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Preface

This report is part of the documentation on theusation model ANIMO (Agricultural Nutrient
Model). An extensive description of the theoretibakckground of the model ANIMO is given by
Groenendijk and Kroes (1999), Rijtema et al. (19989) Groenendijk et al., (2005).

The ANIMO model was originally developed in 1985 lye Institute for Land and Water
management Research. The first version of the mads| operational in 1985 and ever since its
development has continued until the present verafension 4.0 of the model ANIMO is integrated
into the model instrument STONE (Samen Te OntwigkdNutriénten Emissiemodel). STONE is a
tool to analyse the impacts of fertilization scéosion nutrient leaching to groundwater and surface
water systems on the national scale for the Nethdd. For studying the nutrient leaching at field
scale and at sub-catchment scale, the model ANINICbes available as a stand-alone model or as a
model to be integrated into other comprehensiveattiod systems.

DWK- research programme 398-1ll takes the respdalitgidor the maintenance of the model and
software implementation. For questions about thdehtormulations, the reader is referred to Mr. P.
Groenendijk piet.groenendijk@wur.nl Information on the program code or availabili§ the
ANIMO model is obtainable by contacting Mr. L.V. Reud [(eo.renaud@wur.hlor Mr. H.P.
Oosterom lienk.oosterom@wurnl More information is available through the Intern
(http://www.alterra.wur.nl/NL/Producten/Modellgn/
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Summary

The User's guide ANIMO 4.0 presents a descriptiothe use of the nutrient leaching model ANIMO
version 4.0 with special emphasis on input instounst. The model ANIMO can be used to derive
cause-effect relationships between fertilizer stygt cropping pattern and water management and the
quantification of nutrient losses of the agricudtiusystem.

A brief description of the theoretical backgroundtbe ANIMO model is given. A more extensive
description is given in Groenendijk et al., (2005). overview of the carbon, nitrogen and
phosphorus cycle is presented as well as the hygioall schematization method and the transport
and transformation processes in ANIMO.

Instructions to set up the input files are giveacltinput parameter is characterized by its uarige,
data type and variable name in computer code. @preh aspects regarding program output and
program execution are briefly presented.

Three examples including values of the input patarseand model results are provided. These
examples are meant to give the reader a first isgiwa of the input requirement and output options
of the ANIMO model version 4.0.

Finally, for researchers who are interested in thehnical aspects of the computer software
information on the program structure and sourcee@idhe main program is provided.

Alterra Report 224 - 2006 13






1 Introduction

The aim of the ANIMO model is to derive cause-effeglationships between fertilizer strategy,
cropping pattern and water management and the i§joation of nutrients losses of the agricultural
system. The model can be used at different spetiks and temporal resolutions. User groups are
mostly researchers who apply the model to analigdé éxperiments (local scale) or to analyse the
consequences of policy scenarios on a regionat.scal

An overview of the theoretical background of thed®lcANIMO is presented in Chapter 2. Inputs and
outputs of the model are explained in Chaptersi3his chapter also a data flow of the input and
output data is presented as well as some informaiio the model execution. Execution of three
simulations with the model is briefly discusseddhapter 4. In this chapter all input and outputidat
of the three cases are discussed.

For the more experienced users, the technical maesaription of ANIMO 4.0 is given in Annex 5.
Some information on the model structure and thecgocode of the main program is given.

This technical document should be used in closeection to the report on model concepts of
ANIMO by Groenendijk and Kroes (1999) and Groengnédi al., (2005). Groenendijk and Kroes
also present the model performance using resultiffefent studies. Boogaard and Kroes (1997) give
a description of pre- and post-processing of ANIBLIO on a regional scale.
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2 Theoretical background of the ANIMO model

A comprehensive model description is given in Geoglijk and Kroes (1999) and Groenendijk et al.,
(2005). A summarized description for the carbontrogien and phosphorus cycles has been
summarized in the subsequent section.

2.1 Carbon, nitrogen and phosphorus cycle

The transformation processes described are albpéine carbon, nitrogen or phosphorus cycle. These
cycles have been modelled accordingtgure 1 andFigure 2. These three figures show the
interrelation between the cycles. The figures dordehorizontal line that indicates either the soil
surface or the top boundary of the system descriPacthmeters mentioned above this line indicate
actions concerning additions to and removal froengbil system. Below the horizontal line, the
principal parameters of the soil system are shoutin four kinds of organic matter in the centre of
the soil system. These four kinds of organic matter
- afresh organic matter pool: root and crop resédand organic parts of manure added to the
soil;
- adissolved organic matter pool: organic mattesdlution from fresh organic matter or
humus;
- an exudate pool: dead root cells and organicymisdexcreted by living roots;
- humus/biomass: consists of dead organic matgeoahving biomass and is formed from part
of the fresh organic matter, root exudates andbied organic matter.

The organic material added to the soil may vamyrgfly from composition and quality. To express
differences in quality, the fresh organic matter ba sub-divided into different fractions, eachhwit
its own decomposition rate, N-content and P-contarthis way, it is possible to distinguish betwee
materials with their own specific characteristics.

In the ANIMO maodel, the rate variables for orgamiatter transformation are adjusted for the
responses on temperature, moisture, pH and oxygerssthe nitrification rate is corrected for
influences of temperature, moisture and pH.

The phosphorus cycle has been modelled accordiRggtoe 3. The organic transformation
processes in phosphorus are very similar to themlization processes in the nitrogen cy€liggre
2).
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2.2  Hydrological schematization

The ANIMO model requires data generated by a wgentity model (WATBAL (Berghuijs-Van

Dijk, 1985) or SWAP (Kroes and Van Dam, 2003)). Breging on the scale of the information, one
of the two water quantity-models must be applieddmance. Any other model producing output like
WATBAL or SWAP can also be used. The output of ohthese models must be used as input for
ANIMO.

The WATBAL model produces water balances for twib gampartments: for the root zone and for
the subsoil below the root zone. ANIMO is capablednvert this information into water balances for
each soil -compartment in the ANIMO model. The SWABdel generates water balances for a freely
chosen number of compartments; in ANIMO, the saampartments will then be used for water
quality calculationsFigure 4 gives a schematic representation of the wateefiur the soil system

of the model ANIMO for an arbitrary number of comipaents.

A complete water balance for a soil-water-crogeysshould be formulated as:

AV

3
A_t:qp-l-qs_( qes+qe,p+qej+qt+qr+ql +izz::4qd,ij

where:
« AV is the change of areic water volume during a Site (m m?)
* At is the length of the time step (d)
« g isawater flux (Mim?d?) with:
0 Qis
= precipitation
= jrrigation
= runon
= melted snow
gs is seepage
Oe siS the soil evaporation
0e,o's the ponding evaporation
Je,is the interception evaporation
g: is the transpiration
g- is the surface runoff
g is the leaching across the bottom boundary
Jo.1, Qu2, Guz are drainage fluxes to or from (positive or neggtthe first, second
and third order drainage systems.

O OO O0OO0OO0OOoOOo
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2.3  Transport and transformations

Substances transported by water flow are: dissaivgdnic matter, NiHN, NOs-N, dissolved organic
nitrogen, PQ-P and dissolved organic phosphorus. The conservatd transport equation reads in
general:

0(8c) 0 Xe 0 X, 0 X,
+ + + =
ot Paar Paar Py

0 dc
_E(qc_eDddE )+ Ry~ Ri—Ri— R«

where:
* @ is the volume fraction of liquid (fmm®)
« cis the mass concentration in the liquid phasentky
e tistime (d)
 pgis the dry bulk density (kg T
X X, X are contents (kg kjg in the solid phase of the soil, i.e. the ratidle# mass of sub-
stance at the solid phase divided by the massycsall
0 Xcis the content adsorbed to the solid phase iflibgum with ¢
0 X, is the content adsorbed to the solid phase inewprilibrium withc
0 X;is the precipitated content
* zis depth in the soil (m)
« qis the water flux (fm? d*, or m d*)
« Dy is the apparent dispersion coefficient?(dt), which is the sum of the coefficients for
dispersion and diffusion of a solute in the ligpltase Dqg = Dgis + Dgir)
« Ris a sink or source term expressed as a volum#s mae of the substance (kg oi'):
0 Ryis asource for production
0 Ryis a sink for decomposition
0 Ryis asink for crop uptake
o0 Ris a sink for lateral drainage or infiltration.

The soil is discretisized into a number of compartis. For each compartment the resulting
conservation and transport equation can be solvelytically for a time step. The sequence of the
compartments to be treated in the calculation ghoeis determined according to the flow direction
(Figure 4). For the first compartment, the boundary condifiar the incoming downward flux is the
precipitation with a user defined concentratiorr. the deepest compartment, the boundary condition
is the upward seepage flux with a user-defined eotration.

The thickness of the model compartments and tigghenf the time step (mathematical dispersion)
are used to simulate physical dispersion.

To implement manure and fertilizer additions to $bd system the model has an extra artificial
reservoir on top of the compartment-division. Thdiions can be added to this reservoir and leach
into the soil proportional to cumulated precipaatsince the fertilization event.. Solute tranggr
surface runoff is simulated by a solute balanctefponding-layer above the soil surface.
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2.4  Crop uptake

The ANIMO 4.0 model comprises three different maduior the nutrient uptake by vegetation.

2.4.1 Annual arable crops

The nutrient uptake by arable crops has been tbestchy a simple model. The nutrient demand has
been defined by considering two phonological stageging each period the concentration in the
transpiration flux resulting in optimum growth isfthed as:

U

t2
2
t1

Copt=

Where:
*  CoptiS the optimal uptake concentration (M)L
« U is the reference cumulative uptake within the mhagical stage (M B)
* g is the expected cumulative transpiration flow (L)
* 1y, tp are the first date and last date of the stageidenresl.

The expected optimal cumulative uptake and cunwgdtanspiration flow are defined by the user i th
model input files. For years with higher or lowrartspiration rates, the total crop uptake will @age
or decrease proportionally. Under optimal circumeés, the plant uptake parametergs owns and
Opoq are defined as:

CoptNH4 Coptpo4

and gwyw=—"—, ~ and gpos=
cnos(to) cnalto) croa(to)

CoptNO3

ONO3™

Under non-optimal conditions (excessive supply ¢ptake deficit), the parameters are adjusted
according to the hypothesis that actual crop uptiqeends on both the soil availability and on crop
requirement. The mineral nitrogen requirement du@nsimulation time interval is defined in three
categories.

» Demand due to deficit in N-uptake during previaogetsteps

« Demand due to dry matter increase of the crop duha time interval

»  Luxurious consumption, which occurs under excessiygply conditions in the soil.

A preference for nitrate uptake is assumed, basdtecondition of electro-neutrality, and availépi

of nitrate and ammonium is considered separatehe Uptake selectivity factor is bounded to a
maximum valuedy max OF Op max IN Cases where the requirement exceeds a maxireueh of the soil
availability.

Crop damage due to an unfavourable mineral nitregjatus of the soil is assumed when the actual
realized cumulative uptake is less than a certaictibn of the cumulative uptake for optimum growth
The admissible nitrogen deficit is bounded to a imax value by adjusting the expected optimal
cumulative uptake. This unrecoverable crop damadge is also applied to the optimal expected
phosphate uptake curve. The plant uptake pararaeisrdefined by the ratio between the demand and
the availability. This parameter is bounded to aximam value, expressing the limited delivery
capability of the soil. Crop damage due to limiRedvailability is estimated similar to the croppasse

to a shortage of mineral nitrogen in the root zdha.certain threshold phosphorus deficit is exeek

the expected optimal cumulative uptake is adjusted.
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2.4.2 Permanent grassland

Nutrient uptake by grassland is described by camig a soil compartment and a plant compartment.
The nutrient demand by the crop is derived fromdhematter production of grassland and both the
potential and the actual nitrogen status withinglant. In order to have a time course of dry miatte
guantity values at one's disposal a simple graggtmaduction module has been implemented. Dry
matter production is simulated based on globalatamh, light interception, partitioning between
shoots and roots and herbage intake by grazingadsim

The nitrate concentration in the shoots liquid ticat can be considered as the internal concentratio
of the plant. Plant uptake is calculated by balagt¢he demand of the crop and the supply by tHe soi
The concept of the supply potential is based orafisamption where the total uptake is determined by
the sum of passive flow with the transpiration atneand a diffusive flow. Most crops can develop an
internal nitrate concentration in the plant liquilhe concentration gradient between the nitrate
concentration in roots and the concentration ih waier is considered as a driving force for nérat
uptake.

The assessment of this total nitrogen fractionhiooss necessitates the simulation of the dry matter
production and the nitrogen budget of the plantesgs

The phosphate requirement for plant growth is @efias the gross dry matter production multiplied by
the actual phosphorus content of shoots and robts P-fractions within the plant relate to the lidta
fractions according to a constant P/N ratio.

2.4.3 External crop model

When the ANIMO model is used in combination witheatternal crop production model all the input

data concerning nitrogen and phosphorous uptakeceoml losses are read from an input file. The

following data are required:

=  Minimum and maximum nitrogen and phosphorous caniglnes of crop losses as a constant value
for the model run.

= Nitrogen and phosphorous uptake quantities as asldry matter, nitrogen and phosphorous
guantities of crop losses per time step

The time resolution (daily, weekly or per decadgpehds on the specification in the hydrologicalitnp

The forcing function for crop uptake is subdividenl values per soil compartment which show
significant plant transpiration. If the nutrientagability in the soil is less compared to the it
demand the deficit is added to the demand of thketiree step. Only when a deficit occurring at some
day is not compensated by external sources (katiitin) or internal sources (mineralization), whoem

be expected during the remaining period of the grgweason, the total realised uptake can stayrunde
the total external forced uptake.
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2.5 Responses to environmental factors

Transformation rate coefficients concerning tramsgttion of fresh organic materials, dissolved oigan
matter, exudates and humus biomass and the mitific rate coefficient are defined by a reference
valuek,s. Environmental influences are taken into accoymniiltiplication factors for reduced aeration
at wet conditionsf,,, drought stress at dry conditiofis temperaturefy and pHf,y. For organic
transformation processes:

and for the nitrification process:

k= faefT fopH Kret

2.5.1 Aeration and drought stress

Aeration has a major influence on transformatidesaf all micro-biological processes in agricudtur
eco-systems. Two options are available for takoignsoisture conditions into account.

2.5.1.1 Oxygen diffusion sub model

Since one of the model aims is to evaluate theremwiental impacts of water management for a wide

range of soil types and a wide range of hydroldgioaditions, a detailed sub model describing oxyge

diffusion in the soil gas phase and in soil aggiegdnas been implemented. In this sub-model the

aerated fraction per soil compartment depends on:

* oxygen demand, as a result of organic transformsiémd nitrification. Oxidations of other reduced
components (e.g. sulphur) have been ignored.

* soil physics.

» hydrological conditions (partitioning between suibisture and soil air).

The aeration factdie has been formulated as a multiplicative factatirsgf,e = 1 at optimal conditions.

For sub-optimal condition$.{ < 1), the diffusive capacity of the unsaturatedezs insufficient to fulfil

the oxygen requirement. In situations where pagraerobiosis occurs, the oxygen demand for the

organic transformations is met by atmospheric oryge well as by nitrate-oxygen. The nitrification

rate will be sub-optimal. Under these conditiohs, &vailable nitrate will be reduced partial or ptete

(denitrification). Under unfavourable wet conditiotine upper compartment layers consume all oxygen

which can enter the soil profile by diffusion ar tatmospheric oxygen will not penetrate into the

lower part of the unsaturated zone.

The partitioning between the aerobic soil fractzond the anaerobic soil fraction is determined fy th
equilibrium between oxygen demand for organic cesige processes plus nitrification and the oxygen
supply capacity of the soil air and soil water egst Both the vertical diffusion in air filled poraad the
lateral oxygen diffusion in the soil moisture phase taken into consideration. In the anaerobit gfar
the soil, the oxygen demand for organic mattersfiamations is met by the utilisation of nitrate
oxygen. It has been assumed that organic mattesftnanations proceeds slower when only nitrate
oxygen is available. Therefore, a facfko has been introduced to account for the reducedepso
rates.

Drought stress of micro-organisms has been destchipehe multiplication factol, ThepF-value has
been used to describe the drought response of qmigemisms, based on the analogy of the root activi
response to dry conditions. Below wilting pointge tfunctioning of micro-organisms are disturbed.
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Based on experimental data and model calibratibastbeen assumed that within the root zone between
the valuepF 3.2 andpF 4.2 the multiplication factdiy decreases linearly from 1.0 to 0.2. The influence
of the moisture content is described by:

pF<3.2 . f,=1
3.2<pF <42 - f,=1-0.8(pF -3.2)
pF>42 - f,=0.2

Below the root zone, no adaptation for dry condgids considered.

2.5.1.2 Water filled pore space driven sub model

A second more commonly used approach for accouritinghe impact of soil moisture has been
implemented. Water Filled Pore Space (WFPS) imddfias the ratio between the actual soil moisture
content and the content at saturation. The WFP@htar affects all the biological transformation
processes:

* Mineralization

= Nitrification

= Denitrification

The SONICG-model (Bril et al., 1994) assumes a WKBIBe of 58% for optimal mineralization
conditions. At lower values the organic transfoipra will be reduced due to drought stress. Higher
values of WFPS imply reduced aeration and therafmeetransformation processes will be limited by
unfavourable oxygen supply. Adjustments to the ioalg SONICG-concepts have been made with
respect to the mineralization rate under saturatedlitions. In the ANIMO model the user should
specify the expected relative mineralization rat8V&PS=1. For saturated conditions in wetland peat
soils it is expected that the relative rate (rat&/&PS=1 divided by rate at WFPS=0.58) does na¢exkc
0.01.

For nitrification adjustments have been made tmtiginal SONICG-concept. Bril et al., (1994) ajepli

a WFPS-determined correction factor to the optipmatess rates ignoring the differences between soil
types. In the STONE-results (DeWilligen et al., 2@ was found that this concept yielded unreialist

low nitrification rates in clay soils and peat soifThe WFPS-concept has been replaced by a response
function which only depends on the soil air fraat{@igure 5). It is assumed that nitrification will not

be affected by soil moisture conditions when thikagofraction exceeds 8%.

Nitrification moisture respons
1

09 | //
0.8 |

0.7 | /

0.6 |

os| [

0.4 4 '

0.3 | /
02 1
0.1 /

0

0 0.05 0.1 0.15 0.2 0.25

Air fraction (-)

Figure 5 Nitrification response to soil air fractio
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2.5.2 Temperature

The correction factor for temperatufg {s described by an Arrhenius equation:

- H 1 1
fr=exp| - -
Rgas\ T +273 T, +273

The molar activation energyis taken 74826 (J mdl. The gas constai.s equals 8.314 (J mbK™).

A reference temperaturg,§) of 11°C is applied in the model, being the average anengberature for
the Dutch climate.

Two options for obtaining soil temperature values fime step are available: a simple sine wave mode
and the capability to read soil temperature datdipe step from the hydrological input file.

2.5.2.1 Simple sine wave temperature sub model

The soil temperature at a certain de@hffom the soil surface and at a certain day ofytka can be
simulated using a sine wave sub model with a dagngiffect for depths below the soil surface:

T=T,+A exp| - cos| wt+g-

_z _z
/ 2 )n 2 )n
Ch w Ch w
Due to the limited heat diffusivity of the soil gtlamplitude of the heat wave decreases with spthde

2.5.2.2 Soil temperature generated by SWAP3.0

Some hydrological models (e.§WAP3.0) have the capability to calculate soil tempaeg as a
function for air temperature, soil physical propst and soil moisture content. When soill
temperatures are specified in the so-ca®dATRE.UNF input file, ANIMO recognizes these data
and uses these data as inputs.

2.5.3 pH

For the effect opH on reaction rates only one function for the orgdransformation processes and the
nitrification process has been formulated. The iplidation factor for the influence qiH f, is given
as:

_ 1
pH — 1+e-2.5( pH -5)

Time independenpH-values are defined by the user for each soil barizt has been assumed that
under optimal agricultural practises, hid-value will not change and the seasonal fluctuatias been
ignored.
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3 Program input and output data

3.1 General data flow

For each application, the model requires a senpfiti data files. The computer program is able to

generate a set of output files during a ‘model-ii#igure 6).

The input data files can be divided into 3 groups:

1) General and default input data files. Thesesfinclude a general file with model options. The
model was developed for regional application awd,tliis purpose, default input data files are
distinguished. These default data, in principakdaot to be changed. Default data are defined
for materials and plants. Materials are substamgds a predefined composition (e.g. different

types of animal manure).

2) Field specific nutrient input data. These ddes need to be changed when switching from one
field application to another. These files included with soil physical and soil chemical data,
files with data on boundary and initial conditicausd a file with data of management (inclusive

additions and tillage).

3) Field specific hydrological input data files, s contain data that must be supplied by a

hydrological model.
A detailed explanation of required input is givarSection 3.2.

The output data files can be divided into 4 grodpsstandard output (error messages, echo of input)

2) mass balances, 3) state variables and 4) orgramisformations.

Hydrological

General
Boundary Management

Default ,

Soil Initial

model

A 4

i Hydrology ;

ANIMO 4.0

T

4 mass

7 zha:”ﬂird balances 37 state
filgs for water, variables
OM,N& P

Figure 6 Flow chart of the input and output data2dIMO 4.0

3 organic
transformations
output files
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3.2  Description of the input files

The input for an application of ANIMO version 4.0rfa single field or sub region requires a

minimum set of 8 files and a maximum of 12 filessémmary of input-files is given ihable 1. A

hydrological model must supply hydrological datégopto the simulation with the ANIMO-model.

Two options are available, representing linkagdawito types of hydrological models:

- A detailed multi-layer model (e.g. SWAP-modeloiés and Van Dam, 2003).

- A two-layer model like WATBAL (Berghuys-van Dijkl985) or DEMGEN (Abrahamse et al.,
1982)

If a multi-layer model is used to compute watermitg data then a file (SWATRE.UNF), including

data on model-geometry, must have been createchwbiatains all the required hydrological data. If

a two-layer hydrological model has been used WATBAL.UNF) then more detailed hydrology-

related input is required (file WATBAL.INP) to allothe conversion from a two-layer to the multi-

layer system of the ANIMO-model.

Table 1 Summary of input-files for ANIMO versiod 4.

Name of input-file

Content

ANIMO.INI
GENERAL.INP
MATERIAL.INP
PLANT.INP
SOIL.INP
BOUNDARY.INP
INITIAL.INP
MANAGEMENT.INP

SWATRE. UNF

WATBAL.UNF and
WATBAL.INP

CHEMPAR.INP

CROP_EXT.INP

direct file of input files

simulation- and output-options

default data on materials (composition, reactidesia
default crop data (plant growth and uptake pararsgte
soil chemical and soil physical data

boundary conditions

initial conditions

data concerning additions to and tillage of thé sgitem

water quantity data derived using a model like SWAP
(SWATRE)

water quantity data derived using a model like WALB
soil chemical data for phosphorus

extra crop file (necessary when ioptCU = 1)

Names of all input files are optional. In this ®bllefault names are used (see also section 3.4).
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Nearly all input-files are ASCII text files, whiatan be produced with any text-editor. An exception
is made for the files WATBAL.UNF and SWATRE.UNF, igh are binary files. All ASCII input-
files may have three types of lines (see also \wmBloek et al., 1994):

Label lines The first 8 characters of a label line shouldtaomthe label as given in the column
Range and indicate with the Mnemonic ‘LABEL’. Chetexs to the right of the label are not
significant and can be used as comment. The lab@lates that the next line is a data line.

Data lines: A data line always follows a label line. Data aredine must be separated by one or
more blanks. Data lines must contain only dateelabr comments are not allowed on data lines.
Data of the type character must be placed betwgesti@phes.

Comment linesThese may be used before a label line or aftexta lthe (or group of data lines).
They are not significant to the program. Their oplypose is to make the input-file easier to read
for the user.

In the subsequent tables the description of thetiimpeach table is given in 6 columns:

column 1
column 2
column 3

column 4:

column 5;

column 6

Description of the variable
Unit of the variable
Range of the variable with the following annatati

X...y] range for integer values
[X.x ... y.y] range for real values

[...V] range with no minimum
x...] range with no maximum

>labeln: character string of 8 positions with nashé&bel at position 2-7

The given ranges have received values that shoeldrdgarded as estimates
introduced to give users an indication for averaigeations. Range checking in the
computer code is in most cases performed with a&midnge to allow executions
under more extreme circumstances.

Some boundaries of ranges are defined by paramedérss, which always have a
name that starts with MA (e.g. MANL, MANH, etc.)h&se values are defined in the
Fortran source file PARAM.INC. A listing of thiddiis given in annex 1

Indicator for position of variable at new record:

* write at new record;

- write with separation sign (space, comma, or lieg);

Indicator for kind of data type of variable:

Cx character-string of x positions,
I Integer*2,
R Real*4

The Mnemonic of the variable used in the compptegram
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Table 2 The input file Animo.ihifor assigning input file names.

Description of variable Unit Range R DT

Mnemonic

Label for checking the compliance of the input file with ) } % C7
the ANIMO version. Should be specified as Animo40

List of input files specified. List should be ended by
END label. File names can be chosen freely with a
maximum of 80 characters. If not specified, the default
names, as shown below, are assumed.

GEN="General.inp"

MAT="Material.inp"

PLA="Plant.inp"

SOI="Soil.inp"

BOU="Boundary.inp"

INI="Initial.inp"

MAN="Management.inp"

SWU="Swatre.unf"?

WAI="Watbal.inp" *

WAU="Watbal.unf" 2

CHE="Chempar.inp" *

INO="Initial.out"

CRU="Crop_ext.inp

MES="Message.out"

END

- - * C80

ué

LABEL

) The use of an Ani no. i ni file is optional. If used, it should be declared in combination with the run-
command. E.g.: c:\models\Animo40\work\Animo40 Animo.ini . The name of the ini-file can be

chosen freely.

2) If a 2-layer hydrological model is used: WAI and WAU should be specified,;
If a multiple layer model is used: SWU should be specified

3) Must be given if soil chemical data for phosphorus are required

4) Must be given if input data generated by an external crop model are used
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Table 3 The input file GENERAL.INP: simulation andput options

Description of variable Unit Range R DT Mnemonic
Label for section with simulation options - >simopt: * C8 LABEL
Switch for type of hydrological model which has been
run prior to ANIMO %
IWA = 1: data from two layer model (e.g. WATBAL) [1...2] ! IWA
IWA = 2: data from detailed model (e.g. SWAP)
Switch for optional simulation of P-cycle
IPO = 0: only carbon and nitrogen cycle - [0...1] -1 IPO
IPO = 1: carbon, nitrogen and phosphorus cycle
Switch for aeration option to be used
iOptAE = 0: original aeration module (ANIMO3.5) .
iOptAE = 1: moisture respons accordging to [0... 1] - IoptAE
SONICG
Switch for crop uptake
!optCU f 0 crop uptake simulated b_y ANIMO [0..1] o ioptCU
ioptCU = 1: crop uptake read from file (generated
by external crop model)
Switch for transport simulation through macro pores
ioptMP = 0: simulation without macro pores
ioptMP = 1: simulation with macro pores [0...1] -1 ioptMP
Should be set to 0, since this option is not fully
operational in ANIMO version 4.0
Label for section with time options - >simtim:  * C8  LABEL
Start year of simulation - [0..YRMAAN] * | YRMIAN
Start time of simulation - [00..3650 - R TIMIAN
. , [YRMIAN ...
End year of simulation 3000] | YRMAAN
End time of simulation - [1.0..366.0] - R TIMAAN
Label for section type of output to screen - >outscr:  * C8  LABEL
Output of simulation-stage to screen
OUTSC = 0: no output to screen
OUTSC = 1: output of years and daynrs - [0...3] -1 OUTSC

OUTSC = 2: output of percentage-bar
OUTSC = 3: output of percentages
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Table 3 The input file GENERAL.INP: simulation andput options

Description of variable Unit Range R DT Mnemonic
Label for section describing output of balances - >outbal: * C8 LABEL
Number of balance sets; a balance set is characterized
by the number of compartments of balance profile - [0...mMABA] * | NUBASE
(maximum number of balance profiles is 10)
Identifier of balance set. A character string of 2
positions between quotes must be given. The i x+ C2  CHBA
character string CHBA will added to the filename given
below at the position //
Array with selections of kind of balances (1 = output)
OUTBA(1) = waterbalance BAWA//.OUT OUTBA()
OUTBA(2) = organic matter balance BAOM//.OUT - [0...1] * o i=1.4
OUTBA(3) = N balance BAN//.OUT T Should be
OUTBA(4) = P balance BAP//.OUT repeated
NUBASE
Compartment number of upper boundary of balance - [0..BALNMA] * | BALNMI times
Compartment number of lower boundary of balance * - [BALNMI...NL] - | BALNMA
Number of time periods per year the balance should be
written to file and updated afterwards [-1]:
NUBATI =-1 at each time-interval - [1 ’ 100] * o NUBATI
NUBATI =[1 ... 100]: at time-intervals of array
TIBA(j), i=1... NUBATI
Array with last day per time period for which the . [10..3650] * R TIBA(), Only if
balance should be written and updated T ) i=1... NUBATI NUBATI # -1

1) NL is the maximum number of compartments simulated by the hydrological model and defined in the file

SWATRE.UNF
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Table 3 The input file GENERAL.INP: simulation andput options

Description of variable Unit Range R DT Mnemonic

Label for selection of results (state and rate variables

. . > : * LABEL
per compartment) to be written every timestep oLzl i

Array with switches for selection of output-files to be
writen for each time interval and for each model
compartment

OUTSE(i) =0: no output

OUTSE(i) =1: output to file

OUTSE(1) : NOs-N (NITRATE.OUT)

OUTSE(2) : NHs-N (AMMONIUM.OUT)

OUTSE(3) : dissolved organic N (SOLU-NOR.OUT)
OUTSE(4) : PO4-P (PHOSPHAT.OUT)

OUTSE(5) : dissolved organic P (SOLU-POR.OUT)
OUTSE(6) : moisture content (MOISTURE.OUT)
OUTSE(7) : adsorbed NH4-N (SORBED-N.OUT)
OUTSE(8) : mineral N (MINER-N.OUT)

OUTSE(9) : organic N in solid matter (SOLID-N.OUT)
OUTSE(10) : total N (TOTAL-N.OUT)

OUTSE(11) : adsorbed P (SORBED-P.OUT)
OUTSE(12) : mineral P (MINER-P.OUT)

OUTSE(13) : precipitated P (PRECIP-P.OUT)
OUTSE(14) : organic P in solid matter (SOLID-P.OUT)
OUTSE(15) : total P (TOTAL-P.OUT)

OUTSE(16) : Pw (PW-P.OUT)

OUTSE(17) : P-Al (PAL-P.OUT) - [0..1] * o
OUTSE(18) : C/N organic matter (ORQCN-P.OUT)
OUTSE(19) : C/P organic matter (ORQCP-P.OUT)
OUTSE(20) : oxalaat extractable (OX-P.OUT)
OUTSE(21) : sorbed P1 fast (CXF1-P.OUT)
OUTSE(22) : sorbed P2 fast (CXF2-P.OUT)
OUTSE(23) : sorbed P3 fast (CXF3-P.OUT)
OUTSE(24) : sorbed P1 slow (CXS1-P.OUT)
OUTSE(25) : sorbed P2 slow (CXS2-P.OUT)
OUTSE(26) : sorbed P3 slow (CXS3-P.OUT)
OUTSE(27) : sorbed P3 total (CXST-P.OUT)
OUTSE(28) : P-discharge 3,4 drain (COMP-G-P.OUT)
OUTSE(29) : P-discharge 2p4 drain (COMP-S-P.OUT)
OUTSE(30) : P-discharge 14 drain (COMP-K-P.OUT)
OUTSE(31) : water disch. 3,4 drain (COMP-G-F.OUT)
OUTSE(32) : water disch. 2,4 drain (COMP-S-F.OUT)
OUTSE(33) : water disch. 1 drain (COMP-K-F.OUT)
OUTSE(34) : oxygen concentration (OXYGEN.OUT)
OUTSE(35) : aerated fraction (AERAT_FR.OUT)
OUTSE(36) : denitrification (DENITRIF.OUT)
OUTSE(37) : time series of water and solute discharge
to surface water per hydrological pathway
(Discharge.OUT)

OUTSE(),
i=1..37

1) Data by OUTSE(1:5) in kg N of P per m® water
Data by OUTSE(6) in m® water per m® soil
Data by OUTSE(7:15) in kg N of P per m? soil
Data by OUTSE(16) in mg P,Os per liter soil solution
Data by OUTSE(17) in mg P,Os per 100 g soil
Data by OUTSE(18:19) in kg C per kg N or P
Data by OUTSE(20:30) in kg P per m* soil
Data by OUTSE(31:33) in m® water per m? soil per day
Data by OUTSE(34) in m®.m™
Data by OUTSE(35) (-)
Data by OUTSE(36) in kg.m>.d™
Data by OUTSE(37) in mm and kg per ha
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Table 3 The input file GENERAL.INP: simulation andput options

Description of variable Unit Range R DT Mnemonic

Switch for shoot-, root-development, harvest-, grazing-
and root-losses. OUTGR =0: no output; OUTGR =1:

- *
output to file. [0...1] ! OUTGR
(only relevant for grassland applications)
Switch for detailed output of organic transformations
OUTTRANSFOM=0: no output; OUTTRANSFOM=1: outputto - [0..1] - OUTTRANSFOM

file

Label for specifying echo of input and detailled
intermediate output of subroutines to the files - >outtot: * C8 LABEL
Animolnputs.out and Animolntermediate.out

Option-parameter for output per time step
OUTTO = 0: time steps indicated by NUOUT, OUT(..) - [0..1] o OUTTO
OUTTO = 1: each time step

Number of time-intervals for which output is asked for

(specify dummy when OUTTO=1) [+..52] - | NUouT
Array with time-interval(s) (daynumber) with detailled

output, with length NUOUT. Daynumbers are

cumulative from start of simulation and should

correspond with daynumbers generated by OUT()

hydrological model; maximum is also defined by d [1..max] - |
hydrological model: max=amount of years to

simulate*number of days in years to simulate. (The

value must be exactly a day number which is being

sumalated)

I=1..NUOUT
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Table 4 The input file MATERIAL.INP: standard difims of materials: reaction rates, substance eois

Description of variable Unit Range R DT Mnemonic
Label for specification of materials - >defmat: * C8 LABEL
Total number of materials defined - [1...MANM] * | NM
Array specifying the organic matter contents per kgkg® [0.0..1.0] - R FROR(NM)
material
Array specifying the NH4-N contents per material kg kg’1 [0.0..10] - R FRNH(NM)
Array specifying the NO3-N contents per material kg kg'1 [0.0..10] - R FRNI(NM)
Label for specification of mineral-P contents - >minpho: * C8 LABEL This label
only if

Array specifying the PO4-P contents per material kg kg'1 [0.0..10] * R FRPO(NM) |poy:1
Label for specification of organic classes - >orgmat: * C8 LABEL
Total number of classes used for sub-division of all [1..MANF] * | NE
materials

o . . . Should be
Array speafymg_the solid organic mass fraction per kg kg-l [00..1.0] * R FR(NM\NE) | repeated
class (columns) in each material (records) NM times
Array specifying the dissolved org. mass fraction per Should be
class (columns_) in each material (record_s); each kg kg»l [0.0 ... + R FRCANNM.NF) | repeated
array-element is defined as a mass fraction of the FR(NM,NF)] NM times
solid organic part of a material

Mass fraction of decomposed fresh organic material

-1
transformed directly into humus/biomass kg kg [0.0..10 * R HUFROS

Label for specification of decomposition rates under
reference conditions (average temperature of 11 °C)

Array specifying the assimilation efficiency per organic

>orgdec: * C8 LABEL

class [00..10] * R ASFA(NF)
Assimilation efficiency of dissolved organic matter - [0.0..10] * R ASFACA
Assimilation efficiency of humus/biomass - [0.0..10] - R ASFAHU
Assimilation efficiency of root exudates - [0.0..1.0] - R ASFAEX

Relative decomposition rate constant for nitrate driven
organic transformations - [0.0..10] * R FRHETERO
(if air-oxygen concentration — 0)

ﬁ]reraglr ;gﬁiccif(}:lliggsgsfse decomposition rate constants of at g%g?o?fs % R RECFAV(NF)
rI?](’ed(t:tc;rpposition rate constant of dissolved organic at [0.1..100.0] - R RECECAAY
Decomposition rate constant of humus/biomass a’t [0.0..0.1] - R RECFHUAV
Decomposition rate constant of root exudates a’t [10.0..365.0] - R RECFEXAV
Nitrification rate constant a’t [1.0...500.0] - R RECFNTAV
(I:Doer:](ijti::g(r:g;ion rate (holds only for nitrate limited qt [0.001..1.0] * R RECFDEAV
Label for specification of N-contents per organic pool - >orgnit: * C8 LABEL
Array specifying nitrogen contents per organic class kg kg'l [0.0..10] * R NIFR(NF)
Nitrogen content of humus biomass kgkg® [0.0..1.0] - R NIFRHUMA
Nitrogen content of exudates kgkg® [0.0..1.0] - R NIFREX

Label for specification of P-contents per organic pool >orgpho: * C8 LABEL

Array specifying phosphorus contents per organic kg kg-l [00..10] * R POFR(NF) This label

class only if
Phosphorus content of humus biomass kgkg® [0.0..1.0] - R POFRHUMA |[IPO=1
Phosphorus content of exudates kgkg® [0.0..1.0] - R POFREX
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Table 4 The input file MATERIAL.INP: standard difims of materials: reaction rates, substance eois

Description of variable Unit Range R DT Mnemonic
Label for specification of SONICG-related parameters - >sonicg: * C8  LABEL

NO3-N concentration for which the MlchaellsMenten- m*kg? [00..10] * R HALEDENITR
function takes a value half of the optimal value .

) ) This label
Relative process rate constant for organic i [00..10] - R RECFANAER | only if
transformations at complete anaerobic conditions ioptAE=1
Critical value of water filled pore space at near
saturation conditions for adjustment of original water - [0.0..10] - R WFPSCRIT
response on organic transformation to lower values
Label for specification of SONICG-related parameters - >sonic2: * C8 LABEL This label
Critical value of water filled pore space for sandy soils only if
at near saturation conditions for adjustment of original - [00..10] - R WFPSCRIT2 |liontAE=1
water response on nitrification to lower values
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Figure 7 Label >sonicg: parameters depicted
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Figure 8 Label >sonic2: parameter depicted, onlgdigor sandy soils
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Table 5 The input file PLANT.INP: standard paramefer crop growth and crop uptake

Description of variable Unit Range R DT Mnemonic
Label for specification of number of crops - >cropdt: * C8 LABEL
Total number of crops for which data are given - [1...mMAKC] * | NK
Label for definition of default crop data for crop i . .
number KC = [1 ... NK] >cropKC: C8 LABEL
Crop number This label
If kind of crop is grassland the value 6 mustbe - [1..MAKC] * CN Is labe
assigned to CN. fehoeu;?egeNK
Plant residues (shoots) are assigned to material ) [1 ... NM] £ SM tirﬁes
number SM
Plant residues (roots) are assigned to material _ )
number RM [1...NM] I RM
Day number of first day of growing season d [0.0..366.0] * R TIGRBEG Only if
Day number of last day of growing season d [0.0..366.0] - R TIGREND E;T;:sland
Latest day the grazing will start if it has not been data)
triggered before by an exceedance of the amount of d [0.0..366.0] - R TIGRTO
shoots by AMSHMI_GRSTART
Amount of grass shoots that triggers the start of AMSHMI_
grazing kg m [0.0..1.0] * R GRSTART
Amount of shoots to be exceeded that triggers a AMSHHA
harvest event in a combined system of cutting and kg m* [0.0..1.0] - R cCOMB
grazing
Amount of shoots to be exceeded that triggers a -2 ) AMSHHA _
harvest event in a system of cutting only kg m [0.0..1.0] R CUTT
Amount of shoots remaining after a cutting event in a -2 AMSHMI_
combined system of cutting and grazing kgm [00..10 - R COMB
Amount of shoots remaining after a cutting event in a 2 AMSHMI_
system of cutting only kgm [00..10 - R CuUTT
Relative duration of sunshine (long term seasonal [00..10] * R RESU
average) R
Max!mum amount of grass shoots produced when kg m2 [00..1.0] - R AMSHMA
grazing and cutting are abandoned
Shoot production rate constant - [0.0..10.0] - R SHPDRA
Efficiency factor for gross dry matter production [00..10 - EFFA
relative to optimal standard production R
Fraction of dry matter produced allocated to grass [00..1.0] - R SHER
shoots T
Day number where the maximum gross dry matter )
production is expected (related to light interception) [0.0 ... 366.0] R TMAX
Mass fraction of shoots lost by grazing kg kg'l [0.0..1.0] * R FROSGR
Mass fraction of shoots lost by harvesting kg kg'l [0.0..1.0] - R FROSHA
Reduction factor for grass production due to grazing kg kg-l [0.0..10] - R RDFAGRAZING
by cattle
Minimum nitrogen content of grass shoots kg kg? [0.0..NIFRSHMA] * R NIFRSHMI
Maximum nitrogen content of grass shoots kg kg'1 [NIFRSHMI ... 0.1] - R NIFRSHMA
Minimum nitrogen content of grass roots kg kgt [0.0..NIFRROMA] - R NIFRROMI
Maximum nitrogen content of grass roots kg kg'1 [NIFRROMI...0.1] - R NIFRROMA
Number of data on depth of addition to soil of died ) [1..20] . NULNRO
roots
Array with Julian day numbers for which the addition [0.0..3660] * R TILNRO
depth of died roots (LNROTI) have been specified B ) (NULNRO)
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Table 5 The input file PLANT.INP: standard paramefer crop growth and crop uptake

Description of variable Unit Range R DT Mnemonic
Array with addition depth of died roots m [0.0..20] - R I(',\TSS\ITFLO)
Turnover rate for dying of roots d* [00..1.0] * R TURA
Ammonium transpiration stream concentration factor [00..20] * R SEFANHGR
of grassland e
Nitrate transpiration stream concentration factor of [00..20] - R SEFANIGRCV
grassland (convective uptake)
Nitrate transpiration stream concentration factor of qt [0.0..10.0] - R DFCFUPNIGR
grassland (diffusive uptake)
Nitrate transpiration stream concentration factor dt [0.0..100] - R DFCFUPNIGRBW
(grassland) for diffusive counter flow
Minimum phosphorus content of grass shoots - [0.0..POFRSHMA] * R POFRSHMI
Maximum phosphorus content of grass shoots - [POFRSHMI ... 0.01] - R POFRSHMA
Minimum phosphorus content of grass roots - [0.0..POFRROMA] - R POFRROMI Only if
Maximum phosphorus content of grass roots - [POFRROMI... 0.01] - R POFRROMA IPO=1
Phosphate transpiration stream concentration factor 01..50 * R SEFAPOGR
of grassland T
_SW|tch_for type of reduction relation with transpiration [1..3] . ioptGrEV
is applied.

