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ABSTRACT

CONIFER simulates water, carbon, and energy dynamics of a coniferous forest.
The model consists of 29 nonlinear difference equations. Driving variables
include air temperature, dew point temperature, precipitation, solar
radiation, and wind speed. Water and energy variables are updated daily;
carbon variables are updated weekly. This report contains a detailed
description of the model including all equations, parameter values, and
initial conditions. Cross-reference tables list the equations in which
each variable and parameter appear. Listings of the driving variable data,
computer implementation, and corresponding output are also provided.
Information sources and model behavior are discussed elsewhere.




iv

10.

11.

TABLE OF CONTENTS

Introduction - 1

1.1. Format of the Report and Definitions - 1

1.2. Model Structure - 2

1.3. Model Implementation--A Word about SIMCOMP - 5
State Variables - 5

Timing Variables - 7

Driving Variables - 7

Flow Functions -~ 8

Intermediate Variables and Functions - 10

6.1. Cross-Reference ﬂisting of Intermediate Variables - 11
6.2. Descriptions of Intermediate Functions =~ 16

6.3. Tree Diagrams - 67

Special Functions - 86

7.1. Cross-Reference Listing of Special Functions - 86
7.2. Descriptions of S Functions - 86

Output‘Variables - 88

Parameters and Parameter Values - 91

Acknowledgments -~ 98

References - 99

Appendix I. Listing of Code - 101
Appendix II. Listing of Input File for SIMCOMP - 136
Appendix III. Listing of Driving Variable Data - 140

Appendix IV. Sample Output - 155




1. INTRODUCTION

In this report we present documentation for CONIFER, a model of water

and carbon flow through a coniferous forest. We have tried to provide
in this report all the information needed to implement the model on a

computer and to obtain output. The report is intended for ecologists

with interest in specific details of the model, for the programmer or

ecologist interested in implementing the model, and for those of us in
our own project who work with CONIFER.

Only a description of the model is provided herein. The ecological
assumptions, sources from which parameters were calculated, and behavior
of the model are discussed elsewhere (Sollins et al. 1974, Edmonds and
Sollins 1974, P. Sollins and G. L. Swartzman MS in prep.). The old-
growth forest ecosystem on which CONIFER is based is described by Grier
and Logan (in press) and P. Sollins, C. C. Grier, K. Cromack, F. Glenn,
and R. Fogel (MS submitted).

This report supersedes an undated internal report (no. 158) of the
Coniferous Forest Biome by G. Swartzman and P. Sollins entitled
"Documentation for a combined carbon-water flow stand level coniferous
forest model."”

1.1. Format of the Report and Definitions

The format of this report follows closely that of the FLEXFORM described
by White and Overton (1974).

Model variables are restricted to six types: state variables, timing
variables, driving variables, flow variables, intermediate variables,

and output variables. In addition, there are special functions, two

sets of parameters, and a set of initial conditions. Mnemonic variable
names are not used. The abbreviation (dim.) indicates that the parameter
or variable is dimensionless.

Driving variables (denoted Z.) are those factors extrinsic to the system:
whose values influence the system but are not themselves influenced by
it. Examples are average daily air temperature (Z3) and daily amount of
precipitation (Z;). State variables (denoted X.) consist of that set of
variables whose values summarize the present state of the system and
that are sufficient to predict the future state of the system when used
as initial conditions in equations that describe the rate of change of
each state variable. State variables in this model correspond primarily
to storages in compartments, for example, amount of carbon in old fol-
iage (Xj11) or amount of water stored in the litter (X7). Flow variables
(denoted F[i,j]) correspond to the amount of a particular material
transferred between two compartments during a time interval. This is
calculated in a corresponding flow function, which in general may depend
on state variables or driving variables or any parameters but not on
other flow variables. 1In cases in which several flow functions have
terms in common we create an intermediate variable (denoted Gi) and
write both flows as functions of the intermediate variable.
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The use of intermediate variables (G functions) helps make clear the
interactions between processes. For example, foliage resistance (sto-
matal) resistance plus mesophyll resistance) is used directly in the
photosynthesis flow function and indirectly (after dividing by leaf area
index to obtain a canopy resistance) in the transpiration flow function.
The appearance of the same G function in both a water and a carbon flow
function makes clear a coupling--an important structural feature of both
the model and the systam.

It should be noted that in CONIFER for every flow function there is a
corresponding G function to which the F function is equal., This is not
a required feature of the paradigm but rather a practice we have found
convenient.,

Output variables (denoted Y,) are created to display aspects of model
behavior that cannot be seefi by printing or plotting X variables, F's,
or G's. These variables do not appear in F, G, or Z functions and do
not influence system behavior. Examples include changing the units of,
say, a G function such as resistance to conductance for comparison with
published values. In our model, for example, we have a Y variable for
net weekly assimilation (Y;s5), which is the sum of old and new foliage
net daytime photosynthesis less the sum of old and new foliage nighttime
respiration.

Within many G functions temporary variables are used to simplify calcu-
lations. These temporaries are denoted T;, T, etc. in the code and are
never used to transfer information from one G function to another.

1l.2. Model Structure

An overview of the model structure is necessary to avoid mistaking the
forest for the trees. Three basic cycles are considered (Figure 1):
water, carbon, and energy. The law of conservation of mass is used in
the carbon and water modules in that all material entering the system
either accumulates or flows out. In the energy module we have not main-
tained a conservation scheme, choosing instead to model only those
processes we felt were important.

Unfortunately, flow diagrams as such provide no information about inter-
actions among carbon, water, and energy flow processes, much less about
interactions among processes within a module. Various attempts have
been made to provide this information diagrammatically (e.g., Forrester
1971), but none is workable for a model as large and complex as CONIFER.
We feel that some discussion of interactions is essential and have
included in this section a list of those variables (X's and G's) that
influence processes outside the module in which they are calculated
(Table 1). Thus, for example, all cases in which a carbon variable
affects water flow processes are listed. Other details of interactions
between processes can be found in the detailed descriptions of each G
function and in tree diagrams, which specify exhaustively the sequence
of computation of all G's.
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Table 1. Interactions among modules of CONIFER.

Effect of carbon variables on water and energy flows Comments

A. Foliage biomass affects:
1. Transpiration

2. Fraction of rain incident to canopy that strikes 2. This and following two affect drip,
foliage (and therefore also fraction striking litter, and soil moisture dynamics.
nonfoliage) There are also indirect effects

through percent cover.
3. Water retention capacity of canopy
4. Distribution of retention capacity between
foliage and nonfoliage

5. Fraction of rainfall passing directly to forest 5. Through percent cover
floor
6. Net longwave radiation input to canopy 6. Through percent cover, which affects

input and loss

B. Stem biomass affects:
1. Percent cover (and therefore numbers 2-6 above)

C. Fine, leaf and woody litter mass affects:
1. Water retention capacity of litter
Effect of water variables on carbon and energy flows

A. Soil moisture affects:

1. New and old foliage photosynthesis 1. via stomatal resistance
2. Fine root death ) 2. via plant moisture stress
3. Dead root + soil Organic matter decomposition

processes

B. Litter moisture affects:
1. Litter decomposition processes

C. Snowpack ice affects:
1. Litter temperature

D. Snowfall affects:
1. Heat loss from snowpack due to snowfall
2. Albedo of snowpack

E. Drip plus direct rainfall affect:
1. Litter and soil temperature

Effect of energy variables on carbon and water flows

A. Heat input to canopy affects:
1. Potential evaporation from canopy
2. Transpiration

B. Litter temperature affects:
1. Litter decomposition processes
2. Potential evaporation from litter

C. Soil temperature affects:
1. Large and fine root respiration and growth

D. Net heat input to snowpack and heat deficit of snowpack affect:
1. Net transfer between free water and ice in snowpack




1.3. Model implementation--A Word about SIMCOMP

CONIFER was implemented on a CDC 6400 at the University of Washington
using a flow-oriented simulation language called SIMCOMP. SIMCOMP was
designed and built by George Gustafson of the Grasslands Biome, U.S./IBP,
and is described in a user's manual, available as Technical Report 138
from the Grasslands Biome, Natural Resource and Ecology Laboratory,
Colorado State University, Fort Collins, Colorado. We provide below
some details concerning the operation of SIMCOMP although there should
be no problem coding CONIFER directly in a higher level language such as
FORTRAN.

The SIMCOMP processor uses the following order of computation. SIMCOMP
first calls a routine called CYCLl. We use this routine to convert the
basic time variable (daily, zero origin) to weekly and monthly time
(subroutine TIMER), read in values for the driving variables (subroutine
ZUP), and then to calculate the values of each of the G functions in the
proper order (subroutine GUP).

At the beginning of subroutine GUP, before any G's are calculated, we
set all G's equal to a very large number. This ensures that, if a G
variable is used before it is calculated, an overflow occurs and the
program stops executing. This feature immediately brings attention to
any circularities and sequencing errors, and we strongly recommend that
it be programmed into any future version of the code.

After CYCLl is complete SIMCOMP calculates the F functions using current
values of 2's, G's, and X's, and then updates the X's. Thus:

Por-

X.(t) = xX.(t -1) + F., - F..

i i j=1 Ji j=1 ij
J#i J#i

SIMCOMP next calls CYCL2, which we use only to update Y variables.

SIMCOMP may be requested to print or plot in any combination or order
S, F, or Z functions or X or Y variables. This occurs immediately after
CYCL2 is completed.

2. STATE VARIABLES

In this section we have listed the state variables (X's) in numerical
order. Following the description of each X is a list of the G functions
in which that X is used. On the extreme right-hand side are two sets of
initial conditions for each X. The first corresponds to day 1 in 1972,
the second to day 131 in 1972. It should be noted that the first set is
simpler in that the initial conditions for X;(o (new foliage).and X3g
(bud carbon--last year's) are both zero, while on day 131 these must
have nonzero values. The meteorological station did not begin operation
until day 131 (see Appendix III) so that for most purposes it is neces-
sary to begin the model on day 131. There is, however, an advantage in
starting during the summer in that both X; (water stored on foliar
surfaces) and Xg (storage on bark and epiphyte surfaces) can be assumed
to be zero.
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Two compartments, Xg and Xgy, are intended to be zero-valued throughout

the simulation.

The equations for flows in and out of these compartments

are such that the compartment is empty at the end of each time step.

These two variables (and X;5) are different from all other state variables
in that they do not appear in any G functions; they could be eliminated
from the model but doing so would increase considerably the complexity of
several of the G functions.

X1

X2

X3

Xy
Xs
Xe

X7

Xs

Xg

X10

X11

X12

X13

X1y
X15

X186

X17
X18

X19

water storage on foliage (m3/ha) —
Gs, G7, G29, Y18

snowpack ice (m3/ha) -- Geor Ge7+
Gi118s G121, G161

soil rooting zone water (ma/ha) - G12,

G20, Gy2, Gsg, Y15
subsoil water (n@/ha) -- G19
groundwater storage (m3/ha) -- Gig

water storage on litter surface
(m3/ha)

litter water (ma/ha) -- G15, G22,
Gegr Y1y

water storage on epiphytes and bark
surfaces (m“/ha) -- Gg, Gsg, Y19
log litter carbon (t/ha) -- Gigs

new foliage carbon (t/ha) -- Gy,
G25, G3u, G38s Gues Gels G101.
G135

old foliage carbon (t/ha) -- Gz9,
G30s Guos Gels, G90, G93, G101
carbon in growth CH20 pool (t/ha) --
G30, G35, G36s G37, Gus, Gou,
G138, G139; Gluo

stem plus branch carbon (t/ha) --
G13, Gie, G23, G57, Ge2, G92
large root carbon (t/ha) -- Ggg
fine root carbon (t/ha) -- Gg7,
Giyo

bud carbon (current year; t/ha) =--
Gyy, G79, Ggs

canopy insect carbon (t/ha) -- Ggo
woody litter carbon (t/ha) -- Gss,
Gg3

foliage litter carbon (t/ha) =-- Gss,
Ggl

3208
10,021

21.1
27.6

4.85

11.3

263.1
74.0

4.85

0.0125
0.07

15.0

11.0

Day 131
0

2960
9970

129.5

28.9

0.3183

4.554

15.45

261.12
73.85

4,813

0.555 x 10~16
0.0374

15.19

10.97



Day 1 Day 131

X929 fine litter carbon (t/ha) -- Ggg,

Ggy 13.4 13.43
X721 carbon in soil rooting zone organic

matter (t/ha) -- Ggsg 33.3 33.28
X772 carbon in subsoil organic matter (t/ha) 78.0 78.13
X725 litter temperature (deg) -- Gy,

Gy1, Gg7+ Gggr G121 7.5 7.5
X2 soil rooting zone temperature (deg) =--

Gs1, Ges ‘ ‘ 4.1 4.1
X37 snowpack heat deficit (ly) =-- Gizs., »

G129, G161l 0 0
X3g bud carbon (previous year; t/ha) -- -

Guy, Gug 0 v 0.01249
Xg2 dead root carbon (t/ha) -- Ggs 6.0 ‘ 6.197
Xgy carbon in new foliage CH20 pool

(t/ha) 0o 0
Xqg free water in snowpack (m3/ha) -- G110,

G128+ G161 . 0 0

3. TIMING VARIABLES

In this section we discuss the timing variables (tg and ty) used in
CONIFER. Definitions of these and lists of their occurrence follow.

tg = time in days

Comment: Various functions are set up such that t4 must be day of the year,
that is t3 = 1 must be 1 January of some year. We typically begin simu-
lations with t3 = 131, which is the day in 1972 on which the meteorological
station began operating. Here tgy is used in special functions Sj3, Ss,

Sg, and in intermediate function Gj23.

t,, = time in weeks (modulo 52)

Comment: This variable gives the week of the year (1-52) and is reset
to 1 at the beginning of each year. Day 131 occurs during week 18.
Here t, is used in the following intermediate functions: Gj3y, Gug.

Guy, G79, Glo6-

4. DRIVING VARIABLES

In this section we list the driving variables (Z's) used in CONIFER.
Immediately following the description of each Z, we list the functions




(G's, S's, and Y's) in which the Z is used. All Z's are averages or
totals for a day. The data currently used in running CONIFER are shown
in Appendix III. Methods used in obtaining this data set are described
by Waring et al. (in press).

Z;  total precipitation (m3<ha”l.day-l) -- Gsy, G115, Yy

Z, average shortwave radiation (ly/min)--- Gsg, Gigg. G123

23 average 24-hr air temperature (deg) -- Giy, G17, G21+ Gy2:
~ Gugs Gi1iys G117+ G122/ G170

2y  day length -- Gg, G20+ Gsys G59/s G110

Zs average 24-hr dew point temperature (deg) -- Gz, Giy. Gag

Zg average daytime temperature (deg) -- Gsy, Gig7. G118

Z7 average nighttime temperature (deg) -- Gsy, Gipsg

Z1y average wind speed (m/sec) -~ Gjgg
5. FLOW FUNCTIONS

In this section we list the flow functions (F's) used in CONIFER. After
each flow, we list the description of that flow, and, on the extreme
left, the G function to which the flow is equal. The F's are listed

in numerical order except that the index "99" is treated as a "0." This
arrangement causes all inputs to the system to appear first.

The flow functions represent terms in the difference equations describing

the daily change in each state variable. The abbreviation "F(10,11)"
indicates transfer from Xjg to Xji; F(99,10) indicates transfer into

X1p from outside the system, while F(10,99) indicates transfer from Xjq

to outside the system. The difference equation for X;, for example,

consists of the sum of all F's containing "10" as the second index

[F(1,10)]) less the sum of all F's containing "10" as the first index [F(10,j)].
All flows are calculated daily; however, the G functions from which the

carbon flows are calculated are set to zero except every seventh day,

in keeping with the weekly time-step of that part of the model.

F(99,1) rain input to foliar surfaces -- Gj3
F(99,2) precipitation as snow -- Gji5
F(99,6) rainfall passing directly to litter surface water -- Gyg

F(99,8) rain input to bark and epiphyte surfaces -- Gy

F(99,12) input from old foliage photosynthesis to growth CH;0 pool --
G29

F(99,20) input to fine litter from microparticulate matter and carbon
dissolved in precipitation =-- Gg7

F(99,25) change in litter temperature -- Gg7
F(99,26) change in soil temperature -- Ggg




F(99,37)
F(99,38)
F(99,64)

F(99,98)
F(1,99)
F(1,6)
F(1,98)
F(2,98)
F(3,99)
F(3,4)
F(4,5)
F(5,99)
F(6,7)
F(7,99)
F(7,3)
F(8,99)
F(8,6)

F(8,98)

F(9,99)
F(9,20)
F(10,11)
F(10,17)
F(10,19)

F(10,20)
F(10,64)

F(11,17)
F(11,19)

F(11,20)

F(12,99)
F(12,13)
F(12,14)

net increase in heat deficit of snowpack -- G128
change in last year's bud carbon =-- Gyy

input to new foliage CH20 pool due to net new foliage
photosynthesis -- Gaoy

rainfall passing directly into free water in snowpack -- G7y
evaporation from foliage -- G7

drip from foliage to litter surface -- G71

drip from foliage to free water in snowpack -~ G7j5
transfer from ice fo free water in snowpack -~ G129
transpiration rate ~-- G2¢

water transfer from soil rooting zone to subsoil -- G132
water transfer from subsoil to groundwater -- Gi19
outflow from groundwater -- Gig

water flow from surface into litter layer -- Gi11
evaporation from litter =-- G322

water transfer from litter to soil rooting zone -~ G1s§
evaporation from epiphyte and bark surfaces -- Gg

water drip from epiphyte and bark surfaces to storage on
litter surface -~ G72

drip from epiphyte and bark surfaces to free water in
snowpack -- G7g

carbon loss from logs due to respiration -- Gjji3
carbon loss from logs due to fragmentation -- Gy,
maturation of new foliage -- Gg3y

new foliage consumption by insects -- G3g

carbon transfer from new foliége to leaf litter due to
acute defoliation -- Gj3s

carbon transfer from new foliage to fine litter due to -
acute defoliation -- G135

carbon transfer from new foliage to new foliage CH,0 pool --
G27
old foliage consumption by insects -- Ggg

transfer from old foliage to leaf litter due to leaf fall and
acute defoliation -~ Gy

transfer from old foliage to fine litter due to acute defoliation -- -
G136 "
total respiration loss from growth CH0 pool -- Gg31

carbon transfer to stems plus branches -- G3g

carbon transfer to large roots =- Gs3g
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F(12,15)
F(12,16)
F(12,17)
F(12,64)

F(13,9)

F(13,18)
F(14,62)
F(15,62)
F(l6,10)
F(l6,17)
F(17,20)
F(18,99)
F(18,20)

F(19,99)

F(19,20)
F(20,99)
F(20,21)

F(21,99)
F(21,22)
F(62,99)
F(62,21)
F(64,99)
F(64,10)

F(64,12)

F(98,2)
F(98,6)

carbon transfer to fine roots =-- G37
bud growth -- G33
consumption of growth CH20 pool by insects -~ Goy

transfer of carbon from growth CH20 pool to new foliage CH20
pool to meet foliar respiration and growth demands -- G32

carbon transfer from stems plus branches to log litter =-- Gg2
carbon transfer from stems plus branches to woody litter =-- Gg3
large root mortality -- Ggg ‘

fine root mortality -- Gg7

carbon transfer from buds to new foliage -- G79

bud consumption by insects -- Gg5

insect frass input to fine litter -- Gg2

carbon loss from woody litter due to respiration -- G111
carbon loss from woody litter due to fragmentation ~-- Glo4
carbon loss from foliage litter due to respiration -- G103
carbon loss from foliage litter due to fragmentation -- Gag
carbon loss from fine litter due to respiration -- G125

incorporation of fine litter into rooting zone organic
matter -- Gl1sg

carbon loss from rooting zone due to respiration -- 6133
carbon transfer from soil rooting zone to subsoil -- G132
carbon loss from dead roots due to respiratioh -- G131
carbon loss from dead roots due to fragmentation -- G126 .
new foliage nighttime respiration -- G25

transfer of carbon to new foliage from new foliage CH20
pool -- G2g '

transfer of surplus carbon from new foliage CH20 pool to
growth CH20 pool -- G28 '

transfer from free water in snowpack to ice -- G1lg1

water draining from snowpack to litter surface -- Gig

6. INTERMEDIATE VARIABLES AND FUNCTIONS

In this section we list the intermediate variables (G's) and the corres-
ponding functions used in CONIFER. The section contains three parts.
The first is a cross-reference list designed to provide some minimum
information about each G quickly. It contains the description of each G
followed by a list of G and Y (output) functions in which the G is used.




11

The second part provides algebraic and English language descriptions of
each G. All variables and constants used in the G function are defined.
A "comment" paragraph may provide information helpful in understanding
how the G function behaves. In several cases involving rather compli-
cated or nonlinear functions the comments include graphs of the G plotted
against the variables upon which it depends. Both lists are in numerical
order, and not in order of computation.

In the third part, we show the scheme we used to divide the G's

into modules, the order in which the modules occur, and the sequence of
computation within each module. The G functions pertinent to computing
water flow through the system are calculated each day. The G functions
used only in calculating carbon transfers are zero-valued except every
seventh day. Variables that occur in modules 1 through 8 are calculated
daily while those occurring in modules 9 through 18 are calculated
weekly.

6.1. Cross-Reference Listing of Intermediate Variables

G one-sided needle surface area index -- Gzg

Go heat input to snowpack due to condensation -~ G127

G3 rain input to foliar surfaces -- F(99,1), Gs, G7, Gag

Gy rain input to epiphyte and bark surfaces -~ F(99,8), Gg, Gsg
Gg drip from foliar surfaces -- G7, G229, G71, G75, G134

Gg potential evaporation from canopy -- Gg, G7, Gg, Gsg

G7 evaporation from foliar surfaces -- F(1,99), Gpqg, Y)

Gg evaporation from epiphyte and bark surfaces -~ F(8,99), 1)

Gg rainfall passing directly to snowpack or litter surface -- Gyg,
G7y, G13y

Gio water transfer from snowpack to litter surface -- F(98,6), Gi;

G11 water entering litter -- F(6,7), G155, Ga2

Gl water transfer from soil rooting zone to subsoil -- F(7,3), Giq

G13 fraction of rain incident to canopy, which strikes foliage =--
G3, Gy

G1y  potential evaporation from litter -- Gis, Gao
G115 water transfer from litter to soil rooting zone -- F(7,3), G1ao
G1g water retention capacity of canopy ~-- G5, Gsg

G17 rate of change of saturation vapor pressure with temperature --
Ger G20

G1g outflow from groundwater —-- F(5,99)

G19 water transfer from subsoil to groundwater -- F(4,5)

Gag transpiration rate -- F(3,99), G122, Y2
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G21 saturation vapor pressure at air temperature -- G17, G99
G22 evaporation from litter -~ F(7,99), I

G23  percent cover by canopy (also percent cover by overstory) -- G3,
Gy, Gg, Gor, G120, Gl24/ G168

G24  net new foliage photosynthesis -- F(99,64), G47, Y9, Yie
G25 new foliage nighttime respiration -- F(64,99), Gu7, Y9, Y11, Ylé

G2g transfer of carbon to new foliage from new foliage CH20 pool --
F (64,10), G3y

G27 transfer of carbon from new foliage to new foliage CH>0 pool ~--
F(10,64), G3y

G2g transfer of surplus carbon from new foliage CH;0 pool to growth
CH20 pool -- F(64,12) ‘

G249 net old foliage photosynthesis -- F(99,12), Y10, Yis
G390 old foliage nighttime respiration -~ G78, Y10, Y16
G31 total respiration loss from growth CH20 pool ~-- F(12,99), Y11

G32 transfer of carbon from growth CH20 pool to new foliage pool
to meet foliar respiration and growth demands -- F(12,64)

G33 bud growth -- F(12,16), G79

G3y maturation of new foliage -- F(10,11)

G35 carbon transfer to stems and branches -- F(12,13)

G36 carbon transfer to large roots -- F(12,14)

G37 carbon transfer to fine roots -- F(12,15)

G3s new foliage consumption by insects -- F(10,17), G3y, Guy

G39 temperature effect on growth processes -- G33, G35, G3g, Gue,
G90, Gou, G9s5

Gy leaf-fall rate -- F(11,19)

Gyl litter temperature -- G77

Gy2 plant moisture stress (PMS) -- Gy3, G87

G433 new foliage stomatal resistance -~ Gu9, G52, Gloi
Guy change in last year's bud carbon -- F(99,38), Gus

Gy5 portion of growth CH20 pool available for foliar respiration and
growth -- G26, G27, G28, G32

Gy new foliage growth demand -- G2¢, G28, G32

Gy7 surplus or deficit of new foliage photosynthate after new foliage
respiration is satisfied -~ G26, G27, G28, G32

Gyg average weekly 24-~-hr air temperature -- Gig, Gyl, G138
Gyg average weekly stomatal resistance of new foliage == Gay

Gsg effect of moisture and temperature on soil rooting zone processes --
Ggse Ggs




Gsl
Gs2
Gs3
Gsy
Gss
Gsé
Gsg7

Gsg
Gs9
Ge0

Gel
Ge2
Ge7
Ges
Ge9

G70
G71
G72

G7y
G7s
G7e6

G77
G79
Ggo
Ggl
Gg2
Gg3
Gay
Ggs
Gge
Gg7
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weekly average soil temperature -- Gs3, G139, GluQ

stomatal resistance of old foliage -- Gs58, G101

effect of soil temperature on soil processes -- G3g, G37, G50
precipitation as rain -- G3, Gy, Gg, G115

water holding capacity of litter -- G15, G22, Ge9, Y1y

drip from epiphyte and bark surfaces -- Gg, G72, G7¢, G134

fraction of water retention capacity of canopy due to foliage --
Gs, G7, Gg, Gsé

average weekly stomatal resistance of old foliage =-- G29
net shortwave radiation at top of canopy -- G9i1, Gig9, Y17

snowpack ice plus current day's snowfall -- Gs, Glo, G11, G70,
G71, G72, G74, G76, G128, G129, G130, Glel

total foliage carbon -- G1, G13, Gie, G2u, G29, Gs7, G91, G101
carbon transfer from stems plus branches to log litter -- F(13,9)
change in litter temperature -- F(99,25)

change in soil temperature -- F(99,26)

effect of moisture and temperature on litter processes -- G81,
Gg3, Gay

rainfall passing directly to litter surface water -- F(99,6)
drip from foliar surfaces to litter surface water -- F(1,6)

drip from epiphyte and bark surfaces to litter surface water --
F(g,6), G76

rainfall passing directly to free water in.snowpack -~ F(99,98),
G1o

drip from foliar surfaces to free water in snowpack -- F(1,98),
G1o

drip from epiphyte and bark surfaces to free water in snowpack --
F(8,98)

effect of temperature on litter processes -- Ggg, G105
carbon transfer from buds to new foliage -- F(16,10)
total weekly direct rainfall plus drip -- Gg7

foliage litter decomposition rate -- Ggg, Gjg3

insect frass input to fine litter -- F(17,20)

woody litter decomposition rate =- Gigy, G111

fine litter decomposition rate -= Giigs G125

dead root decomposition rate -- Gj2¢, G131

large root mortality -- F(14,62)

fine root mortality -- F(15,62)
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Gasg rooting-zone organic matter decomposition rate -~ G132, G133

Gqp old foliage consumption by insects -- F(11,17)

G91 shortwave radiation incident to snowpack or litter -- G119, Y17

Gg2 carbon transfer from stems plus branches to woody litter -- F(13,18)
Gg93 acute old-foliage defoliation -- Gug, G136

Ggy consumption of growth CH20 pool by insects -- F(12,17)

Ggs bud consumption by insects -- F(16,17), G79

Gg7 input to fine litter from microparticulate matter and carbon
dissolved in precipitation -- F(99,20)

Ggg carbon loss from foliage litter due to fragmentation -- F(19,20)
Ggg vapor pressure deficit -- Gg, G20

G100 aerodynamic resistance ~-- Gg, G290

G101 canopy resistance -- G290

G102 effect of temperature on photosynthesis -- G2y, Ga2g

G103 carbon loss from foliage litter due to respiration -- F(19,99),
Ys, Y12

Gi1oy carbon loss from woody litter due to fragmentation -- F(18,20)
G105 log litter decomposition rate -- G112, G113

G106 phenology of tree growth -- G33, G35, Guy

" G107 average weekly daytime air temperature -- G102

G108 average weekly nighttime air temperature -- G225, G3p

G1gg average weekly photosynthetically active radiation -- Gay, Gag
G110 average weekly day length -- Goyr G255, G29» G3g

G111 carbon loss from woody litter due to respiration -~ F(18,99), Yg, Yi2
G112 carbon loss from logs due to fragmentation -- F(9,20) ‘
G113 carbon loss from logs due to respiration -- F(9,99), Yg, Y2

G114 heat input to snowpack due to snowfall == Gjp7 '

G115 precipitation as snow -- F(99,2), Ggo, G114, G118, Y5

Gl1s Iincorporation of fine litter into rooting zone organic matter --
F(20,21) ,

G117 heat input to snowpack due to rainfall -- Gja27
G118 albedo of snowpack or litter -- Gjj]g

G119 net heat transfer through canopy to snowpack or litter due to- shortwave
radiation -- G127, Glg9g

G120 net heat input to snowpack or litter due to longwave radiation =--
G127

G121 heat loss from snowpack or litter due to longwave radiation --
G120, G124




G122

G123

Gioy

G125

G126
G127
G128
G129
G130
G131

G132
G133

G13y
G135
G13e

G138
G139
Giyo
G160
Giel
G168

G1e9

G170
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longwave radiation from blackbody at air temperature -- Gjo3,
Gi2u, Gles

longwave radiation from sky -- G120, Giles

net heat transfer from canopy to snowpack or litter due to longwave
radiation -~ Gy70, G1g9 '

carbon loss from fine litter due to respiration -- F(20,99),
Ye, Y12

carbon loss from dead roots due to fragmentation -~ F(62,21)
net heat input to snowpack -- G118, G128, G129, Giel

net increase in heat deficit of snowpack -- F(99,37)
transfer from ice to free water in snowpack -- F(2,98), Gigp
free water holding capacity of snowpack -- Gig

carbon loss from dead roots due to respiration -- F(62,99),
Y7, Y12

carbon transfer from soil rooting zone to subsoil -- F(21,22)

carbon loss from rooting zone organic matter due to respiration --
F(21,99), Y7, Y12

total water input to snowpack or litter -- G111, Ggg: G117
G128/ G161

transfer from new foliage to leaf litter due to acute defoliation --
F(10,19), F(10,20)

carbon transfer from old foliage to fine litter due to acute de-
foliation -~ F(1l1,20)

stem-plus-branch respiration -- G31

large root respiration -- G31, Y7, Y12

fine root respiration -- G31, Y7, Y12
snow surface temperature -- Go, G118, G121, Gl7u
freezing of free water in snowpack -- F(98,2), Gig

net heat transfer from sky to canopy due to longwave radiation --
G169

heat input to canopy due to longf and shortwave radiation --

Ger G20 « -

heat input to snowpack'due to convection -~ G127
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6.2. Descriptions of Intermediate Functions
Illustrations for some of the functions appear at the end of this section.
G, = one-sided needle surface area index (dim.)
G1 = B7Gg)

Gg1 = total foliage carbon (t/ha) .
By = ratio of one-sided needle surface area to needle carbon mass (ha/t)

Comment: The estimate of the ratio of one-sided leaf area to biomass is
from Reed (1971) for Douglas-fir. We are assuming this holds for minor
- species as well.

