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ABSTRACT

The concepts and FORTRAN algorithms of a model describing
solute movement from bulk soil solution into roots (DIFMAS)
and a model of solute dynamics and accumulation in plant tissues
and litter (DRYADS) are presented. Foliar uptake of solutes
and gases are included in the DRYADS code. These models form
components in a coupled system of models having hourly resolu
tion of carbon, water, and solute dynamics in terrestrial eco
systems. The input data requirements of the solute models and
the methods of coupling these codes with the other component
models are given in detail as a guide to users. Applications
showing successive hourly, monthly, and annual results illustrate
the utility of the models. The DRYADS model sensitivity to both
leaf solute permeability and root solute conductivity parameters
suggest the importance of careful experimental determination of
these plant properties. The tissues of solute entry (leaves,
roots) initially accumulate solutes in a fixed form in preference
to the more remote tissues (stems, fruits). Model application
results suggest that root sapwood is the first major site of
trace contaminant accumulation from soil borne pollutants. The
algorithms describing solute movement along a concentration
gradient in phloem and as mass flow in the xylem transpiration
stream result in high mobility of solutes in vegetation. The
simulated diurnal pattern of root solute uptake showed that
more than 85% of solutes are taken up during the daylight
hours. The simulations further showed that contaminants had
the greatest effect on the litter system. Toxic effects of
contaminants on decomposition resulted in lower mineralization
losses and higher accumulations of contaminant in litter with
continuing deposition.

INTRODUCTION

The complex interaction of processes determining carbon, water, and

solute fluxes in terrestrial ecosystems may be more easily understood

with the careful application of physically and physiologically based



simulation models that are coupled together with mechanistic algorithms.

The development of the Unified Transport Model approach to the ecology

and analysis of trace contaminants (Van Hook and Shults 1976) has been

undertaken as an aid in understanding contaminant and solute movement

in the environment.

Several models have been developed to represent the basic flows of

carbon, water, and solutes in the soil-plant-litter system (Fig. 1). This

report concerns models describing the uptake of solutes from bulk soil

solution into roots (DIFMAS) and the transport and accumulation of solutes

in vegetation and litter (DRYADS). The coupling of the solute models with

models of carbon and water dynamics is outlined. In general the word

"solute" refers to any dissolved form of an element that can flow in the

soil-plant-litter system. Solutes are thus distinct from the "fixed chemi

cal" or "insoluble chemical" that is immobile in the plant or litter. The

word "element" is used to denote the total chemical (solute + fixed chemi

cal). An application of the models to trace contaminant movement in a

forested watershed in southeastern Missouri illustrates the data require

ments and types of simulation results obtained.

II. CONCEPTS AND HYPOTHESES

Munch (1930) introduced a simple theory which describes the nature

of material movement in plants in terms of the protoplasm continuum (sym-

plasm) and the nonprotoplasmic continuum (apoplasm). Symplasm consists

of cellular cytoplasm interconnected by plasmodesmata and includes phloem

tissues. Movement of solutes in apoplasm occurs in the xylem water flow

from roots to leaves and within cell walls between cells. Cellular
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Fig. 1. Solute transport processes in the soil-plant-litter system and
the associated models used to evaluate solute effects on plant
growth and litter decomposition.



metabolites and products of photosynthesis have been shown to move in

phloem (Nelson 1963); this is the main pathway of material movement from

leaves to roots. This simple view of material movement in plants forms

one of the two main bases of the DRYADS model.

The other basis is the concept of plant solute demand. Plants have

requirements for some minerals for normal development and growth. These

requirements are met by foliar absorption or by the uptake of solutes from

the soil solution and soil matrix. Plants show preferential uptake of

particular elements and can exclude others at their membrane boundaries.

In the DRYADS model, vegetation is hypothesized to take up solutes so as

to reach a maximum concentration in each of its leaf, stem, fruit, and

root tissues. The total plant demand for solutes can be characterized

by the sum of the maximum levels of the element that can occur in its

tissues. In the range from deficiency to toxicity, the maximum concentra

tion represents the level at which the plant finally stops any new growth.

It is assumed that vegetation has an apparent "demand" for solutes which

will prevent new growth if it is achieved. Increases in the amount of

plant tissue by growth and decreases by mortality cause time varying

changes in the total demand for solutes by the vegetation. Investigations

with a model of this type offer the opportunity for non-intuitive situa

tions to arise in simulations which may lead to greater understanding of

solute movement in the soil-piant system.

Leaves and roots of plants are the major interfaces with the environ

ment at which material exchange between vegetation and its surroundings

takes place. Uptake of gaseous materials into leaves by diffusion through

stomata has been shown to occur for sulfur dioxide, oxides of nitrogen and



other air pollutant gases (Hill 1971). Movement of solutes from wetfall

and dryfall through the leaf surface can be an important pathway. Radio

active lead (210Pb) and cadmium (109Cd) isotopes applied to lettuce and

radish leaves have been shown by Hemphill and Rule (1975) to be absorbed

into the leaves and translocated. The greatest translocation was towards

the leaf margins and a small amount moved into roots. It is generally

considered that heavy metals that enter plants become chelated and move

in the xylem and phloem tissue (Lagerwerff 1972). Beauford, Barber, and

Barringer (1975) have established that 65Zn taken up from nutrient solution

by pea (Pisum sativum L.) and broad bean (Vicia faba L.) roots can be

released to the atmosphere. A similar finding was discovered for lead,

copper, mercury, and manganese. Leaching of solutes out of leaves during

rainfall has also been shown to occur for many elements (Tukey and Morgan

1962). Equations describing the reversible flux of solutes through the

leaf surface and the uptake of gases by diffusion have been incorporated

into the leaf physiology section of the DRYADS model.

Transfer of solutes from leaves to stems and stems to roots is

determined by phloem resistances and solute gradients. The xylem flux of

solutes from the roots to stems and leaves depends on the transpiration

water flux, the water capacity of roots and stems, and the solute content

in roots and stems. One of the major consequences of water movement in

plants is solute redistribution (Crafts and Crisp 1971).

The soluble forms of the solutes in leaves, stems, roots, and fruits

are fixed to insoluble forms associated with the insoluble carbon fixation

(growth) calculated in the forest biomass model, CERES (Dixon et al.,

1976). The coupling of the DRYADS and DIFMAS with CERES is described



later. The levels of fixed chemicals and solutes in the tissues are

used to determine deficiency, sufficiency, and toxicity effects of the

elements on new growth calculated in the forest biomass model.

The model of solute movement to roots by diffusion and mass flow

developed by Baldwin, Nye, and Tinker (1973) has been implemented in

subroutine DIFMAS. The "absorbing power" of the vegetation is made a

function of the root permeability to solutes and the vegetation capacity

for more solutes. It has been demonstrated that uptake of solutes

requires metabolic energy, and carrier mechanisms of various kinds have

been proposed to mediate solute uptake across cellular membranes (Gauch

1972). The details of these processes are not included in DIFMAS or

DRYADS and the assumption is made that solute uptake is neither limited

by metabolic energy nor carrier sites. Root uptake of solutes is deter

mined both by the solute demand of the vegetation and by the supply and

transport of solutes in the soil.

The DIFMAS model can account for diurnal changes in solute uptake

since roots are dominated by mass flow in the transpiration stream during

the day and by diffusion at night. Also, seasonal changes in plant

growth e.g., leaf growth and senescence, allow for transfer in the soil-

plant-litter system. The elements associated with plant tissue mortality

are added to the chemical pool in the litter. Mineralization of chemicals

in litter is calculated at a rate proportional to the litter decomposition

rate obtained from the forest biomass model. The amounts of elements in

the litter are used to determine deficiency, sufficiency, and toxicity

feedback effects on decomposition rates in the forest biomass model.

The coupling of the forest biomass and solute transport models is an



attempt at providing physically and physiologically based simulations

that can help increase our understanding of ecosystems and effects of

chemical perturbations.

III. COMPUTATION METHODS

The DRYADS model of solute movement in vegetation and the DIFMAS model

of solute movement and uptake by roots are coupled to three other models;

a forest biomass model (CERES), a soil-piant-atmosphere water flow model

(PROSPER) documented by Goldstein et al. (1974), and a soil chemistry model

for heavy metals (SCEHM) documented by Begovich and Jackson (1975). The

transfers in the coupling between the models (Fig. 2) are executed on a

fifteen-minute basis when there is rainfall, otherwise the time step is

hourly. These models are executed as subroutines in the Terrestrial Eco

system Hydrology Model (TEHM; Huff et al. 1976). The TEHM code provides the

necessary meteorological data and time step bookkeeping for the subroutines.

Calculations in DRYADS and DIFMAS are done in double precision and

2
solute quantities are expressed in yg element per m land area in DRYADS

2
and in yg element per cm land area in DIFMAS. The structural equations

described below use the FORTRAN names for variables so that the listing

of the code may be more readily followed. In many cases the prefixes

L, S, F, R, T are used to denote leaf, stem, fruit, root, and total plant

quantities respectively. For example, LFIX is the rate that leaf solute

is converted to an insoluble fixed chemical in the leaf. There are similar

quantities, SFIX, FFIX, and RFIX. Up to five elements in the soil system

and four atmospheric gases may be investigated simultaneously; however,

the feedback effects of solutes on plant growth and litter decomposition

are restricted to one solute in the present formulation of the model.
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Fig. 2. Coupling of five process models that describe hourly carbon,
water, and solute dynamics of the soil-plant-litter system.



(A) Structural Equations of DRYADS

There are eleven main equation groups that determine the solute flux

rates between both the soluble and fixed chemical storages of the leaf,

stem, root, fruit, and litter components of terrestrial ecosystems along

with two equations that estimate coefficients for element effects on new

plant growth and litter decomposition. A monthly element mass balance

calculation is made for both vegetation and litter to evaluate computa

tional errors. The equations are referenced with the 'DRYA' statement

number in the DRYADS subroutine (shown as (Sxxx) to right of text state

ment) as an aid to examination of the code (Appendix A). In the case of

all rate equations the time step is either 15 minutes or hourly depending

on rainfall as mentioned previously.

(1) Maximum solute in solution on leaf surface (S0LMAX)

The amount of dissolved element on the leaf surface is calculated as

a function of the solubility and water volume on the leaf (interception).

Under dry conditions the water volume on the leaf is assumed to be due to

an adsorbed moisture layer. During rainfall LV0L has a value determined

by interception storage and evaporation from the canopy (calculated in

TEHM code). The maximum dissolved element on the leaf surface is given by,

S0LMAX = LV0L * SP(K) * 1.D4 (S205)

IF(LV0L.LE.O.) S0LMAX = WATLAY (I) * SP (K) * LAI(I) * 1.D4 (S206)

where

3 -2LV0L amount of water on leaf canopy (cm • cm land)

_3
SP solubility of solute (yg • cm solution)

1.D4 10,000 cm2 •m"2

IF( ) a switch that gives the value of S0LMAX for dry

conditions
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WATLAY the water film thickness on a dry leaf (cm)

2 -2
LAI the leaf area index (cm leaf • cm land)

I vegetation type (1, 2, or 3)

K element type (1, 2, ... or 9).

(2) Leaf solute uptake or leaching (DIFS0L,LEACH)

The pathway for solute movement across the leaf surface is assumed

to be reversible, depending on the solute gradient. Tukey (1971) ex

plained the mechanism of cation leaching from leaves as an exchange of

cations for hydrogen on cuticular exchange sites and/or cation movement

from within the leaf to the surface by diffusion and mass flow through

leaf surfaces devoid of cuticle (e.g., cracks). A diffusion equation

has been adopted in DRYADS to represent the rate of uptake and leaching.

The mass flow mechanism is too complicated to attempt at this stage of

the model development. The effective cuticle permeability (PERM) is

the product of the area proportion of leaf devoid of cuticle (usually

less than 1%) and the conductivity of solutes in epidermal cell walls.

If the amount of solute within the leaf exceeds the amount on the

leaf surface DIFS0L will be negative. The rate of solute leaking from

leaves (LEACH) is determined as follows:

IF(DIFS0L.LT.O.) LEACH = -DIFS0L/1O. (S216,S220)

Leaching is intuitively considered to occur at one tenth of the solute

uptake rate. Leaf solute uptake is given by,

DIFS0L(I,K) = [PERM(I) * (S0LEX - S0LIN) * FTIME]/FILM(I) (S213)

where

-2 -1
DIFS0L rate of diffusive solute uptake (yg • m land • time )

PERM leaf cuticle permeability (cm sec" )
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_2
S0LEX amount of solute on leaf (yg solute • m land)

_2
S0LIN amount of solute in leaf (yg solute • m land)

FTIME seconds per time period (900 or 3600)

FILM leaf cuticle thickness (cm)

I vegetation type (1, 2, or 3)

K element type (1, 2, ... or 9).

The external dissolved solute on the leaf (S0LEX) is chosen as the lesser

of the maximum amount that can be dissolved (S0LMAX) or the actual amount

of chemical deposited on the leaf surfaces (CANQAN).

(3) Gas uptake by diffusion (GASDIF)

Uptake of gases is calculated with a diffusion equation depending on

the gas concentration difference and pathway resistances. The exterior

gas concentration is an input value that may be calculated previously

by the Air Transport Model (Culkowski and Patterson, 1976). The con

centration of gas within the leaf is allowed to range between zero and

the exterior gas concentration (GASEX), depending on the leaf demand for

the solute. If there is a high demand, i.e., if the present level of the

element (LPRES) is very much less than the maximum possible level (LWANA),

then the interior gas concentration (GASIN) will be close to zero. The

equation used to calculate GASIN is:

GASIN =GASEX* (1. -(LW^^RES^ ). (S235)

The total diffusion resistance is the sum of the boundary layer, stomatal

and mesophyll resistances. The first two resistances are calculated for

water vapor diffusion in the PROSPER model of soil-plant-water relations

(Goldstein et al. 1974). These values are multiplied by the ratio of
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the diffusion coefficients for the gas in air and water vapor in air to

give the effective resistances for the gas under consideration. The

mesophyll resistance is assumed to follow the same responses as the

mesophyll resistance for C0„ determined in CERES (Dixon et al. 1976).

Alternative values may be substituted if suitable data are available.

The diffusive gas uptake by leaves is given by,

GASDIF (I, M) = ((GASEX(I.M) - GASIN(I,M))/TRESIS)*

GASDEN(M) * FTIME * l.D+6 (S230)

where

-2 -1
GASDIF rate of diffusive gas uptake (yg*cm leaf • time )

3 -3
GASEX external gas concentration (cm • cm )

3 -3
GASIN internal gas concentration (cm • cm )

TRESIS total diffusion resistance (sec • cm )

GASDEN gas density (g • cm)

FTIME seconds per time period (900 or 3600)

l.D+6 million yg g

I vegetation type (1, 2, or 3)

M gas type (1, .. 4).

(4) Conversion of solute to fixed chemical in tissue (*FIX) (using

leaf as an example)

The LWANT function forms the basis of the leaf demand for solutes.

This represents one of the simplest hypotheses about the nature of

solute uptake by tissues requiring one parameter to define the demand

+(Note, L, S, F, or R may be used in place of *)
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function. The solute demand follows a linearly decreasing function as

LPRES (present amount of element) approaches LWANA (maximum amount of

element) (Fig. 3a). This demand function will cause the actual level

of element in the tissue to have a "decreasing returns" time function

if unlimited solute is available and the leaf biomass is constant (Fig.

3b). Some experimental evidence for this empirical relationship is

given by Kramer and Kozlowski (1960) . Further, the relationship between

plant yield and solute concentration in its tissues (Gauch 1972) implies

that plant solute uptake may be approximated with a demand function of

this type.

Other hypotheses have been used to describe solute uptake, notably

of the form of the Michaelis-Menten enzyme kinetic equation. This is a

more complicated hypothesis requiring two parameters (a maximum solute

uptake rate and a solute concentration for half maximum uptake rate).

This type of hypothesis can be incorporated into DRYADS; however, at the

present stage of development, the simple LWANT hypothesis is being examined.

This has the initial advantage of requiring fewer input data. The

following sequence of statements determines the current LWANT value and

the rate of conversion of solute to fixed chemical in leaves.

LWANA = (LST0R(I) + LSUGAR (I)) * LS0LUM(I,K) (S180)

LPRES = (LINS0L(I,K) + LS0LU(I,K) + LSALT(I,K)) (SI84)

LWANT = (LWANA - LPRES)/LWANA (S185,S194)

LFIX = LSALT(I.K) * LWANT (S239)

where

_2
LFIX rate of solute fixed to insoluble form (yg • m land •

time )
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Fig. 3a.
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TIME

Solute demand (LWANT) as a function of amount of element in
leaves (LPRES).

3b. Amount of element in leaves (LPRES) as a function of time
assuming unlimited solute in soil and constant leaf mass.
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LWANT fractional element demand (range of 0 to 1)

_2
LPRES current amount of leaf element (yg • m land)

_2
LWANA current maximum leaf element demand (yg • m land)

_2
LINS0L amount of leaf insoluble chemical (yg • m land)

_2
LS0LU amount of leaf solute in xylem pathway (yg • m land)

_2
LSALT amount of leaf solute in phloem pathway (yg • m land)

_2
LST0R amount of leaf insoluble carbon material (g • m land)

_2
LSUGAR amount of leaf sugar (g • m land)

LS0LUM maximum leaf element concentration (yg • m leaf)

I and K as above.

Similar equations are used to calculate FFIX, SFIX, and RFIX, the rate of

solute fixed in fruits, stems, and roots respectively.

(5) Phloem salt movement (LSSALT, SFSALT, and SRSALT)

A simple gradient equation is used to move dissolved chemical forms

between vegetative tissues. This gradient is based on the total amount

of solute in each of the tissues and a phloem resistance having the same

value as the phloem resistance used in CERES in the sugar flux equations.

This provides a weighted diffusion equation along the lines that Thornley

(1972) used in his equations for sugar translocation. The leaf to stem

translocation of solute is given by,

LSSALT(I,K) = ((LSALT(I,K) - SSALT(I,K))/LSPHLD) * FTIME (S250)

where

-2 -1
LSSALT rate of leaf to stem solute flux (yg • m land • time )

_2
LSALT amount of leaf phloem solute (yg • m land)

_2
SSALT amount of stem phloem solute (yg • m land)

LSPHLD phloem resistance to solute movement (sec )

FTIME, I, K as above.
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A similar equation describes salt movement from stem to fruit (SFALT)

and from stem to root (SRSALT).

(6) Xylem solute movement (RSS0LU and SLS0LU)

The movement of solutes in the xylem occurs at a rate determined

by transpiration. In both stems and roots the solutes in the tissues

are assumed to be uniformly dispersed in the liquid phase. A slug of

liquid at the average root concentration is moved from roots to stems

prior to the addition of new solutes to the root by uptake from the

soil solution. Similarly, liquid at the average stem concentration is

moved from stems to leaves prior to the addition of new solutes from

the roots. The root to stem xylem solute flux is given by,

RSS0LU(I,K) = WFLUX * (RS0LU(I,K)/RCAP) *1.D4 (S268)

where

_2
RSS0LU rate of solute flux from roots to stem (yg • m land •

<-• -l-»time )

3 -2 -1
WFLUX rate of transpiration water flux (cm • cm land • time )

_2
RS0LU amount of root xylem solute (yg • m land)

3 -2
RCAP amount of water in root system (cm • m land)

1.D4 10,000 cm2 • m"2.

A similar equation describes solute flux from stem to leaves (SLS0LU).

(7) Solutes fixed in heartwood (SDEAD and RDEAD)

(applies to stems and roots)

The transfer of solutes from the fixed chemical pool (SINS0L,

RINS0L) to the heartwood chemical pool is proportional to the rate of

heartwood formation (SHART, RHART) calculated in the CERES model. The

rate of chemical fixation into stem heartwood is given by,
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SDEAD = SINS0L(I,K) * SHART(I)/SST0R(I) (S309)

where

_2
SINS0L amount of stem insoluble chemical (yg • m land)

-2 -1
SHART rate of heartwood production (g • m land • time )

_2
SST0R amount of stem carbon storage (g • m land)

SDEAD rate of solute fixation to insoluble form in stem

-2 . -1
heartwood (yg • m land • time ).

(8) Plant tissue equilibration

At the end of each time period, the salts in the phloem pathway

(*SALT) are equilibrated with the solutes in the xylem pathway (*S0LU).

The dissolved chemical equilibration for stems is given by,

SSALT(I,K) = (SALT(I,K) + SS0LU(I,K))/2.0 (S330)

SS0LU(I,K) = SSALT(I,K).

These adjustments are included since the close proximity of xylem and

phloem elements occurs over long lengths in each of the tissues.

(9) Root absorbing power (ABSP0W)

The root absorbing power for solutes is determined by the fractional

plant tissue capacity for additional solute (TWANT) and an input value

for the root solute conductivity (C0NDUC). The absorbing power (ABSP0W)

is transferred to subroutine DIFMAS which determines the actual solute

uptake (CHC0N) by the vegetation. The actual solute uptake is added

into the root solute chemical pool (RS0LU, see statements S278 and S279

in subroutine DRYADS). The following sequence of statements determines

the current value of TWANT and the root absorbing power for solutes.
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TWANA = LWANA + SWANA + RWANA + FWANA (S335)

TPRES = (LINS0L(I,K) + SINS0L(I,K) + RINS0L(I,K) +

(LS0LU(I,K) + SS0LU(I,K) + RS0LU(I,K)) * 2.0 +

FSALT(I,K) + FINS0L(I,K) (S336)

TWANT = (TWANA - TPRES)/TWANA (S338)

ABSP0W(I,K) = TWANT * C0NDUC(I) (S342)

where

TWANA current maximum amount of element allowed in whole plant

_2
(yg • m land)

LWANA, SWANA, RWANA, FWANA current maximum amount of element

allowed in leaf, stem, root, and fruit respectively

_2
(yg • m land)

LINS0L, SINS0L, RINS0L, FINS0L amount of insoluble chemical in

_2
leaf, stem, root, and fruit respectively (yg • m land)

LS0LU, SS0LU, RS0LU amount of solutes in leaf, stem, and root

_2
xylem respectively (yg • m land)

*2.0 accounts for LSALT, SSALT, and RSALT which are numerically

equal to *S0LU terms at the time of this calculation

_2
FSALT current amount of solute in fruit phloem (yg • m land)

TWANT fractional tissue capacity for additional solute (ratio

from 0.0 to 1.0)

ABSP0W root absorbing power (cm • sec )

C0NDUC root conductivity to solutes (cm • sec ).

(10) Element effects on new plant growth (*GR0W)

Coefficients (*GR0W) are calculated in DRYADS to describe defi

ciency and toxicity effects of the chemical on the growth of new tissues
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calculated in the forest biomass model (CERES). An intuitive function

(Fig. 4) is used to describe these effects (leaf used as an example).

The following sequence of statements determines the current value of the

growth coefficient.

LGR0W =1.0 (S348)

DEFLEV = DEFC0N(I) * (LSUGAR(I) + LST0R(I)) (S351)

DIMLEV = DIMC0N(I) * (LSUGAR(I) + LST0R(I)) (S352)

IF(LPRES.LT.DEFLEV) LGR0W(I) = LPRES/DEFLEV (S354)

IF(LPRES. LT.DEFLEV) LGR0W(I) =1. -g^g ]ggg^ (S355)

where

LGR0W leaf growth coefficient (0 to 1 range)

DEFLEV amount of element below which coefficient is less than 1

_2
(yg • m land)

DEFC0N element concentration below which growth is suppressed

(yg • g~ tissue)

_2
LSUGAR amount of leaf sugar (g • m land)

_2
LST0R amount of leaf insoluble carbon storage (g • m land)

DIMLEV amount of element above which coefficient diminishes

_2
(yg • m land)

DIMC0N element concentration above which plant growth is suppressed

by toxicity (yg • g )

IF ( ) a switch that calculates coefficients in the deficiency

and toxicity ranges

_2
LPRES amount of element in leaf (yg • m land).

Similar equations are used for stem, fruit, and root growth coefficients.
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DEFLEV DIMLEV

LPRES —*>

LWANA

Fig. 4. The relationship between the leaf growth coefficient (LGR0W) and
the amount of element in the leaves (LPRES) used to represent
deficiency (LPRES < DEFLEV), sufficiency (DEFLEV £ LPRES < DIMLEV)
and toxicity (LPRES > DIMLEV) effects of the element on leaf
growth rate.
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(11) Chemical losses from vegetation by mortality (*LIT, *HUM,

*FALL, SINC) (using stems as an example)

The transfer of chemical from the vegetation to the standing dead

or litter chemical pools is determined by the rate of mortality of

tissues as a proportion of the amount of tissue. The plant mortality

rates and weight of tissues are calculated in subroutine CERES. The

following statements determine solute losses by stem biomass mortality.

SLIT = SINS0L(I,K) * SSTMRT(I)/SST0R(I)

SHUM = SS0LU(I,K) * 2.0 * SSGMRT(I)/SSUGAR(I)

SFALL = SD0RM(I,K) * SWDMRT(I)/SW00D(I)

SINC = SH0LD(I,) * SFL0P(I)/STDEAD(I)

(S428)

(S431)

(S435)

(S438)

where

SLIT rate of insoluble chemical in stem storage tissue added to

-2 -1
standing dead (yg • m • time )

SINS0L amount of insoluble chemical in living stem storage (yg • m )

SSTMRT rate of stem carbon storage mortality (g

-2,

-2 .. -K
m • time )

-2^
SST0R amount of living stem carbon storage tissue (g • m )

SHUM rate of solutes in stem added to standing dead (yg • i

time )

SS0LU amount of stem solutes in xylem (yg • m )

2.0 accounts for SSALT, since SSALT = SS0LU

-2 . -K
SSGMRT rate of stem sugar mortality (g • m • time )

SSUGAR amount of stem sugar (g • m )

SFALL rate of insoluble chemical in dead stem heartwood added to

standing dead (yg
-2 «.. -Um • time )

-2



22

_2
SD0RM amount of insoluble chemical in stem heartwood (yg • m )

-2 . -K
SWDMRT rate of stem wood mortality (g • m • time )

_2
SW00D amount of stem heartwood (g • m )

SINC rate of chemical in standing dead pool added to stem litter

pool (yg • m~ • time )
_2

SH0LD amount of chemical in standing dead pool (yg • m )

_2
SFL0P rate of standing dead mass falling to litter (g • m

time )

_2
STDEAD amount of standing dead mass (g • m )

*FALL applies to stems and roots but not to leaf and fruit tissue.

The stem mortality has the additional stage of standing dead mass

before the stem material is added to the litter. Leaves, fruits and

roots dp not have standing dead mass in the forest biomass model (CERES).

In the case of these three components each of *LIT, *HUM and *FALL are

added directly to the litter chemical pools (*P00L); whereas, for stems

they are added to the standing dead chemical pool (SH0LD). Addition of

the chemical in the standing dead mass to the litter pool (SP00L) depends

on SFL0P which is a function of wind speed. There is no decomposition

or solute loss considered for the standing dead mass.

(12) Solute mineralization in litter (*MINL)

(using roots as an example) .

The loss of solutes from litter is considered to occur at a rate

proportional to the rate of litter decomposition and litter mass as

follows,

RMINL(I,K) = RP00L(I,K) * RDEC0M(I)/RCARB(I) (S521)
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where

RMINL rate of solutes mineralized from the root organic matter

r "2 *• "^(yg • m • time )

_2
RP00L amount of element in root litter (yg • m )

-2 -1
RDEC0M rate of root litter decomposition (g • m land • time )

_2
RCARB amount of root litter mass (g • m land).

(13) Solute effects on litter decomposition (*T0X)

Coefficients (*T0X) are determined in DRYADS to describe element

deficiency and toxicity effects on litter decomposition rates calculated

in the forest biomass model (CERES). An ituitive function (Fig. 5) is

used to describe these effects (using fruits as an example). The following

sequence of statements determines the current solute effect on the rate

of litter decomposition.

IF (K.EQ-KS)

FT0X(I) =1.0 (S504)

T0XAMT = FCARB(I) * T0XC0N(K) (S511)

T0XLEV = FCARB(I) * T0XPNT(K) (S512)

FULLEV = FCARB(I) * FULC0N(K) (S513)

IF(FP00L(I,K).LT.FULLEV) FT0X(I) = FP00L(I,K)/FULLEV (S514)

IF(FP00L(I,K).GT.T0XLEV) FT0X(I) = 1. - (FP00L(I,K) -

T0XLEV)/(T0XAMT - T0XLEV) (S515)

IF(FP00L(I,K).GT.T0XAMT) FT0X(I) = 0. (S517)

where

FT0X fruit litter decomposition coefficient (0 to 1 range)

T0XAMT amount of element above which the coefficient is zero

(yg • m" )



t
X
o

Fig. 5,

1.0 -

0
0 FULLEV TOXLEV TOXAMT

FPOOL —*>

The relationship between the fruit decomposition coefficient
(FT0X) and the amount of element in the fruit litter pool
(FP00L) used to represent deficiency (FP00L < FULLEV), suffi
ciency (FULLEV < FPOOL < T0XLEV) and toxicity (FP00L > T0XLEV)
effects of the element on fruit decomposition rate.
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T0XLEV amount of element above which the coefficient is less than

1. (yg • m" )

FULLEV amount of element below which the coefficient is less than

1. (yg • m" )

FCARB fruit litter mass (g •m"2)

T0XC0N element litter concentration at which decomposition ceases

due to toxicity (yg • g~ )

T0XPNT element litter concentration above which decomposition is

reduced by toxicity (yg • g~ )

FULC0N element litter concentration below which decomposition is

reduced by deficiency (yg • g~ )

2
FP00L amount of solute in fruit litter (yg • m~ land)

K number for current element

KS number for element determining solute effects .

(14) Element mass balances

The element inputs (DIFS0L, GASFIX, CHC0N), outputs (mortality

terms) and changes in element storages of each vegetation type are used

to calculate computational errors for each element on a monthly basis.

A similar error mass balance is also calculated for each element in the

litter and standing dead on a monthly time basis.

(B) Structural Equations of DIFMAS

This subroutine calculates the mass flow and diffusive flow of

solutes to plant roots. The algorithms are taken from the solute uptake

model of Baldwin, Nye and Tinker (1973). The main equations in DIFMAS

are described below using FORTRAN names for variables along with the

appropriate 'DIFM' statement number in the DIFMAS subroutine (shown as
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(Nxxx) to right of text statement). The solute quantities in DIFMAS are

in yg • cm land area.