1. (Actual evapotranspiration flux and soil evaporation flux) divided by

(Potential transpiration flux and Potential soil evaporation flux)
2. (Actual evapotranspiration flux) divided by (Potential transpiration flux)
3. (Actual evapotranspiration flux) divided by
otential transpiration flux and Potential soil evaporation flux
Potential t piration fl d Potential soil poration fl
Number of data on root mass development - [1...20] * NUAMRO
Array with Julian day numbers for which the root [0.0..3660] * R TIAMRO
mass data (AMROTI) have been specified o ) (NUAMRO)
Array with root mass data kg ha™ [0.0...] - R '(O‘N'\fJRA?ATFLO)
Number of data on depth of addition to soil of died [1..20] . NULNRO
roots
Array with Julian day numbers for which the addition [0.0..3660] * R TILNRO
depth of died roots (LNROTI) have been specified B ) (NULNRO)
Array with addition depth of died roots m [0.0..20] - R I(‘,\TSS\ITFLO)
Sowing date (Julian day number) - [0.0...TIHA] * R TISO only if
nly i
Harvesting date (Julian day number) - [T1so ... 366.0] - R TIHA CN;/G
Areic mass of tubers harvested kg ha™ [0.0...] - R TUTO (no
: ; P grassland

Expected cumulative N-uptake by crop KC in first kg ha't [0.0..] - R UPNIMAL data)
period
Expected cumulative N-uptake by crop KC in second kg hal [0.0...] - R UPNIMA2
period
Cumulative transpiration in first period m [0.0..1.0] - R SUEVMAL
Cumulative transpiration in second period m [0.0..1.0] - R SUEVMA2
Tra_nsmon plate between first and second uptake [0.0..366.0] - R TIUP1
period (Julian day)
Maximum nitrogen transpiration stream ) [0.0..500] - R SEFAMA

concentration factor

40 Alterra Report 224 - 2006



Table 5 The input file PLANT.INP: standard paramefer crop growth and crop uptake

Description of variable Unit Range R DT Mnemonic

Factor to express the dependence of assumed

potential uptake rates either on the defined

cumulative transpiration (SUEVMA1; SUEVMA2) or - [0.0..1.0] - R FAACTRUPCR
on the actual transpiration rates as generated by the

hydrological model calculation

(Note: If Watbal as hydrological model is used this parameter should have a lower

value, because the transpiration flux from Watbal is the actual evapotranspiration flux

and is interpreted the same in Animo as the actual transpiration flux from Swap.)

Expected cumulative P-uptake by crop KC in first period kg ha’ [0.0...100.0] * R UPPOMAl

Expected cumulative P-uptake by crop KC in second

: kgha' [0.0..100.0] - R UPPOMA2
period

Only if
IPO=1
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Table 6 The input file SOIL.INP: soil chemical asall physical data

Description of variable Unit Range R DT  Mnemonic
Label for specification of geometry data - >profil: * C8 LABEL
Number of soil horizons for which data are
provided (should correspond with file - [1... MANH] * o NUHO
SWATRE.UNF or WATBAL.UNF)
Thickness of the virtual reservoir where fertilizer
additions are leached from proportional to the m [0.0...0.2] * R HETOP
cumulative precipitation since the fertilization event
Thlcknes.s of compartmept on top of the soil m [0.0 ... 10.0] - R HE(0)
surface (in case of ponding)
Fraction of surface runoff passing the surface
reservoir and flowing either to surface waters orto - [0.0...1.0] * R LEFRRV
the first soil layer
Fractloq of runoff passed t_hroug_h the surface 0.0 ... 1.0] ) LEFRSO
reservoir that passes the first soil layer
Depth of the initial root zone m [0.0..] * R RODP
Label for specification of temperature data - >tempar: * C8 LABEL This label
Frequency of annual temperature wave rad d* [0.015...0.02] * R FQTE only if soil
o s 1 temperatures
Thermal diffusivity m°d [0.01...0.1] - R TESMCF are not
Amplitude of annual sine wave °Cc [00..30.00 * R APTE FhrOVidedltbﬁ
eresulto
Average annual temperature at soil surface °c [-30.0...30.0] - R AVTE the
. hydrological
Phase shift of temperature wave rad [0.0...6.28] - R PHSH myodrgl ogica
Label for first specification of diffusion and sail >sophy1: « c8 LABEL
physical data
Array with constant in oxygen diffusion relation per
horizon in air filled part of the soil according to: PMDF1HN,
Do - [0.0..10.00] * R PMDF2HN
—s0l = p, (gas fraction) P2 (NUHO)
Dair
Array with saturated conductivity per horizon md* [0.0...10.0] * R CDSAHN
(NUHO)
Array with dry bulk density per horizon kg m* [0.001 ...2700.0] * R E%NHUB:{D(I)-!)O
. . . CNRATIOHO
Array with C/N-ratio per horizon - [5.0 ... 60.0] * R (NUHO)
Array with temp. response coefficient for organic I molt [0.0... « R ACRDTEHO
transformations and nitrification per horizon 100000.0] (NUHO)
Array with temp. response coefficient for
transformation of dissolved organic matter Jmol™* [0.0... - R ACRDTEDISHO
. . 100000.0] (NUHO)
(Arrhenius) per horizon
Label for second specification of soil physical data - >sophy2: * C8 LABEL This label
. o — only if
ﬁl\:\:(ltch to select distribution of evapotranspiration [0 ... 1] . EVROSE IWA=1
EVROSE=0: uniform root extraction
EVROSE=1: root extraction decreases linear with depth
Switch to select kind of input of soil physical [0 ... 1] £ OPTPEHN

variables NUPF-SCPF

OPTPFHN=0: values are provided for two zones (root zone and subsoil)
OPTPFHN=1: values are provided for each soil horizon (only relevant for regional

SIMGRO applications)
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Table 6 The input file SOIL.INP: soil chemical asull physical data

Description of variable Unit Range R DT Mnemonic
If OPTPFHN =0: K=2
If OPTPFHN = 1: K = NUHO
Array with number of data-pairs the moisture
retention curve is described with of horizon HN for - [3...100] * NUPF(K)
every K
Array with volume moisture fractions of horizon HN 3 3 N MOFRPF
for every NUPF(K) m-m [0.0...1.0] R (NUPF(K))
Array with suction values of pF-curve of horizon .
HN for every NUPF(K) cm [0.0 ... 1.0E+7] R  SCPF(NUPF(K))
Capillary height: distance between root zone and onlv if
groundwater level if capillary rise flux equals 0.1 m [0.1...3.0] * R HECZ OP1¥PFHN #1
mm d” under steady state conditions
Label for specification of soil chemical data - >sochem: * C8 LABEL
Array with pH-H,O per horizon - [3.0...9.0] * R PHHO(NUHO)
Array with NH4-N sorption coefficient per horizon  m®*kg® [0.0..0.05] * R ?,\?UCHF(')\I)HHO
Label for specification of soil chemical data for >soalfe: « c8 LABEL
phosphorus
Switch for type of input concerning Al and Fe input - [0..2] * o OPTALFE This label
OTPALFE = 0 no values for Al and Fe are given in Soil.Inp file (Values should be only if
specified in the file Chempar.inp) (Not optional) IPO=1
OTPALFE = 1 Sum of Al and Fe per horizon is specified
OTPALFE = 2 Both Al and Fe per horizon are specified
. . 1 ALFEHO Only if
Array with Al+Fe-content of horizons 1-NUHO mmol kg~ [5.0...1000.0] - R (NUHO) OPTALFE=1
. . 1 ALHO
Array with Al-content of horizons 1-NUHO mmol kg~ [5.0...500.0] - R (NUHO) Only if
; : 1 OPTALFE=2
Array with Fe-content of horizons 1-NUHO mmol kg~ [5.0...500.0] - FEHO(NUHO)
Label for specification of macro pore data - >MPdscf: * C8 LABEL
(Not operational in ANIMO version 4.0!) This label
Diffusion coefficient for NH,-N m?d?  [0.0..0.1] * R DSCFNH only if
Diffusion coefficient for NO3-N m?’d?  [0.0..0.1] - R DSCFNI ioptMP=1
Diffusion coefficient for dissolved organic matter m?d* [0.0...0.1] - R DSCFDIOR
Diffusion coefficient for PO,-P m’d*  [0.0..0.1] - R DSCFPO ﬁanoliif
Label for specification of sandy soil - >nisand: * C8 LABEL
Array with switch for indicator of sand per horizon - [0...1] * o Flsand(NUHO)
0: no sandy soil horizon This label
1: sandy soil horizon only if
. o . ioptAE=1
Use this label if distinction has to be made between sandy and not sandy soils
concerning critical value of the moisture response of denitrification. See label '>sonic2:'
in MATERIAL.INP. Only to be used in the framework of a STONE model application.
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Table 7 The input file BOUNDARY.INP: boundary ctiods

Description of variable Unit Range R DT Mnemonic
Lat_)el for specification of boundary condition >optibe: « c8 LABEL
options
Switch for specifying the Runon concentrations
as a function of time

loptDTI=0: time independent values are . )

specified at label >topbou: [0...1] loptiDTI

loptDTI=1: values per time step are

specified at label >runoti:
Switch for specifying the Irrigation
concentrations as a function of time

loptRTI=0: time independent values are . )

specified at label >topbou: [0...1] loptIRTI

loptRTI=1: values per time step are

specified at label >irriti:
Label for specification of top boundary condition - >topbou: * C8 LABEL
Array with NH4-N concentration in precipitation kg m3 [0.0..1.0] * R COPRNH(NUYR)
water per year
Array with NO3-N concentration in precipitation kg m 3 [0.0 ... 1.0] « R COPRNI(NUYR)
water per year
Array with PO4-P concentration in precipitation kg m? [0.0...0.1] + R COPRPO(NUYR) |Only if IPO=1
water per year

. . . 1 -
Array with annual areic mass of dry deposition I1<g ha™ a [0.0..1000] * R DRDEPNH(NUYR)
of NH4-N per year
. . e -1 -
Array with annual areic mass of dry deposition I1<g ha™ a [0.0..1000] * R DRDEPNI (NUYR)
of NO3-N per year
NH4-N concentration in runon water kgm? [0.0...] * R CRUNONH Only if
NOs-N concentration in runon water kgm® [0.0..] - R CRUNONI ioptIDTI#1
PO4-P concentration in runon water kgm® [0.0..] * R CRUNOPO Jonly if IPO=1
Dissolved organic matter concentration in runon kgm® [00..100] * R CORMARUNO
water
Dissolved organic nitrogen concentration in kgm® [00..100] - R CORNIRUNO
runon water
Dissolved organic phosphor concentration in kg m3 [00..100] * R CORPORUNO Only if IPO=1
runon water
NH4-N concentration in irrigation water kg m? [0.0...] * R CIRRNH Only if
NOs-N concentration in irrigation water kgm® [0.0..] - R CIRRNI ioptIRTI#1
PO4-P concentration in irrigation water kgm® [0.0..] * R CIRRPO Jonly if IPO=1
Dl§so!ved organic matter concentration in kgm® [00..100] * R CORMAIRR
irrigation water
!Dl_sso!ved organic nitrogen concentration in kgm?® [00..100] - R CORNIIRR
irrigation water
_Dl_sso!ved organic phosphor concentration in kg m3 [00..100] * R CORPOIRR Only if IPO=1
irrigation water
Labe_l _for specification of lateral boundary _ Slatbou: « c8 LABEL
condition
NH4-N concentration in infiltration water kg m* [0.0...1.0] * R COIDNH
NOs3-N concentration in infiltration water kg m [0.0...1.0] - R COIDNI
L 3 . Only if

PO4-P concentration in infiltration water kg m [0.0...0.1] R COIDPO IPO=1
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Table 7 The input file BOUNDARY.INP: boundary ctiods

Description of variable Unit Range R DT Mnemonic
_I3|$sol\_/ed organic matter concentration in kgm® [00..100] * R CODIORMAID
infiltration water
.Dlgsol\./ed organic nitrogen concentration in kgm®  [0.0...1.0] - R CODIORNIID
infiltration water
Dissolved organic phosphorus concentration in ko m2 [0.0 ... 0.1] « R CODIORPOID Only if
infiltration water 9 T IPO=1
Labe_l _for specification of bottom boundary ) >botbou: « c8 LABEL
conditions
NH4-N concentration in upward seepage water kg m* [0.0...0.1] * R COAQNH
NO3-N concentration in upward seepage water kg m? [0.0...0.1] - R COAQNI
PO4-P concentration in upward seepage water kgm® [0.0..0.02] * R COAQPO Jonly if IPO=1
lIJDISS()l\(;ed organic matter concentration in kgm®  [0.0...1.0] * R CODIORMAAQ

pward seepage water
Dissolved organic nitrogen concentration in kgm®  [0.0...1.0] - R CODIORNIAQ
upward seepage water
Dissolved organic phosphorus concentration in kg m3 [0.0 ... 0.1] < R CODIORPOAQ | Only if IPO=1
upward seepage water
Label for specification of boundary _ ~runoti: « c8 LABEL
concentration of runon ' This label only
These variables should be given sequentially and repeated for every time step (T) in the if ioptIDTI=1
simulation period
NHa4-N concentration in runon water for every kg m3 [0.0...] « R CORUNONNH Should be
time step e M repeated for
NOs-N concentration in runon water for every 3 every time
time step kg m [00 ] - R CORUNONNI (T) step
PO4-P concentration in runon water for every ko m (0.0 ...] - R CORUNONPO onlv if IPO=1
time step 9 T (M y -
Dissolved organic matter concentration in runon kgm® [00..100] - R CODIORMARUNON
water for every time step 9 e (T
Dissolved organic nitrogen concentration of in -3 CODIORNIRUNON
runon water for every time step kgm [00..1.0] - R (M
Dissolved organic phosphor concentration in kg m3 [0.0...0.1] - R CODIORPORUNON (T) Only if IPO=1
runon water for every time step T
Label for specification of boundary _ irriti: x C8 LABEL
concentration of irrigation ’ This label only
These variables should be given sequentially and repeated for every time step (T) in the if ioptIRTI=1
simulation period
NH4-N concentration in irrigation water for every kg m3 [00..] « R COIRRNH(T) Should be
time step repeated for
NOs-N concentration in irrigation water for every 3 ) every time
time step kg m [0.0...] R COIRRNI(T) step
I?O4-P concentration in irrigation water for every kgm®  [0.0..] - R COIRRPO(T) Only if IPO=1
time step
_Dl_sso!ved organic matter concentration in kgm?®  [0.0...10.0] R CODIORMAIRR(T)
irrigation water for every time step
Dissolved organic nitrogen concentration in -3
irrigation water for every time step kgm [0.0.... 1.0] R CODIORNIIRR(T)
Dissolved organic phosphor concentration in ko m3 [0.0...0.1] R CODIORPOIRR(T) onlv if IPO=1
irrigation water for every time step 9 T y
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Table 8 The input file INITIAL.INP: initial conddhs

Description of variable Unit Range R DT  Mnemonic

Label for specification of volume moisture fractions - >moistf: * C8 LABEL

Array with volume moisture fractions in 3 3 * Only if IWA=1

compartments 1-NL m-m [0.0... 1.0] R MOFRO(NL) and INMO#1
Only if IWA#1

Array with Dummy values in compartments 1-NL - [0.0...1.0] * R DUMMY(NL) |or IWA=1 and
INMO=1

Label for specification of concentration of NH4-N - >ammoni: * C8 LABEL

NH4_-N concentration in virtual top layer used for kg m3 [00..100] * R CONHTOP

additions.

Array with NH4-N concentration in soil moisture of kg m3 [0.0 ... 10.0] - R CONH(NL)

compartments 0-NL

Label for specification of concentration of NO3-N - >nitrat: * C8 LABEL

NOg_-_N concentration in virtual top layer used for kg m3 [00..100] * R CONITOP

additions

Array with NOs-N concentration in soil moisture of kg m3 [0.0 ... 10.0] - R CONI(NL)

compartments 0-NL

Label for specification of amount of exudates - >orgexu: * C8 LABEL

Array with areic mass of organic exudates in 2 [0.0...

compartments 1-NL kgm 10.0*He(NL)] R EX(NL)

Label for specification of humus from exudates

(lumped with humus originating from other organic - >humexu: * C8 LABEL

sources)

Array with areic mass of humus from exudates in 2 [0.0.. .

compartments 1-NL kgm 1000.0*He(NL)] R HUEX(NL)

Label for specification of amount of fresh organic >orgfsh: « c8 LABEL

matter

Array with areic mass of fresh organic matter in the [0.0 ... Should be

organic fractions (columns) in compartments 1-NL kg m? Rhbdho(Lnhn(Ln))* * R OS(NL,NF) repeated

(records) He(In)] NL times

Label for specification of amount of humus from >humorg: x C8  LABEL

fresh organic matter

Array with areic mass of humus from fresh organic 2 [0.0..

matter in compartments 1-NL kgm 1000.0*He(NL)] R HUOS(NL)

Label for specification of concentration of dissolved >orgsol: x C8  LABEL

organic matter

Dissolved organic matter concentration in virtual

-3 *
top layer used for additions. kg m [0.0...10.0] R CODIORMATOP

Array with Dissolved organic matter concentration
in soil moisture of compartments 0-NL

Dissolved organic nitrogen concentration in virtual
top layer used for additions.

Array with Dissolved organic nitrogen

kgm® [0.0..10.0] - R CODIORMA(NL)

kgm®  [0.0...1.0] * R CODIORNITOP

concentration in soil moisture of compartments kg m* [0.0...10.0] - R  CODIORNI(NL)
0-NL

Label for specification of amount of fresh organic orgpla: + C8  LABEL
matter and plant uptake

Areic mass of roots (dry matter) kg m? [0.0..20.0] * R AMPLRO
Areic mass of shoots (dry matter) kg m? [0.0..20.0] - R AMPLSH
:\sg;(gass of nitrogen present in crop (initial kg m2 [0.0..8000] - R AMPLNI_ACT
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Table 8 The input file INITIAL.INP: initial condiths

Description of variable Unit Range DT Mnemonic
Areic mass of phosphorus present in crop (initial kg m2 [0.0 ... 80.0] R AMPLPO_ACT Onl)i if
uptake) IPO=1
Label for specification of initial conditions of - >inipho: C8 LABEL
phosphorus
Switch for kind of variables given for each model This label
[1..3] I INPO X
compartment only if
INPO = 1: variables COPO, AMCXFA, AMCXSL, AMPOPR are given IPO=1
INPO = 2: variables AMPOTO, COPOEB are given
INPO = 3: variables COPO, AMPOTO, COPOEB are given
PO4.-.F’ concentration in virtual top layer used for kg m3 [0.0 ... 1.0] R COPOTOP
additions. ;
Only if
Array with PO4-P concentration of soil moisture in kg m3 [0.0 ... 0.1] R COPO(NL) INPO =1
compartments 0-NL
Array with adsorbed equilibrium mass
concentration of phosphorus in the soil system; AMCXFA Should be
specified for compartments 0-NL (columns) and kg m? [0.0...] R (NCXFANL) repeated NCXFA
equilibrium sites 1-NCXFA (records) ' times
In ANIMOA4.0, only 1 site is operational
Array with adsorbed non equilibrium mass Should be
concentration of phosphorus in the soil system; 3 AMCXSL
specified for compartments 0-NL (columns) and kgm [0.0...] R (NCXSL,NL) {ﬁﬁg:ted NCXSL
non equilibrium sites 1-NCXSL (records)
Array with precipitated mass concentration of
phosphorus in the soil system; specified for model ~ kgm™® [0.0...] R AMPOPR(NL)
compartments 0-NL
Array with total mass concentration of phosphorus
in the soil system; specified for model kg m* [0.0...] R AMPOTO(NL) .
compartments 0-NL Only if
i I k | f phosph INPO=2
Eqvwoqmenta bac grognd values of phosphorus kg m3 [0.0...0.1] R COPOEB
soil moisture concentration
Phosph(_)rus concentration in virtual top layer used kg m?3 [0.0 ... 1.0] R COPOTOP
for additions.
Array with phosphorus concentration in soil 3
moisture of compartments 0-NL kgm [0.0...0.4] R COPO(NL) .
. ) Only if
Array with total mass concentration of phosphorus INPO=3
in the soil system; specified for model kg m* [0.0...] R AMPOTO(NL)
compartments 0-NL
EQV|roqmentaI backgrognd value of phosphorus kg m3 [0.0...0.1] R COPOEB
soil moisture concentration
D_issolved organic phosphoru_s_ concentration in kg m3 [0.0...0.1] R CODIORPOTOP
virtual top layer used for additions.
Array with dissolved organic phosphorus
concentration in soil moisture for compartments 0- kg m? [0.0...0.1] R CODIORPO(NL)
NL
Label for s_pemf!catlon of initial data of nitrogen _ SMPnitr: Cc8  LABEL
concentrations in macropores
(Not operational in ANIMO version 4.0!)
Macro pore NH4-N _concentratlon domain 1 (Main kg m3 [0.0 ... 10.0] R COMPNH(1) This !abel
Bypass Flow domain) only if
Macro pore NH4-N concentration domain 2 3 ioptMP=1
(Internal Catchment domain) kgm [0.0 ... 10.0] R COMPNH(2)
Macro pore NOs-N concentration domain 1 kg m? [0.0 ... 10.0] R COMPNI(1)
Macro pore NO3-N concentration domain 2 kg m* [0.0 ...10.0] R COMPNI(2)
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Table 8 The input file INITIAL.INP: initial condiths

Description of variable Unit Range R DT  Mnemonic

Label _for speuflcat.lon qf initial data of soluble ) >MPorgs: « C8  LABEL

organic concentrations in macropores

(Not operational in ANIMO version 4.0!)

Macrc_) pore soluble organic matter concentration kg m?3 [00..100] * R COMPDIORMA .

domain 1 @ This label

Macro pore soluble organic matter concentration 3 COMPDIORMA [only if

domain 2 kg m [0.0 ... 10.0] - R @ ioptMP=1

Macrq pore soluble organic nitrogen concentration kg m3 [0.0 ... 10.0] - R COMPDIORNI

domain 1 1)

Macrq pore soluble organic nitrogen concentration kg m3 [0.0 ... 10.0] - R COMPDIORNI

domain 2 )

Label for s_peuf!catlon of initial data of phosphate >MPphos: « c8 LABEL

concentrations in macropores

(Not operational in ANIMO version 4.0!)

Macro pore PO4-P concentration domain 1 kg m? [0.0 ... 1.0] * R COMPPO(1) Th:S !?bel

only i

Macro pore PO4-P concentration domain 2 kgm®  [0.0...1.0] - R COMPPO(2) iop%/Mle
i and IPO=1

Macro pore soluble organic phosphorus kg m3 [0.0 ... 10.0] - R COMPDIORPO

concentration domain 1 @

Macro pore soluble organic phosphorus kg m3 [0.0 ... 10.0] - R COMPDIORPO

concentration domain2

&)
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Table 9 The input file MANAGEMENT.INP: data conéegradditions and tillage to the soil
system

Description of variable Unit Range R DT Mnemonic
Label for specification of crop rotation definition - >kicrop: * C8 LABEL
Array with kind of crop grown for every year - [1...NK] * o KICR(NUYR)
Label for specification of livestock unit definition - >|sunit: * C8 LABEL

Array with annual average number of lifestock-
units (Isu) grazing on grassland for every year
(dummy values must be given for years with
other crops than grassland)

Label for specification of (variable) material
composition

Isuhata® [0.0..100.0] * R  NRGR(NUYR)

- >matvar: * C8 LABEL

Switch for variable composition of materials added - [0..2] * OPTMF
OPTMF = 0: fixed composition given in file MATERIAL.INP; no other variables need
to be given at this label
OPTMF = 1: composition varies in time and based on given details (see e.g. label
for first event >add001:)
OPTMF = 2: composition varies in time and is based on given N-total, P-total,
organic matter fraction. N-mineral is divided over NO3-N and NH4-N according to
default values given in MATERIAL.INP

If OPTMF=1 or OPTMF=2 then the default composition of materials (given in file
MATERIAL.INP) will be adjusted according to the composition given in this file. This
option is intended for animal manure materials 1 to NMVA. It is assumed that organic
fractions are defined (in MATERIAL.INP) starting from 1 and continuing till NFVA.

Number of materials with variable compositions - [1..NM] * o NMVA Only if

; ; : ; OPTMF=1
Number_ (_)f organic fractions with variable ) [1..NF] - NEVA or 2
compositions
Label for specification of first event period - >add001: * (C8 LABEL
Time of first event period d [0.0...] * R TINEAD

Number of events in the first period (additions,

*
fertilization, ploughing) [1... MAAD] I NUAD
Number of material added - [1..NM] * o MTNU(1)
Areic mass of material added kgha® [0.0..] - R QUMT(1)
Number of model compartments over which the [0...NL] - WYAD(1)

addition is distributed

WYAD(i) = 0: addition to an additional top compartment (artificial resevoir). Anorganic parts of
material are added to the top compartment, organic parts are added to compartment 1
WYAD(i) = n: addition of all parts to compartments 1 to n

Number of model compartments to be ploughed

(redistributed). Compartment O is always emptyed - [0...NL] - PL(1)

when PL(1) is greater than O

Fraction of volatilization of NHs-N kgkg® [0.0..1.0] - R FRVO(1)

Organic matter content of material m (=MTNU(1)) kgkg™ [0.0...1.0] * R FROR(m)

Mineral NH4-N content of material m (=MTNU(1)) kg kg'1 [0.0...1.0] - R FRNH(m) only if
Mineral NOs-N content of material m (=MTNU(1)) kg kg"  [0.0 ... 1.0] - R FRNI(m) OPTMF=1
Mineral P content of material m (=MTNU(1)) kgkg® [0.0...1.0] - R FRPO(m) and should
Array with mass fractions of organic classes (FN =1 kg kg’l 0.0...1.0] . R EREN) bme:'r\;le_lgﬁzzjt(elti

to NFVA) as part of material m (=MTNU(1))

Array with mass fractions of dissolved part of
organic classes as part of material m (=MTNU(1))

times

kgkg® [0.0..FRMFN)] * R  FRCA(M,FN)
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Table 9 The input file MANAGEMENT.INP: data conéegradditions and tillage to the soil
system

Description of variable Unit Range R DT Mnemonic
Organic matter content of material m (=MTNU(1)) kgkg"™ [0.0...1.0] * R FROR(m) Only if
Total-N content of material m (=MTNU(L kgkg? [0.0..1.0] - R  FRNT OPFTMP=2

otal-N content of material m ( (2) g kg [ ] (m) and should

be repeated
Total-P content of material m (=MTNU(1)) kg kg'1 [0.0..1.0] - R FRPT(m) m=MTNU(1)
times
Daynumber of next addition event d [0.0...] * R TINEAD
Label for specification of event number x : .
(002x<999) - >addx: C8 LABEL
Numbgr of events (additions, fertilization, i [0 ... MAAD] - NUAD
ploughing)
Number of material added - [1..NM] * o MTNU(x) This label
Areic mass of material added kgha® [0.0..] - R QUMT®X) should be
. repeated

Number of model compartments over which the i [0 ... NL] - WYAD(X) x=each
addition is distributed (see label >add001:) planned
Number of model compartments to be ploughed time of
(redistributed). Compartment O is always emptyed - [0...NL] - PL(x) event
when PL(x) >0 period
Fraction of volatilization of NH4-N of the addition kg kg'1 [0.0...1.0] - R FRVO(x)
If OPTMF=1 then the variables (FROR, FRNH, FRNI, FRPO, FR and FRCA) should be specified for
materials m=MTNU(x) (see label >add001:)
If OPTMF=2 then the following variables (FROR, FRNT and FRPT) should be specified for materials
m=MTNU(x) (see label >add001:)
Time of addition event x+1 d [0.0...] * R TINEAD
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Table 10 The input file SWATRE.UNF: water quarddta from a model like SWAP

This file only

if IWA=2

Description of variable Unit Range R DT Mnemonic
Switch to enable the pass through of macro pore
simulation results by the Swap model (1: no data - [1...2] * o HLPIMP
of macropore flow; 2: data of macropore flow)
Time domain
Start year of hydrological simulation - [1..] * YRMIHY
End year of hydrological simulation - [YRMIHY ...] - | YRMAHY
Start time (Julian daynumber) of hydrological
simulation (minimum); should be 0.0 when - [0.0..366.0] - R TIMIHY
simulation started at 1% of January, 00:00 hour
End tlme (Jullaq daynumber) of hydrological . [0.0..366.0] - R TIMAHY
simulation (maximum)
Geometry of model system
Number of model compartments - [1...MANL] * | NL
Number of horizons - [1...MANH] - | NH
Number of drainage systems - [0...5] - NUDR
Array with compartment number of the deepest . *
compartment (bottom) of each soil horizon (L. NU ! LNBOHO(NH)
Array W|_th vo_Iume moisture fraction at saturation of m3m [0.0..1.0] * R MOFRSAHO(NH)
each soil horizon
Array ywth volume n_10|stl_Jre fraction at field m®m [0.0 ... 1.0] * R MOFRFCHO(NH)
capacity of each soil horizon
Array with yolume moisture fraction at wilting point m3m (0.0 ... 1.0] * R MOFRWIHO(NH)
of each soil horizon
Array with thickness of each compartment (=layer) m [0.0...100.0] * R HE(NL)
(Not operational in ANIMO version 4.0!)
Geometry of macropore system
Areic volume of static macro pores in domain 1:
Main Bypass Flow domain (must be given for the m®m [0.0...] * R VLMPST1(NL)
compartments (=layer) 1-NL) Only if
Areic volume of static macro pores in domain 2: ioptMP =1
Internal Catchment domain (must be given for the m®m [0.0...] * R VLMPST2(NL)
compartments (=layer) 1-NL)
Array with diameter of soil matrix polygons (must [0.001 ... .
be given for the compartments (=layer) 1-NL) 10.0] R AGDIAM(NL)
Initial conditions
Array with volume moisture fraction initially present 3 *
(must be given for the compartments (=layer) 1-NL) [0.0...1.0] R MOFRO(NL)
Initial groundwater level (m-surface) m [0.0...] * R WALE
Storage by initial ponding (m+surface) m [0.0...] - R PN
Storage by snow m [0.0...] * R SNLA
Array with soil temperature of compartments must o *
be given for the compartments (=layer) 1-NL) C [0.0...] R LATE(NL)
(Not operational in ANIMO version 4.0!)
Initial conditions for macropores, domain 1 (Main Bypass Flow domain)
Water level m-surf [0.0...] * Dummy Only if
Areic volume m® m? [0.0...] - R VLMP(1) ioptMP =1
Areic volume of water stored m*m?  [00..] - R SRWAMP(1)
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Table 10 The input file SWATRE.UNF: water quardéta from a model like SWAP

This file only

if IWA=2
Description of variable Unit Range R DT Mnemonic
Initial conditions for macropores, domain 2 (Internal Catchment domain)

. 3 2 Only if
Areic volume m°m [0.0...] - R VLMP(2) ioptMP =1
Areic volume of water stored m°m?  [0.0..] - R SRWAMP(2)
Dynamic part
Time (Julian daynumber) in hydrological model.

(TIWA=1.0 has the meaning: 1% of January, 24:00 - [0.0...] * R TIWA
hour)

Step size of time-interval with dynamic d [1.0..300] - R ST
hydrological data

Precipitation flux md* [0.0...] - R PRR
Snowfall (water equivalents) flux md* [0.0...] - R PRSN
Irrigation flux md* [0.0...] - R PRIRR
Interception evaporation flux of precipitation md* [0.0...] - R EVICPR
Interception evaporation flux of irrigation md* [0.0...] - R EVICIRR
Sublimation of snow md* [0.0...] - R EVSN
Actual evaporation of bare soil md* [0.0...] - R EVSO
Evaporation flux of ponded water layer md? [0.0...] - R EVPN
Potential soil evaporation flux md* [0.0...] - R EVSOMA
Potential transpiration flux md* [0.0...] - R EVTRMA
Surface runon flux (inflow from adjacent fields) md* [0.0...] - R RUNON
_Surface_ runoff flux (negative values means md™ (o] - R RU
inundation)

Groundwater level at end of time-interval (m-surface) m [0.0...] - R WALET
Water level in ponding layer at end of time-interval [0.0..] - R PNT
(m+surface)

_Snow thickness (water equivalents) at end of time- [0.0..] - R SNT
interval

Water balance error m [...] - R WABAER
Array with soil moisture pressure head (negative .

when unsaturated) of compartment (=layer) 1-NL cm (] R SC(NL)
Array with volume moisture fraction at end of time- 3 3 *

interval of compartment (=layer) 1-NL m-m [0.0...1.0] R MOFRT(NL)
A_rray with actual transpiration flux of compartment mdt [0.0...] « R FLEV(NL)
(=layer) 1-NL

Array with downward flux through top of mdt [.] « R FLAB(NL+1)

compartment (=layer) 1-NL+1 (downward = positive)

The presence of values for variables FLK to FLD2 is determined by the variable NUDR.
The value of NUDR determines the number of drainage systems for which flux densities must be given.

Array with drainage flux of 1% order system (canal)

1
of compartment (=layer) 1-NL md [0.0..]

Array with drainage flux of 2" order system (ditch)
of compartment (=layer) 1-NL

Array with drainage flux of 3" order system
(trench) of compartment (=layer) 1-NL

md* [0.0...]

md? [0.0...]

Array with drainage flux of 4" order system (tube
drain) of compartment (=layer) 1-NL

Array with drainage flux of 5" order system (rapid 1

: — md [0.0...]
drainage) of compartment (=layer) 1-NL
Soil cover fraction m*m?  [0.0..1.0]

md* [0.0...]

*

R

R

FLK(NL)

FLS(NL)

FLG(NL)

FLD(NL)

FLD2(NL)
SOCO
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Table 10 The input file SWATRE.UNF: water quardéta from a model like SWAP

This file only

if IWA=2

Description of variable Unit Range R DT Mnemonic
Leaf Area Index m’m?  [00..100] - R LAI
Maximum depth for root water extraction m [0.0...] - R DPRO
Crop factor (or crop height) -orcm [0.0...] - R HECR
Average daily air temperature °c [(50.0...50.00 * R AVDATE
,1‘-\_r|£laLy with average daily soil temperature of layers oc [50.0..50.0] * R TE(NL)
(Not operational in ANIMO version 4.0!)
Dynamic part for macropores, domain 1 (Main Bypass Flow domain)
Water level at end of time-interval (m-surf) m [0.0..] * R Dummy
Arelc volume of macro pores at end of time- m? m?2 [0.0..] - R VLMP(1)
interval
Areic vc_)Iumg of water stored in macro pores at m3 m2 [0.0..] - R SRWAMP(1)
end of time-interval
Watgrilnfllltratlon flux at soil surface directly by md? [00..] - R FLMPINPR(1)
precipitation
Water infiltration flux at soil surface indirectly by md™ [0.0..] - R FLMPINRU(1)
lateral overland flow (runoff)
Array with water exchange flux with soil matrix per
layer (1-NL) (positive: from macropores into md* [...] * R FLMPOUIF(1,NL)
matrix)
Array with water rapid drainage flux towards drain -1 *
(tube) per layer (1-NL) overland flow (runoff) d [00...] R FLMPOUDR(NL)
Array with average fraction of macropore wall in Only if
contact with macropore water during time step per md™ [0.0..1.0] * R FRWEMPWL(1,NL) | iOPtMP =1
layer (1-NL)
Dynamic part for macropores, domain 2 (Internal Catchment domain)
Arelc volume of macro pores at end of time- m? m?2 [0.0..] * R VLMP(2)
interval
Areic volume of water stored in macro pores at m3 m2 [0.0...] - R SRWAMP(2)
end of time-interval
Wat(_er_lnfl_ltratlon flux at soil surface directly by md™ [0.0..] - R FLMPINPR(2)
precipitation
Water infiltration flux at soil surface indirectly by mdt [0.0..] - R FLMPINRU(2)
lateral overland flow (runoff)
Array with water exchange flux with soil matrix per
layer (1-NL) (positive: from macropores into md? [...] * R FLMPOUIF(2,NL)
matrix)
Array with average fraction of macrop[ore wall in
contact with macropore water during time stepper m d* [0.0..] * R FRWEMPWL(2,NL)
layer (1-NL)
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Table 11 The input file WATBAL.INP: data relatectmodel like WATBAL

This file only if
IWA=1

Description of variable Unit Range R DT

Mnemonic

Label for specification of simulation period and

. . .
length of time-interval >simper: =
Start year of hydrological simulation - [1..YRMAHY] * |
End year of hydrological simulation - [YRMIHY ...3000] - |
Start tlme (Julian daynumber) of hydrological 00..3660] - R
simulation

E_nd time (Julian daynumber) of hydrological 00..3660] - R
simulation

Switch for input of stepsize of time-interval with [1..2] -

dynamic hydrological data
OPTST = 1: stepsize is fixed and given in this file
OPTST = 2: stepsize is given in WATBAL.UNF

Indicator for initial moisture volume fractions - [0...1] -
INMO = 0: values specified in the input-file INITIAL.INP should be used
INMO = 1: values to be calculated in ANIMO

LABEL

YRMIHY
YRMAHY

TIMIHY

TIMAHY

OPTST

INMO

Length of time-interval (time step) d [1.0...] -

Only if
OPTST =1

ST otherwise
give adummy
value

Label for specification of geometry of model

. *
system >geomet: C8
Number of model compartments - [1..MANL] * |
Number of soil horizons - [NUHO] * o
Number of compartments with roots - [1...NL] *
Array with compartment (=layer) number of the
deepest compartment (bottom) of each horizon 1- - [1...NL] * o
NUHO
QrLray with thickness of compartments(=layers) 1- m [0.03..100] * R
Label for specification of drainage parameters - >drains: * C8

. . st .
Average drain distance of 1™ order drains (canals) m 0.0 ...] + R

(AK=1/DK; DK is density of canals in m™)

Average drain distance of 2" order drains
(ditches) m [0.0...] - R
(AS=1/(DK+DS); DS is density of ditches in m™)

Average drain distance of 3" order drains
(trenches)

(AG=1/(DK+DS+DG); DG is density of trenches in m [0.0...] - R
m™Y)

Drainage level of first order system relative to soil m [0.0...] - R
surface (m-surface) o

Drainage level of second order system relative to m 0.0 ...] . R
soil surface (m-surface) T

Drainage level of third order system relative to soil m 0.0 ...] - R

surface (m-surface)

LABEL

NL
NH
NUROUP

LNBOHO(NUHO)

HE(NL)
LABEL

AK

AS

AG

HDK

HDS

HDG
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Table 12 The input file WATBAL.UNF: water quandigta from a model like WATBAL ” This file only

if IWA=1
Description of variable Unit Range R DT Mnemonic
Initial part
Areic moisture volume of rootzone m*m?  [0.0..] * R MOCORO
Initial groundwaterlevel (m-surface) m [0.0...] - R WALE
Areic moisture deficit of subsoil below the rootzone m?®m™ [0.0...] - R MODEUN
Dynamic part
Time in waterquantity model d [0.0...] * R TIWA
Length of time-interval (time step) d [1.0...] - R ST I(?)nFEYI'ISfT:Z
Potential evapotranspiration flux md* [0.0...] - R ETMA
Precipitation flux md* [0.0...] - R PR
Actual evapotranspiration flux md* [0.0...] - R EV
Surface runoff flux md? [0.0...] - R RU
Drainage flux of 3" order system (trench) md* [0.0...] - R FG
Drainage flux of 2" order system (ditch) md* [0.0...] - R FS
Drainage flux of 1* order system (canal) md* [0.0...] - R FK
e e sy " ma® o.] - R e
ﬁ\]rttzir(\:/;?oisture volume of rootzone at end of time- m 0.0 ..] - R MOCOROT
Groundwater level at end of time-interval m [0.0...] - R WALET
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Table 13 The input file CHEMPAR.INP: chemical paetens for phosphorus

if IPO=1
Description of variable Unit Range R DT Mnemonic
Label for specification of definition of chemical schedef: « c8 LABEL
system
Switch (option) for equilibrium sorption - [2] * OPTCXFA
OPTCXFA = 1: Linear
OPTCXFA = 2: Langmuir
OPTCXFA = 3: Freundlich
(ANIMO 4.0 version allows only OPTCXFA=2)
Number of sites for equilibrium sorption
(ANIMOA4.0 version allows only 1 equilibrium - [1..3] * NCXFA
sorption site: NCXFA=1)
Switch (option) for non equilibrium sorption - [1..3] * o OPTCXSL
OPTCXSL = 1: linear
OPTCXSL = 2: Langmuir
OPTCXSL = 3: Freundlich
Number of sites for non equilibrium sorption - [1..3] * o NCXSL
Switch for type of precipitation process - [0...1] * o OPTPR
OPTPR = 0: instantaneous
OPTPR = 1: first order
(ANIMOA4.0 version allows only OPTPR=0)
Label for specification of sorption variables - >chesor: * C8 LABEL
Switch for input of sorption parameters (from
PACXFAHO to RECFDESHO) either for whole - [1..2] * OPTCXHO
profile or per soil horizon
OPTCXHO = 1: Input for whole profile (HN=1)
OPTCXHO = 2: Input per horizon (HN=NUHO)
(ANIMO 4.0 version must receive dummy values for PACXFAHO(1), PACXFAHO(4)
and PACXFAHO(5))
. PACXFAHO
Dummy variable - [0.0...] * R (LLHN)
Langmuir max. sorption amount kg m?® [0.0...] - R PACXFAHO | Should
(2, ,HN) be
: . - 341 ) PACXFAHO |repeated
Langmuir sorption coefficient m” kg [0.0...] R 3, LHN) (I=1to
NCXFA
. PACXFAHO
Dummy variable - [0.0..] - R (4, LHN) times
. PACXFAHO
Dummy variable - [0.0...] - R (5, LHN)
Langmuir desorption coefficient d* [0.0..1.0] * R PARKD(HN)
Linear sorption coefficient m®.m?® [00..] * R PACXSLHO
(1,I,HN)
Langmuir maximum sorption amount kg.m'3 [0.0...] - R FZAIC:'(,\%LHO
Langmuir sorption coefficient m*kg?  [0.0..] - R PACXSLHO | Should
(3,1,HN) be
. . PACXSLHO |repeated
Freundlich sorption constant - [0.0...] - R (4.LHN) (I=1to
NCXSL
Freundlich sorption exponent - [0.0...1.0] - R Zﬁ?'_)'(NS)LHO times
First order adsorption rate constant d* [0.0..0.01] * R (Ffi?\:;ADSHO
First order desorption rate constant d* [0.0...1.0E-4] - R 5iﬂ;DESHO
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Table 13 The input file CHEMPAR.INP: chemical paetens for phosphorus

This file only

if IPO=1

Description of variable Unit Range R DT Mnemonic
Lapel for specification of kinetic precipitation ) >chepre: « c8 LABEL
variables
First order kinetic precipitation rate constant d* [0.0...0.5] * R RECFPR
Label for specification of PO4-P threshold
concentration . .
(precipitation occurs when the threshold level is PN e LABEL
exceeded)
Switch for !nput method of equilibrium (buffer) [0 ... 1] £ OPTCOBU
concentration

OPTCOBU = 0: variable COBUHO is calculated in ANIMO using a pH/ceq relation

OPTCOBU = 1: COBUHO is specified in this file
Threshold concentration (PO4-P) for P- -3 * Only if
precipitation kgm [0.0...0.2] R COBUHO OPTCOBU=1
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Table 14 The input file CROP_EXT.INP: externalpcdata file.