G2 = heat input to snowpack due to condensation (ly/day)
G2 = max {0, 80B22([S1(25) - S1(G160)1}

G160 = snow surface temperature (deg)

Zy = average 24-hr dew point temperature (deqg)

S1(2s) = vapor pressure of air (mbar)

S1(G1e60) = saturation vapor pressure of air at snow surface computed using
Teten's equation (mbar)

B> = ratio of snowmelt condensation due to vapor pressure deficit
(g'cm'z'day'l'mbar'l)

Comment: The factor 80 is the heat of fusion of water (cal/g). This
relationship between condensation and dew point temperature is based on

a four-year study at Willamette Basin Snow Laboratory (U.S. Army Corps

of Engineers 1956). We are ignoring snow sublimation but it could be .
important in places where the sun shines in the winter. The term §)(Z5) -
S1(G160) is a measure of the vapor pressure gradient at the snowpack surface.

G3 = rain input to foliar surfaces (m3-ha‘1-day'1)

G3 = G23G13Gs,
G13 = fraction of rain incident to canopy which strikes foliage (dim.)

Ga3 percent cover by canopy dim.{
Gsy precipitation as rain (m”°*ha”

'day'l)

Gy = rain input to epiphyte and bark surfaces (ma'ha'l'day'l)
Gy = G23(1 - G13)Gsy
fraction of rain incident to canopy which strikes foliage (dim.)

percent cover by canopy dim.l
precipitation as rain (m®°*ha”

Gi13
Ga3
G5y

1y

*day”
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Gs = drip from foliar surfaces (m3-ha~l.day~l)
Gs = max {0, Ty(X; - G16G57) + (G3 - G57Gg) [1 - (T1/B170)]1}
T) = 1 - exp (-By7p)

X] = water storage on foliage (m3/ha)

G3 = rain input to foliar surfaces (m3-ha'1-day'1)

Geg = potential evaporation from canopy (m3-ha‘1-day‘1)

G1g = water retention capacity of canopy (m3/ha)

Gg7 = fraction of water retention capacity of canopy due to foliage (dim.)

Bj709 = rate constant for water drainage from canopy (day~!l)

Comment: This expreséion is based on the differential equation
(dx1/dt) = G3 - Gs57Ge =~ B170(X1 = G16G57)

which assumes rain input at constant rate G3, evaporation at constant
rate G57Gg¢, and drainage at a rate depending upon the amount of water
X1 in excess of storage capacity Gi16Gs57. It is a linear differential
equation and may be solved analytically. The rate of water transfer out
of X is given by . !
Gs = B170] X) dt - G16Gs57
0 .

This approach was necessary since storage capacity of the foliage G1¢Gs7 1is
often smaller than the daily rain input. A similar approach was used for
water storage on epiphyte and bark surfaces, litter moisture, and soil mois-"
ture (see Gsg¢, G15, and G)2, respectively).

Gg = potential evaporation fxom canopy (m3-ha‘1-day'1)

B1 59161 76) 6oB) uZy + (Gga/Gi00)]
B157(G17 + Blsg)

Gg = max

G17 = rate of change of saturation vapor pressure with temperature (mbar/deg)
Gaq vapor pressure deficit (mbar joules*m” -deg 1y :

Gloo0 aerodynamic resistance (sec/m)

G169 = heat input to canopy due to long— and shortwave radiation (ly/day)

Zy = day length (dim.)

B157 = latent heat of vaporization of water (joules/kg)

B] 58 = psychrometric constant (mbar/deq)

B1sq9 = factor to convert kg*m"z'sec"1 to m3°ha'1°day'1 (sec-ms-day'l-
kg~!.ha~l)

Bigy = factor to convert net radlatlon from ly/day to joulese*m ~2.5ec™!

(joule~day-m ssec” -ly‘ )
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Comment: Function is based on Penman's (1963) equation for evaporation as
function of temperature, dew point temperature, incoming short- and longwave
radiation, and wind speed. Note that 1 m of water weighs 1000 kg.

G7 = evaporation from foliage (m3°ha'1'day'1)
Gy = ) ©66G57 if Gs £ X1 + G3 - GeG57
7 X] + G3 - Gg if G5 > X] + G3 - GgGs7
X] = water storage on foliage (m3/ha)
G3 = rain input to foliar surfaces (m3'ha *day” 1)
Gs = drip from foliar surfaces (m *ha” -day 1)
Gg¢ = potential evaporation from canopy (m3°ha 'day°1)

Gs57 = fraction of water retention capacity of canopy due to foliage {(dim.)

Comment: If drip Gs is larger than the amount of water stored on the
foliage less potential evaporation then we reduce evaporation from the
foliage so that both flows combined reduce the pool size to zero. Note
that G57, the fraction of retention capacity due to foliage, is used

here to give the fraction of total evaporation from the canopy which is met
from storage on foliar surfaces.

Ca = eéaporation from epiphyte and bark surfaces (m3-ha'1-day°1)
Gg = Gg(l - Gs57) if G55 € Xg + Gy - Gg(l - Gs57)
Xg + Gy - Gsg if Ggg > Xg + Gy - Gg(l - Gs7)

Xg = water storage on epiphyte and bark surfaces (m3/ha)

Gy = rain input to epiphyte and bark surfaces (m3~ha «day” 1)

Gg¢- = potential evaporation from canopy (m3'ha day™~! )
Gsg = drip from epiphyte and bark surfaces (m°+<ha” 'day'l)
Ggy = fraction of water retention capacity of canopy due to foliage (dim.)

Comment: See explanation of G7 which is analogous,

Gg = rainfall passing directly to snowpack (m3-ha'1~day'1)

Gg = (1 - G23)Gsy

Gp3 = percent cover by canopy (dim.)

Gsy = precipitation as rain (m3-ha'1-day'1)

Gyo= water transfer from snowpack to litter surface (m3:ha™l.day”!)

Gin = { Max (T1, 0) v if Ggo # G129
10 G130 + max (T, 0) if Ggp = G129
Ty = G129 + X9g + G7y4 + G75 + G7g¢ - G1g1 - G139

X9g = free water in snowpack (m3/ha)
Gep snowpack ice plus current day's snowfall (m3/ha)
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Gy, = rainfall passing directly to free water in snowpack (m3-ha'1-day'1)

Gyg = drip from foliar surfaces to free water in snowpack (m3-ha‘1-day'1)

Gy = drip from epiphyte and bark surfaces to free water in snowpack
(m3.ha~l.day"1)

Gyoq = transfer from ice to free water in snowpack (m3 +ha~l.day~!)

Gy39 = free-water-holding capacity of snow (m3/ha)
Gig1 freezing of free water in snowpack (m3.ha”l.day~l)

Comment: Here T; gives new value for free water in snow after melting,
freezing, and rain input are accounted for. If this does not exceed holding
capacity G;3,, then water does not drain from the snowpack. If the holding
capacity is less than T; then the excess free water drains to the litter
surface. The second case ensures that, on a day on which all snow (exist-
ing plus incoming) melts, no free water remains in the snowpack.

Gy, = water entering litter (m3+ha~l.day”1)

11 =1 6, if Ggy > 0.001

G, = transfer from snowpack to litter surface (m3.ha”!.day™)
Ggo= snowpack ice plus current day's snowfall (m3/ha; see 3.2)
Gy3y = total water input to snowpack or litter layer (m3.ha"!.day™!)

Comment: When snowpack is present only drainage from the pack (Gyg)
enters the litter. When the pack is absent, drip plus direct rainfall
enter directly into the litter. The inclusion of Gyg in this last case
pertains to the day immediately after the last snow melts, as discussed
under G;,. We check for Ggg > 0.001 rather than 0.0 to avoid problens
with roundoff errors.

G,, = water transfer from rooting zone to subsoil (m3°ha‘1°day“1)
G =max (0, T;{ (G -G )(l—-— l—o + X3 - Bjj]
12 » T1{(G15 20) (77 - B 3 13
T, = 1 - exp (-Bg)

X3 = soil rooting zone water (m3/ha)

G15 = water transfer from litter to soil rooting zone (m3/ha)
Gop = transpiration rate (m3-ha'1'day'1)

Bg = rate constant for soil water drainage (day"~
B)3 = water retention capacity of soil (m3/ha)

1y

Comment: This expression is based on a differential equation for water
flow through the soil in which water flows out at a rate depending upon
soil moisture Xj3.

dx
Gi+ = G15 = Ba(X3 = B13) = Gag

See G5 and Gjs5, which are analogous.
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G13 = fraction of rain incident to canopy which strikes foliage (dim.)

Ggl
Ggl + B172X13

Gi13 =

X13 = stem-plus-branch carbon (t/ha)

Gg1 = total foliage carbon (t/ha)

B172 = ratio of intercepting area to carbon mass for stems plus branches
divided by same ratio for foliage (dim.)

Comment: We assume a constant ratio of intercepting area due to bark

and epiphytes to stem-plus-branch carbon mass. We express this inter-
cepting area (B172X13) in terms of an equivalent amount of foliage and
add it to old plus new foliage when computing total intercepting area.

G1y = potential evaporation from litter (m3'ha'1'day"1)

= Blg3is) (xp5) - S53[25 - (23 - X25)1)}B)55B154B]59
S14 = max <0’ B157B158 )
X225 = litter temperature (deg)
S1 (X25) = vapor pressure at litter temperature (mbar)
S1[25 - (23 - X25)] = vapor pressure at litter dew point temperature (mbar)
Z3 = air temperature (deg)
Bl sy = density of saturated air (kg/m3)
Biss specific heat of saturated air (joules'kg"l'deg'
By 57 latent heat of vaporization of water (joules/kg)
Bl 58 = psychrometric constant (mbar/deq)
B1s9 factor to convert kg'm'z-sec'~1 to mg-ha"l-day'1 (sec-ms-deg'l-kg‘loha'l)
Bjg3 = aerodynamic conductance at litter surface (m/sec)

1y

Comment: This is the Penman equation for evaporation (Penman 1963)
except that heat input to litter due to radiation was assumed to be
negligible. To get litter dew point temperature we reduce air dew point
temperature (Zs5) by the difference between air temperature and litter
temperature.

G15 = water transfer from litter to soil rooting zone (m3+ha~1.day™1)

Gie = 4 T1(T2 + X7 - B2(Gss) X7 > Bp(Gss
15 Y X7 < BoGss

T1 =1 - exp (-B1gs)
Ty = (611 ~ G1y) (1/T1 - 1/B1gs)

X7 = litter water (m3/ha) v

G11 = water entering litter (m3+ha~l.day~!)

G1, = potential evaporation from litter (m3-ha'1-day‘

Ggs5 = water-holding capacity of litter (m3/ha)

Byg = fraction of litter water-holding capacity below which drainage
ceases (dim.)

B1g5 = rate constant for drainage from litter (day~™

1y

1y
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Comment: When X7 exceeds the retention capacity Bj¢Gs55, and there are

large inputs of water, outflow may be large compared with pool size and
variation in pool size throughout the day must be considered. We set

up a differential equation in which we assume water inflow (G;;) and evapor-
ation (G1y) are constant but that drainage occurs at a rate proportional

to water amount in excess of retention capacity

dx7
g = 611 — Giy ~ B1gs(X7 - BpgGss) X7 > BpGss

Solving this expression analytically for X7 after one day, we get an
expression which we can solve for Gjg5. Notice that if X7 < BypGss we
assume Gj5 = 0. It can happen also that with large water inflow G;1, X7
may be greater than G55 and some water input will flow out the same

day. We neglect this possibility and let the.water drain the next day.

G1pg = water retention capacity of canopy (m3/ha)
Gi1eé = B3(Gg1 + B173X13)
X13 = stem-plus-branch carbon (t/ha)

Gg1 = total foliage carbon (t/ha)

B3 = ratio of water retention capacity to foliar carbon mass (m3/t)

B173 = ratio of storage capacity to carbon mass for stems plus branches
divided by same ratio for foliage (dim.)

Comment: Storage capacity is assumed to increase with increasing canopy
biomass. The storage capacity due to stems plus branches (X]3) is actually
due to bark and epiphyte surfaces. The factor Bj73 extrapolates stem-
pPlus-branch carbon to bark and epiphyte surface area (which are not
directly available in the model) and then converts this surface area

to storage capacity. Storage capacity is expressed in terms of an equi-
valent amount of foliage (see also discussion of intercepting area --

G13)

G17 = rate of change of saturation vapor pressure with temperature (mbar/deg)

G = B18B726G21
17 (z3 + Byg)

Go1 = saturation vapor pressure at air temperature (mbar)
Z3 = average 24-hr air temperature (deqg)

B1g = coefficient in Teten's equation (deg)

B7o = coefficient in Teten's equation (dim.)

Comment: This equation was obtained by differentiating with respect
to temperature the curve relating saturation vapor pressure to temperature
(Murray 1967)

G1g = outflow from groundwater (m3°ha'1°day‘1)

0
X5 = Blg

G1g = max




22

X5 = groundwater storage (m3/ha)
Byg = retention capacity of groundwater zone (m3/ha)

Comment: Groundwater is assumed constant in CONIFER.

G19 = water transfer from subsoil to groundwater (m3-ha'1-day-1)

_ 1 1
G19 = max {0, Tl[Glz(Tl BlO) + Xy By1y)1}

Ty =1 - exp (-Bj1q)

X, = subsoil water (m3/ha)

Gi2 = water transfer from soil rooting zone to subsoil (m3+ha~!.day~1)
Bjp = rate constant for subsoil water draina%e (day‘l)
Byy = water retention capacity of subsoil (m“/ha)

Comment: This is based on the differential equation:

ax
g;i = G12 - B1g(Xy - Byy)

See also G5, G15, and G12.

Gpp = transpiration rate (m3'ha-1°day'1)
" BysqlG37G169B16uZy + Gga9/Glogl
B157[G17 + B1sg(l + G101/2G1G100)]

o) . if X3 + G3 -'Gs - G7 2 B171
or X3 < By

if X1 + G3 - G5 - G7 < B171
_G2p ==

X1 = water storage on foliage (m3/ha)

X3 = soil rooting zone water (m3/ha)

G = one-sided needle surface area index (dim.)

G3 =.rain input to foliar surfaces (maiha‘1~day"1)
G5 = drip from foliar surfaceS'(m3'ha'1-day' )

G7 = evaporation from foliar surfaces (m3'ha'1'day'1)
G17 = rate of change of saturation vapor pressure with temperature
(mbar/deg) '
Ggg = vapor pressure deficit (mbar jouleS°m“3°deg"1)
G100 = aerodynamic resistance (sec/m)
G101 canopy resistance (sec/m)
Gig9 = heat input to canopy due to long- and shortwave radiation (ly/day)
Z, = day length (dim.)
Bg = goil moisture value below which transpiration ceases (m3/ha)
Bi57 = latent heat of vaporization of water (joules/kg)
Bysg = psychrometric constant (mbar/deq)
Bygg = factor to convert kg-m'z-sec"1 to m3+ha™!+day™! (secoms-deg"1°kg'1-ha'1)
Bygy = factor to convert net radiation from ly/day to joule°m-2-sec"'1 (joule
day~m'2'sec'1'ly'1)
water storage on foliage above which there is no transpiration (ma/ha)

By71
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Comment: This is Penman's equation for evaporation as modified for
transpiration to include leaf resistance (Montieth 1965). The 2 in the
denominator of G20 converts one-sided needle surface area index (NSAI)
G1 to two-sided NSAI. Division by two-sided NSAI converts G1g] from a
unit leaf area to a unit ground area basis.

G221 = saturation vapor pressure at dir temperature (mbar)
G21 = 51(Z3)

Z3 = average 24-hr air temperature (deg)
Sh saturation vapor pressure as function of temperature

G292 = evaporation from litter (m3°ha'1'day‘1)

Gy ' if X7 > B11Gss
G2 =y max {0, (G11 + X7 - B12Gs55)[1 - exp (-G14/T1)1} if B11Gss 2 X7 2
B12Gss

0 if X7 < B13Gss

Ty = (B11 - B12)Gss

X7 = litter water (m3/ha)

Gy = water entering litter (m3°ha'1-day'1)

G1y = potential evaporation from litter (m3'ha'1'day'1)

Gss = water-holding capacity of litter (m3/ha)

By) = fraction of litter water-holding capacity below which there is
resistance to evaporation (dim.)

fraction of litter water-holdlng capac1ty below which evaporation
ceases (dim.)

B2

* Comment: The evaporation function G, as well as the flow rate of water
out of litter G1s5, are based on solutions to linear differential equations
integrated over a day. This approach was used because of rapid turnover
of X7. The differential equation becomes important within the litter mois~
ture range Bj))Gss > X7 2 B1sGss. Here

dX7 _ gy, - Sau(X7 - B12G5g)
dat (B11 - B12)Gss

Note that the evaporation rate is reduced from potential evaporation in
proportion to the litter water pool X7.

Gp3 = percent cover canopy (dim.)

G2z = 1 - exp [-B174(Ge1 + B172X13)]

X13 = stem-plus-branch carbon - (t/ha)

Gg1 = total foliage carbon

B172 = ratio of intercepting area to carbon mass for stems plus branches
divided by same ratio for foliage (dim.)

By74 = coefficient for effect of foliar carbon mass on intercepting area
(ha/t)
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. Comment: Here G23 is also used for percent cover by overstory alone in
the equation for shortwave radiation attenuation by the canopy (Gg;).

Gy, = net new foliage photosynthesis (t+ha~l.wk~1)

-B32B33G110X10T16102

Gau = B35Gu9Ge1

T1 = logarithmic part of photosynthesis expression (dim.)

X190 = new foliage carbon (t/ha)
Gyg9 = average weekly stomatal resistance of new follage (sec/cm)
Gg1 = total foliage carbon (t/ha)

G1p2 = effect of temperature on photosynthesis (deg 177)

G110 = average weekly day length (dim.)

B3o ratio of net new foliage photosynthesis based on carbon budget
to amount extrapolated from cuvette experiments (dlm )—B

B33 = rate constant for new foliage photosynthesis (sec-cm™ l.geg 177 k™

B3g = coefficient for attenuation of shortwave radiation by foliage (ha/t)

Comment: New leaf photosynthesis is directly proportional to fraction
of total foliage comprising new leaves. The minus sign occurs because
T) is negative.

T) = logarithmic part of photosynthesis expression (dim.)

B3y + G1og exp (-B3sGgl)
B3y *+ G109

Ty = 1n

1y
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Gg1 = total foliage carbon (t/ha)

G109 = average weekly photosynthetically active radiation (ly/min)

B3y = light intensity at which new foliage photosynthesis is one-half
maximum rate (ly/min)

B3zs = coefficient for attenuation of shortwave radiation by foliage (ha/t)

Comment: The shortwave radiation extinction coefficient assumes 5% light
penetration through the canopy for average leaf area. The half maximum

rate light intensity (Bj3y) was obtained from cuvette data (Salo 1974). The
expression in the numerator is smaller than the denominator making T; negative.

Gy5 = new foliage nighttime respiration (t*ha~l.wk~1)
G2s5 = Bae(l = G110)X10 exp (B1u45G108)
X190 = new foliage carbon (t/ha)

G108 = average weekly nighttime air temperature (deg
G119 = average weekly day length (dim.)
Byg = foliar respiration rate constant (wk'l)

Biys = coefficient for temperature effect on foliar respiration (deg'l)

Gog = transfer of carbon to new foliage from new foliage CH;0 pool (t-ha'l-wk'l)

™ if 0 < T1 < Gyg
Gog = 0 if ry <0
Guyg if T1 2 Gye

T1 = surplus carbon available for new foliage growth

T} = Gu7 + Gys

Gys5 = portion of growth CH»0 pool available for foliar respiration and
growth (t*ha~lewk™1l) '
Gyg = new foliage growth demand (t*ha~l.wk-1)
Gy7 surplus or deficit of new foliage photos¥nthate after new foliage
)

respiration is satisfied (t-ha'l-wk'

Comment: If there is no surplus (T; < 0) there is no new foliage growth.
If the surplus is less than the growth demand, the surplus is transferred
to new foliage. If the surplus is greater than growth demand only the

demand (Gyg) goes to new foliage--the rest goes into the growth CH,0 pool.

The new foliage CH,0 pool (Xgy) acts as a clearinghouse through which flows
between the atmosphere, new foliage, and the growth CH;0 pool (X;3) are
channeled. Gjg, G27+, G2g, and G3o all represent flows into or out of Xgyu.

Gy7 = transfer of carbon from new foiiage to new foliage CH,0 pool (t+ha~l.wk~1)

¢ - -(Gy7 + Gys) if Gy7 + Gy < O
27 0 otherwise
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Gys = portion of growth CHy0 pool available for foliar respiration and
growth (toha’l'wk’l)
Gy7 = surplus or deficit of new foliage photosynthate after new foliage

respiration is satisfied (t+ha~!ewk~1)

Comment: 1In this case Gy7 is negative and the new foliage respiration
demand cannot be met from new foliage photosynthesis or by transfer from the
growth CHy0 pool. New foliage tissue is utilized for respiration.

Gzg = transfer of surplus carbon from new foliage CH>0 pool to growth CHy0
pool (tsha~l.wk~l)

0 if T <0
G2g = ¢ Gy7 if Gy7 < 0and T} 2 O
max (0, Gy7 - Gug) if Gy7 2 O

T) = surplus carbon available for new foliage growth

T) = Gy7 + Gus

Gys = portion of growth CH20 pool available for foliar fespiration and
growth (t°ha‘1-wk'1) :

Gug = new foliage growth demand (teha~!swk™!)

Gy7 = surplus or deficit of new leaf photosynthate after new foliage respira-

tion is satisfied (t-ha'l-wk'l)

Comment: If respiration cannot be met by new foliage photosynthate (Gy7 < 0)
but can be met from growth CHp0 pool (T; 2 0), the deficit (Gy7) is trans-
ferred from growth CH;0 pool to new foliage CHy0 pool. If it cannot be
met (T; < 0), then Gg is zero. If there is a surplus after respiration,
there will be transfer of Gy7 - Gyg to growth CH0 pool.

G29 = net old foliage photosynthesis (teha~lewk™1)

B32B,16110X1171G102
B35Gs5gGe]

Ga2g =

T; = logarithmic part of photosynthesis expression (dim.)

X11 = old foliage carbon (t/ha)

Gsg = average weekly stomatal resistance of old foliage (sec/cm)

Gg) = total foliage carbon (t/ha)

G1p2 = temperature effect on photosynthesis (deg-Bl77)

G110 = average weekly day length (dim.)

B3p = ratio of net new foliage photosynthesis based on carbon budget to
amount extrapolated from cuvette experiments (dim.)

B3g = coefficient for attenuation of shortwave radiation by foliage (ha/t)

By = rate constant for old foliage photosynthesis (sececm™ledeg™B177.wk~1)

Comment: See curves for new foliage photosynthesis. Here T) is negative
and is analogous to T; in the expression for new foliage photosynthesis
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T; = logarithmic part of photosynthesis expression (dim.)

+ -
7, = 1n | 242 * Gloo exp (-B3sGg))
By2 *+ G109

Gg1 = total foliage carbon (t/ha)

G109 = average weekly photosynthetically active radiation (ly/min)

B3g = coefficient for attenuation of shortwave radiation by foliage (ha/t)

By, = shortwave radiation value at which old foliage photosynthesis is
one-half maximum (ly/min)

Comment: T; is negative and is analogous to T; in new foliage photosynthesis
Goy.

G3g = old foliage nighttime respiration (teha~lewk™1)

Gan = B27B26(1 - G110)X11X12 exp (B1y5G108)
30 Byy + X12

X117 = old foliage carbon (t/ha)

X12 = carbon in growth CH20 pool (t/ha)

G108 = average weekly nighttime air temperature (deg)

G119 = average weekly day length (dim.)

Bog = foliar respiration rate constant (wk™1)

By7 = ratio of o0ld foliage to new foliage respiration (dim.)

Byy = value of growth pool-at which old foliage respiration is one-half
maximum (t/ha)

Biys = coefficient for temperature effect on foliar'respiration*(deg'l)

Comment: Differs from new foliage respiration in that G3g is affected

directly by the size of the growth CH»0 pool.

G3] = total respiratory loss from growth CH>0 pool (t-ha_l-wkfl)

G3) = G3g + G138 + G139 + Giyo

G3g = old foliage nighttime respiration (teha~lewk™1l)

G138 = stem plus branch respiration (t+ha-lewk™1)
G139 = large root respiration (teha~lewk~1)
Giyo = fine root respiration (te<ha~le.wk™1)

G32 = transfer of carbon from growth CH20 pool to new foliage CH,0 pool
to meet foliar respiration and growth demands (t-ha™lewk~l)

Gys if T} < Gyg Gy7 £ 0
Gug if T) > Guyg Gu7 £ 0
G3p = 0 if Ty < 0 Gy7 > 0
Ty if T9 < Gy Gy7 > O
Gys if Ty > Gys Gy7 > O
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Ty = surplus carbon available for new foliage growth
T1 = Gu7 + Gus
Tp = portion of new foliage growth demand not satisfied by new foliage
photosynthesis
Ty = Gyg - Gy7
Gys = portion of growth CHzO pool available for foliar respiration and

growth (t*ha™ lowk™ )

Gyg = new foliage growth demand (t° ha'l‘wk“l)

Gy7 surplus or deficit of new foliage photosYnthate after new foliage
respiration is satisfied (t*ha™" °*wk

Comment: Cases I-II: New foliage respiration exceeds or equals new foliage
photosynthesis (Gy7 < 0):

I. Available carbon is insufficient to meet entire growth demand.
_ All available carbon is transferred.
II. Available carbon exceeds demand. Only demand is transferred.

Cases II1I-V: New foliage respiration is less than new foliage photo-
synthesis (Gy7 > 0):

I11. Entire growth demand is met from new foliage photosynthesis. No
carbon is transferred.

