' E ' / 
DATA XMN X~I faN fl!IX/40• 0.0/ 

***********'***'***'************************************************* 
: ~i~g~ft~~: =~65:si~~1Mi~1~o~5~A~f~SI~~)Pr~~{~~~ks:A~!~~O~bR PLOTS 
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c 
c 
c * c 
1 
c 
c * c 

c 
c * c 
1008 

2 
c 
c * c 

3 

1000 
1090 
c 
c 
c 

4 

5 

7 
9 

10 

15 

20 

25 

30 

* 

GO TO (1,300,500), IOFLAG 

INITIALIZATION OF OUTPUT 

ICHEK=O 

CHECK FOR TABULAR OUTPUT 

IF(IOUTPT.LE.O) GO TO 2 
IF(IOOTPT.GT.12) IOUTPT=12 

READ VARIAULES FOR TABULAR OUTPUT 

BEAD (5, 1 000) (NAMES (J}, Nf!R (J) ,J=1, IOUTPT) 
FORMATO CA8LI2)) 
ITEliP=!OtlTPT 
GO TO 5 
IOFLAG=2 

READ PLOTTING REQUEST: VARIABLES, HOURS, AND RANGES FOR PL07(0PT) 

IF (IPLOTN.LE.O) ~OTO 90 
I=O 
I=I+1 

¥~tf~~~~8~0tE1g~~;~J~bfNHR1~~~~)~f~~'(~) ,YMN(I) ,YflX(l) 
FOnMAT{5CA8,I2),I1) 
FORMAT (4f10. 0) 

DETERMINE VARIABLE POSITIONS IN COMMON AND IN FILE 7 

ITEMP=5 
DO 4 L= 1 5 
IFCNAMEStL).EQ.NBLANK) ITEMP=ITEMP-1 
CONTINUE 
NPCONTjll=ITEMP 
DO 70 =l !TEMP 
IF(ICHEK.fQ.O) GO TO 9 
DO 7 K=1,ICHEI< 
IF(NAMES(J).NE.FNAMES{K)) GO TO 7 
IF(NHR(J).~E.NPHOUR(K)) GO TO 7 
NPLOT {1~;}) =K 
GO TO 7u 
CONTINUE 
DO 10 K= 1 131 
f;~NAMES(.h.NE.RLN(K)) GO TO 10 

GO TO 60 
CONTINUE 
DO 15 K=1 84 
t~JNAMES{j).KE.ILK(K)) GO TO 15 

GO TO 60 
CONTINUE 
DO 20 K= 1 1422 
f!~N Al'tES (J) • NE. RS N (K) ) GO TO 20 

GO TO 60 
CONTINUE 
DO 25 K=1,1422 
f;~NAMES(Jj.NE.RON(K)) GO TO 25 

GO TO 60 
CONTINUE 
DO 30 K= 1 131 
f;jNAMES(~).NE.RIN(K)) GO TO 30 

GO TO 60 
CONTINUE 
DO JS K=l 43 
IF(NAMES(5).NE.IIN(K)) GO TO 35 
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35 

40 

45 
c 

L=4 
GO TO 60 
CONTINUE 
DO 40 K= 1 27 
f.~tNAMES(J).NE.RTN (K)) GO T O 40 

GO TO 60 
CONTINUE 
DO 4 5 K= 1 12 
t~~NAHES(l).NE.RCN(K)) GO TO 45 
GO TO 60 
CONTINUE 

c • IF NOT FOUND , DELETE AND OUTPU T 

WRITE(6,1001l NA~ES(J) 
c 
58 
1001 .FORM1'1'CL1X,'~**** •,AB,• NOT FOU ND, DELETED (OUTPUT) *****'//) 

GO TO 70 
c 
c 
c 
60 

65 

70 

c 

c 
c 
c 
c 
300 

310 

315 

320 

325 

330 

335 

340 

345 
399 
c 

* SAVE THE FOUND INFOR ~ATION ABOUT REQUESTS: 

IF(IOPLAG.EQ.2) GO TO 6 5 
WNAMESlJl=NAMES(J) NWCOMM J =L 
NliSITE J =K 
IF(NHR J .EQ.O) NHR(J)=1 2 
NWfiOUR J =NHR (J) 
~gntga7~J))=1 
ICHEK=ICHEK+1 
NPCOMl!JICilEKt=L NPSITE ICHEK =K 
PNAMES IC HEK = NAMES (J ) 

¥i~~~~~~f~E~.MrKNHR { J ) = 12 
NPfiOUR~ICHEK\=~HR (J) 
~g~~~~u~J)) = 
IFJIOFLAG.EQ.1) GO TO 2 
IF I.LT.IPL OTN ) GO TO 3 
RE URN 