This file only
if ioptCU=1

Description of variable

Unit Range

R DT

Mnemonic

If the option ioptCU is set to 1, the MATERIAL.INP file should comprise 4 organic fractions to
be used for the aboveground plant parts (shoots) and the subterranean plant parts (roots). Also

an adaptation in the INITIAL.INP file must be made, since the fresh organic matter (label

>orgfsh:) is given per fraction.
Header with variable names

Minimum nitrogen fraction in shoots
Maximum nitrogen fraction in shoots
Minimum nitrogen fraction in roots
Maximum nitrogen fraction in roots
Minimum phosphorus fraction in shoots
Maximum phosphorus fraction in shoots
Minimum phosphorus fraction in roots
Maximum phosphorus fraction in roots
Header with variable names

These variables should be given sequentially and

in the simulation period

[0.0 ... NISHMA]
- [NISHMI ... 1.0]
- [0.0 ... NIROMA]
- INIROMI ... 1.0]
- [0.0 ... POSHMA]
- [POSHMI ... 1.0]
- [0.0 ... POROMA]
- [POROMI ... 1.0]

*

*

(@)
T

X0V UV UV XUV UV UV X

CH

repeated for every time step (T)

Header
NISHMI
NISHMA
NIROMI
NIROMA
POSHMI
POSHMA
POROMI
POROMA

Variable names

Year Month Day

Gross nitrogen-N uptake
Gross phosphor-P uptake

Crop losses of organic matter in aboveground
parts (shoots)

Crop losses of nitrogen in aboveground parts
(shoots)

Crop losses of phosphor in aboveground parts
(shoots)

Crop losses of organic matter in subterranean
parts (roots)

Crop losses of nitrogen in subterranean parts
(roots)

Crop losses of phosphorus in subterranean parts
(roots)

[YRMI+TIMI ...
YRMA+TIMA]

kg.ha’  [0.0...500.0]
kg.ha'  [0.0...50.0]

[0.0 ...
30000.0]

kg.ha™
kg.ha'  [0.0...300.0]

kg.ha’  [0.0...30.0]

[0.0 ...

1
kg.ha 30000.0]

kg.ha'  [0.0...300.0]

kg.ha'  [0.0...30.0]

*

R
R

R

YR-MO-DA
NIUP(T)
POUP(T)
OMCRSH(T)
Should be
NICRSH(T) |repeated
for every
POCRSH(T) | T=time
step
OMCRRO(T)
NICRRO(T)
POCRRO(T)
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3.3 Program output data

The model always writes output to the following§l:

* Animolnputs.out,

= Animolntermediate.out,

» [NITIAL.out and

= MESSAGE.out.

Other output-files are optional. The Animolnputs.fike echoes output of input and the file
Animolntermediate.out provides optional outputdach time step from each subroutine. The output-
files Animolnputs.out and Animolntermediate.out d@nused to verify part of the input. The
INITIAL.out file contains the same type of data ceming state-variables for the model profile
(mineral N and P, organic matter contents) in Hraes sequence as the input-file INITIAL.INP and
can be used to initialize another simulation rume MESSAGE.out file contains all warning- and
error-messages. Most subroutines can create egssages, which all refer to the subroutine that
generates the message.

Optional output can be directed by means of on¢hefoptions given at the end of the input-file
GENERAL.INP (see Section 3.2). By means of thes#onpg, one can create balances for a freely
chosen number of model compartment layers andetyfolosen time-interval. These balances can be
generated for water, nitrogen, phosphate and occgamaitter. An explanation of the mass balance-
terms is given in Annex 2. Subsequent to balartbesmodel can also produce output regarding quite
a number of items for each time step for each moadeipartment.

Output can also be generated for detailed orgaaistormations for organic matter, nitrogen and/or
phosphorus in dissolved and/or in solid phase gées OUTSE(1-37)). A description is given with

the input-file GENERAL.INP (see Section 3.2).

3.4 Model execution

Once the input files are prepared, an executioa simulation is performed by entering the path and
name of the executable from the command line thathe followed by the path and name of a direct
file with the names of the input files to be usedy. “..\..\Executable\Animo40.exe Animo.ini". See
Figure 9 for an example of the content of a direct filehwiames of input files.

Animo40
GEN="\Input\general.inp”
MAT="\Input\material.inp"
PLA="\Input\plant.inp"
SOI="\Input\soil.inp"
BOU="\Input\boundary.inp"
INI="\Input\initial.inp”
MAN="\Input\management.inp"
SWU="A\Input\swatre.unf"
WAI="\Input\watbal.inp"
WAU="\Input\watbal.unf"
CHE="\Input\chempar.inp"
INO="\Output\initial.out"
CRU="\Input\crop_ext.inp"
MES="\Input\imessage.out"
END

Figure 9 Example of a direct file named Animo.ini.
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If the direct file is not used the input-files must located at the same directory as the working
directory. With the direct file, it is possible &mld the path to the file name. Output-files produiog

the model will be directed to the same directoryhasexecutable.

The program may direct error messages to the schdiearror-messages of the program also will be
written to the output-file MESSAGE.out.

The program is only protected against extreme meocbrinput of parameter-values. On each input-
parameter a check is performed. Labels are cheoketheir presence and input-parameters are
checked on minimum and maximum values. The uppeand®f dimensions of input-parameters is
checked.

These checks are not executed for the unformatteicarfy) files 'SWATRE.UNF' and
'WATBAL.UNF' because these values are results fodher simulation-models. The ANIMO model
will generate warning or error messages and mawteerupted if these binary files do not contain
sound and accurate water balances. When a simulatioompleted without fatal errors, the model
produces the following message to the screen: &sfal completion of simulation'.

After execution, the model results can be analysed.
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4 Case studies

The program is released with five cases. This erdpiefly discusses the input-files and presemss t
results and balances of these examples.

In the first case, the model ANIMO 4.0 is appliegsing data from a field experiment on non-grazed
grassland on a sandy soil (Ruurlo) for only theboarand nitrogen cycle. In the second case, the
ANIMO model is applied using data from a field expeent on grazed grassland on a sandy soil
(Cranendonck grassland) for the carbon, nitrogehplosphorus cycle. In the third case, the ANIMO

model is applied using data from a field experimamtforage maize on a sandy soil (Cranendonck
maize) for only the carbon and nitrogen cycle.He tourth case, the ANIMO model is applied using

data from a STONE application. Grazed grassland dny sandy soil is taken for the nitrogen and

phosphorus cycle. And in the fifth case, the ANIM@@del is applied using data from a STONE

application on grassland on a peat soil for theéaarnitrogen and phosphorus cycle.

4.1  Ruurlo: non-grazed grassland on a sandy soll

Between 1980 and 1985, field research at an expetahfarm in Ruurlo (field 16) aimed to quantify
the influence of different application techniquesawil fertility, crop yields and nitrate leachinthe
data sets have been utilized by Jansen (1991) dtuate the performance of the ANIMO model
within the framework of a comparison of six nitré@@aching models. The main characteristics of the
Ruurlo field plots are:

- soils are classified as loamy sand sails;

- different fertilization levels and application tedtues (both injection and surface applications

of manure);
- land use is grassland without grazing;
- high water holding capacity.

Manure-additions were given as 80 tons of cattlerglper hectare per year and 400 kg artificial
fertilizer per hectare per year.

In section 4.1.2 some results of the ANIMO model this case are presented. In section 4.1.3 the
water and mass balances are given as they shopicbeced by the model ANIMO 4.0.

8 input-files are required for a single applicata@frthe model (9 input-files are required when dlso
P-cycle is simulated). A summary of these inpugdfifor which data are given in this chapter is give
below:

1. input-file GENERAL.INP: simulation and output opti® Figure 10),

2. input-file MATERIAL.INP: standard definitions of nterials: reaction rates, substance contents
(Figure 11),

input-file PLANT.INP: standard parameters for cgompwth and crop uptaké-{gure 12),

input-file SOIL.INP: Soil chemical and soil physickata Eigure 13),

input-file BOUNDARY.INP: boundary conditiong{gure 14),

input-file INITIAL.INP: initial conditions §igure 15),

input-fle MANAGEMENT.INP: data concerning additisrand tillage to the soil systefigure 16),
input-file SWATRE.UNF: water quantity input-datastédting from simulations with the SWAP model.

© N Ok
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4.1.1 Input files

GENERAL.INP

Filename: General.inp
Content:Input for Animo-version 4.0 (case Ruurlo Gr

>simopt: -------------- simulation options --------
20000
- Hydrological parameters were simulated with th
- Only carbon and nitrogen cycle are simulated.
- Aeration calculation in ANIMO
- Crop uptake simulated by ANIMO
- Simulation without macro pores
>simtim: -------------- simulation time -----------
1980 1.01985 120.0
- 6 years are simulated: the period 1 1 1980 thr
>QutsCr: -------------- output to screen ----------
1 - Simulation-stage is written to screen as yea
>outbal: -------------- output of balances --------
3 - 3 balance series
RP - The character string ‘RP’ is given
11 1 0- Output of balances written to files BAWAR
0 3 BANHRP.OUT, BANIRP.OUT and BANORP.OUT

1 - Compartment 0 is the addition-reservoir on t
365.  soil system. The bottom of compartment 3 i
GP below the soil surface (root zone). The bala

1110 up for 0-0.25 meter below the soil surfac

012 - Each simulated year one reset at the last

-1 year (365 or 366 for a leap year); this rese

TP writing of balance-terms to files and initia
1110 balance terms at zero.

016 - The character string ‘GP’ is given

1 - Output of balances written to files BAWAGP.O

365. BANHGP.OUT, BANIGP.OUT and BANOGP.OUT.

- Compartment 0 is the addition-reservoir on top
soil system. The bottom of compartment 12 is a
below the soil surface. The balances are made
meter below the soil surface.

- Each simulated time step balance terms are wri

- The character string ‘TP’ is given.

- Output of balances written to files BAWATP.OUT

BANHTP.OUT, BANITP.OUT and BANOTP.OUT.

- Compartment 0 is the addition-reservoir on top
soil system. The bottom of compartment 16 is a
the soil surface (defined by hydrological simu
The balances are made up for 0-3.0 meter below

- Each simulated year 1 reset at day number 365;
includes writing of balance-terms to files and
all balance terms at zero.

>outsel: -------------- output-selection ----------
11000 00100 000O0O
00000 00000 00000 o0O0OO
11
- The files Nitrate.out, Ammonium.out, Miner-n.o
are created and filled with simulation results
- The files Grass.out and Grass-yr.out are creat
with simulation results. The detailed organic
are created and filled with simulation results
>outtot: ------------ output of input, and output
03
10 151 365

- At the time steps 10, 151 and 365 detailed out
to output-file Animolntermediate.OUT.

ass field 16)

P.OUT, BAOMRP.OUT,

op of the model
s at 0.25 meter
nces are made
e.
day number of the
tincludes
lizing all

UT, BAOMGP.OUT,

of the model
t 1.40 meter
up for 0-1.40

tten
, BAOMTP.OUT,

of the model

t 3.0 meter below
lations)

the soil surface.
this reset
initializing

0 00

ut and Discharge.out

ed and filled
transformation files

per time step ----

put is written

Figure 10 The input-file GENERAL.INP: data for exgenRuurlo
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MATERIAL.INP
For the composition of some materials in this ¢hsdollowing brief explanation is given.
Table 15 gives the relation between N-mineral, N-organid Aiatotal of the first 5 materials.

Table 15 Nitrogen composition of materials 1-5

Material nr. N-content

N-mineral N-organic Org. matter Natiot

(FRNH)  (NIFR*FR) (NIFR*FR) (NIFR*FR)  (FROR

1 0.00192 + (0.07*0.116 +0.05*0.5 +0.01*0.380.078 = 0.00480
2 0.002 + (0.07*0.088 +0.05*0.5 +0.01*0.412).085 = 0.00500
3 0.0024 + (0.07*0.056 +0.05*0.5 +0.01*0.440.084 = 0.00520
4 0.0018 + (0.07*0.174 +0.05*0.5 +0.01*0.326.089 = 0.00540
5 0.0013 + (0.07*0.084 +0.05*0.5 +0.01*0.116.077 = 0.00400

Filename: MATERIAL.INP
Content:Input for ANIMO-version 4.0 (example Ruurlo

>defmat: ----------------- definition of materials

11

0.078 0.085 0.084 0.089 0.077 0.0 1.0
0.00192 0.002 0.0024 0.0018 0.0013 0.5 0.0
00 00 00 00 00 0500

- 11 materials are defined (5 different types of an
fertilizer, 2 different types of root material, 1
and 2 different type of shoot material.
- Fraction of organic matter in the materials 1 to
- Material 1-5: Lammers (1983) gives organic matte
- Material 6: Inorganic fertilizer is 100% inorgan
- Material 7-11: The material for roots and shoots
to 1.0 (100% organic) because AMROTI is expresse
- Fraction of NH4-N in the materials 1 to NM (FRNH)
- Material 1-5: Mineral nitrogen of manure Is assu
FRNH can be determined as: NH4-N = N-total - N-o0
The animal manure materials are divided into 3 o
with each fraction having its own nitrogen conte
N-total and N-mineral have been based on data fr
Lammers et al. (1983).
- Material 6-11: See parameter FRNI.
- Fraction of NO3-N in the materials 1 to NM (FRNI)
- Material 1-5: Animal manure contains no NO3-N
- Material 6: Inorganic fertilizer, half NO3-N, ha
- Material 7-11: root material, organic matter in
shoot materials are 100% organic.
material nr 1 = cattle slurry 1st year
material nr 2 = cattle slurry 2nd year
material nr 3 = cattle slurry 3rd year
material nr 4 = cattle slurry 4th year
material nr 5 = cattle slurry 5th year
material nr 6 = fertilizer
material nr 7 = roots of non-grassland
material nr 8 = roots of grassland
material nr 9 = organic matter in the subsoil
material nr 10 = shoots of non-grassland
material nr 11 = shoots of grassland

imal manure, 1 inorganic
type of organic matter

NM (FROR):
r contents.
ic.
should have a FROR
d as dry matter.

med to be 100% NH4-N.
rganic.

rganic fractions (FR)

nt (NIFR).

om Cranendonck and

If NH4-N.
the subsoil and
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>orgmat; ----------------- definition of organic fr

coooobo

cooococooohNA

COODOLOOOO00OLLVOgo000
0000009999200 000000000O
efYofofofofofofofofokoRoRoRol o XN N NP apy

00~ 0100 =
ArbhOOOO

CODDODDOOOOODODODOO o000
coooo

0000000000000 000000O¢
[eleoleoleololelol Jolo) Jeololololeoleole)

000000 CPCCOCOCooRroo0DDDDD
0000009999200 000000000O
COODOLOO0O00OLOLOgo000
0000009999200 000000000O
COODOLOOOO00OLOoOgo000
0000009999900 000000000
0000000000000 WOO oo 0o

oo0o0000

©
~
(631

- The organic part of each material consists of fra
has it own decomposition rate and its own nitroge
- Based on a different decomposition rate one can d

fractions in each material, each fraction having
rate and nitrogen content.

- Material 1-5: Decomposition rates and nitrogen ¢
fractions were calibrated with measured lysimete
(Berghuijs-van Dijk et al., 1985).

- Material 6: Inorganic fertilizer: 100% mineral.

- Material 7-8: Calibrated with measured lysimeter
(Berghuijs-van Dijk et al., 1985).

- Material 9: No further division into fractions.

- Part of the fractions of the organic part of the
solution.

- Material 1-5:

- Fraction 1: 100% dissolved organic matter.

- Fraction 2: One part (0.5-0.05=0.45) is defined
organic matter (OS) the rest (0.05) is defined
organic matter.

- Fraction 3: 100% fresh organic matter.

- Material 6-11: No dissolved parts.

The meaning of the organic fractions can be summari
organic fraction nr 1 = soluble, rapidly decomp
organic fraction nr 2 = partly soluble, rapidly
organic fraction nr 3 = solid, slowly decomposi
organic fraction nr 4 = rapidly decomposing par
organic fraction nr 5 = slowly decomposing part
organic fraction nr 6 = very slowly decomposing
organic fraction nr 7 = not used
organic fraction nr 8 = not used
organic fraction nr 9 = rapidly decomposing par
organic fraction nr 10= slowly decomposing part
organic fraction nr 11= rapidly decomposing par
organic fraction nr 12= slowly decomposing part
organic fraction nr 13= rapidly decomposing par
organic fraction nr 14= slowly decomposing part

- Humus fraction of the fresh organic matter does n
but decomposes directly to humus. This value resu
lysimeter-experiments in which the behaviour of o
was observed over a certain period of time.

>orgdec: ----------------- definition of rates ----
0.25 0.25 0.25 0.25 0.25 0.

actions ---------------

o
o

COO0000000000000000000

[e¥eYololofolofolooloYoloYol Yo oo RoRoXa)

COO00000000000000000000
[e¥eYololofolofoloRoloYo). JolefoletoRoRoRa ko)
COO00000000000000000000
O0O0OO00OOOOOOOONODODODOOOOOO
COO00000000000000000000
[e¥eYololoYolofoloRokol . JoYo e fo oo oo Ra ko)
COO00000000000000000000
OO0 DOONODDOODOODOOOOO

ctions; each fraction

n content.

istinguish different

its specific decomposition

ontents of three
r-data

-data

materials that goes into

as fresh
as dissolved

zed as followed:

osing part of slurry
decomposing part of
ng part of slurry

t of non-grassland roots
of non-grassland roots
organic matter

t of grassland roots

of grassland roots

t of shoots non-grassland
of shoots non-grassland
t of grassland shoots

of grassland shoots

ot pass the dissolved stage,

Ited from simulating
rganic matter in solution

25 0.25 0.25 0.25 0.25 0.25

2.0 0.22 2.0 0.22 2.0 0.22
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- Assimilation factor of 0.25 for all fractions (Be
This parameter indicates the fraction of the deco
or exudates that can be converted to humus/biomas

- Assimilation efficiency of dissolved organic matt
all of 0.25.

- Reduction factor of 50% for microbiological trans
situations.

- First order average decomposition rate for the or

- Fractions 1-3: Fractions used for material nr 1-
Model-verification resulted in a calibration of
for fraction 2 and 3 (fraction 1 has a dummy val
goes fully into solution).

- Fraction 4-5 and 9-10: Fractions used for materi

- Fraction 6: Fraction used for organic material i
Decomposition rate was derived from rates given
and calibrated with simulations of a region in t
the Netherlands (Drent et al., 1988).

- Fraction 7-8: Not used in this study.

- Fraction 11-14: Fractions used for materials nr

- First order average decomposition rate for dissol
Berghuijs-van Dijk et al. (1985) gives the value
lysimeter-experiments.

- First order average decomposition rate for humus.
Berghuijs-van Dijk et al. (1985): a low rate for
net humus-decomposition in the long term.

- First order average decomposition rate for exudat
Berghuijs-van Dijk et al. (1985): a high rate of
decomposition.

- First order average nitrification rate. Van Huet
derived on a literature research. For sandy-loam
in a value of 365. Literature research (Hendriks,
the ANIMO model resulted in better results with a

- First order average denitrification rate. A value
following assumption: in 10 days no more than 50%
be denitrified.

>orgnit; ----------------- definition of N-contents
0.07 0.050.01 0.010.010.01 0.0 0.0 0.02 0.01
0.048 0.025

- Nitrogen fractions in organic matter.
- Fraction 1-3: Fractions used for material nr 1-5
- Fraction 4-5 and 9-10: Fractions used for materi
An average value was used of nitrogen content of
soil surface and root material below soil surfac
- Fraction 6: Fraction used for organic material i
content derived from data given by Berghuijs-van
Berghuijs-van Dijk gives nitrogen fractions in v
division over fractions has to be estimated or c
It seems likely that the large fractions have th
- Fraction 11-14: Fractions used for material nr 1
- Maximal nitrogen fraction in humus.
Value as given by Berghuijs-van Dijk et al. (1985
It corresponds to a C/N ratio of 14 (the carbon c
been assumed to 0.58). This value 0.048 is added
the root zone layers. Below the root zone the nit
from the given C/N ratio * 0.58 (See Soil.inp).
- Nitrogen fraction in exudates.
Value as given by Berghuijs-van Dijk et al. (1985

Optional if aeration option loptae = 1 (See General

>s0nicQ: ----------------- definition of SONICG-con
0.3 0.01 0.9

- The nitrate-N concentration for which the MM-func
the optimal value is 0.3

- Multiplication factor for org. transformations at
is set to 0.01

- The critical value of water filled pore space for
response on organic transformation to lower value

rghuijs-van Dijk et al., 1985).

mposable fresh organic matter
S.
er, humus/biomass and exudates

formations under oxygen limited

ganic fractions.
5 (animal manure).
the decomposition-rates
ue since this fraction

al nr 7 and 8 (roots).

n subsoil.

by Jenkinson and Rayne (1977)
he southern part of

10 and 11 (shoots).
ved organic matter.
of 30, which was derived from

humus of 1.5-2.0% per year for

es.
365, because of rapid

(1983) gives some values
column experiments resulted
1992) and application of
lower value of 100.

of 0.01 is based on the

of the present nitrate can

0.025 0.015 0.01 0.005

(animal manure).

al nr 7 and 8 (roots).
crop residues above
e.
n subsoil; nitrogen

Dijk et al. (1985).

arious materials,

alibrated.

e highest nitrogen content.
0 and 11 (shoots).

ontent of the material has
to the nitrogen fraction in
rogen fraction is calculated
).

.inp).

cept variables --------

tion takes a value half of
complete anaerobic conditions

adjustment of original water
sissetto 0.9

Figure 11 The input-file MATERIAL.INP: data for emple Ruurlo
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PLANT.INP

Filename: PLANT.INP
Content:  Input for ANIMO-version 4.0 (example Ruurl

>cropdt:---------- number of crops for which data a
1

- One crop is defined in this file.

>crop01; --------------- crop nr 1: grassland -----
6
11 8
100. 321. 130.0
0.175 0.375 0.375 0.165 0.075
0.321 0.35 2.30 0.65 0.60 182.00
2 00 1.0
019 0.050.0076 0.02

0.
0.
2
0. 366.
0.3 0.3
0.0055
1.0 1.0 0.03 0.0028
2
Data originate from literature and calibration on g
- Crop number 6 (simulation with grassland requires
- Shoot material is 11 and root material is 8 for g
(See input-file MATERIAL.INP).
- Number of data given for time of first day of gro
time of last day of growing season (e.g. 321.0) a
grazing season, when AMSHMI_GRSTART has not been
- Minimum quantity of grass shoots required for gra
(e.g. 0.175). Amount of shoots to be exceeded whe
a combined system of cutting and grazing (e.g. O.
exceeded when harvesting will occur in a system o
Amount of remaining shoots after a cutting event
and grazing (e.g. 0.165). Amount of remaining sho
combined system of cutting only (e.g. 0.075).
- Relative duration of sunshine (e.g. 0.321).
Maximum shoot production is 0.35 kg m-2.
Shoot production rate (e.g. 2.3).
Efficiency factor for gross dry matter production
(e.g. 0.65).
Weight fraction of grass shoots dry matter is 0.6
Day number where the maximum gross dry matter pro
(related to light interception) is 182.0.
- Mass fraction of shoots lost by grazing (e.g. 0.2
and by harvesting (e.g. 0.0: no harvesting losses
Reduction factor for grass production due to graz
- Minimum and maximum nitrogen content of grass sho
Minimum and maximum nitrogen content of grass roo
- Number of data given for the root length (NULNRO)
- Array with Julian day numbers versus length of ro
- Turnover rate for dying of roots (e.g. 0.0055 d-1
- Transpiration stream concentration factor for amm
transpiration stream concentration factor for nit
(convective: 1.0 and diffusive: 0.03) and transpi
factor (nitrate in grassland) for diffusive count
- Switch for type of reduction relation with transp
(Actual evapotranspiration flux) divided by (Pote

rassland data (Ruurlo).
crop number 6).
rassland

wing season (e.g. 100.0),

nd time of start of

exceeded (e.g. 130.0).

zing within the period

n harvesting will occur in

375). Amount of shoots to be

f cutting only (e.g. 0.375).

in a combined system of cutting
ots after a cutting event in a

in shoot system of grassland
duction is expected

assumed).

ing by cattle (e.g. 1.0).
ots (e.g. 0.019, 0.05).
ts (e.g. 0.0076, 0.02).

ots.

onium in grassland (e.g. 1.0),
rate in grassland

ration stream concentration
er flow (e.g. 0.0028).

iration is applied is 2

ntial transpiration flux)

Figure 12 The input-file PLANT.INP: data for exampluurlo
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SOIL.INP

Filename: SOIL.INP
Content:Input for ANIMO-version 4.0 (example Ruurlo

>profil: -------------m--- horizons ---------------

6

0.02 0.2
0.2 0.25
0.25

- Six soil horizons were distinguished.

- The thickness of the top of the soil compartment
The thickness of the reservoir for additions to t

- The fraction of runoff passing the surface reserv
and for passing the first soil layer is set to 0.

- The depth of the initial root zone is 0.25 m.

>tempar: ----------------- temperature parameters--
0.01726 0.05184
9.5 9.0 3.7721

- Frequency of the early temperature wave; used in
Used in sine model: 2.0*3.14/365 = 0.01726.
Thermal diffusivity; used in sine and Fourier mod
Huet (1982) gives this value (0.05184 m2 d-1 = 0.

- Amplitude of yearly temperature wave (9.5 oC).
Average yearly temperature (9 oC) at soil surface
Phase shift (3.7721 rad) of sine wave.

>sophyl: ---------mmmmeee soil physical parameters

18 0.18 018 0.18 018 O

1250.0 1320.0 1660.0 1720.0 1720.0 1720
140 140 350 60.0 60.0 60

74826.0 74826.0 74826.0 74826.0 74826.0 74826

74826.0 74826.0 74826.0 74826.0 74826.0 74826

- Parameters in calculation of diffusion coefficien
part of soil for each horizon. Empirical constant
Some values are given by Hoeks (1983). More value
(1987). Data for the 'Staringreeks' soil schemati
and Kroes (1999).

- Saturated conductivity of the root zone, for hori
0.18 m d-1. Same values as used in hydrological m

- Dry bulk density for each horizon.

- C/N-ratio for each horizon. (C/N-ratio for the ro
because the nitrogen fraction of humus for the ro
maximum nitrogen fraction of humus.)

- Coefficient temperature response for organic and
transformations by Arrhenius per horizon.

>sochem: -------------=-—- soil chemical parameters
5.60 5.50 5.50 6.00 6.60
0.000613 0.000454 0.000292 0.000291 0.000043

- pH-H20 for each horizon.
Values originate from PAGV (1985) where values we
Conversion to pH-H20 was made with a conversion t
- Values for the distribution coefficient for ammon
the amounts of NH4-N in the soil solution. Values
Estimated values derived from Kroes et al. (1990)

is set to 0.02 m;

he soil system is set to 0.2 m.
oiris setto 0.2

25.

sine and Fourier model.

el.
006 cm2 sec-1).

. Used in sine model.

t for oxygen in the air filled

s dependent on the soil type.

s can be found in Bakker et al.
sation are given in Groenendijk

zons 1 to 6 a value of
odel SWAP.

ot zone are dummy’s,
ot zone are set to the

dissolved organic

6.60
0.000004

re presented as measured pH-KCL.

able (TNO, 1956).
ium. The ratio between
are given for each horizon.

Figure 13 The input-file SOIL.INP: data for examplaurlo
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BOUNDARY.INP

Filename: BOUNDARY.INP
Content:Input for ANIMO-version 4.0 (example Ruurlo

>optibc: ----------------- boundary options -------
00

- Runon and irrigation concentration data are not g

>topbou: ------------- top boundary conditions Nitr
0.002534 0.002534 0.002534 0.002534 0.002534
0.00084 0.00084 0.00084 0.00084 0.00084

0 180 180 18.0 18.0

4 164 164 164 164

- For each year concentrations of NH4-N and NO3-N i
given. NH4-N: 0.002534 kg m-3 for each year; NO3-
- Atmospheric dry deposition of NH4-N of 18.0 kg ha
- Atmospheric dry deposition of NO3-N of 16.4 kg ha
- Concentrations of NH4-N and NO3-N in runon are se
- Concentration of dissolved organic matter and dis
in runon are set to 0.0. Not relevant for this fi
occur in this example.
- Concentration of NH4-N and NO3-N in irrigation is
- Concentration of dissolved organic matter and dis
irrigation are set to 0.0.

>latbou: ----------------- lateral boundary conditi

0.0 0.0

0.0 0.0

- Concentration of NH4-N, NO3-N, dissolved organic

nitrogen in infiltrating drain water are set to 0
Not relevant for this field because infiltration

>botbou: ----------------- bottom boundary conditio
0.0 0.0
0.0 0.0

- Concentration of NH4-N, NO3-N, dissolved organic
nitrogen below model profile are assumed to be O.
Not relevant for this field, because seepage does

iven per time step

ogen and Carbon -------
0.002534

0.00084

18.0

16.4

n the precipitation must be

N: 0.00084 kg m-3 for each year.
-1 N for each year.

-1 N for each year.

tto 0.0.

solved organic nitrogen

eld because runon does not

set to 0.0.
solved organic nitrogen in

matter and dissolved organic
0

does not occur in this case.

matter and dissolved organic
0

not occur in this example.

Figure 14 The input-file BOUNDARY.INP: data for eqale Ruurlo
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INITIAL.INP

Filename: INITIAL.INP
Content:Input for ANIMO-version 4.0 (example Ruurlo

- Moisture fractions of the compartments 1 to NL at
In this case, dummy values of 0.0 have been used,
simulated by Swap.

>ammoni; ------------------- ammonium concentration
0.0 0.0
3.0E-03 1.8E- -03 8.0E-04 8.0E-04

E-03 1.3E-0
3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04

- Concentrations of NH4-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

>nitrat; ------------------- nitrate concentration

OE-02 1.0E-02 2.0E-02
OE-02 2.0E-02 2.0E-02
OE-03 1.0E-03 1.0E-04
E-04 1.0E-04 1.0E-04 1.0E-04 1.0E-04

02 1.0E-02 1.
-02 2.0E-02 2.
-03 5.0E-03 1.

- Concentrations of NO3-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

>0rgexu: ------------------- exudates -------------
0.0 0.0 0. . .0 0.
0.0 0.0 0.

oo
oo
oo
oo
oo
oo
oo
o0
oo
oo
oo
oo
oo
oo
oo

- Exudate content of compartments 1 to NL. The amou
estimated as 0.0 kg m-2. Low amounts of exudates
make this acceptable.

- Amount of humus from exudates present in compartm
are the main organic components in the model ANIM
OS is the fresh organic matter; HUEX and HUOS tog
OS decomposes with rates RECFAV (1-NF),
HUEX and HUOS both decompose with the rate RECFHU

fmmmm e fresh organic matter -
000

g
oo
o
o
a

COO000000000000000
ODooobooooboooDO

.25
350

(&)

0000000000000 00009
OOOOOOOOOOOOOOOOO@
cooooooooooo00000d
[oleololololololololololololololo o)
0000000000000 0000
[olelolololololololololololololo o)
0000000000000 0000
elololololololololololololololole]
0000000000000 0000
eleololololololololololololololole]
0000000000000 000

cleolololololololololololololole]

0000000000000 00

eleololololololololololololole]

0000000000000 0000
OOO0OO0OO0OO0OOOOOOOOOWUIN
0000000000000 506
OOOOOOOOOOOOOOwU'IN

the beginning of a time step.
because hydrology is

artments 0 to NL
d layer O the layer reserved

artments 0 to NL
d layer 0 the layer reserved

nt of exudates present has been
and high decomposition rates

ents 1 to NL. HUEX, HUOS and OS
(e}

efher form humus.

COO00O0000000000000
[e¥o¥oloYofofaloYolofalaYokoRafaYa)
CO000000000000000
[e¥oYoloYofofaloYolofalaYoRoRataYa)
COO000000000000000
[e¥oYoloYofofaloYofofafaYokoRataYa)
CO000000000000000
[e¥oYaloYofofaloYofofataYokoRataYa)
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0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amount of fresh organic matter present in compart
fractions 1 to NF.

>humorg: ---------=-=------- humus from fresh organ
45 9.0 6.3 2.988 2.988 3.096 3.096

6.192 3.784 3.784 3.784 3.784 18.92 18.92 1

- Amount of humus from fresh organic matter and dis
present in compartments 1 to NL (see parameter HU

>0rgsol:---------m-m-mmmme- dissolved organic matt
0.0 0.

leYoYoYoYoR
o oo
o oo
o oo
o oo

0.
0.
0.

o oo
o oo
o oo
o oo
o oo

0.
0.
0.

leYeYoXaX
oooo
o oo
o oo
o oo
o oo

0. .0
0. .0
0.

0. .0
0. 0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.

- Concentration of dissolved organic matter (includ
and LN=0).
Concentration of dissolved organic nitrogen (incl
and LN=0).
Dissolved organic matter was estimated to be nil.
for dissolved organic matter and dissolved organi

>orgpla: ----------- fresh organic matter and uptak
2.5E-02 7.5E-02 2.0E-03

- Amount of roots, shoots and uptake are taken from

ic matter -------------
3.096 3.096 4.644
8.92 18.92 397.32

solved organic matter
EX).

ing addition reservoir
uding addition reservoir

Therefore zeros are given
C nitrogen.

e by grassland --------

Dutch field experiments.

Figure 15 The input-file INITIAL.INP: data for exahe Ruurlo
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MANAGEMENT.INP

Filename: MANAGEMENT.INP
Content:  Input for ANIMO-version 4.0
Ruurlo, field 16 (80 ton/ha injection + 400kg/h

>kicrop: ------------=--m-m- crop definitions -----
66666 6

- Kind of crop grown each year is grassland.
Crops have been defined in the input-file PLANT.I

>|sunit; ----------=-------- number of livestock --
0.0 0.0 0.0 0.0 0.0 0.0

- Number of livestock units per hectare per year.
In this example the livestock unit is 0.0 (non-gr

>matvar: ------------------- definition of material

- Material composition is fixed and defined in the

>add001:

78.

1

1 80535.0 2 00.05
84.

- At day number 78 (18-Mar-1980) the first addition
- One addition event at this day
- Number of the added material is 1. One of the mat
MATERIAL.INP. In this case, material 1 is cattle
Quantity of material added is 80 535 kg ha-1.
The cattle slurry is added to the first 2 compart
No ploughing.
In this case, 5% of the mineral part of the cattl
- Time of next addition is day number 84 (24-Mar-19

>add002:

1
6 100.0 0 00.0
128.

- One addition event at this day
- Number of the added material is 6 (inorganic N-fe
Quantity of material added is 100 kg ha-1.
The fertilizer is added to the reservoir on top o
No ploughing.
No volatilization of inorganic fertilizer is assu
- Time of next addition is day number 128 (07-May-1

>add003:

1

6 80.00 00.0
150.

- and so on...

>add034:

1

6 40. 00 0.0
4000.

input-file MATERIAL.INP.

takes place.

erials (MN) defined in the file
slurry first year.

ments of the soil profile.

e slurry volatilizes.
80).

rtilizer).
f compartment 1.

med.
980).

Figure 16 The input-file MANAGEMENT.INP: data foraenple Ruurlo
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For each year, additions are made with a sequntiaing label number at the following years and
day numbers:

1980

1 78 18-Mar 80 535 kg Ha cattle slurry

2: 84 24-Mar 100kgHa fertilizer

3: 128 7-May 80kgha fertilizer

4: 150 29-May 80 kg Ha fertilizer

5. 177 25-Jun 60kgHa fertilizer

6: 211 29-Jul 40kgHa  fertilizer

7: 232 19-Aug 40 kg ha fertilizer

8 261 17-Sep 40kgHa fertilizer
1981

9: 471 15-Apr 77 854 kg Ha cattle slurry
10: 472 16-Apr 100 kg Ha fertilizer
11: 508 22-May 80kgHa  fertilizer
12: 536 19-Jun 80kgha fertilizer
13: 561 14-Jul 60kgHa  fertilizer
14: 583 5-Aug 40 kg Ha fertilizer
15: 617 8-Sep 40kgha fertilizer
1982
16: 822 1-Apr 78 027 kg Ha cattle slurry
17: 827 6-Apr 100kgHa fertilizer
18: 865 14-May 80kgHa  fertilizer
19: 884 2-Jun 80kgHa  fertilizer
20: 921 9-Jul 30kgHa fertilizer
21: 954 11-Aug 40kgHa fertilizer
1983
22: 1206 20-Apr 81 780 kg Ha cattle slurry
23: 1208 22-Apr 100 kg Ha fertilizer
24: 1247 31-May 80kgHa  fertilizer
25: 1268 21-Jun 80kgha fertilizer
26: 1292 15-Jul 60kgHa fertilizer
27: 1345 6-Sep 40kgha fertilizer
1984
28: 1551 30-Mar 75 520 kg hacattle slurry
29: 1554 2-Apr 100 kg Ha fertilizer
30: 1605 23-May 80 kg Ha fertilizer
31: 1627 14-Jun 80kgha fertilizer
32: 1654 11-Jul 60kgHa  fertilizer
33: 1683 9-Aug 40kgHa  fertilizer
34: 1723 18-Sep 40kgha fertilizer
w4000 -mmmmees mmmmmmeen e

(Last value for TINEAD (e.g. 4000) contains a dumwajue which should be higher than the last
simulated time step (e.g. 1947)).
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4.1.2 Results
Case Ruurlo Field 16: non-grazed grassland on a sdw soll

Mineral nitrogen at 0-50 cm below soil surface

o .
LO —
™ e . — Simulated
o ® Measured
S -
™
o ® o
B
3V
z 84
c
<
2 3-
—
o
S 4
—
o |
T}
o 4
T T T T T T
1980 1981 1982 1983 1984 1985
NO3-N concentration at 1 m below soil surface
e
= Simulated
S ® Measured
o |
©
2
Ee)
1S S
o
«
o -
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Cumulative N-Uptake
o
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o
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Figure 17 Measured and simulated mineral nitrogentent (a), N@N concentration (b) and cumulative

uptake of nitrogen by crop for permanent grassléd

Alterra Report 224 - 2006

73



4.1.3 Balances

This section presents the content of water, orgartier and nitrogen balances and detailed organic

transformations of the Ruurlo case. The presemtatidhese balances is achieved with the following

procedure:

- With output options in the input file GENERAL.INPhe output files BAWA//.OUT,
BAOM//.OUT, BANH//.OUT, BANI//.OUT and BANO//.OUT i created.

- Besides the BA* files, balance table files are wdaWith the output options in the input file
GENERAL.INP, the balance table files Ani_wa//.oihi_om//.out and Ani_n//.out are created.

- Also with the output options in GENERAL.INP the put files transfom//.out and transfon//.out
are created and de files grass.out and grass-yr.out

At the position // a character string of 2 posiianust be given to identify the set of the outflesf
with mass balances, balance tables and organicsforamations (see Chapter 3: input file
GENERAL.INP).

Balances are created for each balance period.
This section gives only some balance table filebdetailed organic transformations for the period
1-1-1984 to 31-12-1984.

Water, organic matter and nitrogen balances of thenon-grazed grassland case (Case Ruurlo
Field 16)

Soil profile RP: 0.00 - 0.25 m below soil surface

Output file Ani_waRP.bal:

Water balance (mm); profile top - 0.25m-ss; pe riod 365-1983/ 366-1984
Input: | Output:
Rainfall 743.9 | Intercep tion 30.7
Snowfall 0.0 | Snow sub limation 0.0
Irrigation 0.0 | Pond eva poration 0.0

| Soil eva poration 25.1

| Plant ev aporation 406.8
Runon 0.0 | Runoff_P r 4.0
Inundation 0.0 | Runoff_L 0 0.7

| Runoff_L 1 0.2
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0|-1stor der 0.1
Bottom upw flux 151.2 | Bottom d ownw flux 410.2

+

Total input 895.1 | Total ou tput 877.9
Storage change snow layer (+ = increase) 0.0
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) 17.3
Balance deviation 0.0
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Output file Ani_omRP.bal:

Org.matter (kg/ha); profile top - 0.25m-ss; pe

riod 365-1983/ 366-1984

Fresh Hu/bio Diss.