IV. Foliage growth demand which is not met by new foliage photosynthesis
is less than what is available from growth pool Only enough is
transferred to meet demand.

V. Demand exceeds what is available. Only available is transferred.

G33 = bud growth (teha~l.wk~})
Gaa = 4 B31G39 if Gypg # O
33 0 otherwise
' G3g = temperature effect on growth processes (dim.)

G10e = phenology of tree growth (dlm )
B3; = bud growth rate constant (wk~!)
t,, = time (wk modulo 52)

Comment: No dependence on size of growth pool is included because we feel
that bud growth should have priority over all other growth processes and
respiration.

G3y = maturation of new foliage (teha~l.wk™1)

- 4 X10 + G2g - G27 - G3g if t, = My
Gau {0 otherwise
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X10 new foliage carbon (t/ha)

Gog = transfer of carbon to new foliage from new foliage CH30 pool
(t+ha~l.wk™1)

transfer of carbon from new foliage to new foliage CH20 pool
(t+ha~l.wk-1)

G3g = new foliage consumption by insects (teha~lewk™1)

M, = week on which new foliage becomes old foliage

t, = time (wk modulo 52)

Ga7

Comment: All new foliage is assumed to become old foliage at week 40.
Growth minus losses for that week are also accounted for.

G35 = carbon transfer to stems plus branches (t-ha~lewk™1)
Bys5G39X12 if @ > 0
G35 = ) Byg + X12 106
0 if G196 = O

X12 = carbon in growth CH»0 pool (t/ha)

G3g = temperature effect on growth processes (dim.)

G106 = phenology of tree growth (dim.)

Bys = maximum rate of carbon transfer from growth CH,0 pool to stems plus
branches (t‘ha'l-wk'l)

Byg = value of.growth pool at which respiration of and transfer to
stems plus branches is one~half maximum (t/ha)

Comment: The coefficient called "maximum" rate is actually maximum
rate at the optimum temperature.

G3g = carbon transfer to large roots

G = By7G53X19

36~ Bug + X1
X12 = carbon in growth CH20 pool (t/ha)
Gs3 = effect of soil temperature on soil processes (dim.)
By7 = maximum rate of carbon transfer from growth CH,0 pool to large
roots (teha~le.wk™1) :

Byg = growth pool value at which respiration of and transfer to large roots

is one~half maximum (t/ha)

Comment: See G3g.

G37 = carbon transfer to fine roots (teha™l.wk™l)
BygGgaX
G., = BuaGsaXjp
37 7 Bsg + X12
X12 = carbon in growth CH»0 pool (t/ha)

Gg3 = effect of soil temperature on soil processes (dim.)
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Byg = maximum rate of carbon transfer from growth CH»O pool to fine roots
(teha~lewk™l)
Bgg = value of growth pool at which respiration of and transfer to fine

fine roots is one-~half maximum (t/ha)

Comment: The small value of Bgg implies that G37 is usually unaffected
by changes in Xj,. It gives transfer to fine roots precedence over other
transfers when growth CHyO pool is low, since all other transfers to live
plant parts are also regulated by CHy0 pool. See G3s5.

G3zg = insect consumption of new foliage (t-ha°1~wk'1)

G3g = Bs5gX10G39

X109 = new foliage carbon (t/ha)
G39 temperature effect on growth processes (dim.)
Bsg = rate constant for new foliage consumption (wk™1)

Comment: Amount of new foliage consumed by insects. This is a dummy
function (depending on temperature function [G39] and new foliage carbon
only) designed solely to cause leaves to disappear in a reasonable seasonal
pattern. There is no dependence on insect biomass.

.. G3g = temperature effect on growth processes (dim.)

G3g9 = B3gS2(Gyg, O, B7g, B77)

Gyg = average weekly 24-hour air temperature (deq)

S, = beta function

B3zg = factor such that G3g averages 1.0 over the first year (deg=B77)
B7g temperature above which growth processes cease (deg)

B77 = coefficient determining shape of G3g curve (dim.)

Comment: Gj3g is also used to control timing of insect consumption.

Gyqg = leaf fall rate (t'ha71°wk'1)

Gyo = (T1 + B1g2)X11 + 0.5Gg3

T, = {34332(tw, Mg - 52, Mg, Bg)) if ty < Mg
By3Sa (ty,, M5, Mg + 52, Bog)) if ¢, > M5
X11 = old foliage carbon (t/ha)
Gg3 = acute old foliage defoliation (t-ha™lewk™!)
S2 = beta function
By3 = factor so that Gy integrated over one year is 1.0 [wk'(B91 + 1)]
Bg) = coefficient for shape of leaf fall curve (dim.)
B1gy = minimum leaf fall rate constant (wk~l)
Ms = week on which leaf fall is minimum
t,, = time (wk modulo 52)
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Comment: Function describes pattern of leaf fall through the year;

B1g2 causes a constant leaf fall rate during the year to which a time-
varying leaf fall rate (T;) is added. The time-varying part (T;) is
constructed so that the area under the curve is 1.0 (all the leaves that
are to fall in one year thus do so). The pattern repeats each year.

Each year the start time is -17 (1 October of the previous year), and the
finish time is 35 (1 October of the current year). The 0.5 in the
defoliation part is because half of removed foliage goes to foliage litter
(X19) and half to fine litter (X,q) as frass.

Gy weekly average litter temperature (deq)

Gyl = X235

Xo5 litter temperature (deq)

Comment: 1In this model litter temperature is calculated weekly. In other
versions this has been changed to a daily calculation and Gyj is used to
calculate average weekly temperature. We set Gy} = Xog simply for consistency
between the various versions.

Gy2 = plant moisture stress (PMS; atm)

Bgy - Bgs5(X3 = Bs) if Bs < X3 < Bgp and Z3 > Byg
Gy2 = ¢ Byg if X3 > Bgz and Z3 > Byg
Bgy, if X3 < Bs or if Z3 < Byg
X3 = soil rooting zone water (m3/ha)
Z3 = average 24-hr air temperature (deg)
Bg = soil moisture value below which transplratlon ceases (m3/ha)

B7g = minimum PMS (atm)

B7g air temperature above which PMS is unaffected by temperature (deg)

Bgy = soil moisture value above which PMS does not change (m3/ha)

Bgy = maximum PMS (atm)

Bgg = rate og increase of PMS with increasing soil moisture content (atm°ha"1-
m~°)

Il

Comment: As soil moisture drops below 66% holding capacity, PMS increases
as a linear function of soil moisture (Running et al. 1975). Here PMS refers
to weekly average predawn plant moisture stress.

Gy3 = new foliage stomatal resistance (sec/cm)
- § Bgs exp (BggGy2) if Gy < Bgy
Gugz = § 5 ”
86 1t Gy2 > Bg7

Gy2 = plant moisture stress (atm)

Bgg = maximum new foliage stomatal resistance (sec/cm)

Bg7 = plant moisture stress above which there is no increase in new foliage
resistance (atm)

Bgg = new foliage stomatal resistance when PMS is 0.0 (sec/cm)

Bgg = coefficient for effect of PMS on new foliage stomatal resistance (atm )

[}
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Comment: Based on model by Running et al. (1975). Resistance includes
both stomatal and mesophyll resistances,

Gyy = change in last year's bud carbon (t/ha)
-X38 if Gi9g = O
Guyy = ) X16(1 - Byg7) if tyy = My
. G3s .
-min [B37 + Sg(Bi1ges Bi1g9r Bi1g7X38), X381 otherwise

X1¢ = bud carbon--current year (t/ha)

X3g bud carbon--previous year (t/ha)

G3g = new foliage consumption by insects (t-ha"l-wk'l)

G106 = phenology of tree growth (dim.)

Sg = delta function

B3z7 = ratio of leaf carbon mass to bud carbon (dim.)

Bygg = first day on which new foliage is to be removed

B1g7 fraction by which foliage to be reduced during acute defoliation (dim.)
Bi1g9 second day on which new foliage is to be removed

M1 = week on which budbreak occurs

tW = time (wk modulo 52)

Comment: Here X3g keeps track of limit to growth of foliage in terms of
buds decreased by any consumption by insects or other defoliation. On
week M), actual bud biomass (Xjg) becomes previous year bud biomass (X3g).
During dormant season (while Gjgg = 0), X3g remains empty. Note that both
X3g and Gyy give potential foliage in terms of bud weight. Here Bjgg,
B1g7, and Bjgg are parameters used only for defoliation perturbations; Sg =
B1g7X38 When tg = Bjge Or Bjgg.

Gys = portion of growth CHp0 pool available for foliar respiration and
growth (teha~l.wk™1)

Cue = —BaaXi2
45 7 By + X12

X12 = carbon in growth CH20 pool (t/ha)

B3g = maximum rate of carbon transfer from growth CH;0 pool to new foliage
CH0 pool (t+ha"le.wk~1)

Byg = value of growth CH70 pool at which transfer to new foliage pool is
one-half maximum (t/ha)

Gyg = new foliage growth demand (teha™l.wk™1)
Gye = max {B3gB71G39[B37 (X35 + Guu) - Xyol, O}

X190 = new foliage carbon (t/ha)

X3g = bud carbon--previous year (t/ha)

G3gq temperature effect on growth processes (dim.)
Gyy = change in last year's bud carbon (t/ha)

By7 = ratio of leaf carbon mass to bud carbon (dim.)
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B3g = rate at which new_foliage growth demand decreases as new foliage carbon
mass approaches the limiting value (wk'l)
B71 = factor such that B71G39 averages 1.0 during the first-year growing

season (dim.)

Gy7-= surplus or deficit new foliage Yhotosynthate after new foliage
respiration is satisfied (t+ha™*ewk

Gy7 = Gay - G2s

G2y = net new foliage photosynthesis
G25 = new foliage nighttime respiration
Gyg = average weekly 24-hr air temperature (deg)

Gyg = S3(6, Z3)

S3 = weekly averaging function
Z3 = average 24~hr air temperature (deg)

Gy9 = average weekly stomatal resistance of new foliage (sec/cm)
Gyg = S3(1, Gu3)
Gy3 = new foliage stomatal resistance (sec/cm)

S3 = weekly averaging function

Gsp = effect of moisture and temperature on soil rooting zone processes
(dim. ) '

= Gs53X3

Gso Bg7

X3 = rooting zone water (m3/ha)
Gs3 = effect of soil temperature on soil processes (dim.) .
Bg7 = factor such that Gsgp averages 1.0 during the first year (ma/ha)

Gs1 = soil temperature (deg)

Gsy1 = X2¢

Xo6 soil temperature (deg)

Comment: Soil temperature is updated weekly in this version of the model
and daily in other versions. Ggj is weekly temperature in both versions.
See Gy.
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G52 old foliage stomatal resistance (sec/cm)
Gs2 = Bg(oGu3

Gy3 = new foliage resistance (sec/cm)
Bgo ratio of old to new .foliage stomatal resistance (dim.)

Comment: Includes both stomatal and mesophyll resistance.

Gs3 effect of soil temperature on soil processes (dim.)

Gs) = weekly average soil temperature (deg)

S, = beta function

Bgy, = factor such that G53 averages 1.0 during the first year (deg'Bl79)

By7g = temperature above which soil rooting zone processes cease (deg)

Bi79 = coefficient for temperature effect on soil rooting zone processes (dim.)

Ggy = precipitation as rain (m3'ha'1-day'1)

0] if Zg¢ < Bjg
Z if Zz7 > By7
Gsy, = ™M + Ty if Zg < By7 and Z7 2 Bi9
™ if Bjg < Zg < By7 and
27 < By7
212y + T2 if Z¢ > B17 2 27 2 B19

T1 = B15212y4(Zg - B19)

Tp = Byszy; (1 - Zy) (27 - By9)

Z1 = total precipitation (m3'ha'1-day-1)
Zy, = day length (dim.) -

Zg = average daytime temperature (deg)
Z7 = average nighttime temperature (deg)

Bis = increase in ratio of rainfall to total precipitation with temperature
(deg™1) ,

Bi17 = temperature above which all precipitation is rain (deg)

Big temperature below which all precipitation is snow (deq)

Comment: This is a linearization of a function for ratio of rainfall to
snowfall taken from U.S. Army Corps of Engineers (1956). Their data were
for the Willamette Basin Snow Laboratory at Blue River--very near the H. J.
Andrews Experimental Forest. We have modified their function to make use of
day and night temperatures.

Gss

= water-holding capacity of litter (m3/ha)
Gss = (B7yX18 + X19 + X20)B23
X1g = woody litter carbon (t/ha)

]

X19 leaf litter carbon (t/ha)
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X0 fine litter carbon (t/ha)

By 3 ratio of litter water~holding capacity to litter carbon mass (ms/t)

B7y = water-holding capacity per unit carbon mass for woody litter divided
by same ratio for foliage and fine litter (dim.)

fl

Comment: We set Byy to 0.25 since we assume woody litter holds less
water than fine or foliage litter; the actual value is a guess.

Gsg = drip from epiphyte and bark surfaces (m3°ha_1'day'1)
. T
Gsg = max {0, T1[Xg - G16(l - G57)] + [Gy - (1L - G57)Ggl (1 - EI#BO}
Ty =1 - exp (-By7g)

Xg = water storage on epiphyte and bark surfaces (m3/ha)

Gy = rain input to epiphyte and bark surfaces (m3~ha'1-day'1)

Gg = potential evaporation from canopy (m3-ha'1°day'1)

G1g = water retention capacity of canopy (m3/ha)

Gs7 = fraction of water retention capacity of canopy due to foliage (dim.)
B17¢ = rate constant for water drainage from canopy (dim.)

Comment: See discussion of Gg, which is analogous.

Gg7 = fraction ot water retention capacity of canopy due to foliage (dim.)
Gs7 = 261
Gg1 + B173X13
X13 = stem carbon (t/ha)
Gg1 = total foliage carbon (t/ha)

B173 = ratio of storage capacity to carbon mass for stems plus branches
divided by same ratio for foliage (dim.)

Comment: The fraction of canopy storage capacity due to bark and epiphyte
surfaces is: ,

B173X13
Gg1 + B173X13

=1 -Gsy

See also Gjg.

Gsg = average weekly stomatal resistance of old foliage (sec/cm)
Gsg = 53(7, Gs2)
Gso = stomatal resistance of old foliage (sec/cm)

S3 = averaging function
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Gs9 = net shortwave radiation at top of canopy (ly/day)

Gsg9 = 1440(1 - Big0)Z222y

Z9 incident shortwave radiation (ly/min)
Zy = day length (dim.)
B1gp = albedo of canopy (dim,)

Comment: Average shortwave radiation during the time the sun is shining
is converted into total shortwave radiation for the day by multiplying by
the number of minutes of daylight (1440Z4).

Ggp = snowpack ice plus current day's snowfall (ma/ha)
Geo = X2 + G115

X, = snowpack ice (m3/ha) )
G115 = precipitation as snow (m3+ha~!.day”!)

Gg1 total foliage carbon (t/ha)
Gel = X109 + X11

X109 = new foliage carbon (t/ha)
= old foliage carbon (t/ha)

e
|

carbon transfer from stems plus branches to log litter (t*ha~lewk™1)

Gg2
Gg2 = (1 - B150)B51X13

X13 = stem-plus-branch carbon (t/ha)

Bgs) = rate constant for stem-plus-branch mortality (wk"l)

B159 = fraction of stem~-plus-branch mortality transferred to.woody litter
(dim- )

Gg7 = change in litter temperature (deg/wk)

G - min (1, 7;) (Gyg - X25) Xo < 100
67 3.0 - X35 X, > 100
T1 = lag effect of air temperature on litter temperature:

T] = Bga (1 + Ggo/Bg3)

X9 = snowpack ice (m3/ha)

Xo5 = litter temperature (deg)

Gyg = average weekly air temperature (deg)

Ggg = total weekly direct rainfall plus drip (m3 +ha~lewk~1)

By, = factor for effect of air temperature on litter temperature (wk™1)
Bg3z = weekly throughfall amount above which litter temperature equals

air temperature (m3-ha'1°wk’1)
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Comment: Changes in litter temperature reflect changes in air temperature
with litter temperature changes lagging behind. To accomplish this a lag
factor T; is incorporated and litter temperature is updated weekly. High
rainfall will cause litter temperature to equilibrate to air temperature, since
(1 + Ggo/Bg3) increases with increasing rain. This increases T; and thus
increases the effect of Z3 on Gyj..

Geg = change in soil temperature (deg/wk)
Ggg = min (1, T1) (Xo5 - X2¢)
T1 = Bgs(l + Ggo/B73)

Xo5 = litter temperature (deq)

Xog soil temperature (degq)

Ggg = total weekly direct rainfall plus drip (m3+ha~l.wk~!l)

B73 = weekly throughfall amount above which soil temperature equals air
temperature (m3-ha~!.wk~!)

Bgs = lag coefficient for effect of litter temperature upon soil temperature
(wk™*)

]

Ggg = effect of moisture and temperature on litter processes (dim.)

Geg = 3 29uX7CG77 X7 < Gss
BgyGs55G77 X7 2 Gss

X7 = litter water (m3/ha)

Gss = water-holding capacity of litter (m3/ha)

G77 = effect of temperature on litter processes (dim.)

Bgy = constant such that Ggg averages 1.0 during the first year (ha/m3)

Comment: Effect increases lineariy with moisture until holding capacity
is reached. Above holding capacity, effect does not change with litter
moisture.

G7¢ = rainfall passing directly to litter surface (m3-ha'1-day‘1)
=40 Geo > O
70 {Gg Ggop £ O

Gg = rainfall passing directly to snowpack or litter surface (m3-ha'1-dayf1)
Ggo = snowpack ice plus current day's snowfall (m3/ha)

Gy71 = drip from foliar surfaces to litter surface water (m3<ha~l.day~!)

_ Gs if Ggp £ O
671 = {o if Ggg > O

Gs = drip from foliar surfaces (m3+:ha™l.day™!)
Ggp = snowpack ice plus current day's snowfall (m3/ha)
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G792 = drip from epiphyte and bark surfaces to litter surface water (m3'ha'1°day'1)
- § Cs6 if Ggg < O
G72 = {'o if Ggg > O
Gsg = drip from epiphyte and bark surfaces (m3°ha—1~day'1)
Ggog = snowpack ice plus current day's snowfall (m3/ha)
G7y = rainfall passing directly to free water in snowpack (m3-ha'1-day'1)
= 3G9 Geo > O
G7u {’o Gep S O

Gg = rainfall passing directly to snowpack or litter surface (m3~ha‘1°day'1)
Ggo = snowpack ice plus current day's snowfall (m3/ha)

G75 = drip from foliar surfaces to free water in snowpack (m3~ha'1~day'1)
_ Gs if Ggg > O
G75 = {o if Ggg < O

Ggs = drip from foliar surfaces (m3+ha~l.day~1)

Ggo = snowpack ice plus current day's snowfall (m3/ha)
G7¢ = drip from epighyte and bark surfaces to free water in snowpack
(m3+ha~l-day~!)
- § Gssé if Geo > O
678 {0 if Ggg < O
Ggg = drip from epiphyte and bark surfaces (m3'ha-1'day'})

Ggo = snowpack ice plus current day's snowfall (m3/ha)

G77 = effect of litter temperature on litter processes (dim.)
G77 = BauS2(Gy1s O, Bigos Bigl)
Gy = litter temperature (deg)

So = beta function
Byy = factor such that G77 averages 1.0 during the first year (deg"BlSl)

Bigg = temperature above which litter decomposition ceases (deg)
"Byg] = coefficient for temperature effect on litter decomposition (dim.)
G7g = total respiration loss from growth CH;0 pool (t+ha~1.wk~1)
G78 = G30 + G31
G30 = old foliage nighttime respiration (teha~!ewk™1)

G3] total nonfoliar plant respiration (t-ha'l-wk'l)
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G79 = carbon transfer from buds to new foliage (t'ha'l'wk'l)
G - X16 = Ggs + G3g3 if €ty = My
79 0 otherwise

X1 = bud carbon--current year (t/ha)

G33 = bud growth (teha~l.wk~!l)

Ggs = bud consumption by insects (t*ha™l.wk™l)
M} = week on which bud break occurs

t, = time (wk modulo 52)

Comment: All bud carbon becomes new foliage at the start of the growing
season. Bud growth and losses that week are taken into account.

Ggg = total weekly direct rainfall plus drip m3-ha~1l.wk1)
Ggg = 753(12, Gy3y)

Gi13y = total water input to snowpack or litter (m3-ha'1-day‘1)
S3 = averaging function

Comment: S3 gives weekly average which we multiply by 7 to get ‘weekly -
total. ,

foliage litter decomposition rate (t+ha lewk~l)

Gg1
Ggl = Bg2Gg9X19

X19 = foliage litter carbon (t/ha)
Geg = effect of moisture and temperature on litter processes (dim.)
Bgy, = rate constant for foliage litter decomposition (wk™!)

Gg2 = insect frass input to fine litter (teha~l.wk=l)

Gg2 = B7s5X17

X17 = canopy insect carbon (t/ha)
Bys = rate constant for frass fall (wk™l)

Comment: Here Byg is based on an estimate by Strand (1974).

Gg3 = woody litter decomposition rate (t*ha~lewk™!)
Gg3 = Bg1Gg9X18
X1g = woody litter carbon (t/ha)
Ggg = effect of moisture and temperature on litter prOCfsses (dim,)

Bg rate constant for woody litter decomposition (wk™")
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Ggy = fine litter decomposition rate (t‘ha’l'wk'l)
Ggy = Bg3G69X20
X20 = fine litter carbon (t/ha)

Geg = effect of moisture and temperature on litter processes (dim.)
Bg3 = rate constant for fine litter decomposition (wk'l)

Ggs = dead root decomposition rate (t'ha'l‘wk'l)
Ggs = Bgg8G50X62
Xe2 = dead root carbon (t/ha)

Gsp = effect of moisture and temperature on soil rooting zone processes (dim.)
Bgg = rate constant for dead root decomposition (wk™")

Ggg = large root mortality (t'ha“l'wk‘l)

Gge = BsaX1y

qu = large root carbon (t/ha)
Bso rate constant for large root mortality (wk~™

)

Comment: Since large root biomass varies little during the year, large
root mortality is nearly constant.

Gg7 = fine root mortality (tsha~lewk™1)
Bg3X) 56
Gay = 2321542
87 B7g ‘
X1s5 = fine root carbon (t/ha) .
Gy2 = plant moisture stress (PMS; atm)
Bg3 = rate constant for fine root mortality (wk™1)

B7g = minimum PMS (atm)

Comment: Mortality rate increases linearly with moisture stress. The
constant Byg simply normalizes the rate constant so that it is comparable
to Bgy and Bs).

Ggg = rooting zone carbon decomposition rate (t+ha~lewk™1)
Ggg = BgsGs50X21
X21 = rooting zone carbon (t/ha)
Gsg = effect of moisture and temperature on soil rooting zone processes (dim.)

Bgs = rate constant for decomposition of soil rooting zone carbon (wk~1)
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Gg9p = o0ld foliage consumption by insects (t°ha'1°wk“1)

Ggo = B57X11G39

X11 = old foliage carbon (t/ha)
G39 = temperature effect on growth processes (dim.)
Bg7 = rate constant for old foliage consumption (wk~1)

Gg91 = shortwave radiation incident to litter or snowpack (ly/day)

G91 = Gs59T1[1 - G23(1 - T7)]

T; = fraction of incident light transmitted through understory
T} = exp [-B1Gg1 (1l - By)]
To = fraction of incident light transmitted through overstory
T2 = exp [~B2Gg1Byl
G23 = percent cover by overstory (see comment below; dim.)
Gsg = net shortwave radiation at top of canopy (ly/day)
Gg1 = total foliage carbon (t/ha)

By = coefficient for attenuation of shortwave radiation by understory (ha/t)
By coefficient for attenuation of shortwave radiation by overstory (ha/t)
By fraction of total foliage occurring in the overstory (dim.)

]

Comment: Originally we lumped overstory and understory together and
calculated attenuation according to Beer's law; however, since understory

is largely broad-leaved, it has different attenuation characteristics

from the overstory. Also, a fraction of the shortwave radiation incident

to the canopy (1 - G3) passes unattenuated to the understory. This results
in radiation incident to the forest floor depending upon both the total
foliage biomass X;¢ + X;; (both directly and via Gsg, which also depends
indirectly upon Xjo + X;;) and upon the fraction of total foliage in the
overstory. Here Gy3 is fraction of total incident shortwave radiation attenu-
ated by the overstory while for rainfall it is the fraction of rainfall
hitting the entire canopy (overstory plus understory). '

Ggo carbon transfer from stems plus branches to woody litter (teha~lewk™1)

Gg92 = B150B51X13

X13 = stem-plus-branch carbon (t/ha)
Bs) = rate constant for stem-plus-branch mortality (wk™!)
Bysg = fraction of stem-plus-branch mortality transferred to woody litter

(dim.)

Gg3 = acute old foliage defoliation (teha=!ewk™l)

Gg3 = Sg(B1gs5, Bigg, BlauX1l)
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X11 = old foliage carbon (t/ha)

Sg = delta function

Bi1gy = fraction by which old foliage is reduced during acute defoliation
perturbation (dim.) _

B1gs = first day on which old foliage is removed

Bi1gg second day on which old foliage is removed

Comment: See comments for Gug, Gyuy.

Ggy = consumption of growth CH;0 pool by insects (t'ha'l- k'l)
Goy = Bs5gX12G39
X1p = carbon in growth CH70 pool (t/ha)
G3g9 = temperature effect on growth processes (dim.)
Bgg = rate constant for consumption of growth CH20 pool by insects (wk'l)

Comment: Temperature effect makes consumption vary seasonally.

Ggs = -bud consumption‘by insects (t*ha~lewk~1l)

Ggs = Bg9X16G39

X1 = bud carbon--current year (t/ha)
G3g9 = temperature effect on growth processes (dim.)
Bgg = rate constant for bud consumption (wk~1)

Gg7 = input to fine litter from microparticulate matter and carbon dissolved
in precipitation (t*ha*!.wk~1)

Gg7 = B152

B1g2 = rate of input of carbon to fine litter in microparticulate matter
and carbon dissolved in precipitation (t-ha” wwk~1)

Ggg = carbon loss from foliage litter due to fragmentation (teha™!l.wk~l)

Gaog = B1u49Gsg]

Gg] = foliage litter decomposition rate (t<ha~!.wk~™l)
Biyg = fraction of carbon loss from foliage litter due to fragmentation
(dim.)

Comment: Ratio of fragmentation loss to respiration loss is assumed
constant.
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Ggg = vapor pressure deficit (mbar'joule'm'sodeg-l)

Ggg = [G21 = 81(Z5)1B154B155

G221 = saturation vapor pressure at air temperature (mbar)

Z5 = average 24-hr dew point temperature (deg)

Sl(Z5) = actual vapor pressure - saturation vapor pressure at dew point
temperature Zg (mbar)

Bi1sy = density of saturated air (kg/m3)
B155 = specific heat of saturated air (joule +kg™!edeg™!)
Gy1gg = aerodynamic resistance (sec/m)
G - (ZéuBlsez)'l if z3, # 0O
100 10 if Zyy = O

Z1y = wind speed (m/sec)
B1s5¢ = wind profile drag coefficient (dim.)

Comment: The wind profile drag coefficient is a composite coefficient
dependent upon von Karman's constant, the height at which wind speed is
measured, and the average height of the vegetation (see Rutter et al.
1971). Note that, if Z;, = 0, Gjgg is set equal to a large, arbitrary
number. : ‘

G191 = canopy resistance (sec/m)

(Gy3X19 + G52X711)100
Gl

G101 =

X109 = new foliage carbon (t/ha)
X11 = old foliage carbon (t/ha)

Gy3 = new foliage stomatal resistance (sec/cm)
Gg2 = old foliage stomatal resistance (sec/cm)
Gg1 = total foliage carbon (t/ha)

Comment: Canopy resistance is weighted average of old and new foliage
resistances. The 100 converts sec/cm to sec/m as needed for Pemman's
equation.

Gio2 effect of temperature on photosynthesis (degBl77)

Gio2 = S2(G197, O, B17g, B177)
G197 = average weekly daytime air temperature (deg)
S, = beta function

B17¢ = temperature above which photosynthesis ceases (deg)
B177 = coefficient determining shape of Gj;g2 (dim.)

Comment: See Gp, for graph.
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G103 = carbon loss from foliage litter due to respiration (t‘ha‘l'wk‘l)
G193 = (1 - Byy9)Gg)
Gg1 = foliage litter decomposition rate (teha~!lewk™1)

Biyg9 = carbon loss from fraction of foliage litter due to fragmentation
(dim.)