The method consists of determining the solute uptake per unit length

of root and multiplying the result by the root density (length per unit

soil volume). This product is summed over the soil volumes for each of

the layers to give the uptake per unit soil area.

(1) Root density and soil cylinder radius around roots

The root distribution is calculated in DIFMAS, using the total root

mass from CERES and the soil layer thicknesses from PROSPER and SCEHM

(Fig. 6). The root mass was assumed to drop off exponentially with

distance from the surface. The equation used is

f(X) = Cx /X exp (C2 *X)

where

f(X) = cumulative dry mass of roots (g) from the surface to the

depth X (cm),

C. ,C = constants.

Cn and C are determined by assuming that a certain proportion of

roots are in the first PROSPER soil layer (ARAT), and that all the root

mass is contained within the top two PROSPER soil layers. Thus,

C2 = DL0G(ARAT(1) * TRDEPS * HORS)/(H0R(1) - TRDEP) (N76)

where

ARAT(l) proportion of roots in first PROSPER layer (0 to 1 range)
1/

TRDEPS square root of total depth of all root layers (cm/2)

TRDEP total depth of all root layers (cm)
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PROSPER

PROPORTIONAL

ROOT DISTRIBUTION

-•—ARAT

0.8 0.4

SOIL WATER

LAYER DEPTHS

(cm).

SOIL

SURFACE

^

A-HORIZON

B-H0RIZ0N

DIFMAS

ORNL-OWG 76-4599

SCEHM

FRESH ROOT

WEIGHT DISTRIBUTION

RMASS (g/m2)—•
400 800

SOIL

CHEMISTRY

LAYER DEPTHS

Fig. 6. Soil water layers and proportional root distribution of the
PROSPER model used to determine soil chemistry layers in SCEHM
and the fresh root mass distribution in DIFMAS. The represented
root mass gives 2080 g fresh root /m2 land.
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H0RS inverse of the square root of thickness of first PROSPER

-V,
soil layer (cm )

H0R(1) thickness of first PROSPER soil layer (cm)

DL0G FORTRAN natural logarithm function

C1(N) = RT0T(N)/(TRDEPS * DEXP(C2 * TRDEP)) (N80)

RT0T total root dry weight of vegetation "N" (g • m )

DEXP FORTRAN exponential function

N vegetation type (1,2, or 3).

The dry weight of roots in each of the soil chemistry layers of

SCEHM is calculated in DIFMAS with these C1(N) and C2 values used in

the root distribution function f(X). The value of CI(N) is updated each

time period to account for changes in root weight in the CERES model.

The fresh weight of roots in a given soil chemistry layer (RMASS)

is obtained from the dry weight of roots in the layer by adding the

appropriate weight of water per unit dry weight of roots (RWATER).

Root volume (RV0L) in a soil chemistry layer is given by RMASS/RDEN,

where RDEN is an input value for fresh root density (g • cm" ).

The number of roots in each soil chemistry layer is

RN0 = RV0L/(DELX(J)*1.414 * PI * R * R) (N99)

where

DELX(J) the thickness of the Jth soil chemistry layer (cm)

PI 3.1416

R root radius (cm)
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3
It follows that the root density (L) as cm root per cm soil for

a soil chemistry layer of thickness DELX is given by

. RN0 * 1.414 * DELX runm
L = 1. * DELX ' (NU0)

assuming that roots penetrate through the layer at a 45° angle on the

average. The same assumption is made in the calculation of root number

(RN0).

The mean soil area per root is given by 1/RN0 and the mean radius of

the soil cylinder around a root (XDIS) is given by

XDIS = DSQRT [l./(RN0 * PI)] (N103)

where

DSQRT FORTRAN square root function.

The effective distance from bulk soil solution (XI) to the root may be

much less than XDIS when root densities are low. The empirical

function (XLIM) of Baldwin and Nye (1974) is used to calculate XI at low

root densities and XI = XDIS at high root densities. At low root densi

ties the empirical function is

XLIM = 2. * DSQRT [DL * VLFL * DELT] + R (N107)

where

2
DL diffusion coefficient of solute in free solution (cm /sec)

(\ 6
VLFL square of volumetric soil water content (cm /cm )

DELT seconds in time step.

When XLIM > XDIS then XI = XDIS, otherwise XI = XLIM.
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The product (DL * VLFL) describes the apparent diffusion coefficient

of the solute in soil and accounts for the effective water filled pore

area for diffusion and the tortuosity impedance factors. This representa

tion is an approximation based on the assumption that only solution phase

ions are mobile (Baldwin, Nye and Tinker (1973), p. 625).

(2) The basis for determining uptake from mass and diffusive flow

to roots, is Baldwin, Nye, and Tinker's equation [X]:

CLL

CLI
= exp

-6.283 * R * ABSPOW * L * DELT

B0G + (1. - B0G)
2. * (y**^ -1 1

(Y2 - 1.)'

where

CLL

CLI initial soil solute concentration (yg/cnf' solution)

R root radius (cm)

2.-G

adjusted average soil solute concentration (yg/cm solution)

3

ABSP0W root absorbing power (cm/sec)

3
L

DELT

A

VEL

B0G

G

where

root density (cm root/cm soil)

time step (sec)

average buffer power

3 2
water flux at root surface (cm /cm root/sec)

ABSP0W/VEL

R * VEL/Z

Z = DL * VLFL

Y = Xl/R and Y2

(N121)

(N128,N130)
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The average buffer power A is obtained from the distribution coeffi

cient (KD), soil bulk density (BD) and soil water content (CHETA) as

follows:

yg adsorbed element/g soil
yg dissolved element/ml solution

BD g soil/ml soil

CLL yg dissolved element/ml solution

CHETA volumetric soil water content (ml/ml) .

Thus,

KD * BD * CLL = yg adsorbed element/ml soil

CLL * CHETA = yg dissolved element/ml soil

and

CLL * (KD * BD + CHETA) _ yg (adsorbed + dissolved)/ml soil
CLL ~ yg dissolved/ml solution

Buffer power is defined as the change in total diffusible solute/ml soil

per unit change in dissolved solute/ml solution (Baldwin, Nye and Tinker

1973). This derivative may be approximated by the solute ratio at low

soil solute concentrations if the relationship between total diffusible

solute and dissolved solute may be assumed to be both linear and passing

through the origin. Thus,

(KD * BD) + CHETA - 0.
A = 1. - 0.

= (KD * BD) + CHETA . (Nil8)

The root solute uptake per cm root length (UPT) is calculated

iteratively in DIFMAS as a function of CLL as follows:
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UNUM = 6.283 * ABSP0W(N,I) * R * DELT (N129)

B0G = ABSP0W(N,I)/VEL (N157)

DEN0M = B0G + (1.-B0G) * (2./(2.-G) * (Y**(2.-G)-1.)/(Y2-l.)) (N158)

UPT = UNUM * CLL/DEN0M. (N161)

An average root radius (R) is assumed for all calculations during a

simulation. The proportional uptake of solutes by a range of root radii

has not been included at this stage of model development. The initial

solute concentration in the soil solution (CLI) for the time step is

supplied by subroutine SCEHM. The water flux at the root surface (VEL)

is calculated from the simulated root water uptake in PROSPER. The

volumetric soil water content (CHETA) from PROSPER is also transferred

to DIFMAS. The root absorbing power (ABSP0W) is calculated in DRYADS.

Input values are supplied for the diffusion coefficient of the solute (DL)

(3) For solute uptake per cm root length by diffusion only,

Baldwin, Nye, and Tinker's Equation [V] is used:

where

CLL

clT= exp
-6.283 * R * ABSP0W * DELT

(1-B ^DL0G(Y) ,.5)

Y2 = Y * Y

B = R * ABSP0W/Z

(N130)

(N127)

The solute uptake per cm root length by diffusion only (UPT) is

calculated iteratively as a function of CLL as follows:

DEN0M = 1 + B * (Y2 * DL0G(Y)/(Y2-1) •5) (N134)

UPT = UNUM * CLL/DEN0M (N136)
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This UPT equation is used when the root water uptake flux is negligible.

(4) Adjustment of average soil solute concentration (CLL)

An iterative loop (ITIM = 1,10) is used during the calculation of

the solute uptake per cm of root in which the average soil solute con

centration is updated for the effect of the incremental solute uptake

DELC) and the soil buffer power (A). The following algorithm based on

Baldwin, Nye and Tinker's equations (IV and X) is used:

CLL = DEXP (DL0G(CLI) - DELC * A) . (N141,N166)

The updated CLL value is used in the diffusion only and diffusion plus

mass flow solute uptake calculations.

(5) Total root solute uptake (CHC0N)

To supply DRYADS with the amount of the elements adsorbed by the

2
vegetation per cm of land the following equations are used:

DELC = UPT * L + DELC for each iteration step (ITIM=1,10), (N138,N163)

and finally

CHC0N(N,I) = CHC0N(N,I) + DELC * DELX(J) (N185)

where

UPT and L are defined as before

3
DELC incremental solute uptake (yg/cm soil)

DELX(J) thickness of Jth soil layer (cm)

2
CHC0N total solute uptake (yg/cm land/time) .

-2 -1
The total solute uptake, CHC0N (yg • cm land • time ) is relayed

to DRYADS. The amounts of element in the soil water and on the soil

exchange are updated and returned to the soil chemistry subroutine SCEHM.
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(C) DRYADS FLOW DIAGRAM

An overview of the compartments in DRYADS and the fluxes between

compartments is given in Fig. 7 for the vegetation and Fig. 8 for the

litter. The *SALT and *S0LU represent phloem and xylem solutes respective

ly. The fixed chemical in living and heartwood tissue is represented by

*INS0L and *D0RM respectively. The prefix "*" represents L, S, R, F

for leaf, stem, root and fruit as appropriate. The standing dead stem

chemical is SH0LD and the litter element pool is *P00L. The sequence

of calculation of solute fluxes is indicated by the numbering in Figs.

7 and 8. A brief flow chart of DRYADS calculations follows. The FORTRAN

names for fluxes, pools and coefficients are included so that reference

to section III A, Figs. 7 and 8 and the code (Appendix A) may be made.

♦

First entry point from
main program (subroutine
GETSET of TEHM)

Yes No
Start -« — is DRYADS to be used? — ^bypass

I DRYADS

Read Input Data in subroutine RDDRY

J
Set Default Initial Values

entry point for next time
m — — step from main program

(subroutine LAND)
determine leaf, stem, fruit and root
maximum possible solute content for
time period ( g irr2) (LWANA, SWANA,
RWANA, FWANA)

solute or gas »- calculate leaf gas
I uptake (GASFIX)
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F0RTRAN NAMES FOR THE S0LUTE FLUXES IN VEGETATION

THE NUMBERS INDICATE THE SEQUENCE OF CALCULATIONS IN DRYADS

1 DIFS0L 11 RFIX 20 LHUM

2 LEACH 12 RDEAD 21 SLIT

3 GASFIX 13 SFIX 22 SHUM

4 LFIX 14 SDEAD 23 SFALL

5 LSSALT 15 FFIX 25 RLIT

6 SFSALT ]*\ S0LUTE
\ EQUILIBRATI0N

26 RHUM

7 SRSALT

8 RSS0LU

27 RFALL

28 FLIT

9 SLS0LU M0RTALITY RATES 29 FHUM

10 CHC0N 19 LLIT

F
R

U
I
T

Fig. 7. Vegetation element compartments and sequence of solute fluxes
between compartments.
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FORTRAN NAMES FOR THE SOLUTE FLUXES

IN THE STANDING DEAD AND LITTER

THE NUMBERS INDICATE THE SEQUENCE OF CALCULATIONS IN DRYADS

MORTALITY INPUTS

19 LLIT

20 LHUM

21 SLIT

22 SHUM

23 SFALL

25 RLIT

26 RHUM

27 RFALL

28 FLIT

29 FHUM

WIND FALL

24 SINC

MfNERALIZATION

30 LMINL

31 SMINL

32 FMINL

33 RMINL

Fig. 8. Standing dead and litter element compartments and sequence of
solute fluxes between compartments.



calculate leaf salt uptake or
leaching (DIFS0L, LEACH)

37

adjust leaf soluble salt pool and
external leaf salt pool

I
convert leaf soluble salts

to fixed form (LFIX)

calculate phloem salt movement from
leaf to stem, stem to fruit and stem
to root and adjust pools (LSSALT,
SFSALT, SRSALT)

calculate transpiration stream solute
movement from roots to stems and stems

to leaves (RSS0LU, SLS0LU)

add root solute uptake to root pool, root solute flux from
convert solutes to insoluble form -^ DIFMAS (CHC0N)
and convert fixed form to dormant

form (RFIX, RDEAD)

convert stem and fruit solutes to

a fixed form and fixed form to

dormant form for stems (SFIX,
FFIX, SDEAD)

equilibrate soluble solutes in xylem
with soluble salts in phloem for
leaves, stems and roots (*SALT =
*S0LU)

determine chemical levels in plant
and coefficients for new leaf, stem,
fruit and root growth (deficiency
or toxicity effects) (LGR0W, SGR0W,
FGR0W, RGR0W)

t
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determine chemical losses from vege
tation due to mortality (LLIT, LHUM,
SLIT, SHUM, SINC, SFALL, RLIT, RHUM,
RFALL, FLIT, FHUM) and adjust litter
solute pools for additions by
mortality

calculate litter mineralization rates

(LMINL, SMINL, RMINL, FMINL), adjust
litter pools for mineralization.
Determine litter solute coefficient

for decomposition (deficiency or
toxicity effects) (LT0X, ST0X,
RT0X, FT0X)

Determine quantities for plotting, Return to Calling Program
monthly data summary and mass ~~~~—"""~"~"~"""~~~~~~~"~"
balance calculations.

(D) DIFMAS FLOW DIAGRAM

Calling Program
(Subroutine FL0 of SCEHM)

run Yes is DRYADS running? *° ^ bypassDIFMAS^ " »<""»» xu.uix.hs. — DIFMAS

calculate number of seconds

in this time step (DELT)

calculate CI and C2 for exponential
distribution of roots with depth

calculate fresh root mass (RMASS)
root volume (RV0L) and number of
roots (RN0) in soil chemistry layer

I
determine root water uptake per
unit root area (VEL)
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calculate effective distance from

bulk soil solution to root (XI)
and root density (L)

I
calculate soil buffer power (A)
and some intermediate terms

I
is root water uptake greater than•
zero?

No

Yes

calculate incremental solute uptake
by roots per cm soil (DELC) by
mass flow and diffusion

t
calculate actual solute uptake
(CHC0N) from each soil chemistry -^-
layer

i

t
is hourly solar radiation greater•
than zero?

I Yes

add solute uptake to monthly
total of uptake during day (TMASFL)

adjust soil chemical exchange for
solute uptake from exchange by .^
soil buffer power adjustments

Return to Calling Program.

No

-^calculate incremental solute

uptake by roots per cm-* soil
(DELC) by diffusion only

add solute uptake to monthly
total of nocturnal uptake (TDIFFL)

(E) DRYADS CALL LIST AND INPUT DATA

(i) The call list for the subroutine is (PRES, IHR, MIN, M0NTH,

YEAR, KDAY) where, PRES is a switch that has a value of 0 for an hourly

time step and 1 for 15 minute time step.
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IHR the hour of the day (1 to 24)

MIN cumulative minutes in this hour (0, 15, 30, 45)

M0NTH the month (< 12)

YEAR the year (eg 76)

KDAY the day of the month (£31)

These variables are calculated in subroutine LAND of TEHM which is the

main calling program for DRYADS.

(ii) INPUT DATA. A separate subroutine, RDDRY, is set up for in

putting data to be used for DRYADS. To cause the subroutine to be called

a card with 11 RDDRY must be inserted into the input data stream of the

TEHM (see Huff et al. 1976). This instruction will cause the following

list of data in the necessary order and format to be read by subroutine

RDDRY.

CARD

1. Variables: CFRAC, NMIN, NT0T, KS

Format: (F10.0, 315)

CFRAC fraction of interception storage associated with the
canopy (0 to 1 range)

NMIN the number of the first chemical to be considered

(1 < NMIN < NT0T)

NT0T the total number of chemicals being considered (NT0T < 9)

KS The element used to determine the growth and decomposition
coefficients and the element plotted by the DRYADS plot
subroutines.

2. Variables: (M0LWT (J), J = 1, Ml)

Format: (4F8.2)

M0LWT molecular weight of each gas being considered where
Ml is the number of gases
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3. Variables: (GASDEN (J), J = 1, Ml)

Format: (4F10.0)

GASDEN gas density (g/cc) of each gas to be considered

4. Variables: (GASNAM (J), J = 1, Ml)

Format: (4A8)

GASNAM identification of gas, e.g., S02 for sulfur dioxide

5. Variables: (DIFC0 (J), J = 1, M2)

Format: (5F10.0)

DIFC0 diffusion coefficients of each gas being considered
and of water vapor where M2 is one more than the
number of gases (M2 = Ml + 1)

6-8. Variables: (SWATER(I), PERM(I), FILM(I), WATLAY(I), C0NDUC(I),
(optional) 1=1, NSTRAT)

Format: (6D10.0)

I is the vegetation type (NSTRAT < 3)

SWATER amount of water in fresh stems per g dry stem (g/g)

PERM leaf cuticle permeability (cm/sec)

FILM cuticle thickness (cm)

WATLAY water film thickness on dry leaf (cm)

C0NDUC root conductivity to solutes (cm/sec)

One card is required for each vegetation type I being
considered.

9-35. Variables: (LS0LUM(I,K), SS0LUM(I,K), RS0LUM(I,K), FS0LUM(I,K),
(optional) 1=1, NSTRAT)

Format: (4D10.0)

LS0LUM maximum leaf solute concentration (yg/g)

SS0LUM, RS0LUM, FS0LUM maximum solute concentration in stem,
root, and fruit, respectively (yg/g)

One card is required for each vegetation type (NSTRAT) being
considered and one set for each chemical (K <_ 9) being con
sidered. Maximum number of cards is 27.
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CARD

36-62. Variables: (LSALT(I,K), SSALT(I,K), RSALT(I,K), FSALT(I,K),
(optional) LS0LU(I,K),SS0LU(I,K), RS0LU(I,K), LINS0L(I,K),

SINS0L(I,K), RINS0L(I,K), FINS0L(I,K), 1=1,
NSTRAT)

Format: (11F7.0)

LSALT, SSALT, RSALT, FSALT initial amount of solute in
phloem pathway of leaf, stem, root, and fruit, respec
tively (yg/m2)

LS0LU, SS0LU, RS0LU initial amount of solute in xylem
pathway for leaf, stem, and root, respectively (yg/m2)

One card for each vegetation layer being considered (I £ 3)
and one set for each chemical (K <_ 9) being considered.
Maximum number of cards is 27.

63-89. Variables: (LP00L(I,K), SP00L(I,K), RP00L(I,K), FP00L(I,K),
(optional) SH0LD(I,K), I = 1, NSTRAT)

Format: (4F10.0)

LP00L, SP00L, RP00L, FP00L initial amount of element in
litter pool for leaf, stem, root, and fruit, respectively
(yg/m2)

2
SH0LD amount of element in standing dead pool (yg/m )

One card for each vegetation layer (I <_ 3) and one set of
cards for each chemical (K <_ 9) being considered. Maximum
number of cards is 27.

90-116. Variables: (RD0RM(I,K), SD0RM(I,K), 1=1, NSTRAT)
(optional)

Format: (2F10.0)

RD0RM, SD0RM amount of insoluble chemical in heartwood of
root and stem, respectively (yg/m2)

One card for each vegetation layer (I <_ 3) and one for each
chemical (K <_ 9) being considered. Maximum number of cards
is 27.

117-125. Variables: (DEFC0N(I), DIMC0N(I), T0XC0N(I), T0XPNT(I),
(optional) FULC0N(I), I = NMIN, NT0T)

Format: (5F10.0)
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CARD

DEFC0N plant solute concentration (yg/g) below which
plant growth is limited by deficiency

DIMC0N plant solute concentration above which plant
growth is diminished by toxicity

T0XC0N litter solute concentration at which decomposition
is zero

T0XPNT litter solute concentration above which decomposi
tion is diminished by toxicity

FULC0N litter solute concentration (yg/g) below which
decomposition is limited by deficiency

One card for each chemical (I <_ 9) being considered.
Maximum number of cards is 9.

126-128. Variables: (GASEX(I,M), M = 1, Ml)
(optional)

Format: (4F10.0)

GASEX external gas concentration (cc/cc)

One card for each vegetation layer (I <_ 3). Maximum
number of cards is 3.

129. Variables: CPART

Format: F10.0

CPART fraction of dryfall that collects in the canopy (0
to 1 range).

(F) Data Transferred Between DRYADS and Other Subroutines

DRYADS is designed to couple to several other models that describe

plant growth (CERES) and plant water relations (PROSPER). It also

couples to the LAND subroutine of the Terrestrial Ecosystem Hydrology

Model (TEHM). C0MM0N statements are used to transfer data between the

several models. Only the variables used in DRYADS are described.
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(i) Transfers from the LAND subroutine to DRYADS

C0MM0N/MISC/ST0T, AT0T, SINTR, SMD, SSUR, SIMP, SINT,

SBAS, SRCH, SRA, SNET, SPET, T0TELH, RES, SRGX, SCEP, REP

3 2
SCEP the amount of water (cm /cm land) in interception storage.

The other variables in MISC are not used in DRYADS but all these variables

must be specified as single precision in DRYADS.

(ii) Transfers between SCEHM and DRYADS

C0MM0N/CHMGEN/DUMMY(6,25), ENAME(5), Q, ID (25),

IPRINT, NELM

NELM number of chemicals being considered in the soil chemistry
calculations.

C0MM0N/VAL/KD(5,25), SP(5), EQWT(5)

SP solubility of the chemical (yg • cm solution)

C0MM0N/DEP0/DEP(5,12), AMT(5), CANAMT(5), STRCPR

_2
AMT amount of chemical in the litter layer (yg • cm )

_2
CANAMT amount of chemical in the canopy (yg • cm )

C0MM0N/PLANTU/CHC0N(3,5), H0RS, TRDEP, TRDEPS, R, DL(5),

RDEN, LMIN

2
CHC0N rate of solute uptake by roots from the soil (yg/cm /time)

(iii) Transfers between CERES and DRYADS

C0MM0N/TRUNK/LAI(3), LST0R(3), SST0R(3), RST0R(3), LSPHL0(3),

SRPHL0(3), LSUGAR(3), SSUGAR(3), RSUGAR(3), CENTMP

2 2
LAI leaf area index (cm /cm )

2
LST0R leaf insoluble carbon storage (g/m )

2
SST0R stem insoluble carbon storage (g/m )

2
RST0R root insoluble carbon storage (g/m )
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LSPHL0 leaf to stem phloem resistance (sec )

SRPHL0 stem to root phloem resistance (sec )

2
LSUGAR leaf sugar pool (g/m )

2
SSUGAR stem sugar pool (g/m )

2
RSUGAR root sugar pool (g/m )

CENTMP current hourly air temperature (°C).

C0MM0N/TISSUE/RWATER(3), ABSP0W(3,9), SHART(3), RHART(3),

RMES0(3), NSTRAT

RWATER amount of water in fresh roots per unit root dry wt (g/g)

ABSP0W absorbing power of vegetation for solutes (cm/sec)

2
SHART rate of stem heartwood production (g/m /time)

2
RHART rate of root heartwood production (g/m /time)

RMES0 mesophyll resistance

NSTRAT number of vegetation layers or types being considered
(1, 2 or 3)

C0MM0N/M0RTAL/LSTMRT(3) , SSTMRT(3), SSGMRT(3), SWDMRT(3),

RSTMRT(3), RSGMRT(3), RWDMRT(3), FSTMRT(3), FSGMRT(3),

LSGMRT(3), TMPLIT

-2 -1
LSTMRT rate of leaf storage mortality (g • m • time )

-2 -1
SSTMRT rate of stem storage mortality (g • m • time )

SSGMRT rate of stem sugar mortality

SWDMRT rate of stem wood mortality

RSTMRT rate of root carbon storage mortality

RSGMRT rate of root sugar mortality

RWDMRT rate of root wood mortality

FSTMRT rate of fruit carbon storage mortality

FSGMRT rate of fruit sugar mortality
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-2 -1
LSGMRT rate of leaf sugar mortality (g • m • time )

TMPLIT litter temperature (°C).

C0MM0N/REVIVE/LCARB(3), SCARB(3), FCARB(3), RCARB(3),

LDEC0M(3), SDEC0M(3), FDEC0M(3), RDEC0M(3), STDEAD(3),

SFL0P(3)

_2
LCARB leaf litter mass (g • m )

SCARB, FCARB, RCARB similarly for stems, fruits and roots,
respectively

-2 -1
LDEC0M rate of leaf litter decomposition (g • m • time )

SDEC0M, FDEC0M, RDEC0M similarly for stems, fruits and roots,
respectively

2
STDEAD standing dead mass (g/m )

2
SFL0P rate of windfall from standing dead (g/m /time)

C0MM0N/GR0WC0/LGR0W(3), SGR0W(3), FGR0W(3), RGR0W(3)

LGR0W leaf element coefficient for leaf growth (0 to 1)

SGR0W, FGR0W, RGR0W similarly for stems, fruits and roots,
respectively

C0MM0N/T0XC0/LT0X(3), ST0X(3), FT0X(3), RT0X(3)

LT0X leaf litter element coefficient for rate of decomposition
(0 to 1)

ST0X, FT0X, RT0X similarly for stems, fruits and roots, respectively.

C0MM0N/CERPAR/FST0R(3), FSUGAR(3), SW00D(3), RW00D(3),

PI, P5, Bl, B2, FBI0M(3), RBI0M(3), LBI0M(3), SBI0M(3),

SFPHL0(3), FRESTD(3), LRESTD(3), RRESTD(3), SRESTD(3),

SUGMAX(3), TMPSTD(3), C02A(3), C02C(3), CHANGE, SUGC0N,

Tl, T2, T3, T4, C02X, LAIMAX

_2
FST0R fruit storage (g • m )

FSUGAR fruit sugar(g • m" )
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_2
SW00D stem wood (g • m )

_2
RW00D root wood (g • m )

SFPHL0 stem to fruit phloem resistance (day)

2
FBI0M total fruit biomass(g/m )

RBI0M, LBI0M, SBI0M similarly for roots, leaves and stems,
respectively

Tl day of bud break (Julian date)

T4 final day of growing season (Julian date)

C0MM0N/PLTALL/SMIN, XMAX, INC1, ISTRA, NQUES, KS

used for plotting part of DRYADS

C0MM0N/PRSPLC/NPRPLT, NMPLT, NSPLTS, NMSPLT, M0NSPL(12),

M0NPLT(12), P0RPLT(36), NBEG(12), NEND(12), MACHIN used

for plotting part of DRYADS

(iv) Transfers between PR0SPER and DRYADS

C0MM0N/HUMID/F0LTYP, PAIR, CPO, RA, RX, SIGMA, XL, GM, GV,

HT, ALEAF

RA boundary layer resistance to water vapor (sec • cm )

RX stomatal resistance to water vapor (sec • cm )

C0MM0N/CHMM0S/SWFBL(8), CHETA(8), SWRFl, SWRF2, RLAT(8)

3 2
SWRFl soil water root flux for first root layer (cm /cm /time)

3 2
SWRF2 soil water root flux for second root layer (cm /cm /time)

C0MM0N/BL0CKE/RN, GND, TTT, EE, PWP, EV, VEL, JDATE

JDATE Julian calendar date (< 366)

(v) Transfers between other subroutines and DRYADS

Subroutine RDDRY transfers input data to DRYADS in the C0MM0N

statements called DRYPAR, INTS0L, DECAY, SUMDRY, PLTALL.
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The Oak Ridge National Laboratory computer system plotting package

ORGRAPH (Nestor et al. 1975) uses the C0MM0N statements called PLTALL,

PRSPLC, PLTDRY.

(G) DIFMAS Call List and Input Data

DIFMAS Call List: MIN, H0UR

MIN minute of the hour (0, 15, 30, or 45)

H0UR hour of the day (0-23)

No data are specifically read in for use in DIFMAS. All the data

required are transferred to it.

(H) Data Transferred Between DIFMAS and Other Subroutines

The transfer of data to DIFMAS in the C0MM0N statements listed below

includes a description of the variables used in DIFMAS. Other variables

are not described.

(i) Between PROSPER and DIFMAS

C0MM0N/CHMM0S/SWFBL(8), CHETA(8), SWRFl, SWRF2, RLAT(8)

SWRFl soil water root flux for first PROSPER soil layer
(cm3/cm2/time)

SWRF2 soil water root flux for second PROSPER soil layer
(cm3/cm2/time)

CHETA soil water content (cc/cc)

C0MM0N/GE0MET/H0R(8), AT(2), ARAT(2), FC(8), THETA(8), SWT(8)

H0R depth of PROSPER layers (cm)

ARAT fraction of roots in each root layer (0 to 1 range)

(ii) Between CERES and DIFMAS

C0MM0N/SHINE/SUNHR

SUNHR solar radiation (langleys/hr)
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C0MM0N/TISSUE/RWATER(3), ABSP0W(3,9), SHART(3), RHART(3),

RMES0(3), NSTRAT

RWATER amount of water in fresh roots per unit root weight (g/g)

ABSP0W absorbing power of vegetation for solutes (cm/sec)

NSTRAT number of vegetation layers being considered.

C0MM0N/TRUNK/LAI(3), LST0R(3), SST0R(3), RST0R(3), LSPHL0(3),

SRPHL0(3), LSUGAR(3), SSUGAR(3), RSUGAR(3), CENTMP

2
RST0R root insoluble carbon storage(g/m )

2
RSUGAR root sugar pool (g/m ).

(iii) Between DIFMAS and SCEHM

C0MM0N/CHMGEN/DEPTH(25), DELX(25), XTRACT(25), CH20(25),

M0IST(25), M0ISIN(25), ENAME(5), Q, ID(25), IPRINT, NELM

DEPTH depth of each soil chemistry layer (cm)

DELX thickness of each soil chemistry layer (cm)

CH20 amount of water in each soil chemistry layer (ml/cm)

Q number of soil chemistry layers

ID number for the PROSPER layer corresponding with each
soil chemistry layer

NELM number of elements being considered.