Input: Fresh Hu/bio Diss. | Output:

Additions  5035.8

0.0 779.2|

Redistrib 0.0 0.0 0.0]| Redistri b 0.0 0.0 0.0
Cropres. 10070.0 |
Exudates 0.0 |
Formation 3857.4 2717.2 | Dissoc. 10868.8 4141.6 3136.5
Irrigation 0.0
Runon 0.0 | Runoff_L 0 0.0
Inundation 0.0

| Runoff_L 1 0.3
Infiltration from: | Discharg e to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0]-1stor der 0.0
Bottom upw flux 42.0 | Bottom d ownw flux 365.2

+

Total input 15105.8 3857.4 3538.4 | Tot outp 10868.8 4141.6 3502.1
Dissimilated 6113.7 3106.2 2352.4
Final.present 44503.5 196317.9 87.1
Init.present 40266.4 196602.1 50.7
Storage change 4237.0 -284.2 36.3
Input-Output 4237.0 -284.2 36.3
Balance deviation 0.0 0.0 0.0

Output file Ani_nRP.bal:

Nitrogen (kg/ha); profile top - 0.25m-ss; pe

riod 365-1983/ 366-1984

Input: Org-N Nh4-N No3-N | Output: Org-N Nh4-N No3-N
Deposition dry 18.0 16.4|
Deposition wet 189 6.2
Additions 203.8 298.2 200.0 | Volatiliz ation 49
Redistrib 0.0 0.0 0.0]|Redistrib 0.0 0.0 00
Crop residues 112.0 0.0 36.2| Crop upta ke 89.8 605.1
Exudates 0.0
Incorporation 185.2 | Gross min eral. 465.8
Nett mineral. 280.6 | Immobiliz ation 0.0
Nitrification 508.8 | Nitrifica tion 508.8

| Denitrifi cation 9.1
Irrigation 0.0 0.0 0.0|Runoff_Pr 00 01 0.0
Runon 0.0 0.0 0.0|Runoff_LO 00 05 05
Inundation 0.0 0.0 0.0]

| Runoff_L1 0.0 01 04
Infiltration from: | Discharge to:
- 3rd order 00 0.0 0.0]|-3rdord er 0.0 0.0 0.0
- 2nd order 0.0 0.0 0.0]-2ndord er 0.0 0.0 0.
- 1st order 00 0.0 0.0]-1stord er 00 0.0 0.0
Bottom upw flux 1.4 1.8 90.0 | Bot downw flux 10.6 13.6 232.3

+

Total input  502.3 617.5 857.6 | Total out put 476.4 617.8 847.4
Final.present solid/complex 99934 55
Init.present solid/complex 9968.1 6.1
Storage change solid/complex (+ = increase) 25.3 -0.6
Final.present solution 17 40 36.6
Init.present solution 11 39 264
Storage change solution (+ = increase) 0.7 0.2 10.2
Input-Output 26.0 -04 10.2
Balance deviation 0.0 0.0 0.0
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Soil profile TP: 0.00 - 3.00 m below soil surface

Output file Ani_waTP.bal:

Water balance (mm);

profile top - 3.00m-ss; pe

riod 365-1983/ 366-1984

Input: | Output:
Rainfall 743.9 | Intercep tion 30.7
Snowfall 0.0 | Snow sub limation 0.0
Irrigation 0.0 | Pond eva poration 0.0

| Soil eva poration 25.1

| Plant ev aporation 406.8
Runon 0.0 | Runoff_P r 4.0
Inundation 0.0 | Runoff_L 0 0.7

| Runoff_L 1 0.2
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0|-1stor der 20.6
Bottom upw flux 0.0 | Bottom d ownw flux 204.0
Total input 743.9 | Total ou tput 692.2
Storage change snow layer (+ = increase) 0.0
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) 51.7
Balance deviation 0.0

Output file Ani_omTP.bal:

Org.matter (kg/ha); profile top - 3.00m-ss; pe

riod 365-1983/ 366-1984

Input: Fresh Hu/bio Diss. | Output: Fresh Hu/bio Diss.
Additions  5035.8 0.0 779.2|
Redistrib 0.0 0.0 0.0]| Redistri b 0.0 0.0 0.0
Cropres. 10357.7 |
Exudates 0.0 |
Formation 5255.6 2760.5 | Dissoc. 11042.0 9223.2 3517.8
Irrigation 0.0
Runon 0.0 | Runoff_L 0 0.0
Inundation 0.0]

| Runoff_L 1 0.3
Infiltration from: | Discharg e to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0]-1stor der 11
Bottom upw flux 0.0 | Bottom d ownw flux 1.3

+

Total input 15393.5 5255.6 3539.7 | Tot outp 11042.0 9223.2 3520.6

Dissimilated

6211.1 6917.4 2638.4

Final.present
Init.present

Storage change
Input-Output
Balance deviation

45262.7 809028.5 115.7
40911.2 812996.0 96.5
-3967.5 19.1
-3967.6 19.1
00 -01 0.0
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Output file Ani_nTP.bal:

Nitrogen (kg/ha); profile top - 3.00m-ss; pe riod 365-1983/ 366-1984
Input: Org-N Nh4-N No3-N | Output: Org-N Nh4-N No3-N
Deposition dry 18.0 16.4|
Deposition wet 189 6.2
Additions 203.8 298.2 200.0 | Volatiliz ation 49
Redistrib 0.0 0.0 0.0]|Redistrib 0.0 0.0 0.0
Crop residues 115.2 0.0 37.2]|Crop upta ke 89.8 605.1
Exudates 0.0 |
Incorporation 201.1 | Gross min eral. 533.9
Nett mineral. 332.8 | Immobiliz ation 0.0
Nitrification 571.9 | Nitrifica tion 571.9

| Denitrifi cation 235.6
Irrigation 0.0 0.0 0.0|Runoff_Pr 00 01 0.0
Runon 0.0 0.0 0.0|Runoff_LO 00 05 05
Inundation 0.0 0.0 0.0]

| Runoff_L1 0.0 01 04
Infiltration from: | Discharge to:
- 3rd order 0.0 0.0 0.0]|-3rdord er 0.0 0.0 0.0
- 2nd order 0.0 0.0 0.0]-2ndord er 0.0 0.0 0.
- 1st order 00 0.0 0.0]-1stord er 00 01 30
Bottom upw flux 0.0 0.0 0.0 | Bot downw flux 0.0 11 1.1

+

Total input  520.1 667.8 831.8| Total out put 534.0 668.6 845.7
Final.present solid/complex 16310.6 8.2
Init.present solid/complex 16324.7 9.4
Storage change solid/complex (+ = increase) -141 -1.2
Final.present solution 2.2 8.7 2005
Init.present solution 19 81 2143
Storage change solution (+ = increase) 0.3 0.5 -13.9
Input-Output -13.8 -0.7 -139
Balance deviation 0.0 0.0 00

The output of transfomTP.out can be reflected assformations between the different pools as
shown in the picture underneath.
Transformations of organic matter

1984
0 -3 m depth

Additions

10358.0

Exudates
| 2760.5
0.0| A=0.0 @ Fresh organic matter
A= 4351.8 é i ;% 0.0

8281.5

-0.1

A

2070.4

2638.4

Humus/biomass 6211.1

A= -3967.6
Storage difference 406.2 9223.2
Inputs 16173.0
Outputs -15766.8
Inputs-Outputs 406.2 2305.8 6917.4

Figure 18 Reflection of the detailed organic tramsfations between the different organic pools.
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In the files grass.out and grass-yr.out outputragg values are presented.
Below the output of the two files are described.

Output file Grass.out

For the first two time steps on overview is given.

* YrTiyr Tito Amplsh Rsamplsh Amplro Rs

* Tito  Upgr Yield Osgr

* Tito Cum_osha Cum_osgr Ni_act
11980 1.0 1.0 7.50E-02 7.50E-02 2.50E-02 2.
2 1.0 0.00E+00 0.00E+00 0.00E+00 O.
3 1.0 0.00E+00 0.00E+00 2.00E-03 O.

11980 2.0 2.0 7.50E-02 7.50E-02 2.49E-02 2.

2 2.0 0.00E+00 0.00E+00 0.00E+00 O.

3 2.0 0.00E+00 0.00E+00 2.00E-03 0.
etc....etc....

where:

Yr = Year number

Tiyr = Time of end of timestep within the current
Tito = Totalized time of end of the timestep
Amplsh = Amount of shoots at start of time step
Rsamplsh = Amount of shoots at end of time step
Amplro = Amount of roots at start of time step
Rsamplro = Amount of roots at end of time step
Frosgr Mass fraction of shoots lost by grazing
Frosha Mass fraction of shoots lost by harvesting
Icroto Increase in amount of total living roots d

Icsh = Increase in amount of shoots during a times

Pdst Average standard crop production
Upgr Amount of shoots being grazed

Yield = Yield

Osgr Grazing losses to be added to layer 1

Osha = Harvest losses to be added to layer 1
Osroto = Root material available for decomposition
Cum_icro = Cumulative increase of roots relative to
Cum_icsh = Cumulative increase of shoots relative t
Cum_yield= Cumulative yield relative to day 1 of ea
Cum_upgr = Cumulative amount of shoots being grazed
Cum_osha = Cumulative harvest losses relative to da
Cum_osgr = Cumulative grazing losses relative to da

Ni_act = Actual amount of nitrogen in plant

Po_act = Actual amount of phosphate in plant
Conipl = NOS3-N concentration in grass shoots
Evletma = Potential evapotranspiration flux devided
Cum_upni = Cumulative uptake of NO3-N relative to d

Cum_uppo = Cumulative uptake of PO4-P relative to d
Lightint = Relative light intensity

amplro

Osha
Po_act
49E-02

Frosgr Frosha Icroto Icsh

Osroto Cum_icro Cum_icsh Cum_yield Cum
Conipl Ev/etma Cum_upni Cum_uppo Lig
2.00E-01 0.00E+00 0.00E+00 0.00E+00 0.0

00E+00 1.37E-04 0.00E+00 0.00E+00 0.00E+00 0.0
00E+00 1.33E-03 0.00E+00 0.00E+00 0.00E+00 3.8

47E-02

2.00E-01 0.00E+00 0.00E+00 0.00E+00 0.0

00E+00 1.36E-04 0.00E+00 0.00E+00 0.00E+00 0.0
00E+00 1.33E-03 0.00E+00 0.00E+00 0.00E+00 3.8

year

uring timestep
tep

to be added to organic matter pools
day 1 of each year
o day 1 of each year
ch year
relative to day 1 of each year
y 1 of each year
y 1 of each year

by the actual evapotranspiration flux
ay 1 of each year
ay 1 of each year

Pdst
_upgr
htint
0E+00
0E+00
9E-01
OE+00
OE+00
9E-01

Output file Grass-yr.out

* Yr Cum_icsh Cum_icro Cum_yield Cum_osha Cum
11980 1.64E+00 1.09E+00 1.64E+00 0.00E+00 0.0
11981 1.64E+00 1.09E+00 1.64E+00 0.00E+00 0.0
11982 1.54E+00 1.03E+00 1.54E+00 0.00E+00 0.0
11983 1.49E+00 9.93E-01 1.49E+00 0.00E+00 0.0
11984 1.58E+00 1.05E+00 1.58E+00 0.00E+00 0.0
11985 1.12E-01 7.45E-02 0.00E+00 0.00E+00 0.0
where:

Cum_icsh = Cumulative increase of shoots per year
Cum_icro = Cumulative increase of roots per year
Cum_yield= Cumulative yield per year

Cum_osha = Cumulative harvest losses per year
Cum_upgr = Cumulative amount of shoots being grazed
Cum_osgr = Cumulative grazing losses per year
Cum_upni = Cumulative uptake of NO3-N per year
Cum_uppo = Cumulative uptake of PO4-P per year

_upgr Cum_osgr Cum_upni Cum_uppo
OE+00 0.00E+00 7.13E-02 0.00E+00
OE+00 0.00E+00 7.77E-02 0.00E+00
OE+00 0.00E+00 8.10E-02 0.00E+00
OE+00 0.00E+00 7.80E-02 0.00E+00
OE+00 0.00E+00 6.95E-02 0.00E+00
OE+00 0.00E+00 2.04E-03 0.00E+00

per year
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4.2  Grazed grassland on a sandy soll

To obtain information on the effects of reductionnitrogen and phosphate application to grassland
soils used for dairy farming, experiments have bstanted in autumn 1996 on four experimental
farms in the Netherlands. This section describedriput of the ANIMO model for one case of these
experiments (Cranendonck Field 6; in the southarh qf the Netherlands).

The experimental farm in Cranendonck is locatedwamil-drained sandy soils. Six plots were
established receiving different amounts of nitrogerd phosphate. The main characteristics of the
Cranendonck plots are:

- soils are classified as sandy soils;

- different combination of fertilization levels foitrogen and phosphorus;

- land use is grassland with grazing;

- medium water holding capacity.

The applied phosphate surplus of this case is ateduo 10 kg hd a' P. This phosphate level is
combined with a nitrogen surplus of 180 kg'ta N.

In section 4.2.2 some results of the ANIMO modeltfos example are presented.

In section 4.2.3 the water and mass balances a&en @s they should be produced by the model
ANIMO 4.0.

For more detailed information about the model irgré also section 4.1.
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4.2.1 Input files

GENERAL.INP
Filename: GENERAL.INP
Content:Input for ANIMO-version 4.0 (Case Cranendon ck Grass Field 6)
>simopt: --------------- simulation options ------- s
21000
- Hydrological parameters were simulated with t he model SWAP.
- The carbon, nitrogen and phosphorus cycle are simulated.

- Aeration calculation in ANIMO
- Crop uptake simulated by ANIMO
- Simulation without macro pores

>simtim: --------------- simulation time ---------- e
1992 0.0 1999 365.0

- 8 years are simulated: the period 1 1 1992 t hrough 31 12 1999.
>QULSCr: --------------- output to screen --------- e
1 - Simulation-stage is written to screen as yea r and day number.
>outbal: --------------- output of balances ------- e
2 - 2 balance series
RP - The character string ‘RP’ is given
111 1- Output of balances written to files BAWAR P.OUT, BAOMRP.OUT,
0 6 BANHRP.OUT, BANIRP.OUT, BANORP.OUT, BAPPRP .OUT and BAPORP.OUT.
1 - Compartment O is the addition-reservoir on t op of the model soil
365.  system. The bottom of compartment 6 is at 0.30 meter below the
TP soil surface (root zone). The balances are m ade up for
1111 0-0.30 meter below the soil surface.
022 - Each simulated year one reset at the last day number of the
1 year (365 or 366 for a leap year); this rese tincludes
365.  writing of balance-terms to files and init ializing all

balance terms at zero.
- The character string ‘TP’ is given.

- Output of balances written to files BAWATP.OUT , BAOMTP.OUT,
BANHTP.OUT, BANITP.OUT, BANOTP.OUT, BAPPTP.OUT and BAPOTP.OUT.
- Compartment 0 is the addition-reservoir on top of the model soil
system. The bottom of compartment 22 is at 3.6 0 meter below the
soil surface (defined by hydrological simulati ons).
The balances are made up for 0-3.60 meter belo w the soil surface.

- Each simulated year 1 reset at the last day number of the year;
this reset includes writing of balance-terms to files and initializing
all balance terms at zero.

>outsel: --------------- output-selection --------- e
11011 00000 00000
10000 00000 00000 00000 O 1
01
- The files NITRATE.OUT, AMMONIUM.OUT, PHOSPHAT. OUT, SOLU-POR.OUT
and PW-P.OUT are created and filled with simul ation results.
- No output for grassland. The detailed organic transformation files
are created an filed with simulation results.
>outtot: --------------- output of input, and outpu t per time step -------
01
1000

- At the time step 1000 detailed output is writt en to output-file
Animolntermediate.out.

Figure 19 The input-file GENERAL.INP: data for exgenCranendonck grass
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MATERIAL.INP

Filename: MATERIAL.INP
Content: Input for ANIMO-version 4.0 (Case Cranendo

>defmat: --------------- definition of materials --

14

0.05 0.015 0.063 0.095 0.37 0.0 1.0 0.99
0.0023 0.0021 0.00218 0.0063 0.0095 0.5 0.0 0.0
00 00 00 0.0 0.0 05 0.0 0.01

- 14 materials are defined (5 different types of an
of inorganic fertilizers, 3 different types of ro
matter and 3 types of shoot material).
- Fraction of organic matter in the materials 1 to
- Material 1-5: Lammers (1983) gives organic matte
- Material 6: Inorganic N-fertilizer is 100% inorg
- Material 7: Roots of non-grassland contain no mi
- Material 8: A small part of grassland roots (1%)
NO3-N. (reserved for dynamic simulations)
- Material 9: Organic matter in the subsoil contai
- Material 10: Shoots of grassland contain no mine
(reserved for dynamic simulations)
- Material 11: Inorganic P-fertilizer is 100% inor
- Material 12: Shoots of grassland (input in manag
- Material 13: Shoots external crop
- Material 14: Roots external crop
- Fraction of NH4-N in the materials 1 to NM (FRNH)
- Material 1-5: Mineral nitrogen of manure is assu
- Material 6-14: See parameter FRNI.
- Fraction of NO3-N in the materials 1 to NM (FRNI)
- Material 1-5: Animal manure contains no NO3-N
- Material 6: Inorganic fertilizer, half NO3-N, ha
- Material 7, 9, 10 and 12: root material of non-g
in the subsoil and shoot material of grassland a
- Material 8: root material grassland contains 1%
- Material 11: Inorganic fertilizer contains no NO
- Material 13 and 14: Roots and shoots of external
Dummy values must be given.

material nr 1 = cattle slurry;

material nr 2 = calve slurry;

material nr 3 = pig slurry;

material nr 4 = poultry slurry;

material nr 5 = dry poultry manure;

material nr 6 = N-fertilizer;

material nr 7 = roots of non-grassland;

material nr 8 = roots of grassland (reserved for
material nr 9 = organic matter in the subsoil
material nr 10 = shoots of grassland (reserved f
material nr 11 = P-fertilizer

material nr 12 = shoots of grassland (input in ma
material nr 13 = shoots external crop

material nr 14 = roots external crop

>minpho; --------------- definition of mineral P --
0.000467 0.0005 0.00106 0.00304 0.00973 0.0 0.0 O
- Material nr 1-5: mineral phosphorus in cattle slu

- Material 6-10 and 12-14: contains no mineral phos

- Material 11: inorganic P-fertilizer contains 100%

>orgmat: --------------- definition of organic frac

o
o

0000000000000 00000
PRPPRPPRPRPOOOO0OOCOO0OO0OORRERRE

000000000000 000000
[ejeololololololololeolololoe ol NeoNooNoo N
oo a

0000000000 000000000
OOOOOOOOOOOOOOUWI—‘I—‘HN
co000000000000000000
cobooO0000b0OwobOOOO
co000000000000000000
cobooO00000bORODDOODO
co000000000r00000000
cobooO0000b0OOODOOOOO
OOOOOOOOOOOOOOOOOOS

cobooO0O0oVoOOOOOOOO
00000 POP00000000000
coboo0OOrRrOROOODOOOOOO
00000 POO00000000000
coboo0O000DOVWODOODOOO
00000 POO0000000000
coboo0O0000OORrOOOOOO

nck Grass Field 6)

1.0 1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0

imal manure, 2 different types
ot material, 1 type of organic

NM (FROR).
r contents.
anic.
neral part.
is added as mineral

ns no mineral part.
ral part.

ganic.
ement.inp)

med to be 100% NH4-N.

If NH4-N.

rassland, organic matter
re 100% organic.
NO3-N.

3-N.

crops.

dynamic simulations)
or dynamic simulations)

nagement.inp)

.0 0.0 0.0 1.0 0.0 0.0 0.0

N2
0000000000000 000000

ry.

phorus.

mineral phosphorus.

tioNs ---=--=sseeeeeee-

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.250.250.250.250.0 0.0 O
0.0 0.0 0.0 0.0 0.250.250.
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
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cooooo00000
OCOOOOO0OO0OO0OOOoO
coo000000
[efeoleolololololole]
cooo0o00000
[eeoleolololololole]
cooo0o00000
[eleololololololole]
cooo0o00000
[eleololololololole]
cooo0o00000
[eleoleolololololole]
cooo0o00000
[eleololololololole]
coooo00000
[eleoleolololololole]
coooo00000
[eleoleolololololole]
coooo00000
[eleoleolololololole]

- The organic part of each material consists of fra
decomposition rate and its own nitrogen content.
- Based on a different decomposition rate one can d
material, each fraction having its specific decom
- Material 1-5: Decomposition rates and nitrogen c
calibrated with measured lysimeter-data (Berghui
- Material 6: Inorganic N-fertilizer: 100% mineral
- Material 7, 8, 10 and 12: Calibrated with measur
(Berghuijs-van Dijk et al., 1985).
- Material 9: No further division into fractions.
- Material 11: Inorganic P-fertilizer: 100% minera
- Material 13 and 14: Dummy values must be given t
where. In the subroutine Root_extern, the fracti
- Part of the fractions of the organic part of the
- Material 1-5:

- Fraction 1: 100% dissolved organic matter.

- Fraction 2: One part (material nr 1: 0.7-0.05=0
material nr 3=0.8-0.05=0.75; material nr 4=0.8-
is defined as fresh organic matter (OS) the res
organic matter.

- Fraction 3: 100% fresh organic matter.

- Material 6-14: No dissolved parts.

The meaning of the organic fractions can be summari

Org. fraction nr. 1 = soluble, rapidly decomposi
Org. fraction nr. 2 = partly soluble, rapidly de
Org. fraction nr. 3 = solid, slowly decomposing
Org. fraction nr. 4 = rapidly decomposing part o
Org. fraction nr. 5 = slowly decomposing part of
Org. fraction nr. 6 = very slowly decomposing or
Org. fraction nr. 7 = rapidly decomposing part o
Org. fraction nr. 8 = slowly decomposing part of
Org. fraction nr. 9 = rapidly decomposing part o
Org. fraction nr. 10 = slowly decomposing part of
Org. fraction nr. 11 = dummy value for part of sh
Org. fraction nr. 12 = dummy value for part of sh
Org. fraction nr. 13 = dummy value for part of sh
Org. fraction nr. 14 = dummy value for part of sh
Org. fraction nr. 15 = dummy value for part of ro
Org. fraction nr. 16 = dummy value for part of ro
Org. fraction nr. 17 = dummy value for part of ro
Org. fraction nr. 18 = dummy value for part of ro

- Humus fraction of the fresh organic matter does n
but decomposes directly into humus.

>orgdec: --------------- definition of rates ------

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
0.25 0.25 0.25

0.5

1.00.6 0.12 2.0 0.22 0.00141 2.0 0.22 2.0 0.22 2.
30.0 0.02 365.0 365.0

0.06

- Assimilation factor of 0.25 for all fractions (Be
This parameter indicates the fraction of the deco
exudates that can be converted to humus/biomass.
- Assimilation efficiency of dissolved organic matt
all of 0.25.
- Reduction factor of 50% for microbiological trans
situations.
- First order average decomposition rate for the or
- Fractions 1-3: Fractions used for material nr 1-
Model-verification resulted in a calibration of
fraction 2 and 3 (fraction 1 has a dummy value s
into solution).
- Fraction 4-5 and 9-10: Fractions used for materi
- Fraction 6: Fraction used for organic material i
was derived from rates given by Jenkinson and Ra
simulations of a region in the southern part of
- Fraction 7-8: Fractions used for material nr 10
- Fraction 11-18: Fractions used for material nr 1
First order average decomposition rate for dissol
Berghuijs-van Dijk et al. (1985) gives the value
lysimeter-experiments.

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

ctions; each fraction has it own

istinguish different fraction in each

position rate and nitrogen content.
ontents of three fractions were
js-van Dijk et al., 1985).

ed lysimeter-data

.

o indicate which fraction decomposes

ons will be determined dynamically.
materials that goes into solution.

.65; material nr 2: 0.8-0.05=0.75;
0.05=0.75; material nr 5=0.4-0.05=0.35)
t (0.05) is defined as dissolved

zed as followed:

ng part of slurry
composing part of slurry
part of slurry

f non-grassland roots
non-grassland roots
g. matter

f grassland shoots
grassland shoots

f grassland roots
grassland roots

oots external crop
oots external crop
oots external crop
oots external crop
ots external crop

ots external crop

ots external crop

ots external crop

ot pass the dissolved stage,

0.250.250.250.25 0.25 0.25 0.25 0.25

00.222.00.22 2.00.222.00.22

rghuijs-van Dijk et al., 1985).
mposable fresh organic matter or

er, humus/biomass and exudates
formations under oxygen limited

ganic fractions.
5 (animal manure).
the decomposition-rates for
ince this fraction goes fully

al nr 7 and 8 (roots).
n subsoil. Decomposition rate
yne (1977) and calibrated with
the Netherlands (Drent et al., 1988).
and 12 (grassland shoots).
3 and 14, external crop.
ved organic matter.
of 30, which was derived from
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First order average decomposition rate for humus.
a low rate for humus of 1.5-2.0% per year for net
First order average decomposition rate for exudat
a high rate of 365, because of rapid decompositio
First order average nitrification rate. In this e
of 365 a-1 has been used.

- First order average denitrification rate. A value
assumption: in 10 days no more than 50% of the pr

>0rgnit; --------------- definition of N-contents -
0.07 0.05 0.01 0.01 0.01 0.015 0.01 0.005 0.05 0.0
0.048 0.025

- Nitrogen fractions in organic matter.

- Fraction 1-3: Fractions used for material nr 1-5

- Fraction 4-5 and 9-10: Fractions used for materi
An average value was used of nitrogen content of
and root material below soil surface.

- Fraction 6: Fraction used for organic material i
from data given by Berghuijs-van Dijk et al. (19
fractions in various materials, division over fr
calibrated. It seems likely that the large fract

- Fraction 7-8: Fractions used for material nr 10

- Fraction 11-18: Fractions used for material nr 1

- Maximal nitrogen fraction in humus. Value as give
It corresponds to a C/N ratio of 14 (the carbon c
to 0.58). This value 0.048 is added to the nitrog
Below the root zone the nitrogen fraction is calc
(See Soil.inp).

- Nitrogen fraction in exudates. Value as given by

>orgpho: --------------- definition of organic P fr
0.007 0.005 0.001 0.001 0.001 0.0015 0.004 0.002 O
0.006 0.0025

- Phosphorus fractions in organic matter. Derived f
Related to nitrogen fractions (1:10).

- Maximal phosphorus fraction in humus. Derived fro

- Phosphorus fraction in exudates; like POFR relate

>S0NicQ: --------------- definition of SONICG-conce
0.3 0.01 0.90

- The nitrate-N concentration for which the MM-func
the optimal value is 0.3

- Multiplication factor for org. transformations at
is setto 0.01

- The critical value of water filled pore space for
response on organic transformation to lower value

Berghuijs-van Dijk et al. (1985):
humus-decomposition in the long term.
es. Berghuijs-van Dijk et al. (1985):

n

xample, an average nitrification rate

of 0.06 is based on the following
esent nitrate can be denitrified.

190.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(animal manure).
al nr 7 and 8 (roots).
crop residues above soil surface

n subsoil. Nitrogen content derived
85). Berghuijs-van Dijk gives nitrogen
actions has to be estimated or
ions have the highest nitrogen content.
and 12 (shoots grassland).
3 and 14, external crop.
n by Berghuijs-van Dijk et al. (1985).
ontent of the material has been assumed
en fraction in the root zone layers.
ulated from the given C/N ratio * 0.58

Berghuijs-van Dijk et al. (1985).

actions ---------------

.005 0.00190.00.00.00.00.00.00.00.0
rom literature.

m literature. Related to NIFRHUMA (1:8).
d to organic-N (1:10).

pt variables ----------

tion takes a value half of
complete anaerobic conditions

adjustment of original water
sissetto 0.9

Figure 20 The input-file MATERIAL.INP: data for ewple Cranendonck grass
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PLANT.INP

Filename: PLANT.INP
Content:Input for ANIMO-version 4.0 (example Cranen

>cropdt;---------- number of crops for which data a
1

- One crop is defined in this file.
>crop01: ----------------- crop nr 1: grassland ---
6

10 8

100. 321. 130.0

0.1750.375 0.375 0.165 0.075
0.321 0.35 2.30 0.65 0.60 182.00
2 00510

019 0.050.0076 0.02

366.
0.3

055

1.0 0.028 0.0028
3068

0.
0.
2
0.
0.3
0.0
1.0 2

0.003068 0.00543 0.001786 0.003163
5.0
2

Data originate from literature and calibration on g

- Crop number 6 (simulation with grassland requires

- Shoot material is 10 and root material is 8 for g
(see input-file MATERIAL.INP).

- Number of data given for time of first day of gro
time of last day of growing season (e.g. 321.0) a
grazing season, when AMSHMI_GRSTART has not been

- Minimum quantity of grass shoots required for gra
(e.g. 0.175). Amount of shoots to be exceeded whe
a combined system of cutting and grazing (e.g. O.
exceeded when harvesting will occur in a system o
Amount of remaining shoots after a cutting event
and grazing (e.g. 0.165). Amount of remaining sho
combined system of cutting only (e.g. 0.075).

- Relative duration of sunshine (e.g. 0.321).
Maximum shoot production is 0.35 kg m-2.
Shoot production rate (e.g. 2.3).
Efficiency factor for gross dry matter production
(e.g. 0.65).
Weight fraction of grass shoots dry matter is 0.6
Day number where the maximum gross dry matter pro
(related to light interception) is 182.0.

- Mass fraction of shoots lost by grazing (e.g. 0.2
Reduction factor for grass production due to graz

- Minimum and maximum nitrogen content of grass sho
Minimum and maximum nitrogen content of grass roo

- Number of data given for the root length (NULNRO)

- Array with Julian day numbers versus length of ro

- Turnover rate for dying of roots (e.g. 0.0055 d-1

- Transpiration stream concentration factor for amm
transpiration stream concentration factor for nit
(convective: 1.0 and diffusive: 0.028) and transp
factor (nitrate in grassland) for diffusive count

- Minimum and maximum phosphorus content of grass s
(e.g. 0.003068 and 0.00542)

- Minimum and maximum phosphorus content of grass r
(e.g. 0.001786 and 0.003163)

- Transpiration stream concentration factor for pho

- Switch for type of reduction relation with transp
(Actual evapotranspiration flux) divided by (Pote

donck grass)

rassland data (Ruurlo).
crop number 6).
rassland

wing season (e.g. 100.0),

nd time of start of

exceeded (e.g. 130.0).

zing within the period

n harvesting will occur in

375). Amount of shoots to be

f cutting only (e.g. 0.375).

in a combined system of cutting
ots after a cutting eventin a

in shoot system of grassland

duction is expected

) and by harvesting (e.g. 0.05).
ing by cattle (e.g. 1.0).
ots (e.g. 0.019, 0.05).
ts (e.g. 0.0076, 0.02).

ots.

onium in grassland (e.g. 1.0),
rate in grassland

iration stream concentration
er flow (e.g. 0.0028).

hoots

oots
sphate in grassland (e.g. 5.0).

iration is applied is 2
ntial transpiration flux)

Figure 21 The input-file PLANT.INP: data for exam@ranendonck grass
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SOIL.INP

Filename: SOIL.INP
Content:Input for ANIMO-version 4.0 (example Cranen

>profil: -----------m-m-—- horizons ---------------
5

0.020.2

0.2 0.25

0.30

- Five soil horizons were distinguished.

- The thickness of the top of the soil compartment
the thickness of the reservoir for additions to t

- The fraction of runoff passing the surface reserv
and for passing the first soil layer is set to 0.

- The depth of the initial root zone is 0.30 m.

>tempar: ----------------- temperature parameters--
0.01726 0.05184
10.0 11.0 3.7721

- Frequency of the early temperature wave; used in
Used in sine model: 2.0*3.14/365 = 0.01726.
Thermal diffusivity; used in sine and Fourier mod
Huet (1982) gives this value (0.05184 m2 d-1 = 0.

- Amplitude of yearly temperature wave (10 oC).
Average yearly temperature (11 oC) at soil surfac
Phase shift (3.7721 rad) of sine wave.

>sophyl; ---------m-mmmem soil physical parameters
25 3.0
25 3.0
25 3.0
25 3.0
25 3.0
0.322 0.322 0.322 0.322 0.531
1281.0 1448.0 1399.0 1500.0 1600.0

120 120 120 150 20.0
74826.0 74826.0 74826.0 74826.0 74826.0
74826.0 74826.0 74826.0 74826.0 74826.0

- Parameters in calculation of diffusion coefficien
part of soil for each horizon. Empirical constant
Some values are given by Hoeks (1983). More value
(1987). Data for the 'Staringreeks' soil schemati
and Kroes (1999).

- Saturated conductivity of the root zone, for hori

- Dry bulk density for each horizon.

- C/N-ratio for each horizon. (C/N-ratio for the ro
because the nitrogen fraction of humus for the ro
maximum nitrogen fraction of humus.)

- Coefficient temperature response for organic and
transformations by Arrhenius per horizon.

>sochem: -------------=-—- soil chemical parameters
590 590 590 590 5.90
0.0003 0.0002 0.0002 0.0002 0.0002

- pH-H20 for each horizon.
Values originate from PAGV (1985) where values we
Conversion to pH-H20 was made with a conversion t
- Values for the distribution coefficient for ammon
amounts of NH4-N in the soil solution. Values are
Estimated values derived from Kroes et al. (1990)

>soalfe: -------------m--- soil chemical parameters
2

46.0 40.0 48.0 38.0 17.0

32.2 30.6 35.3 34.0 15.0

- Al and Fe are given separate per horizon.
- For each horizon an estimate for the Al-content i
- For each horizon an estimate for the Fe-content i

donck grass)

is set to 0.02 m;

he soil system is set to 0.2 m.
oir is set to 0.2

25.

sine and Fourier model.

el.
006 cm2 sec-1).

e. Used in sine model.

t for oxygen in the air filled

s dependent on the soil type.

s can be found in Bakker et al.
sation are given in Groenendijk

zons 1to 5.

ot zone are dummy’s,
ot zone are set to the

dissolved organic

re presented as measured pH-KCL.
able (TNO, 19586).

ium. The ratio between the

given for each horizon.

for phosphorus -------

s given.
s given.

Figure 22 The input-file SOIL.INP: data for exam@eanendonck grass
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CHEMPAR.INP

Filename: CHEMPAR.INP
Content:Input for ANIMO-version 4.0 (example Cranen

>chedef: ----------------- definition of chemical s
2 ! optexfa: langmuir

1 !'ncxfa: 1 equilibrium sorption site

3 !optexsl: freundlich

3  I'nexsl: 3 non equilibrium sorption sites
0 !optpr: instantaneous

- Option of equilibrium sorption: Langmuir.

- Number of sites for equilibrium sorption: 1.

- Option for non equilibrium sorption: Freundlich.
- Number of sites for non equilibrium sorption: 3.
- Option for precipitation model: Instantaneous.

>chesor: ----------------- sorption variables -----

1 I optcxho: sorp

0.0 2.9078e-6 768.38 0.0 0.0 ! pacxfaho (1-5
0.30 I parkd(1)

0.0 0.0 0.011.874e-6 0.5357 ! pacxslho (1-5
1.1755 0.0 I recfadsho(1,1
0.0 0.0 0.0 4.667e-6 0.1995 ! pacxslho (1-5
0.0334 0.0 I recfadsho(2,1
0.0 0.0 0.0 9.711e-6 0.2604 ! pacxslho (1-5
0.0 ! recfadsho(3,1

- Option for input of sorption parameters per horiz

the parameters PACXFAHO - RECFDESHO are given for
- In this example the following parameters for each

were used:

- Linear sorption coefficient =0.0 [m3 m-3]: du

Langmuir maximum sorption amount = 2.9078E-6 [k
Langmuir sorption coefficient = 768.38 [m3 kg-1]
Freundlich sorption constant = 0.0 [-]: dummy
Freundlich sorption exponent = 0.0 [-]: dummy

- Langmuir desorption coefficient  =0.30 [d-1]

- In this example the following parameters for the
site were used:

- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount = 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 11.874E-6 [-]
Freundlich sorption exponent =0.5357 []

- First order rate constant of adsorption for the
non equilibrium sorption site = 1.1755 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.0 [d-1]

- In this example the following parameters for the
site were used:

- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount = 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 4.667E-6 [-]
Freundlich sorption exponent =0.1995 []

- First order rate constant of adsorption for the
non equilibrium sorption site = 0.0334 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.0 [d-1]

- In this example the following parameters for the
site were used:

- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount = 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 9.711E-6 [-]
Freundlich sorption exponent =0.2604 []

- First order rate constant of adsorption for the
non equilibrium sorption site = 0.00144 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.0 [d-1]

donck grass)

tion parameters for whole pofile
1,1)

1,1)

),recfdesho(1,1)

2,1)

),recfdesho(2,1)

3,1)

),recfdesho(3,1)

on:

whole soil profile.
equilibrium sorption site

mmy value
g m-3]

value
value

first non equilibrium sorption

first
first

second non equilibrium sorption

second
second

third non equilibrium sorption

third
third
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>chepre: ----------------- precipitation variables ~ cceeemeemmeeee

0.01 ! recfpr

- First order rate constant for kinetic precipitati on: 0.01 [d-1]
>chebuf; ----------------- precipitation variables for phosphate ---------
1 ! optcobuho: co buho for whole profile
0.05 I cobuho(1)

- Option for input of buffer concentration:
variable COBUHO is given for whole soil profile.
- Buffer concentration for phosphorus in solution: 0.05 [kg m-3]

Data were derived by Schoumans (1995).

Figure 23 The input-file CHEMPAR.INP: data for exgemCranendonck grass
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BOUNDARY.INP

Filename: BOUNDARY.INP
Content:Input for ANIMO-version 4.0 (example Cranen

>optibc: ----------------- boundary options -------
00

- Runon and irrigation concentration data are not g

>topbou: ------ top boundary conditions Nitrogen,Ph
0.00127 0.00127 0.00127 0.00127 0.00127
0.00078 0.00078 0.00078 0.00078 0.00078
0.000122 0.000122 0.000122 0.000122 0.000122
120 120 120 120 120

8.0 8.0 8.0 8.0
0.0

0.0
0.0
0.0

00000000y
oooooooog

- Concentrations of precipitation of NH4-N: 0.00127

- Concentrations of precipitation of NO3-N: 0.00078

- Concentrations of precipitation of PO4-P: 0.00012

- Atmospheric dry deposition of NH4-N: 12.0 kg ha-1

- Atmospheric dry deposition of NO3-N: 8.0 kg ha-1

- Concentrations of NH4-N, NO3-N and PO4-P in runon

- Concentration of dissolved organic matter, dissol
and dissolved organic phosphorus in runon are set
Not relevant for this field because runon does no

- Concentration of NH4-N, NO3-N and PO4-P in irriga

- Concentration of dissolved organic matter, dissol
and dissolved organic phosphorus in irrigation ar

>latbou: ----------------- lateral boundary conditi
5.0e-4 1.0e-5

5.0e-7

5.0e-5 1.0e-6

5.0e-7

- Concentration of infiltrating drain water:
-NH4-N: 0.5 mg.l-1
NO3-N: 0.01 mg.l-1
- PO4-P: 0.0005 mg.l-1
-DOM :0.05 mg.l-1
DON :0.001 mg.l-1
- DOP :0.0005 mg.I-1

>botbou: ----------------- bottom boundary conditio
2.5e-4 5.0e-6

1.0e-5

2.5e-5 5.0e-7

5.0e-7

- Concentration of incoming seepage water across lo
- NH4-N: 0.25 mg.I-1
NO3-N: 0.005 mg.l-1
-PO4-P:0.01 mg.l-1
-DOM :0.025 mg.I-1
DON :0.0005 mg.I-1
- DOP :0.0005 mg.I-1

donck grass)

iven per time step

osphorus and Carbon ---
0.00127 0.001270 0.00127
0.00078 0.000780 0.00078
0.000122 0.000122 0.000122
120 120 12.0

8.0 8.0 8.0

kg m-3 for each year
kg m-3 for each year
2 kg m-3 for each year.
N for each year.

N for each year.

are set to 0.0.

ved organic nitrogen
t0 0.0.

t occur in this case.
tion is set to 0.0.

ved organic nitrogen
e setto 0.0.

wer boundary:

Figure 24 The input-file BOUNDARY.INP: data for eMale Cranendonck grass
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INITIAL.INP

Filename: INITIAL.INP
Content:Input for ANIMO-version 4.0 (case Cranendon

>moistf: moisture content
0.305 0.305 0.308 0.308 0.316 0.316 0.327 0.34
0.410 0.358 0.360 0.360 0.360 0.360 0.360 0.36
0.360 0.360

- Moisture fractions of the compartments 1 to NL at
In this case, dummy values of 0.0 have been used,
simulated by Swap.

>ammoni: ammonium concentration

0.00.0

3.0836998E-03 3.0836998E-03 1.4595365E-03 1.459

7.4032356E-04 2.3822261E-04 1.2175296E-04 1.037

9.0205722E-05 1.7915890E-04 2.8267442E-04 3.0E-

2.0E-03 6.0E-03 9.0E-03 6.0E-

3.0E-04 3.0E-04

- Concentrations of NH4-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).
>nitrat: nitrate concentration
0.00.0
1.9892645E-03 1.9892645E-03 1.0710537E-02 1.071
2.1456176E-02 4.7881104E-02 9.1812938E-02 0.136

0.1488567  0.1200135 9.4767593E-02 8.0E-
6.0E-02 3.0E-02 4.0E-03 1.0E-
3.0E-07 3.0E-07

- Concentrations of NO3-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

- Exudate content of compartments 1 to NL. The amou
estimated as 0.0 kg m-2. Low amounts of exudates
make this acceptable.

>humexu; ------------------- humus from exudates --
0.00.00.00.00.0 0.00.00.00.00.0
0.00.00.00.00.0 0.00.00.00.00.0

0.00.0

- Amount of humus from exudates present in compartm
are the main organic components in the model ANIM
OS is the fresh organic matter; HUEX and HUOS tog
OS decomposes with rates RECFAV (1-NF),
HUEX and HUOS both decompose with the rate RECFHU

>orgfsh:----------mcmmemeee fresh organic matter -
0.00.00.00.00.0 0.00.00.0 1.4550E-01 1.455
0.00.00.00.00.0 0.00.00.01.4550E-01 1.455
0.00.00.00.00.0 0.00.00.01.4800E-01 1.480
0.00.00.00.00.0 0.00.00.01.4800E-01 1.480
0.00.00.00.00.0 0.00.00.01.0575E-01 1.057
0.00.00.00.00.0 0.00.00.01.0575E-01 1.057
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0
0.00.00.00.00.0 0.00.00.00.0 0.0

COO0O000000000
Ooooobooboboooobo
COOO0O00000000
cobooooboobooooo
COO0000000000
coocooooooooo

coocooo
cooooo
cooo0o00o
cooooo
cooooo

CO00000000000;

ck grass)

the beginning of a time step.
because hydrology is

5365E-03 7.4032356E-04
5012E-04 9.5985095E-05
04 3.0E-04
03 1.5E-03

artments O to NL
d layer 0 the layer reserved

0537E-02 2.1456176E-02

2179  0.1579066
02 7.0E-02
04 4.0E-07

artments 0 to NL
d layer 0 the layer reserved

nt of exudates present has been
and high decomposition rates

ents 1 to NL. HUEX, HUOS and OS
0.
ether form humus.