G104 = carbon loss from woody litter due to fragmentation (t'ha'l-wk'l)

G104 = B148Gg3

Gg3 = woody litter decomposition rate (t-ha'1~wk‘1)
Biyg = fraction of carbon loss from woody litter due to fragmentation
(dim.)

G195 = log litter decomposition rate (t+ha~lewk™1)

G105 = Bi1yeX9G77

X9 = log litter carbon (t/ha)
G77 = effect of temperature on litter processes (dim.)
Biyg = rate constant for log litter decomposition (wk™1)

G106 = phenology of tree growth

{o if t, < My or t, > Mj3
= w w -
G106 1 otherwise
My = week on which growing season starts
M3 = week on which growing season ends
t, = time (wk modulo 52)

Comment: Gjgg is 1 during the growing season, zero otherwise.

G1p7 = average weekly daytime air temperature (deg)
G107 = S3(4, Zg)

Zg = daily daytime air temperature (deg)
= weekly averaging function

1))
w
|

G1g9g = average weekly nighttime air temperature (deg)
G1os = S3(5, 27)

= average nighttime temperature (deg)
weekly averaging function

0 N
w
noi
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G109 = average weekly photosynthetically active radiation (ly/min)

G109 = B183S3(2, Z3)

Z9 = average shortwave radiation (ly/min)

S3 = weekly averaging function

B1g3 = ratio of photosynthetically active radiation to total shortwave
radiation (dim.)

G110 = average weekly day length (dim.)
G110 = S3(3, 2y)

Zy = day length (dim.)
S3 = weekly averaging function

G111 = carbon loss from woody litter due to respiration (t*ha~l.wk™~1)
Gi11 = (1 - B1yg)Gg3

Gg3 = woody litter decomposition rate (t*ha~lewk™1)
B1yg = fraction of carbon loss from woody litter due to fragmentation (dim.)

G112 = carbon loss from log litter due to fragmentation (t*ha~1l.wk~l)

G112 = B147G105

G105 = log litter decomposition rate (t~ha'1'wk 1)
B1y7 = fraction of carbon loss from log litter due to fragmentation (dim. )

G113 = carbon loss from log litter due to respiration (t+ha~!ewk~1)

G113 = (1 - B1y7)Glos

G105 = log litter decomposition rate (teha”l.wk™1)
B1y7 = fraction of carbon loss from log litter due to fragmentation (dim.)

G114 = heat input to snowpack due to snowfall (ly/day)

G114 = min (0, 0.00523G)15)

G115 = precipitation as snow (m3+ha~l.day™!)
Z3 = average 24~hr air temperature (deq)

Comment: The specific heat of ice = 0.5 cal°cm 'deg 1l = 0.5 x lO6 cale
m'3-deg' . We then multiply by 10-8 ha/cm to get 0.005 lycha-m™ -deg 1,
Snowfall may occur when air temperature is above zero but we assume falling
snow will be at 0°C.
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G115 = precipitation as snow (m3<ha™l.day”!)

a

‘ G115 = 21 - G5y

Gsy = precipitation as rain (m3'ha_1°day'1)
Z) = total precipitation (m3-ha—1°day_1)

G116 = incorporation of fine litter into rooting zone organic matter

G116 = BeuGsay

Ggy = fine litter decomposition rate (t'ha'1°wk-1)

Bgy = fraction of carbon loss from fine litter due to incorporation into soil
rooting zone organic matter (dim.)
G117 = heat input to snowpack due to rainfall (ly/day)

G117 = 0.0123G13y4

G13y = total water input to snowpack or litter (m3'ha_1°day'1)
Z3 = average 24-hr air temperature (deg)

1

Comment: Specific heat of water =1 ca1°cm—3'deg' which is converted to

0.01 ly+ha*m~3+deg™! as with Gjiy.

G118 = albedo of snowpack or litter {(dim.)

G118 = Ss
Ty (tg = T2) if Gyj15 = 0 and t43 - T2 < 40
0.4 if t4 - T2 > 40 and G115 = 0
S = 0.8 if Zg £ Bg and G115 > O
3 0.91 if G160 < 0 and Gy, > O
0.81 if G169 > 0 and G115 > O
0.1 if X, < 10

3
—
|

= table look~up function for albedo as function of time since last snow,
range is 0.8 to 0.4 (dim.)

T, = time of most recent snowfall (day)

X, = snowpack ice (m3/ha)

G115 = precipitation as snow (m3+ha”l.day”l)

Gi1gg = snow surface temperature (deg)

Zg = average daytime air temperature (deg)

Bg = temperature threshold below which albedo of snowpack is set equal to
- 0.8 (deg)

= time (day)

+
)
[

Comment: T, is called INT in code. See Leaf and Brink (1973). Albedo of
the snowpack depends upon the time since the last snowfall (tg = T2) and
whether the snowpack is accumulating or melting. This is determined by
looking at air temperature and snow temperature. If daytime air temperature
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is below Bg (3°C), or snow temperature is less than zero, or it is
snowing, then we assume an accumulating phase; otherwise we assume a
melting phase and albedo drops with increasing time since the last
snow. When there is no snow on the ground, litter albedo is used.

G119 = net heat transfer through canopy to snowpack or litter due to
shortwave radiation (ly/day)

G119 = (1 - G118)G91

Gg9) = shortwave radiation incident to litter layer or snowpack (ly/day)
G118 = albedo of snowpack or litter (dim.)

Comment: Includes shortwave light penetrating directly through gaps in
canopy. Reflection from litter or snowpack is also taken into account.

G120 = net heat inbut to snowpack or litter due to longwave radiation
(ly/day)

G120 = Gi2y + (1 - G23) (G123 - Gi21)

G233 = percent cover by canopy (dim.)
G121 = heat loss from snowpack or litter due to longwave radiation (ly/day)

G123 = longwave radiation from sky (ly/day) ‘
Gl2y = net heat transfer from canopy to snowpack or litter due to longwave
radiation (ly/day)
G121 = heat loss from snowpack or litter due to longwave radiation (ly/day)
- § Su(Greo) if X > 0
6121 {Sq(Xzs) if X0 < O

Xo = snowpack ice (m3/ha)

X95 = litter temperature (deg)

G1g0 = snow surface temperature (deqg)

Sy = longwave radiation from blackbody (ly/day)

Comment: If there is snow on the ground it is assumed to radiate as a
blackbody at its surface temperature Gjgp. If there is no snow (X < 10)
the forest floor emits at litter temperature Xss.

G122 = longwave radiation from blackbody at air temperature (ly/day)

G122 = 54(3Z3)

Z3 air temperature (degq)
Sy = longwave radiation from blackbody (ly/day)
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G123 = longwave radiation from sky
G123 = T3G122

T) = sin [0.01721(t4 - 79.01721)]

T = day length at latitude of study site (dim.)
- B2sT) + 12
T2 24
T3 = factor for effective transmission by sky = 1 for cloudy day and 0.76
for clear day (dim.)
0.76 if 2, > 1.6Tp
Ty = 1 if Zp < Ty
0.76 + 0.4[(1.6Ty - Z3)/T>2] if Ty < 23 < 1.6T

G122 = longwave radiation from blackbody at air temperature (ly/day)
Z» = average shortwave radiation (ly/min)

“Bog = length of longest day minus twelve (hr)

td = time (day)

Comment: The function T calculates day length for the latitude and
longitude of WS-10 as a function of day of year. Here T3 adjusts heat
transfer from sky to canopy depending on whether the day is clear, cloudy,
or partly cloudy (U.S. Army Corps of Engineers 1956). Cloud cover is
estimated by comparing incident shortwave radiation Z; with radiation values
typical of clear and cloudy days. We assumed that for a day of average

day length (T» [avg] = 0.5), a cloudy day would have Zp < 0.5 ly/min

while a clear day would have Zo > 0.8 ly/min. Adjusting for changing day
length we test instead for Z, < 0.5T2/T; (avg) and Zp > 0.8T,/T, (avg) or

. 29 < T9 and Z, > 1.6Ty, respectively.

We assumed that on a clear day radiation from the sky was 76% of that emitted
from a blackbody at air temperature, and that this percentage increased
with increasing cloudiness until for a fully cloudy day it was 100%.

G124 = net heat transfer from canopy to snowpack or litter due to longwave
radiation (ly/day)

Gi2y = G23(G122 ~ G121)
Go3 = percent cover by canopy (dim.)

G121 heat loss from snowpack or litter due to longwave radiation (ly/day)
G122 longwave radiation from blackbody at air temperature (ly/day)

1]

Comment: We assume the canopy radiates as a blackbody at air temperature.
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G125 = carbon loss from fine litter due to respiration
G125 = (1 - Bey)Ggy
Ggy = fine litter decomposition rate (t-ha'l-wk'l)

Bgy = fraction of carbon loss from fine litter due to incorporation into
soil rooting zone organic matter (dim.)

G126 = carbon loss from dead roots due to'fragmentation

G126 = BgaGgs

Ggs = dead root decomposition rate (t-ha'l-wk'l)
Bgg = fraction of carbon loss from dead roots due to fragmentation (dim.)

G127 = net heat input to snowpack (ly/day)

G127 = G114 + G117 + G119 + G1a0 + G2 + G179

Gy = heat input to snow due to condensation (ly/day)

G11y = heat input to snowpack due to snowfall (ly/day)

G117 = heat input to snowpack due to rainfall (ly/day)

G119 = net heat transfer through canopy to snowpack or litter due to
shortwave radiation (ly/day)

G120 = net heat input to snowpack or litter due to longwave radiation (ly/day)

G170 = heat input to snowpack due to convection (ly/day)

G128 = net increase in heat deficit of snowpack (ly/day)

max {-X” if Geo > 0O

Glog = =G127 - 0.8(G13y + Xogg)
if Ggg < O

X37 = snowpack heat deficit (1ly)

X9g free water in snowpack (m3/ha)

Ggp = snowpack ice plus current day's snowfall (m3/ha)

G127 = net heat input to snowpack (ly/day)

G13y = total water input to snowpack or litter (m3°ha‘1-day'1)

Comment: This seemingly simple expression masks a complex situation.
Initial heat deficit X37 (which may be zero) is compared with net heat
input to snowpack Gj7 plus potential heat gain (0.8[G13y + Xogl) if

all free water in snowpack were to freeze. The smaller of these is the
resultant change in heat deficit (the min becomes a max because change
in heat deficit is the negative of the heat gain). The 0.8 is the heat
of fusion of water (ly*ha*m™3).
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G179 = transfer from ice to free water in snowpack (ma'ha"l'day'l)

Ge0
G129 = min (¢]

X37 snowpack heat deficit (ly) 3
Ggo = snowpack ice plus current day's snowfall (m°/ha)
G127 = net heat input to snowpack {(ly/day)

Comment: There is no snowmelt unless there is a daily heat gain greater
than the initial heat deficit. There must of course be snow to melt. If
G127 > X37 then the quantity (G127 - X37)/0.8 (net heat input to snowpack
minus initial heat deficit converted to water equivalent) is compared
with the total snow ice available to melt and the smaller of these melts.
'The 0.8 is the heat of fusion of water (ly+ha-m™3).

G139 = free water holding capacity of snowpack (m3/ha)
G130 = 0.04Ggg
Ggo = snowpack ice plus current day's snowfall (m3/ha)

Comment: Ratio of free water holding capacity to snow ice is from U.S.
Army Corps of Engineers (1956, p. 301-304).

G131 = carbon loss from dead roots due to respiration (teha~tewk™1)
G131 = (1 - Bgg)Gss

dead root decomposition rate (t'ha'l'wk'l)
fraction of carbon loss from dead roots due to fragmentation (dim.)

Ggs
Bgg

G132 = carbon transfer from soil rooting zone to subsoil (teha=1ewk~1)
G132 = BggGgs
Ggg = rooting zone organic matter decomposition rate (t‘ha'l‘wk'l)

Bgg = fraction of carbon loss from soil rooting zone due to incorporation
into subsoil organic matter (dim.)

G133 = carbon loss from rooting zone due to respiration (teha™4.wk™})
G133 = (1 - Bgg)Gasg
Ggg = rooting zone organic matter decomposition rate (t*ha~lewk™!)

Bgg = fraction of carbon loss from soil rooting zone due to incorporation
into subsoil organic matter (dim.)
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G113y = total water input to snowpack or litter (m3'ha_1'day'1)
G13y = Gg + G5 + Gsg
Gs = drip from foliar surfaces (m 'ha'1°day 1)

Gg = rainfall passing directly to snowpack (m 'ha‘l-day 1y
Gse = drip from epiphyte and bark surfaces (m3-ha day” 1)

G135 = transfer from new foliage to leaf litter due to acute defollat%on
(t+ha~lewk-

G135 = 0.5S¢(B1g6s B169s B167X10)
X109 = new foliage carbon (t/ha)

Sg = delta function
Bjgg = first day on which new foliage is to be removed

B1g7 = fraction by which new foliage is to be reduced during acute
defoliation perturbation
Bjgg = second day on which new foliage is to be removed

Comment: See Gug, Gyy. We assume this is equal to transfer to fine litter,
i.e., one-half is transferred to each. This function is zero-valued
unless we desire to see the effect of acute defoliation.

G13¢ = carbon transfer from old foliage to fine litter due to acute de-
foliation (t~ha"1-wk'1)

G136 = 0.5Gg3

Gg3 = acute old foliage defoliation (t-ha~l.wk~1)

G13g = stem-plus-branch respiration (t'ha"1°wk'1)

¢ _ Bzg exp (B]HIGHB)XIZ
138 = X12 + Bug

X12 = carbon in growth CH20 pool (t/ha)

Gyg = average weekly 24-hr air temperature (deqg)
Byg = maximum respiration rate of stems plus branches (te¢ha™ 'wk‘l)
Byg = value of growth pool at which respiration of and transfer to stems

Plus branches is one-half maximum (t/ha)
Biy) = coefficient for effect of temperature on plant nonfoliar respiration
(deg™*)

Comment: The assumption in Gj;3g, Gi39, and Giyg is that temperature has

the same effect (Q;9 = 2) on both above- and belowground plant respiration,
although the rates at any given time are not the same since air and soil
temperatures are not equal. Also note that stem-plus-branch carbon and
large root carbon do not enter into the respiration functions. As the trees
grow, the growth CHpO pool will also increase, resulting in increased
respiration.
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G139 = large root respiration (teha~lewk™1)

G139 = Bog exp (Bjy1Gs51)X
» X12 .+ Buyg
X1p = carbon in growth CHp0 pool (t/ha)
Gg1 = average weekly soil temperature (deg)
Byg = maximum respiration rate of large roots (t+ha~lewk™1)
Byg = value of growth pool at which respiration of and transfer to large

roots is one-half maximum (t/ha)
B1y1 = coefficient for effect of temperature on plant nonfoliar respiration
(deg™!)

Comment: See G133.

G140 = fine root respiration (t+ha~l.wk™!l)

_ Bag exp (B1y41G51)X15X12

G140 X12 *+ Bsp
X12 = carbon in growth CH0 pool (t/ha)
X15 = fine root carbon (t/ha)
Gs) = average weekly soil temperature (deg)
" Bgp = rate constant for fine root respiration (wk™1)
Bsp = value of growth pool at which respiration of :and transfer to fine

roots in one-half maximum (t/ha)
By = coeffici?nt for effect of temperature on plant nonfoliar respiration
(deg™*)

Comment: See Gj3g-.

G1go = snow surface temperature (deg)
Gieo = 0

Comment: We assume snowpack surface temperature is always 0°C but
realize that for many other study areas G;g; must be computed.

G1gl = freezing of free water in snowpack (m3°ha'1'day'1)

( X98 + G134
\ . 0
G161 = min 4 o« 3 X0 -G if Ggo > O
0.8
0 if Ggp < O

X37 heat deficit in snowpack (ly)

Xg9g = free water in snowpack (m3/ha)

Ggp = snowpack ice plus current day's snowfall (m3/ha)

G127 = net heat input to snowpack (ly/day)

G13y = total water input to snowpack or litter (m3-ha'1-day'1)
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Comment: No snow freezes unless the heat deficit at the end of the day
(X37 - G127) is greater than zero and there is free water available to
freeze. 1In this case the smaller of what could potentially freeze [(X37 -
G127)/0.8] and what is available (Xg9g + Gjay) actually freezes. The

0.8 is the heat of fusion of water (ly-ha-m™3).

G1g8 = net heat transfer from sky to canopy due to longwave radiation
(ly/day)

Gi1eg = (G123 - G122)G23
G23 = percent cover by canopy (dim.)

G122 = longwave radiation from blackbody at air temperature (ly/day)
G123 = longwave radiation from sky (ly/day)

G169 = heat input to canopy due to long~ and shortwave radiation (ly/day)

G169 = G168 - G124 *+ Gs9 = G119

Gs9 = net shortwave radiation at canopy top (ly/day)

G119 = net heat transfer through canopy to snowpack or litter due to short-
wave radiation (ly/day)

G124 = net heat transfer from canopy to snowpack or litter due to longwave
radiation (ly/day) ’

G168 = net heat transfer from sky to canopy due to longwave radiation (ly/day)

G170 = heat input to snowpack due to convection (ly/day)
G170 = max [0, 80B2] (23 - Gi60)]

G1g0 = snow surface temperature (deg)

23 = average 24-hr air temperature (deg)

By1 = factor for effect of temperature difference between air and snow on
snowmelt due to convection (g°cm'2-day'1-deg‘1)

Comment: The relationship in G;7¢9 is from a regression of temperature
difference on snowmelt due to convection based on a four-year study at
Willamette Basin Snow Laboratory (U.S. Army Corps of Engineers 1956).
Note that 80 is heat of fusion of water (cal/g). Conversion to ly/day
was necessary to calculate snowpack heat deficit (X37). The term z3 -
Gl1e0 is a measure of the temperature gradient at the pack surface.
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Gg--Potential evapotranspiration from canopy as a function of air and dew point
temperatures. Held constant: energy input to canopy = 0.5 ly/min, daily precipi-
tation = 100 m3/ha, foliage biomass = 5 t/ha, wind speed = 1 m/sec.
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Gp1--Saturation vapor pressure as a function of air temperature (Teten's equation).
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Gyy—-Photosynthesis by new foliage as a function of mean shortwave radiation input
to canopy and new foliage biomass. Held constant: old foliage biomass = 4 t/ha,
soil moisture = 3500 m3/ha, air temperature = 15°C, day length = 0.5.
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Goy--Photosynthesis by new foliage as a function of old foliage biomass and new
foliage biomass. Held constant: mean light intensity = 0.5 ly/min, soil
moisture = 3500 m3/ha, air temperature = 15°C, day length = 0.5.
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Goy--Photosynthesis by new foliage as a function of daytime air temperature and
mean shortwave radiation input to canopy. Held constant: foliage biomass =
5.0 t/ha, soil moisture = 3500 m3/ha, day length = 0.5.
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Ggi--Foliage litter decomposition rate as a function of litter temperature and
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6.3. Tree Diagrams

In this section we present a sequence of tree diagrams detailing the interre-
lationships between all variables in the model. The calculation of G's in
the code is segmented into 18 modules. The G's in modules 1-8 are calculated
daily; those in the remaining modules are calculated weekly. Each page

of the tree diagrams refers to a module in the code.

In general, a dashed line indicates flow of information into or out of a
module while a solid line indicates information flow within the module.
Information flow (calculation) proceeds generally from top to bottom.

(Module 5 contains two instances in which complex topology of the tree

forced us to draw two lines that lead downward, but bend upward at the bottom.)
A solid circle (@) indicates a junction; all variables from which lines

lead downward to the junction are used in calculating all variables to

which lines lead downward from the junction.

The G's can depend on values of state variables (X's), driving variables (Z's),
and other G variables, as well as referring to special (S) functions, and we
have used a pictorial system of distinguishing among the variable types.

The G's are indicated by circles with the index written inside. A dashed-
line circle indicates that the G was calculated in an earlier module.

The Z's are indicated by solid-line triangles and X's by solid-line

squares. When S functions are used in calculating a G, the S is indicated
by a dashed-line rectangle with the arguments of the function shown leading
into it from above. Each time a G corresponding to a flow is calculated, we
show it with a dashed line leading to the right. At the extreme right-hand
margin, at the end of these dashed lines, we have written the corresponding
flow term.

The diagrammatic conventions used in the tree diagrams are summarized below:

0O state variable (X)
v driving variable (2)

O intermediate variable (G) calculated in the module
L, intermediate variable (G) calculated in'previous module

b...! special function (S)

® junction
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Module 2 -- Canopy energy balance
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Module 5 -- Snowpack water dynamics
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Module 7 -- Transpiration
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Module 18 -- Soil and subsoil decomposition
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7. SPECIAL FUNCTIONS

In this section we list the special functions (S functions) used in CONIFER.
The section consists of two parts. The first is a cross-reference list of
S functions indicating the G and Y functions in which each S is used.

In the second part we define the S functions algebraically.

7.1. Cross-Reference Listing of Special Functions

S saturation vapor pressure as function of temperature -- G3, Giy,
G21s G99

S7 beta function -- G39, Gyg, G53, G77, G102

S3  weekly averaging function -- Gyi1, Gug, Gy9, Gs51, Gs8r G107, G108
G109/ G110, Giuy, Y1, Y2, Yy, Ys, Y14, Y17, Y18, Y19

Sy longwave radiation from blackbody -- G121, G122

S5 table look-up function for albedo of snowpack -~ Giig

Sg delta function -- Gyg, Gyy, Go93, G135
7.2. Descriptions of S Functions

S) = saturation vapor pressure as function of temperature

T arbitrary temperature (degq)

B1g = coefficient in Teten's equation (deg)
B72 = coefficient in Teten's equation (dim.)
B153 = vapor pressure over water at 0°C (mbar)
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Comment: S] is Teten's equation for saturation vapor pressure as a func-
tion of temperature (Murray 1967).

Sp = beta function

(11 - Tp) (T3 - 7)) 7471 if Tp 2 T) < T3

Sp(Ty, T2, T3, Ty) = 0 otherwise

Ty, T2, T3, and Ty, = arbitrary parameters

S3 = weekly averaging function

weekly average of T) if t4 modulo 7 =1
S3(i, T1) = } T; if tg=1
0 ' - otherwise
T) = arbitrary parameter
tg = time (days)

i = index for keeping separate each instance in which S3 is used

Comment: Function is designed to compute weekly average value of variables
that are computed daily. T) may be a G, a Z, or a Y. A sum must be
accumulated for seven days in order to compute the average and it is necessary
to have a separate sum for each instance in which the function is used,

This vector of sums is called DAILY in the code. The allocation of elements
of DAILY is shown below.

i variable
1 Gy 9
2 G109
3 G110
4 - G107
5 Gios
6 Gysg
7 Gsg
10 Y]
11 Yo
12 Ggo
13 Yy
14 Yg
15 Y7
16 Yy
17 Yig
18 Y9

S, = longwave radiation from blackbody (ly/day)

Sy(ry) = 1.17 x 1077 (1 + 273.16)*
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T, = arbitrary temperature

Comment: We assume emissivity of 1.0 in all calculations.

S5 = table look-up function for albedo of snowpack (see Gjjig)

Sg(Ty, T2, T3) = delta function

T if t,=T) or t; = Tp
Se(T1, T2, T3) = §503 othegwise1 d

Ty, T2, and T3 = arbitrary parameters
tgy = time in days

8. OUTPUT VARIABLES

In this section we list the output variables and functions (¥'s) that we
have included in CONIFER. These functions are not necessary for the opera-
tion of CONIFER; they are simply the functions that, in the course, of
working with the model over some three years, we have found useful and
convenient. '

¥, = weekly evaporation from litter and canopy (m3-ha'1-wk'1)
Y, = 753(10, G7 + Gg + Go2)
G7 = evaporation from foliar surfaces (m3-ha_1-day_1)
Gg = evaporation from epiphyte and bark surfaces (m3-ha_1-day'1)

G2o = evaporation from litter. (m3-ha~!-day~1)
S3 weekly averaging function

Y, = weekly transpiration (m3-ha”l.wk~1)
Yo = 753(11, Gagp)

Gpo = transpiration (m3-ha~l.day™l)

S3 = weekly averaging function
Y, = weekly precipitation (m3+ha~!.wk™1)

Y, = 753(13, Z;)
Z) = total precipitation (m3+.ha~l.day~!)

S3 weekly averaging function
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Ys = 753(14, Gi15)

Yg = Gyg3 + G111 + Gy13 + Gyo5

= carbon loss from foliage litter due to respiration (t.ha~l.wk~1)
carbon loss from woody litter due to respiration (t.ha~l.wk™1)
carbon loss from logs due to respiration (tsha~l.wk™l)

= carbon loss from fine litter due to respiration (teha~l.wk™l)

Y7 = Gy3; + Gy33 + Gy3g + Gy

= carbon loss from dead roots due to respiration (teha”l.wk~l)
carbon loss from rooting zone organic matter due to respiration

Y9 = Gy - Gy

Y10 = G29 = G39¢

Y1) = Gas + G3)

Y5 = weekly snowfall (m3+ha~!ewk~1)
G115 = Precipitation as snow (m3.-ha”l.day~!l)
S3 = weekly averaging function
Yg = total litter respiration (te<ha”l.wk™l)
G103
G111 =
G113 =
G125
Y, = total soil respiration (t.ha~l.wk™l)
2131

133 =

(t+ha~l.wk~1)

Gy39 = large root respiration (teha~l.wk™1)
Gyyo = fine root respiration (t-ha'l-wk'l)‘
Yq9 = net new foliage assimilation (t.ha™l.wk~l)
Gyi, = net new foliage photosynthesis (t.ha” ! wk™l)
Go5 = new foliage nighttime respiration (teha~lewk™1l)
Yj0 = net old foliage assimilation (t*ha~1.wk™1)
G29 = net old foliage photosynthesis (t*ha~lewk™1)
G3g = old foliage nighttime respiration (t°ha‘1°wk’1)
Y)] = total plant respiration (t-ha'l-wk*l)
G25 = new foliage nighttime respiration (t-ha'l-wk'l)
G31 =

total respiration loss from growth CH,0 pool (teha~l.wk™1)
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Y12 = total forest floor respiration (t*ha~lewk™l)

Y12 = G1p3 + G111 + G113 + G125 + G131 + G133 + G139 + Glug

G193 = carbon loss from foliage litter due to respiration (t'ha-1°wk‘1)

G111 = carbon loss from woody litter due to respiration (t-ha'l-wk_l)
G113 = carbon loss from logs due to respiration (t-ha~lewk™1)

G125 = carbon loss from fine litter due to respiration (t-ha‘l'wk'l)
G131 = carbon loss from dead roots due to respiration (teha~le-wk™1)

G133 = carbon loss from rooting zone organic matter due to respiration
- (t+ha~lewk™1)

G139 = large root respiration (t-ha~l.wk™1)

Gi1yg = fine root respiration (t-ha~lewk™1)

Y1y = weekly average of litter water as percent of holding capacity (dim.)

Y1, = S3[1l6, (X7/Gs55)100]

X7 = litter water (m3/ha)
Gss = water-holding capacity of litter (m3/ha)
53 = weekly averaging function

Y15 = soil water as percent .of holding capacity (dim.)
: Y15 = 100X3/B) 3

X3 = soil rooting zone water (m3/ha)
Bj3 = water retention capacity of soil (m3/ha)

Y1 = net assimilation (t-ha~l-wk™1)

Y16 = Gy = Gas5 + G29 = G3g

Goy = net new foliage photosynthesis (t+ha~le.wk™1)
Gos new foliage nighttime respiration (t-ha'}-wk'l)
Gog net old foliage photosynthesis (t-ha‘lowk'l)
G3p = old foliage nighttime respiratioén (t+ha~lewk~1)

Y17 = weekly average of percent shortwave radiation intercepted by canopy
(dim.)

Y7 = 53(15, T1)
T1 = percent of shortwave radiation intercepted by canopy (dim.)
T1 = 100(1 - Gg91/Gs9)

Gsg = net shortwave radiation at top of canopy (ly/day)
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Gg) = shortwave radiation. incident to snowpack or litter (ly/day)

S3 = weekly averaging function

Y18 = weekly average of water stored on foliage (m3/ha)
Y18 = S3(17, X1)

Xy = water storage on foliage (m3/ha)
S3 weekly averaging function

Y19 = weekly average of water stored on bark and epiphyte surfaces (m3/ha)

Y19 = S3(18, Xg)
X8
S3

water storage on epiphyte and bark surfaces (m3/ha)
weekly averaging function

9. PARAMETERS AND PARAMETER VALUES

In this section we have listed all parameters used in CONIFER.

Parameters

in CONIFER are of two types: integer (M parameters ) and decimal (B
parameters). The M parameters are used exclusively to specify the timing
of processes. Immediately following the description of each parameter, we
have listed the functions (G's,-S's, and Y's) in which the parameter is
used. On the right-hand side are shown the numerical value of each

parameter and (for B parameters) the units.