C0MM0N/C0NCEN/EC(25), BD(25), EX(5,25), C0N(5,25), TC0NC(5)
3

BD bulk density of each soil chemistry layer (g/cm )

EX exchangeable amount of element in each soil layer (yg/g)
2

C0N amount of element in soil water (yg/cm )

C0MM0N/VAL/KD(5,25), SP(5), EQWT(5)

.... yg adsorbed element/g soil
distribution coefficient ug dissolved element/ml water

C0MM0N/PLANTU/CHC0N(3,5), H0RS, TRDEP, TRDEPS, R, DL(5),

RDEN, LMIN

KD
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CHC0N rate of chemical taken up by roots from soil (yg/cm /time)

H0RS inverse ofithe square root of depth of first PROSPER soil
layer (cm" )

TRDEP total depth of all root layers (cm)

1/
TRDEPS square root of total depth of all root layers (cm 2)

R root radius (cm)

2
DL diffusion coefficient of element in free solution (cm /sec)

2
RDEN root density (cm/cm land)

LMIN time (0, 15, 30, 45 minutes) of last pass through DIFMAS.

(iv) Transfers between other subroutines and DIFMAS

Monthly data is transferred in C0MM0N statements 0UTC0N and FL0W.

IV. SOME APPLICATIONS

Results of successive hourly, monthly, and annual simulations are

presented to illustrate the utility of the models. An application to

experimental studies of heavy metal transport and effects on an oak

forest at the Crooked Creek Watershed in Southeastern Missouri (Van Hook

and Shults 1976, Watson 1976) is made. Lead mining and smelting plants

have been in operation in this area since 1968 and the atmospheric trans

port of pollutants has resulted in lead, cadmium, zinc, and copper

accumulation in the soil-plant-litter system during the last eight years.

Periodic releases of sulfur dioxide have also occurred from the smelter.

Input values for the simulations have been obtained from experimental

data, literature values or chosen intuitively (Table 1) to represent the

parameter values for four heavy metals (Pb, Cd, Zn, Cu) and one gas (S02).

The data for soil, vegetation, meteorological variables and atmospheric

contaminant fallout values (Appendix B) were chosen to represent the



TABLE 1. Values for input variables in the sequence read by subroutine RDDRY

Input Description (units)

Proportion of interception caught in canopy

First element of interest

Last element of interest

Element for plots and solute effects

Molecular weights of gases

Gas densities (g/cc)

Names of gases

Diffusion coefficients of gases and
water vapor in air (cm^/sec)

gWater content of fresh stem/gdry stem

Leaf cuticle permeability (cm/sec)

Leaf cuticle thickness (cm)

Molecular water film on dry leaf (cm)

Root solute conductivity (cm/sec)

Maximum solute concentration in leaf (ug/g)

Maximum solute concentration in stem (ug/g)

Maximum solute in root (ug/g)

Maximum solute in fruit (ug/g)

Initial leaf phloem solute (ug/m2)

Initial stem phloem solute (ug/m2)

FORTRAN

Name Values Reference"1"

CFRAC 0.8 Helvey £ Patric (1965)

NMIN 1 uc

NT0T 5 uc

KS 1 uc

M0LWT 64 Handbook (1973)

GASDEN .003 Handbook (1973)

GASNAM S02 uc

DIFC0 .118

.239

Handbook (1973)

SWATER 5.7 e

PERM lo-n e

FILM 10"5 Martin § Juniper 1970

WATLAY 10"5 e

C0NDUC 10-8 Table 5

LS0LUM 1000,... Chapman (1965)

SS0LUM 1000,... Chapman (1965)

RS0LUM 1000,... Chapman (1965)

FS0LUM 1000,... Chapman (1965)

LSALT 0.0 ic

SSALT 0.0 ic



TABLE 1. (Continued)

Input Description (units)

Initial root phloem solute (ug/m2)

Initial fruit phloem solute (ug/m2)

Initial leaf xylem solute (ug/m2)
Initial stem xylem solute (ug/m2)

Initial root xylem solute (ug/m2)

Initial leaf storage solute (ug/m2)

Initial stem storage solute (ug/m2)

Initial root storage solute (ug/m2)

Initial fruit storage solute (ug/m2)

Initial leaf litter solute (ug/m2)

Initial stem litter solute (ug/m2)

Initial root liter solute (ug/m2)

Initial fruit litter solute (ug/m2)

Initial solute in standing dead (ug/m2)

Initial root heartwood solute (ug/m2)

Initial shoot heartwood solute (ug/m2)

Solute cone, for initial plant deficiency (ug/g)

Solute cone, for initial plant toxicity (ug/g)

Solute cone, for total litter toxicity (ug/g)

Solute cone, for initial litter toxicity (ug/g)

FORTRAN

Name Values Reference+

RSALT 0.0 ic

FSALT 0.0 ic

LS0LU 0.0 ic

SS0LU 0.0 ic

RS0LU 0.0 ic

LINS0L 0.0 ic

SINS0L 0.0 ic

RINS0L 0.0 ic

FINS0L 0.0 ic

LP00L 0.0 ic

SP00L 0.0 ic

RP00L 0.0 ic

FP00L 0.0 ic

SH0LD 0.0 ic

RD0RM 0.0 ic

SD0RM 0.0 ic

DEFC0N 0.0... ic

DIMC0N 900 e

T0XC0N 25000 Watson (1976)

T0XPNT 2500 Watson (1976)

en



TABLE 1. (Continued)

Input Description (units)

Solute cone, for initial litter deficiency (ug/g)

Mean ambient gas concentration (ml/ml)

Proportion of dryfall caught in canopy

FORTRAN

Name Values Reference+

FULC0N 0.0 e

GASEX 2X10"8 e

CPART 0.9 e

uc = user choice

e = estimate

ic = initial condition

... = only data for lead shown. Data for other elements in Appendix B.
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Crooked Creek Watershed situation. Application results are given for

lead and sulfur only. Some comparisons between results for the four

heavy metals may be made from Appendix C.

A. Hourly Applications

_7
A twenty-four-hour exposure to S0? at 2.5 x 10 ml/ml was given on

August 25 as a pulse event in the model. The cumulative SO- uptake of

the vegetation for an eleven-day period (August 22 - August 31) shows

the ready adsorption of the gas during the day (Fig. 9). The simulated

mobility of the sulfur within the vegetation is evident from both the

leaf to stem phloem translocation rate (Fig. 10) and the trace amounts

of sulfur moving back from roots to stems in the xylem pathway (Fig. 11).

The accumulation of sulfur in the stem, leaf and root tissues (Fig. 12)

shows the preferential accumulation in leaves. The model is constructed

such that solutes are first utilized within the entry tissue (i.e.,

leaves or roots). The hourly patterns of heavy metal uptake from soil

is illustrated with lead uptake results for ten days in May (Fig. 13).

Solute uptake by mass flow during the day is a dominant process and the

transpiration stream transports solutes from root to stem (Fig. 14).

The accumulation of lead in leaves shows a continuous buildup due to

leaf uptake (Fig. 15). The addition of lead from stem to leaves is

insignificant. The hourly mineralization release of lead solutes from

leaf litter (Fig. 16) shows a marked daily peak that is related to

diurnal temperature changes.

B. Monthly Results in an Annual Cycle

The monthly lead accumulation in the canopy and litter and the

mineralization release of the heavy metal (Table 2) in the oak forest
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Fig. 9. Sulfur dioxide uptake by vegetation (yg/m /hr) for eleven
days in August.
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Fig. 10. Leaf to stem phloem translocation (yg/m /hr) of sulfur solute
for eleven days in August.
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Fig. 11. Root to stem xylem translocation (yg/m /hr) of sulfur solute
for eleven days in August.
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Fig. 13. Diurnal pattern of lead uptake by roots (yg/m /hr) for ten
days in May.
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Fig. 14. Diurnal root to stem xylem translocation of lead solutes
(yg/m2/hr) for ten days in May.
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Fig. 15. Accumulation of lead in leaf tissue (yg/m ) for ten days
in May.
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in May.
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TABLE 2. Canopy and litter lead levels, litter concentration and
mineralization rate of a forest stand in the vicinity of a
mine-smelter complex during the first year of operation.
(Atmospheric deposition is 2.1 g/m2/mo).

Storage Levels
(g/m2) Litter

Concentration

(yg/g)

Litter

Mineralization

(g/m2/mo)Month Canopy

0.0

Litter

2.03Jan. 943 .005

Feb. 0.0 3.97 1841 .019

Mar. 0.093 5.78 2694 .090

Apr. 0.082 7.11 3369 .278

May 0.257 8.52 4150 .386

Jun. 0.546 9.66 4877 .574

Jly. 0.478 10.93 5735 .663

Aug. 0.270 12.36 6695 .671

Sep. 0.042 13.82 7230 .595

Oct. 0.0 15.06 6643 .521

Nov. 0.0 16.59 7352 .206

Dec. 0.0 17.95 7923 .101

TOTAL 4.109
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stand shows a steady buildup of lead in litter during the first year of

the mine-smelter operation and maximum canopy interception and litter

mineralization rates during August. The accompanying patterns of root and

leaf solute uptake (Table 3) show a seasonal maximum canopy uptake during

midsummer and a late summer maximum for root uptake. The root-lead

uptake during the day was more than seven times higher than the nocturnal

uptake. There was no simulated lead uptake during the leafless period.

Lead accumulation in plant tissues (fixed chemical) shows a preferential

accumulation in root sapwood (Table 3) and a general increase in lead

concentration in all tissues with time. Mortality of plant parts resulted

in a peak addition of lead to the litter during the fall (Table 3).

The soluble lead fluxes in the phloem and xylem pathways (Table 4) indi

cate that the phloem solute gradients and the transpiration stream can

account for mobility of solutes in vegetation. Since the root uptake

of lead greatly exceeded the leaf uptake, the accumulation of lead in

roots induced upward flow of lead in both the xylem and phloem pathways

to stems (shown by negative stem to root phloem fluxes). The movement

of lead into fruit (acorns in this case) was very small.

C. Longterm Uptake and Effects

The consequences of continuing lead contamination for six years on

the oak forest stand met with simulated disaster during several of the

early runs due to the choice of parameters. The DRYADS-DIFMAS models

are very sensitive to the value of the root conductivity to solutes

parameter (C0NDUC) as shown by some sensitivity results with this term

(Table 5). The annual solute uptake and tissue concentrations prior to

leaf fall (September) are smaller with lower C0NDUC values. The leaf



TABLE 3. Diurnal root uptake, leaf uptake, tissue levels and mortality losses of lead solute in oak
vegetation in the vicinity of a mine-smelter complex during the first year of operation.

Total

Root Uptake
(g/m2/mo)

Day Night

Leaf

Uptake
(g/m2/mo)

Tissue Concentration (ug/g) Mortality

Month Leaf

Stem

Sapwood
Stem

Heartwood

Root

Sapwood
Root

Heartwood Fruit

Loss

(mg/m2/mo)

Jan.

Feb.

Mar.

0.0

0.0

56.5

0.0

0.0

3.6

0.0

0.0

0.25 810.

0.0

0.0

0.46

0.0

0.0

t+

0.0

0.0

16.9

0.0

0.0

0.01 28.5

0.0

0.0

0.0029

Apr.
May

Jun.

213.2

243.3

196.4

13.2

27.8

44.9

0.41

0.89

1.19

46.3

45.8

68.1

0.80

1.21

1.54

t

t

t

76.7

154.

226.

0.11

0.38

.80

0.48

0.71

0.84

0.0209

0.0588

0.0914

Jly.
Aug.
Sep.

285.7

284.8

314.9

41.0

37.4

39.5

1.13

0.89

0.42

90.1

110.0

113.0

2.47

3.47

5.06

t

0.01

0.13

314.

388.

432.

1.38

2.14

3.11

1.20

1.38

1.23

0.136

0.308

13.1

Oct.

Nov.

Dec.

225.7

0.0

0.0

38.1

0.0

0.0

0.02

0.0

0.0

6.99

7.33

7.6

0.21

0.31

0.41

511.

518.

524.

4.20

5.42

6.74

40.9

.304

.344

TOTAL 1820.5 245.5 5.2 55.27

+t = trace
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TABLE 4. Monthly and annual lead solute fluxes in oak vegetation in
the vicinity of a mine-smelter complex during the first year
of operation.

Month

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jly.

Aug.

Sep.

Oct.

Nov.

Dec.

TOTAL

Solute Fluxes in Vegetation (mg/m2/mo)

Leaf to

Stem

0.0

0.0

355.

19.7

12.2

26.1

28.7

22.6

0.8

121.0

0.0

0.0

586.1

Phloem

Stem to

Root

0.0

0.0

10.0

- 2.76

- 10.7

- 17.6

- 35.6

- 50.2

-68.3

- 67.9

t

0.0

-243.1

Stem to

Fruit

0.0

0.0

0.52

0.27

0.40

0.39

1.57

2.03

3.44

2.17

0.0

0.0

10.8

Xylem

Root to

Stem

0.0

0.0

3.8

155.

246.

215.

980.

1300.

2180.

1230.

0.0

0.0

6309.8

Stem to

Leaf

0.0

0.0

.15

12.0

15.1

7.1

63.8

63.8

104.0

42.7

0.0

0.0

308.7



TABLE 5. Sensitivity of annual root lead uptake and September tissue concentrations to change in the
root solute conductivity parameter (C0NDUC).

September Tissue Concentration (ppm)
Annual

Root Uptake

(ug/cm2/yr)
C0NDUC
(cm/sec) Leaf

Stem

Sapwood
Stem

Heartwood

Root

Sapwood
Root

Heartwood Fruit

IO-4 156.1 309 854 3.30 967 10.2 264

10"5 143.3 258 774 2.80 961 9.9 191

10"6 128.0 242 683 2.32 993 11.7 251

10-8 20.7 113 5.06 0.01 432 3.1 1.2

10-10 0.52 112 0.48 0.003 11 0.1 .1
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TABLE 6. September tissue concentration of lead (ug/g) in oak vegetation following successive years
of lead atmospheric deposition.

Stem Stem Root Root

Years Leaf Sapwood Heartwood Sapwood Heartwood Fruit

1 176. 2.32 0.012 181. 1.24 0.264

2 172. 8.92 0.074 436. 9.44 0.805

3 174. 27.9 0.287 662. 26.0 2.37

4 178. 80.5 0.932 790. 49.0 6.80

5 186. 182. 2.65 805. 74.4 14.9

6 191. 282. 6.07 807. 99.0 20.0

ON



TABLE 7. Lead uptake and losses of vegetation and litter and lead content of litter following
successive years of lead atmospheric deposition.

Vegetation (mg/m2/yr) Litter

Root

Uptake

97.6

Leaf

Uptake

82.6

Mortality
Loss

End of Year Lead

Mineralization

Loss

(g/m2/yr)Years

Content

(g/m2)

10.9

Concentration

(ug/g)

1 84.5 6600. 4.15

2 168.9 82.6 85.2 21.1 11100. 6.48

3 208.1 82.6 89.4 31.0 14100. 6.80

4 233.4 82.6 95.5 40.8 16200. 6.79

5 254.6 82.6 102.7 50.7 17800. 6.66

6 268.1 82.6 108.0 60.9 19000. 6.56

o
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uptake was constant through the six-year simulation period. The recycling

of lead back to litter from mortality of plant parts increased with

time and can be mainly attributed to the fall of leaves and fruits during

autumn (see Table 3). The reduced rate of contaminant buildup in the

plant tissues and the reduced rate of plant uptake with time is due to

the structure of the plant demand function (Fig. 3) and the input values

for plant properties.

2
There was a buildup of litter lead of about lOg/m /yr and the average

litter concentration increased, however, at a decreasing rate with time

(Table 7). This latter effect was the result of toxic effects reducing

the rate of litter decomposition and causing a buildup of litter mass

(Dixon et al., 1976). Mineralization losses of lead from litter reached

a maximum in the third and fourth year (Table 7). A decrease in minerali

zation rate per unit litter mass with increase in litter lead concentration

and an increase in litter mass after the second year resulted in the

2
annual mineralization loss being about 6.5 g/m /yr for the 2nd - 6th

years (Table 7). The decline in mineralization loss in the sixth year

is due to the increased simulated toxic effect of lead on the rate of

litter decomposition.

V. DISCUSSION

The DRYADS and DIFMAS models provide an essential link in the coupled

process models of carbon, water and solute fluxes of terrestrial ecosystems.

Simple algorithms have been chosen to represent plant and soil processes

in a unified treatment. The DRYADS model has not been extensively

reviewed and it will have further development as specific applications
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are undertaken. DIFMAS is based on the FORTRAN model of Baldwin, Nye and

Tinker (1973) and this model has had extensive review and presentation

in the open literature. These authors recommend their model as suitable

for inclusion in models of whole plant processes.

There are many assumptions and hypotheses contributing to the basis

of the DIFMAS and DRYADS models. DRYADS is founded on a simplified

view of plant anatomy and physiological function. The concept of the

plant solute demand has no mechanistic basis; however, empirical evidence

suggests that plants behave in a way that may be described with this

demand approximation. The concept is operationally well defined in

terms of the maximum tissue concentration at which new growth ceases.

The fact that plants do show toxicity responses illustrates that a solute

uptake function should include excessive uptake. The phloem solute

gradient equation and xylem solute transport within the transpiration

stream are consistent with current understanding of solute movement in

plants. However, the phloem mechanism may depend more on the gradient

of total solutes rather than a specific solute gradient. In the case

of sucrose translocation, Noble (1974) along with others has explained

the mass flow of material in phloem being the result of a hydrostatic

pressure gradient induced by the difference in the osmotic effect of

high sucrose in leaf phloem and low sucrose in the root phloem. A

process of sucrose loading in the leaf and unloading in the root is

hypothesized to maintain translocation during the day. Phloem transport

in DRYADS is not always consistent with this mechanism. Programming

changes could be introduced to use the sucrose translocation rate from

CERES as the driving force for solute movement in DRYADS. This could

give rise to solute movement against its own concentration gradient.
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The DIFMAS model calculates plant solute uptake by diffusion and

mass flow to randomly dispersed roots of a developing root system. Each

root is considered to exploit a finite volume of soil which decreases with

increasing root density. All roots have the same root radius in the

present code. Only the solution phase ions are considered mobile and

there are no rhizosphere effects. Baldwin (1975) has shown that the

model accounts for the significant variables in the absorption process in

a study of nitrogen and potassium uptake by rape (Brassica napus L.) which

is a non mycorrhizal species. A careful evaluation of the hypotheses and

assumptions made in the coupled system of models has not been feasible

at this stage.

The treatment of litter and litter solute dynamics is very much

simplified in the DRYADS code. The four types of plant parts and their

solutes are considered along with the release of elements during

mineralization. Litter water content and microbial population effects

are not included in the decomposition simulations. However, diurnal

changes in litter temperature consistently result in higher mineralization

rates during the day than at night (Fig. 16). Differences in substrate

quality is taken into account with input values in CERES for the decom

position characteristics of stem, leaf, root, and fruit materials. The

solutes entering the litter layer from atmospheric fallout and canopy

washoff (calculated in SCEHM) are proportionally allocated at each time-

step to the litter components (leaf, stem, root, and fruit) in proportion

to the mass of each component. There is a logical problem with this

formulation since roots which are normally in the soil receive some of

the atmospheric solute input instantaneously rather than by a soil
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water flow mechanism. This could result in lower root decomposition

rates (due to solute toxicity effects) occurring at an earlier stage of

the simulation than might be expected in the real world. This would

not be the case for roots in the litter layer, however.

The time limitation for completion of this modeling task has resulted

in some inconsistencies in matching resolutions of the component models.

One particular example of this is the difference in root distribution

resolution (Fig. 5) for water uptake (PROSPER), solute uptake (DIFMAS)

and soil chemical reactions (SCEHM). The consequences of this disparity

have not been evaluated. Also, the solutes released in litter mineraliza

tion have not been added back into the soil chemistry model at this stage.

The inclusion of algorithms to describe organic-metal complex formation

and stability should accompany this step. The present model development

is a foundation for further refinement which will arise out of applications

with the code and comparison with experimental studies.

The computational errors in DRYADS have been consistently low

ft 9
(< 10" yg solute/m land/month) for both vegetation and litter compart

ments in the test applications (Appendix C). The sequential calculations

having 15-minute or hourly time steps provided mathematically stable

results. The soil chemical mass balance errors also display low values

-12 2
(< 10 yg solute/cm land/month) for both mobile solutes (zinc) and

insoluble elements (lead) (Appendix C). These results suggest that the

inclusion of root uptake dynamics into the soil chemistry model has not

caused any computational instability in the cases examined.

An annual simulation, executed from a HEX deck of the complete set

of coupled models (Fig. 2) required 285 seconds of total CPU time on an
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IBM 360-91 computer. The ORNL job cost was $25. This simulation was

accomplished with 3295 card images read and 11916 lines printed providing

detailed hourly print-plots of 27 water, carbon, and solute parameters

for an eleven-day period, printout of daily soil-plant water status

and detailed monthly tabulation of components of the carbon, water, and

solute budgets. Annual print-plot results for 15 plant growth components

and a final annual summary of the water budget for the landscape were

also given.

The fruits of the modeling exercise include the insights gained from

applications to the terrestrial ecosystem of interest. For example, the

present results suggest that root sapwood is the first major site of

trace contaminant accumulation from soil borne pollutants (Table 3).

Further, the model sensitivity to both leaf permeability and root conduc

tivity of solutes highlights the importance of careful experimental

determination of these plant properties. The simulated diurnal patterns

of root solute uptake suggest that about 85% of solutes are taken up

during the daylight hours. Although much is understood about the

mechanisms of solute movement in soil, there is less understanding of the

diurnal and seasonal dynamics of solute uptake by whole plants.

The litter system was shown to receive the highest amounts of

contaminant from both atmospheric deposition and as a pulse with the

fall of leaves and fruits in autumn. Toxic effects of lead on litter

decomposition and the buildup of lead with time resulted in the

mineralization release of lead to reach a maximum after three to four

years of atmospheric deposition. Simulations suggest that the continuing
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years of lead deposition would result in higher accumulations of contami

nant in the litter unless some non-biological mechanism could cause

mobilization.
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APPENDIX A

FORTRAN IV Listing of Code

Subroutine RDDRY - reads in data for DRYADS.

Subroutine DRYPLT -prepares DRYADS and DIFMAS data for print plot output.

Subroutine DIFMAS - mass flow and diffusive solute uptake by roots.

Subroutine DRYADS — solute accumulation in vegetation and litter.
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LSVilL 2 1.6 (C£C 72) OS/360 FORTRAN H

COMPILER OPTIONS - NAKE= MAI N, OPT =C2 ,LI NECN 1=60 rS I ZE=0000 K,
SOORCE.EBCDIC.NCLIST, NOBECK,LOAD,HAP.NOEDIT.NOID,NOXREF

SUBROUTINE RDDRY

IMPLICIT REAL*8(A-H,0-Z)
REAL*8 LSALT, LSOLU, II NS CI, LSOLU H, HOI SIN, HOIST, LPOOL, HOLWT
INTEGEB Q
COHHCN/DBYPAR/CFRAC, GASDEN (4) .GASCON (4) .GASEX (3, 4) , DIFCO (5) ,

1SSATEB(3) ,PEBH(3),FILH(3) ,»ATLAY<3) ,CONDUC(3) , LS OLUH( 3, 9) ,
2SSOLUH(3,9) .RSOIUH (3, 9) .FSOLOH ( 3, 9) ,GAS NAM (4) , HOLHT (4) , NHIN ,NTOT
COHMON/SUHDRY/TDIF(3, 9) ,TLEA(3,9) ,TGAS(3,9) ,TLSS(3,9) ,TSFS(3,9) ,TSRDDR

1ES(3,9) ,TRSS(3,9),TSLS(3,9),TLHO(3,9) ,TS HO (3 ,9) ,TFHO(3,9) ,
2TRHO{3,9) ,TLHI (3,9).TSflI (3,9) ,rFHI(3,9) ,TRHI(3,9) ,TCIN (3,9) .
3TPODDL(3,9)

DIMENSION ZERDBY(486)
EQUIVALENCE (ZERDRT (1),TDIF(1, 1) )
C0B80N/PLTDRY/ PLTDIF (66) , PLTGAS(66) .PLTLPS (66) . PLTSPS (66),

1PLTRPS (66),PLTLSS(66) ,PLTRSS(66) ,PLICHC(66) ,PLTAHT(66) ,PLTHNS(66) RDDR
2. PLTTBA(66)

PEAL*4 PLTD IF, PLTGAS, FLTLCS,PLTSPS, PLTaPS .PLTLSS, PLTRSS
1,PLTCHC,PLTAHT,PLTHNS«PLTTHA
COHHON/INTSOL/LSALT (3, 9) , SSAL1(3, 9) ,RSALT (3,9) ,FSAIT(3,9),

1LSOL0(3,9) ,SSOI0 (3,9) , BSOLO(3,9) , LINSOL (3,9) .SINSOL (3,9) ,
2RINSOL(3,9) ,FINSOL(3,9) .GASIN (3,4) , CEFCON (9) ,
3DIHCON(9) ,TOXCON(9) ,TOXPNT(9) ,FDLCO»(9) ,S DORH (3,9) , BDCBH (3, 9)

COHHON/DECAY/IFOOL(3»9) .SPOOL (3,9) , BPOOL (3,9) .FPOOL (3,9) ,
1SHOLD(3,9) ,TGOODY(3,9)
COHHON/TISSOE/BllATER(3).ABSPO»(3,9) ,SHABT (3) , RHART (3),

1RHESO(3) .NSTRAT
COHHON/DEPO/DEP (5,12),AHT (5) .CANAHT (5) .STRCPR
COHHON/ELTALL/XHIN, XHAX,INC1, IS IB A, NQOES, KS
REAL*4 XHIN,XHAX
COHHON/OPTS/CHHOPT,CEBOFT,DBYOPT
COKHON/CHHGEN/DEPTU(25) , DELX ( 25) , XTRACT ( 25) ,CH 20 (25) , HOI ST(25) , HOHDDB

1ISIN(25) .ENAHE (£),Q,ID(25) ,1 PRINT,NELM
LOGICAL CHHOPT.CEBOPT.DBYCPT
READ(5,8000) CFBAC, NHIN, NTOT, KS

8000 FOBHAT (F10.0, 315)
IF(KS.LE.O) KS=1
DRYOPT=.TRDE.

8005 FOBHAT ('OSOLUTE HOYEHENT IN Y EG. , FIRST CHEHICAL.TOTALCHEHICALS«,
1F10.2.2I5)
WaiTE(6,8005) CPRAC.NHIN.NTOT.
H1=NTOT-NELH

M2=M1+1

IF(H1) 105,105,100
100 READ(5,8010) (HOLHT (J) , J=1 ,H1)

8010 FORHAT (4F8. 2)
SRITE(6,8015) (HOLKT(J) ,J=1,H1)

8015 FORHAT (• HOLECUIAR WEIGHT OF GAS '.4E8.2)
READ(5,8030) (GASDEN (J) ,J=1,H 1)
WRITE (6,8035) (GASDEN (J) ,J=1,H1)
RJ.AD(5,8020) (GASNAfl(J),J =1,H1)

80 20 FORMAT (4A8)
NRITE(6,8025) (GASNA H(J) , J-1, H1)

8025 FORMA? ("OGASES TO BE CCNSIDEBEE* /, 1X.4A8)
8030 FORMAT (4F10.0)
8035 FORMAT(*0GAS DENSITIE S (G/CC) • ,4 F1 0. 3)

FEAD<5,8040) (DIFCO (J) , J= 1.H2 )
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ISN 0 004
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ISN 0 007
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ISN 0 019
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ISN 0 026
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ISN 0 032
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ISN 0 04 1
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ISN 0 013
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RDDR 17
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BDDR 19

RDDR 20

RDDB 21

RDDR 22
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BDDR 25

BDDB 26

RDDR 27

RDDR 28

BDDR 29

BDDR 30

)RDDR 31

BDCR 32
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RDDR 35

BDDR 36

BDDR 37

RDDR 38
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RDDR 40

RDDR 41

RDDR 42
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ISM 0044

ISN 0045

ISN 0046

ISN 0 047

ISN 0048
ISN 004 9

ISN 0050

ISN 0051

ISN 0052

ISN 0053
ISN 0 054

ISN 0 055
ISN 0056

ISN 0057

ISN 0058
ISN 0059
ISN 0 060

ISN 0C61
ISN 0062
ISN 0063

ISN 0064
ISN 0065

ISN 0 066

ISN 0067

ISN 0068

ISN 0C69
ISN 0070

ISN 0071

ISN 0072

ISN 0073
ISN 0074

ISN 0075

ISN 0076
ISN 0 077

ISN JC78
ISN 0 079

ISN 0080

ISN 0C81

ISN 0 082
ISN 0C83

ISN 0084

ISN 0085
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WHITE(6,8045) (DIFCO (J) ,J=1,H2)
8040 FORHAT (5F10.0)
8045 FORHAT('ODIFFUSIOB COEFFICIENTS OF GASES AND H20',4F10.2)

105 READ(5,8050) (SKATER (I).PERH (I) ,FILH(I) ,WATLAY (I),
1CONDDC (I) ,1=1 , NSTRAT)

8050 FORHAT (6E10.0)
WRITE (6,8055)

8055 FOBHAT (4X,'STEH H20 CONTENT',
15X,'L CUTICLE COND.', 5X,'CUTICLE THICKNESS*,3X,
2'DRY LEAF H20 FILH', 5X, • E. SOL UTE CON.'/)

WRITE (6,8060) (SMATEB (I) ,PEBH(I) .FILH (I) .WATLAI (I),
1CONDUC(I) ,I=1,NSTBAT)

8060 FORHAT (6E20.5)
WRITE (6,8065)

8065 FOBHAT {• OHAX.CONCENTBATION'/
14X,«LEAF',6X, 'STEH',6X,'BOOT' ,6X.'FRUn")

DO 110 K=NHIH,NTOT
READ(5,8070) (LSOLUH(I.K) .SSOLOH(I.K) .RSOIOH (I , K) , FSOLD H(I, K) ,

1I =1,NSTBAT)
WRITE(6,807 5) (LSOLUH(I.K) .SSOLOH (I ,K) .BSOLUH(I, K) ,FSOLOH(I,K) ,

11=1,NSTRAT)
110 CONTINUE

8070 FOBHAT (4E10.0)
8075 FORHAT (4E 10. 2)

WRITB(6,8105)
DO 115 K=NHIN,»TOT
BEAD(5.8080) (LSALT(I.K) .SSALT (I.K) .BSAIT (I.K) ,FSALT(I,K) ,

1LSCLU(I,K).SSOLU(I.H)»BS010(I,K),LINSOL(I,K) ,S INSOI (I, K) ,
2RINSOL(I,K) ,PI»JSOl(I,K).I=1,NSTBAT)

8080 FOBHAT (11F7.0)
WRITE(6,8110) (LSALT(I,K) ,SSALT (I.K) ,RS ALT(I ,K) ,FSA LT (I.K),

ILSOLU(I.K) ,SSOIU(I,K),BSOLU(I,K),LINSOL(I.K),SINSOL(I.K),
2B IN SOL (I.K) ,PINSOL(I,K).I =1,NSTBAT)

115 CONTIHOE

DO 120 K=NHIN,NTOT
RSAD(5.8085) (LPOOL(I.K) .SfOOL(I.K) ,BPOOL(I,K) ,

1FPOOL(I.K), SHOLD (I, K) , 1=1 ,NSTBA T)
8085 FORHAT (5F10.0)

WRITE (6,8090) (LPOOL (I.K), SPOOL (I ,K) .RPOOL (I,K) , FPOOL (I.K) ,
1S HOID (I.K), 1=1. NSTRAT)

8090 FORHAT ('OLPOOL,SPOOL,BPOOL,FPOOL, SHOLD'/ ( 1X.5E 10. 3/) )
120 CONTINUE

DO 125 K=NHIN,BTOT
READ(5,8095) (BDOBH (I.K) . SDOBH( I, K) ,I=1,NSTBAT)

8095 FOBHAT (2F10.0)
WBITE (6,8100) (BDOBH (I.K) .SDOBH(I.K) ,1=1 .SSTBAT)

8100 FOBHAT('0BDORH,SDOBH'/(1X,2E10.3/))
125 CONTINUE

8105 FOBHAT ('OCONC ', 16X, • SALT' ,27 X,' SOLO ELE' ,28X, • INSOLUBLE'/
19X,3(3X,'LEAF'.6X, 'STEM '.61, 'BOOT' 6X,'FBUIT',3X) )

8110 FOBHAT (9X.4F10. 2, 3F1 0.2,1CX.4F1 0.2)
BEAD(5,8115) (DEFCON (I) , DIHCO»(I) .TOXCON { I) .TOXPNT (I)

1,FULCON(I),I=NHIN,NTOT)
8115 FOBHAT (5F 10.0)

WBITE(6,8120) (DEFCCN (I) , DIHCON (I) , TOXCON (I) .TOXPNT (I),
1F0LCON (I) ,I=NHIN,liTCr)

8120 FORMAT('ODEFCON.DIHCON,TOXCON.TOXPNT,FULCON'/ (1X.5E10.2/))
IF(H1) 142,142,127
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C DO FOB ONLY GASES.