AV.

cooooo
coococoo

000000

0000000000000 00000
[eleolololololololololoNe]

cocoooo
CO0O000000000O0 S-S S S50
000000
oooooo
cooooo
oooooo

[e¥eXoYoYoRofoRooRolaTo)
Oooocoocoooooo
Oocoocoococooooo
CO0000000000
Ooocooooooooo
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[ejolo)e]

.0
.0
.0
.0

[eleolole]
[eleolole)]
[eleolole]
[oleolole]
cocoo
[efeoloNe]
cocoo
[eleolole)]

o000
cooo
cooo
ocooo
cooo
cooo
o000
ocooo
0000
ocooo

- Amount of fresh organic matter present in compart
fractions 1 to NF.

>humorg: -------------=----- humus from fresh organ
2.619 2.619 2.664 2.664 1.9035 1.90351.31 1.
1.33 0.29 0.29 0.58 0.65 0.815 1.4251.

3.25 3.25

- Amount of humus from fresh organic matter and dis
present in compartments 1 to NL (see parameter HU

>0rgsol:-----------=-mmmnmm- dissolved organic matt

0.00.0

6.1087189E-09 2.7264485E-02 2.7264485E-02 3.412
1.8927777E-02 9.6078617E-03 4.8159165E-03 2.245
2.7986223E-04 8.1390965E-05 2.0E-05 4.0E-

2.0E-07 1.5E-05 2.0E-04 6.0E-

3.0E-05 3.0E-05

0.00.0

1.0221617E-10 4.5442651E-04 4.5442651E-04 6.155
3.4538159E-04 1.7672553E-04 8.9544876E-05 4.225
5.3737508E-06 1.5741523E-06 4.0E-07 7.0E-
2.0E-09 1.0E-07 2.0E-06 7.0E-

5.0E-07 5.0E-07

- Concentration of dissolved organic matter (includ
and LN=0).
Concentration of dissolved organic nitrogen (incl
and LN=0).

>orgpla: ----------- fresh organic matter and uptak
0.3800902 7.5E-02 4.2645028E-03
7.5E-04

- Amount of shoots, roots, initial nitrogen uptake
initial phosphorus uptake are taken from Dutch fi

>inipho:

1

0.00.0

1.25E-03 1.25E-03 7.28E-04 7.28E-04 3.88E-04
3.88E-04 3.18E-04 6.99E-05 6.99E-05 9.45E-05
9.45E-05 1.77E-04 1.77E-04 1.77E-04 1.77E-04
1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04
1.77E-04 1.77E-04

0.0

0.142707 0.142707 0.106633 0.121558 7.78E-02
0.072124 6.17E-02 1.60E-02 1.60E-02 2.12E-02
0.010079 1.78E-02 1.78E-02 1.78E-02 1.78E-02
1.78E-02 1.78E-02 1.78E-02 1.78E-02 1.78E-02
1.78E-02 1.78E-02

0.0

0.033126 0.033126 0.025305 0.028847 0.020592
0.019083 0.017154 0.007619 0.007619 0.008955
0.004245 0.005942 0.005942 0.005942 0.005942
0.005942 0.005942 0.005942 0.005942 0.005942
0.005942 0.005942

0.0

0.123205 0.123205 0.112877 0.128675 0.113494
0.105180 0.101087 0.074720 0.074720 0.079352
0.037619 0.042636 0.042636 0.042636 0.042636
0.042636 0.042636 0.042636 0.042636 0.042636
0.042636 0.042636

0.0

0.170630 0.170630 0.151264 0.172435 0.146372
0.135650 0.128801 0.086814 0.086814 0.093905
0.044518 0.052421 0.052421 0.052421 0.052421
0.052421 0.052421 0.052421 0.052421 0.052421
0.052421 0.052421
0.0
0.0
0.0

oo
oo
oo
oo

ic matter -------------
30 1.301.31
425 3.25 3.25

solved organic matter
EX).

1379E-02 3.4121379E-02
5119E-03 8.8303263E-04
06 4.0E-07
05 3.0E-05

9869E-04 6.1559869E-04
7045E-05 1.6800877E-05
08 7.0E-09

07 5.0E-07

ing addition reservoir

uding addition reservoir

e by grassland --------

and
eld experiments.
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0.00.00.00.00.0

0.00.00.00.00.0

0.00.0

1.5507276E-11 0.0

6.9092785E-05 6.9092785E-05 8.9312154E-05 8.931
4.9801449E-05 2.5396716E-05 1.2810544E-05 6.013

7.5758993E-07 2.2117194E-07 5.3536674E-08 1.043
8.7356913E-11 5.8018262E-10 1.2189669E-07 4.329
5.0E-07 5.0E-07

- INPO = 1: variables COPO, AMCXFA, AMCXSL and AMPO

- Concentration of phosphorus in liquid phase in th
compartments 0 to NL.

- Adsorbed equilibrium mass concentration of phosph
given for equilibrium sites 1-NCXFA (1) and compa

- Adsorbed non equilibrium mass concentration of ph
given for non equilibrium sites 1-NCXSL (3) and ¢

- Precipitated mass concentration of phosphorus in
given for model compartments 0-NL.

- Concentration of dissolved organic phosphorus in
and compartments 0 to NL.

2154E-05 4.9801449E-05
2456E-06 2.3787638E-06
5065E-08 8.8052182E-10
5591E-07 4.9606183E-07

PR are given.
e top layer and

orus in the soil system;
rtments O-NL.

osphorus in the soil system;
ompartments O-NL.

the soil system;

liquid phase in the top layer

Figure 25 The input-file INITIAL.INP: data for exaie Cranendonck grass
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MANAGEMENT.INP

Filename: MANAGEMENT.INP
Content:Input for ANIMO-version 4.0 (example Cranen

>kicrop: ----------------- crop definitions -------
66666 666

- Kind of crop grown each year is grassland.
Crops have been defined in the input-file PLANT.I

>|sunit:
1818 18 18 1.8 1.8 1.4 1.4

- Number of livestock units per hectare per year. |
livestock unit for the first 6 years is 1.8 and 1

>matvar:
0

- Material composition is fixed and defined in the

>add001:
71.

1
1 18750.00 2 00.00
76.

- At day number 71 (11-Mar-1992) the first addition
- Number of the added material is 1. One of the mat
the file MATERIAL.INP. In this case, material 1 i
- Quantity of material added is 18750 kg ha-1.
The cattle slurry is added to the first 2 compart
No ploughing.
In this case, 0% of the mineral part of the cattl
- Time of next addition is day number 76 (15-Mar-19

>add002:

2

6 57.00 0 00.00
11 785 0 00.00
136.

- Number of events is 2.
- Numbers of the added materials are 6 (inorganic N
and 11 (inorganic P-fertilizer).
- Quantity of material nr 6 added is 57 kg.ha-1
The fertilizer is added to the reservoir on top o
No ploughing.
No volatilization of inorganic N-fertilizer is as
- Quantity of material nr 11 added is 7.85 kg.ha-1
The fertilizer is added to the reservoir on top o
No ploughing.
No volatilization of inorganic P-fertilizer is as
- Time of next addition is day number 136 (15-May-1

>add003:

1

6 24.00 0 00.00
156.

- and so on...

>add145:

1

1 416.50 0 00.50
9999.

donck grass)

NP.

n this case the
.4 for the last 2 years.

input-file MATERIAL.INP.

takes place.

erials (MN) defined in

s cattle slurry.

ments of the soil profile.

e slurry volatilizes.
92).

-fertilizer)

f compartment 1.
sumed.
f compartment 1.

sumed.
992).

Figure 26 The input-file MANAGEMENT.INP: data foaeple Cranendonck grass

(Last value for TINEAD (e.g. 9999) contains a dumwajue, which should be higher than the last

simulated time step).
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4.2.2 Results

Case Cranendonck Field 6: grazed grassland on a séynsoil

NH4-N concentration at 0-5 cm below soil surface

NH4-N concentration at 5-10 cm below soil surface
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©
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Figure 27 Measured and simulated NN concentrations at 4 different soil layers forpanent grassland

NO3-N concentration at 0-5 cm below soil surface

NO3-N concentration at 5-10 cm below soil surface
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Figure 28 Measured and simulated N concentrations at 4 different s
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PO4-P concentration at 10-20 cm below soil surface PO4-P concentration at 20-30 cm below soil surface
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Figure 29 Measured and simulated PP concentrations and Pw-values at 2 different kojkrs for permanent

grassland
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Figure 30 Measured and simulated organic-P conediuns at 4 different soil layers for permanenagsland
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4.2.3 Balances

This section presents the content of water, orgamatter, nitrogen and phosphorus balances and
detailed organic transformations of the Cranendocage. The presentation of these balances is

achieved with the following procedure:
- With output options in the input file GENERAL.INPhe output files BAWA//.OUT,

BAOM//.OUT, BANH//.OUT, BANI//.OUT, BANO//.OUT, BARP//.OUT and BAPO//.OUT are

created.

- Besides the BA* files, balance table files are wdaWith the output options in the input file
GENERAL.INP, the balance table files Ani_wa//.ofithi_om//.out, Ani_n//.out and Ani_p//.out
are created.

- Also with the output options in GENERAL.INP the put files transfom//.out and transfon//.out

are created

At the position // a character string of 2 posiianust be given to identify the set of the outflesf

with mass balances, balance tables and organicsforamations (see Chapter 3: input file
GENERAL.INP).

Balances are created for each balance period.

This section gives only some balance table filesdetailed organic transformations for the period
1-1-1999 to 31-12-1999.

Water, organic matter, nitrogen and phosphate balanes of grazed grassland case (Case

Cranendonck Field 6)

Soil profile RP: 0.00 - 0.30 m below soil surface

Output file Ani_waRP.bal:

Water balance (mm);

profile top - 0.30m-ss; pe

riod 365-1998/ 365-1999

Input: | Output:
Rainfall 811.0 | Intercep tion 99.6
Snowfall 0.0 | Snow sub limation 0.0
Irrigation 0.0 | Pond eva poration 0.0
| Soil eva poration 96.4
| Plant ev aporation 399.8
Runon 0.0 | Runoff_P r 235
Inundation 0.0 | Runoff_L 0 4.4
| Runoff_L 1 15
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0]-1stor der 0.0
Bottom upw flux 155.3 | Bottom d ownw flux 350.6
+
Total input 966.3 | Total ou tput 975.8
Storage change snow layer (+ = increase) 0.0
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) -9.5
Balance deviation 0.0
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Output file Ani_omRP.bal:

Org.matter (kg/ha); profile top - 0.30m-ss; pe

riod 365-1998/ 365-1999

Fresh Hu/bio Diss.

Input: Fresh Hu/bio Diss. | Output:

Additions  1287.8

0.0 2273

Redistrib 0.0 0.0 0.0]| Redistri b 0.0 0.0 0.0
Cropres. 10624.4 |
Exudates 0.0 |
Formation 4042.1 1189.8 | Dissoc. 11897.5 4114.0 1346.8
Irrigation 0.0
Runon 0.0 | Runoff_L 0 0.0
Inundation 0.0

| Runoff_L 1 0.2
Infiltration from: | Discharg e to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0]-1stor der 0.0
Bottom upw flux 2.9 | Bottom d ownw flux 90.6

+

Total input 11912.2 4042.1 1419.9 | Tot outp 11897.5 4114.0 1437.6
Dissimilated 8030.8 3085.5 1010.1
Final.present 39690.5 141410.9 18.6
Init.present 39675.8 141482.8 36.3
Storage change 14.7 -719 -17.7
Input-Output 14.7 -719 -17.7
Balance deviation 0.0 0.0 0.0

Output file Ani_nRP.bal:

Nitrogen (kg/ha); profile top - 0.30m-ss; pe

riod 365-1998/ 365-1999

Org-N Nh4-N No3-N

Input: Org-N Nh4-N No3-N | Output:
Deposition dry 12.0 8.0]
Deposition wet 10.3 6.3|

Additions
Redistrib 0.0

Crop residues 116.6

66.7 152.0 82.4| Volatiliz
0.0 0.0]| Redistrib

0.0 0.7 ]| Crop upta

Exudates 0.0
Incorporation  194.0 | Gross min
Nett mineral. 206.4 | Immobiliz
Nitrification 350.0 | Nitrifica

| Denitrifi

Irrigation 0.0
Runon 0.0

0.0 0.0 ]| Runoff_Pr

0.0 0.0]| Runoff_LO
Inundation 0.0 0.0 0.0]
| Runoff_L1
Infiltration from: | Discharge

- 3rd order 0.0
- 2nd order 0.0
- 1st order 0.0

Bottom upw flux 0.1

0.0 0.0]-3rdord
0.0 0.0]-2ndord
0.0 0.0]-1stord

0.2 27.0 | Bot downw
+

Total input  377.4 380.9 474.4| Total out

ation
0.0
ke

eral. 400.4

ation

tion

cation
0.0
0.0

0.0
to:
er 0.0
er 0.0
er 0.0
flux 1.8

16.3
0.0 0.0
12.6 379.1

0.0

350.0

27.7
03 0.2
01 01

00 01

put 402.2 381.0 475.8

Final.present solid/complex 7228.7 0.7
Init.present solid/complex 7253.2 0.7
Storage change solid/complex (+ = increase) -244 0.0
Final.present solution 03 1.0 11.2
Init.present solution 0.7 1.0 126
Storage change solution (+ = increase) -04 -01 -14
Input-Output -248 -01 -14
Balance deviation 0.0 0.0 0.0
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Output file Ani_pRP.bal:

Phosphorus (kg/ha); profile top - 0.30m-ss; pe

riod 365-1998/ 365-1999

INPUT: ORG-P PO4-P | OUTPUT: ORG-P PO4-P
Deposition wet 0.99 |
Additions 6.67 41.19|
Redistrib 0.00 0.00 | Redistrib 0.00 0.00
Crop residues 22.83 | Crop upta ke 63.27
Exudates 0.00 |
Incorporation 24.25 | Gross min eral. 55.62
Net mineral. 31.37 | Immobiliz ation 0.00
Irrigation 0.00 0.00 | Runoff_Pr 0.00 0.03
Runon 0.00 0.00 | Runoff_LO 0.00 0.01
Inundation 0.00 0.00|

| Runoff_L1 0.00 0.05
Infiltration from: | Discharge to:
- 3rd order 0.00 0.00] - 3rd ord er 0.00 0.00
- 2nd order 0.00 0.00|-2nd ord er 0.00 0.00
- 1st order 0.00 0.00 |- 1stord er 0.00 0.00
Bottom Upw flux 0.01 0.52 | Bottom do wnw flux 0.26 0.53

+
Total input 53.76 74.07 | Total out put 55.88 63.89
Final.present solid/complex 930.0 1275.0
precipitated 0.0
Init.present solid/complex 932.1 1264.9
precipitated 0.0

Storage change solid/complex/precipitated -2.07 10.17
Final.present solution 0.05 1.15
Init.present solution 0.10 1.13
Storage change solution -0.05 0.01
Input-Output -2.12 10.18
Balance deviation 0.00 0.00

Soil profile TP: 0.00 - 3.60 m below soil surface

Output file Ani_waTP.bal:

Water balance (mm); profile top - 3.60m-ss; pe

riod 365-1998/ 365-1999

Input: | Output:
Rainfall 811.0 | Intercep tion 99.6
Snowfall 0.0 | Snow sub limation 0.0
Irrigation 0.0 | Pond eva poration 0.0
| Soil eva poration 96.4
| Plant ev aporation 399.8
Runon 0.0 | Runoff_P r 23.5
Inundation 0.0 | Runoff_L 0 4.4
| Runoff_L 1 15
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0|-1stor der 0.0
Bottom upw flux 20.4 | Bottom d ownw flux 221.8
+
Total input 831.4 | Total ou tput 846.9
Storage change snow layer (+ = increase) 0.0
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) -15.5
Balance deviation 0.0
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Output file Ani_omTP.bal:

Org.matter (kg/ha); profile top - 3.60m-ss; pe

riod 365-1998/ 365-1999

Input: Fresh Hu/bio Diss. | Output:

Fresh Hu/bio Diss.

Additions  1287.8
Redistrib 0.0
Cropres. 10624.4

0.0 2273

0.0 0.0]| Redistri

Exudates 0.0 |
Formation 4529.6 1189.8 | Dissoc.
Irrigation 0.0
Runon 0.0 | Runoff_L
Inundation 0.0
| Runoff_L

Infiltration from: | Discharg
- 3rd order 0.0|-3rdor
- 2nd order 0.0|-2nd or
- 1st order 0.0]-1stor
Bottom upw flux 0.0 | Bottom d

+

Total input 11912.2

4529.6 1417.0 | Tot outp

b 0.0 0.0 0.0

11897.5 5970.1 1440.7

0 0.0

1 0.2

e to:

der 0.0
der 0.0
der 0.0
ownw flux 0.0

11897.5 5970.1 1440.9

Dissimilated

8030.8 4477.5 1080.5

Final.present
Init.present

Storage change
Input-Output
Balance deviation

39690.5 378838.0 34.9
39675.8 380278.4 58.8
14.7 -1440.4 -23.9
14.7 -1440.4 -23.9

0.0 0.0 0.0

Output file Ani_nTP.bal:

Nitrogen (kg/ha); profile top - 3.60m-ss; pe

riod 365-1998/ 365-1999

Input: Org-N Nh4-N No3-N | Output:

Org-N Nh4-N No3-N

Deposition dry
Deposition wet

120 8.0]
103 6.3

Additions 66.7 152.0 82.4| Volatiliz

Redistrib 0.0

0.0 0.0 ]| Redistrib
Crop residues 116.6

0.0 0.7 ]Crop upta

Exudates 0.0 |
Incorporation 211.1 | Gross min
Nett mineral. 256.3 | Immobiliz

Nitrification

403.2 | Nitrifica
| Denitrifi

Irrigation 0.0 0.0 0.0|Runoff_Pr

Runon 0.0
Inundation 0.0

Infiltration from:

- 3rd order 0.0
- 2nd order 0.0
- 1st order 0.0

Bottom upw flux 0.0

0.0 0.0]| Runoff_LO
0.0 0.0]

| Runoff_L1
| Discharge

0.0 0.0|-3rdord
0.0 0.0]-2ndord
0.0 0.0]|-1stord

0.1 0.0 | Bot downw
+

Total input  394.4 430.7 500.6 | Total out

ation 16.3
0.0 0.0 0.0
ke 12.6 379.1
eral. 467.4
ation 0.0
tion 403.2
cation 124.8
00 03 02
00 01 01
0.0 0.0 01
to:

er 0.0 0.0 0.0
er 00 0.0 0.0
er 0.0 0.0 0.0
flux 0.0 83 0.0

put 467.4 440.9 504.2

Final.present solid/complex
Init.present solid/complex

Storage change solid/complex (+ = increase)

14543.4 189
14615.6 23.5

Final.present solution
Init.present solution

Storage change solution (+ = increase)

14 271 949

Input-Output
Balance deviation

-73.0 -10.2 -3.6
0.0 00 0.0
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Output file Ani_pTP.bal:

Phosphorus (kg/ha); profile top - 3.60m-ss; pe riod 365-1998/ 365-1999
INPUT: ORG-P PO4-P | OUTPUT: ORG-P PO4-P
Deposition wet 0.99 |
Additions 6.67 41.19|
Redistrib 0.00 0.00 | Redistrib 0.00 0.00
Crop residues 22.83 | Crop upta ke 63.27
Exudates 0.00 |
Incorporation 26.39 | Gross min eral. 64.02
Net mineral. 37.63 | Immobiliz ation 0.00
Irrigation 0.00 0.00 | Runoff_Pr 0.00 0.03
Runon 0.00 0.00 | Runoff_LO 0.00 0.01
Inundation 0.00 0.00|

| Runoff_L1 0.00 0.05
Infiltration from: | Discharge to:
- 3rd order 0.00 0.00] - 3rd ord er 0.00 0.00
- 2nd order 0.00 0.00|-2nd ord er 0.00 0.00
- 1st order 0.00 0.00 |- 1stord er 0.00 0.00
Bottom Upw flux 0.00 0.00 | Bottom do wnw flux 0.00 0.39

+
Total input 55.89 79.82 | Total out put 64.02 63.75
Final.present solid/complex 1844.4 5637.5
precipitated 0.0
Init.present solid/complex 1852.4 5621.4
precipitated 0.0

Storage change solid/complex/precipitated -8.05 16.07
Final.present solution 0.09 3.24
Init.present solution 0.18 3.24
Storage change solution -0.09 0.00
Input-Output -8.14 16.07
Balance deviation 0.00 0.00

The output of transfopTP.out can be reflected assformations between the different pools as shown
in the picture underneath.

Transformations of organic phosphorus
1999
0-3.6 m depth

Additions

Exudates 50
0.0 A= 0.0 @ Fresh organic phosphoriis
o %i § %
A= -16 0.0

26.7

Y

16.1]

. 2.4
Humus/biomass 10.7

A= -6.4
Storage difference -8.1 32.8
Inputs 29.5
Outputs -37.6
Inputs-Outputs 8.1 8.2 24.6

Figure 31 Reflection of the detailed organic tramsfations between the different organic pools.
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4.3  Maize on a sandy soil

This experiment was carried out on a maize fieldctvireceived applications of 50 tons of cattle
slurry per ha per year. Data were taken from expenis on a field of a regional investigation centre
(Regionaal Onderzoekscentrum Cranendonck Fieldiri8he southern part of the Netherlands).
Oosterom and Steenvoorden (1984) conducted leadmnegtigations. Van Geelen and Kroes (1995)
give more information on simulations with data frtime same experiment.

The main characteristics of the Cranendonck plas a

- soils are classified as sandy soils;

- different combination of fertilization levels foitrogen;

- land use is maize;

- medium water holding capacity.

In section 4.3.2 some results of the ANIMO modeltfas case are presented.

In section 4.3.3 the water and mass balances aen gis they should be produced by the model
ANIMO 4.0.

For more detailed information about the model irgmg also section 4.1.

100 Alterra Report 224 - 2006



4.3.1 Input files

GENERAL.INP

Filename: GENERAL.INP
Content:  Input for ANIMO-version 4.0 (example Cran

>simopt: -------------- simulation options --------
20000

- Hydrological parameters were simulated with th
- The carbon and nitrogen cycle are simulated.

- Aeration calculation in ANIMO

- Crop uptake simulated by ANIMO

- Simulation without macro pores

>simtim:
1974 0.0 1982 365.0

- 9 years are simulated: the period 1 1 1974 t/m

>outscr:

1 - Simulation-stage is written to screen as yea
>outbal: --------------- output of balances -------

2 - 2 balance series

MP - The character string ‘MP’ is given
11 1 0- Output of balances written to files BAWAR

1 - Compartment 0 is the addition-reservoir on
365. system. The bottom of compartment 13 is
TP soil surface. The balances are made up for

1110 the soil surface.
0 22 - Each simulated year one reset at the las
1 year (365 or 366 for a leap year); this r
365. writing of balance-terms to files and in
balance terms at zero.
- The character string ‘TP’ is given.
- Output of balances written to files BAWATP.O

- Compartment O is the addition-reservoir on to
system. The bottom of compartment 22 is at 3
soil surface (defined by hydrological simula

The balances are made up for 0-3.60 meter b

- Each simulated year 1 reset at the last day

this reset includes writing of balance-term

all balance terms at zero.

with simulation results.
- No output for grassland and detailed organic

>outtot: --------------- output of input, and outpu

- At the time step 1000 detailed output is writt
Animolntermediate.out.

013 BANHRP.OUT, BANIRP.OUT and BANORP.OUT.

BANHTP.OUT, BANITP.OUT and BANOTP.OUT.

- The files NITRATE.OUT and MINER-N.OUT are cre

endonck maize)

e model SWAP.

3112 1982.

r and day number.

P.OUT, BAOMRP.OUT,
top of the model soil
at 1.0 meter below the
0-1.0 meter below
t day number of the
eset includes
itializing all
UT, BAOMTP.OUT,
p of the model soll
.60 meter below the
tions).
elow the soil surface.

number of the year;
s to files and initializing

ated and filled
transformations.

t per time step -------

en to output-file

Figure 32 The input-file GENERAL.INP: data for exgenCranendonck maize
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MATERIAL.INP

Filename: MATERIAL.INP

Content: Input for ANIMO-version 4.0 (example Cra
>defmat; --------------- definitions of materials -
11

0.05 0.015 0.063 0.095 0.37 0.0 1.0
0.0022 0.0021 0.00275 0.0063 0.0095 0.5 0.0
00 00 00 00 00 0500

- 11 materials are defined (5 different types of an
fertilizer, 2 different types of root material an
organic matter in the soil).

- Fraction of organic matter in the materials 1 to

- Material 1-5: Lammers (1983) gives organic matte
- Material 6: Inorganic N-fertilizer is 100% inorg
- Material 7: Roots of non-grassland contain no mi
- Material 8: A small part of grassland roots (1%)
- Material 9-11: Organic matter in the soil contai
- Fraction of NH4-N in the materials 1 to NM (FRNH)
- Material 1-5: Mineral nitrogen of manure is assu
- Material 6-11: See parameter FRNI.

- Fraction of NO3-N in the materials 1 to NM (FRNI)

- Material 1-5: Animal manure contains no NO3-N

- Material 6: Inorganic fertilizer, half NO3-N, ha

- Material 7, 9-11: Root material of non-grassland
organic.

- Material 8: Root material of grassland contains

material nr 1 = cattle slurry;

material nr 2 = calve slurry;

material nr 3 = pig slurry;

material nr 4 = poultry slurry;

material nr 5 = dry poultry manure;

material nr 6 = fertilizer;

material nr 7 = roots of non-grassland,;

material nr 8 = roots of grassland;

material nr 9 = organic matter in the subsoil;
material nr 10 = organic matter in eutrophic pea
material nr 11 = organic matter in mesotrophic p

>orgmat: ----------------- definition of organic fr

0000000000000 000000000
OOO0OO0OOORRFRPRFRPFRPROOOOOORRRERRERE
0000000000000 000000000
[elelololololololololololeololoNoNal NyocNocNoo LN
oo o
CO0O0000 5000020200000 000
D000 O0OG o000 0000UIRRREN
COO0000 0000202000000 00
D000 O00G 000000000000
CO00000000p0P2000000000
Oobboo g0 000ORDOODDD
CO00000000polPORO0000000
OOOOOOOOOOOOOOOOOOOOOO
CO00000000p0P2000000000
OOOOOOOOOOOOOOOOOOOOOO
CO0000000000P2000000000
OOOOOOOOOOOOOOOOOOOOOO
CO0000000000P2000000000
OOOOOOOOOOOOOOQOOOOOOO
CO0000 0000 PRLPPO0000000
OOOOOOOOOOOOOOHOOOOOOO

°
-
al

- The organic part of each material consists of fra
decomposition rate and its own nitrogen content.
- Based on a different decomposition rate one can d
material, each fraction having its specific decom
- Material 1-5: Decomposition rates and nitrogen c
calibrated with measured lysimeter-data (Berghui
- Material 6: Inorganic N-fertilizer: 100% mineral
- Material 7, 8, 10 and 11: Calibrated with measur
(Berghuijs-van Dijk et al., 1985).
- Material 9: No further division into fractions.
- Part of the fractions of the organic part of the
- Material 1-5:
- Fraction 1: 100% dissolved organic matter.
- Fraction 2: One part (material nr 1: 0.7-0.05=0
material nr 3=0.8-0.05=0.75; material nr 4=0.8-
is defined as fresh organic matter (OS) the res

nendonck maize)

[efeole]

99 1.0 1.0 1.0
.0 0.0 0.0 0.0
.01 0.0 0.0 0.
imal manure, 1 inorganic

d 3 different types of

NM (FROR):
r contents.
anic.
neral part.
is added as mineral NO3-N.
ns no mineral part.

med 100% NH4-N.

If NH4-N.
and organic matter in the soil are 100%

1% NO3-N.

OCO0O0000000
OSoooocooooo

w o
o

OO0000000000g
2

CO00000000000000000000
[e¥e¥oo¥ofofofofofoRoRo A toRoRoRoRoRoRaRoRo)
CO00000000000,000000000
Oo0o0o0OO0O0DODOCODO 000000000
COO0000000000 000000000
cooooooooocowlooooooooo

ctions; each fraction has it own

istinguish different fraction in each

position rate and nitrogen content.
ontents of three fractions were
js-van Dijk et al., 1985).

ed lysimeter-data
materials that goes into solution.

.65; material nr 2: 0.8-0.05=0.75;
0.05=0.75; material nr 5=0.4-0.05=0.35)
t (0.05) is defined as dissolved
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organic matter.
- Fraction 3: 100% fresh organic matter.
- Material 6-11: No dissolved parts.

The meaning of the organic fractions can be summari

organic fraction nr 1 = soluble, rapidly decompos
organic fraction nr 2 = partly diss., rapidly dec
organic fraction nr 3 = solid, slowly decomposing
organic fraction nr 4 = rapidly decomposing part
organic fraction nr 5 = slowly decomposing part o
organic fraction nr 6 = very slowly decomposing o
organic fraction nr 7 = not used

organic fraction nr 8 = not used

organic fraction nr 9 = rapidly decomposing part
organic fraction nr 10= slowly decomposing part o
organic fraction nr 11= slowly decomposing, high
organic fraction nr 12= rapidly decomposing, low
organic fraction nr 13= slowly decomposing, mesot
organic fraction nr 14= rapidly decomposing, meso

- Humus fraction of the fresh organic matter does n
but decomposes directly into humus.

>orgdec: --------------- definition of rates ------

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.
0.25 0.25 0.25

0.5

1.00.6 0.12 2.0 0.22 0.00141 0.0005 0.0005 2.0 0.
30.0 0.02 365.0 100.0

0.06

- Assimilation factor of 0.25 for all fractions (Be
This parameter indicates the fraction of the deco
exudates that can be converted to humus/biomass.
- Assimilation efficiency of dissolved organic matt
all of 0.25.
- Reduction factor of 50% for microbiological trans
situations.
- First order average decomposition rate for the or
- Fractions 1-3: Fractions used for material nr 1-
Model-verification resulted in a calibration of
fraction 2 and 3 (fraction 1 has a dummy value s
into solution).
- Fraction 4-5 and 9-10: Fractions used for materi
- Fraction 6: Fraction used for organic material i
was derived from rates given by Jenkinson and Ra
simulations of a region in the southern part of
- Fraction 11-12: Fractions used for eutrophic pea
- Fraction 13-14: Fractions used for mesotrophic p
- First order average decomposition rate for dissol
Berghuijs-van Dijk et al. (1985) gives the value
lysimeter-experiments.
First order average decomposition rate for humus.
a low rate for humus of 1.5-2.0% per year for net
First order average decomposition rate for exudat
a high rate of 365, because of rapid decompositio
First order average nitrification rate. Van Huet
literature research. For sandy-loam column experi
Literature research (Hendriks, 1992) and applicat
results with a lower value of 100.
- First order average denitrification rate. A value
assumption: in 10 days, no more than 50% of the p

>orgnit: --------------- definition of N-contents -
0.025 0.015 0.01 0.008 0.008 0.01 0.0 0.0 0.01 0.0
0.048 0.02

- Nitrogen fractions in organic matter.

- Fraction 1-3: Fractions used for material nr 1-5

- Fraction 4-5 and 9-10: Fractions used for materi
An average value was used of nitrogen content of
and root material below soil surface.

- Fraction 6: Fraction used for organic material i
from data given by Berghuijs-van Dijk et al. (19
fractions in various materials, division over fr
calibrated. It seems likely that the large fract

- Fraction 7-8: Not used in this example.

- Fraction 11-12: Fractions used for eutrophic pea

- Fraction 13-14: Fractions used for mesotrophic p

- Maximal nitrogen fraction in humus. Value as give
It corresponds to a C/N ratio of 14 (the carbon ¢
to 0.58). This value 0.048 is added to the nitrog
Below the root zone the nitrogen fraction is calc
(See Saoil.inp).

- Nitrogen fraction in exudates. Value as given by

zed as followed:

ing part of slurry
omposing part of slurry
part of slurry

of non-grassland roots
f non-grassland roots
rganic matter

of grassland roots

f grassland roots
N-content,eutrophic peat
N-content,eutrophic peat
rophic peat

trophic peat

ot pass the dissolved stage,

25 0.25 0.25 0.25 0.25 0.25

22 0.001 0.0383 0.001 0.024

rghuijs-van Dijk et al., 1985).
mposable fresh organic matter or

er, humus/biomass and exudates
formations under oxygen limited

ganic fractions.
5 (animal manure).
the decomposition-rates for
ince this fraction goes fully

al nr 7 and 8 (roots).
n subsoil. Decomposition rate
yne (1977) and calibrated with
the Netherlands (Drent et al., 1988).
t (not used in this case).
eat (not used in this case).
ved organic matter.
of 30, which was derived from

Berghuijs-van Dijk et al. (1985):
humus-decomposition in the long term.
es. Berghuijs-van Dijk et al. (1985):

n.

(1983) gives some values derived on a
ments resulted in a value of 365.

ion of the ANIMO model resulted in better

of 0.06 is based on the following
resent nitrate can be denitrified.

1 0.043 0.028 0.02 0.019

(animal manure).
alnr7 and 8 (roots).
crop residues above soil surface

n subsoil. Nitrogen content derived
85). Berghuijs-van Dijk gives nitrogen
actions has to be estimated or

ions have the highest nitrogen content.

t.

eat.
n by Berghuijs-van Dijk et al. (1985).
ontent of the material has been assumed
en fraction in the root zone layers.
ulated from the given C/N ratio * 0.58

Berghuijs-van Dijk et al. (1985).
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>S0NicQ: --------------- definition of SONICG-conce
0.30.010.90

- The nitrate-N concentration for which the MM-func
the optimal value is 0.3

- Multiplication factor for org. transformations at
is setto 0.01

- The critical value of water filled pore space for
response on organic transformation to lower value

pt variables ----------

tion takes a value half of
complete anaerobic conditions

adjustment of original water
sissetto 0.9

Figure 33 The input-file MATERIAL.INP: data for emple Cranendonck maize

PLANT.INP

Filename: PLANT.INP

Content:Input for ANIMO-version 4.0 (example Cranen

>cropdt;---------- number of crops for which data a
1

- One crop is defined in this file.
>crop01: ----------------- crop nr 1: maize -------
2

77
10
115. 130. 151. 166. 181. 196. 212. 2
0. 80. 120. 400. 2000. 2000. 2000. 20
10
115. 130. 151. 166. 181. 196. 212. 2
0.00 0.05 0.20 0.35 0.57 0.60 0.60 O
115. 275. 0.0 147.0 20.0 0.2700 0.0500

Plant parameters for maize:

- Crop number 2 is defined as maize.

- Root material is 7 for non-grassland (see input-f
In this case, the shoot material is taken the sam

- Number of data given for the amount of roots (NUA
These data are used to simulate the decomposition
For a realistic simulation the values should corr
applied in the hydrological model.

- Array with Julian day numbers versus amount of ro

- Number of data given for the root length (NULNRO)

- Array with Julian day numbers versus length of ro

- Average sowing and harvesting times over the peri
in PAGV (1985).
Areic mass of tubers harvested.

UPNIMAL1 and UPNIMAZ2 describe the cumulative gross

This is different from many measured values becau
parts above and below the soil surface (e.g. root
returns and/or remains in the soil. Care should b

measured values because most measurements only re

Given values are estimations based on data given
Steenvoorden and Oosterom (1984). The final value
on field measurements.

The cumulative transpiration in first and second

Day number when max. N-uptake rate alters.
Maximum selectivity factor for N-uptake.

Factor for actual transpiration in crop uptake ca

donck maize)

32. 275. 295.
00. 2000. O.

32. 275. 295.
.60 0.60 0.00
2850 5.0 1.0

ile MATERIAL.INP).

e as for root material number 7.
MRO).

of root material.

espond to the values

ots.

ots.
od 1974-1982 as given

root uptake over two periods.
se it includes uptake by plant

s). Part of this gross uptake

e taken when trying to use

fer to the harvested crop.

by PAGV (1985),

s were achieved by calibrating

period.

Iculation.

Figure 34 The input-file PLANT.INP: data for exdm@ranendonck maize
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SOIL.INP

Filename: SOIL.INP

Content:Input for ANIMO-version 4.0 (example Cranen

>profil: ----------------- horizons ---------------

5
0.020.2
0.2 0.25
0.60

- Five soil horizons were distinguished.

- The thickness of the top of the soil compartment
the thickness of the reservoir for additions to t

- The fraction of runoff passing the surface reserv
and for passing the first soil layer is set to 0.

- The depth of the initial root zone is 0.60 m.

>tempar: ----------------- temperature parameters--
0.01726 0.05184
10.0 11.0 3.7721

- Frequency of the early temperature wave; used in
Used in sine model: 2.0*3.14/365 = 0.01726.
Thermal diffusivity; used in sine and Fourier mod
Huet (1982) gives this value (0.05184 m2 d-1 = 0.

- Amplitude of yearly temperature wave (10 oC).
Average yearly temperature (11 oC) at soil surfac
Phase shift (3.7721 rad) of sine wave.

>sophyl: ---------mmmmeee soil physical parameters
25 35
25 35
25 35
25 35
25 35
0.3221 0.3221 0.3221 0.5310 0.5310

1418. 1470. 1470. 1470. 1550.

14. 17. 17. 24. 30.

74826.0 74826.0 74826.0 74826.0 74826.0
74826.0 74826.0 74826.0 74826.0 74826.0

- Parameters in calculation of diffusion coefficien
part of soil for each horizon. Empirical constant

Some values are given by Hoeks (1983). More value

(1987). Data for the 'Staringreeks' soil schemati
and Kroes (1999).

- Saturated conductivity of the root zone, for hori

- Dry bulk density for each horizon.

- C/N-ratio for each horizon. (C/N-ratio for the ro
because the nitrogen fraction of humus for the ro
maximum nitrogen fraction of humus.)

- Coefficient temperature response for organic and
transformations by Arrhenius per horizon.

>sochem: -------------=-=- soil chemical parameters
5,63 563 5.63 570 5.70
0.0003 0.0003 0.0003 0.0003 0.0003

- pH-H20 for each horizon.

Values originate from PAGV (1985) where values we
Conversion to pH-H20 was made with a conversion t

- Values for the distribution coefficient for ammon
amounts of NH4-N in the soil solution. Values are
Estimated values derived from Kroes et al. (1990)

donck maize)

is set to 0.02 m;

he soil system is set to 0.2 m.
oiris setto 0.2

25.

sine and Fourier model.

el.
006 cm2 sec-1).

e. Used in sine model.

t for oxygen in the air filled

s dependent on the soil type.

s can be found in Bakker et al.
sation are given in Groenendijk

zons 1to 5.

ot zone are dummy’s,
ot zone are set to the

dissolved organic

re presented as measured pH-KCL.
able (TNO, 1956).

ium. The ratio between the

given for each horizon.

Figure 35 The input-file SOIL.INP: data for exam@leanendonck maize
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BOUNDARY.INP

Filename: BOUNDARY.INP

Content:Input for ANIMO-version 4.0 (example Cranen

>optibc: ----------------- boundary options -------
00

- Runon and irrigation concentration data are not g

>topbou: ------ top boundary conditions Nitrogen,Ph
0.00127 0.00127 0.00127 0.00127 0.00127 0.00
0.00078 0.00078 0.00078 0.00078 0.00078 0.00
120 120 120 120 120 12.0

8.00 8.00 800 8.00 8.00

- Concentrations of precipitation of NH4-N: 0.00127
- Concentrations of precipitation of NO3-N: 0.00078
- Atmospheric dry deposition of NH4-N: 12.0 kg ha-1
- Atmospheric dry deposition of NO3-N: 8.0 kg ha-1
- Concentrations of NH4-N and NO3-N in runon are se
- Concentration of dissolved organic matter and dis
are set to 0.0.
Not relevant for this field because runon does no
- Concentration of NH4-N and NO3-N in irrigation is
- Concentration of dissolved organic matter and dis
are set to 0.0.

>latbou: ----------------- lateral boundary conditi

0.0 0.0

0.0 0.0

- Concentration of NH4-N, NO3-N, dissolved organic

nitrogen in infiltrating drain water are set to 0
Not relevant for this field because infiltration

>botbou: ----------------- bottom boundary conditio
0.0 0.0
0.0 0.0

- Concentration of NH4-N, NO3-N, dissolved organic
nitrogen below model profile are assumed to be 0.
Not relevant for this field, because seepage does

donck maize)

iven per time step

osphorus and Carbon ---
127 0.00127 0.00127 0.00127
078 0.00078 0.00078 0.00078
12.0 120 12.0
8.00 8.00 8.00

kg m-3 for each year
kg m-3 for each year
N for each year.

N for each year.

tto 0.0.

solved organic nitrogen

t occur in this case.

set to 0.0.
solved organic nitrogen

matter and dissolved organic
0

does not occur in this case.

matter and dissolved organic
0

not occur in this case.

Figure 36 The input-file BOUNDARY.INP: data for eygle Cranendonck maize
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INITIAL.INP

Filename: INITIAL.INP

Content: Input for ANIMO-version 4.0 (case Cran
>MmOistf: ------------------- moisture content -----
0.00.00.00.00.0 0.00.00.00.00.0
0.00.00.00.00.0 0.00.00.00.00.0

0.00.0

- Moisture fractions of the compartments 1 to NL at
In this case, dummy values of 0.0 have been used,
simulated by Swap.