90 ICHEK=O 
RETURN ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * SEC OND CALLS TO ROUTI NE ARE FOR OUT?UT AN D PLOT-SAV ES * TAB LE: 

IP (IOUTPT.L E.O) GOTO 399 
DO 399 I=1 IOUTPT 
IFCNWHOU R (f). NE.IHOU R) GO TO 399 
J = NWCOMM U) 
GO TO {310,31 5 , 32 0 ,325 , 3J0 , 333 ,J 40 , 3 45), J 
GO TO 399 
WDATA(I)= RTOT(NWS I TE ( I ) ) 
GO TO 399 
~8AiA(~~9RSTV ( NWSITE ( I)) 
WDATA(I)= RI NF( NWS I TE{I)) 
GO TO 399 
WDATA(I)=II NF(NWSITE(I)) 
GO TO 399 
RDATA(l)= BLOC(NW SITE(I)) 
GO TO 399 
VDATA(Il=I LOC(NiSITE( I )) 
GO TO 399 
WDATA(I)= RDER(NRSITE(I)) 
GOTO 399 
WDATA(I)=RCLI( NWSITE(I)) 
CONTINUE 
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c c 

410 

415 

420 

425 

430 

435 

440 

445 
499 
c 
c 
c 

* PLOTS: 
IF CIPLOTN.LE.O) GOTO 499 
DO !f99 1=1 ICHEk 
IFCNPHOURCf).NE.IHOUB) GO TO 499 
J=NPCOMM ( !) 
GO TO (410,415,420,425,430,435,440,445) I J 
GO TO !f99 
PLOT(I)=BTOT(NPSITE(I)) 
GO TO ~99 
PLOTCil=RSTV(NPSITE(I)) 
GO TO 499 
PLOTCil=RINF(NPSITE{I}) 
GO TO 499 
a~O~dr49~INF(NPSITE(I)} 
PLOT(I)=RLOC(NPSITE{I)) 
GO TO 499 
a5o~dr49~LOC(NPSITE(I)) 
PLOT(I)=RDER(NPSITE(I)) 
GO TO 499 
PLOT(I}=RCLI(NPSITE(I}) 
CONT !NfJ E 

* PRINT AND SAVE PLOT VALUES IF END-OF-DAY: 

IFJIHOOR.NE.24l RETURN IP IODTPT.LE.O GOTO 9001 
IF MODCIDAY,20 .EQ.1) WRITEC6f9080) 

$ d NAMSSJJ~bNW OURfJ) 1 J=1~IOU PT) 
9080 ~P.¥~~1J:9090fYID~Y,1~o~f~c~f:~~~.IOUTPT) 
9090 FORMATC1X,I4,2X,12CfX~F9.q)} 
9001 IFC!PLOTN.LE.O) REtDRL1 

WR!TEC7~9100) (PLOT(J) ,J=1,ICHEK) 
9100 FOBMAT(~OF12.5) 

RETURN 
********************************************************************* * FINAL CALL TO PLOT IS FOR PLOTTING 

c 
c 
c 
c 
500 

* READ DATA FROM OUTPUT 

REWIND 7 
IOBS=1 

510 READ{7,1002._END-=600) (DATA(IOBS,I) ,I=l,ICHEK) 
1002 FORMAT(50F1l.5) 

IOBS=10BS+1 

600 
c 
c 
c 

c 

* 

GO TO 510 
IOBS=IODS-1 

PLOT 

DO 800 I1=1,IPLOTN 
IFLAG=O 
LL=NPCONT (II) 

c * c 
DETERMINE RANGES, EITHER BY INPUT OR VARIABLE VALUES 

610 

Xl'IAX=Xi'.1X II 
YlHN=YMN II 
Y!UX=YMX II 

XMIN=XMNliil 

IF(YMAX. E •• OR.Yl1I~.NE.O) GO TO 615 
YM1N=9.99E10 
Yl'1AX=-9.99E10 
DO 610 JJ=1 LL 
IF(NPLOTCII:JJl.EQ.O) GO TO 610 
DO 610 KK=l lOBs 

I~MJiM~~:~~~~~~~f0i~i~~~~k~ 
IF YMAX.LT.TEMP) YMAX=TEMP 
CO TINUE 
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615 

619 

c c • 
c 

620 

630 

640 

660 
c 
c 
c 
670 

680 
700 
c 

.. 