B coefficient for attenuation of shortwave
radiation by understory -- Gg;

By coefficient for attenuation of shortwave
radiation by overstory -- Ggi

By ratio of canopy water retention capacity
to foliar carbon mass ==~ Gig

B, fraction of total foliage occurring
in overstory -- Ggq;

Bg soil moisture value below which transpir-
ation ceases -- Gyg, Gy

Bg temperature threshhold below which albedo
of snowpack is set equal to 0.8 -- Gjjg

By ratio of one-sided needle surface area
to needle carbon mass -- G;

Bg rate constant for soil water drainage -- Gj,

1.5 ha/t
1.0 ha/t
1;34 m3/t
0.7 (dim.)
1ei9 m3/ha
3 deg

1.54 ha/t
2.16 day~!
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B1o

By

By2
B13

Byy
B)s

Big
By7
Big
Bi1g
Bag

By1

B2

B3
Boy

Bs
Brg

Boz
Byg
Bzg
B3p

B3

rate constant for subsoil water drainage --
Gig
fraction of litter water-holding capacity

below which there is resistance to evapor-
ation -- Gpo

fraction of litter water-holding capacity
below which evaporation ceases =-- Gjp»

water retention capacity of soil --
Gi12, Y15
water retention capacity of subsoil -- Gjig

increase in ratio of rainfall to total
pPrecipitation with temperature -- Ggy
retention capacity of groundwater zone --
Gig

temperature above which all precipi~
tation is rain -- Ggy

coefficient in Teten's equation --
G177+ 51

temperature below which ail precipita-
tion is snow -- Ggy

fraction of litter water-holding capacity
below which drainage ceases -—- G5

ratio of snowmelt due to convection to
the difference between air and snow
temperature -- G179

ratio of snowmelt due to condensation
to vapor pressure deficit at snow sur-
face -~ G»

ratio of litter water-holding capacity
to litter carbon mass -- Ggg

factor such that G77 averages 1.0 during
first year -- G77

length of longest day minus twelve -- G)23
foliar respiration rate constant -- Gos,
G390

ratio of old foliage to new foliage
respiration -- G3g

maximum respiration rate of stems plus
branches -- Gj3g

maximum respiration rate of large roots --
G139

rate constant for fine root respiration --
Giuo '

bud growth rate constant -- Gj33

1.08 day"!

0.36 (dim.)

0.10 (dim.)

3204 m3/ha
9970 m3/ha

0.172 deg~!
11,896 m3/ha
3.3 deg
237.3 deg
“-2;5 deg

0.7 (dim.)
0.051 gecm™2.day~l.deg!

0.28 gecm™2.day”! smbar-!
4.6 m3/t

0.036 deg 2181
3.5 hr

0.0219 wk™!
1.11 (dim.)
0.215 teha™lewk™
0.078 teha~l.wk™!

6.36 x 1073 wk™!
3.23 x 107~% wk™!



B32

B3s

B3g

B37

B3g

B3g

By

By

By,

By3

Byy

Bys

Byg

Byg

Byg

ratio of net new foliage photosynthesis
based on carbon budget to amount extra-
polated from cuvette experiments -- Gyy, Gizgq

rate constant for new foliage photosyn-
thesis -- Gy,

light intensity at which new foliage
photosynthesis is one-half maximum
rate -=- G,

coefficient for attenuation of shortwave
radiation by foliage -- Gay, Gag

factor such that G3g9 averages 1.0 over
the first year -~ G3gq

ratio of leaf carbon mass to bud carbon --
Guy, Gy

rate at which new foliage growth demand
decreases as new foliage carbon mass
approaches limiting value -- Gyg

maximum rate of carbon transfer from
growth CH20 pool to new foliage CH20
pool -- Gus '

value of growth CH20O pool at which trans-
fer to new foliage pool is one-half
maximum -- Gus

rate constant for old foliage photosynthe-
sis ~- Ga29

shortwave radiation valﬁe at which old
foliage photosynthesis is one-half
maximum -- Gzg

factor such that Gyg integrated over one
year is 1.0 assuming no defoliation -~ Gy

value of growth pool at which old foliage
respiration is one-half maximum -- Gj3p

maximum rate of carbon transfer from
growth CH20 pool to stems plus branches --

G3s
value of growth pool at which respiration

of and transfer to stems plus branches
is one-half maximum -- G35, Gj3g

-maximum rate of carbon transfer from

growth CH20 pool to large roots =-- Gg3g

value of growth pool at which respiration
of and transfer to large roots is one-half
maximum -- G3g, Gi39 :

maximum rate of carbon transfer from
growth CH0 pool to fine roots -- G37
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13:05 (dim.)

5.68 x 1g‘“ sececm™l.
deg™"177.wk™}

0.1 ly/min
0.52 ha/t
-Bz7
0.0386 deg

120 (dim.)
0.3 wk'1
0.38 teha~!.wk-l

0.1 t/ha

6.24 x 107% sececm l.
deg™B177 wk ™!

0.1 ly/min
2.48 x 10723 wk~(Bgy*1)

0.1 t/ha
0.3780 teha™!ewk™!

6.0 t/ha

0.095 teha~!ewk~l

6.0 t/ha

0.0295 teha~l.wk™l
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Bsg

Bs)
Bs)
Bs3
Bsy
Bsg
Bsy
Bsg
ABs9
Bg o
Bg)
Bg
Bg3

Begy

Bgs

Bgg
Bg7

‘Bgg
Bgg

By,

value of growth pool at which respiration
of and transfer to fine roots is one-half
maximum -- G37, Giyo0

rate constant for stem-plus-branch
mortality -- Gg», Gg»

rate constant for large root mortality --
Gge

rate constant for fine root mortality --
Gg7

factor such that Gs3 averages 1.0 during
the first year —-- Gsj3

rate constant for new foliage consump-
tion -- Gjg

rate constant for old foliage consump-
tion -- Gqg

rate constant for consumption of growth
CH»0 pool -- Gagy

rate constant for bud consumption --
Gos

ratio of old to new foliage stomatal
resistance -- Gs)

rate constant for woody litter decomposi-
tion -- Ggg

rate constant for foliage litter decom-
position -- Gg;

rate constant for fine litter decomposi-
tion -- Ggy

fraction of carbon loss from fine litter
due to incorporation into soil rooting
zone organic matter -- Gjjg, Gjzs

rate constant for decomposition of soil
rooting zone organic matter -- Ggg

fraction of carbon loss from soil rooting
zone due to incorporation into subsoil
organic matter -- Gjj33, G133

factor such that soil moisture--temperature
effect averages 1.0 over first year -~ Gsg

rate constant for dead root decomposition ~-
Ggs

fraction of carbon loss from dead roots

due to fragmentation -- G, G133

factor such that B7;G39 averages 1.0
during the first-year growing season -- Gyug

0.07 t/ha
4.47 x 107% wk~1
3.9 x 107% wk~!
0.00257 wk~!
0.0361 deg~B179
0.0014 wk™!
0.0001 wk™1
0.0001 wk~!
0.0001 wk~!
1.1 (dim.)
0.00177 wk™!
0.00247 wk™!

0.00384 wk~!

0.25 (dim.)

0.00118 wk™!

0.25 (dim.)

2662 m3/ha

0.00913 wk~!
0.5 (dim.)

0.564 (dim.)



B72
B73

Byy

B7s

B76

B77

B7g

B79

Bg2

Bgy
Bgs

Bgeg

Bg7

Bgg

Bgg

Bg)

Bga

Bg3

Byy

Bgs

141

Biys

coefficient in Teten's equation -- G17, S)

weekly throughfall amount above which

soil temperature equals air temperature --
Ges

water-holding capacity per unit carbon

mass for woody litter divided by the same
ratio for foliage plus fine litter -- Gsg

rate constant for frass fall ~- Ggo

temperature above which growth processes
cease -- G39

coefficient determining shape of Gj3q
curve -- G39

minimum plant moisture stress (PMS) --
Gy2, Gg7

air temperature above which PMS is
unaffected by temperature -- Gyo

soil moisture value above which PMS
does not change == Gyo

maximum PMS ~-- Gy2

rate of increase of PMS with increasing
soil moisture content -~ Gy2

maximum new foliage stomatal resistance --
Gy3

PMS above which there is no increase in
new foliage resistance -- Gyj

new foliage stomatal resistance when
PMS is 0.0 -- Gu3

coefficient for effect of PMS on new
foliage stomatal resistance -- Gy3

coefficient for shape of leaf-fall
curve == Gyg

factor for effect of air temperature on
litter temperature -- Gg7

weekly throughfall amount above which
litter temperature equals air temperature --

Gg7

factor such that Ggg averages 1.0 during
the first year == Ggg

factor for effect of litter temperature
on soil temperature -- Ggg

coefficient for effect of temperature
on plant nonfoliar respiration -- Gi3s,
G139, Giuo

coefficient for temperature effect on
foliar respiration -- G2s5, G3p
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17.27 (dim.)
150 m3+ha~l.day"!
0.25 (dim.)
0.05 wk™1
45 deg
1.35 (dim.)
4.7 atm

-2.0 deg

2104 m3/ha
32.7 atm

0.09825 atmeha™l.m~3
300 sec/cm
19 atm
1.9435 sec/cm
0.265 atm™!
13.0 (dim.)

0.5 wk~1

3000 m3+ha~lewk™!
0.1494 ha/m3

0.1 wk~!

0.069 deg~!

0.073 deg~!
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Biye

Biy7

Biys

Biy9

B1so

B1s2

B1s3

Bysy
B1ss

B1se
Bys7

B)sg
B1s9g

B160
B163

Biey

Bies

Blee

B1e7

B1g9

B170

B171

rate constant for log litter decomposition --
Gi1os

fraction of carbon loss from log litter
due to fragmentation -- G112, G113

fraction of carbon loss from woody litter
due to fragmentation -- Gigy, G111

fraction of carbon loss from foliage
litter due to fragmentation -- Ggg, Gip3

fraction of stem-plus-branch mortality
transferred to woody litter -- Gg2, G92

rate of input of carbon to fine litter
in microparticulate litterfall and carbon
dissolved in throughfall -- Gg7

vapor pressure over water at 0°C -- S

density of saturated air -- Gy, Gag

specific heat of saturated air -- Gy,
G99
wind profile drag coefficient -- Gjgg

latent heat of vaporization of water =--
Ges Glu, G29 ’

psychrometric constant -- Gg, Giy, G2p

factor to convert kg*m‘z-sec"1 to
m3'ha‘1'day'1 -- Gg, G144, Gap

albedo of canopy -- Gsg

aerodynamic conductance at litter
surface -- Gy

factor to convert net radiation from
ly/day to joule-m'z-sec'1 -- Gg, G2y

rate constant for drainage from litter ~--
G1s

first day on which new foliage is to be
removed (defoliation perturbation only) --

Gyy, G135

fraction by which new foliage is to be
reduced during acute defoliation pertur-
bation -- Gyy, G135

second day on which new foliage is to
be removed (defoliation perturbation
only) -- Guy, G135

rate constant for water drainage from
canopy -- Gs, Gsg ‘

water storage on foliage above which
there is no transpiration -- Gzg

0.00122 wk™!
0.5 (dim.)
0.6 (dim.)
0.4 (dim.)
0.228 (dim.)
2.885 x 1073 teha~lewk™!

6.11 mbar
1.2 kg/m3

1000 joule-kg“l-deg‘1
0.3 (dim.)

2.5 x 108 joule/kg
0.66 mbar/deg

8.64 x 10° sec-m‘soday‘l-
kg~leha~!
0.1 (dim.)

0.001 m/sec

2 1

0.48 joule day*m~“s*sec”

10 day_1

0 (dim.)

0
10.0 day~!

1.0 m3/ha




B172

B173

B174

B176

B177

B178

B179

B1so

B181

B1s2

B1g3

Bisy

B85

B)ge

ratio of intercepting area to carbon mass
for stems plus branches divided by
same ratio for foliage -- Gj3, G23

ratio of storage capacity to carbon mass
for stems plus branches divided by same
ratio for foliage -~ Gjg, Gs7

coefficient for effect of foliar carbon
mass on intercepting area -- Ga3

temperature above which photosynthesis
ceases -- G102

coefficient determining shape of Gjgpo2 --
G102

temperature above which soil rooting zone
processes cease -- Gs53

coefficient for temperature effect on
soil rooting zone processes -- Gs3

temperature above which litter decomposi-
tion ceases -- G77

coefficient for temperature effect on
litter decomposition -~ G77

minimum leaf-fall rate constant -- Gy

ratio of photosynthetically active
radiation to total shortwave radiation --

G109

fraction by which old foliage is reduced
during acute defoliation perturbation --
G9s

first day on which old foliage is removed
(defoliation perturbation only) -- G93

second day on which o0ld foliage is
removed (defoliation perturbation only) --
G93

week on which budbreak occurs. -- Gy
week on which growing season begins -- Gjgg
week on which growing season ends -- Gjgg

week on which new foliage becomes old
foliage -- G3y

week on which leaf~fall is minimum -- G40
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0.01 (dim.)

0.015 (dim.)
0.19 ha/t
45 deg
2.5 (dim.)
45 deg
1.35 (dim.)
45 deg
1.35 (dim.)
0.003 wk~1

0.4 (dim.)

0 (dim.)

18
18
40

40
35
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the project (at UW) and proceeded to combine Overton's hydrology model

with Sollins' model of production and decomposition. At this time Swartzman
added the litter and soil temperature component and Sollins added equations
for predicting stomatal resistance based on the work of R. H. Waring and

S. W. Running (both of 0SU). Some initial problems with the coupled carbon-
water model were traced to inadequate representation of snowmelt and, with
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snowmelt model of Leaf and Brink (1973) into CONIFER.
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the University of Edinburgh), incorporated mechanistic equations for trans-
piration and evaporation from the canopy. Swartzman, working with R. Fogel
and K. Cromack (both of 0SU), also developed preliminary equations for
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a new model of canopy interception and storage and with Swartzman wrote
improved equations for drainage from canopy, litter, and soil water pools.
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help of various programmers at UW including, E. Hamerly and M. Gaponoff.

The basic documentation system was developed jointly by Swartzman and

Sollins; however, implementation would have been impossible without the
conscientious assistance of staff and students including M. Roscoe, D. Dodson,
K. Nicholson, E. Small, and R. Harr. In 1975 S. Clark joined the UW project
as a programmer and totally reorganized the code for CONIFER. Clark developed
the module system and, with E. Small, developed the tree diagrams used here.
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handed efforts of S. Clark. The final preparation of this bulletin was
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APPENDIX I. Listing of Code

The code listing of Appendix I is reproduced directly from computer
output.
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wkkkkokkk kb pkmkd kkkk kR ko k kR Rk kR kR kR R ARk kR kR kR Rk ko ko ke

COMMIN RLOCK ASSIGNMENT, UNDER SIMCCMP, ALL COMMOGN BLOCKS
DEFINED HERE ARE AVAILABLE TO ALL SLRROUTINES WITH N0
EXPLICIT REFERENCE NECESSARY IN THODSE FOUTINES,

/GVAR/ INTERMEDIATE VARIABLES
/BVAER/ PARAMETER VALUES

/M AR/ INTEGER PARAMETER VALUES
/1 IV AR/ DRIVING VARIABLES

/YVAR/ OUTPUT VARIABLES

ITIMES TIMING VARLABLES

OO0 0O0
< NEDD

" COMMON /3VAR/ R(225)
COMMEN /¥VARS M(5)
COMMON /ZVAR/ 2(25)
COMMON /YVAR/ Y(30)
CUMMUN /TIME/ KoKMCyhWKs KTH)KT1,KTW
CCMMON /GVAR/ 6G(2G0)
c
c . .
Crepkmrkamrhkhkrhhbhbkbbkkbhhbhhhkkhhbbkhkhkkkhkbkk kb k kR F R Rk kR aX
C
SLBRCUTINE CYCL1

c
CallL TIMER
CALL zup
CALL GUP
CALL Yup
¢ .
RETURN
END
c .

CHRRBRERRAN RBAAAABRRARR R AR AR ESR RN R RS RRR R R bR et R Fhb kb kkk kb kk Rk bk p k¥
C
SUBRCUTINE GUP

c :
¢ THL'S SUBROUTINE UPLATES ALL INTERMEDIATE (G) FUNCTAGNS
c _
c
c
c ———— e rrmemcemencm .- ——-—.———
C WATEK = CANOPY INTERCEPTION AND RETENTION [ MODULE 1 1
c — - -
C
¢
c
Ce==G(6]) mmmmm===we TOTAL FOLIAGE CARBON
$0 2Glol)s
$1 PX(10)sX(11) 8
c
Glel) = X(10) + X(11)
c
c

(===((23)=m=—m—=ee- PERCENT COVER BY CANOPY (ALSO PERCENT COVER BY
C OVERSTCRY)
$0 »G(23)%
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$1 e G(61)yX(13)8

Tl = =B(174) # ( G(61) + B(172) * X(13) )
6(23) = 1,0 = EXP ( T1 )

C
¢
fe==G(l3)=cmmemenas FRACTICN OF RAIN INCICENT TC CAMOPY WHICH STRIKES
C FIL1AGE
$C »G(13)8
L 34 s G(61)sX(13)8
c
G(13) = G(61) / ( G(61) + B(172) * X(13) )
c
C
Co==G(54) mrmomcaana PRECIPITATION AS RAIN
$C 26(54)%
s1 2Z(1)s2(6)s2(4)y2(7)8
c
Tl = 8(15) * Z(1) * Z(4) * ( Z(6) -~ B(19) )
T2 = 3(15). % Z(1) & ( 1,0 = Z(4) ) * ( 7(7) = R(13) )
IF ( Z(6) «LT, B(1%) )
> G(54) = 0,C
IF € Z(7) «GTs B(17) )
> 6G(54) = Z(1)
IF ( Z(6) oLEe BU17) oANDe Z(7) 4GF, B(19) )
> G(54) = T1 + T2
IF ( Z(7) «LT. B(19) AND. B(19) «LTe Z(6) +AND,
> Z{6) o LE. 8(17) )
> G(s54) = T1
IF ( 2(6) +GTe B(17) +ANDe B(17) oGEe Z(7) JANY,
> 2(7) +GEe 8(19) )
> G(54) = Z(1) * Z(4) + T2
[
[
Co==G(115)r=—mwmem—— PRECIPITATION AS SNOW
ke »6(115)%
$1 22(1),6G(54)8
C
G(1I1E) = 7(1) = G(54)
C
C
C===Gl60) mrmmeceea= SNOWPACK 1CE PLUS CURRENT [AYS SNOWFALL
39 »G(60) S
$] » X¥(2)y G(115)8
C
G(60) = X(2) + G(115)
c
C
C===G(160) ~e=mmome= SNOW SUKRFACE TEMPERAT(RE
4G »G(160)
$1 s G(60Y,X(37) %
C
G(L16C) = G,C
C
C
Com==((3) mmewamaweae RAIN INPUT TO FOLIAR SLRFACES
0 2G(3)%
31 »GU023)5,G(13)s6(54)8
C

6(3) = G(23) * G(13) * G(54)
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C
C
C===6(4) cmcmce—wea RAIN INPFUT TO EPIPHYTE AND BARK SURFACES
30 »6G(4) ¢ :
$1 26(23)56(13),G(54)8
c
G(4) = G(23) * ( 1.C = G(13) ) * G(54)
¥
C
c
c
C - -
c SHORT-WAVE RADIATION TO CANOPY AND  MODULE 1 1
c LONG=WAVE ENERGY BALANCE
c - - - -
c
C
c
C===G(4]l) »rwmcmwmmaa LITTER TEMPERATURE
$0 : »G(41)8
$1 »X(25) 8
C
6l41) = X(25)
c
c

Cwm=G(l2]1)ewmommaee HEAT LCSS FROM SNOWPACK OR LITTER DUE TO LONGWAVE
c RADIATICN

$C s6(121)%

$1 sG(60),X(25)8
413 9549

c

Tl = 5(160)

IF ( G(60) oLEe 0.0 )
> Tl = X(25)

G(121) = S4& ( T1 )

C
C
ComeG(l22) smmwnccnn LOMGWAVE RADIATION FRCM BLACK PNDY AT AJIR TEMP,
$0 3G(122)8
$1 22(3)%
$E 254%
C
Gl122) = S4 ( Z(3) )
C
c
Com=G(123) v=we=e e—a= LONGWAVE KADIATION FR(M SKY
$0 »G(123)%
$1 sTIME»Z(2)s6(122)8
c
Tl = SIN ( 0401721 * ( TIME = 79.,01721 ) )
Tz = ( B(25) * Tl 4 1240 ) / 2440
IF ( Z(2) oGEe T2 «ANDe Z(2) oLEe leb6 * T2 )
> GC T3 1231¢
C ELSE
T3 = 0476
IF ( Z(2) +LTe T2 )
> T3 = 140
GC TQ 12320

12310 CONTINUE
T3 = 0676 ¢ Ogb * ( 146 * T2 = 7(2) ) /1 T2
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C
12320 6G(123) = T3 * G(122)
C
C
Co==6(124) r==w=e= === NET HEAT TRANSFER FROM CANOPY TO SNOWPACK (R LITTER
C DUE TO LONGWAVE RADIATION
$0 »G(124)9
$1 26G(23),G6(122),6(121)%
c
60124) = G(23) * ( G(122) - G6(121) )
C
C
C===G(168) ~=weww=ae NET HEAT TRANSFER FROM SKY TO CANOPY DUE TC LONG-
C WAVE RADIATION
$0 »G(168)8
$1 »60122),6(23)96(123)8
¢
G(lé68) = G(23) * ( 6(123) - 6(122) )
C
C

Cm==G(59) =m=emmomee NET SHORTWAVE RADIATIUN AT TOP COF CANOPY
£18] 2G(5%)%

31 22(2)921(%)%
c
G(59) = 144040 % Z(2) * Z{4) % { 14,C = B(160) )
C
C

C===G(9])v—=mmerece SHORTWAVE RADIATION INCIDENT TC SNNWPACK OF LITTER
L1# »G(91)s

$1 26(61),G(59),6(23) 8
C
c Tl = ATTENUATION BY LNDERSTORY
C
Tl = EXP ( ~B(1) * G(61) #* ( 1,0 = B(4) ) )
c
c T2 = ATTENUATION BY QVERSTCRY
c
T2 = EXP ( = E(2) * Glel) * B(4) )
C
6(91) = GI(59) * Tl * ( 1,0 = 6(23) # ( 1.0 -T2 ) )
c
C .
Co==Gl1ll8)em—=memw= ALBEDO OF SMOW OR LITTER
$0 »6(118) ¢
$1 bX(2)3
$t »55¢
C
Tl = 040
IF ( X(2) oLEs 1040 )
> 11 = 1,0
GI11E) = S5 ( T1)
C .
c
C===G(l]l9)rmmmmean= NET HEAT TRANSFER FROM CANCFY TD SNOWPACK GR LITT¢R
C .DUE TU SHORTWAVE RADIATION
$0 »6(119) s
$1 »G(91),6(118)%
c

G(119) = G(Gl) * ( 1.G ~ G(118) )
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c
Cm==G(169)vmmmmneca= HEAT INPUT TO CANOPY FROM LCNG + SHORT WAVE RADIATIO
$0 sG(169)8
$1 26 (168)56(124)56(59)56(119)%
[
Gl1l6gy) = G(l6E) + G(59) = 6G(124) - 6(119)
C
c
c
C
Cmmmm - -—
C WATER = CANOPY EVAPORATIOUN AND DRIP { MODULE 3 ]
(remmem= - -
C
c
C
Com=G(2]) ~mmm—manaa SATURATION VAPOR PRESSURE AT AJR TEMPERATUKE
$0 »G(21) 8
$1 »2(3)%
$t »S1S
c
6(21) = S1 ( 72(3) )
C
C
Coe=G(17) mmemomea=a RATE UF CHANGE OF SATULRATICN VAPOR PRESSURE WITH
C TEMPERATURE
$0 sG(17)8
I s6(21),2(3)%
C
G(17) = B(18) * B(72) * G(21) / ( 7(3) + B(1lE) )*x?
C
C
Cae= (99 )mrmemeeace VAPGR PRESSURE DEFICIT
$0 »6(99)8
$1 9G(21)s2(5)8
$F »51¢
c .
Tl = 6(21) - €1 ( Z(5) )
G(99) = B(154) * B(155) * T1
C
C . :
Cm==G(100)smmecanna AERODYNAMIC RESISTANCE
$C »G(100)S
$] »7(14)%
C
G(100) = 1.E6
JIF ( Z2(14) oNFe 0s0)
> G(100) = 1,0 7 ( 2(14) * B(156)%%*2 )
c !
c
(===G(6)mmmmemeae=s PJTENTIAL EVAPQRATION FROM CANOFY
$C sG(6)S
$1 sGUL17)s6(169)92(4)5G(99),6(100)8
c .
TL = 3(159) * { G(17) * G(169) * B(1le4) *-Z(4) + 6(99) / 6(100) )
T2 = B(157) * ( G(17) + B(158) )
G(6) = AMAX1 ( 0,0 » T2 / T2 )
c
c ;

(m==G(16) smemmmaa—e WATER RETENTION CAPACITY OF CANDPY
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$0 2G(16)S
%1 »G(61)sX(13) 8
C
6(16) = B(3) * ( G(61) + B(173) * X(13) )
C
c
Cr==5(57) mm==mmem=e FRACTIGN OF RETENTION CAPACITY DUE TO FOL1AGE
$0 26(57)%
s1 »G(61)sX(13)8
c
G(57) = 5(51) 7 ( G(61) + R(173) * X(13) )
c .
c
c G(5) DRIP FRCM FOLIAR SURFACES
S0 16508
$1 »X(1)9sG(16)5G(3)56(ET7)»GLE)S
C
Tl = 1,0 -~ EXP ( =B(170) )
T2 = X(1) - G(16) * G(57)
T3 = G(3) = G(57) * G(6)
Té = 1,0 = T1 /7 B(170)
G{5) = AMAX]1 ( 0e0 » T1 # T2 ¢+ T3 * T4 )
c
c 1
(ee=G (7 )mwommmaon~ EVAPORATION FROM FOLIAR SURFACES
19 »6(T7)8
$1 2G(6)2G(57)s6(5)1,X(1)sG(3)S
o
GLT7) = G(6) * G(5T)
IF ( G(5) «GTe X(1) ¢ G(3) = G(7) )
> G(7) = X(1) ¢ G(3) = G(5)
C
c
C 6(71) DR1P FROM FOLIAR SURFACES TC LITTFR SURFACES WATER
0 »GITL) S
%1 »G(5),6(60)8
o
G(71) = G(5)
IF ( 6(60) «Gle 060 )
> G(71) = 0,40
o
c-
(~==G(56) mmmcocnc=a DRIP FRKOM EFPIPHYTE AND BARK SURFACFS
$C sG(56)8
$1 pX(B)sG(16),G(57)56(4)sGL(6)S
C
Tl = 140 = EXP ( =B(170) )
T2 = 140 = G(57)
T3 = ( Gl&) = Gl6E) * T2 ) * ( 140 =-T1 /7 8(170) )
G(56) = AMAY] ( 040 5 T3 + T1 % ( X(8) = C(16) * T2 ) )
C
C .
C G(3) EVAPCURATION FROM EPIPHYTE ANL BARX SURFACES
%0 »G(8)S
$I 2GLE),G(5T7 )9 G(56)9X(8)sG(4) S
c

G(B) = G(6) * ( 1.0 = G(57) )
IF ( G(56) +GTs X(B) + G(&) = G(8) ).
> G(8) = X(8) ¢+ G(4) = G(56)
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C
(we=G(72) =e=mameme= DRIF FRUM EPIPHYTE AND BARK SURFACES TO LITTER
c SURFACE WATER
$0 »G(72)%
$1 26(56)»G(60)%

GL72) = G(56)

IF ( G(60) +GTs 040 )

> G(72) = Q040
c
C
c
c
C -
c ENERGY INPUT TO SNOW [ MODULE 4 1
C-= - ‘
c
c
c
C>==G(9) eommmemme= RAINFALL PASSING DIRECILY TO SNCWPACK NR LITIER
c SURFACES
$0 »G(9)8
$1 9G(23),G(54)8
¢

G(9) = ( 1e0 = G(23) ) * G(54)
C
c

C===~6(134) ~m=m==e—= TOTAL WATER INPUT TN SNOWPACK OR LITTER
$0 s6(134)8%

$1 2G(9),6(5),6(56)8
C
G(134) = G(9) + G(5) + G(56)
c
c
C 6(80) TOTAL WEEKLY RAINFALL PLUS DRIP
$0 268018
$] 26(134)%
st » 538
c
G(BO) = 7,0 * S3 (12 , 6(134) )
c
c