>ammoni; ------------------- ammonium concentration
0.00.0

1.3E-31.3E-31.3E-3 1.3E-31.3E-3 1.3E-3 1.3E-
1.3E-31.3E-31.3E-3 1.3E-31.3E-3 1.3E-3 1.3E-
1.3E-31.3E-3

- Concentrations of NH4-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

>nitrat; ------------------- nitrate concentration

7.8E-4 7.8E-4 7.8E-4 7.8E-
7.8E-4 7.8E-4 7.8E-4 7.8E-

AA

- Concentrations of NO3-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

- Exudate content of compartments 1 to NL. The amou
estimated as 0.0 kg m-2. Low amounts of exudates
make this acceptable.

>humexu; ------------------- humus from exudates --
0.00.00.00.00.0 0.00.00.00.00.0
0.00.00.00.00.0 0.00.00.00.00.0

0.00.0

- Amount of humus from exudates present in compartm
are the main organic components in the model ANIM
OS is the fresh organic matter; HUEX and HUOS tog
OS decomposes with rates RECFAV (1-NF),

HUEX and HUOS both decompose with the rate RECFHU

>orgfsh:--------m-mmmemeee fresh organic matter -
0.00.0 0.0 0.09926 0.09926 0.00.00.00.00.
0.0 0.0 0.0 0.09926 0.09926 0.00.00.00.00.
0.00.0 0.0 0.09926 0.09926 0.00.00.00.00.
0.0 0.0 0.0 0.09926 0.09926 0.00.00.00.00.
0.00.00.00.077175 0.077175 0.00.00.00.00.
0.00.0 0.0 0.077175 0.077175 0.00.00.00.00.
0.00.0 0.0 0.15435 0.15435 0.00.00.00.00.
0.00.0 0.0 0.15435 0.15435 0.00.00.00.00.
0.00.0 0.0 0.15435 0.15435 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.
0.00.00.00.0 0.0 0.00.00.00.00.

endonck maize)

the beginning of a time step.
because hydrology is

artments O to NL
d layer 0 the layer reserved

artments 0 to NL
d layer 0 the layer reserved

nt of exudates present has been
and high decomposition rates

ents 1 to NL. HUEX, HUOS and OS
(e}

efher form humus.

O000000000O0O0O000O00O
CO0000000000000000
[e¥eJefotolofolatoYoRotaloTokoXaRaYa)
CO0000000000000000
Oooo0oboO0ODDbOODODOOOO
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[elele] o
[eleole] o
oleole] o
[elele] o
elele] o
(eleole] o
(eleole] o
(elele] o
coo o
(eolole] o
[elele] o
(eleole] o
eleole] o
([elele] o
[elele] o
[eleole] o
oleole] o
([elele] o
(elele] o

- Amount of fresh organic matter present in compart
fractions 1 to NF.

>humorg: -----------=-=----- humus from fresh organ
1.7867 1.7867 1.7867 1.7867 1.3891 1.3891 2.77
3.2340 1.0850 1.0850 2.1700 2.1700 2.1700 2.17
2.1700 2.1700

- Amount of humus from fresh organic matter and dis
present in compartments 1 to NL (see parameter HU

-------------------- dissolved organic matt
0.00.000 0.00.00.00.00.0
0.00.00.0 0.00.00.00.00.0

[e)e]
[e)e]
oo
[eXe]
[e)e]
[e)e]

0.00.00.00.00.0
0.00.00.00.00.0

ocoocooo00y
cocoooooog
CO00000000
Ooooooool

- Concentration of dissolved organic matter (includ
and LN=0).
Concentration of dissolved organic nitrogen (incl
and LN=0).
Dissolved organic matter was estimated to be nil.
for dissolved organic matter and dissolved organi

>orgpla: ----------- fresh organic matter and uptak
0.0000000E+00 0.0000000E+00 0.0000000E+00

- Amount of roots, shoots and uptake are taken from

ic matter -------------
83 2.7783 2.7783 3.2340
00 2.1700 2.1700 2.1700

solved organic matter
EX).

ing addition reservoir
uding addition reservoir

Therefore zero's are given
C nitrogen.

e by grassland --------

Dutch field experiments.

Figure 37 The input-file INITIAL.INP: data for exate Cranendonck maize
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MANAGEMENT.INP

Filename:  MANAGEMENT.INP
Content: Input for ANIMO-version 4.0 (example C

>kicrop: ------------------- crop definitions -----
22222 2222

- Kind of crop grown each year is maize.
Crops have been defined in the input-file PLANT.I

>lsunit; -------------=----- number of livestock --
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

- Number of livestock units per hectare per year if
For this example there is no grassland, so dummy
9 years.

>matvar: ------------------- definition of material
13

- The composition of material nr 1 varies in time a
P-total and organic matter fraction. N-mineral is
according to default values given in Material.inp

- Only the first material (cattle slurry, see Mater
three organic fractions with variable composition

>add001:----------=-mmmmmem first addition -------
102.

1
6 100.00 0 00.00
112.

- At day number 102 (12-Apr-1974) the first additio
- Number of the added material is 6. One of the mat
MATERIAL.INP. In this case material 6 is inorgani
Quantity of material added is 100 kg ha-1.
The fertilizer is added to the reservoir on top o
No ploughing.
No volatilization of inorganic N-fertilizer is as
- Time of next addition is day number 112 (22-Apr-1

>add002:-------------------- second addition ------
1

1 50000.00 0 00.50

0.0430 0.0042 0.0023

115.

- Number of the added materials is 1 (cattle slurry
Quantity of material added is 50000 kg ha-1.
The cattle slurry is added to the reservoir on to
No ploughing.
In this case 50% of the mineral part of the cattl

- The content of organic matter in material nr 1 is
The content of N-total is 0.0042 kg kg-1
The content of P-total is 0.0023 kg kg-1

- Time of next addition is day number 115 (25-Apr-1

>add003:-------------------- third addition -------
1

1 000 0 20.00

0.0000 0.0000 0.0000

469.

- Number of the added materials is 1 (cattle slurry
- Quantity of material added is 0 kg ha-1. A dummy
the option of ploughing is used.
The cattle slurry is added to the reservoir on to
(dummy value).
Ploughing of the first 2 compartments.
In this case 0% of the mineral part of the cattle
(dummy value).

ranendonck maize)

the kind of crop is grassland.
values should be given for

nd is based on given N-total,
divided over NO3-N and NH4-N

ial.inp) is divided into
s in time.

n takes place.

erials (MN) defined in the file
¢ N-fertilizer.

f compartment 1.

sumed.
974).

).
p of compartment 1.

e slurry volatilizes.
0.043 kg kg-1

value has been given because

p of compartment 1

slurry volatilizes
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- The contents of organic matter, N-total and P-tot al in material nr 1 is
0.0 kg kg-1, 0.0 kg kg-1, 0.0 kg kg-1 respectivel y (dummy values).
- Time of next addition is day number 469 (14-Apr-1 975).

>add004:

etc.... etc.....

>add023:

1

150000.00 0.50
0.079 0.0050 0.0019
3037.

>add024:

1

10.0020.0
0.00.00.0

9999.

Figure 38 The input-file MANAGEMENT.INP: data foraenple Cranendonck maize

(Last value for TINEAD (e.g. 9999) contains a dunwajue which should be higher than the last
simulated time step).
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4.3.2 Results

Case Cranendonck Field 18: maize on a sandy soil

Mineral nitrogen at 0-20 cm below soil surface Mineral nitrogen at 20-40 cm below soil surface
o — Simulated — Simulated
S ®  Measured 3 ®  Measured
N
(=]
=3 8
n - N
=
L]
z z
© © 8 -
< £
2 g 5
=
o
o
S
=
o
2 ° L o | °
n
L]
° 9
-~
o 4 o -
T T T T T T T T T T T T T T T T
1975 1976 1977 1978 1979 1980 1981 1982 1975 1976 1977 1978 1979 1980 1981 1982
Mineral nitrogen at 40-60 cm below soil surface NO3-N concentration at 1 m below soil surface
S 4
N — Simulated — Simulated
@ Measured @ Measured
(=3
3
=
(=3
3
—
z =z o
© = 9
5 8+ N
2
o
o | n
['2)
o
o 1 o -
T T T T T T T T T T T T T T
1975 1976 1977 1978 1979 1980 1981 1982 1977 1978 1979 1980 1981 1982

Figure 39 Measured and simulated N concentrations at 1 m below soil surface andarghnitrogen
content at 3 different soil layers for maize

Nett crop uptake

o
3 -
N
B Simulated
B Measured

o
S 4
N
o
3 4
-

z

©

<

(=]

X
o
8 4
-
o |
wn
o J

1974 1975 1976 1977 1978 1979 1980 1981 1982

Figure 40 Measured and simulated nett crop uptakerfaize
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4.3.3 Balances

This section presents the content of water, orgartier and nitrogen balances and detailed organic

transformations of the Cranendonck case. The pratsem of these balances is achieved with the

following procedure:

- With output options in the input file GENERAL.INPhe output files BAWA//.OUT,
BAOM//.OUT, BANH//.OUT, BANI//.OUT and BANO//.OUT ke created.

- Besides the BA* files, balance table files are wdaWith the output options in the input file
GENERAL.INP, the balance table files Ani_wa//.oihi_om//.out and Ani_n//.out are created.

At the position // a character string of 2 posifanust be given to identify the set of the outplesf
with mass balances, balance tables and organicsformmations (see Chapter 3: input file
GENERAL.INP).

Balances are created for each balance period.

This section gives only some balance table filesdetailed organic transformations for the period
1-1-1982 to 31-12-1982.

Water, organic matter and nitrogen balance of the mize case (Case Cranendonck Field 18)
Soil profile MP: 0.00 - 1.00 m below soil surface

Output file Ani_waMP.bal:

Water balance (mm); profile top - 1.00m-ss; pe riod 365-1981/ 365-1982
Input: | Output:
Rainfall 644.9 | Intercep tion 46.0
Snowfall 0.0 | Snow sub limation 0.0
Irrigation 0.0 | Pond eva poration 0.0

| Soil eva poration 162.0

| Plant ev aporation 286.7
Runon 0.0 | Runoff_P r 0.0
Inundation 0.0 | Runoff_L 0 0.0

| Runoff_L 1 0.0
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0|-1stor der 0.0
Bottom upw flux 109.4 | Bottom d ownw flux 284.7
Total input 754.3 | Total ou tput 779.4
Storage change snow layer (+ = increase) 0.0
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) -25.0
Balance deviation 0.0
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Output file Ani_omMP.bal:

Org.matter (kg/ha); profile top - 1.00m-ss; pe

riod 365-1981/ 365-1982

Input: Fresh Hu/bio Diss. | Output:

Fresh Hu/bio Diss.

Additions  3357.5
Redistrib 0.0
Cropres. 1763.9
Exudates 723.2
Formation

0.0 5925 |

0.0 0.0]| Redistri

3268.4 1339.2 | Dissoc.

Irrigation 0.0
Runon 0.0 | Runoff_L
Inundation 0.0
| Runoff_L

Infiltration from: | Discharg
- 3rd order 0.0|-3rdor
- 2nd order 0.0|-2nd or
- 1st order 0.0]-1stor
Bottom upw flux 0.0 | Bottom d

+

Total input 5844.6

3268.4 1931.8 | Tot outp

b 0.0 0.0 0.0

6080.2 6401.3 1931.2

0 0.0

1 0.0

e to:

der 0.0
der 0.0
der 0.0
ownw flux 2.5

6080.2 6401.3 1933.6

Dissimilated

3555.7 4801.0 1448.4

Final.present
Init.present

Storage change
Input-Output
Balance deviation

10930.5 242036.8 43.2

11166.1 245169.8 45.1

-235.6 -3133.0 -1.9

-235.6 -3133.0 -1.9
0.0 0.0 0.0

Output file Ani_nMP.bal:

Nitrogen (kg/ha);

profile top - 1.00m-ss; pe

riod 365-1981/ 365-1982

Input: Org-N Nh4-N No3-N | Output:

Org-N Nh4-N No3-N

Deposition dry
Deposition wet

120 8.0]

82 50|

Additions 59.3 190.8 0.0 Volatiliz

Redistrib 0.0

Crop residues  14.1

Exudates 14.5
Incorporation 144.9
Nett mineral.
Nitrification

Irrigation 0.0
Runon 0.0
Inundation 0.0

Infiltration from:

- 3rd order 0.0
- 2nd order 0.0
- 1st order 0.0

Bottom upw flux 0.0

0.0 0.0 | Redistrib

0.0 0.0]Crop upta

| Gross min

206.1 | Immobiliz

322.0 | Nitrifica
| Denitrifi

0.0 0.0 Runoff_Pr
0.0 0.0]| Runoff_LO

0.0 0.0]
| Runoff_L1
| Discharge

0.0 0.0|-3rdord
0.0 0.0]-2ndord
0.0 0.0]-1stord

0.2 3.7 | Bot downw
+

Total input  232.7 417.3 338.7 | Total out

ation 95.4
0.0 0.0 0.0
ke 0.0 1755
eral. 351.0
ation 0.0
tion 322.0
cation 84.6
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
to:

er 0.0 0.0 0.0
er 0.0 0.0 0.0
er 0.0 0.0 0.0
flux 0.0 1.4 29.6

put 351.0 418.7 289.7

Final.present solid/complex 97285 3.6
Init.present solid/complex 9846.8 4.2
Storage change solid/complex (+ = increase) -118.3 -0.6
Final.present solution 05 2.8 96.8
Init.present solution 05 3.6 478

Storage change solution (+ = increase)

0.0 -0.8 49.0

Input-Output
Balance deviation

-118.3 -1.4 49.0
0.0 0.0 0.0
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Soil profile TP: 0.00 - 3.60 m below soil surface

Output file Ani_waTP.bal:

Water balance (mm);

profile top - 3.60m-ss; pe

riod 365-1981/ 365-1982

Input: | Output:
Rainfall 644.9 | Intercep tion 46.0
Snowfall 0.0 | Snow sub limation 0.0
Irrigation 0.0 | Pond eva poration 0.0

| Soil eva poration 162.0

| Plant ev aporation 286.7
Runon 0.0 | Runoff_P r 0.0
Inundation 0.0 | Runoff_L 0 0.0

| Runoff_L 1 0.0
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 0.0
- 2nd order 0.0|-2nd or der 0.0
- 1st order 0.0|-1stor der 0.0
Bottom upw flux 82.7 | Bottom d ownw flux 258.0
Total input 727.6 | Total ou tput 752.6
Storage change snow layer (+ = increase) 0.0
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) -25.0
Balance deviation 0.0

Output file Ani_omTP.bal:

Org.matter (kg/ha); profile top - 3.60m-ss; pe

riod 365-1981/ 365-1982

Input: Fresh Hu/bio Diss. | Output:

Fresh Hu/bio Diss.

Additions  3357.5
Redistrib 0.0

Crop res. 1763.9
Exudates 723.2

0.0 5925 |

0.0 0.0 Redistri

Formation 3377.4 1339.2 | Dissoc.
Irrigation 0.0
Runon 0.0 | Runoff_L
Inundation 0.0]
| Runoff_L

Infiltration from: | Discharg
- 3rd order 0.0|-3rdor
- 2nd order 0.0|-2nd or
- 1st order 0.0|-1stor
Bottom upw flux 0.0 | Bottom d

+

Total input 5844.6

3377.4 1931.7 | Tot outp

b 00 0.0 0.0

6080.2 6835.3 1933.3

0 0.0

1 0.0

e to:

der 0.0
der 0.0
der 0.0
ownw flux 0.4

6080.2 6835.3 1933.6

Dissimilated

3555.7 5126.5 1450.0

Final.present
Init.present

Storage change
Input-Output
Balance deviation

10930.5 433864.8 45.1

11166.1 437322.8 47.0

-235.6 -3457.9 -1.9

-235.6 -3458.0 -1.9
0.0 0.0 0.0
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Output file Ani_nTP.bal:

Nitrogen (kg/ha); profile top - 3.60m-ss; pe

riod 365-1981/ 365-1982

Input: Org-N Nh4-N No3-N | Output: Org-N Nh4-N No3-N
Deposition dry 12.0 8.0]
Deposition wet 8.2 5.0]

Additions 59.3 190.8 0.0 Volatiliz
Redistrib 0.0 0.0 0.0]|Redistrib
Crop residues 14.1 0.0 0.0]| Crop upta
Exudates 14.5

Incorporation 147.0 | Gross min
Nett mineral. 212.4 | Immobiliz
Nitrification 328.9 | Nitrifica

| Denitrifi
Irrigation 0.0 0.0 0.0|Runoff_Pr
Runon 0.0 0.0 0.0|Runoff_LO
Inundation 0.0 0.0 0.0]

| Runoff_L1
Infiltration from: | Discharge

- 3rd order 0.0 0.0 0.0]|-3rdord

- 2nd order 0.0 0.0 0.0]-2ndord

- 1st order 00 0.0 0.0]-1stord

Bottom upw flux 0.0 0.0 0.0 | Bot downw
+

Total input  234.8 423.4 341.9| Total out

ation 95.4
0.0 0.0 0.0
ke 0.0 175.5
eral. 359.4
ation 0.0
tion 328.9
cation 119.3
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
to:

er 0.0 0.0 0.0
er 0.0 0.0 0.0
er 0.0 0.0 0.0
flux 0.0 3.1 0.0

put 359.4 427.4 294.8

Final.present solid/complex
Init.present solid/complex

Storage change solid/complex (+ = increase)

13437.2 153
13561.8 17.4

Final.present solution
Init.present solution

Storage change solution (+ = increase)

0.5 11.8 101.2
0.5 13.8 54.0

0.0 -19 472

Input-Output
Balance deviation

-124.6 -4.0 47.2
0.0 0.0 00
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44  STONE: grazed grassland on a dry sandy soll

Thestone model was developed for evaluating the effectshahges in the agricultural sector (e.g.
changes in fertilizer recommendations and croppatterns) and in policy measures that restrict
fertilization levels on the leaching of N and Rytound water and surface waters. The system was in
particular developed for evaluations at the nalisnale, and may also be applied at the regional
scale.

N and P uptake by crops and input to the soil oy cesidues is calculated using the QUAD-MOD
model (ten Berge et al., 2000). The animo modeased for calculating the organic matter and
nutrient cycling in the soil and the N and P tramrspo the groundwater and surface water systems.
Within this system the results can be presentaedagss of, for example, crop uptake rates, N and P
accumulation in soils, nitrate concentrations inugrdwater, phosphate contents of top soils antlthe
and P transport to surface waters.

In this example one single field of grassland amasandy soil of the STONE plots from the
southern part of the Netherlands is picked out.

The main characteristics of this field plot are:
- soil is classified as Podzolic, medium textureddyasoil;
- different fertilization levels with a temperate degse in the course of time;
- land use is grazing grassland;
- alow groundwater level.

Manure-additions were given as different kindslafrg with for every addition its own nitrogen and
phosphorus fraction and artificial fertilizer.

In section 4.4.2 some results of the ANIMO modeltfas case are presented.

In section 4.4.3 the water and mass balances aen gis they should be produced by the model
ANIMO 4.0.

For more detailed information about the model irgré also section 4.1.
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4.4.1 Input files

GENERAL.INP

Filename: GENERAL.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>simopt:
21110

- Hydrological parameters were simulated with the

- The carbon, nitrogen and phosphorus cycle are s

- Aeration calculation by SONICG concept

- Crop uptake simulated by QUAD-MOD (external cro
- Simulation without macro pores

>simtim:
1986 0.0 2000 366.0

- 15 years are simulated: the period 1 1 1986 th

>outscr:
0 - Simulation-stage is not written to screen.

>outbal:
3 - 3 balance series
TP - The character string ‘TP’ is given (total

1011 - Output of balances written to files BAWA

022 BANIRP.OUT, BANORP.OUT, BAPPRP.OUT and BA

-1 - Compartment 0 is the addition-reservoir on
'GP’ system. The bottom of compartment 22 is at
1011 soil surface (defined by hydrological si

022 The balances are made up for 0-13 meter b

1 - Each simulated time step balance terms are
365.0 - The character string ‘GP’ is given

'RP' - Output of balances written to files BAWAGP
1011 BANIGP.OUT and BANOGP.OUT.

06 - Compartment 0 is the addition-reservoir on
1 soil system. The bottom of compartment 22

365.0  below the soil surface. The balances are
meter below the soil surface.

- Each simulated year one reset at the last da
year (365 or 366 for a leap year); this reset
writing of balance-terms to files and initial
balance terms at zero.

- The character string ‘RP’ is given (root zon

- Output of balances written to files BAWARP.O
BANIRP.OUT and BANORP.OUT

- Compartment 0 is the addition-reservoir on to
soil system. The bottom of compartment 6 is
below the soil surface (root zone). The bala
up for 0-0.50 meter below the soil surface.

- Each simulated year 1 reset at day number 36
includes writing of balance-terms to files a
all balance terms at zero.

tsel:

000 00000O0O0OO0OO

000 0000000000 000O0OO0O1
T

V
oOorg

u
0
0
0
- The files Nitrate.out and Discharge.out are crea
with simulation results.

>outtot:
0110
- At the time step 10 detailed output is written t
Animolntermediate.OUT.

t 5617 grassland on dry sand)

model SWAP.
imulated.

p module)

rough 31 12 2000.

profile)
RP.OUT, BANHRP.OUT,
PORP.OUT.
top of the model soil
13 meter below the
mulations).
elow the soil surface.
written.

.OUT, BANHGP.OUT,
top of the model
is at 13 meter
made up for 0-13
y humber of the
includes
izing all

e)

UT, BANHRP.OUT,
p of the model

at 0.50 meter

nces are made

5; this reset
nd initializing

ted and filled

o output-file

Figure 41 The input-file GENERAL.INP: data for exdengrass on dry sand

Alterra Report 224 - 2006

117




MATERIAL.INP

Filename: GENERAL.INP
Content: Input for ANIMO-version 4.0 (Case STONE pl

>defmat; ----------------- definition of materials
14

0.0 0.0 0.0 0.0 0.0 00 1.0 1.0 1.0 1.
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.

- 14 materials are defined (4 different types of an
fertilizer, 2 different types of root material, 3
1 type of grassland shoot material, 1 type of sho
1 type of roots of external crop.) The animal man
in the management.inp file
- Fractions of organic matter, NH4-N and NO3-N are

material nr 1 = cattle slurry;

material nr 2 = pig slurry;

material nr 3 = poultry slurry;

material nr 4 = meadow manure;

material nr 5 = N-fertilizer;

material nr 6 = P-fertilizer;

material nr 7 = roots of non-grassland;

material nr 8 = roots of grassland;

material nr 9 = organic matter in the subsoil;
material nr 10 = organic matter in eutrophic peat;
material nr 11 = organic matter in mesotrophic pea
material nr 12 = shoots of grassland;

material nr 13 = shoots of external crop

material nr 14 = roots of external crop

>orgmat;: ----------------- definition of organic fr
22

0.00 0.82 0.180.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.09 0.91 0.00 0.0 0.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.06 0.52 0.42 0.0 0.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.00 0.74 0.26 0.0 0.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0

0.0 0.0 0.0 0505 0.00.00.00.00.0 0.0
0.0 0.0 0.0 0.00.0 0.00.00.00.50.5 0.0
0.0 0.0 0.0 0.00.0 1.00.00.00.00.0 0.0
0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.33

0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.80.20.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0
0.25 0.250.25

0.000.410.00.00.0 0.00.00.00.00.0 0.00.
0.090.450.00.00.0 0.00.00.00.00.0 0.00.
0.06 0.26 0.00.00.0 0.00.00.00.00.0 0.00.
0.000.370.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.0 0.0 0.00.00.0 0.00.00.00.00.0 0.00.
0.50

- The organic part of each material consists of fra
decomposition rate and its own nitrogen content.

- Based on a different decomposition rate one can d
material, each fraction having its specific decom

ot 5617 grassland on dry sand)

01.01.01.01.0
0 0.0 0.00.00.0
0 0.0 0.00.00.0

imal manure, 2 inorganic
type of organic matter,
ots of external crop and
ure materials are defined

given in the management.inp file.

actions -------------
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.67 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.330.670.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.25 0.250.250.25 0.0

0 0.0 0.0 0.0 0.0 0.25

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

C00O0O0O0000O0O0O0O0O
0000000000000 o
Oooooooooboooboo o
0000000000000
cooooooooooooo 2
oocoooooooooooo ©
COO000000000000
Oooboobobobobobobooboo
COO00O0O000000000
cooooooooooooo
COO0O00000000000
Ocoooooooooooo0o
CO000000000000
Ocoboboboobbooboboooboo
COO00O0O000000000
coooooooobooooo
COO000O000000000
cooooooooooooo
OCOO000000000000
OooooooooooooO

ctions; each fraction has it own

istinguish different fraction in each
position rate and nitrogen content.
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- Material 1-4: Decomposition rates and nitrogen c
- Material 5: Inorganic N-fertilizer: 100% mineral
- Material 6: Inorganic P-fertilizer: 100% mineral
- Material 7 and 8: 50% of the roots are slowly de
- Material 9: No further division into fractions.
- Material 10 and 11: Calibrated with measured lys
1985).
- Material 13 and 14: Dummy values must be given t
where. In the subroutine Root_extern, the fracti
- Part of the fractions of the organic part of the
- Material 1-4:
- Fraction 1: 100% dissolved organic matter.
- Fraction 2: Half is defined as fresh organic ma
is defined as dissolved organic matter.
- Fraction 3: 100% fresh organic matter.
- Material 5-14: No dissolved parts.

The meaning of the organic fractions can be summari

organic fraction nr 1 = soluble, rapidly decompo
organic fraction nr 2 = partly soluble, rapidly
organic fraction nr 3 = solid, slowly decomposin
organic fraction nr 4 = rapidly decomposing part
organic fraction nr 5 = slowly decomposing part
organic fraction nr 6 = very slowly decomposing
organic fraction nr 7 = rapidly decomposing part
organic fraction nr 8 = slowly decomposing part
organic fraction nr 9 = rapidly decomposing part
organic fraction nr 10= slowly decomposing part
organic fraction nr 11= slowly decomposing, high
organic fraction nr 12= rapidly decomposing, low
organic fraction nr 13= slowly decomposing, meso
organic fraction nr 14= rapidly decomposing, mes
organic fraction nr 15= dummy value for part of
organic fraction nr 16= dummy value for part of
organic fraction nr 17= dummy value for part of
organic fraction nr 18= dummy value for part of
organic fraction nr 19= dummy value for part of
organic fraction nr 20= dummy value for part of
organic fraction nr 21= dummy value for part of
organic fraction nr 22= dummy value for part of

- Humus fraction of the fresh organic matter does n
but decomposes directly into humus.

>orgdec: ----------------- definition of rates ----
.25 0.250.250.250.25 0.25
.10 0.100.10

oo

- Assimilation factor of 0.10 for the manure fracti
(Groenendijk et al., 2004) and 0.25 for the fract
This parameter indicates the fraction of the deco
or exudates that can be converted to humus/biomas

- Assimilation efficiency of dissolved organic matt
and of humus/biomass and exudates all of 0.25.

- Reduction factor of 50% for microbiological trans
situations.

- First order average decomposition rate for the or

- Fractions 1-3: Fractions used for material nr 1-
Model-verification resulted in a calibration of
for fraction 2 and 3 (fraction 1 has a dummy val
goes fully into solution).
- Fraction 4-5 and 9-10: Fractions used for materi
- Fraction 6,11-14: Fraction used for organic mate
- Fraction 7-8: Fraction used for shoots of grassl
- Fraction 15-22: Fractions used for material nr 1

- First order average decomposition rate for dissol
Berghuijs-van Dijk et al. (1985) gives the value
lysimeter-experiments.

First order average decomposition rate for humus
First order average decomposition rate for exudat
Berghuijs-van Dijk et al. (1985): a high rate of
decomposition.

First order average nitrification rate. (Groenend

- First order average denitrification rate. A value
assumption: in 10 days no more than 50% of the pr

ontents of three fractions.

i:omposing and 50% are fastly decomposing
imeter-data (Berghuijs-van Dijk et al.,

o indicate which fraction decomposes
ons will be determined dynamically.
materials that goes into solution.

tter (OS) the other half

zed as followed:

sing part of slurry
decomposing part of slurry
g part of slurry

of non-grassland roots
of non-grassland roots
organic matter

of grassland shoots

of grassland shoots

of grassland roots

of grassland roots
N-content,eutrophic peat
N-content,eutrophic peat
trophic peat

otrophic peat

shoots external crop
shoots external crop
shoots external crop
shoots external crop
roots external crop

roots external crop

roots external crop

roots external crop

ot pass the dissolved stage,

0.250.250.250.250.10

.001 0.0383 0.001 0.024

ons and crop residues of grassland
ions (Berghuijs-van Dijk et al., 1985).
mposable fresh organic matter

S.

er is 0.10 (Groenendijk et al., 2004)

formations under oxygen limited

ganic fractions.
4 (animal manure).
the decomposition-rates
ue since this fraction

al nr 7 and 8 (roots).

rial in subsoil.

and (material nr 12).

3 and 14, external crop.
ved organic matter.
of 30, which was derived from

of 0.01.
es.
365, because of rapid

ijk et al., 2004)
of 0.06 is based on the following
esent nitrate can be denitrified.
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>Orgnit; ----------=------ definition of N-contents
0

0.12 0.07 0.02 0.008 0.008 0.01 0.050.0190.020
0.00.00.00.00.00.00.00.0
0.048 0.02

- Nitrogen fractions in organic matter.
- Fraction 1-3: Fractions used for material nr 1-4
- Fraction 4-5 and 9-10: Fractions used for materi
- Fraction 6,11-14: Fraction used for organic mate
- Fraction 7-8: Fractions used for material 12 (sh
- Fraction 15-22: Dummy fractions used for materia
- Maximal nitrogen fraction in humus. Value as give
It corresponds to a C/N ratio of 14 (the carbon c
to 0.58). This value 0.048 is added to the nitrog
Below the root zone the nitrogen fraction is calc
(See Soil.inp).
- Nitrogen fraction in exudates. Value as given by

>minpho: ----------------- definition of mineral P
0.00.00.00.00.0 1.00.00.00.00.0 0.00.0

- Material nr 1-4: mineral phosphorus is defined in
- Material 5 and 7-14: contains no mineral phosphor
- Material 6: inorganic P-fertilizer contains 100%

>0rgpho: -------=--=-=---- definition of organic P

0.012 0.007 0.002 0.001 0.001 0.00125 4.430E-03 3
0.0001 0.0006 0.0001 0.0006 0.00.00.00.00.00
0.006 0.0025

- Phosphorus fractions in organic matter. Derived f
Related to nitrogen fractions (1:10).

- Maximal phosphorus fraction in humus. Derived fro

- Phosphorus fraction in exudates; like POFR relate

>s0nicg:
0.3 0.001 0.90

- The nitrate-N concentration for which the MM-func
the optimal value is 0.3

- Multiplication factor for org. transformations at
is set to 0.001 (Groenendijk et al., 2004).

- The critical value of water filled pore space for
response on organic transformation to lower value

>sonic2:
0.6

- The critical value of water filled pore space in
original water response on organic transformation

.0076 0.043 0.028 0.020 0.019

(animal manure).

al nr 7 and 8 (roots).

rial in subsoil.

oots grassland).

I'nr 13 and 14 (external crop).
n by Berghuijs-van Dijk et al. (1985).
ontent of the material has been assumed
en fraction in the root zone layers.
ulated from the given C/N ratio * 0.58

Berghuijs-van Dijk et al. (1985).

the management.inp file.
us.
mineral phosphorus.

fractions -----------
.068E-03 3.163E-03 1.786E-03
.00.00.0

rom literature.

m literature. Related to NIFRHUMA (1:8).
d to organic-N (1:8).

tion takes a value half of
complete anaerobic conditions

adjustment of original water
sis setto 0.9

sandy soils for adjustment of
to lower values is set to 0.6

Figure 42 The input-file MATERIAL.INP: data for exple grass on dry sand
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PLANT.INP

Filename: PLANT.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>cropdt:
1

- One crop is defined in this file.

>crop01:

5

1314

2

1. 1.

1. 1.

2

0. 366.
0.50 0.50
0. 366. 0.0 260.0 30.0 0.1300 0.12
38.04.0

Plant parameters for grass with use of an external

- Crop number 5 is defined as external crop (grass)

- Shoot material is 13 and root material is 14 for
(see input-file MATERIAL.INP).

- Number of data given for the amount of roots (NUA
These data are used to simulate the decomposition
For a realistic simulation the values should corr
applied in the hydrological model.

- Array with Julian day numbers versus amount of ro

- Number of data given for the root length (NULNRO)

- Array with Julian day numbers versus length of ro

- Growing period during whole year.

Areic mass of tubers harvested.
Dummy values for the rest of the parameters. Thes
because crop growth is determined in the external

t 5617 grassland on dry sand)

50 200.0 50 1.0

cropmodule (QUAD-MOD):
external crop

MRO).

of root material.

espond to the values

ots.

ots.

e parameters are not used
crop module QUAD-MOD.

Figure 43 The input-file PLANT.INP: data for exampglass on dry sand
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SOIL.INP

Filename: SOIL.INP

Content:Input for ANIMO-version 4.0 (Case STONE plo t 5617 grassland on dry sand)
>profil:
12
0.020.2
0.20.25
0.5000
- Twelve soil horizons were distinguished.
- The thickness of the top of the soil compartment is set to 0.02 m;
the thickness of the reservoir for additions to t he soil system is set to 0.2 m.
- The fraction of runoff passing the surface reserv oiris setto 0.2
and for passing the first soil layer is set to 0. 25.

- The depth of the initial root zone is 0.50 m.

>tempar:
0.01726 0.05184
9.0 9.0 3.7721

- Frequency of the early temperature wave; used in sinus and Fourier model.
Used in sinus model: 2.0*3.14/365 = 0.01726.
Thermal diffusivity; used in sinus and Fourier mo del.
Huet (1982) gives this value (0.05184 m2 d-1 = 0. 006 cm2 sec-1).
- Amplitude of yearly temperature wave (9 oC).
Average yearly temperature (9 oC) at soil surface . Used in sinus model.
Phase shift (3.7721 rad) of sinus wave.
>sophy1:
25 3.0
25 3.0
25 3.0
25 3.0
25 3.0
25 3.0
75 4.0
75 4.0
75 4.0
75 4.0
75 4.0
75 4.0
0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1268 O .1268 0.1268 0.1268 0.1268
0.1268
1346.0 1350.0 1353.0 1370.0 1469.0 1508.0 1540.0 1 558.0 1585.0 1700.0 1700.0
1700.0
17.0 17.0 17.0 24.0 24.0 24.0 240 2 4.0 20.0 30.0 30.0 30.0
74826.0 74826.0 74826.0 74826.0 74826.0 74826.0 74 826.0 74826.0 74826.0 74826.0
74826.0 74826.0
74826.0 74826.0 74826.0 74826.0 74826.0 74826.0 74 826.0 74826.0 74826.0 74826.0
74826.0 74826.0
- Dummy values should be given, because aeration is calculated by the SONICG-
concept.
- Saturated conductivity of the root zone, for hori zons 1to 12.
- Dry bulk density for each horizon.
- C/N-ratio for each horizon. (C/N-ratio for the ro ot zone are dummy’s,
because the nitrogen fraction of humus for the ro ot zone are set to the
maximum nitrogen fraction of humus.)
- Coefficient temperature response for organic and dissolved organic
transformations by Arrhenius per horizon.
>sochem:
5.46 5.38 5.38 5.38 5.38 5.38 5.38 5.46 5.46 5.46 5.46 5.46
6.6169E-04 6.5058E-04 6.3947E-04 5.8824E-04 4.7084 E-04 3.7073E-04 2.8400E-04
2.3946E-04

1.9505E-04 5.0589E-05 5.0589E-05 5.0589E-05

- pH-H20 for each horizon.
- Values for the distribution coefficient for ammon ium. The ratio between the
amounts of NH4-N in the soil solution. Values are given for each horizon.
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>soalfe:

1

69.0 69.0 70.0 70.0 68.0 62.0 56.0 49.0 41.0 129.0
- Sum of Al and Fe per horizon is specified.

>nisand:
111111111111

- Whole profile is sandy

128.0 129.0

Figure 44 The input-file SOIL.INP: data for examplass on dry sand

CHEMPAR.INP

Filename: CHEMPAR.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>chedef: ----------------- definition of chemical s
2 I optcxfa: langmuir

1 I'ncxfa: 1 equilibrium sorption site

3 I optexsl: freundlich

3 I'ncxsl: 3 non equilibrium sorption site
0 I 'optpr: non equilibrium precipitation

- Option of equilibrium sorption: Langmuir.

- Number of sites for equilibrium sorption: 1.

- Option for non equilibrium sorption: Freundlich.
- Number of sites for non equilibrium sorption: 3.
- Option for precipitation model: Instantaneous.

>chesor: ----------------- sorption variables -----

1 I optcxho: sorpt

0.0 5.167E-6 300.0 0.0 0.0 !pacxfaho(1-5,1
0.300 I parkd(1)

0.0 0.0 0.0 11.870E-6 0.5357 ! pacxslho(1-5,1
1.17550 0.011755 I recfads(1), re

0.0 0.0 0.0 4.667E-6 0.1995 ! pacxslho(1-5,2
0.03340 0.000334 I recfads(2), re

0.0 0.0 0.0 9.711E-6 0.2604 ! pacxslho(1-5,3
0.00144 0.0000144 ! recfads(3), re

- Option for input of sorption parameters per horiz

the parameters PACXFAHO - RECFDESHO are given for
- In this example the following parameters for each

were used:

- Linear sorption coefficient =0.0 [m3 m-3]: du
Langmuir maximum sorption amount=5.167E-6 [kg
Langmuir sorption coefficient = 300.0 [m3 kg-1]
Freundlich sorption constant = 0.0 [-]: dummy
Freundlich sorption exponent = 0.0 [-]: dummy

- Langmuir desorption coefficient = 0.30 [d-1]
- In this example the following parameters for the
site were used:

- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount= 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 11.870E-6 [-]
Freundlich sorption exponent = 0.5357 [-]

- First order rate constant of adsorption for the
non equilibrium sorption site  =1.1755 [d-1]

First order rate constant of desorption for the
non equilibrium sorption site = 0.011755 [d-1]

t 5617 grassland on dry sand)

ion parameters for w
)

)

cfdes(1)

)

cfdes(2)

)

cfdes(3)

on:

whole soil profile.
equilibrium sorption site

mmy value
m-3]

value
value

first non equilibrium sorption

first

first
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- In this example the following parameters for the
site were used:

- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount= 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 4.667E-6 [-]
Freundlich sorption exponent =0.1995 []

- First order rate constant of adsorption for the
non equilibrium sorption site = 0.0334 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.000334 [d-1]

- In this example the following parameters for the
site were used:

- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount= 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 9.711E-6 []
Freundlich sorption exponent =0.2604 []

- First order rate constant of adsorption for the
non equilibrium sorption site = 0.00144 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.0000144 [d-1]

>chepre: ----------------- precipitation variables
0.01 !recfpr

- First order rate constant for kinetic precipitati
>chebuf: -----------=----- buffer concentration ---

0 ! optcobu : cobuho calculated in subr. IN

0.05 !cobuho(1)
- Option for input of buffer concentration:

variable COBUHO is determined with pH\Ceq relatio
- Buffer concentration for phosphorus in solution:

Data were derived by Schoumans (1995).

second non equilibrium sorption

second

second

third non equilibrium sorption

third
third

ICALC_P with given pH

n.
0.05 [kg m-3]

Figure 45 The input-file CHEMPAR.INP: data for exalengrass on dry sand
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BOUNDARY.INP

Filename: BOUNDARY.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>optibc:

- Runon and irrigation concentration data are not g

>topbou:

0.00.00.00.00.0 0.00.00.00.00.0 0.00.0
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0
53.704201 54.190201 53.625702 51.967400 54.494202

40.801601 39.877899 39.574001 37.735600 35.389999

13.078400 15.278400 13.798200 13.325000 12.128800
13.065600 11.944300 11.910400 11.768000 11.232700
10.655800 10.185600 10.869700 11.375100 10.083000

o
© 9o
o o

© 9o
o

Coocoo0000
o

clfololeololofe]

- Concentrations of precipitation of NH4-N,NO3-N an
0.0 kg m-3 for each year.
In the STONE project the N precipitation is added
The P deposition is assumed zero

- Atmospheric dry deposition of NH4-N

- Atmospheric dry deposition of NO3-N

- Concentrations of NH4-N, NO3-N and PO4-P in runon

- Concentration of dissolved organic matter, dissol
and dissolved organic phosphorus in runon are set
Not relevant for this field because runon does no

- Concentration of NH4-N, NO3-N and PO4-P in irriga

- Concentration of dissolved organic matter, dissol
and dissolved organic phosphorus in irrigation ar

>latbou:
2.0E-04 9.0E-03
0.0
0.00.0
0.0

- Concentration of infiltrating drain water:
- NH4-N: 2.0E-04 mg.|-1
NO3-N: 9.0E-03 mg.I-1
-PO4-P: 0.0 mg.l-1
-DOM :0.0 mg.l-1

DON :0.0 mg.l-1
-DOP :0.0 mg.l-1
>botbou:

2.01E-03 1.00E-04
3.20E-04

4.90E-04 5.00E-05
1.30E-04

- Concentration of incoming seepage water across lo
- NH4-N: 2.01E-03 mg.I-1
NO3-N: 1.00E-04 mg.I-1
- PO4-P: 3.20E-04 mg.I-1
- DOM : 4.90E-04 mg.l-1
DON : 5.00E-05 mg.I-1
- DOP : 1.30E-04 mg.l-1

t 5617 grassland on dry sand)

iven per time step

0.00.00.0
0.00.00.0
0.00.00.0

d PO4-P are all setto

to the dry deposition.

are set to 0.0.

ved organic nitrogen
to 0.0.

t occur in this case.
tion is set to 0.0.
ved organic nitrogen
e setto 0.0.

wer boundary:

Figure 46 The input-file BOUNDARY.INP: data for exale grass on dry sand
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INITIAL.INP

Filename: INITIAL.INP
Content: Input for ANIMO-version 4.0 (Case STONE pl

>moistf:
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0

- Moisture fractions of the compartments 1 to NL at
In this case, dummy values have been used, becaus

>ammoni:
1.913780E-03 0.