127 DO 130 1=1, NSTRAT
BEAD(5,8125) (GASEX (I,H) , H=1 ,H1)

130 CONTINUE

WRITE(6,8130) ((GASEX(I,H),H =1,H1) ,I=1,NSTBAT)
8125 FOFMAT(4»10.0)
8130 FORMAT ('OGASEI'/<1X. 4E10.3/))

DO 140 H=1,H1
DO 135 I=1,HSTB»T
GASII(I,H)=GASEX(I,H) /2 .

135 CONTINUE

DIFCO(H)=DIFCC (H)/DIFCO(H2)
140 CONTINUE

142 READ(5,8135) CPABT
8135 FOBHAT (F10.0)

STBAT=NSTBAT

STRCPB=STRAT*CPABT
WRITE(6,8140) CPABT

8140 FOBHAT ('OFRACTION OF CANOPY DEP. ON LITTEB',F10. 2)
DO 145 J=1,9
DO 1*5 K»1,3
ABSPOW (K.J) =0.0

145 CONTINUE

DO 150 K-1,486
150 ZBBDBY(K)=0.0D0

C SET INITIAL STOBAGE PCOLS

DO 155 1=1,NSTRAT
DO 155 K=»HIN,NTOT

155 TGOODY(I,K)-LINSOL(I,K)»SINSOL(I,K) ♦RINSOL(I,K)»FINSOL (I, K)
ULSOL0(I,K) *SSOLU(I,K)»RSOLD(I,K) ♦SDOBH(I.K)»BDOBH(I,K)
2»LSALT(I,K) ♦SSALT(I,K)*RSALT(I.K) »FSALT (I.K)

DO 160 J'1,66
PLTLSS(J)=0.0
PLTBSS (J) =0.0
PLTCBC(J)«0.0
PLTHNS(J)=0.0

160 CONTINUE

RETURN

END
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LEY EL 21.6 (DEC 7 2) OS/36 0 F0BTBAN H

CO HPILER OPTIONS - NAHE= HAIN,OPT=02,LINECN I=60,SIZE=0000K,
SOURCE, EBCDIC, NOLI ST, HODECK,LOAD, HAP. NOEDIT, NOID, NOXREF

SDBRODTINE DRYP1T (I NC1, XHIN.X HAI, HO NTH, KS.NELH)
COHHON/PLTDRY/ PLTDIF(66) , PLTGA S(66) .PLTLPS (66) . PLTSPS (66) ,

1PLTBPS (66) , PLTLSS (66) , PLTRSS (66 ) , PLTCHC (66) .PLTAHT (66) , PLTHNS (66)
2,PLTTWA(66)
COMnON/PBSPLC/NPBPLT,NHPLT,»SPLTS,NHSPLT,HONSPL(12),

1HONPLT (12),POBPLT(36),NBEG(12).NEDN (12) .HACHIN
INTEGEB*2 HONSPL, HONFLT, POBPLT, NBEG,NEND
REAL HACHIN

COMMON/BUP/BUFFER (3000)
DIMENSION NAME (4) , HONNAH (12)
DATA NAHE(1)/4HDAYS/,NAHE(2)/4H IN /.NAHE (4) /4Ht /
DATA HONNAH/'JAN FEB HAB AFB HAY JUN JUL AUG SEP OCT NOY DEC •/

IF(KS.LE.NELH) YHI N1=PLTDIF (1)
IF(KS.LE. NELH)Y«AX1=YHIN1
IF(KS.GT.NELH) YHI N2=PLTGAS (1)
IF(KS. GT. NELM)TMAX2=THIN2
YMIN3=PLTLSS(1)
YHAX3=YHIN3

YHIN4=PLTBSS(1)
YHAX4=YHIN4

YHIN5»PITCHC(1)
YHAX5=YHIN5

YMIH6=PLTHHS(1)
YMAX6=YHIH6

YHIN7=PLTLPS(1)
YHAX7=YHIN7

YHIN8=FLTSPS(1)
YHAX8=YHIN8

YHIN9=PLTBPS(1)
YHAX9=YHIN9

YHIN10 = PLTAHT (1)
THAX10=YHIN10

YHIN11=PLTTWA (1)
YHAX11 = YHIN11
XINC= (XNAX-XHIN)/FLOAT(INC1)
NAHE(3) =HOSNAH (HONTH)
DO 110 K=1,INC1
IF(KS.GT. NELN) GO TO 100
IF(PLTDIF(K).LT.YHII1) YH IN1 =PL IDIF (K)
If(PLTblF(K).GT.YHAXI) IHAX1=PLTDIF(K)

100 IF(KS.LE.SELH) GO TO 105
IF(PLTGAS (K). LT.YHIN2) IHIN2=PLTGAS (K)
IF(PLTGAS(K).GT.YHAX2) YHAX2 = PLTC AS (K)

105 CONTINUE

IF(PULSS(K).LT.YHIN3) YH IN3=PL TL SS (K)
II(PLTLSS(K).GT.YHAX3) IMAX3= PLTLSS (K)
IF (PLTRSS (K) . LT.IHI N4) YHIH4 = PLTBSS (K)
IF (PLTBSS (K) .GT.YHAX4) YHAX4=PLTRSS (K)
I "(PLTCBC (K) . IT. YHI N5) YHII5=PL 1CHC (K)
IF (PLTCHC (K).GT.YHAI5) YHAX5=PLTCHC (K)
IF (PLTHNS (K).LI.YHIN6) IHIN6-PLTHNS (K)
IF(PLTHNS(K).GT.YHAX6) YHAX6 = PLTMNS (K)
IF(PLTIPS(K). IT.YHIN7) YHIN7=PLTLPS (K)
IF(PLTLPS(K).GT.IHAX7) YHAI7 = PLTLPS (K)
IF(PLTSPS (K) . LT.YHIN8) YHIN8-PLTSPS (K)
IF(PLTSPS(K).GT.YHAI8) YHAX8»PLTSPS (K)
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IF(PLTRPS(K).LT.YMIN9) YH IN9=PLTBPS (K)
If(PLTRPS (K).GT.YHAX9) YHAX9=PLTB PS (K)
IF (PLTAHT (K).GT. YHI N10) YHIN1 0=PLTAHT (K)
IF(PLTAHT(K).LT.YHAX10) YHAX10=PLTAHT (K)
IF(PLTTWA(K).LT.YHIN11) YHIN11 =PL1T iA (K)
IF(PLTTWA(K).GT.YHAX11) YH AX1 1=PLTTWA (K)

110 CONTINUE
N INC=- INC 1

IF(KS.GT.NEIH) GC TO 115
IF(YHIN1.EQ.YHAX1) GO TO 115
CALL R»DPLT(XHIN,XH AX, YHIN 1, YHAX1 ,' LINEAR • .HACHIN,-1. ,-1. ,

1BUFFER, 3000, • BEGOYI CHI')
CALL TITLE(.4,NAHE, 'DAYS!'»• LEAF UPTAKE (UG/H**2/HR) $• )
CALL BAYPLT (X INC, PLTDIF.N INC)

115 IF(KS.LE.NELN) GO TO 120
IF(YHIN2.EQ.YMAX2) GO TO 120
CALL RNDPLT(XMIN,XHAX,YHIN2,YHAX2.' LINEAR",HACHIN,-1..-1.,

1BUFFER ,3000,'BEGOVICH S*)
CALL TITLE(.4,NAHE, 'DAYSS*,*GAS UPTAKE(DG/H**2/HH)S•)
CALL BAYPLT (XI NC, PLTG AS,NINC)

120 If(YHIN3.EQ.YHAX3) GO TO 125
CALL RNDPLT(XHI»,XHAX,YHIN3.YHAI3. 'LINEAR', HACHIN,-1..-1.,

1B0FFER, 3000,'BEGOVICH $•)
CALL TITLE(.4, NAHE, 'DAYSS*

1,'LEAF TO STEH FHLOEH FLUX(UG/H**2/BB) $•)
CALL BAYPLT(XINC,PLTLSS,NIKC)

125 IP(YHIH4.BQ.YHAX4) GO TO 130
CALL BNDPLT(XHIN,XHAX,YHIN4.YHAX4,'LINEAB',HACHIN,-1..-1.,

1 BUFFEB ,3000 , 'BEGOVICH S* )
CALL TITLE(.4,NAHE, 'DAYSS',

1'BOOT TO STEH XYLEH FLDX(DG.H*»2/HB) *•)
CALL BAYPLT (XINC, PLTBSS.NINC)

130 IF(YHIN5.EQ.YHAX5) GO TO 135
CALL BNDPLT(XHIB,XHAX.YHIN5,YHAI5,'LINEAB',HACHIN,-1.,-1.,

1 BUFFEB ,3000,'BEGOYICH»•)
CALL TITLE(.4,NAHE,'DAYS$','BO0T SOLUTE UPTAKE (UG/H»*2/HB) S')
CALL BAYPLT (XINC, PLTCHC.B INC)

135 IF(YHIN6.EQ.YHAX6) GO TO 140
CALL BNDPLT(XHIN,XHAX,YHIN6,YHAX6,'LINEAB',HACHIH.-1.,-1.,

1BUFFEB,3000,•BEGOYICH $•)
CALL TITLE (.4,NAHE,'DAYSS'

1,'LEAF LITTER HINEBALIZATIOH (UG/H**2/HR) $•)
CALL BAYPLT (XINC, PLTHNS,NINC)

140 IF(YHIN7.EQ.YHAX7) GO TO 145
CALL BNDPLT(XHIH,XHAX,YHIN7,YHAX7,'LINEAB',HACHIN,-1..-1.,

1BOFPEB, 3000,' BEGOVICH $•)
CALL TITLE(.4,NAHE,'DAYS*','LEAF ELEHENT POOL (UG/H**2) »•)
CALL BAYPLT (XI1C,PLTLPS,NIIC)

145 IF(YHIN8.EQ.YHAX8) GO TO 150
CALL BNDPLT (XHIB.XH AX.YHIN8.YHA X8 .* LIMEAB«,HACHI N,-1. ,-1. ,

1BDFFBB.3000,'BEG OVICHS')
CALL TITLE(.4,NAHE, 'DAYSS*,'STEH ELEHBNT POOL (UG/H»*2) S* )
CALL BAYPLT (XINC, PLTSPS,N INC)

150 I!(rMIN9.EQ.YHAX9) GO TO 155
CALL BNDPLT (XNIN.XHAX, YHIN9, YHAX9 ,'LINEAB • ,HACHIN,-1. ,-1. ,

1BUFFEB,3000,•BEGOVICUS')
CALL TITLE (.4,NAHE, 'DAYSS*, 'BOOT ELEHBNT POOL( UG/H»: 2S')
CALL RAYPLT(XINC,PLTHPS,NINC)
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ISN 0140 155 IF(YHIN10.EQ. YHAI10) GO TO 160
IS- 0'«2 CALL RNDP1T(IHIN,IHAI,YHIN10,YH»I10,'LINIAR',MACHIN,-1.,-1

1BUFFER,3000,'BEGOYICHS')
Is" 0 1«3 CALL TITLE(.4,NAHE,*DAYSS*,*LITIEB ELEHENT POOL (OG/H**2) S*)
ISN 0144 CALL BAYPLT(XINC,PLTAHT, IIIC)
ISN 0145 160 IF(tHIN11.EQ. YMAX11) GO TO 165
IS* 0'1*7 CALL BNDPLT (XHIN,XHAX.YHIN11,YHAX11.-LINEAR',HACHIN,-1.,-1..

1BUFFBB,3000,* BEGOVICHS')
Is* 01*8 CALL TITLE (.4,NAHE.'DAYSS*."TOTAL PLANT SOLDTB DEHAHTS*)
ISN 0149 CALL RAYPLT (XINC,PLTTWA.NINC)
ISN 0150 165 CONTINUE
ISN 0151 CALL ADVANS
ISN 0152 RETURN
ISN 0153 END

• 9
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LEVEL 21.6 (DEC 7 2) OS/36 0 FOBTBAN H

COHPILER OPTIONS - NAHB= HAI B, OFT=02,LIIECHT=60, SIZE=0000K ,
SOURCE,EBCDIC,NOLIST,NO DECK.LOAD,HAP,NOEDIT,MOID,IOXBEF

ISN 0002 SUBROUTINE DIFHAS (MIN, HOUR)
C THIS SUBBODTINE IS BASED 01 THE FOBTBAN PBOGBAH DEVELOPED BY
C BALDWIN,NYE AND TINKER (1973) PLANT AND SOIL 38:621-635
C

C CHCON-AHOUHT OF SOLUTE TAKEN OP IN IIHE PERIOD (DG/CH**2 LAND/T)
C C0H-AVIEA6E SOIL SOLUTION CHEHICAL CONCENTRATION (DG/HL)
C RF(ID(J))=RO0T WATSB UPTAKE FBOH PBOSPEB LAYER J (HL/CH»*2 LAND)
C ID(J) = PBOSPEB LAYEB ASSOCIATED BITH SOIL CHEHISTRY LAYEB *J*
C BTOT(N)=PLANT BOOTS OF VEGETATION N (G/CH**2 LAHD)
C RALL=HASS OF ALL BOOTS (G/CH»»2 LAHD)
C BHASS=BOOT MASS II JTH SIOL CHER LAYEB (G)
C RVOL=ROOT VOLDHE IN JTH SOIL CHEH LAYEB (HL)
C BNO=BOOT I0HBEB IN JTH SOIL CHEH LAYEB
C L=BOOT DENSITY (CH/HL)
C RDEN=DENSm OF FBESH BOOTS (G/HL)
C RBATEB-BOOT WATER CCNTENT/G DBY WEIGHT (G/G)
C WATUP-1ATEB UPTAKE RATE/G BOOT FOB PBOSPBB LAYEB (HL/G/TIHE)
C BEL=BOOT WATER UPTAKE BATE IN JTH SOIL CHEH LAYEB (HL/TIHE)
C VEL=BOOT WATER UPTAKE BATE/CH»*2 BOOT ASIA (HL/CH»*2/SEC>
C CHETA (ID(J) )-PROSPER SOIL 1ATEB CONTENT (ML/ML)
C DELT'SECONDS IN TIHE STEP (900 OB 3600)
C DFLC'SOLUTE UPTAKE INCREHEWT IN LOOP • DO 90,DO 100* (DG/HL SOIL)
C CLI=IIITIAL SOIL SOLUTION CONCENTRATION (UG/ML SOIL IATEB)
C CLL-DP DATED 'CLI* IN LOOP 'DO 90, DO 100*
C DELX'SOIL CHEHISTBY LAYER THICKNESS (CH)
C DIFF»SOLUTE UPTAKE FBCH SOIL SOLUTION (UG/CH**2 LAND)
C EXDIFF=SOLDTE UPTAKE FBOH SOIL EXCHANGE (DG/HL SOIL)
C EI(I,J)=SOIL EXCHANGE CHEHICAL (UG/G SOIL)
C CON(I,J)=SOIL SOLUTION CHEHICAL II JTH LAYEB (0G/CH*»2 LAID)
C BD(J)=B0LK DEISITY OF SOIL LAYEB *J* (G/HL SOIL)
C KD=DISTBIBUTIOI COEFFICIENT (OS ADSOBBED/G SOII/OG DISSOLVED/HL
C SOLUTION)

C A=BDFPER POWEB (TOTAL SOLUTE/HL SOIL/DISSOLVED SOLUTE/HL SOLUTION) DIFH
I SI 0003 IMPLICIT REAL'S (A-H.O-Z)
ISI 0004 RUL*8 L,HOIST,HOISII,KD,LAI,LSTOB, LSPHLO.LSUGAR
ISI 0005 DIHENSION RTOT (3) ,C1 (3)
ISI 0006 INTEGER Q.RCCB
ISI 0007 COHHOI/CHHBOS/SWFBL(8),CHETA(8) .SIBF1 ,S HBF2.BLAT (8)
ISI 0008 COHHON/CHHGEN/DEPTH(2 5),DELX(25),XTBACT(25),CH20(25),HOIST(25) ,

1ISIN(25),ENAHE (5),Q,ID(25) ,IPBINT,NELH
ISI 0009 COMHON/FLOW/FL(5,25),BFL(5,25),FLAT(5,25)
ISI 0010 COHHON/CONCEN/EC(25),BD(25),EX(5,25),COR (5.25) .TCONC (5)
ISI 0011 COHHON/VAL/KD(5,25),SP<5) ,EQBT(5)
ISI 0012 COHHON/PLANTD/CHCON(3,5),HOBS,TBDEP,TRDEPS,R,DI(5),HDEN,

1LHIN

ISI 0013 COHHON/OUTCON/DOH (3,5),TCHCON (5),THASFL(5) ,TDIFFL(5)
ISI 0014 COHHON/TISS0E/BWATEB(3).ABSPOW(3.9) .SHART (3),RHART (3),

1RHESO(3) .NSTRAT
ISI 0015 COHMON/SHINE/SUNHB
ISI 0016 COHHOI/TBUNK/LAI(3),LSTOB(3) ,SSTOR(3) ,RSTOB(3),LSPHLO(3).

1SRPHLO(3) .LSDGAB (3),SS0GAB(3) ,RSUGAR(3) .CENTHP
ISI 0017 COHHON/GEOHET/HOB(8), AT(2).ABAT (2),FC{8) ,THETA (8),

1SWT(8)
ISI 0018 DIHENSION BF(2)
ISN 0C19 EQUIVALENCE (BP (1),SBRF1)
ISI 0020 DATA PI/3.1416/
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ISN 0021 CO 100 K=1,NEIH
ISN 0022 DO 100 N=1,NSTRAT
ISN 0023 CHCON(N,K)=0.0
ISN 0024 100 CONTINUE

ISN 0025 RATIOL=0.0

C DETERHIIE NUHBEB OF SECONDS IN THIS TIHE STEP
ISN 0026 IDHN=HIN-LHIN
ISN 0027 IF(IDHN) 105,110,115
ISN 0028 105 DELT=(HIN+60-LHIN) *60
ISN 0 029 GO TO 120
ISN 0C30 110 DELT=3600
ISN 0031 GO TO 120
ISI 0032 115 DELT=IDHI*60
ISN 0033 120 LHIN=HIN

C FIND COHULATIVE DBY BCOT BASS (QQ) AS A FUNCTION OF DEPTH ASSUHINGDIFH
C THAT THE FBACTION OF BOOTS II THE 1ST AND 2ND PBOSPEB LAYEBS IS
C ABAT( 1) AND ARAT (2) RESPECTIVELY.
C»*«* FIND C1 AND C2 FOB QQ= C1*DSQBT (X) * DEIP (C2«X) TO DIVIDE DP BOOTS
C INTO EACH SOIL CHEHISTBY LAYEB.

ISI 0034 C2=DLOG(ABAT(1)*TBDEPS*HOBS)/(HOB(1)-TBDEP)
ISI 0035 RALL'O.
ISI 0036 DO 125 l=1,NSTBAT
ISN 0037 RT0T(N) = (BST0B(N)»BSUGAB(N))*1. D-4
ISN 0038 C1 (l)»BTOT(N)/(TBDEPS*DEXP(C2*TBDEP))
ISN 0039 RALL=BALL*RTOT(N)
ISN 0040 125 CONTINUE

ISI 0041 IF(BALL.LT. 1.D-10) GO TO 255
ISN 0043 RATIOL=0.0D0
ISI 0044 TTUPT=0.0D0
ISN 0045 DO 250 J=2,Q
ISN 0046 RHASS=0.
ISI 0047 IF(ID(J).GT.2) GO TO 250
ISN 0049 WATUP=BF(ID(J))/(BALL*ABAT(ID(J)))

C****» FIID THE DBY BOOT HASS (G/CH**2) II THE JTH SOIL CHEH LAYER
ISN 0050 DO 130 N=1,NSTBAT
ISN 0051 TBATIO=DSQBT(DEPTH(J)) *C1 (N) • DEIP(C2*DEPTH(J) )
ISN 0 052 BATIO=TRATIO-BATIOL
ISN 0053 BATIOL=TBATIO

C***** CALCULATE THE HASS.VOLOHZ, AND NUHBEB OF THE BOOTS IN THIS LAIEBDIFH
ISI 0054 130 RHASS=BATIO»(1.*BWATEB(l))*BHASS nrwrn
ISI 0 055 WEL'WATUP/BHASS
ISI 0056 BVOL'BHASS/BDEN
ISN 0057 R»0=BVCI/(DELX(J)»1.414*PI*B*B)
ISN 0058 VEL=BEL/(BNO*2.»B*PI*DELT)

C*»*»* II IS THE EFFECTIVE DISTANCE FBOH BULK SOLOTIOI TO BOOT
C BASED ON BALDWIN AND NYE (1974) PLAIT AID SOIL 40:703-706

ISI 0059 XDIS=DSQBT(1./(BNO»PI))
ISI 0060 VLFL=CHETA(ID(J))*CHETA(ID(J) )
ISI 0061 XPAC»DL(ID(J))*VLPL*DELT
ISI 0062 XF=DSQBT(XFAC)
ISI 0063 XLIH-(2.D0*XF) *B
ISI 0064 X1«XLIH
ISI 0065 IF(XLIH.GT. XDIS) X1-XDIS
ISI 0067 L=RNO*1.414

CIF(HOOB.EQ.O) PRINT 2000,L,XI , J.C1 (1) , C2,TBATIO,RATIO
C2000 FOBHAT ( *0L,X, J.CI, C2.TBATIO.BAT 10 ',2E 10.2,15,4E10.2)

ISN 0C68 135 CONTINUE
ISN 0069 DELT=OELT/10.
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If (TEL.EQ.O.) YEL=-99.
TTOPT«0.0DO

DO 245 I-1.NELH
A=((KD(I,J) «BD (J))*CHETA(ID(J)) )
T0PT=0.0D0

DELC'O.ODO

Z=VLFL*DL(I)
ZI-1./I
G=B*VEL*U
CLI=COI (I, J)/CH20 (J)
CLL'CL I

DO 240 N>1,NSTBAT
B=B*1BSP0H(N,I)*ZI
Y=X1/B
UN0H=6.283*ABSPCW (1,1)*B*DELT
Y2=Y»Y

IF(YEL.GT.0.)GO TO 175
UPTAKE BY DIFFOSIOI OILY (B.IST 1973 EQUATION V)

140 G=0.
DEIOH=1.*B*(Y2*DLOG(Y)/(Y2-1.)-.5)

145 DO 150 ITIH=1,10
0PT=0NUH*CLL/DBNOH

T DPT-T OPT ♦OPT
DELC«DELC*UPT»L

IF(CLI.LE.0.) GO TO 245
ATERH-DLOG (CLI)-DELC*A
CLL-DEXP(ATERH)
DIPEX»DELC* (C IL-CLI) »CH20 (J)
IF(DIFEX.GT.EX(I,J)/BD(J)) GO TO 155

150 CONTIIDE

GO TO 205
155 DELC=CLL*CH20(J)*EX (I, J)/BD(J)-1. D-12

IF (DELC) 160,165,165
160 TII—DELC

DELC-0.

GO TO 170
165 TEX=1.D-12

170 CLL-0.
CLI'O.

GO TO 205
175 CONTINUE

UPTAKE BY HASS FLOW AID DIFFOSIOI (B.ICT 1973 EQOATIOI X)
BOG-ABSPOW (N, D/VEL
DlWOH«BOG»(1.-BOG)* (2./(2.-<5) *(I**(2.-G) - 1.) /( Y2- 1. ) )
IF(DENOH.EQ.O.ODO) GO TO 140
DO 180 ITIH-1,10
UPT=UN0H*CLL/DENOH
TUPT=TDPT»DPT

DELC«DELC*UPT*L

If(CLI.LE.0.) GO TO 245
BTERH-DLOG(CLI)-DELC*A
CLL-DEIP(BTEBH)
DIFBIT=DELC»(CLL-CLI) *CH20 (J)
IF(DIFBIT.GT.EX C,J)/BD(J)) GO TO 185

180 COITIIUE

GO TO 205
185 DELC=CLL*CH20 (J)+EX (I,J)/BD(J) - 1. D-12

IF (DELC) 190,195,195
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ISN 0133 190 TIX=-DELC

ISN 0134 DELO0.