(m==G(2) e=wemwceae HEAT INPUT TO SNOWPACK DURING CCMIENSATION
£ 31 ’G(2)8

$1 22(5),6(160)8%
113 »S18
¢
G(2) = AMAX]1 ( 0o0 » 80, * 8(22) * ( S1 (Z(5)) = S1 (G(160)) ) )
c
C

Co==G(170) ~wmmmeme= HEAT INPUT TD SNOWPACK DUE TO CONVECTION
sC 2G(170)8

$1 21(3),6(160)%
¢
GU17C) = AMAX]1 ( 0e0 s 80,0 * B(21) * ( 7(3) - G{1l60G) ) )
C
c

Cr==G (114 )mo==we==a HEAT LGSS FROM SNOWPACK DUE TO SNOWFALL
$0 2G(114)8
$1 22(3),6(115)8
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C

Gl114) = AMINL ( 040 » 04005 ¥ Z(3) * G(115) .)
C
c .
C===G(120)==w=wwae= NET HZAT TRANSFER FROM CANCGHY TD SNOWPACK OR LJITTER
C DUE TG LONGWAVE RADIATION
$U ) 96(120)%
$1 »6(123)56(124)»6(121)»G(23)8
C

G(120) = 6G(124) + ( 10 = G(23) ) * ( G(123) - G(121) )
C
C
Cr==G(117)emwomeeme HEAT INPUT TO SNOWPACK DUE TOD RAINFALL
$0 2601178
$1 »2(3),6G(134)8
C

G(117) = 0401 * Z(3) * G(134)
C
C .
C===G(127)mmw== === NET HEAT INPUT TO SNOWPACK
$0 sG6(127)8
$1 . 2G(114)5G(117),G(119)5Gl12C)»G(2)sG(170)%
c

G(127) = G(114) + G(117) + G(119) + G(120) + 6(2) + G(170)
C
c .
(o==((l23)rmrencce= NET TINCREASE IN HEAT CEFICIT OF SNOWPACK
$0 »G(1l2R)%
$1 : 2 X(37),G(127)9s6G(134)sX(98),6(60)%
¢

Tl = G(127) + 048 * ( G(134) + X(9B) )

GU12E) = AMAX]1 ( =X(37) , =T1 )

IF ( 3(60) olbe 1e0 )

> G(128) = AMIN1 ( 0,0 » G(12R) )

¢
c
C
C
Lo - - - - -— - -
C WATER = SNOW INPUT, FREEZE» AND MELT { MOGULE 5 1)
[ -—- - -——
C
C
C ) :
(===G(129)v=e—m—ee- TRANSFER FROM ICE TO FREE WATEF TN SNOWPACK
30 »G(129)%
$1 2G(6CIIGIL27 )X (37)8
C

T1 = AMAX1 ( 060 » ( GL127) = X(37) ) 7 0sF )
6(126) = AMINL ( T1 5 G(60) )

C

C

C===6(16]1) ~omeemmm— NET DALLY FREEZING OF FREE WATER IN SNOWPACK
$0 »Gl161)%

$1 2 X(98)6(134)sX(37)56(127),G6(60)8

c

Gl161) = 0.0 . '
IF € G(60) oLEe 060 )
> 6C TO 16110
C ELSE
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Tl = AMAXL ( 0e0 » ( X{37) = G(127) ) / Je8 )
G(161) = AMIN1 ( T1 » X(98) 4 G(134) )
16110 CONTINUE

c
c
C===G(130)=wemmawn= FREE WATER HOLDING CAPACITY OF SNOWPACK
$0 »6(130)8
$1 26(60)8
c
6(13C) = 0.C4 * G(6D)
c
C

Co==((74) memomemm—m RAINFALL PASSING DIRECTLY TC FREE WATER IN SNOWPACK
SO 26(76)%
$I 26(9),6(60)%
C

G(74) = G(9)

IF ( G(60) o+tCe 040 )

> G(74) = 0,0
c
c
(===G(75) m»=memeceme= DRIP FROM FOLIAR SURFACES TO FPEE WATER [N SNOWPACK
C IN SNOWPACK

sC sG(75)8
$1 26(5),6(60)8
c

G(75) = G(5)
IF ( 6(60) 4EQs 0,0 )
> CG(75) = 0,40

C
C
C~==G(76) »===emeee=e DRIP FROM EPIPHYTE AND BARK SURFACFS TN FREE WATER
c IN SNOWPACK
0 »6(76)8
$1 2G(56)26(6Q)3
¢

G(76) = G(56)

IF ( G(60) +EQs 040 )

> G(76) = 060

C
c
C 6(10) WATER TRANSFER FROM SNOWPACK T LITTER SURFACE
$0 +G(10)8
31 3G(130)26(74),6(T75)5G(76),X(98)5€(120),G6(161),6(60)8
C

G(10) = 040

Tl = G(74) + G(75) + G(76) ¢ G(129) + X(98) ~ G(161) =~ G(130)
IF ( T1 «6Te Cu0)
> 6(10) = T1

IF ( 6(129) ,EQs G(60) )
> G(10) = G(10) + G(130)

-

WATER =~ LITTEF MOISTURE DYNAMICS [ MODULE 6 1]

OO OO0
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c
c G(70) RAINFALL PASSING DIRFCTLY TC LITTER SURFACE WATER
$C . 26(70)% ' '
$1 26G(9)5G(60)%
C
G(70) = G(9)
IF ( G(60) +GT, 0,0 )
> G(70) = Q.0
c
C
(eweGll4)mmwmewmaes PITENTIAL EVAPORATION FROM LITTER
$C 26(14)8
$1 e Z(5)52(3),X(25)8
$t 2513
¢
Tl = S1 ( X(25) ) = S1 ( Z(% =~ Z2(3) + X(25) ) :
Te = 8(163) * B(155) * B(154) * R(159) / ( B(157) * BR(158) )
G(14) = AMAX]1 ( 040 » T1 * T2 )
C
c
Co==G(59)~ewmwncane wATER HOLOING CAPACITY OF LITTER
30 »6(55)%
$1 s XU18)s X (19)5X(20)%
c
GU55) = B(23) * ( B(74) # X(18) + X(19) + X(20) )
c
c :
Cr==G(1l]l) =====mwaa= WATER ENTERING LITTER
s »6(11)8 .
$] 2G(134),6(10),6(60)%
C
6(11) = G(10)
IF ( GL60) <LEs 04001 )
> 6(11) = G(10) + 6(134)
¢
I .

Co==G(15) memmmmanae JATER TRANSFER FROM LITTER TO SCIL ROOTING ZIONE
$C #6(15)%
$1 s X(7)96(55),6(11),G(14)8
C
6(15) = 0,40
Tl = 140 = EXP ( =~B(165) )
Tz = ( GUI1) = G(14) ) % ( 140 7/ Tl = 1,0 / B(165) )
IF € XU7) «GTe B(20) * G(55) )

> G(15) = T1 * ( T2 + X(7) = R(20) * G(55) )
G
C : .
C-==G(22)=r==c=wewe EVAPORATION FROM LITTER
30 2G(22)8 :
$1 #G(55)9X(7)5G(11)56G(14)%
C
G(22) = 0,0
Tl = ( B(11) = 8(12) ) * G(55)
IF ( X(U7) +GEe B(12) #* 6(55) )
> 6(22) = ( G(11) + X(7) - B(12) #* G(55) ) +*
> ( 1e0 = EXP ( =G(1l4) / 11 ) )
IF ( X(7) +6T. B(11) * G(55) ) :
> G(22) = G6(14)
C ¥,



[
—~
[ %]

C

C

C ‘ -
C WATER = TRANSPIRATION t MODULE 7 1]
Com- -

€

C

C

Cr==G(42)=wmeonmme- PLANT FOISTURE STRESS (PMS)
3G 6(62)8%

31 22(3),X(3)8

C

G(&42) = R(84)
IF € Z(3) 4LTe B(79) +ORe X(3) oLEe B(5) )
> 6L TO 4210
c cLSe
G(42) = B(T78)
IF ( X(3) oLEe BLE2) )

> G(42) = B(84) = B(B5) * ( X(3) = B(5) )
4210 CONTINUE

C
¢
Co==C (43 ) memmnemmne NEW FOLIAGE STOMATAL RESISTANCE
t0 »9Gl43) 8
$I »Gl42)8
C .

6(&3) = 3(86)

IF ( 6(42) oLEs B(8B7) )

> G(43) = B(EB) * EXP ( B(39) * G(42) )

C .
C
C==G(52) ==mwmemee= STOMATAL RESISTANCE OF OLD FOLIAGE
$C »G(52) % :
$1 »G(43)8
C

6(52) = 3(50) * G(63)
C
c
c G(1) GNE~-SIDED NEEDLE SURFACE AREA INCEX
30 26(1)8
1 2GlE1)S
C

G(1) = B(7) # G(61)
C
c
Cow=G(10] )rwmwmm=== CANCPY RESLISTANCE
30 oG (1C1)S
$1 pGL43)p XUL0)»GU52)sX(11)sG(6Y)S
c . :

T1 = G(43) *= X(10) + 6(52) * Xx(11)

6(101) = 1000 * T1 ¢ G(61)
C
C
Coea:(20)vecvoanamme TRANSPIRATICOGN RATE
$0 26(20)8
sl 2GU17),6(169)92(4)26(99),6(100)5G(101),6(1)sX(1),6(3),G(5)3%
$i pGLT)oX(3)8 :
C .

‘Tl = B(159) * ( G(17) # G(169) & R(164) * Z(4) + G(99) / G(100) )
T2 = G(17) + R(158) * ( 1,0 + G(101) /# ( 2.0 # C(1) # G(1CO) ) )
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G(20) = T1 /7 ( 8(157) * T2 )

IF ( X(1) + G(3) = G{(5) = G(7) o+GEe B(171) )
> G(20) = 040

IF ( X(3) +LTe B(5) )

> 6(20) = 0,0

SOILs SUBSOILs ANL GROUND WATER [ MODULE 8 ]

VIOV YOOIV O

Co==G(12) »mewm—weae JATER TRANSFER FROM SOIL ROOTING ZONE TO SUBSOIL
$0 »6(12) %
$I 26(15)56(20),X(3) 8
(o
TL = 1.0 - EXP ( -B(9) )
T2 = ( 6(15) = 6(20) ) * ( 140 7 Tl = 1.0 7 B(9) )
G(12) = AMAX1 ( 0e0O » T1 #* .( T2 + X(3) = B(13) ) )
c .
c
Cre=G(19) m~======ca WATER TRANSFER FROM SLBSOIL TO GROUNDWATER
§0 »6(19)8
$1 26(12),X(4)8
o
Tl = 1e0 = EXP (. =B(10) )
T2z = 6(12) #* ( 140 7/ T1 = 140 ¢ B(1C) )}
G(19) = AMAX1 ( GeQ » T1 * (T2 4 X(4) = B(14) ) )

C
c
(»==G(18) merrmcana= DUTFLOW FROM GROUND WATER
$C 261813
31 sX(5)8
c
GULR) = AMAX] ( 0D s X(5) = B(l6) )
c
c
C
c
c -
c LITTER AND SUIL TEMPERATURES [ MODULE 9 )
(rmsmma -— ‘
c
c 7ERD ALL 6-S IF THIS IS DURING WEFK,
¢
IF ( KT +EQs ¢ )
> 6C TQ 90100
c
6(67) = 0.0
G(68) = 0.0
c
60 TL 90110
C .
90100 CONTINUE
c
c

C===6(67)==wmwwcce=n CHANGE IN LITTER TEMPERATURE
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$0 26l67)S
$1 26 (B0 6(4B)X(25)9X(2)8
¢

Tl = 8{(92) * ( 1,0 ¢+ G(&O) / B(93) )
T2 = AMINL ( 140 » T1 )

G(67) = T2 # { G(4B) - X{(25) )

IF ( X(2) aGTe 10040 )

> G(67) = 3,0 = X{(25)

c
¢
Co=el(68) mmmmmme=e= CHANGE IN SOIL TEMPERATURE
30 2G(6R)S
$1 2GLBO)» X(25)5X(26)%
C
Tl = 8(95)
G(68) = ( X(25) = X(26) ) % AMINL ( 1,0 5 T1 )
c
C
90110 CONTINUE
c
C
C
C-- - o -~ -
C WEEKLY AVERAGES FROM CTHER MOULULES { MODULE 10 1
C (CALCULATED DALLY)
Comew - . - .
C
C
C
Cmme((5])mmormmcnme- WEEKLY AVERAGE SOIL TEMPERATURE
3 26 (51)8
$1 2X(26)%
C
G(51) = X{(26)
c

Crm=((49) memmmannne AVERAGE WEEKLY STOMATAL RESISTANIE OF NEW FOLIAGE
$C 26G(49)8 :

$1 26G(63) 8
$€ 283%
C
G(49) = S3 (1 5 G(4&3) ).
[«
c
C===G(48) mr=mewenece AVERAGE WEEKLY 24~-HOUR AIR TEMPERATURE
su 2G(4k)S
$1 22(3)8
$E »S3%
C
G(aB) = $3 (6 » 2(3) )
c
o

Co==G(58) =m=mmeeea= AVERAGE WEEKLY STOMATAL RESISTANCE OF (LD FOLIAGE
$0 2G(58)%

$1 96(52)%
.13 »S38
C

G(58) = S3 L 7 » 6(52) )
c
C
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C===G(107) m=mmem=ee AVERAGE WEEKLY DAYTIME AIR TEMPERATURE
$C »G(107)%

139 s2(6)%
st »S3%
C .
G(107) = S3 ( 4 4, Z(6) )
C
C
C===G{108) rmmenne- = AVERAGE WEEKLY NIGHTTIME AIR TEMPERATURE
$C 26(108)S ; i
%] s2(N %
b1 »S3%
c
G(10E) = 83 (5 , (7))
C
o

Cm==6{10y) mem—mmmee AVERAGE WEEKLY PHOTOSYNTHETICALLY ACTIVE RADIATION
10! »G(1GS) S

L 91 27(2)%
3¢t »S3%¢
C
6(10¢) = B(183) * §$3 ( 2 5 L2) )
C
¢ .
Com=G({1ll() vmmnrmn—an AVERAGE WEEKLY DAYLENGTH
$C #26(110)3
$1 2 2(4)%
134 » 533
C
6(110) = S3 ( 3 , Z(4) )
C
C
C
C
C=- ————
C PRLIMERY PRODLCTIAN = PHOTLSYNTHESIS [ MODILE 11 1]
c (CALCULATELD WEEKLY)
C— - -
C
C ZERD AtL G=S IF THIS IS DLRING WEFK,
C
IF ( KT 4E0Q4 0 )
> GG TD 91200
C
G(24) = 0,0
6{25) = 040
G(29) = (040
6(30) = 0,0
G(102) = 040
C
6L TO 91210
c

61200 CONTINUE
c

[«

(oe=G(102)—w—m——eea FFECT OF TEMPERATURE NN PHCTDSYNTHESIS
0 »G(102)%

: 34 »6(107)8

$E »S2%

C
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3

6(102) = S2 ( GL107) » 0.0 » B(176) » B(177) )

c

C

Cem=G(24)mmmmmeeree NET NEW FOLIAGE PHOTOSYNTHESIS
$0 26248

$1 96(102)56(109)9X(10)56(61)s6{110)»C(4G)S
c

Tl = B(35) % G(61)

T2 = 8(34) + G(109) #* EXP ( =T1 )

T2 = AL0G ( T2 / ( B(34) + G(109) ) )

G(24) = «B(32) * B(33) * G(110) & G(102) * X(12) * T3 /

> ( T1 * G(49) )

C
c
C===G(25) »m==mee=ee NEW FOLIAGE NIGHTTIME RESPIRATION
$G 26t 25) 8
$1 96(108),6(110)sX(10)8%
c

Tl = EXP ( B(l45) * G(108) )

G(25) = B(26) * X{(10) * T1 * ( 1le0 = G(110) )
C
c

(===G(30) =e=wommmae QLD FOLIAGE NIGHTTIMF RESPIRATICN
$0 »G(30)8
$i 9G(108)5G(110)sX(11)sX(12)8
c
Tl = EXP ( R(145) * 6(108) )
G(30) = B(27) « B(26) * X(11) * X(12) * Tl * ( 1,0 = 6(110) ) /

> ( B(44) + X(12) )
c
c .
C 6(29) == NET OLLC FOLIAGE PHOTOSYNTHESIS
$0 2G(29)S
$] 2G(109),G(61)sX(11),G(110)6(102)»G(58)8
C

Tl = B(35) * G(61)

Tée = ( P(42) + G(109) * £XP ( -T2 ) ) /

> ( B(42) + G(10%) )

G(29) = =-B(32) * B(4l) % G(110) * G(102) * X(11) # ALONG ( Y2 ) /

> ( T1 * G(5R) )
c
C
61210 CONTINUE
C
C
c
C-~
C BUD CYNAMICS AND FOLIAR GRDOWTH LIMITS { MODULE 12 )
C (CALCULATED WEEKLY)
Cc - - - -
C
C ZERC ALL 6=S IF THIS IS DURING WEEK
C

IF ( KT oEQe 0 )

> GQ ) 91300
C

6(33) = 0,0

6(35) = 0,0

6(38) = 040
G(39) = 0,0




Gl44) = 0,40
G(79) = 0,0
G(95) = 0,0
G(l106)= 040
C
GO0 TC 91310
¢ ;
G1300 CONTINUE
c
C
Core=G(1l06) ~mmemawawe PHENOLLGY OF TREE GROKTH
30 s6(106)8 :
$E s TIMERS
C
G(10€6) = 1,0
IF ( KTW oL Te M(2) oCRe KTW oGEe M(3) )
> G(106) = 0,0
C
C

Cr==6(39) vmmancnnce TEMPERATURE EFFECT ON GROWTH PROZESSES
$C »G (3908

31 »Gl4E)S
13 »52%
C

G(39) = R(36) * S2 ( G(48) 9 0.0 » B(76) » R(77) )
¢
¢ .
C===6(95) ~rmmeme—— - BUD CONSUMPTION BY INSECTS
$C s6(95)%
31 »X(16),6(39)%
C

G(95) = B(5%) * X(16) * G(39)
c
c .
C===6(33) ~evemun ~== BUD GROWTH
$G . s6(33)3
$1 »6(39)»6(106)$
¢

G(33) = B8(31) * G(39)

IF ( G(l06) +EQs 0,0 )

> G(33) = 040
C
¢

C==G(36) =mwwmm=e~= NEW FOLIAGE CONSUMPTICN BY INSECTS
$U . »G(38)8

$T s6(3G9),X(10)%
C
G(3B) = R(56) * X(10) * G(39)
C
C
CmmeG(79) mmmmmm—ame CARBON TRANSFER FROM BUDS TC NEW FOLIAGE
$C 26(79)%
$E s TIMERS
31 2X(16)»G(38)$
C

G(79) = 0,0
IF ( KTW «FQe M(1) )
> G(79) = X(16) + G(38)

117
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CoweGl44) mommmmmeme [NCRFMENT TO POTENTIAL NEW FOLIAGE
s$C 2Gl44)

$1 »G(38),X(38),6(106),X(16)8
$E 2 TIMER), S6%
c

GlG4) = = AMINL ( X(38) » G(38) / R(37) +
> $6 ( B(166)y BL16G)y B(167) * X(38) ) )
IF ( KTW +EQ. M(1) )
> G(46) = X(16) * ( 1,0 = B(167) )
IF ( 6(106) 4EQe 0.0
> Gl44) = ~X(38)

C
c
1310 CONTINUE.
C
c
C
C ——— cocmemmaee - -
c STEM, BRANCH, AND ROGT RESPIRATION AND [ MODULE 13 ]
C GROWTH (CALCLLATED WEEKLY)
Crome- - - o =~
C TERD ALL G6=-S 1IF TdIS IS DURING WEEK
c

IF ( KT +EQe 0 )

> 6L TO 91400

c

G(31) = 0,0

G6(36) = 0,0

G(37) = 060

G(53) = 060

G(138) = 0,0

G(13%) = 0.0

G(140) = 0,0
C

60 TC 91410
C
91400 CONTINUE
c
C

Co=~6(35) memmmeme= CARBON TRANSFER TO STEMS AND BRANCHES
$C #G(35)8

$1 2GL1CH)»G(3G),XN(12)%

c .

G(35) = 040

IF ( G(106) «GT, 040 ) .

> 6(35) = Bl45) # G(39) * X(12) /7 { X(l2) + Bl&a6) )

¢
c
o 6(53) EFFECT OF SOIL TEMPEKATURE (N SCIL °PROCESSES
$G »6(53)8%
$i sG(51)8
$€ »S2%
C
G(53) = B(54) % S2 ( G(51) » 0,0 » B(178) » B(179) )
C .
(o

Com=G(36) mmmmecewaca CARPON TRANSFER TO LARGE ROOTS
L1a »6(36)8

$I 26(5,X(12)8

c
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G(36) = R(47) % G(53) * X(12) /7 ( X(12) + R(4B) )

c
¢
C-==G(37) mm=ccec=ce CARRON TRANSFER TO FINE ROOTS
$0 »GL3TIS
1 sG(53),%X(12)8
¢
G(37) = B(4G) % G(53) * X(12) / ( X(12) + R(50) )
¢
¢
C===G(138) mmmmme—we STEM AND BRANCH RESPIRATION
40 5613818 .
131 2Gl4B),X(12) 8
S$E sTIMERS
c
GI136) = R(28) * X(12) * EXP ( R{141) * G(4R) ) /
> ( X(12) + B(46) ) .
c
c .
C==((139)mwemmecea [ARGE RONT RESPIRATIO
40 . sG(139)%
s1 T ,6(51),XI12) 8
SE s TIMERS
¢
6(13€) = R(29) * X(12) * EXP ( B(141) % G(51) ) /
> ( X(12) + B(48) )
c. .
c
Com=G(140) mmmmmmmee FINE RCOT RESPIPATION
$C NISTYIX
1 26510, X(12),X(15) ¢
13 : s TIMERS
¢
6(140) = B(3C) * X(12) * X(15) & EXP ( B(141) # G(51) ) /
> ( X(12) + A(50) )
c
c

Cre=G(3])memeenence TNTAL RESPIRATION LNSS FRCK GPOWTH CAPRMKHYDRATE
c POAL

118 sG(31)¢
1 »F(132),6(138),6(140),6(30)8
o
G(31) = G(139) + €(138) + 6G(140) + €¢(30)
C
C
91410 CONTINUF
C
c
c
C~ - T
c FOLTAR GROWTH ANN CH20 POOL DYNAMICS [ MODULF 14 1]
c - (CALCULATER WEEKLY)
¢ - -
[ .
C ZERD &Lt G=S IF THIS IS DLRING WEFK,
¢
IF ( KT «F04 0 )
> GC TC 91500
c

G(26) = 0,0
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G(27) = 0,0
G(28) = 04,0
G(32) = 0,0
G(34) = 0,0
G(45) = 0,0
G(46) = 0,0
6047) = 0,0
c
60 TC 91510
c
91500 CONTINUE
C
¢
Coe=nG(4f)memcnanans NEW FOLIAGE GROWTH DEMAND
0 »Gl46)S
7 pX(38)sG(44),X(10),6(39)S
c
T1 = B(37) * ( X(38) + G(44) )} = X(10)
G(46) = R(71) * G(39) % AMAXL ( 0,0 , B(28) * T1)
C
c ,
C G(45) PORTION OF GROWTH CARBOHYODRATE PNCL AVAILABLE FOR
c FOLIAR RESPIRATION AND GROWTH
<0 »G(45)8
L 3 »X(12)%
c
G(45) = R(39) = ¥(12) /7 ( B(40) ¢+ ¥(12) )
(o
c .
c G(47) SURPLIS DR DEFICIY NF NEW FCLIAGE PHOTOSYNTHATE
c . AFTFR NEW FOLIAGE RESFIRATICM IS SATISFIED
$0 »G(aN s
L34 9G(24),G(25) %
¢
G(4T) = G(24) = G(25)
¢ .
c
c G(27) TRANSFER OF CARBON FROM NEW FOLIAGE TO NEW FOLIAGF
[« CARBNHYDRATE POOL
%0 »G(27) 8
(31 2G(45),C(47) 8
C
G(27) = 040
TY = G(45) + C(4T)
TJF € T1 oLTe 000 )
> G(27) = =T1
(o
c .
c G(32) TRANSFER OF CARBON FRDM GRCWTH CARPROHYNRATE POCL
c TO NEW FOLIAGE PNNL TO MEET FOLIAR RFSPIRATION AND
C GROWTH DEMANDS
$C »6(32)%
Y 26 (4T7)s6(46),G(45)S
¢ :
IF ( G(4&T) +GT, 0.0 )
> GC TO 321¢C
¢ ELSE

G(32) = G(46)
T] = G(&45) + G(&T)
TF ( Tl oLEe Cl46) )
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> G(32) = T
IF ( T1 oLFe 0,0 )
> G(32) = G(45)
GC TN 3220

3210 CONTINUE
G(32) = G(45)
T2 = G(46) ~ G(47)
“TF { T2 oLFe €C(a5) )

> G(32) = T2
IF ( T2 JLEe 0,0 )
> G(32) = 040
3220 CONTINUE
c
C
Cocm((26)mmmmmmeeae TRANSFER ['F CARPON TO NEW FOLYIAGE FROWM NEW FOLIAGE
¢ ’ CARBOHYDRATE PCCL
¢C »G(26)%
$7 ‘ 2G(4S) 3G (47),G (468
C .
G(26) = G(46)
Tl = G(45) 4+ G(47)
IF ( T1 JLT. G(46) )
> G(26) = T1
IF ( T1 LEes 040 )
> G(26) = (40
C
¢ .
(o==G(28) mmwawaneca TRANSFER OF SURPLUS CARBCN FRNM NEW FNLTIAGE
C CARBOHYDRATE POCL TN GROWTH TARPOHYNDPATF PNQOL
s »G(27°)%
1 s C(aT7),G(45),6(46)8
c
G(28) = 0,0
IF ( G(47) + G(45) 4GEe 040 )
> G(2R) = G(47)
IF ( G(47) LGF, 0,0 ) ’
> G(?28) = pMpX1 ( Ce0 » GLOT7) = GL46) )
c
C
(===C(34)mcccccenca MATURATION OF NEW FNLIACGE
$C »G(34)8
1 2 X(1C)»G(26),G(27),6(3R) ¢
i3 sTIMFRS
C
G(34) = 0,0
TIF ( KTW o+FCe M(&) )
> G(34) = Y(10) + G(26) = G(27) - €(238)
C
c

91510 CONTJINUF

MORTALITY AND LEAF FALL (CALCULATED WEEKLY)T MODILF 15 )

TERC ALL 6-~S IF THIS TS DLRING WEFK

DO A

IF ( KT 4EQ, 0 )
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> G0 TN 91600

¢

G(40) = 0,C

G(62) = 0,0

6(82) = 0.0

G(86) = 0.C

G(87) = 0sC

G(92) = 0.0

G(93) = 0.0

G(97) = 060

G(13%) = 0.0

G(136) = 0,40
C

GO TC 91610
c
91600 CONTINUE
C
c
c G(93) ACUTF CLD FOLIAGE DEFOLIATICN
sC 2G(Q3)%
$1 XIS
413 »S 68
c . .