4.077826E-03 4.186617E-03 4.015842E-03 3.078037E-0
1.346492E-03 8.781241E-04 4.054563E-04 9.127618E-0
8.527628E-06 4.038795E-05 3.873700E-05 3.108114E-0
2.570811E-05 2.659096E-05 2.889878E-05 2.974590E-0
3.367369E-05 6.640128E-05

0
1

- Concentrations of NH4-N in the top layer and comp
layer is the addition reservoir and layer 0 the |

>nitrat:
6.050786E-04 0.0
4.712529E-03 2.699141E-02 4.351960E-02 5.843322E-0
9.674020E-02 9.614293E-02 7.854205E-02 4.395880E-0
1.432275E-02 1.171905E-02 1.553989E-02 2.007706E-0
2.311376E-02 2.093454E-02 1.776071E-02 1.571320E-0
1.634177E-02 7.724794E-03

- Concentrations of NO3-N in the top layer and comp
layer is the addition reservoir and layer 0 the |

>orgexu:
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0

- Exudate content of compartments 1 to NL. The amou
as 0.0 kg m-2. Low amounts of exudates and high dec

>humexu:
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0

- Amount of humus from exudates present in compartm
are the main organic components in the model ANIM
OS is the fresh organic matter; HUEX and HUOS tog
OS decomposes with rates RECFAV (1-NF), HUEX and

=

«Q
—h
0

73597E 01 6.760752E-01 0.0 0.0 0.0

0.0 0.0 1.417068E-06 4.761470E-04

7206E-04 1.194561E-02

.050985E-01 3.297904E-01 0.0 0.0 0.0

0.00.00.00.00.0 0.0 4.353453E-07

8E-04 2.444376E-02

07E-02 1.664120E-01 0.0 0.0 0.0
.00.00. 00001692085E07

19

orQon

OOOOOOOOOOOOOOOO@OOG’)OO\IOO@ONG’)OOI\)ONS
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404906
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OOOOOOOOOOOOOOOOI'HOOITlOOITlOOITl
0000000000000 00O0booboobood

.0 1.568110E-04
59452E-07 1.008

1.
. 0
. 0
1.18

w

-04

w

. 0 2.751088E-04
. 0 93780E-07 2.177
34

w

-04

a

.399731E-04
7E-07 3.983

Jd
oo w

[efelolofoXoYoloo oo oRoRoXe e RR0N

B

7
4 i,
2.340 -
0
0
3.477 -

o

-04

a

DOO000000000000OOROOWOONOONOOOOCOWO0Y
OO0 O0O000O0O0O0OOO0OOOROOEPOO0O0o

e X=l=t==1=t=T=T=1=t=T==I=r=r=It=t=rX=r=l k= l=ul=I=Tut=T=T-X=X=)
coooocoooooocoococooco8ocolocohoolon
0000000000000 XORCOLOOYODC
cocoocoooooococococooooNMNooNocoNooMN¢
0000000000000 00O0 NO NO RO

0
0.
0.00.
0.00. A4
0.00. .0
0.0 0. 3
0.00. .0
0.00. .6
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0
0.00. .0

pact B N @
coocoocooooooooocoocofooBooPo

Ooooooooo000000OOMOOMOOmMOoOMmo
coooooo0o0o0o0000000boobo0ob00b0

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

0000000000000 00
OO0 0000000000000
Ooo0O0O0OOOOOOOOOOO
CO00000000000000
Oooo0oO0OOOOOOOOOOO
COCOOOOO00000000

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ot 5617 grassland on dry sand)

0.00.00.0 0.00.00.00.00.0 0.00.0

the beginning of a time step.
e hydrology is simulated by Swap.

3 2.050338E-03
51.125775E-05
52.722103E-05
5 2.843840E-05
artments 0 to NL (where the top
ayer reserved for ponding).

2 8.295610E-02
2 2.374819E-02
2 2.268844E-02
2 1.848977E-02

artments 0 to NL (where the top

ayer reserved for ponding).
0.00.00.0 0.00.00.00.00.0 0.00.0

nt of exudates present has been estimated
omposition rates make this acceptable.
0.00.00.0 0.00.00.00.00.0 0.00.0
ents 1 to NL. HUEX, HUOS and OS
)

ether form humus.
HUQOS both decompose with the rate RECFHUAV.

0.0 9.993884E-05

E-03 7.964306E-02 2.398658E-07 7.189233E-05
0.0 3.039262E-04

932E-04

0.0 1.652941E-04

223E-

043E-04

266E-04

178E-04
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
00.00.00.00.00.00.00.00.00.0
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- Amount of fresh organic matter present in compart
fractions 1 to NF.

>humorg:
4.028112 5.305423 2.576244 2.274299 3.799537
4.324667 1.871970 2.035145 1.583405 2.614442E-01
2.615069E-01 4.037206E-01 4.252166E-01 4.490052E-
6.118910E-01 7.648602E-01 7.648568E-01 1.529709 3
3.059349 6.118546

- Amount of humus from fresh organic matter and dis
present in compartments 1 to NL (see parameter HU

>orgsol:

4.500471E-04 0.0

8.566487E-02 3.016644E-01 4.024669E-01 4.525610E-0
3.883454E-01 3.052644E-01 1.686199E-01 4.658310E-0
7.438120E-03 3.306386E-02 3.165982E-02 2.261519E-0
1.230996E-02 1.011027E-02 9.231618E-03 8.347221E-0
4.573976E-03 4.402461E-03

3.150329E-05 0.0

2.791058E-03 1.147351E-02 1.623531E-02 1.874647E-0
1.411627E-02 1.055368E-02 5.533607E-03 1.441769E-0
2.131549E-04 9.328811E-04 8.938797E-04 6.550463E-0
3.898016E-04 3.204215E-04 2.854772E-04 2.492066E-0
1.172992E-04 9.952265E-05

- Concentration of dissolved organic matter (includ
and LN=0).
Concentration of dissolved organic nitrogen (incl
and LN=0).

>orgpla:
0.0 0.0 7.789475E-02
7.752563E-03

- Amount of shoots, roots, initial nitrogen uptake

>inipho:

1
9.316226E-05 0.0
5.316515E-03 3.370383E-03 2.457369E-03 8.927803E-0
6.682907E-04 2.116918E-04 1.047376E-04 7.527688E-0
5.104463E-05 5.051320E-05 5.020099E-05 5.005639E-0
5.000006E-05 5.000005E-05 5.000003E-05 5.000008E-0
5.000002E-05 5.000002E-05
0.0
2.949519E-01 2.419830E-01 2.076699E-01 1.046792E-0
8.067902E-02 2.660921E-02 1.201683E-02 7.415422E-0
1.709024E-02 1.691497E-02 1.681197E-02 1.663431E-0
1.661587E-02 1.661587E-02 1.661586E-02 1.674569E-0
1.674567E-02 1.674567E-02
0.0
6.816266E-02 5.236152E-02 4.495618E-02 2.640714E-0
2.210152E-02 1.099921E-02 6.682823E-03 4.767804E-0
1.306953E-02 1.299586E-02 1.295271E-02 1.283246E-0
1.282472E-02 1.282472E-02 1.282472E-02 1.292492E-0
1.292491E-02 1.292491E-02
0.0
1.556269E-01 1.392143E-01 1.328550E-01 1.098856E-0
1.014649E-01 7.431408E-02 5.721311E-02 4.561953E-0
1.424998E-01 1.422060E-01 1.420282E-01 1.408453E-0
1.408125E-01 1.408125E-01 1.408125E-01 1.419126E-0
1.419126E-01 1.419126E-01
0.0
2.266673E-01 1.956284E-01 1.831197E-01 1.434874E-0
1.332639E-01 9.070075E-02 6.753276E-02 5.302756E-0
1.623847E-01 1.619779E-01 1.617202E-01 1.603466E-0
1.603004E-01 1.603004E-01 1.603004E-01 1.615528E-0
1.615528E-01 1.615528E-01
0.0
0.00.00.00.00.00.00.00.00.00.00.00.00.
3.150330E-06 0.0
2.835821E-04 1.137443E-03 1.603593E-03 1.849774E-0
1.392401E-03 1.036619E-03 5.409959E-04 1.404658E-0

2.187343E-05 9.647953E-05 9.223593E-05 6.722599E-0
3.950463E-05 3.254917E-05 2.925985E-05 2.600533E-0
1.310658E-05 1.173645E-05

- INPO = 1: variables COPO, AMCXFA, AMCXSL and AMPO
- Concentration of phosphorus in liquid phase in th
compartments O to NL.
- Adsorbed equilibrium mass concentration of phosph
given for equilibrium sites 1-NCXFA (1) and compa
- Adsorbed non equilibrium mass concentration of ph

ments 1 to NL for

01 4.589171E-01
.059373

solved organic matter
EX).

4.520594E-01
8.560599E-03
1.627992E-02
5.

1
2
2
3 5.837438E-03

2 1.798950E-02
3 2.516047E-04
4 4.943704E-04
4 1.654044E-04

ing addition reservoir

uding addition reservoir

and initial phosphorus uptake.

3.514737E-04
5.217563E-05
5.000020E-05
5.000005E-05

gaoap

.923197E-02
.746308E-02
.661591E-02
.674568E-02

PREA

.672202E-02
.322318E-02
.282474E-02
.292492E-02

PRRR

1 9.522010E-02
2 1.431225E-01
11.408126E-01
11.419126E-01

11.190923E-01
2 1.632636E-01
1 1.603004E-01
11.615528E-01

00.00.00.00.00.00.00.00.00.0

3 1.773220E-03
4 2.447276E-05
5 5.037028E-05
5 1.773651E-05

PR are given.
e top layer and

orus in the soil system;
rtments O-NL.
osphorus in the soil system;
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given for non equilibrium sites 1-NCXSL (3) and ¢ ompartments 0-NL.

- Precipitated mass concentration of phosphorus in the soil system;
given for model compartments O-NL.
- Concentration of dissolved organic phosphorus in liquid phase in the top layer

and compartments 0 to NL.

Figure 47 The input-file INITIAL.INP: data for exathe grass on dry sand

MANAGMENT.INP

Filename: MANAGEMENT.INP

Content: Input for ANIMO-version 4.0 (Case STONE pl ot 5617 grassland on dry sand)
>kicrop:
5555555555 55555
- Kind of crop grown each year is external crop (gr ass).
Crop has been defined in the input-file PLANT.INP .
>|sunit:
3.393.253.06 3.11 3.29 3.36 3.253.154.28 3.0 52.98 2.65 2.84 2.49 2.37

- Number of livestock units per hectare per year.
>matvar:
43

- Material composition varies in time and is based on given OM, N and P fractions.
- 4 materials with variable compositions
3 organic fractions with variable compositions

>add001:

5.0

3

11833.794300.0

0.06250 0.0012898 0.0 0.0005170
0.0 0.4182595 0.5817405
0.2091297 0.0

11.761300.0

6250 0.0019670 0.0 0.0016381
0.8588688 0.1411311
0.4294344 0.0

64.983 30 0.0

6250 0.0014858 0.0 0.0015704
0.6903281 0.3096719

0.

0

.0
8
.0
.0
.0
5
.0
.0
.00.3451641 0.0

0
2
0
0
0
3
0
0
0
1

5.

- At day number 5 (05-Jan-1986) the first addition takes place.
- 3 materials are added this time step
- Number of the first added material 1 is cattle s lurry.
(defined in the file MATERIAL.INP.)
Quantity of material added is 1833.794 kg ha-1.

The cattle slurry is added to the first 3 compar tments of the soil profile.
No ploughing.
In this case, 0% of the mineral part of the catt le slurry volatilizes.

- The organic matter content is 0.06250
The mineral NH4-N content is 0.0012898
The mineral NO3-N content is 0.0
The mineral P content is 0.0005170

- The mass fractions in the solid organic part of the cattle slurry are:
0.0 0.4182595 0.5817405
The dissolved mass fractions in the solid organi ¢ part of the cattle slurry are:
0.0 0.2091297 0.0
- Number of the second added material 2 is pig slu ry.
Quantity of material added is 811.761 kg ha-1.
The pig slurry is added to the first 3 compartme nts of the soil profile.
No ploughing.
In this case, 0% of the mineral part of the pig slurry volatilizes.

- The organic matter content is 0.06250
The mineral NH4-N content is 0.0019670
The mineral NO3-N content is 0.0
The mineral P content is 0.0016381

- The mass fractions in the solid organic part of the pig slurry are:
0.0 0.8588688 0.1411311
The dissolved mass fractions in the solid organi ¢ part of the pig slurry are:
0.0 0.4294344 0.0
- Number of the third added material 3 is poultry slurry.
Quantity of material added is 564.983 kg ha-1.
The poultry slurry is added to the first 3 compa rtments of the soil profile.
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No ploughing.
In this case, 0% of the mineral part of the poul
- The organic matter content is 0.06250
The mineral NH4-N content is 0.0014858
The mineral NO3-N content is 0.0
The mineral P content is 0.0015704
- The mass fractions in the solid organic part of
0.0 0.6903281 0.3096719
The dissolved mass fractions in the solid organi
0.0 0.3451641 0.0
- Time of next addition is day humber 15 (15-Jan-19

>add002:

3

11833.794300.0

0.06250 0.0012898 0.0 0.0005170
0.0 0.4182595 0.5817405
0.2091297 0.0

11.761300.0

6250 0.0019670 0.0 0.0016381
0.8588688 0.1411311
0.4294344 0.0

64.983 30 0.0

6250 0.0014858 0.0 0.0015704
0.6903281 0.3096719

0.

.0
8
.0
.0
.0
5
.0
.0
.0 0.3451641 0.0

0
2
0
0
0
3
0
0
0
2

5.0
-and so on...

>add003:

etc.... etc....

>add405:

1

41265.743000.0

0.06250 0.0036045 0.0 0.0005695
0.0 0.3689562 0.6310437
0.00.1844781 0.0

9999.9

try slurry volatilizes.

the poultry slurry are:
¢ part of the poultry slurry are:

86).

Figure 48 The input-file MANAGEMENT.INP: data foaeple grass on dry sand

CROP_EXT.INP

nishmi  nishma niromi niroma pos

0.2181E-01 0.2352E-01 0.2181E-01 0.2352E-01 0.2270E
year-mo-da,Ntotuptake,Ptotuptake,DMcressurf,N-cress
1986-01-01,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-01-02,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-01-03,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-02-01,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-02-02,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-02-03,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-03-01,0.0000E+00,0.0000E+00,5.2589E+01,1.2314E
1986-03-02,0.0000E+00,0.0000E+00,1.1505E+02,2.6939E
1986-03-03,0.0000E+00,0.0000E+00,1.4275E+02,3.3425E
1986-04-01,7.5519E+00,7.3459E-01,1.4546E+02,3.4061E
etc.... etc....
2000-10-01,2.0218E+01,2.0505E+00,2.4841E+02,5.5791E
2000-10-02,1.1284E+01,1.1444E+00,2.3407E+02,5.2569E
2000-10-03,0.0000E+00,0.0000E+00,2.3998E+02,5.3897E
2000-11-01,0.0000E+00,0.0000E+00,2.0183E+02,4.5328E
2000-11-02,0.0000E+00,0.0000E+00,1.8621E+02,4.1820E
2000-11-03,0.0000E+00,0.0000E+00,1.7081E+02,3.8362E
2000-12-01,0.0000E+00,0.0000E+00,1.5482E+02,3.4770E
2000-12-02,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
2000-12-03,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E

- Minimum nitrogen fraction in shoots is 0.2181E-01
Maximum nitrogen fraction in shoots is 0.2352E-01
Minimum nitrogen fraction in roots is 0.2181E-01
Maximum nitrogen fraction in roots is 0.2352E-01
Minimum phosphor fraction in shoots is 0.2270E-02
Maximum phosphor fraction in shoots is 0.2270E-02
Minimum phosphor fraction in roots is 0.2270E-02
Maximum phosphor fraction in roots is 0.2270E-02

Dynamic part of the input file

- Date is given in Year Month and decade number (1-
and no Crop losses take place. From the seventh d

matter, nitrogen and phosphorus of shoots and roo
From the tenth decade there is some nitrogen and
- This applies to every year.

hmi  poshma poromi poroma

-02 0.2270E-02 0.2270E-02 0.2270E-02

urf,P-cressurf, DMcresbott,N-cresbott,P-cresbott
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,1.1939E-01,7.8883E+01,1.8471E+00,1.7909E-01
+00,2.6120E-01,1.7258E+02,4.0409E+00,3.9179E-01
+00,3.2408E-01,2.1412E+02,5.0138E+00,4.8612E-01
+00,3.3024E-01,2.1820E+02,5.1091E+00,4.9536E-01

+00,5.6397E-01,3.7262E+02,8.3687E+00,8.4595E-01
+00,5.3140E-01,3.5110E+02,7.8854E+00,7.9710E-01
+00,5.4482E-01,3.5997E+02,8.0846E+00,8.1723E-01
+00,4.5821E-01,3.0274E+02,6.7993E+00,6.8731E-01
+00,4.2274E-01,2.7931E+02,6.2730E+00,6.3411E-01
+00,3.8778E-01,2.5621E+02,5.7543E+00,5.8167E-01
+00,3.5148E-01,2.3223E+02,5.2155E+00,5.2722E-01
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00

3) The first 6 decades no N or P uptake
ecade there are crop losses of organic

ts until the 34th decade.

phosphorus uptake until the 29th decade.

Figure 49 The input-file CROP_EXT.INP: data for exde grass on dry sand
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4.4.2 Results

Case grass on dry sand Plot 5617: grass on a sarsyl

NO3 concentration in first meter of groundwater

mg/l

100 200 300 400 500 600 700
]

0
|

1986 1988 1990 1992 1994 1996 1998 2000
Groundwater level

-0.5

-1.0

-1.5

-2.0

1986 1988 1990 1992 1994 1996 1998 2000
Figure 50 Simulated groundwater level and NfOncentrations at first meter of groundwater lefeglgrass on
dry sand
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Cumulated mineral P accumulation

kg/ha
400 600 800
| | |

200
|

1986 1988 1990 1992 1994 1996 1998 2000
Cumulated organic P accumulation

25

kg/ha

10
|

1986 1988 1990 1992 1994 1996 1998 2000
Figure 51 Simulated cumulated mineral P accumuitatiad cumulated organic P accumulation from thetsta

of the simulation period (01-01-1986) for grassdmy sand
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4.4.3 Balances

This section presents the content of water, orgauaitter, nitrogen and phosphorus of the grassyn dr

sand case. The presentation of these balancelsiesad with the following procedure:

- With output options in the input file GENERAL.INPhe output files BAWA//.OUT,
BANH//.OUT, BANI//.OUT, BANO//.OUT, BAPO//.OUT an@APP//.OUT are created.

- Besides the BA* files, balance table files are wdaWith the output options in the input file
GENERAL.INP, the balance table files Ani_wa//.ohi_n//.out and Ani_p//.out are created.

At the position // a character string of 2 posifanust be given to identify the set of the outplesf
with mass balances, balance tables and organicsforamations (see Chapter 3: input file
GENERAL.INP).

Balances are created for each balance period.
This section gives only some balance table foptréod 1-1-2000 to 31-12-2000.

Water, nitrogen and phosphorus balance of the grassn dry sand case (Case STONE plot 5617)
Soil profile GP: 0.00 - 13.00 m below soil surface

Output file Ani_waGP.bal:

Water balance (mm); profile top -13.00m-ss; pe riod 365-1999/ 366-2000
Input: | Output:
Rainfall 905.6 | Intercep tion 105.5
Snowfall 10.7 | Snow sub limation 0.3
Irrigation 0.0 | Pond eva poration 0.0

| Soil eva poration 103.8

| Plant ev aporation 387.5
Runon 0.0 | Runoff_P r 0.0
Inundation 0.0 | Runoff_L 0 0.0

| Runoff_L 1 0.0
Infiltration from: | Drainage to:
- 3rd order 0.0|-3rdor der 8.5
- 2nd order 0.0|-2nd or der 4.6
- 1st order 0.1|-1stor der 6.2
Bottom upw flux 0.0 | Bottom d ownw flux 256.2
Total input 916.4 | Total ou tput 872.6
Storage change snow layer (+ = increase) 2.7
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) 41.1
Balance deviation 0.0
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Output file Ani_nGP.bal:

Nitrogen (kg/ha); profile top -13.00m-ss; pe

riod 365-1999/ 366-2000

Input: Org-N Nh4-N No3-N | Output: Org-N Nh4-N No3-N
Deposition dry 355 10.1|
Deposition wet 0.0 0.0]

Additions 174.8 350.4 164.8 | Volatiliz
Redistrib 0.0 0.0 0.0]|Redistrib
Crop residues 354.8 0.0 0.0]|Crop upta
Exudates 0.0

Incorporation 128.3 | Gross min
Nett mineral. 551.9 | Immobiliz
Nitrification 628.9 | Nitrifica

| Denitrifi
Irrigation 0.0 0.0 0.0|Runoff_Pr
Runon 0.0 0.0 0.0]|Runoff_LO
Inundation 0.0 0.0 0.0]

| Runoff_L1
Infiltration from: | Discharge

- 3rd order 0.0 0.0 0.0]|-3rdord

- 2nd order 0.0 0.0 0.0]-2ndord

- 1st order 0.0 0.0 0.0]|-1stord

Bottom upw flux 0.0 0.0 0.0 | Bot downw
+

Total input  657.9 937.8 803.8 | Total out

ation 0.0
0.0 0.0 0.0
ke 310.1 4354
eral. 680.2
ation 0.0
tion 628.9
cation 528.9
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
to:

er 0.1 0.0 4.2
er 0.0 0.0 20
er 00 00 14
flux 0.7 0.3 10.9

put 681.0 939.2 982.8

Final.present solid/complex
Init.present solid/complex

Storage change solid/complex (+ = increase)

162715 5.0
16293.2 6.0
-21.7 -1.0

Final.present solution
Init.present solution

Storage change solution (+ = increase)

23.1 4.8 11131
245 5.2 12920

-1.4 -0.4 -179.0

Input-Output
Balance deviation

-23.1 -1.5 -179.0
0.0 0.0 0.0
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Output file Ani_pGP.bal:

Phosphorus (kg/ha);

profile top -13.00m-ss; pe

riod 365-1999/ 366-2000

INPUT: ORG-P PO4-P | OUTPUT: ORG-P PO4-P
Deposition wet 0.00 |
Additions 17.48 56.77 |
Redistrib 0.00 0.00 | Redistrib 0.00 0.00
Crop residues 35.87 | Crop upta ke 75.18
Exudates 0.00 |
Incorporation 16.03 | Gross min eral. 71.74
Net mineral. 55.70 | Immobiliz ation 0.00
Irrigation 0.00 0.00 | Runoff_Pr 0.00 0.00
Runon 0.00 0.00 | Runoff_LO 0.00 0.00
Inundation 0.00 0.00|

| Runoff_L1 0.00 0.00
Infiltration from: | Discharge to:
- 3rd order 0.00 0.00] - 3rd ord er 0.01 o0.01
- 2nd order 0.00 0.00]-2nd ord er 0.00 0.00
- 1st order 0.00 0.00]- 1stord er 0.00 0.00
Bottom Upw flux 0.00 0.00 | Bottom do wnw flux 0.07 0.13

+
Total input 69.38 112.47 | Total out put 71.82 75.32
Final.present solid/complex 2021.3 43698.0
precipitated 0.0
Init.present solid/complex 2023.6 43661.2
precipitated 0.0

Storage change solid/complex/precipitated -2.33 36.84
Final.present solution 232 7.55
Init.present solution 243 7.27
Storage change solution -0.11 0.28
Input-Output -2.44 37.15
Balance deviation 0.00 0.02
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4.5 STONE: grassland on a peat soll
A short description of the STONE model is descrilvesection 4.4.
In this example a field with grassland on peatim iKrimpenerwaard in the Netherland is picked out.

The main characteristics of this field plot are:
- soil is classified as Koopveen soil;
- different fertilization levels;
- land use is grazing grassland;
- a high groundwater level.

Manure-additions were given as different kindslafrg with for every addition its own nitrogen and
phosphorus fraction and artificial fertilizer.

In section 4.5.2 some results of the ANIMO modeltfas case are presented.

In section 4.5.3 the water and mass balances aen gis they should be produced by the model
ANIMO 4.0.

For more detailed information about the model irgré also section 4.1.

Alterra Report 224 - 2006 135



4.5.1 Input files

GENERAL.INP

Filename: GENERAL.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>simopt:
21110

- Hydrological parameters were simulated with the

- The carbon, nitrogen and phosphorus cycle are s

- Aeration calculation by SONICG concept

- Crop uptake simulated by QUAD-MOD (external cro
- Simulation without macro pores

>simtim:
1986 0.0 2000 366.0

- 15 years are simulated: the period 1 1 1986 th

>outscr:
0 - Simulation-stage is not written to screen.

>outbal:
3 - 3 balance series
TP - The character string ‘TP’ is given (total

1011 - Output of balances written to files BAWA

022 BANIRP.OUT, BANORP.OUT, BAPPRP.OUT and BA
-1 - Compartment 0 is the addition-reservoir on

'GP’ system. The bottom of compartment 22 is at

1011 soil surface (defined by hydrological si

022 The balances are made up for 0-13 meter b

1 - Each simulated time step balance terms are
365.0 - The character string ‘GP’ is given

'RP' - Output of balances written to files BAWAGP
1011 BANIGP.OUT and BANOGP.OUT.

06 - Compartment 0 is the addition-reservoir on
1 soil system. The bottom of compartment 22 i
365.0  below the soil surface. The balances are

meter below the soil surface.

- Each simulated year one reset at the last day
year (365 or 366 for a leap year); this reset
writing of balance-terms to files and initial
balance terms at zero.

- The character string ‘RP’ is given (root zone

- Output of balances written to files BAWARP.OU
BANIRP.OUT and BANORP.OUT

- Compartment 0 is the addition-reservoir on to
soil system. The bottom of compartment 6 is a
below the soil surface (root zone). The balan
up for 0-0.50 meter below the soil surface.

- Each simulated year 1 reset at day number 365
includes writing of balance-terms to files an
all balance terms at zero.

tsel:

0110000000000

000 0000000000 0000001
T

Vv
orry

u
0
0
0
- The files Nitrate.out, Phosphat.out, Solu-Por.ou
are created and filled with simulation results.

>outtot:
0110
- At the time step 10 detailed output is written t
Animolntermediate.OUT.

t 3320 grassland on peat)

model SWAP.
imulated.

p module)

rough 31 12 2000.

profile)
RP.OUT, BANHRP.OUT,
PORP.OUT.
top of the model soil
13 meter below the
mulations).
elow the soil surface.
written.

.OUT, BANHGP.OUT,

top of the model
s at 13 meter
made up for 0-22

number of the
includes
izing all

)
T, BANHRP.OUT,

p of the model
t 0.50 meter
ces are made

; this reset
d initializing

t, Pw-P.out and Discharge.out

o output-file

Figure 52 The input-file GENERAL.INP: data for exgengrass on peat
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MATERIAL.INP

Filename: GENERAL.INP
Content: Input for ANIMO-version 4.0 (Case STONE pl

>defmat; ----------------- definition of materials
14

0.0 0.0 0.0 0.0 0.0 00 1.0 1.0 1.0 1.
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.

- 14 materials are defined (4 different types of an
fertilizer, 2 different types of root material, 3
1 type of grassland shoot material, 1 type of sho
1 type of roots of external crop.) The animal man
in the management.inp file
- Fractions of organic matter, NH4-N and NO3-N are

material nr 1 = cattle slurry;

material nr 2 = pig slurry;

material nr 3 = poultry slurry;

material nr 4 = meadow manure;

material nr 5 = N-fertilizer;

material nr 6 = P-fertilizer;

material nr 7 = roots of non-grassland;

material nr 8 = roots of grassland;

material nr 9 = organic matter in the subsoil;
material nr 10 = organic matter in eutrophic peat;
material nr 11 = organic matter in mesotrophic pea
material nr 12 = shoots of grassland;

material nr 13 = shoots of external crop

material nr 14 = roots of external crop

>orgmat;: ----------------- definition of organic fr
22

0.00 0.82 0.180.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.09 0.91 0.00 0.0 0.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.06 0.52 0.42 0.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.00 0.74 0.26 0.0 0.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.0

0.0 0.0 0.0 0505 0.00.00.00.00.0 0.0
0.0 0.0 0.0 0.00.0 0.00.00.00.50.5 0.0
0.0 0.0 0.0 0.00.0 1.00.00.00.00.0 0.0
0.0 0.0 0.0 0.00.0 0.00.00.00.00.0 0.33
0.0 0.0 0.0 0.00.0 0.00.0 0.0 0.0 0.0

0.0 0.0 0.0
0.00.0 0.00.80.20.00.0

o 9 o
o © o

0.00.0 0.00.00.00.00.0

'OO
2080
0o

0.00.0 0.00.00.00.00.0

o

N
[é)]
N
o

S50 S
COOO0O0O0O000O0 00002020
OO0 DD0DDODHvAROOOOD

oooo

oooo

oooo ©°

ocooooooooooooolol
coooboboboooooooo
cocoocoocococoopoYoura
00000000 LPLLO0O
O0co00Oo0O0O0OO0OORPOCO
o000 2202
Oo0o0O0O0OO0COO0OP000O
Ooooo0o0000O2202
o000 O0O0DOO2LO2O
Ococoo0oo0o0O0O0O0PCC0o
00000000 LLLOo
Oo0co00Oo0O0O0OO0ORPOCO
o000 2202
Oo0o0O0O0O0CO0O0OP000O
Ooooooo00002202
Ococoo0oo0o0O0O0OPCoO
00000000 LLLOo
D000 LLLOo
0000000000222

CO00000000
0000000000

I
a
=}

- The organic part of each material consists of fra
decomposition rate and its own nitrogen content.

- Based on a different decomposition rate one can d
material, each fraction having its specific decom

ot 3320 grassland on peat)

01.01.01.01.0
0 0.0 0.00.00.0
0 0.0 0.00.00.0

imal manure, 2 inorganic
type of organic matter,
ots of external crop and
ure materials are defined

given in the management.inp file.

actions -------------
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.67 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.330.670.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.25 0.250.250.25 0.0

0 0.0 0.0 0.0 0.0 0.25

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

leYeYoYoYoYoootoRoYoRo oY)
0000000000000 o
Oooooooooboooboo o
[elefolofofolofofofoYo oY oY)
cooooooooooooo 2
oocoooooooooooo ©
CO000000000000
coboobobobooboboobboo
COO00O0O000000000
cooooooooooooo
OCOO0O00000000000
Ooocoooooooooo0o
CO000000000000
Ocoboboboobboobobooboo
COO0O00O000000000
coooooooobooooo
COO0O00O000000000
cooooooooooooo
OCOO000000000000
Ooocoooooooooo0o

ctions; each fraction has it own

istinguish different fraction in each
position rate and nitrogen content.
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- Material 1-4: Decomposition rates and nitrogen c
- Material 5: Inorganic N-fertilizer: 100% mineral
- Material 6: Inorganic P-fertilizer: 100% mineral
- Material 7 and 8: 50% of the roots are slowly de
- Material 9: No further division into fractions.
- Material 10 and 11: Calibrated with measured lys
1985).
- Material 13 and 14: Dummy values must be given t
where. In the subroutine Root_extern, the fracti
- Part of the fractions of the organic part of the
- Material 1-4:
- Fraction 1: 100% dissolved organic matter.
- Fraction 2: Half is defined as fresh organic ma
is defined as dissolved organic matter.
- Fraction 3: 100% fresh organic matter.
- Material 5-14: No dissolved parts.

The meaning of the organic fractions can be summari

organic fraction nr 1 = soluble, rapidly decompo
organic fraction nr 2 = partly soluble, rapidly
organic fraction nr 3 = solid, slowly decomposin
organic fraction nr 4 = rapidly decomposing part
organic fraction nr 5 = slowly decomposing part
organic fraction nr 6 = very slowly decomposing
organic fraction nr 7 = rapidly decomposing part
organic fraction nr 8 = slowly decomposing part
organic fraction nr 9 = rapidly decomposing part
organic fraction nr 10= slowly decomposing part
organic fraction nr 11= slowly decomposing, high
organic fraction nr 12= rapidly decomposing, low
organic fraction nr 13= slowly decomposing, meso
organic fraction nr 14= rapidly decomposing, mes
organic fraction nr 15= dummy value for part of
organic fraction nr 16= dummy value for part of
organic fraction nr 17= dummy value for part of
organic fraction nr 18= dummy value for part of
organic fraction nr 19= dummy value for part of
organic fraction nr 20= dummy value for part of
organic fraction nr 21= dummy value for part of
organic fraction nr 22= dummy value for part of

- Humus fraction of the fresh organic matter does n
but decomposes directly into humus.

>orgdec: ----------------- definition of rates ----
.25 0.250.250.250.25 0.25
.10 0.100.10

oo

- Assimilation factor of 0.10 for the manure fracti
(Groenendijk et al., 2004) and 0.25 for the fract
This parameter indicates the fraction of the deco
or exudates that can be converted to humus/biomas

- Assimilation efficiency of dissolved organic matt
and of humus/biomass and exudates all of 0.25.

- Reduction factor of 50% for microbiological trans
situations.

- First order average decomposition rate for the or

- Fractions 1-3: Fractions used for material nr 1-
Model-verification resulted in a calibration of
for fraction 2 and 3 (fraction 1 has a dummy val
goes fully into solution).
- Fraction 4-5 and 9-10: Fractions used for materi
- Fraction 6,11-14: Fraction used for organic mate
- Fraction 7-8: Fraction used for shoots of grassl
- Fraction 15-22: Fractions used for material nr 1

- First order average decomposition rate for dissol
Berghuijs-van Dijk et al. (1985) gives the value
lysimeter-experiments.

First order average decomposition rate for humus
First order average decomposition rate for exudat
Berghuijs-van Dijk et al. (1985): a high rate of
decomposition.

First order average nitrification rate. (Groenend

- First order average denitrification rate. A value
assumption: in 10 days no more than 50% of the pr

ontents of three fractions.

i:omposing and 50% are fastly decomposing
imeter-data (Berghuijs-van Dijk et al.,

o indicate which fraction decomposes
ons will be determined dynamically.
materials that goes into solution.

tter (OS) the other half

zed as followed:

sing part of slurry
decomposing part of slurry
g part of slurry

of non-grassland roots
of non-grassland roots
organic matter

of grassland shoots

of grassland shoots

of grassland roots

of grassland roots
N-content,eutrophic peat
N-content,eutrophic peat
trophic peat

otrophic peat

shoots external crop
shoots external crop
shoots external crop
shoots external crop
roots external crop

roots external crop

roots external crop

roots external crop

ot pass the dissolved stage,

0.250.250.250.250.10

.001 0.0383 0.001 0.024

ons and crop residues of grassland
ions (Berghuijs-van Dijk et al., 1985).
mposable fresh organic matter

S.

er is 0.10 (Groenendijk et al., 2004)

formations under oxygen limited

ganic fractions.
4 (animal manure).
the decomposition-rates
ue since this fraction

al nr 7 and 8 (roots).

rial in subsoil.

and (material nr 12).

3 and 14, external crop.
ved organic matter.
of 30, which was derived from

of 0.01.
es.
365, because of rapid

ijk et al., 2004)
of 0.06 is based on the following
esent nitrate can be denitrified.
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>orgnit; ----------------- definition of N-contents

0.12 0.07 0.02 0.008 0.008 0.01 0.05 0.019 0.02 0
0.00.00.00.00.00.00.00.0

0.048 0.02

- Nitrogen fractions in organic matter.
- Fraction 1-3: Fractions used for material nr 1-4
- Fraction 4-5 and 9-10: Fractions used for materi
- Fraction 6,11-14: Fraction used for organic mate
- Fraction 7-8: Fractions used for material 12 (sh
- Fraction 15-22: Dummy fractions used for materia
- Maximal nitrogen fraction in humus. Value as give
It corresponds to a C/N ratio of 14 (the carbon ¢
to 0.58). This value 0.048 is added to the nitrog
Below the root zone the nitrogen fraction is calc
(See Soil.inp).
- Nitrogen fraction in exudates. Value as given by

>minpho; ----------=------ definition of mineral P
0.00.00.00.00.0 1.00.00.00.00.0 0.00.0

- Material nr 1-4: mineral phosphorus is defined in
- Material 5 and 7-14: contains no mineral phosphor
- Material 6: inorganic P-fertilizer contains 100%

>0rgpho: ------------=---- definition of organic P

0.012 0.007 0.002 0.001 0.001 0.00125 4.430E-03 3
0.0001 0.0006 0.0001 0.0006 0.00.00.00.00.00
0.006 0.0025

- Phosphorus fractions in organic matter. Derived f
Related to nitrogen fractions (1:10).

- Maximal phosphorus fraction in humus. Derived fro

- Phosphorus fraction in exudates; like POFR relate

>sonicg:
0.3 0.001 0.90

- The nitrate-N concentration for which the MM-func
the optimal value is 0.3

- Multiplication factor for org. transformations at
is set to 0.001 (Groenendijk et al., 2004).

- The critical value of water filled pore space for
response on organic transformation to lower value

>sonic2:
0.6

- The critical value of water filled pore space in
original water response on organic transformation

.0076 0.043 0.028 0.020 0.019

(animal manure).

al nr 7 and 8 (roots).

rial in subsoil.

oots grassland).

I nr 13 and 14 (external crop).
n by Berghuijs-van Dijk et al. (1985).
ontent of the material has been assumed
en fraction in the root zone layers.
ulated from the given C/N ratio * 0.58

Berghuijs-van Dijk et al. (1985).

the management.inp file.
us.
mineral phosphorus.

fractions -----------
.068E-03 3.163E-03 1.786E-03
.00.00.0

rom literature.

m literature. Related to NIFRHUMA (1:8).

d to organic-N (1:8).

tion takes a value half of
complete anaerobic conditions

adjustment of original water
sissetto 0.9

sandy soils for adjustment of
to lower values is set to 0.6

Figure 53 The input-file MATERIAL.INP: data for exple grass on peat
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PLANT.INP

Filename: PLANT.INP

Content:Input for ANIMO-version 4.0 (Case STONE plo

>cropdt:
1

- One crop is defined in this file.

>crop01:

5

1314

2

1. 1.

1. 1.

2

0. 366.
0.50 0.50
0. 366. 0.0 260.0 30.0 0.1300 0.12
38.04.0

Plant parameters for grass with use of an external

- Crop number 5 is defined as external crop (grass)

- Shoot material is 13 and root material is 14 for
(see input-file MATERIAL.INP).

- Number of data given for the amount of roots (NUA
These data are used to simulate the decomposition
For a realistic simulation the values should corr
applied in the hydrological model.

- Array with Julian day numbers versus amount of ro

- Number of data given for the root length (NULNRO)

- Array with Julian day numbers versus length of ro

- Growing period during whole year.

Areic mass of tubers harvested.
Dummy values for the rest of the parameters. Thes
because crop growth is determined in the external

t 3320 grassland on peat)

50 200.0 5.0 1.0

cropmodule (QUAD-MOD):
external crop

MRO).

of root material.

espond to the values

ots.

ots.

e parameters are not used
crop module QUAD-MOD.

Figure 54 The input-file PLANT.INP: data for exampglkass on peat
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SOIL.INP

Filename: SOIL.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>profil:
12
0.020.2
0.2 0.25
0.5000

- Twelve soil horizons were distinguished.

- The thickness of the top of the soil compartment
the thickness of the reservoir for additions to t

- The fraction of runoff passing the surface reserv
and for passing the first soil layer is set to 0.

- The depth of the initial root zone is 0.50 m.

>tempar:
0.01726 0.05184
9.0 9.0 3.7721

- Frequency of the early temperature wave; used in
Used in sinus model: 2.0*3.14/365 = 0.01726.
Thermal diffusivity; used in sinus and Fourier mo
Huet (1982) gives this value (0.05184 m2 d-1 = 0.

- Amplitude of yearly temperature wave (9 oC).
Average yearly temperature (9 oC) at soil surface
Phase shift (3.7721 rad) of sinus wave.

>sophy1:

03 15

03 15

03 15

03 15

03 15

03 15

03 15

03 15

03 15

03 15

03 15

03 15

0.0667 0.0667 0.0667 0.0667 0.0293 0.0293 0.
0.0293 0.0293

588.0 593.0 580.0 454.0 243.0 229.0 2

1100.0 1000.0

12.0 12.0 12.0 12.0 12.0 15.0 15.0 15.0 15
74826.0 74826.0 74826.0 74826.0 74826.0 74826
74826.0 74826.0 74826.0

74826.0 74826.0 74826.0 74826.0 74826.0 74826
74826.0 74826.0 74826.0

- Dummy values should be given, because aeration is

concept.

- Saturated conductivity of the root zone, for hori

- Dry bulk density for each horizon.

- C/N-ratio for each horizon. (C/N-ratio for the ro
because the nitrogen fraction of humus for the ro
maximum nitrogen fraction of humus.)

- Coefficient temperature response for organic and
transformations by Arrhenius per horizon.

>sochem:

5.47 5.47 5.47 5.38 5.38 5.21 5.13 5.21 5
2.5693E-03 2.5607E-03 2.7542E-03 3.1043E-03 3.5443
1.9996E-03
1.9700E-03 2.6747E-03 2.0025E-03 4.5225E-03

- pH-H20 for each horizon.
- Values for the distribution coefficient for ammon
amounts of NH4-N in the soil solution. Values are

t 3320 grassland on peat)

is set to 0.02 m;

he soil system is set to 0.2 m.
oiris setto 0.2

25.

sinus and Fourier model.

del.
006 cm2 sec-1).

. Used in sinus model.

0293 0.0293 0.0293 0.0293
21.0 224.0 222.0 400.0

.0 30.0 30.0 30.0
.0 74826.0 74826.0 74826.0

.0 74826.0 74826.0 74826.0

calculated by the SONICG-
zons 1to 12.

ot zone are dummy’s,
ot zone are set to the

dissolved organic

.21 521 521 5.21
E-03 1.9345E-03 2.0786E-03

ium. The ratio between the
given for each horizon.

Alterra Report 224 - 2006

141




>soalfe:

1

453.0 446.0 391.0 387.0 328.0 276.0
290.0 177.0

- Sum of Al and Fe per horizon is specified.

>nisand:
00000000OO0OOO

- Whole profile is not sandy

237.0 194.0 113.0 78.0

Figure 55 The input-file SOIL.INP: data for exampglass on peat

CHEMPAR.INP

Filename: CHEMPAR.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>chedef: ----------------- definition of chemical s
2 I optexfa: langmuir

1 I ncxfa: 1 equilibrium sorption site

3 I optexsl: freundlich

3 I'ncxsl: 3 non equilibrium sorption site
0 I optpr: non equilibrium precipitation

- Option of equilibrium sorption: Langmuir.