ISN 0135 GO TO 200
ISN 0136 195 TEX=1.D-12

ISI 0137 200 CLL»0.
ISN 0138 CLI=0.
ISI 0139 205 CONTINUE

ISI 0140 DCDX=DELC«DELX (J)
ISN 0141 CON(I,J)=CLL*CH20(J)
ISN 0142 IF (CLL. LT.0.) CALL EBBOB
ISN 0144 DIFF=(CLI-CLL)«CH20 (J)
ISN 0145 ZXDIFF-DELC-DIFF/DELX (J)
ISI 0146 CHCOI(N,I)=DCDI*CHCON(N,I)
ISI 0147 IF(SOIHE) 215,215,210
ISN 0148 210 THASFL(I)*THASF1(I)«DCDX
ISI 0149 GO TO 220

ISN 0150 215 TDIPFL{I)»TDIFFL(I)*DCDX
ISI 0151 220 TCHCON (I)=TCHCON(I)»DCDX
ISI 0152 IF (CLI) 225,225,230
ISI 0153 225 EX(I,J)=TEX
ISI 0154 GO TO 235

ISI 0155 230 EX(I,J)«EX(I,J)-EXDIFF/BD(J)
ISI 0156 235 CONTINUE

ISI 0157 If(EX(I,J) .LT.0.) CALL EBBOB
ISN 0159 240 CONTINUE

ISI 0160 245 CONTINUE

ISN 0161 250 CONTINUE

ISI 0162 255 RETURN

ISI 0163 EID
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LEVEL 21.6 (DEC 72) OS/360 FOBTRAN H

COHPILER OPTIONS - NAHB= RAIN, OPT=02,LINECIT=60,SIZE=0000K,
SOURCE,EBCDIC,NOLIST,NO DECK,LOAD,HAP,NOEDIT.HOID,IOXBEF

ISN 0002 SUBROUTINE DRYADS (PRES,IHR, MIN, MONTH,YEAR, KDAY) DRYA 1
C THE UPTAKE AND MOVEMENT OF SOLUTES IN VEGETATION. DBYA 2
C THEBE ABE SEVERAL STEPS ; LEAF SURFACE CHEMISTRY,LEAF UPTAKE DBYA 3
C THROUGH STOMATA AND CUTICLE,TB ANSLOCATION,SOLUTE INCORPORATION IIDBYA 4
C VEGETATION,BOOT UPTAKE AND XYLEM TBAHSPOBT. DBYA 5
C DBYA 6
C INPUTS TO THE LEAF SURFACE CHEHISTBY CAN BE SUPPLIED BY AN AIB DBYA 7
C TBAHSPOBT HODEL AND INPUTS TO THE ROOT UPTAKE SUPPLIED BY A SOIL DBYA 8
C -ROOT UPTAKE HODEL. DBYA 9
C DBYA 10
C THIS SUBROUTINE BUST BE BUI WITH THE PLAIT GROWTH HODEL(CEBES) DBYA 11
C THAT COUPLES TO THE HOOBLI PROSPER VEBSION OF LAHD II THE IHTH. DBYA 12
C DBYA 13
C CRYADS ABE WOOD IYHPHS WHICH CORE INTO EXISTAICE WITH TBEES AND DBYA 14
C PEBISH WITH TBEES. DBYA 15

C DBYA 16
C UP TO NINE CHEHICAL SPECIES CAN BE EXAMINED FOR THE NUHBEB OF DBYA 17
C VEGETATION TYPES DEFINED IN CEBES. DBYA 18
C DBYA 19
C FIVE SOLUTE CHEHICALS AID FOUR GASES CAI BE EXAHIHED OBYA 20
C THE SOLUTES ABE CONSIDERED II IRE FOLLOWING SEQUENCE. PB,CD,ZN,CD,DBYA 21
C THE GASES ABE CONSIDERED II THE OBDEB. S02,N02,F2,CL2 DBYA 22
C DISCSIPTIOI OF VABIABLES II MODEL. DBYA 23
C ISTBAT=BDHBEB OF PLAIT SPECIES (I STBAT. LE.3) DRYA 24
C NELH-ROHBBB OF SOLUTES ENTERING LEAF CUTICLE AID BOOTS DBYA 25
C IHIN-IOHBER OF FIBST SOLUTE OF INTEREST IN THE SEQUENCE (PB,CD,ZI, DBYA 26
C HTOT-TOTAL NUHBEB OF SOLUTES AND GASES DRYA 27
C DBYA 28
C SOHE VABIABLES ABE HADE DOUBLE PBBCESION BY INCLUDING *D* IN THE IDBYA 29
C THE PBEFIXED L,S,B,T BEFEB TO LEAF,STEH,BCCT AND TOTAL RESPECTIVZLDRIA 30
C TLAI=SDH OF LAI FOB ALL FLART SPECIES DBYA 31
C TROOT=SUH OF BOOT STOBAGE FOB ALL PLANT SPECIES (G/H**2) DBYA 32
C LAI-LEAF AREA INDEX DBYA 33
C BSTOB»BOOT STOBAGE (G/H*«2) DRYA 34
C CANART=AHODNT OF DEPOSITIOI II CAIOPY (UG/CM«*2) DRYA 35
C .SALT IS SOLDTB ASSOCIATED WITH THE PHLOEH PATHWAY (SUGAR COUPLED) DRYA 36
C .SOLU IS SOLUTE ASSOCIATED WITH THE XYLEH PATHWAY (BATES COUPLED) DBYA 37
C DIFSOL=AMOUNT OF SOLUTE PASSING THROUGH THE LEAF CUTICLE (DG/H»*2) DRYA 38
C PEBH-COTICLE COIDOCTIVITY (CH/SZC) DRYA 39
C PTLH-CDTICLE THICKNESS (CR) DRYA 40
C SOLEX-AHOUNT CF SOLUTE 01 LEAF SOBFACE (UG/H«*2 OF GBOUHD) DBYA 41
C SOLII-AHOUIT OF SOLOTZ WITHIN LEAF (UG/H**2 OF GBODID) DRYA 42
C SOLHAX-HAXIROH AHOUIT OF SOLUBLE SOLOTE ON LEAF SDBFACE (UG/H**2 ODRYA 43
C SP-SOLOBILITY OF SOLOTE (DG/HL OF SOLUTION) DBYA 44
C RATLAI-LEAF WAIIB FILH THICKNESS II DRY STATE (CR) DBYA 45
C ICESS"EXCESS OF CANAHT TO SOLHAX (UG/H**2) DRYA 46
C DIFCO-BAT 10 OF DIFFUSION COEF OF GAS TO RATES VAPOB DRYA 47
C TBESIS-TOTAL RESISTANCE TO GAS OPTAKI (SBC/CH) DRYA 48
C BSTOH-STOHATAL RESISTAICE (SEC/CH) DBYA 49
C RBOUBD-BODNDARY LAYER RESIST1ICE (SIC/CH) DBYA 50
C RHESO-HESOPHYLl BESISTANCE (SIC/CH) DRYA 51
C GASEX-ATHOSPHEBIC GAS CONCENTRATION (CC/CC) DBYA 52
C GASH-INTERNAL GAS CONCEITBATION (CC/CC) DRYA 53
C GASDEI-GAS DENSITY (G/CC) DRYA 54
C GASDIF-GAS OPTAKI (DG/CH«*2 OF LEAF/TIME PERIOD) DRYA 55
C GASFIX=COHPODRD EQUIVALENT TO GASDIF (DG/H--2 LAND/TIME PEBIOD) DBYA 56



C

C

C

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

ISI 0003

ISN 0004

ISI 0005

ISN 0006

ISN 0007
ISI 0008

ISN 0009

ISN 0010

ISI 0011

ISI 0012

ISI 0013

ISI 0014

ISI 0015
ISN 0016

ISI 0017

ISI 0018

ISI 0019

ISI 0020

ISI 0021
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HASH-NUMBER OF TIHES INTERCEPTION CAN BE FILLED IN GIVEN RAINFALL DBYA 57

NASHOF-AROURT OF MATERIAL HOVED FBOH CANOPY TO LITTER DURING RAINFDRYA 58
LV0L= INTERCEPTION VOLUHE FEB UNIT OF LEAF AREA (CH**3/CH**2) DBYA 59
CFRAC-FRACTION OF INTERCEPTION CADGBT IN CANOPY DBYA 60

LEACH=AHODIT OF SOLOTE WASHED OUT OF LEAF DDBING BAINFALL (UG/H**2DBYA 61
SCEP-BATEB C3ITEIT II INTERCEPTION STOBAGE (CH) DRYA 62
LSSALT-AHOUNT OF SOLUTE HOVED FBOH LEAF TO STEH IN PHLOEH (DG/H**2DRYA 63
SRSALT-AHOUNT OF SOLOTE HOVED FBOH STEH TO ROOTS II PHLOEH (DG/H**DRYA 64
LSPHLD-PHLOEH BESISTANCE TO SOLUTE MOVEMENT FROR LEAF TO STEH (SECDRYA 65
SRPHLD=PHLOEH BESISTARCE TO SOLUTE HOVEHENT FROM STEH TO BOOT (SECDBIA 66

.NANT=DEHAND FOB SOLUTE USED TO CONVERT SOLUBLE FORH TO FIXED FOBH DBYA 67
.WATER-WATER CONTENT PEB UNIT DBY WEIGHT (G/G) DBYA 68
.CAP=WATER CAPACITY OF STEH OB BOOT (G/M*-2) DBYA 69
.SOLDH=HAXIHUH SOLUTE CONCENTRATION II TISSUB (UG/G) DRYA 70

BFLOX-WATEB FLOX INTO BOOT SISTER (CM/M**2) DBYA 71
RSSOLU-AHOUIT OF SOLUTE HOVED FBOH BOOT TO STEH II XILEH (UG/H**2) DBYA 72
SLSOLD-AHOUNT OF SOLUTE HOVED FBOH STEH TO LEAF IN XILEH (0G/H**2) DBYA 73
RFLUX-AHOUNT OF SOLUTE TBAISPOBTEC INTO ROOT (UG/H**2) DBYA 74
CONDDC=BOOT CONDUCTIVITY TO SOLUTES (CM/SEC) DBYA 75
CRCOH=BOOT SOLUTE UPTAKE FBOH DIFHAS(UG/CR**2 LAND) DRYA 76
ABSPOR-ABSORBIIG POWEB OF BOOTS FOB SOLUTES (CM/SEC) DBYA 77
♦PART IS A PARTITIOH FACTOR TO SPLIT LITTER SOLUTES IITO DRYA 78
L.S.B.F COMPONENTS DBYA 79

DBYA 80
IMPLICIT BEAL*8 (A-B,0-Z) DBYA 81
REAL-8 LVOL,LEACH,LSOLU,LSALT,LSOLUH.LINSOL, DRYA 82

1LSSALT.LSPHLD,LWANT,KD,LWANA,LPOOL,LHINL DRYA 83
2,LFIX,IHDH.TMRD,LPRES,LPART.LLIT.HOLBT.LBCON DBYA 84

BEAL*4 STOT,ATOT,SIHTB,SHD,SS0R,SIHP,SIIT,SBAS,SBCH,SBA,SIET,SPBT. DBYA 85
1TOTELH,RES,SRGX,SCEP,REE,IHIN.XHAX DBYA 86
REAL*8 LAI,LSTOB,LSDGAB,LSPHLO,LSIHET,LSGR8T,LCARB,LDECOH, DBYA 87

1LGBOB,LTOX,LBIOH,LBESTD,LAIHAI,LA£LZ DRYA 88
INTEGER Q,HOUR,YEAR DBYA 89
DIMENSION LEACH (3,9), LSS»LT(3,9),SRSALT (3,9) ,SLSOLU (3,9), DBYA 90

1RSSOLU (3,9) ,SFSALT(3, 9),TPAAL(9| DRYA 91
DIMENSION LBCON (9),FBCON(9),SBCONS(9) ,SBCONH(9) ,BBCOIS (9) , DBYA 92

1RBCONH(9) ,TLPOOL(9) ,TPCONC(9) .THIRL (9) ,TOTH (9) ,BCOIC (9) DRYA 93
DIHEHSIOI CANQAI(3,9),DIFSOL(3.9) ,GASDIF(3,4) DRYA 94

1,GASFIX(3,4),ERTBEE (3, 9) ,EBLI TT (3 ,9) DRYA 95
COMHON/HISC/STOT,ATOT,SINTR,SHD,SSURfSIHP,S INT,SBAS,SRCH,SRA,SNET, DBYA 96

1SPET.TOTELH,RES,SRGX,SCEP,REP DRYA 97
COHHOI/SDHDRI/TDIF(3, 9),TLEA(3,9) ,TGAS (3 ,9) ,TLSS (3,9) ,TSFS (3, 9) , DRYA 98

1TSRS(3,9) ,TBSS (3,9).TSLS(3,9) ,TLH0(3,9) , TSHO (3,9) ,TFHO (3,9) , DRYA 99
2TBHO(3.9) ,TLHI (3,9) ,TSHI(3,9) ,TFHI(3,9) ,TBHI(3,9) ,TCIN (3,9) DRIA 100
3,TPUDDL(3,9) DRYA 101

DIHENSION TLSSA (3,9),TSSSA(3,9) ,TBSSA (3,9) ,TLWA (3,9) .TSWA (3,9) , DBYA 102
1TFWA(3,9) ,TRBA (3,9) ,TT»A(3,9) ,ZEBDBY(486) DRYA 103

DIHERSION LPABT(3,9),SPABT(3,9) .FPART (3,9) .FPABT (3,9) DRYA 104
EQUIVALENCE (ZERDRI (1) ,TDIF(1, 1) ) DBYA 10S
COHHOI/BLOCKE/BI,GND,ITI.EE,PRP ,El.1EL, JDATE DRYA 106
COHHON/CHHGEN/DUMHI(6,25) , ENAHE (5) , Q, ID (25) .IPBINT, NELH DRIA 107
COHHOR/VAL/KD(5,25),SP(5) ,EQRT(S) DRYA 108
COHHON/DEPO/DEP(5,12),AHT(5),CANAHT(5),STBCPR DBYA 109
COHHON/PLANTD/CHCON(3,5) ,HOBS,TBDBP,TBDEPS,I,DL(5) ,BDER,LRIN DRYA 110
COHHON/CEBPAR/FSIOR (3),FS0GAR(3),SBOOD(3) .BROOD (3) , PI. DBYA 111

1P5.B1 ,B2,FBIOB(3),RBICH(3) ,LBIOH(3) ,SBIOH(3) .SFPHLO (3) , DRYA 112
2FRESTD (3) ,LBESTD(3) , RRESTD(3) ,SBESTC(3) ,SDGHAX (3) , THPSTD (3) , DRYA 113
3C02A(3) ,C02C (3),CHARGE, SOGCOI. DRIA 114



ISN 0022

ISN 0023

ISN 0024

ISI 0025

ISI 0026

ISN 0027

ISN 0028

ISN 0C29

ISI 0030

ISI 0031
ISI 0032

ISI 0033
ISI 0034

ISI 0035

ISI 0036
ISI 0037

ISI 0038
ISI 0039

ISI 0040

ISI 0 041
ISN 0 042
ISI 0043
ISI 0044

ISI 0046
ISI 0047

ISI 0048

ISI 0C4 9
ISI 0050

ISI 0051

ISN 0052
ISI 0053

ISI 0055
ISI 0056

ISI 0057

ISI 0058

ISI 0059

ISI 0060
ISI 0061

ISI 0 062

ISI 0 063
ISI 0064
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4T1,T2,T3,T4,C02X,LAIHAX DRYA
COHHOH/TBONK/LAI (3) , LST0B(3) , SSTOH ( 3) .RSTOB (3) .LSPHLO (3) .SBPHLO (3) DBYA

1,LSDGAB(3) ,SS0GAB(3) , BSOGAB(3) , CEITBP DBYA
COHHON/TISSUE/RWATEB (3) ,ABSPOB(3, 9) .SHART (3) .RHART (3) , DBYA

1RHESO (3) .NSTRAT DBYA
C0HH0I/CHHH0S/SWFBL(8).CHE1A(8) ,SBB F1 ,S WBF2.BLAT (8) DRYA
C0HH0I/DRYPAB/CFBAC,GASDEI(4) ,GASCON(4) ,GASEX(3,4) .DIFCO (5) , DBYA

1S WATER (3) ,PERH(3),FILM(3) ,BATLAI(3) .CONDUC (3) , LSOLUH (3, 9) , DRIA
2SSOLUH(3,9) .RSOLUH (3, 9) , FSOLUM ( 3. 9) ,GASNAH (4) , HOLWT (4) .NHIN.HTOT DRYA

COHHON/IITSOL/LSALT (3,9) ,SSALT(3, 9) ,BSALT(3,9) .FSALT (3,9), DBYA
1LSOLD(3.9) ,SSOLU(3,9),BSOLU(3,9),LINSOL(3,9),SINSOL<3,9), DRYA
2RIISOL(3,9),FIISOL(3, 9) .GASIN (3 ,4) , DEFCON (9) , DRIA
3DIHCON(9) .TOXCON(9) .TOXPNT (9) ,FCLCON(9) ,SDOBH(3,9) , BDOBH (3, 9) DRYA
COHHOI/HOHID/FOLTIP.PAIR.CPO, RA.RI, SIGH A, XL,GH ,GV,HT,ALEAF DBYA
COHHOI/DECAY/IPOOL(3, 9) .SPOOL (3,9),SPOOL (3,9) .FPOOL (3,9) , DBYA

1SHOLD(3,9) ,TGOODY(3,9) DRYA
COHHOI/HORTAL/LSTBRT(3),SSTHRT(3) ,SSGHBT(3), DBYA

1SRDHRT(3),BSTHBT(3) ,BSGHRT(3) ,BWDHRT(3) ,FSTHRT(3), DRYA
2PSGHRT(3) ,LSGHRT(3) .THPLII DBYA
C0HH0H/BEVIVE/LCAB3 (3),SCARB(3) ,FCARB(3) ,BCABB(3) .LDECOH(3) , DRYA

1SDECOH(3) ,FDECOH(3).RDECOH(3) ,STDIAC(3) ,SFLOP(3) DRYA
COHHON/WASH/LHINL(3,9),SHINL(3,9) .FHINL (3 ,9) .RHIIL (3,9) DRTA
COHHON/GBOWCO/LGROW (3),SGROW(3) .FGROW (3) .BGBOW (3) DRYA
COHHON/TOXCO/LTOI (3) , STOX (3) , FTOX (3) ,RTOX (3) DRIA
COMHON/PLTDBY/ PLTDIP<66) .PLTGAS(66) ,PLTLPS{66) ,PLTSPS (66) , DRTA

1PLTRPS(66) ,PLTLSS(66),PLTRSS(66) , PLTCHC(66) ,PLTA MT (66) , PLTHNS (66) DRYA
2,PLTTWA(66) DBYA

RBAL*4 PLTDIF.PLTGAS, PLTLPS,PLTSPS, PLTBPS.PLTLSS,PLTRSS DRTA
1.PLTCBC,PLTAHT,PLTHNS, PLTTWA DBYA
COHHOI/PITALL/XHII, XHAX.INC1, ISTB A, IQOES, KS DRYA
COHHOR/PRSPLC/IPBPLT,IHPLT,ISPLTS,IHSPLT,ROISPL(12),HOIPLT(12), DRIA

1PORPLT (36) ,NBEG (12),NEND(12) .HACHIN DBYA
INTEGEB*2 HONSPL, HOIPLT, POtPLT, NBIG.NEND DBYA
DATA LPART,SPART/27*0.5,27*0.2/ DRYA
DATA RPART,FPABT/27*0.299,27*0.001/ DBYA
ZDATE-JDATE
STRAT-NSTRAT

FTIHE-900.D0

IT<PRES.LE. 0. ) FTIHE-36CC.D0
TLAI-O.DO

TBOOT-0.D0

DO 100 1-1,NSTRAT
TLAI-TLAI*LAI(I)

100 TROOT-TBOOT»RSTOR(I)
SCEPD-SCIP

NGAS-NBLH+1

IF(RGAS.GT.NIOT) GO TO 110
DO 105 I-NGAS.NTOT
CAIAHT(I)-0.

105 AHT(I)«0.
110 TPOOL-0.

C •** DFT ERMINE SOLDTE BOVIBENT IN BACH VEGETATION TYPE
DO 375 I-1.ISTSAT
LSPHLD»LSPHLO(I)*3600.
SBPHLD-SBPHLO (I) -3600.
SFPHLD-SPPHLO(I)*3600.
LVOL-0.

IF(TLAI.GT. 1.D-10) LVOL-SCEPD*CFB AC*LAI (I)/TLAI

DBYA

DRYA

DRYA

DRYA

DRIA

DRYA

DBYA

DRYA

DRYA

DRY A

DBYA

DRYA

DRYA

DRTA

DRYA

DRYA

DRYA

DRYA

DRYA

DBYA

DRYA

DRYA

DRYA

115

116

117

118
119

120

121

122
123

124

125

126
127

128

129
130

131

132
133

134

135

136
137

138
139

140
141

142

143

144

145

146
147

148

149

150
151

152
153

154

155

156
157

158

159

160

161

162

163
164

165
166
167

168
169
170

171

172
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ISI 0 066 RFLUX-O.

ISN 0067 IF(TBOOT.GT.1.D-10) WFLUX-(SWBF 1+SWRF2) *ESTOR (I) /TROOT
ISI 0069 RCAP-(BSTOB (I)+BSUGAB (I) ) *BWATEB(I)
ISI OC70 SCAP-(SSTOB(I) »SSUGAB(I)) *SWATEB(I)

C •*• DETERMINE SOLUTE MOVEMENT FOB EACH CHEHICAL
ISN 0C71 DO 370 K=IHIN,NTOT
ISN 0072 H-K-IELH
ISI 0073 LWANA-(LSTOR(I)»LSUGAB(I)) *LSOL OH (I.K)
ISN 0074 FWAIA=(FSTOR(I)*FSUGAB(I))*FSOLOH (I.K)
ISI 0075 SNAHA=(SSTOB(I)«SSDGAB(I))*SSOLDH(I,K)
ISI 0076 BBANA»(BSTOB(I)*BSUGAH(I))*BSOLUH (I,K)
ISN 0077 LPRES=(IINSOL(,I,K)*LSOLU(I,K) +LSALT (I.K) )
ISN 0C78 LABLE-LWARA-LPBES
ISN 0079 DIFSOL(I,K) -0.
ISI 0080 LEACH(I,K)-0.
ISI 0081 GASFIX(I,K)=0.
ISI 0C82 CANQAN (I,K)>0.
ISN 0C83 CIN-0.

ISN 0C84 LWANT-0.

ISN 0C85 IF(ZDATE.LT.T1.0B.ZDATE.GT.T4) GO TO 165
ISN 0C87 IF(LWANA) 120,120.115
ISN 0088 115 LIAIT-LABLE/LWAIA
ISN 0089 If (LWANT.GT.1.) LWAIT-1.
ISN 0091 GO TO 125
ISI 0092 120 LWANT-0.

ISN 0093 125 IF(LWANT.LE.O.) GO TO 165
ISI 0C95 IF(H) 130,130,155
ISN 0096 130 IF(TLAI.GT. 1.D-10) CANQAI (I.K) -CAIART (K) *1.D4*LAI (I)/TLAI

C

C PABT ONE - LEAF WASH, LEACHING AHC UPTAKE
C

ISI 0C98 SOLIN-LSALT (I, K)+LSOL0 (I.K)
ISN 0C99 SOLHAX=LVOL»SP(K)»1.D4
ISI 0100 IF(LVOL.LE.0.) SOLHAX-WATLAT (I) *SP (K) *LAI (I) *1 .D4
ISI 0102 XCESS=CARQAI(I.K)-SOLHAX
ISI 0103 IF(XCESS) 135,135,140
ISI 0104 135 SOLEX=CAIQAI(I,K)
ISN 0105 GO TO 145

ISI 0106 140 SOLEX-SOLHAX
ISI 0107 145 CONTINUE

ISN 0108 DIFSOL(I,K) = (PEBH(I)*(SOLEX-SOLII)*ITIHE)/FILH(I)
ISN 0109 IF(CANQAN (I.K) .LT.DIFSOL(I.K)) DIFSOL (I , K)=CANQAI (I.K)
ISN 0111 IF(DIFSOL(I,K).GT. LABLE) DIFSOL (I ,K(-LABLE
ISI 0113 IF(DIFSOL(I,K) .LT.O.) GO TO 150
ISN 0115 LSALT (I.K) = LSALT (I, K) ♦ DIFSOL (I,R)
ISI 0116 CANQAN (I,K)-CANCAN(I,K)-DIFSOL(I,K)
ISI 0117 GO TO 160

ISI 0118 150 LEACH(I,K)--DIFSOL(I,K)/10.D0
ISI 0119 LSALT (I.K) -LSALT (I. K)-LEACH (I.K)
ISI 0120 CANQAN (I.K)-CANQAN (I.K) »LEACH (I.K)
ISI 0121 GO TO 160

C *•* UPTAKE OF GASES
ISI 0122 155 TRESIS-(RH-RA) *DIFCO(H)*iHBSO (I)
ISI 0123 GASDBN (H)-(-4. 1D-6-CENTHP) *1.924D-3
ISI 0124 GASDEN (H)-GASDEN (H) •H0LWT(H)/4».
ISI 0125 GASEI(I,H)-0. 2D-7
ISN 0126 IF(JDATE.RQ.238) GASEX (I, H) -0 .2 5D-6
ISI 0128 GASDIF(I,M) = ( (GASEX (I,H)-GASIN(I,H))/TBESIS)«GASDEN(H)*FTIHE»1.D*6DRTA 230

DBYA 173

DBYA 174

DBYA 175
DBYA 176

DBYA 177

DBYA 178

DBYA 179

DRYA 180

DRYA 181

DRYA 182

DBYA 183

DBYA 184

DBYA 185

DBYA 186

DRYA 187

DRYA 188

DBYA 189

DBYA 190

DBYA 191

DBYA 192

DBYA 193

DBYA 194

DBYA 195

DBYA 196

DRYA 197

DRYA 198

DRYA 199

DRYA 200

DRYA 201

DRYA 202
DBYA 203
DBYA 204

DBYA 205

DBYA 206

DRYA 207

DRYA 208
DRYA 209

DRYA 210
DRYA 211
DRYA 212
DRYA 213

DRYA 214

DBYA 215
DBYA 216
DBYA 217

DRYA 218

DRYA 219

DRYA 220

DRYA 221

DRYA 222

DRYA 223
DBYA 224

DBYA 225

DRYA 226

DRIA 227

DRYA 228
DRYA 229



ISN 0129

ISI 0131

ISN 0132

ISN 0134

ISN 0135

ISN 0136

ISN 0138

ISI 0139

ISI 0140

ISI 0142

ISN 0143

ISI 0144

ISI 0145

ISI 0146

ISN 0143

ISI 0149

ISN 0151

ISI 0152

ISI 0153

ISN 0154

ISI 0156

ISI 0157

ISI 0158

ISN 0159

ISI 0161

ISI 0162

ISI 0163

ISI 0164

ISI 0165

ISI 0167

ISI 0168

ISI 0169

ISI 0170

ISI 0171

ISI 0172

ISI 0174

ISN 0176

ISN 0177

ISI 0178
ISN 0179

ISI 0180

ISI 0182

ISI 0183

ISI 0184

ISI 0185

96

IF(GASEX(I,H) .LE.0.0D0) GASDIF(I,H) -0.0 DO
GAS FIX (I, H) -GASDIF (I, H) •LAI(I)«1.D4
IF(GASFIX(I,H).GT.LABLE) GASFIX (I,fl)=LABLE
LSALT (I.K)-LSALT (I, K) tGASFIX (I, H)
GASIN(I,H)=GASEX(I, H) * (1.-LWAIT)
IF(LWANT.LT.O.) GASIN (I,H)-GASEX (I, H)

160 CONTINUE

*** CONVEBT SOLUBLE SALT TO FIXED FOBHS IN TISSUE

L FIX-LSALT (I, K) *LNAIT
IF(LWAIT.LT.O.) LFIX-0.
LINSOL(I,K) -LINSOL(I.K) +LFIX
LSALT(I,K)=LSALT (I.K) -LFIX

-PART TWO TRANSLOCATION OF SALTS

*** CALCULATE P

165 LSSALT (I.K)
SFSALT (I.K)
IF(ZDATE.LT
LSSALT (I.K)
IF(LSALT(I,
LSALT(I.K)-
SSALT(I.K)-
SFSALT(I.K)
IF (SSALT (I,
SSALT(I,K) =
FSALT (I,K)-

170 SRSALT(I.K)
IF(SSALT(I,
SSALT(I.K)-
RSALT(I,K) =

HLOEH SALT MOVEMENT

-0.

=0.
.T1.OR.ZDATE.GT.T4) GO TO 170
= ( (LSALT (I,K)-SSALT(I, K) )/LSPHLD) *FTIHE
K) .LE.SSALT(I,K)| LSSALT (I.K)-LSSALT (I.K)/10. DO
LSALT (I.K) -LSSALT(I.K)
SSALT LT,K)»LSSALT(I,K)
-((SSALT (I.K)-FSALT (I, K) )/S FP HLD) »FTIHE
K) .LE. FSALT (I.K)) SFSALT (I.K)-SFSALT (I ,K)/I 0. DO
SSA LT (I, K)-SFSALT (I, K)
FSALT (I, K)*SFSALT (I.K)
-( (SSALT(I.K)-BSALT(I.K) )/SRPHLD)-FTIME
K) .LE.BSALT(I.K)) SBSALT (I ,K)-SBSALT (I,K)/10.D0
SSALT (I, K) -SBS ALT (I, K)
BS ALT (I, K) +SBSALT (I, K)

PAST THREE - TRANSPIRATION STREAM SOLUTE MOVEMENT

BSSOLU (I.K)-O.
SLSOLU(I.K) =0.
IF(ZDATE. LT.T1.OB.ZDATE.GT.Z4) GO TO 175
RSSOLO(I.K)-WFLUI«(RSOLU(I,K)/RCAP) *1. D4
SLSOLU(I, K) =WFLUX*(SSOLD(I,K)/SCAP) *1.D4
RSOLU(I,K)-RSOLUC. K)-BSSOLU(I, K)
SSOLU(I.K) -SSOLO (I, K) ♦BSSOLU (I, K) -S LSOLU (I.K)
LSOLU (I.K)-LSOLU (I.K) c-SLSOLO ( I, K)

PABT FOUB - ROOT UPTAKE AND FIXATION

**» SUBBOOTIBE DIFHAS GIVES ROOT DPIAKE OF SOLUTES (CRCOI)
175 IF(K.GT.IELH) GO TO 180

IF(TBOOT.GT. 1.D-10) CIN«(CBCOI(I,K) «RSTOR (I) »1 .D4/TBOOT)
RSOLU (I.K)-RSOLO (I, K) *CIN

*«* CONVERT SOLUTES TO FIXED FOBHS

180 R PRES-(RINSOL (I, K)* RSOLU (I.K) tBSALT (I.K))
IF (RWANA) 190,190,185

185 RIANT-(B*ANA-RFBES)/INAIA
IF(RWAIT.GT.1.) RNAIT-1.
GO TO 195

190 RRANT-0.

195 RFIX-8SOLU(I,K)*BNANT
IF(RWANT.LT.O.) RFIX-0.

DRYA 231

DBYA 232

DBYA 233

DBYA 234

DBYA 235

DBYA 236

DBYA 237

DBYA 238

DBYA 239

DBYA 240

DBYA 241

DBYA 242

DBYA 243

DRYA 244

DBYA 245

DBYA 246

DBYA 247

DBYA 248

DBYA 249

DBYA 250

DBYA 251

DBYA 252

DBYA 253

DBYA 254

DBYA 255

DBYA 256

DRYA 257

DBYA 258

DRYA 259

DRYA 260

DRYA 261

DRYA 26 2

DBYA 263

DRYA 264

DBYA 265

DBYA 266

DBYA 267

DRYA 268

DRYA 269

DBYA 270

DBYA 271

DBYA 272

DBYA 273

DBYA 274

DBYA 275
DBYA 276

DBYA 277

DRYA 278

DBYA 279

DBYA 280

DRYA 281

DRYA 282

DRYA 283

DRYA 284

DRYA 285

DBYA 286

DBYA 287
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ISN 0187

ISN 0188
ISN 0189

ISN 0190

ISN 0192

ISN 0193

ISN 0194

ISN 0195
ISN 0196

ISN 0197
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R IN SOL (I,K)=RINSOL(I,K)*BFIX
RSOLU (I.K) =aSOIH (I, K) -BFIX
RDEAD-0.