IFCX~AX. NE.O.OR.XMIN.NE.O) GO TO 6 19 
XMIX=IOBS 
IF(YMAX.EQ.YMJ:N) GO TO 800 
DO 700 JJ=t,LL 
lF(NPLOT(II,JJ).EQ.O) GO TO 700 
NP=NPLOT {II,JJ) 
IP(IFLAG.NE.O) GO TO 670 

FOP. FIRST VA RIABLE OF PLOT , PREPARE PLOT FORMATS 

If'LAG=l 
DO 620 !=1,51 
DO 620 J=1,121 
GRAPBCJfll=BLANK 
DO 630 ='1 51 
GRAPHJ121,il=BOROEB 
GRAPH lfl) =~ORDER 
DO 64 =1 121 
GRAPH (1,26{ =PERD 
XSCAL2=JXHAX-X~IN)/120. 
YSCALE= Y~AX-YHIN)/50. 
DO 660 =1 13 
ZX(K)=lO.*~LOAT(K-l)*XSCALE+X~IN 
PLCT VALUES WHICH FALL WITHIN THE PLCT RANGE 

j~~B~~A1r~~~r~~T.YMAX) GO TO 680 
IF DATA(I,NP).LT.Y~IN) GO TO 680 
DA =I 
IF(DAY.GT.X~AX~ GO TO 680 
IF(DAY.LT.XMIN GO TO 680 
IX=JDAY-XMIN)i SC!LE+1.5 
IY= OATA(IfNP -Y~IN)/YSCALE+1.5 
GRA HCIX,I )= ETT(JJ) 
CONTINUE 
CONTINUE 