G(93) = S6 ( R(185) , R(186) » B(184) * X(11) )
o
c
c G(135) " CARBON TRANSFER FRNM NEW FCLIAGF TN LFAF LITTER
c DUE T0O ACUTE DEFNLIATION
$0 »G(135)8
$1 2X{10) 8
£ »56%
c

GUL135) = (0e5 * S5 ( B{166) » B(L169) » B(1e7) * X{(10) )
c .
¢ .
C G(136) - CARBON TRANSFER FRNM (LD FOLYAGE TO FINF LITTER OUF
C TO MCUTE DEFOLIATION
&0 »G(136)%
$1 " sGlG3) s
¢

GL13€) = 0,5 ¢ G(93).
¢
(9
¢ G(aC) LEAF FALL RATE
sC »5(6C) %
87 2X{11),6(93) s
111 » TIMER, S2¢
c

T2 = KTw

T3 = FLOAT ( M(5) )

IF ( KTW +GTe M(5) )

> 6C TN 4010
C ELse

Tl = B(63) # S2 (T2 4 T3=52.,0 5 T3 , R{91)} )
6L TN 4020

4010 CONTINUE

¢

Tl = B(43) # 82 ( T2 , T3 5 T3452,0 » B(O1) )

4020 G(40) = 0e5 * G(93) 4 ¥Y(11) * ( R(1£2) + T1 )

¢



¢
C===((82)===m———we= INSECT FRASS INPUT TO FINE LITTER
$C 2618208
41 »X(17)8
¢
G(B82) = R(75) * X(17)
¢
C .
Co==G(BE) mmmmm—mm—e LARGE REOT FORTALITY
0 2G(E6)S
$1 sX(14)8
¢
GLB6) = B(52) & X(14)
¢
¢
C===G(87) ~=mmewmeee FTNE RCOT MORTALTTY
sC S (87)8
$1 PY(15)56(42)8
¢
G(AT) = R(53) * X(15) # G(42) / R(TE)
¢
C===({92) m=m=e—meee CARBON TRANSFER FROM STEMS PLUS RRANCHES TC WODDY
¢ LITTER
$0 1609218
$1 P X(13)8
¢
G(92) = R(15C) * R(51) & X(13)
¢
C
(===G(62)=wmmmmwe—e CARRON TRANSFER FROM STEMS PLUS RRANCHES TN
¢ LOG LITTEER
$0 26LE2) S
$1 2X(13)8
¢
6(62) = R(51) * X(13) # ( 1.0 - B(150) )
¢
¢
(===G(97)=cwezyumanmce INPUT TN FINE LITTFR FROM MIGRCFAPTICULATE MATTEE
¢ AND CARBON DISSOLVED IN PRECTPITATINN
sC s G(G7)8
¢
G(97) = R(152)
¢
c ‘
91610 CONTINUE
¢
¢
C
¢ - -
¢ OLD FOLIAGF CONSUMPTION (CALCULATED WEEKLY)[ PADULE 16 )
¢ ————— -
¢
e ZERD ALL G=S TF THIS TS DLRING WEEK,
¢
IF ( KT €0, 0 )
> 63 1 01700
¢

G(90) = 0,0
G(94) = 0,0
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c

GO TC 917190

C
91700 CONTINUE
c

- C

¢
0 »G(94) s
%1 »%X(12)»6G(39)s
¢
G(94) = R(S5F) * X(12) # G(39)
¢
C
(===G(9() ~—=mewcea- QLD FOLIAGE CONSUMPTION BY INSECTS
r sG(AC) S
L 31 s X(11),6(39)8
C
G(A0) = R(57) * X(11) # G(39)
¢
[
G1710 CONTINUE
c
C
C
C= - .
C LITTER DFCOMPOSTTYON (CALCULATED WEEKLY) [ ¥ODULF 17 1]
C coane Ll - - -
c
¢ TERC ALL G=-S IF THIS IS DLRING WFFK,
¢
IF:- [ KT 80, 0 )
> G TN Q1800
o
G(6G) = 0,0
G(77) = 0.C
G(81) = 0.0
G(83) = 0,0
G(B4) = 0,0
G(98) = 0,C
G(103) = 0.0
G(1C4) = 0,0
G(105) = 0,0
G(111) = 0.C
G(112) = Q40
G(113) = 0,0
G(116) = 0,0
G(125) = 0,0
¢
GD TC 91810
$1£00 CONTINUE
¢
c
Com=G (77 ) mmmonan=ee EFFECT OF TEMPERATURE ON LITTEP PEDCESSES
S0 2G (778
$7 26(41)S
113 2528
c

G(77) = R(24) * S2 ( G(41) o 0,0 » B(180) » R(12]) )
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c . . .
CoemlG(69)rrmcmewnne EFFECT CF TEMPRATURE AND MOISTURE ON LITTER
C PROCESSES
$C 2G(69)8
L 34 sX(7)96G(55)9G(77)8
C

G(69) = B(S4) * X(7) * G(77)

IF ( X(7) oGEe G(55) )

> G(69) = B(G4) * G(55) * G(77)

C
c
(ee=G(105 ) ~mmmemnmee | 0G LITTER DECCMPOSITION RATE
tC »G(105)¢
£ 34 2 X(9),G(77)8
c

G(105) = B(146) * X(Q) * G(77)
c
c G(112) CARRON LOSS FROM LNGS DUE TC FRAGMENTATION
$C »G(112) 8
$T »G(105)¢
C

Gl112) = 6(105) * R(147)
c .

(e==G(113)rmwmmmme= CARRCN LOSS FROM LNGS DUE TC RESPIRATION
$0 »G(113)8

1 »6(1051¢
¢
G{113) = G(1CS) * ( 1,0 = R(147) )
c
c :
(===G(83)=m=memacee YOOPY LITTER DECOMPOSITICN RATE
sC »G(BI)S
$] 26 (69), X(18) %
¢
G(B3) = R(61) * G(69) * X(18)
¢
¢
(m==G (1G4 )rm=w—=wcme CAFRON LCSS FROM WONDY LITTER NUF TN FRAGMENTATION
$C »G(104)8
T 26(R3)S
¢
G(104) = R(14R) * G(R3)
c
c

(===G(111)=wmmeme—ee CAPBON 1 0SS FROM WOODY LITTEP DUF TO RESPIRATICN
s ‘ sG(111)8

%1 2C(83)%
[
G(111) = G(E3) * ( 1,0 - B(148) )
c .
¢
C G(81) FOLIAGE LITTER DFCOMPOSTION RATF
$C »G(81)S
$1 »6(69),X(19)8
[

G(Bl1) = R(62) * G (69) % X(19)

¢
(o
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(ewaG(98) ~r==weaw=e CARRON LOSS FROM FOLIAGE LITYFR DUE TN FRAGMENTATION
sC sG(GE)s :

3 sGlBLIS
¢
G(98) = R(149) # €(81)
¢
c
C===6(103) CARRCN LOSS FROM FOLIAGE LITTER DUE TN RESPIRATION
0 26110318
3 »G(81)8
c
€(103) = GIB1) * ( 140 = B(149) )
¢
¢ .
Co==G(B4) == FINE LITTER DECOMPNSITION RATE
se 2G(B4DS
$1 »GL66),X(20)8
c
G(B4) = ALE3) * €(69) * X(20)
¢
¢
fam=G(116) INCCRPCRATION OF FINE LITTER IFTD PARTING ZONE
¢ ORGANIC MATTER '
so 1611608
3 »CLE4)S
¢
G(11€6) = G(84) * B(64)
¢
¢

é---G(lZS)-----—--- CARPON LNSS FROM FINE LITTER DUE TN RESPIRATION
sC - 9GL125)%

$3 »G(BO)S
c
G(125) = G(84) * ( 1,0 - Bl&4) )
e .
¢
91R810 CONTINUFE
c
c
c
c . . -
C SPIL AND SUBSCIL PECOMPOSITION r PODULF 1€ 1]
c (CALCULATED WEEKLY)
c-
c
c 76RO ALL G-S IF THIS IS DURING WEEK,
C N .
IF ( KT (EO0, 0 )
> GC TC 9150C
¢
G(50) = 0.,C
G(85) = 040
6(asg) = (0,0
Gl126) = 0,0
G(131) = 0.C
G(132) = 04,0
G(132) = 0,0
¢
GO 10 Q1910



Q1900 CONTINUF

C

c

C===G( 50) =reeccewewe EFFECT OF MOISTURE AND TEMPERATURE NN ROOTING 20NE
C PRACESS

0 »G(50)%
L34 »X(3)9G(53)¢
C
G(50) = ¥(3) * G(53) / R(67)
¢
c
c c(8s) DEAL RCCOT DECOMPOSTTION RATE
sC »G (B5)S
(3 2G50, ¥(62)%
¢
G(BS) = B(&F) * G(50) * X(62)
¢
¢
C===G{126) m==ew=we= CARFON LOSS FROV DEAD ROOTS NUE TC FRAGMENTATION
&r 26(126)%
L 34 »G(B5)%
¢
6(12¢) = G(ES) * R(66)
¢
C

C===G(13]) comeecwace CARRON LOSS FROM DEAD ROCTS NUF TN RESPIRATICN
C »G(131)¢%

%1 sC(BE)S
¢
G(131) = C(B5) * ( 140 = B(69) )
C
¢
(===G(88) ~===wwweew ROOCT ZCNF CRGANIC MATIER CCOMPLCSITION RATF
&r s G(BR)S
%1 #G(50),X(21) 8
c
G(RR) = R (65) * C(50) * X(21)
C
C

C°-~6(132)-~-—’-- CARBNON TRANSFER FRNAM SOTL RCOTING ?0ANF TO SURSOIL
%0 sG(132)8

7 »G(RA)S
C
G(132) = G(RB) * P(66)
c
r

(===C(133)rmmcacana CARRCN LDSS FROM ROOATING ZCNF DUE T RESPTRATICM
£C 5€(123)8

1] »G(BR) &
¢
G(132) = G(PE) * ( 1,0 = R(E6H) )
c
C
G191C CONTYNUF
¢
c
RETUPN
END
C
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(RERRRERRRRR AN ARAARRERRRER RS AN RS VR RRIP RN AR RA AR RN h BRSSP e SRR PR EXA RNk

¢ FLOWS

FLOWS FLOWS

CHERRRRRRRRRARRRRERRERRRERRR AR S RN AR AR AR b bR AN bR Rkbbhk bR ithkihnd

(8598),
C
(0,99),

c
(Gy201),
C
(9,99),
o

(10,11),
¢
(1C»17) .
¢
(105 19) .
c
(10,20) .,
C
¢
(109 64) o
c
(11+17)
c
(11,19),
c
c
(11520)
c

G(7T1Y

6(75)
G(7)

G(12¢9)

G(12)
G(20)
6(19)
6(18)
G(11)
6(15)

Gt22)

G(72)

CL76)
¢ie)
6(112)
6(113)
€(34)
€(34)
6(135)

G(1135)

€(27)
c(sn)

G(40)

G(13s)

DRIP FROM FOLIAR SURFACES TC LITTER SURFACE
WATER

DRIP FROM FOLIAR SURFACES TC FREE WATER IN SNOW
PACK

EVAPORATINN FROM FOLIAR SURFACES
TRANSFER FROM TCE TO FRFEF WATER IN SNOWPACK

WATER TRANSPIRATION FROM SOIL PONTING ZONE T3
suesoIL

TRANSPIRATION FROM SCIL RNCTING 20ONF

WATER TRANSFER FRCM SUBSOTL TC GROUMDWATER
NUTFLOW FROM GROUNDWATER

WATER ENTERING LITTER

WATER TRANSFER FRDOM LITYER TO SNIL ROOTING ZONE
EVAPORATION FROM LITTER

DRYIP FROM EPIPHYTE AND BARK SURFACFS TO LITTER
SUFFACE WATER

NRIP FROM EPIPHYTE AND BARK SURFACFS TO FREE
WATERP IN SNOWPACK

EVAPORATICN FROM EPIPHYTE AND RARK SURFACES
CARADN LOSS FROM LOGS DUF TC SRAGMENTATION
CARBON LOSS FROM LOGS DUE TC RESPTRATION
MATURATION NF NEW FOLIAGE

INSECT CONSLMPTION OF NEW L EAVES

NEW FOLIAGE DFFOLIATION TN LFAF LITTER

NEW FOLIAGE DEFDLIATICN YO FINE LITTER

TRANSFER QOF CARRON FROM NEW FCLIAGE T} NEW
FOLIAGE CARBOHWYDRATE POOL

OLD FOLIAGE CONSUMPTICN RY INSECTS
LEAF FALL RATE

CARKBON TRANSFER FROM DLLC FOLTAGE Tn FINE LITTER
DUE TO ACUE DEFOLIATICN

CARBON TRANSFER TD STEMS AND BRANCHES




(12,13)
C
(12514,
[
(125150
C
(12516},
c
(12,170,
C

o

C
(12564),
c
(12:69),
¢
(13,9),
¢

C
(13,18),
c
(1‘0’6?).
c
(155623,
C
(16510)
¢
(16517},
c
(17+20),
C

¢

(18,5 20) &
¢

c
(18,99),
c

C
(19)20) L]
C

c
(19,9¢),
¢

c
(2C»21) 4
¢

(20599) 4
c
C
(21522)
¢
(21,99),
¢
(62921) 4
(o
(62599) .,
(o
c
(64910) 4
c

€(35)
G(3¢)
G(37)
G(33)

€(84)

G(32)
G(31)

Gl 62)

G(a2)
G(86)
G(87)
G(79)
G(95)

c(ez)
C(104)
€(111)
€(98)
G(103)

G(116)

£(125)

€(132)
G(133)
G(126)

G(131)

G(26)

129

CARBON TRANSFER TD LARGE ROOTS

CARBON TRANSFFR TC FINE POCTS

RUD GROWTH

CONSUMPTION OF GRGUTH CH20 FOCL RY INSECTS
TRANSFER OF CARRON FROM GROWTH CAPANHYDRATE POOL
TO NEW FOLIAGE PPCL TO MEET FCLIAR RESPIRATICN
ANC GROWTH DFMANDS

TOTAL CARBOKYDRATE POOL RFSPIRATYNAM LOSS

BOLE FALL

CARBON TRANSFER FROM STEMS AND RRANCHES
TO WOODY LITTER

LARGE RODT MORTALITY

FINE ROOT MORTALITY

TRANSFER OF CARRNN FROM RURS TN NEW FOLIAGE
BUD CONSUMPTION.- RY INSECTS

INSECT FRASS INPUT TO FINF LTITTER

CARBCON LOSS FROM WONDY LITTER DUE TD
FRAGMENTATICN

CARAON LOSS FROM wOCDY LYTTER DUF 10
RESPIRATION

CARBON LOSS FROM FOLIAGE LJTTFR NUF 10 FRAG-
MENTATION

CARRON LOST FROM FOLIAGE LITTER NUF 10
RESPIRATINN

INCORPORATION OF FINE LITTER TNTD ROQOTING ZONE
ORCANIC MATTER

CARBON LCSS FROM FINE LITTFEP PUE TO RESPIRATION

CARAON TRANSFER FFROM SCIL RDOTYNG ZNNE TN
SuesoIlL i

CARBON LOSS FRNM FONTING 7PNF NUE TN RESPIRATION
CARBON LNSS FROM CEAD RCPATS PUF TN FRAGMENTATION
CARAON LOSS FROM DEAD RCNTS DUF TN PESPIRATICN

TRANSFER CF CARAON TO NEW FOLYAGE FRPCM NEW
FOLIAGE CARBNHYDRATE PCCL

TRANSFER 0F SURPLLS CARRDN FRCM NEW FOLIAGE
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C
(64y12),
c
(64999), F =
(o

(9892} . F =
C

(Qs,b). F =
C

(G9s1)e F =
¢

m
L]

(99,2), F =
c
c
(9956 ), F =
C
(69,8)y F =
(o

(999 12)s F =

¢
c
(999 20)e F =
C
(99525), F =
c
(69926) s F =
c
(99,37)e F =
C
(99,38)s F =
¢
(99564)4 F =
C
¢
(99498)¢ F =
¢

(222212 2222 2222222222 22 2 20

CARBOHYDRATE PONL TO GROWTH CARPRNHYPRATE PGOL

Gt2%)

NEY FOLIAGE NIGHTTIME RESPIRATIAN

G(2%5)

NET DAXLY FREEZING OF FREF WATER IN SNOWPACK

G(161)

WATER TRANSFER FROM SNOWPACK TN LITTER SURFACE

G(10)

RAIN INPUT TO FOLJIAR SURFACES

G 3)

PRECIPITATION AS SINOW

G(115)

RAINFALL PASSING CIRECTLY TP LITTER SURFACE
WATER

G(70)

RAIN INPUT TO EPIPHYTE AND PARK SUPFACES

G(4)

NET OLD FOLIAGE PHOTOSYMTHESIS

G(29)

INPUT TO FINE LITTER FRCM MICROPARTJCULATE
MATTER AND CARRON DISSOLVED IN PRECTIPITATICN

G(97)

CHANGE IN LITTER TEMPERATURF

G(67)

CHANGE IN SOTL TEMPERATURF

G{68)

CHANGE IN CALORIE DEFICIT CF SNOW

6(128)

ACUTE DLD FOLIAGE DFFCLIATICN

Clas)

NET NEW FOLIAGE PHOTOSYRTHMESTS

Gl(24)

RAINFALL PASSING DIRECTLY TC FREE WATER IN SNOW

PACK

G(74)

SURRCUTINE TIMER

ol oo e ok ook ok ol e ok ok ok ok ok ok o ok ol o ok ok ook ol sl ol ol ok ol sk ol oo ol ol ok o sl ook ko o

WEEK NUMBFR,REFERRED TO JAN, 1 NF STARTING YEAP
ACTUAL WEEK OF THE YEAR
TIME (IN DAYS) + 1

TSTART
NTs DAYS SINCE

ME + 1.C
K /77

MOD ( KWK » 52

KP s TSYART

¢
¢
¢ KWK -
c KTW =
¢ K =
o KP
¢ KTl -
¢ KT =
¢

K = 11

KWK =
¢

KT =

KT1 =

KT = M
¢

RETURN

END

K = KP
Ch ( KT » 7))

START OF RUN
DAY OF THF WEEK, REFERRED TN START (F RUW

)

C :
Coddbdnbkkkbkkkknddhkokdokkkkkkkkikikkkokkdokokkkokkdokkdokokokkdokgokkokkokgokk ok kkiokkk
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SURRCUTINE 2LP
THIS ROUT INE UPDATES ALL DRIVING VARIARLES,
2(1) TOTAL PRECIPITATICN
2(2) AVERAGE RADIATION (LY/MTN)

7(3) ATR TEMPERATURE (DECGC ()
71 4) DAYLENCGTH

7(5) PEW POINT TEMPERATURE
Z7(6) DAYTIME TEMPERATURE
(7)) NIGHTTIME TEMPERATURE
Z{14) WIND SPEED

RFAD THE DRIVING VARTABLES FOR THF DAY,

AT O0D (o)

READ ( 5 » 10C0 )
> Z(1) » 7C(6) » ZUT) » Z(3) » ZU(5) » Z(2) » 7014) 4 7(4)
1000 FORMAT ( 7X 5 F742 » 5F743 » Fl0e6 » F643 )

c
c CONVFRT DATLY PRECIPITATION TC TCNS/HA
¢ .
Z(1) = 2544C % Z(1)
c
¢ ELIMINATE NEGATIVE VAPOR PRESSURE DFFICYTS CAUSED BY
o BAD MATA, SET DEW POINT TEMPERATIRE TR AVFRAGF NIGHTTIME
c TEMPERATUPE Z(7),
[y
IF ( 7(5) €T, Z2(3) )
> (8 = 7(7)
IF ( 2(7) 4€Ts ZU3) LAND. Z(5) €T, 2(32) )
> 7(5) = 7(2)
¢
c DUMMY WIND SPEED
€
JF ( KTY (LT, 388 )
> Z(14) = Co5
RETURN
END
c

Chkkadkdkdddhbkhbkbd bkdbokdd bkt kdd kbbb dkbkk bk kdbkddbdhkdd bbbt dh bkt hk
c .
SURRCUTINE YLP

g THIS ROUTINE PRODUCES ALL CUTPUT VARTARLFS NOT SPECIFICALLY
c CALCULATED AS INTEPMEDIATE, STATE, CR DPTIVING VARTABLES.
g---Y(l)----—------ TOTAL WEEKLY EVAPDRATION

‘ YO1) = 7.0 % $3 ( 10 » G(T) + G(6) + 6(27) )
%---v(z)----------- TATAL WEEKLY TRANSPIRATION

‘ Y(2) = 7,0 * $3 ( 11 , 6(20) )

C---y(‘.)----------- TOTAL WEEKLY PRECIPITATION

z Y(4) = 7,0 * S3 ( 13, Z(1))

(r==Y(5)morcnnvanaa TOTAL WEEKLY SNOW FALL
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¢ Y(5) = 7,0 % S3 ( 14 » CG(115) )

g-‘-Y(6)---——------ TOTAL LITTER RESPIRATION

¢ Y(6) = G(103) + G(111) + G(113) + G(125)

%-—-Y(?)----------- TOTAL SCOIL ORGAINIC MATTER RESPIRATION

‘ Y(7) = G(131) 4 GU133) 4 G(139) + G(140)

E---Y(B)--------——- TOTAL CONDENSATION ANC CONVECTICN HEAT TNPUT TC SNO
‘ Y(8) = C(2) + G(170)

g---Y(Q)---—--——--— NET NEW FOLIAGE ASSIMILATICN

Z Y(S) = G(24) = G(25)

Coma¥ (10 )rrarcaama

¢

NET OLD FOLIAGE ASSIMILATION

Y(10) = €(26) = G(30)

c
Comm¥(1]) momamc—e—e
c

Y(11) = 6(25)
¢

Comay(1?) recnccnnc=

c

Y(12)
> 6(121)
c
Coee¥{(l3)momacccae=
c
c
IF ( %(2) L,GT,
c
c

Cm==Y(14) momencacan
¢

Y(14) = <3 (
.
Com=Y(15) mmmmmnaeaa
c

Y(15) = 100.0
c
Comm¥(16) mommmmmane
c

Yi16) = G(24)
c

Comm¥(17) mmmem—————

c

Y(17) = $3 (
c
(===Y{18)memmmmcmn
¢

Y(18) = S3 (
¢

Cm=aY (19 )rmcccnnne=

¢

= 6(103) + ¢(111)

TOTAL PLANT RESPIRATION
+ G(31)
TOTAL FOREST FLOOR RESPIRATIAN

4+ G(113) + CG(125) +
4+ €(133) ¢ G(139) + Gl140)

TEMPCRARY FOR SENSITIVITY ANALYSTS, == NO, CF DAYS
SNOW WAS ON THE GROUNT,

0.0 + 1.0

) Y(13) = Y{13)

AVERAGE WEEKLY LITTER H20 AS PERCENT HOIDING CAP,

16 » X(7) / G(55) % 100,06 )
SOTL WATER PERCENT 0OF RETENTION CAPATITY
* ( X(3) - B(83) ) /7 P(13)

NET FOLIAR ASSIMILATION
- G(25) + G(29) = G(30)

AVEPAGE WEEKLY PERCENT SOLAP RADTATION INTERCEPTED
/7 G(59) ) )

15 » 100,0 * ( 1le0 = G(91)

AVERAGE WEEKLY CANOPY FOLIAR H20

17, ¥(1) )

AVERAGE WEEKLY CNOPY NONFOLIAR H20
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Y{19) = $3 ( 18 5 X(8) )

RE TURN

END
C
CHRRERIRRRARRRRRRERERARIR R AR SRR R AR RR b RRRARARRR SRR AR AR R R AR R R RR R R ARk
¢

FUNCTION S1 ( T1 )

c
C COMPUTES E(S) AND E(A) FROM TETENS ECUATON
¢

S1 = 3{153) % EXP ( B(72) * 7Y / ( T1 + P(C18) ) )
c

RETUFN

END
c

CHRRRRRRRRA AR SRt bbbt A bt SR ARG ARG RR AR KRR RE AR RS ER RN R R R RS AR SRR RS
[
FUNCTION S2 (71 , T2 , 13 » T4 )

C
c GENERALJIZED BETA FUNCTION
¢

S2 = ( 71 = T2 ) % (73 = T1 )##( T4 = 1,0 )

TF (T1 oLTe T2 oCRe T1 46T T3 )

> S2 = 040

RETURN
c

END
C
CHERRRRRRRRRRERRRRRRRRRRRR AR R RARR R RAA RS R RE R b b bkt kAR b
c

FUNCTION §3 ¢ T » T1 )

MAINTAINS WEEKLY SUMMATINN OF T1 FOFP A PARTICULAR I
AND RETURNS WEEKLY AVERAGE IN FUNCTINN NAME EVERY
SEVENTH CALL .

[a s ReRe Nl

DIMENSTAN NATLY ( 100 )
INITTALIZE SUMMER FOR THE ITH FUNCTION

ey

K1 = TSTART ¢ 1,0
IF ( K oNEe K1)
> 6C THh 10
c ELSE -
DAILYI(T) = Q.0
§3 = T1
RETURN

ACC TODAYS VALUE TN SUMMEPR, PETURN IF MDT TIME TN
CCMPLTE AVERAGE.

O D

10 DATLY(T) = CATLY(]) + T}
IF ( KT 4EQs ©C )
> GC TC 50
C ELSE
§S3 = 0,0
RETURN

c - RETUFN WEEKLY AVERAGE AND ZERD SLMMEE,
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c
50 S§3 = DAILY(I) / 7.0
DAILY(TI) = C,C
RETURN
o
EMD
C
(2222233222322 2223222222228 (22 2322222223232 223222222223 2232232332222 234
c
FUNCTION 8¢ ( T1 )
P
c COMPUTES LOMGWAVE RADTATION FROM A BLACK RODY,
C
C4 = 1e17E=7 * ( T 4 273,16 )#*4
c
RETURN
FND
c .
2223222233222 3 323222328222 2022222212 2222 222t 222 2L 222ttt
C
FUNCTION S5 ( DUM )
C
C CCMPUTES ALBEDN OF SNOWPACK OR LITTFR
[o
DIMENSION FACUM ( 15 ) » FMELT ( 15 )
c o
DATA FACUM/
> 0680 » 0477 » 075 o 0472 » 0470 9 0669 9 0468 9 0ab67 9 0466 »
> 0s65 5 0064 » 0063 » 0662 5 0461 » 046C /
C
DATA FMELT/
> 0072 » 0665 9 0460 9 0458 » 0456 » 0454 » 0e52 » 0e50 » Oo4t& »
> Qo6 9 0at4 » 0043 9 Co42 9 0441 9 0440 /
C
TF ( DUM (EQ4 140 )
> GrC TN 40
C ELSE
IF ( TIME JNEe TSTART )
> GO TO 40
r ELSE
LASTLSD = 0,0
INT = 0,0
10 IF ( G(115) oLlEs CoD JNR. 2(6) JLEe BLE) )
> G 1O 20
C EL SE
INT = C
$5 = 0,f1
LASTUSD = 1
IF ( 6(160) oLTe 040 )
> $5 = 0,91
IF ( G(160) +LTe 0.0 )
> LASTUSD = O
RFTURN
[od
C LASTUSD 1S & SWITCH FOR WHETHER FMELT CR FACUM IS 70O BE
c USEDe LASTUSD = 1 IMPLIES FMELT TO BY USED (IT IS A
¢ MEL TING PHASE) .
C
20 INT = INT ¢+ 1

$5 = FACUMUINT)
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IF ( LASTLSD o£Qs 1 JAND, INT LLE. 15 )

> S5 = FMELT(INT)
IF ( LASTUSD «EQ. O oANDs INT oGE. 15 )
> 60 TO 30
¢ EL SF
IE  LASTUSD oFECe 1 «ANDa INT oGF, 15 )
> €5 = EMELT(S)
RETURN
¢
30 INT = 4
LASTUSD = 1
RETURN
¢
E SET LITTER ALBEDD EQLAL TO .1
4 S5=,1
PETURN
C
END
c .
2222222222222 222282 RS2 2732222232223 e R R 222233338 0Y L)
c .
FUNCTION S6 (T , T2 , T3 )
¢
g THTS FUNCTICN IS USED FNR ACUTE. PERTURPATIANS
S6 = 0.0
IF ( TIME L,FOs T1 (OR, TIME €0, T2 )
> Se = T3
c
RETURN
END

Addendum

As this bulletin was going to press, two instances were noted in which there was
substantive disagreement between documentation and code. In both cases the
documentation was correct and the code was in error. Neither significantly
affected behavior of the model.

The first case occurred in Gj3j, where in the code the fifth FORTRAN statement
[IF (tl .LE. 0.0) G(32)=G(45)] should be deleted and the preceding statement
should read G(32) = G(45).