IF(RSTOR (I) .GT. 1. D- 1 0) BDEAD-RI NSOL (I ,K) -RHART (I) /RSTCR (I)
RDORM(I,K)=BDOBH(I, K)*RDEAC
RINSOL(I.K)=RINSOL(I.K)-RDIAD

-PART FIVE - STEH AND FRUIT SOLUTE FIXATION AND DORMANT FIXATION

SPB ES- (S IISOL (I.K) ♦ SSOL0(I ,K) *SSALT (I ,K) )
IF(SBAKA) 205,205,200

200 SWANT-(SWANA-SPBES)/SWANA
IF(SWAHT.GT.1.) SWANT-1.
GO TO 210

205 SWANT-0.
210 SFIX=SSALT(I,K)*SWABT

If (SWANT. IT.0. ) SFIX=0.
SINSOL(I.K) =SINSOL(I,K)*SFIX
SSALT (I.K) =SSALT (I. K) -SFIX
SDEAD-0.
IF(SSTOB(I) .GT.1.D-10) SDEAD-SINSOL (I, K) -SHART (I)/SSTOR(I)
SDORH (I.K) =SDORH (I, K) ♦SDEAD
SIN SOL (I.K) =SINSOL(I,K) -SDEAD
FPBES- (FINSOL (I, K) *FSALT (I.K) )
FWAHT-0.
IF(ZDATE.LT.T1.0B.ZDATE.GT.T4) GO TO 230
IF(FWAIA) 220,220,215

215 FWANT-(FWANA-FPBESJ/FBAIA
IF(FWANT.GT.L) FWANT-1.
GO TO 225

220 FIANT-0.
225 FFIX=FSALT(I, K)*FWANT

IF(FHANT.LT.O.) FFIX-0.
FINSOL (I.K) =FINSOL(I,K)*FFIX
FSALT(I,K) =FSALT(I,K) -FFIX

-PABT SIX - WHOLE PLAIT ADJUSTMENTS
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««* equilibrate xtleh aid phloeh solutes
230 lsalt(i.k)»(lsalt(i,k)*lsol0(i,k) )/2.d0

lsolu(i ,k) - isa lt (i, k)
ssalt(i,k)= (ssalt(i,k)»ssold(i, k))/2.d0
ssolo (i ,k) =ss a lt (i, k)
rsalt(i,k)= (bsalt(i,k)*bsolu(i, k) j/2.d0
bsold(i,k)=bsalt(i,k)

*»« determine root absorbing power fob difhas
trana-lraia+sraia»rnaia»fwaia
tpbes«(lihsol(i,k)*siisol(i,k)*biisol(i.k)*(lsold(i,k)»ssolu(i,k)

1bsolu(i,k)) *2.d0)*fsalt(i,k)»fiisol(i,k)
twant- (twana-tpbes)/traia
if (trait. gt.1.) twant-1.

note if root uptake is controlled by solote levels in the boot
tbei 'bwait* shoold be used bather thai 'twant' ii 'abspow*.

a8spoh(i,k)-tbaht*co!ddc(i)
if(twant.lt.o.) abspow (i, k)-0.
if(zdate.lt.t1.0b.zdaie.gt.t4) abspow (i, k)=0.

past sevei - solute effects 01 bew gbohth
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240

245

250
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270

8000

8005

8010

8015
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IF(K.NF.KS) GO TO 270
LGR0W(I) = 1.

IF(LBI0H(I) .LT.1.D-10) GO TO 24 0
DEFLEV=DEPCON(K)*(LSUGA6(I)»LSTOE (I))
DIHLEV=DIHCON(K)*(LS0GAR(I)*LSTOR(I))
IF(DEFLEV.EQ.0.) GO TO 235
IF(LPBIS.LT.DEFIEV) LGBCW (I) -LPBES/tEFLEV
IF(LPBES.GT.DIHLEV) LGBOB (I) =1. -(LPBES-DIHLEV)/(LWANA-DIHLEV)
IF(LGHOW(I).LT.O.) LGBOW(I)-0.
SGBOW(I) = 1.

IF(SBIOH(I) .LT.1.D-10) GO TO 250
DEFLEV=DEFCCN(K)*(SSUGAB(I)*SSTOB (I))
DIHLEV=DIHCOR (K)« (SSOGAB(I) *SSTOB (I))
IF(DEFLEV.EQ.O.) GO TC 245
IF(SPBES.LT.DEFLEV) SGBOW(I) =SPBES/DEFLEV
I F(SPRES.GT.DIHLEV) SGBOH (I) =1. - (SPRES-DIHLEV) / (SW ANA-DIHLEV)
IP(SGKOW(I).LT.O.) SGBOW(I)-0. Hi"".,
FGBOW(I)-1.

IF(FBIOH(I) .LT. 1.D-10) GO TO 26 0
CEFLEV-DBFCON(K)* (FSOGAS (I) ♦FSTOB (I))
DIMLEV-DIHCON(K)*(FSUGAB(I)»FSTOB (I))
IF(DBFLEV.FQ.O.) GO TO 255
I F(FPBES.LT.DEFLEV) FGBOW (I) -FPBES/CEFLEV
IF(FPBES.GT.DIHLEV) FGBOW (I) - 1. -(FPRES-DIHLEV) / (FWANA-DIHLEV)
IF(FGBOW(I).LT.O.) FGBOW(I)=0.
RGROB(I)-1.

IF(BBIOH(I) .LT. 1.D-10) GO TO 27 0
DEFLEV=DEPCON(K)*(HS0GAB(I)*BSTOR (I))
DIHLEV-DIHCON (K) * (BSUGA B(I)*RSTOB (I))
IF(DEFLEV.EQ.O.) GO TO 265
TF(RPRES.LT.DEFLEV) BGBON (I) -RPBES/CEFLEV
IF(RPBES.GT.DIHIEV) BGBOW (I) -1. - (BPBES-DIHLEV)/ (BWAHA-DIHLEV)
IF(RGBOW(I) .LT.O. ) BGBOI(I)=0.
CONTINUE

IF(HOITH.GT.I) GO TO 275
If(IHR.NE.23.OR.HIN.NE.45) GO TO 275
IF(LGBOB(I) .LT.1.) WBITE(6,8000) LGROW(I) .LPRES,DEFLEV,DIHLEV,

1LWANAf K/I

FORHAT (*0*****LEAF GROWTH AFFECTED***-* .LGBOW, IPRES,DEFLEV. •
1,'DIHLEV.LBAHA,CHEHICAL,FLANT"/.1X.5 E10. 3,251, 12, 10X.12)
IF(SGROW(I).LT.1.) WRITE(6,8005) SGBOW(I) .SPBES,DEFLEV, DIHLEV,

I <3 HA HA f Rf 1

FORHAT (*0«****STEH GHCITH AFFECTEr*****, SGROW.SPRES.DEFLEV. •
1,*DIHLEV,SWAIA,CHEHICAL,PLAIT*/1X,5E10.3,25X,I2,10X.I2)
IF(BGBCI(I).LT.1) WBITE(6,8010) BGBOW (I) .HPRES .DEFLEV, DIHLEV,

1R VANA $Kf I

FOBHAT ("0*****BOOT GBOBTH AFFECTED*****.BGBOW, BPBES. DEFLEV. •
1, 'DIHLEV,BWAIA.CHEHICAL,PLAIT"/1X,5E10. 3,25X.I2.10X.I2)
IF(FGBOW(I).LT.1)WBITE(6,8015) PGBOi(I) , FPBES.DEFIEV,DIHLEV,

II HABA^K(I

FOBHAT ("0*****FB0IT GBOITH AFFECTED*****,FGBOB.FPBES.DEFLEV.*
1. ' DIHLEV,PWAN A.CHE HICAL,PLANT'/1X,5 110.3.25X,12. 101.12)

VrVJRj X X tv U £

-PART EIGHT - CHEHICAL LOSSES FBOH PLAIT BY HORTALITY

PARTITION LITTEB CHEHICALS INTO COHPONENTS
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LPOOL ( I.K) =AMT (K)*LPABT(I,K)*1. D4
SPOOL (I.K)-AHT (K) *SPART (I.K) *1. D4
RPOOL(I,K)=AMT(K)*RPABT(I,K) * 1. D4
FPOOL (I.K)-AHT (K) *F PA RT (I , K) * 1. D4
TPUDDL(I,K)-TPUDDL(I,K)-(LPOOL(I,K) ♦SPOOL(I.K) ♦RPOOL(I.K)

1 + FPOOL (I.K) ♦SHOLD(I.K))
LHUH-0.0

LLIT=0.0

IF(ZDATE.LT.T1.03.ZDATE.GT.T4) GO TO 285
IF(LSTOR(I) .LT.1.D-10) GO 10 28 0
LLIT=LINSOL(I,K)*LSTHBT(I)/LSTOB(I)
LINSOL (I.K) =LINSOL(I, K) -LLIT

280 IP(LSUGAR(I). LT. 1.D-10) GO TO 285
LHUH=LSOLU(I, K)*2.D0*LSGHRT(I)/LSUGAR(I)
LSOLU (I ,K) • LSOLU (I, K) -LHDH/2 . DO
LSALT(I,K) = LSOLU(I, K)

285 LPOOL(I,K) = LPOOL(I,K)^LHUH+LLIT
IF(LPOOL(I,K) . IT. 0. ) CALL ERROR
SLIT-0.

SHUH-0.

SFALL=0.

SINC-0.

IF(SSTCR(I) .LT.1.D-10) GO TO 29 0
SLIT=SINSOL(I,K)*SSTHBT(I)/SSTOB(I)
SIN SOL (I.K) -SINSOL(I,K)-SLIT

290 IP(SSUGAR(I).LT.1.D-10) GO TO 295
SHUH=SSOLU(I, K)*2.D0*SSGHBI(I)/SSDGAB(I)
SSOLU(I,K)=SSOLU(I,K)-SHUH/2.D0
SSALT (I,K)=SSOLU(I. K)

295 IF(SWOOD(I) .LT.1.D-10) GO TO 300
SFALL-SDOBH(I,K)*SWDHBT(I)/SWOOD(I)
SDORH (I,K) -SDOBH (I, K) -SFALL

300 IF(STDEAD (I).LT.I.D-IO) GO TO 305
SINC-SHOLD(I, K)*SFLCP(I)/STDEAD(I)
SPOOL (I.K) -SPOOL (I, K) ♦SINC

305 SHOLD(I,K)=SHOLD(I,K) ♦SLIT+SHUH♦SPALL-SINC
IF(SBOLD(I,K).LI.0.0) CALL EBBOB
RLIT-0.

BHUH-0.

REALL-0.

IF(RSTOR(I) .W. 1.D-10) GO TO 310
RLIT=RINSOL(I,K)*RSTHBT(I)/RST0R(I)
R IN SOL (I,K) -RINSOL(I.K) -SLIT

310 IF(BSUGAB(I).LT.1.D-10) GOTO 315
RHUH=BSOLU(I, K) *2.D0*BSGHBT(I)/BSUGAR (I)
RSOLU(I,K) = RSOLU(I, K) -BHUH/2.D0
RSALT(I,K) = RSCLO (I.K)

315 IF(RWOOD(I) .LT.1.D-10) GO TO 320
RFALL- RDOBH (I.K) *BWDHBT(I) /BWOO D( I)
E CORK ( I.K) -RDOBH (I. K) -BFALL

320 BPOOL(I.K) =RPOCL(I, K) ♦BLIT^RHUM^R FALL
IF(BPOOL(I,K) .LT.0.0) CALL EBBOB
FLIT-0.

FHUH-O.

IF(ZDATE.LT.I1.0B.ZDATE.GT.T4) GO TO 330
IF(FSTOB(I) .LT.1.D-10) GO TO 32 5
FLIT=FINSOL(I,K)*FSTHBT(I)/FSTOB(I)
FINSOL (I.K) =FINSOL(I,K)-FLIT
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325 IF(FSDGAR (I). IT. 1.D-10) GOTO 330
PHUH=FSALT(I,K)*FSGHBT(I)/FSUGAR(I)
FSALT(I,K)=FSALT(I, K) -FHUH

3 30 FPOOL ( I.K) -FPOOL (I, KJ+PLIT+FHUH
IF(FPOOL(I,K) .IT.O. 0) CALLEBBOR
IF (K. LE. 5) AMT (K) =AHT (K) ♦ (LHOH+LL IT +SINC ♦RHUM^

1RLIT«FALL+FHUM+FLIT) *1 .D-4

-PART NINE - SOLUTE DYNAMICS IN LITTER AND EFFECTS

LHINL(I,K)=0.
IF(K.EQ.KS) LTOX(I)=1.
IF(LCAEB(I) .LT. 1.D-10) GO TO 33 5
LHINL(I.K) = LPOOL(I,K)*LDECCH(I) /LCARB(I)
LPOOL(I,K) = IPOOI(I, K) -LHIHL(I.K)
IF(LPOOL(I.K) .LT.0.0) CALL ERROR
IF(K.NE.KS) GO TO 335
IF(LP001(I,K). IE.0.0) GO TO 335
TOXAHT =LCAPB(I)*TOXCON(K)
TOXLEV =LCARB(I)*TOXPNT(K)
FULLEV-LCAEB (I) *FULCON (K)
IF(LPOOL(I,K) .LT.FULLEV) LTOX (I ) = LPOOL (I , K)/FULLEV
IF(LPOOI(I,K) .GT.TOXLEV) LTOX(I) = 1. - (LPOOl (I, KJ-TOXLE V) / (TO XAMT

1-TOXLEV)
IF(LPOOL(I,K) .GT.TOXAHT) LTOX(I)=0.

335 SHINL(I,K)-0.
IF(K.EQ.KS) STOX(I)-1.
TF(SCARB(I) .LT. 1.D-10) GO TO 34 0
SHINL(I,K)=SPOOL(I,K) *SDECOH(I) /SCARB(I)
SPOOL(I,K)=SPOOL(I,K)-SHINL(I,K)
IF(SPOOL(I,K) . LT.0.0) CALL ERBOB
IF(K.NE.KS) GO TO 340
IF (SPOOL (I.K) .LE.0.0) GO TO 340
TOXAHT-SCARB(I)*TOXCON(K)
TOXLEV-SCARB(I) TOXPNT (K)
FULLEV-SCARB(I) *FULCON(K)
IF(SPOOL (I.K). LT. FULLEV) STOX (I) = SPOOL (I ,K)/FU LLEV
TF(SPOOL(I,K) .GT.TOXLEV) STOX (I) = T. - (SPOOL (I.K)-TOXLE V) / (TOXAHT

1-TOXLEV)
I ((SPOOL (I.K) .GT.TOXAHT) STOX(I)=0.

340 FHINL(I,K) = 0.
IF(K.EQ.KS) FTOX(I)=1.
IF(FCARB(I) .LT. 1.D-10) GO 10 34 5
FHINI(I,K)=FPCOL(I, K) *FDECOH (I)/FCARB ( I)
FPOOL(I.K)=FPOOL(I,K)-FHINL(I,K)
IF(FPOOL(I,K) .LT.0.0) CALL EBBOR
If(K.NE.KS) GO TO 345
IF(FPOOL(I, K) .LE.0.0) GO TO 345
TOXAHT=FCARB(I)*TOXCON(K)
TOXLEV=FCARB(I)*TOXPNT(K)
F0LLEV=FCARB(I) *FULCON (K)
IF (FPOOL (I, KJ.LT. FULLEV) FTOX (I) =FPOOL(I, K)/FULLEV
IF(FPOOL(I,K) .GT.TOXLEV) P10I (I ) = 1. - (FPOOl (I, K)-TOILEV) / (TOXAHT

1-TOXLEV)
IF(FPOOL(I,K) .GT.TOXAHT) FTOX(I)-0.

345 RHINL(I,K)=0.
If(K.EQ.KS) RTOX(I)=1.
IF(RCARB(I) .LT.1.D-10) GO TO 350
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RNINL(I,K)-RPOOl(I,K)*ED£C0H(I)/RCARB(I) DRYA 521
RPOOL(I,K)=RPOOl(I,K)-RHINL(I,K) DRYA 522
IF(RPOOL(I,K) .LT.0.0) CALL ERROR DRYA 523
IF(K.NE.KS) GO TO 350 DRYA 524
IF(RPOOL(I,K) .IE.0.0) GO TO 350 DRTA 525
TOXAMT=RCARB(I)*TOXCON(K) DRTA 526
TOXLEV=RCASB(I) *TOXPNT(K) DRYA 527
FULLEV=RCARB(I)*FULCON(K) DRYA 528
IF(RPOOL(I,K) .LT.FULLEV) RTOX (I) = SPOOL(I, K)/FULLEV DRYA 529
IF(RPOOl(I,K) .GT.TOXLEV) RTO X(I) = 1. - (RPOOI (I , K) -TOX LEV) / (TOXAMT DRYA 530

1-TOXLEV) DRYA 531
IF(RPOOL (I.K) .GT.TOXAHT) BTOX(I)=0. DRIA 532

350 CONTINUE DRYA 533
IFC10NTH.GT. 1) GO TO 355 DRYA 534
IF(IHE.NE.23. CS.HIN.NE.45) GO TO 35 5 DRYA 535
IF(LTOX(I).LT.1) WRITE(6,8020) LTOX (I) ,LPOOL(I , K) .FULLEV, TO XLEV, DBYA 536

1TOXAHT,K,I DBfA 537
8020 FORMAT(*0*****IEAF LITTER TOXIC EFFECTS*****', DRYA 538

1'LTOX,LPOOL,FLLEV,TXLEV,TXAHT,CHEH,PLANT'/1X,5E10.3,15X,12,6X,12) DBYA 539
IF(RTOX(I).LT.1.) WBITE(6,8025) RTOI (I) ,REOOL (I, K), FULLEV,TOIL EV .DRYA 540

1TOXAHT.K.I DBYA 541
8025 FORMAT('0*****BOOT LITTER TOXIC EFFECTS*****', DBYA 542

1' RTOX, RPOOL.FLLEV.TXLEV, TXAHT, CHEH, PLANT'/1X.5E 10. 3.1 51,12, 6X,I2) DBYA 54 3
IE(STOX(I).LT.1) WRITE(6,8030) STOX (I) , SPOOL(I.K) , FULLEV, TOXLEV, DBYA 544

1TOXAHT.K.I DBYA 545
80 30 FORHAT ('0*****STEH LITTEB TOXIC EFFECTS*****', DBYA 546

1" STOX, SPOOL .FLLEV.TXLEV.TXAHT.CHEH, PLANT '/1X.5E 10. 3. 15X.I2, 61,12) DBYA 547
IF(PT0X(I).1T.1) WBITE(6,8035) FTOX (I) , FPOOL (I, K) , FULLEV,TOXLEV, DBYA 548

1TOXAHT.K.I DRYA 549
8035 FORMAT('0*****FBUIT LITTER TOXIC EFFECTS*****', DBYA 550

1'FTOX, FPOOL,FIIEV.TXLEV.TXAHT.CHEH, PLANT'/1X,5E10. 3, 151,12, 61,12) DBYA 551
355 CONTINUE DBYA 552

IF(K.LE.5) AMI (K)=AHT(K)-(LHINL (I ,K J+SHIN1 (I, K) ♦FHINL (I, K) ♦ DBYA 553
1RHINL(I,K))*1.D-4 DBYA 554

IF (AHT (K) .LT.0.0) CALL EEBOB DBYA 555
TPAAI(K)=LPOOL(I,K) ♦SPOOL (I.K) ♦FPOOL (I, K) ♦RPOOL (I, K) DRYA 556
TPOOL-TPOOL+TPAAL (K) DRYA 557
TPUDDL (I,K)=rPUDDL(I, K)^TPAAL (K) ♦SHOLD (I , K) DBYA 558
IF(K.GT.IELH) GO TO 360 DBYA 559
IF(DIFSOL (I,K) .GT.0.OD0) TDIF (I.K) =TEIF(I,K) ♦DIFSOL (I.K) DBYA 560
TLEA(I,K)=TLEA(I,K)^LEACH(I,K) DBYA 561
TCIN(I,K)=TCIN(I,K) ♦CIN DBYA 562
GO TO 365 DBYA 563

360 TGAS(I,K)=TGAS (I.K)+GASPIX(I,H) DBYA 564
TCIN(I,K)-TCIN(I,K)+CIN DBYA 565

365 TLSS (I,K)=TLSS (I.K) ♦LSSALT (I.K) DBYA 566
TSFS (I.K)=TSFS (I.K) ♦SFSALT (I.K) DBYA 567
TSRS(I,K)=TSRS(I,K)^SRSALT(I.K) DRYA 568
TRSS (I,K)=TRSS(I,K) ♦RSSOLU(I.K) DRYA 569
TSLS(I,K)=TSLS (I, K) ♦SLSOLU (I , K) DBYA 570
TLHO(I,K)=TLHO(I,K)+LLIT^LHUH DBYA 571
TSHO(I,K)=TSMO(I,K) ♦SLIT+SHUH« FALL DBYA 572
TFHO(I,K)=TFHO(I,K)+FLIT+FHUH DBYA 573
TRHO(I,K)=TRHO(I,K)+BLIT^FHOH^RFALL DBYA 574
TLHI(I,K)=TLMI (I.K)^LHINL(I.K) DBYA 575
TSHI(I,K)=TSHI(I,K)^SHIIL(I,K) DBYA 576
TFMI(I .M-TFHI (I. K) ♦FHINL(I.K) DBYA 577
TRHI(I,K)=TRMI (I.K) ♦RHINL(I.K) DRYA 578
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TLNA (I.K)-LWANT
TSWA (I,K)=SWANT
TFWA(I,K)=FWANT
TRWA(I ,K)-RWANT
TTWA (I.K) -TWANT

370 CONTINUE

DEYADS OUTPUT

HEADING

GIVE SOME HOURLY INFO

375 CONTINUE

*** DETERMINE TOTAL CANOPY DEPOSITION
DO 385 K-NHIN.NTOT
CANANT (K)-O.DO
DO 385 1=1,NSTRAT
IF(TPAAL(K) .LE.O.) GO TO 380
LPART(I,K) = LPOOL(I, K)/TPAAL(K)
If(LPART(I,K) .LE.O.) GO TO 380
SPART(I,K)=SPCOL(I,K)/TPAAL(K)
IF(SPART(I,K) .LE.O.) GO TO 380
FPART(I,K)=FPOOL(I,K)/TFAAL(K)
IF(FPART(I,K).IE.O. ) GO TO 380
RPART(I,K)=RPOOL(I,K)/TFAAL(K)
IF(BPART(I, K) .LE.O.) GO TO 380
GO TO 385

380 LPART(I,K)=0. 5
SPART(I,K) = 0. 3
FPART(I,K)-0.001
RPABT(I,K)-0.199

385 CANAHT (K)-CANAHT (K) ♦CANQAN (I, K) *1.D-4
If(INC1.EQ. 0) GO TO 405
IF(NPRPLT.EQ.O) GO TO 405
DO 390 J=1,NHPLT
IF(HONTH.NE.HONPLT(J)) GO TO 39 0
GO TO 395

390 CONTINUE

GO TO 405

395 CONTINUE

IFJKS.LE. NEIH) PLTDIF (IIC1) -TDIF (ISTRA. KS)
IF(KS.GT.NELH) PLTGAS(IICI) -TGAS (ISTRA,KS)
PLTLPS (INC 1) =LINSOL (ISTBA.KS) ♦LSALT (ISTRA ,KS) ♦

1LSOLU ( ISTRA, KS)
PLTSPS (INC1)=SIISOL(ISTBA,KS) ♦SSALT (ISTBA.KS) ♦SSOLU (ISTBA.KS)
PLTRPS(INC1)-RINSOL(ISTBA,KS) « SALT (ISTB A,KS) ♦SSOLU (ISTBA.KS)
PLTLSS (INC1) = LSSALT (ISTBA.KS) ♦PLTLSS(INC1)
PLTRSS (INC1)=BSSOLU (ISTBA.KS) ♦PLTRSS(INC1)
PLTCHC(INC1) =PLTCHC(IHC1) ♦CRCOI (ISTBA ,KS) *1.D4
PLTAHT (INC1)=AHT(KS)*1.D4
PLTHNS (INC1)=LHINL(ISTBA,KS)+PLTHIS (INC1)
PLTTWA(IHC1)=PLTTWA(KS)
If(NQUES.NE.I) GO TO 4C5
CALL DRYPLT (I NC1.XHIH,XHAX,HONT H)
NQUES-0
DO 400 J-1,66
PLTLSS (J) =0.0
PLTRSS (J) =0.0
PLTCHC (J) =0.0
PLTHNS (J)-0.0

400 CONTINUE
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405 CONTINUE

IF (KDAY. NE. US DAT (YEAR,MONTH) ) RETURN
IF(IHR.NE.23.0E.HIN.NE.45) RETDBN
WRITE(6,8040)

8040 FORHAT ('1DRYADS OUTPUT'///)
DO 455 1=1,NSTRAT
WRITE(6,8045) I

8045 FORMAT (• OVEGETATION LAYER',13)
IFG-NELH+1

11-NTOT-NELM

WEITE(6,8050) (ENAHE (K) ,K-1,NELH) , (GASNAM (K) ,K=1,H1)
8050 *ORMAT{« C0NrAHINANTS*,8X,9(3X, A8)//)

WPITE(6,8055) (TDIF(I,K) ,K=ININ, NELH)
«RITE(6,8060) (ILEA (I.K) , K-NHIN ,NELH)
WRIT3 (6 ,806 5) (TGAS (I.K) ,K=IFG, NTOT)

8055 FORHAT ('0**FLUXES IN **•/
V DIFSOL (UG/M **2/HO)',2X,9E11.3)

8060 FORMAT (• LEACH (UG/H**2/HO) • , 3X, 9E11 .3)
8065 FORMATC GASFIX (UG/H**2/HO) • ,46 X, 4E11. 3)

WRITE(6,8070) (TLSS(I,K) ,K-HHIN, NTOT)
WRITE (6,3075) (TSFS (I.K) ,K=NHIN, NTOT)
WRITE (6,8080) (TSRS(I,K),K=NHIN, ITOT)
WRITE(6,8085) (TRSS(I.K) ,K=NH IN. NTOT)
WRITE(6,8090) (TSLS(I.K) ,K=NHI I, NTOT)

8070 FORMAT ('0** FLUIBS WITHIN**'/
1* LSSALT (UG/M**2/HO) *,2X,9E11 .3)

8075 FORMATC SFSALT (UG/H**2/HO) • ,2X,9 11 1. 3)
8080 FORMATC SRSA IT (UG/H**2/HO)' ,2X ,911 1.3)
3085 FORMATC RSSOLU (UG/H**2/HO) • , 2X.9I11. 3)
8090 FORMATC SLSOL0(UG/H**2/HO)'.2X.9E11.3)

DO 420 K-NHIN, NTOT
C HONTHLY MASS BALANCE

TOTHER=(TLHO(I,K)+TSHO(I,K)^TFHO(I, K) ♦TBHO (I, K)) -TGOODY (I.K)
1MLINSOL (I.K) ♦LSOLU (I.K) ♦LSALT(I,K) ♦FSALT (I.K) ♦FINSOL (I.K)
2* SINSOL (I, K)»SSOLO (I.K) ♦SSALT (I ,K) ♦RINSOL (I, K) ♦RSALT (I.K)
3^RSOLU (I.K) ♦SDOBH(I.K)♦BDOEH(I.K) )-TCIN (I.K)

IF(K.GT.NELH) GO TO 410
ERTREE(I,K)=TDIF(I, K)-ILEA (I.K) -TOT HER
GO TO 415

4 10 ESTREE(I.K) -TGAS (I, K)-TOTHEB
4 15 ERLITT (I, K) -TLHO (I, K) ♦TSHO (I, K) ♦TRHO ( I, K) ♦TFHO (I.K)

1-TLHI(I,K)-TSHI(I,K)-TBHI(I,K(-TFHI(I,K)-TP0DDL(I.K)
TLSSA (I,K) = LSOLU (I.K) ♦LSALT(I.K)
TSSSA(I,K)=SSOLU (I, K) ♦SSALT (I.K)
TRSSA(I,K)=RSOLU(I,K)^RSALT(I,K)
TGOODT (I.K) =LINSOL(I,K) ♦SINSOLd,K) ♦SDORH (I. K) ♦RINSOL (I , K)

URDOBH (I.K) ♦FINSOL (I.K) ♦FSALT (I ,K) ♦LSALT(I, K) ♦SSALT (I, K)
2* RSALT (I.K) ♦LSOLU (I, K) ♦SSOLU (I, K) ♦RSOLO (I.K)

LBCON(K)=0.
FBCON(K)=0.