c 
c 

* OUTPUT THE PLOT 

IFliFLAG.E8.0) GO TO 800 

1003 ~gR~~~~~1~~~~f.t~LOT NUP'.BER ',12,' :') 
DO 710 JJ=1,L 
IF(NPLOT~II,JJt.EQ.O) GC TO 710 
NP=NPLOT II JJ 

1009 
WRITE {6 I 00~) ETT SJJ} ~ F ~AMES ( NP) ' NP HCUR (NP) 
POBMA1J•1X,Al,' = ,A8,• AT HOUB ,12) 

710 CONTIN E 

720 

800 

1004 
1005 
1006 
1007 

~~~;i~~f!~g~lLE 
DO 720 1:=1,51 
KK=52-I 
YES=YES-YSCALE 
WRITEC6 1.1005j YES , (GRAPH(J,KK) , J=1,121) 
CONTINUt: 

:~Ii~~~~188~~ zx 
CONTI~U.t; 
RETURN 
~g:g t~ I{~ X f~ ~ ~. i ~I 1 ~ t ~f) .• ) , • I.)) 
POBK AT 1X:9x •f• ,2J9C'.'l 'I' )) 
PORftAT 2X, 13f1 0 •• // OX ,'IbAY') 
END 

$$$$$DEQSOL 
SUBROUTINE DEOSOL c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C * DEQSOL UPDATES THE ST AT E VARIABLES J:N (STVAR) 3Y THE APPLICABLE 
C * BATE VARIABLES IN (DERIV) FOB EACH HOUgLY ST~P. 
c * 
c ···························*········································· 
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c 

c 
c 
c 
c 
c 
c 

c 

CO~~ON/STVAR/ SJ1422) 
COMHON/DERIV/ D 1422) 
COMMON /INFO / SOIL TAIR DENS PRES EMTRES NBGIN NINTCT 

A NMSL, NMST~ NBR 1 NDRITL N&LT0 NfUBt D~LTA~ CMiAIA DEfRBG£ DE~RAG, 
B ACR DAYHR~ IDAY IDATE IH UR DaYRAD uEC, DL T AREA V, 
c OLBES~ OLTD~L OLDWMT, TRESFL, TCWIN, TCWMSL, TCWBHf, TCRBL, 
D TCWTUu, TCWF~, ANPNRA, WERR, IDACNT, DEWPT, WINDSP, NHSIN 
E EWFRGL EWTUBG1 EWSTGL EWLFGL EAGPSL!. NDEDL, RWCPL, RNET, 1CVP, 
P PSILPT, PSISOL~ NDAY::>!. IDAST!. IOUTP·.r, IDAOUT, IHR (24), 
G I!!RPLT(24) IPLuTN,AVDTRN AVDT!1Pi24l 

**************'*************'******'**~****************************** * FOR EVERY STATE VARIABLE: 

* 
DO 1000 I=1,1422 

IF IT IS NOT YET OR NO LONGER BEING USED, SKIP IT: 

IF{S(I) .E8.999.99) GO TO 1000 
IF(S(I).E .888.88) GO TO 1000 

c * c 
UPDAT2 THE VARIABLE BY ITS CHANGE PER TIME STEP (EULER APPROX.): 

1000 
S(I)=S(l)+D{I)*DELTA 
CON'l'INlfE 
RETURN 
END 

$$$$$TABINT 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

••• ~~~~~~ii~~.~:~;~~J~~~~~~.~,.!,.~~~~~****************************** * TABINT IS A TABLE INTERPOlATION ROUTINE. * TABLE I3 THE VECTOR OF ALTERNATING INDEPENDENT AND DEPENDENT * VARIABLES. THE INDEPENDENT VARIABLES MUST BE MONOTONICALLY * INCREASING. THE FIRST ELEMENT OP THE TABLE IS THE TOTAL NUr.BER * OF ELEMENTS IN TOE TABLE. * X IS TH~ INDEPENDENT VARIABLE FOD WHICH A CORRESPONDING * DEPENDENT VARIABLE IS SOUGHT. * Y IS THE INTERPOLATED VALUE WHICH IS gETURNED. * NAME IS THE ALPHANUMERIC NAME OF 1UE TABLE (4 CHARACTERS * !'!AXHW1'1). * THE Y RETURNED IF TRE X IS OUTSIDE THE BANGE OF ~HE TABLE IS * THE MAX OR MIN Y IN THE TABLE ON THE BOOND CLOSEST TO X. 
********************************************************************* 

DIMENSION TABLE(1) 
N=.T ABLE ( 1) 
Nl=N-1 
IF l X .LT. TABLE(2)) GO TO 300 
IF X .GT. TADLE(Nl)) GO TO ijQO 
DO 00 !=4,~~ 1L2 
IF (X • L E • T A ts.L E (I) ) G 0 T 0 2 0 0 

100 CON'l'INUE 
200 Y = TABLE (I-1) + ('rABLECI•1) -TABLE(I-1)) 

i *((X-TABLE(I-2))/(TAnLE(I)-TABL~(I-2) ) ) 
RETUS~ 

300 Y=TABLE(3) 
RETURN 

400 Y=TAl3LE(N) 
RE'rURN 
END 

$$$$$STINTR 

c ••• ~2~~I!~~.~~l~l~ •• JI~~~~'~'i~~,~~~'!'~~~'~;!,~,~~****************** 
c • 
c * c • 
c * 
c * 
c * 
c * 
c * 
c * 

2 WAY TABlE INTER PO LATI ON ROOT INE. BOTH IN DEPENDENT VARIABLES 
MUST DE TRANSFO~~ADLE VIA LINEAR RELATIONSHIP TO CORRESPONC TO 
1C 2f 3 •••• ETC. 
¥u~TpgfL~~~g~ ~fi6R~~~, ~~~ ~y~~~{sA~T~~~~~~D~i¥n 'T' AlE 
TABLE ENTRIES!• SYMDOlS STARTING WITH 'I' ARE ARRAY POSITIONS OF 

THE TABLE ENTR ES. X IS THE INTERPOLATED POINT SOUGHT. 
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c c 
c 
c 
c 
c 
c 

• • • IVS ·-· • • IVL 

I:JS 
TSS 

TSL 

TLS 
X 

TLL 

. . . . .. 

. . . • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
DIMENSIO~ TABLE(N,M) 
IH= H*SLB+ YIH 
XV=V*SLV+YIV 
IHS=INT(XH) + 1 
IF {IHS .LT. 1 .OR. IHS .GE. M) GC TO 20 
IHL=IHS + 1 
IVS=INT(XV)+1 
IF{IVS .LT. 1 .OR. IVS .GE. N) GO TO 20 
IVL=IVS+1 
TSS=TADLE!IVS,IHSl TLS=TAULE IVS,IHL 
TSL=TABLE IVL,IHS 
TLL=TABLE IVL,IHL 
H1=(XH-(IIS-1~t * (TLS-TSS)+TSS 
02=\XH-(IHS-1 * (TLL-TSL)+TSL 
STINTR =(XV-( S-1)) * (H2-H1) +H1 
RETURN 

20 CONTINUE 
IFjiHS .LT. 1l IHS=1 IF IHS .GT. M IHS=~ 
IF IVS .LT. 1 IVS=1 
IF IVS .GT. N IVS=N 
ST NTR=ThBLE( VS,IHS) 
RETURN 
END 
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SERVING THE STATE 

Teaching . . . Research . . . Service . . . this is the three-fold charge 
of t!ee 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 Extenseon 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 Idaho 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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