The second case occurred in G7g9, where the second statement should read
IF (KTW .EQ. M(1)) G(79)=X(16) - G(95) + G(33).
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APPENDIX II. Listing of Input File for SIMCOMP

The input file listing of Appendix II is reproduced directly from com-
puter output.
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TSTARY = 131, ]
TEND - 859, $
€T = 1. $
tTpR = 91. s
DYPL = Te %
K = 1 }
KWK = 1 ;3
kpQ = 1 %
KT = 1 s
K71 = 1 <
G = 200%0 .0 s
X = 9C*(0 40 ¢
A} = 30%0,40 s
L = 225%0,0 $
[ = 5%0 s
4 = 25%040 $
X(3) = 2S60,0 %
X(4) L] 997040 s
X(5) = 11896, 0 3
X(7) = 126,5 %
X(9) s 2849 $
X(10) = Oe 3183 Y
x(11) = 44554 %
x(12) = 15445 L
X(13) = 261,12 $
X(14) = 73.85 %
X(15) = 44813 s
¥(16) = 0.555€=16 §
X{17) = C.0374 $
x{18) = 15.19 s
X(19) = 10497 <
X(20) e 13,429 %
x{21) = 33,28 $
X(2?) = 78413 ]
xX(25) = Te5 $
X{26) = Gal s
X(38) = 0. 01249 s
X(62) = 64197 $
M(1) = 18 L3
M(2) = 18 E
¥ 3) = 40 %
Mi4) = 40 s
MS) = 35 1
R(1) L4 1.5 $
R(2) = 1,0 t
R(3) = 1. 34 $
R(4) = D7 %
R(5) = 1810,0 3
B(6) L 3,0 <
R(7) L le54 %
R(9) = 2416 s
B10) = . 1408 s
F(11) = 0e36 $
r(12) = 0.1 s
£(13) = 3204, 0 1
R(14) e 9670.0 9
R(15) L] 04172 } 4
P(16) = 11896, 0 s
BR(17) = 3.3 %
R(1e) - 23743 L
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R(19)
F(20)
£(21)
®(22)
R(23)
B(24)
P(?25)
R(26)
R(27)
R(28)
R(29)
R(30)
R(31)
2(32)
R(33)
P(34)
r(35)
R(36)
B(37)
f(38)
R {39)
B( 40)
R(&1)
R(42)
B(43)
R(44)
R{45)
R(&46)
R(&T)
R{48)
R(49)
R(50)
R(51)
R(52)
R(53)
8{54)
P( 56)
R(57)
8(58)
r(59)
r(60)
R(61)
f(62)
B(63)
R(64)
F(65)
B(66)
R{67)
a(68)
B(69)
B(71)
B(72)
8(73)
e(74)
B(75)
R(76)

R(77) .

B(78)
B(79)
R(A2)

[ I I T I BN B B D B BN NN IR I DY BN BN BTN BN RECIEE B BEREE BNN RN BN REEREN BN REECREN JN BTN BN R RN N RS A AR R TR B BRI B BT B R B R ]

=245
Ce7
06051
C, 28
4e6
04036
345
C.0219
1,11
Ca215
0.078
0400636
0, 000223
13.05
04000568
Ol
C.52
040386
120, 0
0.3
043K
Ou1
0000624
Ol
O¢ 24EF=22
0.l
0437F
6e 0
0.085
640
040295
0.07
040006467
Ce 00039
0400257
00361
0s 0014
0.0001
0,0001
0, 00C1
1.1
0400177
Ce 00247
C.0038¢4
0625
0, 00118
0.25
2662 40
04 00913
0.5
04564
17,27
150.0
0425
Ce 05
45,0
1435
b4e 7
=2 40
2104,0

DA BAA N BA AR RPD P AA B AR A AR R AD B ANRR AR A ARALAND AL AAARABAR AL A AR AN AN A NA N
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R(B&) = 3247 $
P(R5) = 0e 09825 $
F(B86) = 30040 $
B(87) . 16,0 S
rR(88) . 1,9435 %
B (89) - 04265 $
R(91) = 13,0 s
R(92) = 045 $
R{93) . 300040 L
P(94) = 0o1494 $
CIEE)) = 0ol $
R(141) = 04066 $
R(145) = 00073 $
B(l46) = 000122 $
R(147) = 045 $
B(148) = 0e 6 $
R(149) = Ot $
R(150) = 04228 $
B(152) = 00002885 L
R(153) = 6011 $
R(154) = 142 $
B(155) = 100060 L3
R(156) = 0e3 $
R(157) = 0425F7 ¢
R(158) = Oe 66 L
B(159) = Oe864E6 $
R(160) = Oel s
B(163) = 04 001 s
r(164) = C. 48 $
R(165) = 10,0 $
8(166) = C. 0 <
f(167) = 0.0 $
R{168) . 040 s
F(170) = 1040 s
RC171) = 1.0 $
R(172) = 0.01 $
R(173) = 00015 ]
P(174) = 0,16 %
r(176) = 4540 $
B(L7T7) = 245 $
PC178) = 4540 s
B(179) L 1435 $
B(180) = 4540 $
e(1sh = 1, 35 $
P(1R?2) = 0.003 $
A{1R83) = 044 s
P(184&) = Ce O %
B(1R5) = Ce0 $
Rl1R6) = 040 $ -
PRINT,

PLOTe € X(3) )
PLOTe (- X(12). )
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APPENDIX III. Listing of Driving Variable Data

The driving variable listing in Appendix III is reproduced directly from
computer output.




Date

72131
T2132
72133
72134
7213¢
72136
72137
7213¢
72130
7214C
72141

72142
72143
72144
72145
72146
72147
72148
72146

7215C -

72151
72152
72153
72154
7215%
7215¢
72157
7215¢
7215¢
721 60
72161
72162
72163
72164
72165
7216¢
72167
7216¢
72169
7217¢C
72171
72172
72172
72174
7217¢
72176
72177
72178
7217¢
72180
72181
721R2

Total precipi-
tation (in)

04 CC
000
0.CC

000

0400
«20
70
o 46
¢38
«02

0482
o £l
¢12

0400

0400

0400

040C

0,00

0a CC

0400

0,00

0,00

Cl.CC
o Ct
«02

0400

0.00

04 CO
03
«12
¢35
25
¢ 04

0.CC

0a CC

0400

0400

000

0. CC

04CC

0eCC

0,00

0400

0400

0.00
007

0,00

0400

000

0.,CC

0e¢ CC

0400

Daytime temper-
ature (°C)

14,4750
16+385
224154
226214
19,857
13,000
11, 485
74250
8,083
164385
15.C00
Re.333
11.C00
Q,750
134,250
17.250
23,000
25.769
27462
214633
214231
174154
184462
204357
164231
19,692
22,077
21,154
19, €92
184766
12,286

84500
124417
15,923
19,385
19,214
13,357
13,786
174766
184462
204692
184733
17,692
174214
12.€00
104 €15
13,286
15,308
21,766
23,769
23,929
224267

Nighttime tem-
perature (°C)

3,833
64909
Re273
94900
9.8CC
Teb67
8,077
54500
3,917
4e9C9
11 4067
7933
R 4000
5e417
3,500
6.0CC
94167
11.091
14 4455
13,167
11,273
10,061
8,909
11.10C
114364
9,727
12,061
13,091
14 4727
12,200
8,200
54100
64000
EeS45
G455
11,500
11,500
2,100
7182
64506
9,727
94667
94545
9,000
94273
B 4636
74900
Be636
9,818
10,727
11 4400
12556

Air temperature

16,042
214500
174500
1€.€67
13,917
14,083
164500
14,000
15,125
174500
174458
17417
16,042
104625
7083
9,208
114625
14,833
16,000
12,583
114417
12,917
13,167
156667
154333
13958
134792
10,750
Ge 708
114042
12250
1¢4292
17762
186708
184625

Dew point tem~
perature (°C)

106667
10,958

tion (ly/min)

Average radia-

«E17
e754
e 715
o 657
614
«333
o182
«375
« €92
e 70C
o611
189
0355
.55P
oB&2
o775
« 80P
0715
0754
0762
777
o823
0B84t
0743
823
¢ 792
«f00
600
e4R5
o636
v 370
e55C
«F17
838
e 831
¢« 764
0343
oblé
« 866
0862
o P46
« 767
oCOR
oEle
0477
0277
L]
o615
« 854
«B38
« 786
0707

Wind speed
(m/sec)

DNCCOCC
0000000
06 0000C0
040000C0
0,000000
0,0000C0O
0000000
D.000000
04000000
0. 000000
04000000
€. 000000
0,000000
0, 000000
04000000
0,000000
0e.00COCC
0000000
0, 000000
0.,000000
o.0€cc0CC
0,0000GC
C.00C0CO
0000000
0.000000
e 000000
0400000C
0.0CC000
04000000
06 00C000
0000000
0.,M00000
040000CC
C.000000
0000000
0.,0000060
C. 0000CC
0000000
0.,00G0C0
0,000000
06 000000
0.0000C0
0,000000
0000000
0000000
04000000
0000000
0,000000
0400000C
€.000000
0.000000
0,0000C0

141

Day length (frac-
tion of day)
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72182
72184
7218°%
72186
72187
72188
T7218¢
7219¢C
77191
72192
72193
721094
72105
72166
72197
72198
7219¢
7220C
72201
72202
72203
72204
722C5
722C¢
72207
722 0%
722009
72210
72211
72212
722123
72214
72215
7221¢
72217
72218
7221¢
72220
72221
12222
72223
72224
7222°%
7222¢
72227
T222¢
7222¢
7223¢C
72231
722132
72233
7221364
7221385
7223¢
72237
T7223F
72239
72240
72241
72242

000
0.00
0G0
Oes CC
0400
0400
0400
0.CC
0e CC
0400
0400
0,00
0« CC
Qe CC
0400
000
0.,0C
0,00
0400
0e 00
€00
OeCC
0400
0,00
0,00
OeCC
0eCC
DeCC
000
0400
0e CC
0.C0
Oes CC
0,00
0400
0400
OeCC
0.CC
0400
0,00
0400
0000
0.,00
0. CC
0400

«15

o B4

«Ch
Oe CC
0400
0400
0.0
0,00
0.CC
04CC
0,00
0400

-0400

0.00
0. CC

234214
24,786
27.286
270429
260143
20,143
20e 28 ¢
13,071
164R67
19,267

224714

25+ 000
254 2F6
254000
774000
2842P6
284 500
72e643
22.000
19,214
21.C71
234857
22714
224571
21500
204500
234385
254 385
25615
27385
224692
21, 462
?0s¢15
254662
264C00
2B, 154
29,769
30,538
284000
264833
254154
214308

184G71 .

18,308
164769
13,538
13,909
15.083
174462
204617
1R+636
204077
19,417
21.818
214583
240667
264500
29,000
28,00
25500

11.800
13,800
14,4600
154500
154700
11.70C
104300
94700
8,111
10,000
154 40C
15,100
184400
15.100
164100
16,500
16 .600
134500
11.90¢C
94500
10,800
124300
14,700
13,300
11 4500
11,200
11 4455
13,909
150182
154364
14,182
11,909
10,061
124727
144273
16,182

-17.818

18,4364
186,083
16750

14,182

11,818
9,400
Ge727

104364

10,273
9,231
9,167
B4636

124417

124846,

12.061
12.167
10 4462
12.583
13,750
154250
16,333
164750
154167

18,458
2Ce 208
22000
224458
216762
164625
16,125
11.667
13583
15,762
19,667
204875
22417
204875
224458
23.375
234667
184833
17,792
154167
164792
19,042
16,375
1R ,708
174333
164625
17.917
20,125
204833
214875
180792
17.083
154792
164625
2Ce 825
22667
244292
244958
234042
214762
2Ce125
1€¢.958
14,458
144375
134833
120642
11,375
12.125
134417
164667
15,500
164417
15,792
154667
17083
16,208
20.875
224 €7
224375
204333

104125
44125
64833

10,20¢€

12,458

106375
76750
74667
70208
T¢250

11.875

11,000

13,500

12750

134417

124542

12,500
84583
5292
64167
7.083
7708
84625
Go708
Q94542
Gel67
84667

114042

11,6417

10,833

10e542
94562
8425C
9,250

10,333

124042

J3.00C

124750

12042

11,333

10,000
Bel67
7.000
5¢5813
64833
8s167
94262
9,500
9+12%

10,958

106417

11,167
Q.708
9000

11e.167

11,750

11,708

11,708

12,917

10,5CC

o771
o764
«707
«6093
o803
0721
¢ 757
o657
¢ 740
e €67
«707
o65C
W6R6
¢ 700
bR E
o742
o743
0529
379
o686
e €71
0693
6R6
o766
o762
o746
o T73€
« 792
* 800
0738
754
07213
« 708
o692
617
o767
o738
0723
o714
0738
o« 560
0277
¢500
0 72%
e53F
783
0609
o600
« 692
«800
o658
67
0650
o600
%5682
o608

0,000000
04000000
0.000000
0, 000000
0000000
€. 000000
0«00000C
C.CCO0C0
0000000
04000000
0.00C0C0
0e0000CC
0.000000
04000000
0000000
04000000
0000000
Ce BOCOCO
04000000
040000CC
04000000
0,000000
C.000000
c.0cCCCO
0.00000C
¢.0006C0
0,000000
0e 0000C0O
0. 000000
0000000
0,00000C
04000000
0000000
0000000
0.0CC0CQ
0. 0000CC
(¢ +«000000
0000000
04000000
04000000
04000000
0,0000GC
04000000
0.0000CO
04000000
c.0CC0C0
0+00000C
€.00060C0
0000000
04000000
0, 000000
0000000
C.0000C0
0.000000
00000000
04000000
0000000
04000060
0000000
0000000

«583
0583
«583
«5E€3
¢5E3
¢583
09583
583
0625
0625
«583
¢ 5813
583
«5813
«5€3
o 5E3
¢583
5 €3
¢583
e 583
e 5813
5 €3
583
o5 E3
5813
«5E3
0542
o542
0542
0542
0542
0542
e542
0542
0542
0542
0542
500
«500
0542
0562
e5813
0542
542
0542
«500
0542
«500
0458
0542
«500
o 458
«500
¢500
0500
«500
¢5CC
«500




72243
72244
722 45
72246
72247
722 4R
7224¢€
72250
72251
72252
72253
72254
72255
722%¢
72257
7225¢R
7225¢
7226¢(
72261
7226¢
72263
T2264
7226¢
72266
72267
7226F
72269
7227¢C
72271
72272
72273
72274
7227¢%
7227¢
72277
T227¢
7227%
7228¢C
722R1
72282
722R3
72284
72285
7228¢
72287
722 8¢&
72280
722490
72291
72292
72293
7229¢
7229¢%
72296
72297
72298
7229¢
72300
72301
72302

0,00
0400
0eCO
0.00
Oe CC
000

0400

N.00°

0e 00
0400
0400
0.00
Oe 00

006
0400
0400
000

«07

013

le12

224833
244233
25.617
27.C00
254583
224667
164455
15,917
19,250
176167
11,583
134333
14,583
15,727
2008133
22 4417
224583
21.000
204818
144083
Teb636
10,273
10,909
7817
54300
5¢091
9+1862
9.000
Q.875
104182
14, 00C
154 300
154500
15,800
154 333
16000
134444
15778
164444
140222
10,000
T«C0C0
7100
11,556
11,222
12,200
10,500
10, €00
104222
13,000
106556
Q4300
10,300
104333
Be800
8,750
84900
54600
5¢300
‘.250

124750
11417
12.833
14, CCO
13,000
13,833
13,923
04750

£e4333

Ge750

74833

6elb6?7

6450C

R,615

64917

9,583

Re917

9 +846

124385
10750
74692

104692
106 C77
8917

54929

5308

3,769

le357

14563

3.846

6o 467

Telé3

Tel57

Te 7164

B o067

6e 500

14867

beb667

54200

7 ¢533

7¢933

e 533

4e429

Te267

Teb667

56429

44143

46357

44400

5e667

3.200

34143

76071

7533

34643

1¢375

2214

3,143

2 «286

«063

174702
17.875
19,375
20.500
16292
1684250
15,083
124833
134,792
134458
Q.708
Ge750
1Ce542
114875
13,875
164000
154750
14,958
164250
126417
Te 667
104500
10.458
Ee 417
5667
5208
be 250
44542
4e¢333
64 750
Ge262
106542
104750
11.083
10,762
104458
6,208
8833
Qebl?
106042
84708
64708
5¢ 542
ReB75
G000
B84 250
€e958
64958
be 583
Ba4l17
5958
5¢ 708
Bet 17
Be 583
5762
34833
54000
he292
34542
-e 042

Be 625
4oN42
34917
64708
5¢917
Te792
94542
be542
6e917
Tel25
54456
5000
4 ¢95E
5¢129%
64042
B8e2 92
6e8133
8792
be 792
44917
64208
Ge125
74333
3e542
2958
24000
24000
1¢958
betl?
Tel67
8,083
84250
84750
84762
4500
¢958
-e917
1.208
le750
24708
le 542

«5£83
24750
24875
3,000
3,000
3,000
3.000
3,000
3,000
3,000
3,000
3,00C
3,000
3,000
34000
3,000
3,000
3,000

o633
o625
¢592
«583
o617
o« 558

s 4R7
e410
e 31C
«330
«175

0, 0000C0
0000000
0,00000C
0000000
04000000
0000000
0,0C0000
0,0000CC
G.0CGCG0O0
04000000
0+ 000000
04000000
0«000000
0.00COCC
04000000
04000000
0e 000000
0000000
0.0CCCCC
0000000
0e 000000
0+40000CO
0.00000C0
0¢ 000000
0.0C00C0
0000000
04000000
04000000
0+0000CO
0.0000C0
0000000
0, 000000
0000000
C.00060C0
0000000
GCe0CQ000
04000000
04000000
0000000
0.,000000
0.000CGCC
0000000
06 000000
04000000
0.00000C
0.000000
0060000
04000000
04000000
0e 000000
0,000000
0e000GCO
04000000
0 000000
0000000
0.00CCO00
0000000
0+0C0000
04000000
04000000

«500
0500
« 500
«5C0
«500
500
458
0500
¢500
« 500
«500
«5C0
¢500
0458
¢5C0
«500
«500
0458
0458
¢5CO
o458
«458
o 458
¢500
417
065E
0458
0417
¢333
458
0375
oel7
o417
ohl?
¢375
0417
0375
«375
«37%
«375
¢375
0375
o417
«375
0375
0417
0617
0417
¢375
¢375
«37%
«4l?
0417
¢375
o4l7
¢333
ebl?7
17
¢ 417
¢333

143
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72303
72304
7230¢
72306
721307
7230¢
72309
721310
72311
72312
72313
72314
72315
7231¢
72317
72318
7231¢
72320
72321
72322
72323
72324
72325
7232¢
72327
7232¢€
72329
72330
72331
72332
72333
72334
72335
72336
721337
72338
723136
72340
72341
72342
72343
72344
721345
7234¢
72347
723 4¢
723469
72350
72351
72352
72353
72354
72355
7235¢
72357
7235¢
72354
7236C
723561
72362

0400 26333 ~1,400 0,000
0400 e700 =3 4143 =14542
06CO0 4etbé ¢333 1.875
lel4 44750 44000 44250
e06 B4500 54500 64917
0G0 Belé3 6e4l2 64917
o888 BoLO0 54938 64625
023 64000 34429 4e500
e16 54125 34313 3.917
239 66556 44600 56333
e07 5¢C00 26714 34667
e50 54375 44063 44500
029 64500 34643 4e8133
0.00 4.400 ¢357 24002
0e 00 5¢lll 14267 24708
0600 5778 3,400 44292
o12 54222 24933 3,792
0600 44111 1,667 24583
0600 64375 34500 44458
¢51 74375 34500 4792
e0B 4e500 34375 34750
001l 54375 34813 44333
04600 &¢EB57 14765 24667
el6 34125 24063 24417
002 2475C 1813 24125
0s 0C 34625 24875 34125
004 44000 34313 3,542
e61 44333 54778 5,417
032 Te375 44625 5e542
0.C0 +500 ¢ 438 458
e23 3,286 2,824 2.958
0600 54143 44294 44542
0400 14000 04l2 ¢583
0,00 e 667 =o778 =4417
eTé 54500 24278 3,083
o12 ¢571 =14529 =4917
0e CC =64571 =7,118 =64958
064 =64500 =74111 =6e¢958
012 =84000 =T7e867 =74917
005 =9,889 =9 ,867 =G4875
0e00~104000-10,000-10.000
0000 =Be 667 =9,533 =G94458
0e00 =94,222~-10,4000 =9,708
el0 =7,889 ~74733 =74792
e 79 =2,889 =4,000 =3,583
0e00 =3 4444 =4 4333 =4, 000
e01 =7¢556 =6¢400 =64833
002 =34333 =4,200 =3,875
1494 =14222 =14467 =14375
1497 -e222 -e¢867 - 625
057 =4222 =4267 =4250
1.61 1,000 +800 875
1le 49 16773 24467 24,208
1600 66333 44133 4,958
le6 5elll 4e467 44708
le 40 36444 34667 34583
96 o778 14467 16208
0¢0C 26667 =el67 0542
036 24875 14500 1,958
123 34500 26714 34042

3,000
34000
3,000
3.000
3,708
5292
54333
34,000
24667
44375
34292
4,500
4e542
le417
2¢167
34750
34292
24125
3,917
44000
4000
4,000
4.000
44000
4,000
44000
4,000
44,000
44000
4400C
4000
44000
44000
4¢ 000
4,000
44000
4¢000
40000
4,000
44000
4.000
4¢ 000
4000
4,000
4, 000
44000
4e 000
44000
4,000
4,000
44000
44000
44000
4,000
44000
44 000
44000
4,000
44000
4,000

o411
¢350
0322
«125
+ 290
0143
o175
¢330
0112
«211
+ 340
«137
230
« 330
«322
«189
¢ 333
0278
o187
0287
«212
0225
o286
0262
o187
«2R7
o162
«100
0162
e 25C
200
200
¢ 329
«300
=100
«279
o 2B6
e133
«133
e133
«133
¢133
0133
«133
«133
«133
«133
¢133
« 133
0133
0133
«133
o133
«133
¢133
¢133
«133
«183
¢ 150
¢« 100

0.060000
04000000
0.0000CO
04000000
0,000000
0. 000000
0,000000
0.006000
04000000
0o 000000
04000000
0.006000
04000000
€.000000
0.000000
0000000
0+ 000000
0000000
0.0CC000
04000000
0000000
04000000
04000000
04000C00
0000000
0, 000000
04000000
0,00G0C0
040000CO
0.0000C¢0
04000000
04000000
04000000
04000000
0.0000C0O
0000000
0,000000
0000000
0.00C0CC
04000000
04000000
04000000
0000000
04000000
0000000
0.,0000C0
04000000
0. 000000
04000000
0,0€0000
0000000
0,000000
04000000
04000000
0 000000
0000000
0.000000
04000000
0« 000000
0000000

«375
o417
¢375
«333
262
¢333
el?
¢333
e375
obl?
333
0417
04l?
¢375
«375
¢375
0375
¢333
333
e333
¢333
0292
¢333
» 333
333
¢333
¢ 250
0333
¢333
0262
0292
0262
¢250
«250
¢ 292
o292
e250
«375
e375
0375
¢ 375
«375
«375
¢375
0375
«375
¢375
«375
375
«375
«375
¢375
0375
0375
0375
«375
¢ 250
¢333
o4l7
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72363 «29 2,250 «686 1.208 4,000 ¢225 04000000 4333
72364 0e00 14000 =4250 e167 4,000 «212 040C00O0C 4333
72365 «39 1,333 600 «875 4,000 e167 04000000 4379
72366 0.00 24500 e688 14292 44000 ¢225 00000000 o333
73 1 29 . 4464 0267 e333 44000 0222 0,000000 4375
73 e 047 04000 -el125 -+083 4,000 0175 ,000000 0333
73 13 056 =333 =2,400 ~1e625 4,000 «175 04000000 4375
73 4 0600 =5,000 ~6.867 =64542 4,000 «175 04000000 +375
73 5 031 =3,667 =4,4,200 =4,000 4,000 ¢175 04000000 o375
73 ¢ 008 =44333 =5,467 =5,042 4,000 ¢175 04000000 4375
73 7 0600 =84222 ~9.267 =B4B75 4,000 «175 0,000000 +3795
73 8 004 =7,111 ~8 4867 —-8,208 4, 000 0175 0000000 0375
73 & 004 =34889 =5,533 =4,917 4,000 ¢175 040000CC ,L375
73 1¢ 73 =14,689 =2,733 =2,417 4,000 ¢175 04000000 4375
73 11 ¢38 =4333 =1,000 =4¢750 4.0C0 «175 04000000 375
73 12 209 1.000 «800 ¢B875 4,000 ¢175 04000000 4375
7313 lel3 3,000 1,533 2,083 4,000 ¢156 0.0000C0 L,375
73 14 ¢00 34333 1,533 24208 4,000 ¢256 04000000 4375
73 1% 50 3.375 1625 24208 4,000 «137 0.000000 4333
73 16 ¢98 34750 1,875 24500 44000 ¢237 04000000 L333
73 17 030 34333 1,467 2,167 4,000 0256 0,0000C0 #4375
73 1¢ e60 3,250 0125 14167 4,000 «125 04000000 o333
73 1¢ 027 =e429 ~1,176 =4998 4,000 ¢100 04000000 o292
73 2¢C 049 14400 =4,368 0s000 4,000 «100 0.,000UC0 208
73 21 0600 14716 =4765 =4042 4,000 ell4 04000000 2372
73 22 0600 =4250 =24125 =1,500 4,000 «187 0,000000 4333
73 23 0600 ~14C00 =24600 =24000 4,000 «211 0.000000 375
73 24 060 =e200 =14105 '0917 44000 0100 0.,000000 0208
73 25 010 =¢250 =2,063 =1,458 4,000 ¢237 04,00006C 333
73 2¢ Ge00 =24500 =6,667 =44125 44000 ¢417 04000000 4250
73 27 0600 =1e444 =2,867 =24333 4,000 ¢289 00000060 4375
73 28 0,00 0250 =24375 «1,500 44,000 0362 040000C0 333
73 29 042 =1e429 ~24059 =14875 4,000 e114 0,00C0C0 o292
73 30 067 el43 =1,059 +=4708 4,000 ellé 04000000 o242
73 3} «12 0625 =1.4875 =14042 4,000 «30C 0,GCU000 333
73 32 0e 0O ¢333 =2,533 =14458 44000 o278 04000000 4375
-73 33 0400 24111 =,867 e250 44000 ¢311 0.000000 375
73 34 006 24667 =4133 «9l7 4,000 ¢244 0000000 L37%
73 3¢ ¢59 3,875 24125 Z.708 4,000 ¢31? 0.000000 4333
73 36 024 5e875 24875 34875 4,000 ¢287 040000CC +333
73 37 0e0U 24222 =4667 0417 4,000 ¢278 0.000000 375
73 3¢ 0eCO 34625 ~1.4188 0417 4,000 «250 0000000 333
73 39 0600 54222 0267 24125 4,000 ¢333 04000000 4375
73 4C el2 66125 14250 24875 4,000 ¢337 0,00C00¢ ,333
73 41 o7l 4uE89 1,067 24500 4,000 e344 0,000000 «37%
73 42 o002 34875 ~.688 «833 4,000 e 462 CeCOUOLU 333
73 43 023 36333 =4400 14000 4e000 «38G 04000000 4375
73 44 0400 56714 =,588 162950 4,000 ¢543 04000000 o252
73 45 008 4e444 1,067 24333 4,000 «222 04000000 4375
73 4¢ ¢05 54778 24467 3,708 4000 «367 0.000000 375
73 47 e08 74000 3,133 46583 4,000 356 06000000 4375
73 48 ¢35 24444 3.000 24792 4,000 +283G6 0,000000 379
73 49 0e 00 3e88B9 =,533 14125 44000 0444 0,000000 #3795
73 50 0400 56111 =2,000 e667 4,000 0489 0,000000 4375
73 51 0e00 74125 =14625 14292 44000 ¢550 0,000000 4333
73 52 0600 106429 ~1a176 242083 4,000 eH29 0,000000 <292
73 53 000 5,889 =,600 1.833 4.000 «411 04000000 4375
73 54 0e 00 6elll =4400 24042 4e00C 0467 04000000 4375
73 5% ol5 94571 3,882 54542 44,000 ¢300 0.,000000 o292

73 56 ¢20 9,000 54333 6,708 4,000 ¢356 0000000 375
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«37
08
80
o 77
002
19
e 07
19
000
0.00
ol3
1.29
¢ 03
040

0400
0e 00
. 44
19
29
046
ol1
006
e 07
0400
0400
0400
0400
23
« 0§
012
«B81

«09
e 02

e04
0.00
000
000
000
0400
0400
0.00
Oe 00

o4l
03
000
0400
1,23
71
le 22
0420
0602
0600
0¢ 00

01
06 00
0,00
0400

60222
7. 800
6¢333
24700
54091
34 364
3,509
5.091
64000
7e 455
84091
5818
4,100
34545
1,750
leb618
3,455
Te727
20273
14000
34364
o091
24000
30833
5¢333
8,000
9.917
7917
44167
24182
34333
49167
4000
24£00
34455
7¢455
106545
12,167
12,091
84583
124273
L3.790
134462
14,583
14,417
Qe 455
8e250
40615
10,154
6e 545
2s077
0455
3538
6.769
11.083
106077
8s615
12000
15,308
164214

4e867
54357
4 ¢800
1,857
le 154
1 e462
Lo 846
34077
3,308
3,231
3.923
44769
1786
-¢538
=e333
- 692
=e231
«077
-eb 92
«1e231
1400