420 CONTINUE

BRITE(6.8125) (UNSOL(I.K) ,K-NHIN, NTOT)
WRITE(6,8130) (TLSSA (I , K) , K-NHIN ,N TOT)
WRI TE(6,8135) (FSALT (I.K) , K-NHIN ,NTOT)
WRITE(6,8140) (FINSOL(I.K) .K-IHIR, ITOT)
WRITE(6,8145) (SINSOL (I.K) ,K-IHIH, NTOT)
WRITE (6,8150) (TSSSA (I.K) , K-NHIN ,N TO 1)
WRITE (6,815 5) (SDORH (I.K), K-NHIN .NTOT)
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WSITE(6,8160) (RINSOL (I.K) ,K=NHI N, NTOT)
WRITE(6,8165) (TRSSA (I, K) ,K-NHIN ,NTOT)
WRITE (6,8170) (EDOSM (I.K) , K=NH IN ,N TOT)
AMTL-LSTOR (I) ♦1SUGAR (I)
AHTF=FSTOR(I) ♦FSUGAR(I)

DO 435 K-NMIN.NTOT
IF(AMTL.LT. 1.D-12) GO TO 425
LBCON (K)= (IINSOI (I, K)»TLSSJ(I,K)) /AHTL

425 IF(AHTF.LT. 1.D-12) GO TO 430
FBCON(K)-(FSALT (I.K ) ♦FINSOL (I ,K) ) /A RTF

4 30 SBCONS (K)- (SINSOL (I.K)♦TSSSA{I,K) )/(SSTOR(I) ♦SSOGAR (I) )
SBCONH (K) -SDORH (I.K)/SNOOD (I)
RBCONS (K) = (RINSOL (I.K) ♦TESSA (I, K) )/(BSTOB (I) ♦R SUGAR (I) )
E BCON B (K) =E DOF H (I.K )/BROOD (I)

435 CONTINUE

WRITE (6,8095) (LBCON(K) ,K-NHIN, NTOT)
WKITE(6,8100) (FBCON(K) ,K-NHI N, NTOT)
WRITE(6,8105) (SBCONS (K) , K-NHIN, NTOT)
WRITE (6,8110) (SBCOBH(K) , K-NHIN,NTOT)
WRITE (6,8 11 5) (BBCONS(K) , K-NHIN ,N 10T)
WRITE(6,8120) (RBCONH (K) .K-NHIN .NTOT)
FORMATC BIOMASS CONCENTEATIOI'/' L BCON (UG/G) ' .9X.9E11 .3)
FOR HAT (• FBCON (UG/G) • , 9X, 9E11 J)
FORHAT (• SBCONS (UG/G ) • ,8X, 9E1 1. 3)
FORMATC SBCONH (DG/G) ',8X,9B11. 3)
FORHAT (• RBCONS (UG/G) *,8X,9E1 1.3)
FORHAT (• RBCDNH (UG/G) *,8X,9E1 1.3)
FOBHAT CO**STAADING POOLS***/,

1' LINSOL(UG/H**2) *,5X,9E11.3)

8095

8100

8105

8110

8115

8120

8125

8130

3135

3140

8145

8150

8155

8160

8165

8170

440

8175

8180

8185

8190

8195

3200

8205

FORHAT (
FORHAT!
FOBHAT (
FORHAT (
FORHAT(
FORMAT (
FORHAT(
FORHAT (
FORHAT(
WRITE(6
WRITE (6
WRITE(6
WRITE(6

LSOL-SAL(UG/H**2) *,3I,9E11.3)
FSALT (UG/H**2) * . 6X, 9E11. 3)
FINSOL (UG/H**2) • .5X.9E11 .3)
SINSOL(UG/H**2)' ,5X,9E11.3)
SSOL-SAL (OG/H**2) *,3X, 9E11 .3)
SDORH (UG/H**2) '.6X.9E11. 3)
RINSOL (OG/H**2)* ,5X,9E11 .3)
RSOL-SAL(UG/H**2) '.3X, 9E11 .3)
RDOEH (0G/H**2) ' ,61,9E1 1. 3)

8190) (LPOOL (I,K) .K-NHIN, NTOT)
8195) (SPOOL (I.K),K-NHIN,NTOT)
8200) (FPOOL (I.K),K-NHIN,NTOT)
?205) (BPOOL(I.K) .K-NHIN,NTOT)

DO 440 K-NHIN, NTOT
TLPOOL (K)-SPOOL (I, K)^F FOOL (I.K) ♦LPOOL (I.K)
TPCONC (K)=TLPOOL(K)/(LCARB(I) ♦SCABB (I) ♦FCARB (I) )
FCONC(K)-BPOOL(I,K)/RCABB(I)
CONTINUE

WRITE (6,8180) (TLPOOL(K) , K-NHIN ,N TOT)
WRITE (6, 8 18 5) (TPCONC (K),K-NHIN,NTOT)
WP ITE (6.817 5) (BCONC (K) ,K=NHII. NTOT)
PORMATC BCONC (UG/G)',9X,9E11 .3)
FORMAT (' TLPOOL(UG/H**2)* ,5X,9E11.3)
FORMATC TPC3NC (UG/G) *,8X,9E1 1.3)
FORMAT('0**LITTEB POOLS**"/
• LPOOL (UG/H**2) ',6X,9E11.3)
FORMATC SPOOL (UG/H**2) ',6X,9E11.3)
FORMATC FPOOl(UG/H**2)*.6X,9E1 1.3)
FORMAT (• RPOOL(UG/M**2) ',6X,9E1 1.3)
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WPITE(6,8215) (TLNI (I.K) , K-NHIN, NTOT)
WRITE (6,8220) (TSHI (I.K) ,K=NHIN, NTOT)
WPITE(6 8225) (TFHI (I, K) .K-NHI N, ITOT)
WRITE (6,823 0) (TRHI (I.K), K-NHIN, NTOT)
DO 445 K-NHIN,NTOT

445 7MINL(K)=TLMI (I, K)♦TSHI (I.K) ♦TFHI (I ,K) ♦TRHI (I, K)
WP ITE (6,821 0) (IHINL (K) ,K-NHIN, NTOT)

8210 FORMATC TMISL(UG/H**2/HO)*,3X,9E11.3)
8215 FORMAT (*0*» MINERALIZATION***/

1' LMINL (UG/M** 2/HO)',3X,9E11 .3)
8220 FORMATC SMINL (UG/H**2/HO) • ,3 X.9E11 .3)
8225 FORMATC FMINL (UG/H**2/HO) ',3X, 9E 11 .3)
8230 FORMATC RH IN L (UG/H**2/HO) ',3 X, 9E 11 .3)

WRITE(6,8235) I. (ERTBEE(I ,K) , K=IHIN,ITOT)
8235 FORMAT ('0**PLANT POOL ERROR**'/' (0G/M**2/MO) • /

1' PLANT',I2,13X,9E11.3)
WRITE(6,8240) I, (EHLITT(I.K) , K-NH II,NTOT)

8240 FOFMAT('0**LITTEB POOL EBBOB**'/• (UG/M**2/MO) •/
1* LITTER',I2,12X,9D11.3)
WRITE(6,8245) (TLWA (I.K) ,K-NHI H, NTOT)
WRITE (6, 8250) (TSWA (I, K) ,K-NHIN, NTOT)
WEITE(6,8255) (TFWA(I.K) ,K-IH II, NTOT)
VPITE(6,8260) (TRWA (I, K) , K-NHIN, NTOT)
WRI IE (6,826 5) (TTWA (I.K), K-NHIN, ITOT)
WRITE (6,827 0) ( ABSPOW(ISTB AT, K),K=IHIN, NTOT)

8245 FORMATC0**PLANT DEHAID**'/
1' LWANT*,15X,9E11.3)

8250 FORMATC SWANT',15X,9E11.3)
8255 FOBHAT (• FWANT • ,1 51. 9E11 .3)
8260 FORMATC RWANT',15X,9E11.3)
8265 FORMATC TWANT',15X,9E11.3)
8270 FORHAT (• ABSPCW', 14X, 9E11 .3)

W»ITE (6,828 0) (TLHO (I.K), K-NHI I, NTOT)
WRITE (6,8285) (ISHO (I. K) .K-IHII, ITOT)
WRITE(6,8290) (TFHO(I,K) ,K-IHII, ITOT)
WP ITE (6 ,8 29 5) (TRHO (I, K) , K-IHI I, NTOT)
DO 450 K-HHIN.NTOT
TOT M(K) -TLHO (I, K)♦ISHO (I, K) ♦TBHO ( I. K) ♦TFHO (I.K)

450 CONTINUE

WFITE(6,8275) (TOTH (K) ,K-NHIN .NTOT)
8275 FORMATC TOTAL (UG/H**2/HO) *, 3 X.9E 11.3)
8280 FORHAT ('0**MORTALITY (0G/H**2/HO) ** •/

1* L(LIT-HOM) M0X.9E11.3)
8285 FORMATC S (LIT-hOH-FALL) • ,5X, 9E 11 .3)
8290 FORMAT (' F(LIT-HUH) *.10X,9E11.3)
8295 FORHATC B (LIT-HUH-FALL) • . 5X, 9E 11 .3)

455 CONTINUE

DO 460 1=1,48 6
460 ZEEDRY(I)=0.0D0

RETURN

END

DRYA 754

DBYA 755

DRYA 756

DBYA 757

DBYA 758

DBYA 759
DRYA 760

DBYA 761

DBYA 762
DBYA 763

DRYA 764

DBYA 765

DBYA 766

DRYA 767

DBYA 768

EBYA 768

DBYA 769

DBYA 770

DBYA 770

DBYA 771

DBYA 772

DRYA 773

DBYA 774

DBYA 775

DBYA 776

DBYA 777

DRYA 778
DBYA 779

DRYA 780

DRYA 781
DBYA 782

DBYA 783

DRYA 784

DRYA 785

DBYA 786

DRYA 787

DRYA 788

DRYA 789

DBYA 790

DBYA 791

DBYA 792

DBYA 793

DBYA 794

DBYA 795

DBYA 796

DBYA 797

DBYA 798
DRYA 799

DRYA 800

DBYA 801

DBYA 802
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APPENDIX B

Input Data for an Annual Simulation

[Format described in Huff et al. (1976).]



BATCB

CROOKEE CEEEK, MISSOURI
5

PRECIPITATION-DEPOSITION INPUT

OPEN BAINGAGE INFO

1 1 CROOKED CBEEK. MISSOURI

INPUT BAINGAGE INFORMATION

5 3331SALEH

108

(CALL IEWSTA)
120037 38 00 91 32 00 BECORDING

BEAD HOURLY PRECIPITATION (CALL BDHSLY)
NO

5 STANFOBD HODEL FOBHAT

3331 72 01 03 2 .01 .01 .03 .03
3331 72 01 04 1 .02 .01 • CI .01 .02
3331 72 01 04 2 .03 .01 .01
3331 72 01 09 1 .01 .02
3331 72 01 27 1 .05 .05 .05 .05 .05 .05 .05
3331 72 01 27 2 .05 .05 .05 .05 .05 .05 .05 .05 .05
3331 72 02 02 2 .02 .01 .02 .02
3331 72 02 06 1 .01 .04 .01
3331 72 02 08 2 .01 .01 .05 .02
3331 72 02 12 1 .02 .02 .03 .02 .01
3331 72 02 12 2 .01 .01

3331 72 02 14 2 .07 .05 .06 .01 .01
3331 72 02 22 2 .18

3331 72 02 23 1 .01 .01 .02 .01 .06 .01
3331 72 02 23 2 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04
3331 72 02 24 1 .04 .04 .04 .05 .05 .05 .05 .05 .05 .05 .05 .05
3331 72 02 24 2 .05 .04 .04 .04 .04 .04

3331 72 03 12 2 .03
3331 72 03 13 1 .45 .21 .01 .02
3331 72 03 15 1 .03 .10 .04 .02
3331 72 03 17 2 .02 .17
3331 72 03 18 1 .03 .03 .04 .08 .01

3331 72 03 28 2 .03 .03 .04 .04 .04 .03 .03 .03 .03
3331 72 04 03 1 .02

3331 72 04 03 2 .09 .21 .09 .01
3331 72 04 07 1 .20 .02
3331 72 04 07 2 .01

3331 72 04 10 1 .02 .08 .02
3331 72 04 13 2 .20 .19 .01
3331 72 04 14 1 .02 .57 .01
3331 72 04 15 1 .72 .20
3331 72 04 15 2 .10 .88 .29 .01 .08 .02
3331 72 04 19 2 .19 .11 .09 .01 .22 .10
3331 72 04 20 1 .08 .01 .01 .02
3331 72 04 20 2 .01 .01 .07
3331 72 04 21 1 .08 .06 .48 .01 .01 .14 .23 . 11 .09
3331 72 04 21 2 .30
3331 72 04 28 1 .27 .21 .02
3331 72 05 01 1 .20 .20 .20 .20 .12
3331 72 05 07 2 .17 .04

3331 72 05 08 1 .08 .01
3331 72 05 12 2 .08 .05 .02 .02
3331 72 05 15 1 .03

3331 72 05 23 2 .18 .11 .11 .02
3331 72 05 24 1 .01 .02 .03 .01
3331 72 05 27 2 .06 .01
3331 72 06 04 1 .08

3331 72 06 06 2 .01 .09

3331 72 06 07 1 .04 .15 .01



109

3331 72 06 14 2 .08 .08 .09 .09 .09 .09 .08 .08
3331 72 06 19 2 .03 .03 .03 .04 .04 .04 .04

3331 72 06 20 1 .04 .04 .04 .04 .04 .04 .03 .03

3331 72 06 25 1 .01 .01

3331 72 06 26 1 .01
3331 72 07 01 2 .39

3331 72 07 02 1 .01

3331 72 07 02 2 .11 .20 .09
3331 72 07 03 2 .34 .08

3331 72 07 04 1 .02 .01 .03 .04 .02 .01 .02
3331 72 07 15 2 .02 .01 .06 .01 .01 .07
3331 72 07 16 1 .10 .69 .71 .27 .03 .01 .01
3331 72 08 04 1 .57 .03

3331 72 08 04 2 .02 .03
3331 72 08 06 1 .11 .01 .01 .04 .03 .10

3331 72 08 15 2 .20

3331 72 08 19 2 .18 .03
3331 72 08 21 2 .01 .09 .10 .20 .01 .29

3331 72 08 22 2 .42 .08 .10 .08 .10
3331 72 08 23 1 .10 .04 .28 .10 .02 .02 .02
3331 72 09 07 2 .12 .68 .10 .40 .39 .02 .01

3331 72 09 13 2 .03

3331 72 09 14 1 .22 .16 .01 .01 .02 .18

3331 72 09 15 1 .25
3331 72 09 21 1 .02 .05 .01 .01

3331 72 09 22 2 .02 .08 .03 .01

3331 72 09 23 1 .01 .07 .01 .44 .05

3331 72 09 25 2 .02

3331 72 09 26 2 .01
3331 72 09 27 1 .07

3331 72 09 29 1 .08 .CI .C1 .08
3331 72 09 29 2 .30 .22 .10 .02 .07 .01
3331 72 10 03 1 .03 . 18 .12 .01 .01

3331 72 10 08 2 .06 .03

3331 72 10 17 1 .09 .01

3331 72 10 19 2 .20 .03 .02 .05

3331 72 10 21 1 .02 .08 .10

3331 72 10 23 1 .07 .01
3331 72 10 23 2 .02 .08

3331 72 10 27 1 .01

3331 72 11 01 2 .02 .06 .02

3331 72 11 02 1 .01 .01

3331 72 11 06 1 .16 .02

3331 72 11 08 2 .01 .02 .03 .01 .08

3331 72 11 18 1 .02 .02 .02 .03 .03 ;o3 .03 .02

3331 72 11 18 2 .08 .02 .02 .03 .02 .01 .06 .03

3331 72 11 23 1 .03 .07 .01 .01 .05

3331 72 11 26 1 .03 .04 .03 .04 .03 .04

3331 72 11 26 2 .01 .01 .01 .07

3331 72 11 28 2 .20 .10 .08 .02 .21 .07 .03 .01

3331 72 11 29 1 .03 .03 .02

3331 72 12 05 2 .02
3331 72 12 06 1 .07 .03 .08 .05 .02

3331 72 12 06 2 .02 .11 .07 .18 .20
3331 72 12 07 1 .04 .07 .01

3331 72 12 03 2 .05 .05 .05 .05 .05
3331 72 12 09 1 .05 .CS .05 .05 .05 .05 .OS

3331 72 12 09 2 .20 .20 .20 .20
3331 72 12 10 1 .20 .20 .20 .2C .2 0 .20 .20

3331 72 12 13 2 .01 .01 .10 .17

3331 72 12 14 1 .03 .02 .07 .01 .10 .18 .02 .12 .18 .10

3331 72 12 14 2 .02 .01 .04 .01 .01 .01 .05 .05

3331 72 12 15 1 .05 .05 .05 .C5

3331 72 12 19 1 . 18 .04

3331 72 12 29 1 .01 .01 .05
3331 72 12 29 2 .13 .01 .01 .02 .03 .01 .01 .01 .03
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%

S
READ MONTHLY DEPOSI

NO

5

72 1 LEAD
72 2

72 3
72 4

S
s
St
EN DR Ul

CBOOKEE CREEK, HISS
5

LAND SURFACE SIMULA

1 72 1 73 1 73
1 5 72 73

8 SSEF

.00

52.40

.23 80
0.304

0.010

3331 72 12 30 1 .09 .08 .01

TION (CALL HODEPS)

CD

ZN

CU

21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
.140 .140 .140 .140 .140 .140 .140 .140 .140 .140 .140
1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
.800 .800 .80C .80C .800 .800 .800 .800 .800 .800 .800

OUR I

TION

1 1

START,END,KEY HO-YB, READ BY TIHEBD

9.0

179.4
.2314

39.6359

0.

8.9

.2
95

175

0 0.00 3.0
179.4 179.4 179.4

314 .2314 .2314

.56 119.606 142.2 250.588 512.0 0.280 0.302
0.000

06 LANPAB

1.0 .004 70.10 0.4

.1118 .020

1 5 3
4 WINDS

WBW69 71101 6.083

71102 1.167
7110310.167

71111 3.458

71112 6.625
71113 4.417

71121 4.000
71122 4.833

71123 6.875
72 11 1.833

0.4

3 0.0

458

417

292

375

833

458

833

417

792
333

958 1

917 3

792 1

000 3

042 4
542 5

0.011010

.958 4

,792 8

,458 2

,750

.917

9 58

,500

,333
.456

167 1

.2 92 1
,208 1

,250 0
833 3

,250 3
417 1

.583

,875

.583

.500

.292

.167

.958

,833

.875
,542

.500

.000 1

.167 1

625 0

.500 0
,625 3

.3 33 2

.125 2

.7 08 4

.0 42 1

.917 4

.750

.4 58

.167

.348

.500

.500

.333 8
JOB 0

.917 7

.7 92

.667

250

750

833

917

667

083

750

792

833
167

833

750
917

083

,500

.667

,917

,958

,625
,458

,000

,833
,000

,875

,125

,750

833

250

3.458 2.750 1.

5.000 4.333 6.

5.542
5.250 2.708 3.

3.208 2.125 4.

1.958 4.292 7.

2.958 1.917 2.
9.000

2.542 1.458 1.

3.833 4.125 1.

1.792
1.333 2.125 4.

6.042 1.792 3.

21 .0

.140

1.80

.800

583

2 92

750

042

458

875

167

375

708

083

WBH6 9

WBW6 9

WBW6 9

WEW6S

WBW69

WBW69

WBW69

WBW69

WBW70
WBW7C

WBW7 0

WBR7C

WBW7C

WBW70

WBW7 0

72 12 2.583
72 13 0.917

72 21 1.208

72 22 4.833

72 23 1.083
72 31 1.792

6. 167

3.250

3.000

3.125

1.500

2.458

3.875

3.292

3.79 2
0.667

2.875

0.750
5.417

1.500

2.875

3.125 0.500 1.292 2.042 3.167 2.833
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WBW7C

WBW7C

WBW7 0

WBW7C

WBW7C
WBW70

WBW70

WBW7C

WBW7C

WBW70

WEW7C

WBW70

WBW70

WBH7C

WBW7C

WBW70

WBW70

WBW70

WBW7 0

WBW7C

S

72 32

72 33
72 41

72 42

72 43

72 51

72 52

72 53
72 61

72 62

3.750 1.333

4.792 3.042
4.0001 1.708

3.292 6.375

3.667 4.792
4.875

5.250

2.125
6.792

3.583

2.542

6.042

2.375
2.125

1.875

3.500

3.333

3.625

2.250

2.500

2.625

6.167

1.625

1.042

1.458

4.083 4.375 0.958 4.208
6.208 8.458 0.583 1.292
2.042 3.375 6.958 5.792
4.083 3.375 2.792 1 .208

3.500 1.7 50 1.875 2.2 92
4.375 2.333 3.COO 4.2 50
3.667 3.917 3.458 3.083
3.542 3.333 3.333 3 .4 17
0.542 2.250 1.583 1 .4 17

3.542 3.667 3.667 4.9 17 8

2.208 8.500 7.250 4.0 42 3

4.583 5.708 2.750 3.000 3
4.083 6.792 3.000 1.375 1
3.667 1.875 1 .C42 0.958 1

1.417 1.458

1.708 1.667

2.292 2.583

2.792 2.417

72 63 2.125

72 71 3.333

2.458 1

3.125 1,

2.0 00 1

1 .3 33 1,

72 72

72 73

72 81

72 82

72 83

72 91

72 92

72 93

3.000

2.083
2.917

2.208
4.458

1.458

1.292

1.208

208

583

083
167

667 1.917 1.583 1.625 2

2.375 3.250 4.583 3.9 17 0.

1

R EADIN

DATA AND SIMULATION OF CROOKED CBEEK WATERSHED

30. 60. 60.
.233 .257 .283

.38

1.0132 .24 10.
.2 .01 .6 .4 1.

.001 4. .0
300000. .00 1 .001
1C0. 140. 250. 290.

1.0 7. 2. 1.
0.60 0.48 5 4

20. 10. 50. 100.
0.0 315.0 35.0

FOBHDLA

CROOKED CBEEK SOILS A

3. .2395 146.13
1. .2895 4.995
CBOOKZE CBEEK SOILS B

3. .2965 103.05

1. .2965 1.5008D -
CBCOKED CBEEK SOILS C

3. .298 80.26

1. .298 .00408 23
CBOOKED CRJEK SOILS D

3. .3382 101.06
2. .3382 17.746

INFILTRATION CUBVE FOBEST SOIL

15. 0.0 0.0 25
0.00 1.04 2.08 3.05 4.04 5.05 6.07 7.09 8.03 9.07
16.0 317.0218.0119.0 019.9920.9621.9222.8923.8 0

0. 5. 10. 15. 20. 25. 30. 35. 40. 45.
80. 85. 90. 95. 100. 105. 110. 115. 120.

10 BDCER

CSBES PARAHETEBS FOLLOW

1

6C.

.317

100.

.4

20.

136.

3.445

60.

.330

0.

OD 6

.22

.5

0.29 4

129.90

3 9.7497

.3136

141.31
8.19124

.3279

,958

417

083

750

000
708

083

792
667

042

125

000

542

042
958

667

500

583

458

875

2.250

3.792
4.708

6.625

4.917

4.583

3.042

3.250
2.917

3.208

1.417

3.000

2.750

1.625
3.208

3.292

2.708
1.083

1.500

3.833

1.0D 6

.16

-.5

16 3.

4.0

.3706

.344 097 5.79D- 4

0.0811.101

50. 55.

0.0

2C0.

2C.

0.1

.055
22.

880. 2.0

5.0
30.

D-31.80 D-4

.240

22.

400.
169

500. 0

1.84 D-4

13.

.00
i.365

1.88 D-4

0.0

3.875 3.208 4.417

2.083

6.250 2.458 3.875

9.292 7.083 5.208

4.667 7.042 3.958
2.375 2.083 2.042

2.125

1.750 2.625 2.583
3.958 6.083 3.000

3.000

5.792

2.333

2.083 7.917

3.000

3.042

2. 167

3.000

6.417

3.625

2.7501.750

3.958

3.875 3.958 2.542
2.667 1.792 1.125

5000.

2.0913.0814.0715.06

60. 65. 70. 75.

8770. 4084.



.00032

2.

.85

8C0.

1.

1.

.643

.05

700.

1.

1.

75.

5.7

50.

1.

1.

90.

600.

1.

1.

112

27 3.

44 C.

420

.00122

9.D-8

14.

100.

.00035

4.08D-3

4.

1 100.

.00018

500 100.

.0000140.00013

4. 8.

1.630D-6 1.630D-6 2.60D-6

9 BCCHH

KD AID PABAHETEBS FOB

4 LEAE CADHIUH

5 33.015.30.90.

6.0

SOIL HODEL FOLLOW

ZINC COPPEB FAKE

301.

0000320

.1174 .1174 1174 172 8

1.D-12 1.D-12 1.D-12 1.D-12 .0564 1.1

1.D-12 1.D-12 1. D-12 1.D-12 .0317 1.2

1.D-12 1.D-12 1.0-12 1.0-12 .0194 1.2

1.D-12 1.D-12 1.D-12 1.D-12 .04 79 1.3

5.D2 1.D1 1.D1 3.5D1 1.0

6.D2 6.DO 1.D1 2.7D2 1.0

1.D6 1.D6 1.D6 1.D6 1 .0

1.D6 1.D6 1.D6 1.D6 1.0

3.0 0.20 2.00 0.60

189. 1.26 16.2 7.2C

189. 1.26 16.2 7.20

189. 1.26 16.2 7.20

189. 1.26 16.2 7.20

189. 1.26 16.2 7.2C

189. 1.26 16.2 7.20
189. 1.26 16.2 7.20

189. 1.26 16.2 7.20

189. 1.26 16.2 7.20

189. 1.26 17.2 7.20

189. 1.26 16.2 7.20

189. 1.26 16.2 7.20

103.65 56.25 32.69 31.75 1 .0

1.D-5 1.D-5 1.D-5 1.D-5 1.D-5

11 BDDBY

.8 1 5 1

64.

2.8 D-3 1.0 1.0 1.0

S02

.118 .239 1I. 1 1.

5.7 1.0 D-11 1.0 D-4 1.0 D-9 1.0 D-8

1000. 1000. 1000. 1000.

100. 100. 100. 100.

7500. 7500. 7500. 7500.

600. 1S00. 600. 600.

10000. 10000. 10000. 10000.

.00010 5.
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0. 900. 25000. 2500. 0.
0. 90. 600. 500. 0.
0. 7000. 4000. 1000. 0.
0. 300. 1000. 200. 0.
0. 8000. 5000. 10000. 0.

2.D-8

.9

2 DEW DAILY
71101 63. 64. 61. 45. 46. 40. 46. 50. 32. 36. 44.
71102 45. 43. 40. 57. 60. 63. 64. 64. 56. 63. 59.
71103 60. 54. 57. 57. 48. 48. 55. 56. 31.
71111 60. 30. 20. 20. 30. 23. 17. 6. 38. 26. 36.
71112 47. 48. 60. 63. 54. 50. 57. 25. 34. 25. 12.
71113 29. 32. 31. 38. 28. 34. 30. 20.
71121 20. 25. 19. 32. 37. 39. 42. 44. 47. 46. 28.
71122 40. 30. 57. 42. 38. 21. 11. 36. 39. 34. 26.
71123 43. 41. 54. 48. 55. 17. 43. 28. 19.
72011 31. 21. 38. 8. 12. 2 4. 26. 26. 45. 40. 21.
72012 32. 18. 6. -6. 7. 2 3. 41. 36. 54. 36. 36.
72013 44. 38. 2. -4. 29. 12. 21. 23. 23.
72021 20. 20. 3. 5. 6. 38. -8. 18. 25. 27. 29.
72022 37. 25. 28. 22. 22. 34. 18. -4. 9. 47. 17.
72023 42. 37. 38. 26. 37. 3 3. 43.
72031 54. 14. 13. 9. 8. 17. 39. 1. 8. 26. 48.
72032 54. 40. 31. 50. 32. 32. 29. 35. 40. 43. 28.
72033 18. 20. 31. 32. 51. 40. 28. 15. 24.
72041 18. 26. 50. 20. 28. 5 3. 52. 13. 20. 50. 64.
72042 63. 60. 64. 53. 44. 35. 45. 59. 61. 58. 45.
72043 41. 33. 24. 20. 44. 56. 48. 56.
72051 54. 36. 42. 43. 48. 46. 56. 51. 40. 39. 38.
72052 56. 43. 49. 45. 50. 44. 46. 48. 52. 48. 52.
72053 58. 52. 53. 55. 56. 57. 58. 51. 35.
72061 30. 34. 35. 43. 41. 34. 48. 37. 32. 43. 30.
72062 45. 47. 71. 41. 46. 45. 43. 43. 65. 47. 43.
72063 50. 49. 57. 60. 68. 59. 51. 50.
72071 69. 66. 61. 58. 71. 39. 50. 55. 66. 66.

WBW70 72 72 60.00 61.33 65.46 66.92 61.54 58.17 59.46 63.21 67.67 62.29 64.83
HBW70 72 73 71.08 71.46 70.75 70.21 69.50 69.58 69.04 69.58 70.33
WBW7C 72 81 72.00 71.42 68.83 66.21 64.00 65.08 67.04 69.92 71.08 67.17 66.17
WBW70 72 82 67.54 66.25 65.29 66.46 67.96 67.96 67.71 66.67 69.25 71.13 72.79
IBW7C 72 83 70.13 60.08 60.92 62.88 62.25 65.92 69.50 71.09 67.33
WBW70 72 91 68.08 70.33 67.38 69.00 68.58 67.21 67.08 69.58 68.25 68.04 61.25
IBW7C 72 92 59.75 63.42 65.33 64.42 62.46 65.17 67.83 70.54 68.25 68.42 68.08
NBW7C 72 93 67.29 67.54 66.04 65.71 57.79 44.63 43.71 49.29 0.0
s

1 TZHP

2 THIS IS DCS (13) .
SALEH 71101 87 61 85 60 85 65 73 49 72 48 79 48 71 42 76 52 71 42 57 36 62 46
SALEH 71102 72 36 78 44 72 42 79 42 78 53 82 62 77 62 74 66 73 56 78 61 72 56
SALEH 71103 66 58 62 58 61 46 75 51 77 56 77 45 79 53 81 59 80 42
SALIH 71111 65 46 75 45 66 35 57 32 65 42 68 35 46 19 39 21 41 28 50 24 65 34
SALEH 71112 69 38 75 44 74 54 74 56 77 45 71 45 69 54 61 31 49 33 66 36 40 17
SALEH 71113 40 22 35 28 40 25 42 28 44 34 43 31 44 34 35 31
SALEH 71121 38 20 39 22 39 25 40 31 40 34 41 36 45 40 45 38 51 41 55 46 58 24
SALEH 71122 49 27 51 24 49 27 66 47 50 32 49 29 49 21 45 20 41 34 54 31 36 31
SALEH 71123 50 31 54 43 57 42 68 42 70 52 72 19 44 19 57 38 46 20
SALIH 72011 50 23 43 28 48 29 40 15 15 -2 21 -2 39 18 54 30 49 36 59 33 61 24
SALEH 72012 48 27 62 24 31 7 19 -6 IC -3 25 0 47 23 58 35 53 37 63 30 47 29
SALEH 72013 50 36 61 42 66 9 33 10 45 16 30 6 20 6 25 17 32 19
SALEH 72021 48 28 36 31 36 13 21 6 27 8 47 24 40 7 28 9 37 18 27 18 45 24
SALEH 72022 43 34 39 31 49 30 67 29 46 24 54 31 55 26 39 21 46 24 59 33 66 21
SALEH 72023 42 22 48 34 49 33 41 26 46 26 61 33 74 49
SALEH 72031 81 60 70 19 38 17 48 25 43 19 45 26 66 39 60 25 50 20 63 32 65 36
SALEH 720 32 80 53 77 46 46 33 65 41 65 40 56 39 57 40 57 35 70 45 77 56 62 38
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SALEM 72033 63 29 55 34 42 32 42 29 52 36 67 42 44 33 39 20 54 29
SALEM 72041 57 25 43 21 66 33 60 25 57 32 69 48 82 60 65 25 47 28 64 38 63 45
SALEM 72042 83 60 89 62 84 60 80 59 65 47 65 40 77 51 82 61 80 59 66 It tl 1\
SALEH 72043 76 49 65 40 62 34 61 38 65 49 62 53 62 52 74 55 3
SALEH 72051 78 54 70 54 67 46 64 44 72 49 78 55 79 55 74 52 61 45 66 44 70 43
SALEH 72052 76 56 72 S9 74 55 65 50 74 49 81 50 81 48 81 49 83 51 84 n ll 50
SALEH 72053 89 58 86 56 31 54 81 56 86 57 88 64 85 60 80 57 66 44
SALIH 72061 68 38 77 48 84 61 89 67 89 67 90 67 91 61 83 62 92 65 92 51 73 u->
«» ""I IV£\ 2S " " 68 " ?1 81 " m57 84 56 « " 85 63 90 tl l\ M75 11SALEH 72063 77 47 82 49 87 62 87 63 82 72 9C 71 89 68 89 58
SALEH 72071 93 64 89 70 80 61 80 62 69 51 71 44 76 53 78 58 79 62 88 67 H9 fi7
SALEH 72072 88 63 88 66 89 67 91 74 87 63 80 65 91 72 89 71 90 71 92 7? 90 tl
SALEH 72073 91 70 93 68 91 65 90 69 94 76 90 67 80 65 75 66 80 58
SALEH 72081 84 62 84 70 89 73 89 65 71 59 80 69 77 59 77 56 84 ll 74 51 80 61
SALIH 72082 89 69 89 65 90 67 93 69 91 62 91 70 91 72 94 71 95 69 96 67 94 68
SALEH 72083 82 66 81 66 87 66 83 59 71 58 74 55 84 57 86 57 85 61
BUIKB 72091 88 65 85 65 76 56 71 55 78 52 79 53 89 62 87 68 88 64 81 55 89 63
BON KB 72092 89 68 91 68 90 64 80 62 87 67 88 67 90 64 92 68 90 67 87 I? 66 to^BUNKE 72093 70 55 72 65 73 65 78 67 80 62 80 62 80 57 69 36
3 BAD DAILY (LANGLEYS / DAY) COLOHBIA, HISSOURI

COL73 71101 311.8 432.7 315.4 267.9 469.6 103.5 317.8 389.6 397 7 349 8 161 u
COL73 71102 111.2 346.3 425.7 416.2 432.4 409.8 403.4 388 1 395 4 380*1 all 6
COL73 71103 352.8 374.0 375.1 166.3 126.7 100.6 91.6 270.4 318*1
COL73 71111 312.5 254.8 329.2 68.4 342.7 121.7 158.0 3329 322 2 104 0
COL73 71112 236.7 61.2 191.1 121.9 292.1 222.6 286.1 104.3 ""2 245*2 2M*S
COL73 71113 219.3 41.4 211.4 64.4 96.5 263.6 269.9 235*0
COL73 71121 250.0 262.9 200.1 30.9 108.0 194.1 285.8 212.2 221 9 2-4 2 71Q a
COL73 71122 197.6 44.7 52.2 50.6 209.6 108.6 89 4 51 6 265 7 170*3 ,
COL73 71123 149.1 100.9 61.3 36.5 111.7 208 0 251 1 55 9 »7'
f^ll 11 V 269'8 261-1 31-* 66-6 «6-8 225.6 98 lll.l M9.*4 241 3 308 9
™ll "12 221.0 285.9 183.9 232.3 267.1 93.0 29. 1 244 2 278 1 22 2 22 2
ssj 3s a::3s sk ,&; 'a; 'S:s v.; avs & , , '
SSS ?i 11 .S:S X:! ,11:1 'K:i ".f.l JS1 "••' "«:l "I:» =-« >'<•'
COL73 72 31 40.6 83.8 174.4 63.7 158.5 59.6 482.5 289.0 122 7 85 5 59 •>
COL73 72 32 509.5 154.0 505.1 506.8 79.7 382.3 505.4 131.0 151 4 572*1 ulVl
CCL73 72 33 251.1 150.0 175.6 217.1 382.0 261.7 151 3 464 9 278*0
COL73 72 41 61.7 153.9 114.6 204.8 624.9 611.9 228.7 138*6 284*5 663 8 S1* ,
COL'" V2 11 tlVl ttl'°, I!,"*. ?Si »""•» 63°-5 "'•' "I'-6 "»."2 265*.38 IiT.IcTl^ 722 51 ^I:f ijo.-s7 ?&; Zl^ ; 55:* WA lli'l 502, „,. 478 a
COL73 72 52 764.0 675.1 615.3 754.2 711.7 748.5 600.7 582 0 711 1 438*9 413 9
COL73 72 53 369.3 584.2 744.0 421.1 341.2 401.6 496.3 684 4 699*]
COL73 72 61 720.9 419.8 551.6 303.4 315.6 740 3 755.8 750 8 745*7 690 0 671 *
£!•?! II " 575'7 503-° *87-6 55a-4 628-" 75»-8 573.1 394 3 72^*7 ill2 « "jCOL73 72 63 756.0 723.0 547.5 530.7 730.6 720.7 605.1 495 0
COL73 72 71 516.0 652.3 587.3 721.0 651.4 746.8 712.8 685 6 435 3 564 7 730 4
r^il ?2 "J? 122-° ?12-8 35<"-3 "2-6 625'6 652'7 523 6 •"« 1tlt:l q"*4 560 2colli 11 l\ III'2, *Al-l U*8*6 708-5 67«-8 6»2-5 588.0 500 8 609 5 * *2COL73 72 81 602.7 618.0 664.3 652.8 641.8 630.7 634.5 553 6 505 8 6S9 5 sun a
COL73 72 82 498.0 333.7 602.1 598.4 533.4 602*2 626 1 568 1 618*6 636*5 to?'«
COL73 72 83 447.8 578.1 582.9 581.2 513.2 564.7 478.6 498 6 519*t
COL73 72 91 472.5 363.3 243.6 146.0 280.8 550 0 252 8 389*7 350*1 320 8 470 6
COL73 72 92 473.5 196.7 423.6 520.0 219.8 134 4 483.4 192.0 122*2 3m"2 ill *
COL73 72 93 326.7 211.9 293.0 345.0 185.0 128*4 445.5 148*4 "'5
15 EVAPO

100.0 0.24
16 GO

ENDRUN

IHC002I STOP
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APPENDIX C

Output Data for One Month

Simulation with Appendix B input data.
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The monthly output is divided into sections with results as follows:

1) Daily soil-plant water relations (PROSPER)

DAY Julian date (<366)

INFILT Infiltration (cm/day)

RUNOFF Surface runoff (cm/day)

DRAINAGE Soil drainage (cm/day)

ET Evapotranspiration (cm/day)

FLLAT Lateral flow from soil layers (cm/day)

FLNET Vertical flow from root zone to 3rd soil layer (cm/day)

SURF.CON Surface (leaf) conductance (cm/sec)

THETA1 Water content of first soil layer (ml/ml)

THETA2 Water content of second soil layer (ml/ml)

THETAN Water content of bottom soil layer (ml/ml)

2) Monthly soil chemistry (SCEHM) and solute uptake (DIFMAS)

results

EX Exchangeable chemical

CON Solution phase chemical

Results for four chemicals (LEAD, CADMIUM, ZINC, COPPER) given

in ug/cm^ land and ug/g soil (ppm) for 2nd, 3rd, 4th and 5th

soil chemistry layer are tabulated.

Values for the amounts of chemical in litter, canopy and

components of root uptake and monthly chemical movement in

soil water (lateral flow, surface runoff or leaching in drain

age water) follow mass balance errors for each chemical in

both soil and surface litter layers complete this section.
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3) Monthly DRYADS output of solute pools and fluxes.

Solute fluxes and pools using F0RTRAN names as in text. Addi

tional labels have the following meaning:

LBC0N leaf chemical concentration (ug/g)

FBC0N fruit chemical concentration (ug/g)

SBC0NS stem sapwood concentration (ug/g)

SBC0NH stem heartwood concentration (ug/g)

RBC0NS root sapwood concentration (ug/g)

RBC0NH root heartwood concentration (ug/g)

TLP00L amount of chemical in leaf, stem and fruit litter
(ug/m2)

TPC0NC chemical concentration in TLP00L (ug/g)

RG0NC root litter chemical concentration (ug/g)

TMINL total litter mineralization rate (ug/m2/month)

T0TAL total plant mortality rate (ug/m2/month)

4) Monthly CERES output for biomass dynamics of vegetation and

litter.

Current biomass status of sugar, storage, heartwood (W00D),

and litter (CARB) compartments and monthly rates of respiration

(RESP), mortality (MORT), new growth (FIXD) and decomposition

(DEC0MP) for the stem root, leaf and fruit components are

listed. Totals for compartments also given (TOTALS). Values

of leaf area index, monthly net photosynthesis (PHOTGAR, g

biomass/m2land/month), standing dead (g/m2) and monthly wind

fallen material (FALLEN, g/m2/month), vegetation and litter

carbon mass balance errors follow.
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5) Monthly water budget

Data from the Terrestrial Ecosystem Hydrology Model (see

Huff et al., 1976).



••••THE FOLLOWING DATA IS IN CENTIHETEBS****
SNOWPACK BALANCE SNOWFALL IN INTERCEPTED IN RAIN ON PACK HELT RELEASED
0.0 0.0 0.0 0.0 0.0

INTERCEPTION BALANCE

C.121116591E-05

INTERCEPTION INPUT

1.17455769

CANOPY EVAPORATION

1.17455673

PRICE STOBAGE

0.0

SUBLIHATION

0.0

CURRENT STORAGE

0.0

SICFAGP CHANGE

0.0

LCSS TO PACK

0.0

LOWER ZONE BALANCE

0.65B87440S-03

INFILTRATION

7.38522

DRAINAGE OUT

0.439979

TRANSPIRATION SOIL EVAPORATION PHIOE STORAGE CURRENT STORAGE
7.966962 0.1829832 67.721359 66.515976

PRIOR STOBAGE

DRAINAGE CHANL

0.12556202E-10

CUBRENT STOB2

CUBRENT STORAGESOURCE AREA BALANCE DRAINAGE IN
0.0 7.38522434

DEEP SOIL BALANCE DRAINAGE IN
-.402712758E-04 0.439978719

PhlOR STOR1 PRIOR STOR2
97.645966 0.0

DRAINAGE OUT

0.0
DRAINAGE GWS

2.3558846

COBBENI STOB1
95.730118

GROUNDWATER BALANCE
0.2251016702-03

GW DRAINAGE IN

2.3464613

DEEP LOSSES

0.0

BASE STBEAHFLON

2.4990435

TRANSPIRATION

0.0

PBIOR STORAGE

0.4229907

CURRENT STORAGE

0.27017367

INTERFLOW CHECK LAND T-INTF

0.00000000

SOURCE A - INTF

0.0

DEEP SOIL INTF

0.000000000

BALANCE-INTF

-.14247098E-14

PA=0.996 RES= 0.0 RES1= 0.0

BALANCE -0.947569B-03

IHPERVIOUS

HONTHLY SATEE B AL ANCE=-0. 94756950E-03

***♦ RUNOFF COHPONEHT SUHHABY *••*

CBNTIH2TERS

FRACTION

0.02954075

0.01168272

SUBFACE

0.0

0.0

SOURCE AREA 1

0.0

0.0

SOURCE AREA 2

0.00000000

0.000 00000

BASE

2.49904346

0.98831743

2.52858353

1.00000000

<o



SIHULAIION OF JUL. 197 2 BEGINS FOS SEGHENT NO. 1. PRECIP FILE KEY
NXTF= 366 TEMPS* 89.0 70.0 HONTH= 7 DAY= 1 RAD» 516.0

3331 874

OAK I

(
RAD,SOL
SUNHE

0

NFILT

CH)
AS, SOL

C

14.744

39.934

9.1392
BSD 0

78D 0

94D 0

82D-0

0

0

0

0

0

0

. 0

.0

0

. 0

17D 0

45D 0

0

0

0

.C

0

0

0

0

0

.0

0

0

C

0

PUNOFF

NET,A1HE,PHHE

DEAINAGE ET
(CH PEE DAY)-

516.00000

FLLAT FLNET SURF.CON

(CH/SEC)
382.82129

SURF.POT THETA1 THETA2 THETA1

(BAR) -(CH PER CH)-
7.1715031 7.1715031

1b 3

184

18 5

186

187

186

189

190

1J1

192

193

194

195

196

197

19 b

199

200

201

202

203

20 4

205

20 6

20 7

20 8

20 9

210

211

212

070

448

765

0 0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

CO

0.0

0.0

0.0

0.0

0.0

0.0

CO

CO

CO

0.0

0.0

0.0

CO

CONCENTRATIONS

LEAD

UG/CH2

PPH

UG/C M2

PfrH

UG/CH2

PPH

UU/CH2

PPH

EX

1.1822D 02

3.5823D 01

3.7339D-01

2.5930D-02

1.9931D-04

1. 1073D-05

1.4161D-10

1.8155D-12

516.00000

0.0

22.839874

38.720 108

0.7605053 2
0.1879D-01 0.1066D

0. 1837D-01 0.2674D
0. 1796D-01 0.4 06 9D

0. 1756D-01 0.3147D

0. 1719D-01 0.3814D
0. 1682D-01 0.3823D

0.1647D-01 0.2955D

0. 1614D-01 0.2381D

0. 158 1D-01 0.1751D
0.1550D-01 0.1686D

0. 1520D-01 0.1897D

0. 149 1D-01 0.1309D
0.1463D-01 0.1180D
0.1436D-01 0.1011D

0. 1410D-01 0.8150D
0.1385D-01 0.4489D
0.1360D-01 0.5502D

0.1337D-01 0.6O32D

0. 1314D-01 0.5275D
0.1292D-01 0.4522D

0.1270D-01 0.4411D

0. 1250D-01 0.351CD

0.1230D-01 0.2550D
0. 1210D-01 0.2244D

0. 119 ID-01 0.1 91 3D
0.1173D-01 0.1740D 00 0.0

0.1155D-01 0.1624D 00 0.0
0.1138D-01 0.1271D 00 0.0

0.1121D-01 0.1065D 00 0.0
0.1105D-01 0.8763D-01 0.0

0.0

29.378 784

35.917709

0.0

00 0.0

00 0.0

00 0.0
00 0.0

00 0.0
00 CO

00 0.0

00 0.0

00 0.0

0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

CO

0.0
00 0.0

00 0.0

00 0.0

0.0

0.0

0.0

00

00

00

00
00

•01

00
00

00
00

00

00

oc

CADHIUH

CON EZ CON

3.2794D-02 9.1056D-01 1.2630D-02

7. 1646D-02 2.7593D-01 2.7593D-02

7.9125D-05 3.9637D-01 8.3994D-03

4. 3217D-05 2.7526D-02 4.5876 D-03

2. 534 1D-11 5.0391D-02 6.4070D-09

1.1073D-11 2.7995D-03 2.7995D-09

1.9260D-17 1.1092D-08 1 .5086 D-15

1.8155D-18 1.4220D-10 1.4220D-16
LEAD

0.0
34.

31.

0.0
.3222D-01

.3040D-01

. 2641D-01

. 1929D-01

.1624D-01

.15700-01
•1616D-01

. 1710D-01

.1792D-01

. 1866D-01

.1963D-01

.2034D-01

.20660-01

.2075D-01

. 2075D-01

.3742D-02

. 1370D-02

. 1763D-02

. 2527D-02

. 3527D-02

. 4833D-02

.6306D-02

.7640D-02

.88550-02

.9982D-02

. 11O3D-01

. 1206D-01

.1283D-01

. 1339D-01

.1376D-01

360825

558426

0.3576D-01

0.1570D 00

0. 3706D 00

0.3398D 00

0.4687D 00

0.2597D 00

0. 1673D 00
0.1220D 00

0.1310D 00

0.6984D-01

0.3063D-01

0. 3963D-01

3555D-01

• 4131D-01

.2921D-01

.2937D 00

.3230D 00

C2178D 00
0. 2569D 00

0.2441D 00

0.1653D 00

0.1476D 00

0. 1362D 00

0.9354D-01

0.8216D-01

0.5654D-01

C3877D-01
0.4076D-01

0.5384D-01
0.6945D-01

0.0

37.785965

25.642258

0.0

.1881D 02

.1558D 02

.13280 02

.1354D 02

. 1247D 02

.1431D 02

.1543D 02

.1616D 02

.1600D 02

.1739D 02

.1913D 02

.1859D 02

.1882D 02

. 1851D 02

.1922D 02

•1397D 02
.1370D 02

.1477D 02

.1434D 02

.1448D 02

.1545D 02

.1572D 02

.1591D 02

.1676D 02

.1704D 02

.17850 02

.1864D 02

.1853D 02

.1795D 02

.1741D 02

1556D

1791D

1944D

2104D

1939D

1813D

1725D

1671D

1639D

1612D

1587D

1568D

1553D

1541D

1529D

2247D

2053D

1929D

1847D

1788D

1735D
1692D

1661D

1635D

1613D

1593D

1575D

1561D

1549D

1539D

5.0905323

39.654236

18.169205

CO
000. 1802D 000

000.1799D 000

000. 18 12D 000

000. 1858D COO

000. 1872D 000

000.1870D 000
000. 1859D 000

000. 1843D 000

000.1830D 000

000. 18 16D 000

000. 1801D 000

000.1788D 000
000. 1778D 000.

000.1770D 000

000.1762D 000

000. 2162D 000,

000.2164D 000

00C2129D 000

000. 20 77D 000
000.2027D 000

000. 1976D 000

000.1933D 000

000. 1902D 000

000.1875D 000

00C1853D 000

000. 18 33D 000.

000.1815D 000
000.1801D 000

000. 1790D 000,

000.1780D 000

.3180D 00

.3179D 00

•3177D 00

.3176D 00

.3175D 00

•3173D 00
.31720 00

.3171D 00

.3170D 00

.3168D 00

.3167D 00

.3166D 00

.3165D 00

.3164D 00

.3163D 00

•3162D 00

.31600 00

•3159D 00
•3158D 00

•3157D 00

.3156D 00

• 3155D 00

.3154D 00

.31530 00

.3152D 00

.3151D 00

.3150D 00

• 3150D 00

.31490 00

.3148D 00

ZINC COPPER

EX CON EX CON

6.51500 00 9.0366D-02 1.0302D01 4.0827D-02

1.9742D 00 1.9742D-01 3.1219D 00 8.9197D-02

4.7475D 00 6.0362D-02 9.8499D-01 4.6384D-04

3. 2969D-01 3.2969D-02 6.8402D-02 2.5334D-04

3.1719D-01 4.0329D-08 1.2213D-03 1.5528D-10

1.7622D-02 1.7622D-08 6.7850D-05 6.7850D-11

6.8082D-08 9.2597D-15 3.4616D-10 4.7081D-17

8.7284D-10 8.7284D-16 4.4380D-12 4.4380D-18
CADHIUH ZINC COPPER

O



AHOUNT IN LITTES (UG/CH»*<!) 1.05040 03 9.1173D-01 2.8038D 01 2.2451E 01

AHOUNI IN CANOPY (UG/CH**2) 8.6228D 01 5.4383D-01 7.0253D 00 3.1218D 00

HONTHLY BOOI CPIAKE (UG/CH 2/HO)) 2.3850D 00 1.9190D 00 2.1032D 01 5.7239D 00

BOOT UPTAKE - EAY FLO W(UG/CH 2/HO) 2.2217D OC 1.8410D 00 2.0103D 01 5.4567D 00

BOOT UPTAKE - NIGHT FLOW(UG/CH2/H0) 1.6386D-01 7.8256D-02 9.3206D-01 2.6800D-01

HONTHLY LAIEBAL FLOW(UG/CH2) 0.0 0.0 0.0 0.0

HONTHLY SUBFACE RUNO FF( UG/CH2) 0.0 0.0 CO CO

LiSACHiD SINCE START OF RUN (UG/CH»*2) 3.5174D-14 9.9045D-12 6.1037D-11 2.1694D-13

LEACHED THIS HONTH (UG/CH«*2) 0.0 0.0 0.0 CO

EBSOR-SOIL HASS BAL AN CE(UG/CH»*2) -1.0529D-11 -1.5410D-13 -2.7818D-12 -1.2406D-12

EBROK-SURFACE HASS BALANCE(0G/CH»*2) 4.2576D-11 6.7057D-14 2.7882D-12 2.1965D-12



DRIADS OUTPUT

VEGETATION LAYEE 1

CONT A HI HANTS

••FLUXES IN **

DIFSOL (UG/H»* 2/HO)
LEACH (UG/H**2/HO)
GASFIX (UG/H«*2/HO)

••FLUXES WIIHIN**

LSSALT (OG/H**2/HO)
SFSALT (UG/H »*2/HO)
SBSALT(UG/H»*2/HO)
BSSOLU(UG/H**2/HO)
SLSOLU(UG/H**2/HO)

••STANDING EOCLS**

LINSOL(UG/H**2)
LSOL-SAL (UG/H**2)
FSALT (UG/H»*2)
FINSOL (UG/H**2)
SINSOL (UG/H**2)
SSOL-SAL (UG/H**2)
SDOBH(UG/H**2)
BIISGL(UG/H**2)
BSOL-SAL(UG/H**2)
BDOEH(UG/H**2)
BIOHASS CONCENTRATION

LBCOI(UG/G)
FBCON (UG/G)
SBCONS (UG/G)
SBCONH (UG/G)
BBC CIS (UG/G)
RBCONH(UG/G)

••LITTEB POOLS**

LPOOL (UG/H «»2)
SPOOL (UG/H* *2)
FPOOL (UG/H**2)
SPOOL (UG/H**2)
TLPOOL(UG/H**2)
TPCONC (UG/G)
BCONC (UG/G)

••HINERALIZATION**

LHIIL(UG/H**2/HO)
SHINL(UG/H**2/HO)
FHINL(UG/H**2/nO)
BHIIL(UG/H**2/HO)
IHINL(UG/H**2/HO)

••PLANT POOL

(UG/H**2/HO)
PLANT 1

ERROR**

0.181D 05

0.520D-03

0.108D 03

0.787D 00

-0.827D 01
C304D 03

0.168D 02

0.600D 05

0.148D 02

C701D-06

0.326D 01

0.174D 04
0.272D-01

0.575D 02

0.482D 05

0.156D 01

0.1 46D 04

0.139D 03

0.850D 00

0.199D 01

0.655D-02
0.140D 03

0.358D 00

0.428D 07

0.250D 07
0.116D 05

0.371D 07
0.679D 07

0.528D 04

C606D 04

0.546D 06

0.556D 05

0.529D 03

0.664D 05

0.669D 06

CADHIUH

0.611D 03
0. 149D-04

ZINC

0.767D 04

C15CD-C4

•0. 105D 03 -0.336D 02

0.419D 02 0.136D 02
•0.738D 03 -0.177D 03
0.170D 05 0.734D 04

0. 117D 04 0.441D 03

0. 379D 04
0. 416D 00

0.659D-03
0. 6240 02

0.261D 05

0.248D 01

0.272D 03

0. 332D 05

0. 156D 03

0. 169D 04

0.88 ID 01

0.163D 02

0. 299D 02
0. 310D-01
0.967D 0 2

0.415D 00

0. 526D 00
0.203D 00

0. 750D-01

0.9 12D 0 4
0.804D 00

0.625D-03
0. 149D 0 2

0. 271D-01

0.537D-02
0. 841D-03
0.202D 03
0.202D 03

0.261D 05

0.412D CO
0.265D-06
C223D 02

0.115D 05

0.206D 00

0.125D 03

0.667D 06

0.134D 02

0.261D 05

0.6 C7D 02

0.583D 01

0.131D 02

0.143D-01

0.193D 04

0.638D 01

0.114D
0.664D 05
0.307D 03

0.1CCD 06
0.180D 06
0.140D 03

0.163D 03

06

0.155D 05
0.157D 04

0.149D 02
0.190D 04

0.190D 05

COPPER

0. 297D 04

0.275D-04

-0.239D 02

0.997D 01

-0. 154D 03

0. 532D 04

0.304D 03

0.102D 05

0.797D 00

0.31OD-O5

0. 129D 02

0.662D 04
0.352D 00

0. 574D 02
0. 123D 06
0.326D 02

0.408D 04

S02

0.34 1D 06

0.187D 04

0. 37 3D 01

0.601D 02

0.534D 01

0.287D 00

0. 596D 06

0.329D 02

0. 153D-06
0.530D 01

0.256D 04

0. 143D-02

0.228D 02

0.767D 02

C540D-01

0.157D 01

0. 237D 02 0. 138D 04
0.337D 01

0. 757D 01

0.655D-02
0.35SD 03

0. 999D 00

C.914D 05

0. 534D 05
0. 247D 0 3

0.795D 05
0.145D 06

0. 113D 03

0. 130D 0 3

0. 119D 05

0. 122D 04

0.116D 02

0.145D 04

0. 146D 05

0. 138D 01

0.292D 01

0.260D-02

0.222D 00

0.383D-03

0.324D 00

0.136D-05

0.288D-04

0.129D-03
0.324D 00

C252D-03

0.211D-06

0.109D-01

0.388D-07

C331D-06

0. 144D-05
C109D-01

0.131D-08 0. 178D-08 C137D-07 0. 173D-07 0.648D-08



♦•LITTER JOCL ERROR**

(UG/H**2/HO)
LIT TEH 1 0.633D-06 0.334D-09 0.384D-07 0.293D-07 0.522D-1

••PLANT BEHANC"

LWANT 0.861D 00 0. 912D 00 0.992D 00 0.961D 00 0.862D 00
SWANT 0.998D 00 0.701D 00 0.998D 00 0.987D 00 0. 100D 01
FWANT 0.999D 00 0. 837D 00 0.999D 00 0.994D 00 C100D 01
BNANT 0.860D 00 0. 331D-01 0.742D 00 C408D 00 0. 100D 01
TWANT 0.934D 00 0.617D 00 0.943D 00 0.859D 00 0.964D 00
ABSPOW C934D-08 0. 617D-08 0.943D-08 0. 859D-08 0. 964D-08

••HORIALITY (DG/H** 2/HO)**
L(LIT-HUH) C720D 01 0. 460D 00 0.314D 01 0.121D 01 0.697D 02
S(LIT-HUH-FALL) 0. 148D 00 0. 155D 01 0.677D 00 0.332D 00 0. 121D 00
F(LIT-HUH) 0.418D-02 0.761D-01 0.275D-01 0. 150D-01 C562D-02
R (LIT-HUH-FALL) 0.528D 02 0. 470D 02 0.837D 03 0. 144D 03 C631D-01
TOTAL(UG/H**2/HO) 0.602D 02 0.491D 02 0.841D 03 C.145D 03 C699D 02

VEGETATION LAYER

SUGAR RESP STORAGE

G/H**2 G/H**2/H G/H**2

STEH 2.34 110.68 872.01

BOCT 0.27 11.76 345.01

LEAF 10.04 23.83 4 1 9. 97

FRUIT COO 0.28 3.83

TOTALS 12.65 146.54 1640.82

LEAF AREA INDEX 4.30 PHOTGAR

STANDING DEAD 4.4658D 02 FALLEN

213 0.0 0.0 C1089D-01 0.9019D-01 CO

HONTHLY WATER BUDGET (CH)

WOOD BORT FIXE

G/H**2 G/H**2/H G/H **2/H

8764.97 5.65 243.98

4088.14 8.31

0.06

0.00

30.91

81.88

1.92

12853.11 14.02 358.68

498.01

6.2653D 00 VEG EBBOR 8. 1218D-

-.1399D-01 C4031D- 01 -.1()56D 02

CARB DECOHP

G/H**2 G/H*«2/H

703.61 14.74

612.03 10.26

537.98 64.55

43.72 1.88

1897.38 91.44

2.4 855D-10

C1530D 000. 1773D 00C3147D 00

TOTAL INFILTRATION, EVAPOTRANSPIRATION, BUIOFF, DRAINAGE, LATERAL FLOW, SOIL WATER CHANGE AND BALANCE (CH)
7.385265 8.150624 0.0 0.4400203 0.0 -1.205379 0.9834134D-11

BOOT WATER UPTAKE (CH) LAYEB 1 4.400822 LAYER 2 3.566794
FILE KEY = 874

1^0
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APPENDIX D

Updates to the Soil Chemistry Model SCEHM
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In coupling the DRYADS and DIFMAS models to the soil chemistry

model, a few minor modifications were incorporated into the documented

version of SCEHM (Begovich and Jackson, 1975). These additions were

necessary in order to account for canopy solute interception and wash

off, to introduce the call to DIFMAS, and to add mass balance error

calculations. This new version of the SCEHM model can also be used

without DIFMAS and DRYADS, in which case the new coding, described below,

is bypassed.

During the periods that foliage is present, a fraction of the

atmospheric deposition is retained in the canopy. Thus, the following

statements were added to SCEHM:

STRC = STRCPR

IF (JDATE.LT.T1 .OR. JDATE.GT.T4) STRC=0.0D0

CANAMT(K)=CANAMT(K)+DEPOS*STRC

AMT(K)=AMT(K)+DEPOS*(1-STRC)

where

STRC fraction of deposition which falls on the canopy for

this date,

IF( ) a test to set STRC=0 if no foliage is present,

STRCPR fraction of the deposition that the foliage retains

when it is present,

CANAMT(K) the amount of cantaminant, K, in the canopy layer

(ug/cm2),

DEPOS amount of deposition for this time period (ug/cm2).

AMT(K) amount of contaminant, K, in the litter layer (ug/cm2).

To allow for wash off for the canopy, further coding was required:



where
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WASH=M0ISIN(1)/EPXM

FRAC=1.-1./WASH

WASHOF=FRAC*CANAMT(K)

CANAMT(K)=CANAMT(K)-WASHOF

AMT(K)=AMT(K)+WASHOF

EPXM Maximum water interception storage (cm3/cm2)

MOISIN(l) amount of rainfall (cm)

FRAC fraction of contaminant which is washed off from the

canopy layer

WASHOF amount of contaminant washed off the canopy layer

(ug/cm2)

DIFMAS is called from subroutine FLO of the SCEHM model. The only

additional input required is the diffusion coefficient (cm2/sec) of

each solute in free solution (DL). Therefore, subroutine RDCHM now

requires, as its last set of input cards, the diffusion coefficients in

a 8F10.0 format. Furthermore, since DIFMAS separately sums day and

night values of root uptake, these values were added to.the quantities

output in the monthly summary.

Mass balance error equations were inserted in SCEHM also. Solute

mass balances for the litter layer and soil are calculated and printed

out in the monthly summary.
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