- Number of sites for equilibrium sorption: 1.

- Option for non equilibrium sorption: Freundlich.
- Number of sites for non equilibrium sorption: 3.
- Option for precipitation model: Instantaneous.

>chesor: ----------------- sorption variables -----

2 I optcxho: sorpt

0.0 4.743E-6 300.0 0.0 0.0 !pacxfaho(1-5,1
0.300 I parkd(1)

0.0 0.0 0.0 11.353E-6 0.5357 ! pacxslho(1-5,1
1.17550 0.011755 I recfads(1,1),
0.0 0.0 0.0 4.463E-6 0.1995 ! pacxslho(1-5,2
0.03340 0.000334 I recfads(2,1),
0.0 0.0 0.0 9.287E-6 0.2604 ! pacxslho(1-5,3
0.00144 0.0000144 ! recfads(3,1),

- Option for input of sorption parameters per horiz
the parameters PACXFAHO - RECFDESHO are given per
- In this example the following parameters for the
for each equilibrium sorption site were used:
- Linear sorption coefficient =0.0 [m3 m-3]: du
Langmuir maximum sorption amount = 4.743E-6 [kg
Langmuir sorption coefficient = 300.0 [m3 kg-1]

Freundlich sorption constant = 0.0 [-]: dummy
Freundlich sorption exponent = 0.0 [-]: dummy
- Langmuir desorption coefficient = 0.30 [d-1]

- In this example the following parameters for the
for the first non equilibrium sorption site were
- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount = 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 11.353E-6 [-]
Freundlich sorption exponent = 0.5357 [-]
- First order rate constant of adsorption for the
non equilibrium sorption site = 1.1755 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.011755 [d-1]
- In this example the following parameters for the
for the second non equilibrium sorption site were
- Linear sorption coefficient =0.0 [m3 m-3]
Langmuir maximum sorption amount = 0.0 [kg m-3]
Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 4.463E-6 [-]

t 3320 grassland on peat)

ion parameters for w
1)

1)
recfdes(1,1)
1

’recfdes(z,l)
1
recfdes(3,1)

on:
soil profile.
first soil profile

mmy value
m-3]

value
value

first soil profile
used:

first
first

first soil profile
used:
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Freundlich sorption exponent =0.1995 []
- First order rate constant of adsorption for the
non equilibrium sorption site = 0.0334 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.000334 [d-1]
- In this example the following parameters for the
for the third non equilibrium sorption site were
- Linear sorption coefficient =0.0 [m3 m-3]

Langmuir maximum sorption amount = 0.0 [kg m-3]

Langmuir sorption coefficient = 0.0 [m3 kg-1]
Freundlich sorption constant = 9.287E-6 [-]
Freundlich sorption exponent =0.2604 []

- First order rate constant of adsorption for the
non equilibrium sorption site = 0.00144 [d-1]
First order rate constant of desorption for the
non equilibrium sorption site = 0.0000144 [d-1]

>chepre; ----------------- precipitation variables
0.01 !recfpr

- First order rate constant for kinetic precipitati
>chebuf: ----------------- buffer concentration ---

0 ! optcobu : cobuho calculated in subr. IN

0.05 !cobuho(1)
- Option for input of buffer concentration:

variable COBUHO is determined with pH\Ceq relatio
- Buffer concentration for phosphorus in solution:

Data were derived by Schoumans (1995).

second
second

first soil profile
used:

third
third

ICALC_P with given pH

n.
0.05 [kg m-3]

Figure 56 The input-file CHEMPAR.INP: data for exgimgrass on peat
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BOUNDARY.INP

Filename: BOUNDARY.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>optibc:

- Runon and irrigation concentration data are not g

>topbou:

0.00.00.00.00.0 0.00.00.00.00.0 0.00.0
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0
31.080200 30.709101 29.990200 27.513300 27.977100

21.379900 21.466101 23.251200 20.671400 19.179001

13.638500 15.564500 14.241800 13.651800 12.654200
13.319800 12.721400 12.518500 12.268600 11.607800
11.232300 10.891400 11.708500 12.486600 10.967700

- Concentrations of precipitation of NH4-N,NO3-N an
0.0 kg m-3 for each year.
In the STONE project the N precipitation is added
The P deposition is assumed zero

- Atmospheric dry deposition of NH4-N

- Atmospheric dry deposition of NO3-N

- Concentrations of NH4-N, NO3-N and PO4-P in runon

- Concentration of dissolved organic matter, dissol
and dissolved organic phosphorus in runon are set
Not relevant for this field because runon does no

- Concentration of NH4-N, NO3-N and PO4-P in irriga

- Concentration of dissolved organic matter, dissol
and dissolved organic phosphorus in irrigation ar

>latbou:

2.0E-04 1.0E-03
0.0

0.00.0

0.0

- Concentration of infiltrating drain water:
- NH4-N: 2.0E-04 mg.|-1
NO3-N: 1.0E-03 mg.I-1
-PO4-P: 0.0 mg.l-1
-DOM :0.0 mg.l-1

DON :0.0 mg.l-1
-DOP :0.0 mg.l-1
>botbou:
2.100E-03 1.100E-04
1.450E-03
1.529E-02 1.530E-03
5.800E-04

- Concentration of incoming seepage water across lo
- NH4-N: 2.100E-03 mg.I-1
NO3-N: 1.100E-04 mg.I-1
- PO4-P: 1.450E-03 mg.l-1
- DOM : 1.529E-02 mg.l-1
DON : 1.530E-03 mg.I-1
- DOP :5.800E-04 mg.I-1

t 3320 grassland on peat)

iven per time step

0.00.00.0
0.00.00.0
0.00.00.0

d PO4-P are all setto

to the dry deposition.

are set to 0.0.

ved organic nitrogen
to 0.0.

t occur in this case.
tion is set to 0.0.
ved organic nitrogen
e setto 0.0.

wer boundary:

Figure 57 The input-file BOUNDARY.INP: data for exale grass on peat
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INITIAL.INP

Filename: INITIAL.INP
Content: Input for ANIMO-version 4.0 (Case STONE pl

>moistf:
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0

- Moisture fractions of the compartments 1 to NL at
In this case, dummy values have been used, becaus

>ammoni:
0.0 5.547087E-04

1.100803E-05 1.275490E-05 1.411693E-05 8.339303E-0
5.478376E-04 4.844239E-04 4.086554E-04 4.103297E-0
5.821328E-04 8.000684E-04 9.541871E-04 1.062197E-0
1.102189E-03 1.081200E-03 9.772346E-04 6.564818E-0

5.784747E-04 5.721172E-04

- Concentrations of NH4-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

>nitrat:
0.0 3.349183E-04

2.766365E-06 1.323477E-06 1.085585E-06 3.304929E-0
1.071404E-08 1.117167E-05 1.045890E-05 1.733300E-0
3.996995E-06 7.472140E-07 4.284232E-07 1.404357E-0
1.365374E-07 1.507923E-07 1.713475E-07 6.131649E-0

5.547704E-07 5.744288E-07

- Concentrations of NO3-N in the top layer and comp
(where the top layer is the addition reservoir an
for ponding).

>orgexu:
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0

- Exudate content of compartments 1 to NL. The amou
estimated as 0.0 kg m-2. Low amounts of exudates
make this acceptable.

>humexu:
0.00.00.00.00.0 0.00.00.00.00.0 0.00.0

- Amount of humus from exudates present in compartm
are the main organic components in the model ANIM
OS is the fresh organic matter; HUEX and HUOS tog

OS decomposes with rates RECFAV (1-NF), HUEX and

>orgfsh:

0.0 2.358716E-01 6.592316E-01 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 1.290127E-06 8.067369E-03 1.096491
1.644801E-03 1.946784E-02

0.0 1.230810E-01 3.872746E-01 0.0 0.0 0.0 0.0 0.0
0.00.00.00.00.00.00.00.05.573918E-07 4.191
4.123782E-03 4.610532E-02

0.0 7.010307E-02 1.918872E-01 0.0 0.0 0.0 0.0 0.0
0.00.00.00.00.00.00.0 0.0 4.627064E-07 4.139
3.354919E-03 2.861882E-02
0.00.00.00.00.00.00.0 0.0 1.039497E-05 7.657
0.0 0.0 5.412370E-03 1.035805E-02 0.0 0.0 0.0 0.0
6.516229E-03 3.828691E-02
0.00.00.00.00.00.00.0 0.0 1.654891E-03 2.148
0.00.01.431167E-01 2.785644E-01 0.0 0.0 0.0 0.0
2.775421E-02 1.026912E-01
0.00.00.00.00.00.00.00.0 3.707870E-02 5.700
0.0 0.0 1.763525 3.514352 0.0 0.0 0.0 0.0 1.495818
1.201296E-01 3.056787E-01
0.00.00.00.00.00.00.00.00.00.0

0.0 0.0 5.080425 10.294492 0.00.00.00.00.00.0
0.00.0

0.00.00.00.00.00.00.00.00.00.0

0.0 0.0 7.453300 15.123678 0.0 0.00.00.00.0 0.0
0.00.0

0.00.00.00.00.00.00.00.00.00.0

0.0 0.0 12.622924 25.613863 0.0 0.00.00.00.00
0.00.0

0.00.00.00.00.00.00.00.00.00.0

0.0 0.0 25.087919 50.908108 0.00.00.00.00.00
0.00.0

0.00.00.00.00.00.00.00.00.00.0

0.0 0.0 25.087751 50.908421 0.00.00.00.00.00
0.00.0

ot 3320 grassland on peat)

0.00.00.0 0.00.00.00.00.0 0.00.0

the beginning of a time step.
e hydrology is simulated by Swap.

6 1.517577E-06
4 4.693786E-04
3 1.099092E-03
4 5.968120E-04

artments O to NL
d layer O the layer reserved

1.795678E-07
8.874953E-06
1.294495E-07
7.

7
5
7
7 7.162676E-07

artments O to NL
d layer O the layer reserved

0.00.00.0 0.00.00.00.00.0 0.00.0

nt of exudates present has been
and high decomposition rates

0.00.00.0 0.00.00.00.00.0 0.00.0
ents 1 to NL. HUEX, HUOS and OS
(0]

ether form humus.

HUQOS both decompose with the rate RECFHUAV.

9.550825E-17 5.976113E-03
E-02 1.297903E-01 2.211260E-07 1.210185E-03

1.781211E-12 2.786353E-02
435E-03

8.626724E-09 3.518486E-02
078E-03

097E-02
3.358440E-06 9.262479E-03

169E-01
6.455237E-04 4.924422E-02

932E-01
E-02 3.261035E-01
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- Amount of fresh organic matter present in compart
fractions 1 to NF.

>humorg:
9.733728 18.205458 9.874711 9.591879
15.022933  6.680018E-03 2.221097E-03 2.714380E
3.827426E-03 5.694905E-03 5.653525E-03 1.077113E
1.401236E-02 1.710976E-02 1.658407E-02 1.514545E
2.652076E-02 5.053340E-02

- Amount of humus from fresh organic matter and dis
present in compartments 1 to NL (see parameter HU

>orgsol:

0.0 2.434567E-04

1.885666E-01 3.181480E-01 3.809234E-01 4.088758E-0
5.111651E-01 3.681957E-01 1.876476E-01 8.346540E-0
4.170250E-02 5.049011E-02 6.136516E-02 7.616466E-0
9.006719E-02 8.968873E-02 8.180702E-02 5.936896E-0
4.171501E-02 3.949091E-02

0.0 1.704197E-05

5.797061E-03 1.183298E-02 1.487627E-02 1.514261E-0
1.214511E-02 8.226237E-03 4.008864E-03 1.736316E-0
8.212425E-04 9.683089E-04 1.167204E-03 1.446370E-0
1.711385E-03 1.704942E-03 1.555543E-03 1.129085E-0
7.934225E-04 7.511225E-04

- Concentration of dissolved organic matter (includ
and LN=0).
Concentration of dissolved organic nitrogen (incl
and LN=0).

>orgpla:
0.0 0.0 5.794437E-02
6.161097E-03

- Amount of shoots, roots, initial nitrogen uptake
initial phosphorus uptake.

>inipho:
1

0.0 6.880528E-05

4.136029E-04 9.284689E-05 8.342874E-05 2.963357E-0
5.457216E-04 3.011331E-04 2.775160E-04 2.697496E-0
2.852537E-04 2.987433E-04 2.993987E-04 2.999428E-0
2.999397E-04 2.999436E-04 2.999392E-04 2.998801E-0
2.998829E-04 2.998845E-04

0.0

1.394556E-01 3.399381E-02 2.626388E-02 7.343132E-0
5.816128E-02 3.309446E-02 2.546978E-02 1.879975E-0
2.461960E-02 2.568809E-02 2.573980E-02 2.636117E-0
2.636092E-01 2.636124E-01 2.636089E-01 1.462393E-0
1.462405E-01 1.462412E-01

0.0
0.0
0.0
0.0
0.0
0.0
0.0

ments 1 to NL for

11.963309
-03 3.971666E-03
-02 1.067009E-02
-02 2.819960E-02

solved organic matter
EX).

1 4.551322E-01
2 4.869701E-02
2 8.523354E-02
2 4.623097E-02

2 1.325852E-02
3 9.905960E-04
31.618781E-03
3 8.793021E-04

ing addition reservoir

uding addition reservoir

and

5 2.131307E-05
4 2.749723E-04
4 2.999410E-04
4 2.998772E-04

3 2.276192E-03
2 2.379985E-02
12.636103E-01
1 1.462380E-01
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0.0

4.660360E-02 2.080502E-02 1.683531E-02 7.476289E-0
1.027308E-02 3.311371E-03 2.630110E-03 4.971510E-0
6.371085E-04 6.530654E-04 6.538233E-04 6.691425E-0
6.691389E-03 6.691435E-03 6.691383E-03 3.712381E-0
3.712401E-03 3.712412E-03

0.0

2.564558E-01 1.847766E-01 1.553478E-01 9.784879E-0
5.049469E-02 1.987207E-02 1.626173E-02 3.112228E-0
3.907317E-03 3.937258E-03 3.938508E-03 4.028191E-0
4.028181E-02 4.028191E-02 4.028181E-02 2.234977E-0
2.234980E-02 2.234984E-02

0.0

3.100234E-01 2.167820E-01 1.845370E-01 1.390441E-0
6.592380E-02 2.518860E-02 2.087096E-02 4.011097E-0
4.997035E-03 5.003857E-03 5.004238E-03 5.116542E-0
5.116542E-02 5.116542E-02 5.116542E-02 2.838959E-0
838959E-02 2.838959E-02

.00.00.00.00.00.00.0
.00.00.00.00.00.00.0

12535E-04 1.147312E-03 1.452475E-03 1.479045E-0
12011E-03 8.481737E-04 4.257934E-04 1.788589E-0
5.629019E-05 4.944213E-05 4.890591E-05 5.299804E-0
5.571078E-05 5.408380E-05 4.873614E-05 3.514114E-0
2.461084E-05 2.329745E-05

2.
0.0
0.0
0.0
0.0
0.0
5.5
1.2

- INPO = 1: variables COPO, AMCXFA, AMCXSL and AMPO

- Concentration of phosphorus in liquid phase in th
compartments O to NL.

- Adsorbed equilibrium mass concentration of phosph
given for equilibrium sites 1-NCXFA (1) and compa

- Adsorbed non equilibrium mass concentration of ph
given for non equilibrium sites 1-NCXSL (3) and ¢

- Precipitated mass concentration of phosphorus in
given for model compartments 0-NL.

- Concentration of dissolved organic phosphorus in
and compartments 0 to NL.

3 2.841016E-03
46.247171E-04
3 6.691405E-03
3 3.712362E-03
2 4.347984E-02
3 3.883461E-03
2 4.028186E-02
2 2.234969E-02

6.213863E-02
4.991652E-03
5.116542E-02
2

1
3
2
2 2.838959E-02

31.287532E-03
4.8.772911E-05
5 5.515905E-05
5 2.728798E-05
PR are given.

e top layer and

orus in the soil system;
rtments O-NL.

osphorus in the soil system;
ompartments O-NL.

the soil system;

liquid phase in the top layer

Figure 58 The input-file INITIAL.INP: data for exate grass on peat

MANAGMENT.INP

Filename: MANAGEMENT.INP
Content:Input for ANIMO-version 4.0 (Case STONE plo

>kicrop:
55555 55555 55555

- Kind of crop grown each year is external crop (gr
Crop has been defined in the input-file PLANT.INP

>|sunit:
1.891.76 1.70 1.66 1.67 1.67 1.64 1.63 2.02 1.55

- Number of livestock units per hectare per year.

>matvar:
1
43

- Material composition varies in time and is based
- 4 materials with variable compositions
3 organic fractions with variable compositions

>add001:

56.0

2

1 4663.803 3 0 0.000000

0.0625000 0.0012839 0.0000000 0.0005210
0.0000000 0.4114043 0.5885956
0.0000000 0.2057022 0.0000000

6 1.637 0 0O 0.000000

66.0

- At day number 56 (25-Feb-1986) the first addition
- 3 materials are added this time step

t 3320 grassland on peat)

ass).

1.511.421.501.411.38

on given OM, N and P fractions.

takes place.
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- Number of the first added material 1 is cattle s
(defined in the file MATERIAL.INP.)
Quantity of material added is 4663.803 kg ha-1.
The cattle slurry is added to the first 3 compar
No ploughing.
In this case, 0% of the mineral part of the catt

- The organic matter content is 0.0625000
The mineral NH4-N content is 0.0012898
The mineral NO3-N content is 0.0000000
The mineral P content is 0.0005170

- The mass fractions in the solid organic part of
0.0000000 0.4114043 0.5885956
The dissolved mass fractions in the solid organi
are:
0.0000000 0.2057022 0.0000000

- Number of the second added material 6 is P-ferti
Quantity of material added is 1.637 kg ha-1.
The P-fertilizer is added to the top compartment
No ploughing.
0% of the mineral part of the P-fertilizer volat

- Time of next addition is day number 66 (7-Mar-198

>add002:
3

1 4663.803 3 0 0.000000

0.0625000 0.0012839 0.0000000 0.0005210
0.0000000 0.4114043 0.5885956
0.0000000 0.2057022 0.0000000

5 29.282 0 0 0.000000

6 1.637 0 0O 0.000000

76.0

- and so on

>add003:

etc... etc...
>add372:

1

4 676.932 0 0 0.000000

0.0625000 0.0048572 0.0000000 0.0006725
0.0000000 0.6362010 0.3637990
0.0000000 0.3181005 0.0000000

9999.9

lurry.

tments of the soil profile.

le slurry volatilizes.

the cattle slurry are:

¢ part of the cattle slurry

lizer.
s of the soil profile.

ilizes.
6).

Figure 59 The input-file MANAGEMENT.INP: data foraeple grass on peat
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CROP_EXT.INP

nishmi  nishma niromi niroma pos

0.1845E-01 0.2362E-01 0.1845E-01 0.2362E-01 0.2270E
year-mo-da,Ntotuptake,Ptotuptake, DMcressurf,N-cress
1986-01-01,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-01-02,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-01-03,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-02-01,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-02-02,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-02-03,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
1986-03-01,0.0000E+00,0.0000E+00,4.4452E+01,1.0333E
1986-03-02,0.0000E+00,0.0000E+00,9.7249E+01,2.2607E
1986-03-03,0.0000E+00,0.0000E+00,1.2066E+02,2.8049E
1986-04-01,6.3371E+00,6.2093E-01,1.2296E+02,2.8583E
etc.... etc....
2000-10-01,1.8737E+01,2.2860E+00,2.7694E+02,5.1710E
2000-10-02,1.0458E+01,1.2759E+00,2.6094E+02,4.8724E
2000-10-03,0.0000E+00,0.0000E+00,2.6753E+02,4.9955E
2000-11-01,0.0000E+00,0.0000E+00,2.2500E+02,4.2013E
2000-11-02,0.0000E+00,0.0000E+00,2.0759E+02,3.8761E
2000-11-03,0.0000E+00,0.0000E+00,1.9042E+02,3.5556E
2000-12-01,0.0000E+00,0.0000E+00,1.7259E+02,3.2227E
2000-12-02,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E
2000-12-03,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E

- Minimum nitrogen fraction in shoots is 0.1845E-01
Maximum nitrogen fraction in shoots is 0.2362E-01
Minimum nitrogen fraction in roots is 0.1845E-01
Maximum nitrogen fraction in roots is 0.2362E-01
Minimum phosphor fraction in shoots is 0.2270E-02
Maximum phosphor fraction in shoots is 0.2270E-02
Minimum phosphor fraction in roots is 0.2270E-02
Maximum phosphor fraction in roots is 0.2270E-02

Dynamic part of the input file

- Date is given in Year Month and decade number (1-
The first 6 decades no N or P uptake and no Crop
From the seventh decade there are crop losses of
of shoots and roots until the 34th decade.
From the tenth decade there is some nitrogen and

- This applies to every year.

hmi  poshma poromi poroma

-02 0.2270E-02 0.2270E-02 0.2270E-02

urf,P-cressurf, DMcresbott,N-cresbott,P-cresbott
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,1.0092E-01,6.6677E+01,1.5500E+00,1.5138E-01
+00,2.2078E-01,1.4587E+02,3.3910E+00,3.3117E-01
+00,2.7393E-01,1.8099E+02,4.2074E+00,4.1090E-01
+00,2.7914E-01,1.8443E+02,4.2874E+00,4.1872E-01

+00,6.2873E-01,4.1540E+02,7.7566E+00,9.4309E-01
+00,5.9242E-01,3.9142E+02,7.3086E+00,8.8863E-01
+00,6.0738E-01,4.0130E+02,7.4932E+00,9.1108E-01
+00,5.1082E-01,3.3750E+02,6.3019E+00,7.6623E-01
+00,4.7128E-01,3.1138E+02,5.8142E+00,7.0692E-01
+00,4.3231E-01,2.8563E+02,5.3334E+00,6.4847E-01
+00,3.9184E-01,2.5889E+02,4.8341E+00,5.8776E-01
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00
+00,0.0000E+00,0.0000E+00,0.0000E+00,0.0000E+00

3)
losses take place.
organic matter, nitrogen and phosphorus

phosphorus uptake until the 29th decade.

Figure 60 The input-file CROP_EXT.INP: data for exde grass on peat
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45.2 Results

Case grass on peat Plot 3320: grass on a peat soil

Water discharge,
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Figure 61 Simulated water discharge to surface watel organic matter, nitrogen and phosphorus lotws
surface water in a wet and dry period of the sirtialafor grass on peat
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Phosphorus concentration in first three compartments
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compartments of the field for grass on dry sand

Alterra Report 224 - 2006

151



C emission

— Simulfited

150
|

100
|

kmol/ha C

50

1994 1995 1996 1997
N emission

3.5
|

3.0

— Simulated N

kmol/ha N
15
|
I

1.0

0.5

LA

| | | |
1994 1995 1996 1997

0.0

Figure 63 Simulated carbondioxyde and nitrogen eiaisto the air in a wet and dry period of the Siation
for grass on peat

152 Alterra Report 224 - 2006



45.3 Balances

This section presents the content of water, orgauaitter, nitrogen and phosphorus of the grassyn dr

sand case. The presentation of these balanceliesad with the following procedure:

- With output options in the input file GENERAL.INPhe output files BAWA//.OUT,
BANH//.OUT, BANI//.OUT, BANO//.OUT, BAPO//.OUT an@APP//.OUT are created.

- Besides the BA* files, balance table files are wdaWith the output options in the input file
GENERAL.INP, the balance table files Ani_wa//.ofihi_n//.out and Ani_p//.out are created.

At the position // a character string of 2 posifanust be given to identify the set of the outplesf
with mass balances, balance tables and organicsforamations (see Chapter 3: input file
GENERAL.INP).

Balances are created for each balance period.
This section gives only some balance table foptrod 1-1-1995 to 31-12-1995.

Water, nitrogen and phosphorus balance of the grassn peat case (Case STONE plot 3320)
Soil profile GP: 0.00 - 13.00 m below soil surface

Output file Ani_waGP.bal:

Water balance (mm); profile top -13.00m-ss; pe riod 365-1994/ 365-1995
Input: | Output:
Rainfall 740.1 | Intercep tion 83.7
Snowfall 26.8 | Snow sub limation 0.5
Irrigation 0.0 | Pond eva poration 0.0

| Soil eva poration 103.2

| Plant ev aporation 393.3
Runon 0.0 | Runoff_P r 19.7
Inundation 0.0 | Runoff_L 0 3.7

| Runoff_L 1 1.2
Infiltration from: | Drainage to:
- 3rd order 1.0]-3rd or der 246.3
- 2nd order 165.5| - 2nd or der 91.7
- 1st order 61.8 |- 1stor der 32.4
Bottom upw flux 0.0 | Bottom d ownw flux 24.1
Total input 995.2 | Total ou tput 999.8
Storage change snow layer (+ = increase) 1.1
Storage change ponding layer (+ = increase) 0.0
Storage change soil moisture (+ = increase) -5.7
Balance deviation 0.0
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Output file Ani_nGP.bal:

Nitrogen (kg/ha); profile top -13.00m-ss; pe

riod 365-1994/ 365-1995

Org-N Nh4-N No3-N

Input: Org-N Nh4-N No3-N | Output:
Deposition dry 222 11.6|
Deposition wet 0.0 0.0]
Additions 175.8 279.1 92.1] Volatiliz
Redistrib 0.0 0.0 0.0]|Redistrib
Crop residues 401.4 0.0 0.0]|Crop upta
Exudates 0.0
Incorporation 158.6 | Gross min
Nett mineral. 608.3 | Immobiliz
Nitrification 244 .4 | Nitrifica

| Denitrifi
Irrigation 0.0 0.0 0.0|Runoff_Pr
Runon 0.0 0.0 0.0]|Runoff_LO
Inundation 0.0 0.0 0.0]

| Runoff_L1
Infiltration from: | Discharge
- 3rd order 0.0 0.0 0.0]|-3rdord
- 2nd order 0.0 03 1.7]|-2ndord
- 1st order 00 01 0.6]-1stord

Bottom upw flux 0.0 0.0 0.0 | Bot downw
+

735.8 910.0 350.5 | Total out

Total input

0.0
0.0 0.0
658.5 169.9

ation
0.0
ke

eral. 766.8
ation
tion
cation
0.0
0.2

0.0

244.4

173.4
0.0
0.3

0.0
0.8

0.2
to:
er

0.0 0.0
18.6
er 5.1
er 0.5
flux 0.2

1.4
0.3
0.2
0.1

6.0
0.5
0.0
0.0

put 791.6 905.9 350.1

Final.present solid/complex
Init.present solid/complex

1032379.9 325.2
1032437.1 322.0

Storage change solid/complex (+ = increase) -57.2 3.2
Final.present solution 165.2 80.2 0.4
Init.present solution 1639 79.2 03
Storage change solution (+ = increase) 1.4 10 0.1
Input-Output -55.8 42 04
Balance deviation 0.1 0.0 0.2
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Output file Ani_pGP.bal:

Phosphorus (kg/ha); profile top -13.00m-ss; pe

riod 365-1994/ 365-1995

INPUT: ORG-P PO4-P | OUTPUT: ORG-P PO4-P
Deposition wet 0.00 |
Additions 17.58 53.67 |
Redistrib 0.00 0.00 | Redistrib 0.00 0.00
Crop residues 44.10 | Crop upta ke 92.44
Exudates 0.00 |
Incorporation 19.82 | Gross min eral. 85.77
Net mineral. 65.95 | Immobiliz ation 0.00
Irrigation 0.00 0.00 | Runoff_Pr 0.00 0.00
Runon 0.00 0.00 | Runoff_LO 0.02 0.06
Inundation 0.00 0.00|

| Runoff_L1 0.02 0.01
Infiltration from: | Discharge to:
- 3rd order 0.00 0.00] - 3rd ord er 1.97 0.38
- 2nd order 0.00 0.00]-2nd ord er 0.56 0.26
- 1st order 0.00 0.00]- 1stord er 0.03 0.10
Bottom Upw flux 0.00 0.00 | Bottom do wnw flux 0.01 0.07

+
Total input 81.50 119.62 | Total out put 88.37 93.32
Final.present solid/complex 26982.5 27613.5
precipitated 0.0
Init.present solid/complex 26989.3 27587.3
precipitated 0.0

Storage change solid/complex/precipitated -6.84 26.25
Final.present solution 9.19 33.38
Init.present solution 9.22 33.32
Storage change solution -0.03 0.06
Input-Output -6.86 26.30
Balance deviation 0.00 -0.01
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Annex 1 The file PARAM.INC: maximum dimensions @&tnables

The file PARAM.INC is part of the FORTRAN extermdg¢pendencies of the source code of ANIMO
4.0. The content of this file defines the upperrmaries of the size of array variables.

I Param.inc

Integer ::  Maad, Makc, Manf, Manh, Manl, M

& Macx, Masp, Maba, Mase
maximum number of addit
Parameter (Maad = 10)
maximum kind of crops (
Parameter (Makc = 15)

anm, Many, Mapf, &
ions within one tstep

see function RINT !)

! maximum number of organ ic fractions
Parameter (Manf = 22)

! maximum number of horiz ons
Parameter (Manh = 15)

! maximum number of layer S
Parameter (Manl = 50)

! maximum number of mater ials

Parameter (Manm = 20)
maximum number of years
Parameter (Many = 20)
maximum number of data
soil building blocks/un
Wosten, 1987)
Parameter (Mapf = 100)
maximum number of fract
(fast or slow)
Parameter (Macx=3)
maximum number of sorpt

in pF-tables per
its (according to Staringreeks,

ions of complexes

ion parameters of

! all sorption formulatio ns
Parameter (Masp=5)
! maximum number of balan ce profiles

Parameter (Maba=10)
maximum number of time
Parameter (Mase=37)

series for output
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Annex 2 Description of the mass balances

ANIMO 4.0 has the ability to generate mass balanbeJable 16 to 22 a description of the mass
balances generated as output files by ANIMO 4.Qiven. The output files are optional (see also
Chapter 3: input file GENERAL.INP).

On the next pages, a description will be giverhef¢ontent of the following seven output files:
Table 16: water balance BAWA//.OUT
Table 17: organic matter balance BAOM//.OUT
Table 18: ammonium balance BANH//.OUT
Table 19: nitrate balance BANI//.OUT
Table 20: organic nitrogen balance BANO//.OUT
Table 21: phosphate balance BAPP//.QUT
Table 22: organic phosphorus balance BAPO//.OUT

At the position // a character string of 2 posifianust be given to identify the set of 7 outpudil
with mass balances (see Chapter 3: input file GENERIP)
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Table 16 Output from ANIMO: ---------- water balane---------

Balance terms

in mm accumulated for the balance period

For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1

YR
TITO
TIYR
WALET

WALEAV
BAWAST
BAWASTT
BAWAPN
BAWAPNT
BAWADV

number (identifier) of first record

year of simulation

Julian day number accumulated from the start of the simulation

Julian day number from the year of simulation

groundwater level (m below the soil surface) at the end of the time step

(If the groundwater level exceeds the bottom of the profile this value is set to the depth
of the bottom of the profile.)

groundwater level (m below the soil surface)

storage (mm) in the soil profile at the beginning of the balance period

= storage (mm) in the soil profile at the end of the balance period

ponding (mm) on top of the soil profile at the beginning of the balance period
ponding (mm) on top of the soil profile at the end of the balance period
deviation (mm) of water balance for the balance period and the balance profile

BAWADVCU= deviation (mm) of water balance; cumulative from the start of the simulation

Record 2 (balance input terms in mm):

R2
TITO
BAWATD

BAWAINFG
BAWAINFS
BAWAINFK
BAWASE

number (identifier) of second record

Julian day number accumulated from the start of the simulation
downward flux across the top boundary (dependent on balance profile:
precipitation, percolation or leakage)

infiltration from 3rd order drainage system (trenches, drain-pipes)
infiltration from 2nd order drainage system (ditches, small rivers)
infiltration from 1st order drainage system (canals, large rivers)
upward flux across the lower boundary (dependent on balance profile:
seepage or capillary rise)

Record 3 (balance output terms in mm):

R3
TITO
BAWATU

BAWAEI

BAWAES
BAWAET
BAWARU

number (identifier) of third record

Julian day number accumulated from the start of the simulation
upward flux across the top boundary (dependent on balance profile:
seepage or capillary rise)

interception-evaporation

soil-evaporation

transpiration

surface runoff

BAWADRFG= drainage towards 3rd order drainage system (trenches, drain-pipes)
BAWADRFS = drainage towards 2nd order drainage system (ditches, small rivers)
BAWADRFK = drainage towards 1st order drainage system (canals, large rivers)

BAWALE

downward flux across the lower boundary (dependent on balance profile:
percolation or leakage)

BAWAESMA= potential soil evaporation
BAWAETMA = potential plant evaporation
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Table 17 Output from ANIMO: ---------- Mass balan@feorganic matter ----------

Balance terms  : in kg ha™ organic matter accumulated for the balance period
For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1 = number (identifier) of first record

YR = year of simulation

TITO = Julian day number accumulated from the start of the simulation
TIYR = Julian day number from the year of simulation

BAOMSD = storage (kg ha™) of solid organic matter at the beginning of the time step
BAOMSDT = storage (kg ha™) of solid organic matter at the end of the time step

BAHUSD = storage (kg ha™) of solid humus at the beginning of the time step

BAHUSDT = storage (kg ha™) of solid humus at the end of the time step

BADOST = storage (kg ha™) of dissolved organic matter at the beginning of the time step
BADOSTT = storage (kg ha™) of dissolved organic matter at the end of the time step

BAOMDV = deviation (kg ha™) of org mat balance for the balance period and the balance profile
BAOMDVCU= deviation (kg ha™) of org mat balance; cumulative from the start of the simulation
BAHUDV = deviation (kg ha™) of humus balance for the balance period and the balance profile
BAHUDVCU = deviation (kg ha™) of humus balance; cumulative from the start of the simulation
BADODV = deviation (kg ha™) of dissolved organic matter balance for the balance period and

the balance profile
BADODVCU = deviation (kg ha™) of dissolved organic matter balance; cumulative from the start of
the simulation

Record 2 (balance input terms in kg ha™):

R2 = number (identifier) of second record
TITO = Julian day number accumulated from the start of the simulation
BADOTD = downward flux of dissolved organic matter across the top boundary

(dependent on balance profile: precipitation, percolation or leakage)
BAOMAD = additions of organic matter
BAHUAD = additions of humus
BADOAD = additions of dissolved organic matter

BAOMCR = crop residues of organic matter

BAOMEX = exudates of organic matter

BAHUFM = formation of humus

BADOFM = formation of dissolved organic matter

BADOINFG = infiltration of dissolved organic matter from 3rd order drainage system (trenches, drain-
pipes)

BADOINFS = infiltration of dissolved organic matter from 2nd order drainage system (ditches, small
rivers)

BADOINFK = infiltration of dissolved organic matter from 1st order drainage system (canals, large
rivers)

BADOSE = upward flux of dissolved organic matter across the lower boundary
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Record 3 (balance output terms in kg ha™ ):

R3 = number (identifier) of third record

TITO = Julian day number accumulated from the start of the simulation

BADOTU = upward flux of dissolved organic matter across the top boundary

(dependent on balance profile: seepage or capillary rise)

BADORU = surface runoff of dissolved organic matter

BAOMDI = dissociation of organic matter

BAHUDI = dissociation of humus

BADODI = dissociation of dissolved organic matter

BADODRFG = drainage of dissolved organic matter towards 3rd order drainage system (trenches,
drain-pipes)

BADODREFS = drainage of dissolved organic matter towards 2nd order drainage system (ditches, small
rivers)

BADODRFK = drainage of dissolved organic matter towards 1st order drainage system (canals, large
rivers)

BADOLE = downward flux of dissolved organic matter across the lower boundary

(dependent on balance-profile: percolation or leakage)
BAOMCO2 = dissimilation of organic matter
BAHUCO2 = dissimilation of humus
BADOCO2 = dissimilation of dissolved organic matter
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Table 18 Output from ANIMO: ---------- Mass balaneeNH4-N ----------

Balance terms  :in kg ha™ NH,-N accumulated for the balance period
For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1 = number (identifier) of first record

YR = year of simulation

TITO = Julian day number accumulated from the start of the simulation
TIYR = Julian day number from the year of simulation

BANHST = storage (kg ha™ NH,-N) in the soil solution at the beginning of the balance period

BANHSTT = storage (kg ha™ NH,-N) in the soil solution at the end of the balance period

BANHCX = storage (kg ha™ NH,-N) at the soil complex at the beginning of the balance period

BANHCXT = storage (kg ha™ NH,-N) at the soil complex at the end of the balance period

BANHDV = deviation (kg ha™ NH,-N) of NH,-N balance for the balance period and the balance
profile

BANHDVCU = deviation (kg ha™* NH,-N) of NH,-N-balance; cumulative from the start of the simulation

Record 2 (balance input terms in kg ha™ NH,-N):

R2 = number (identifier) of second record
TITO = Julian day number accumulated from the start of the simulation
BANHTD = downward flux across the top boundary (dependent on balance profile:

precipitation, percolation or leakage)
BANHINFG = infiltration from 3rd order drainage system (trenches, drain-pipes)
BANHINFS = infiltration from 2nd order drainage system (ditches, small rivers)
BANHINFK = infiltration from 1st order drainage system (canals, large rivers)

BANHSE = upward flux across the lower boundary (dependent on balance-profile:
seepage or capillary rise)
BANHMI = mineralization

BANHAD = additions
BANHCR = crop residues
BANHDD = dry deposition

Record 3 (balance output terms in kg ha™ NH,-N):

R3 = number (identifier) of third record
TITO = Julian day number accumulated from the start of the simulation
BANHTU = upward flux across the top boundary (dependent on balance profile:

seepage or capillary rise)
BANHUP = gross crop uptake
BANHRU = surface runoff
BANHDRFG = drainage towards 3rd order drainage system (trenches, drain-pipes)
BANHDRFS = drainage towards 2nd order drainage system (ditches, small rivers)
BANHDRFK = drainage towards 1st order drainage system (canals, large rivers)

BANHLE = downward flux across the lower boundary (dependent on balance profile:
percolation or leakage)
BANHIM = immobilisation

BANHNT = nitrification
BANHVO = volatilisation

Alterra Report 224 - 2006 165



Table 19 Output from ANIMO: ---------- Mass balanfeNO3-N ----------

Balance terms  : in kg ha™ NO;-N accumulated for the balance period
For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1 = number (identifier) of first record

YR = year of simulation

TITO = Julian day number accumulated from the start of the simulation

TIYR = Julian day number from the year of simulation

BANIST = storage (kg ha™ NOs-N) in the soil profile at the beginning of the balance period

BANISTT = storage (kg ha™ NOz-N) in the soil profile at the end of the balance period

BANIDV = deviation (kg ha™ NOs-N) of nitrate balance for the balance period and the balance
profile

BANIDVCU = deviation (kg ha™* NO3-N) of nitrate balance; cumulative from the start of the simulation

Record 2 (balance input terms in kg ha™ NO;-N):

R2 = number (identifier) of second record
TITO = Julian day number accumulated from the start of the simulation
BANITD = downward flux across the top boundary (dependent on balance profile:

precipitation, percolation or leakage)
BANIINFG = infiltration from 3rd order drainage system (trenches, drain-pipes)

BANIINFS = infiltration from 2nd order drainage system (ditches, small rivers)

BANIINFK = infiltration from 1st order drainage system (canals, large rivers)

BANISE = upward flux across the lower boundary (dependent on balance profile:
seepage or capillary rise)

BANINT = nitrification

BANIAD = additions

BANICR = crop residues

BANIDD = dry deposition

Record 3 (balance output terms in kg ha™ NOz-N):

R3 = number (identifier) of third record
TITO = Julian day number accumulated from the start of the simulation
BANITU = upward flux across the top boundary (dependent on balance profile:

seepage or capillary rise)
BANIUPCV = gross crop uptake by convection
BANIUPDF = gross crop uptake by diffusion
BANIRU = surface runoff
BANIDRFG = drainage towards 3rd order drainage system (trenches, drain-pipes)
BANIDRFS = drainage towards 2nd order drainage system (ditches, small rivers)
BANIDRFK = drainage towards 1st order drainage system (canals, large rivers)

BANILE = downward flux across the lower boundary (dependent on balance profile:
percolation or leakage)
BANIDE = denitrification

166 Alterra Report 224 - 2006



Table 20 Output from ANIMO: ---------- Mass balan@feorganic nitrogen ----------

Balance terms  :in kg ha™ N accumulated for the balance period
For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1 = number (identifier) of first record

YR = year of simulation

TITO = Julian day number accumulated from the start of the simulation
TIYR = Julian day number from the year of simulation

BANOST = storage (kg ha™ N) of dissolved organic matter at the beginning of the balance period
BANOSTT = storage (kg ha™ N) of dissolved organic matter at the end of the balance period
BANOSD = storage (kg ha™ N) of solid organic matter at the beginning of the balance period
BANOSDT = storage (kg ha™ N) of solid organic matter at the end of the balance period

BANODV = deviation (kg ha™ N) of org.-N balance for the balance period and the balance profile
BANODVCU = deviation (kg ha™ N) of organic-N balance; cumulative from the start of the simulation

Record 2 (balance input terms in kg ha™ N):

R2 = number (identifier) of second record
TITO = Julian day number accumulated from the start of the simulation
BANOTD = downward flux across the top boundary (dependent on balance profile:

precipitation, percolation or leakage)
BANOINFG = infiltration from 3rd order drainage system (trenches, drain-pipes)
BANOINFS = infiltration from 2nd order drainage system (ditches, small rivers)
BANOINFK = infiltration from 1st order drainage system (canals, large rivers)

BANOSE = upward flux across the lower boundary (dependent on balance profile:
seepage or capillary rise)
BANOIM = immobilisation

BANOAD = additions
BANOCR = crop residues
BANOEX = exudates

Record 3 (balance output terms in kg ha™ N):

R3 = number (identifier) of third record
TITO = Julian day number accumulated from the start of the simulation
BANOTU = upward flux across the top boundary (dependent on balance profile:

seepage or capillary rise)
BANORU = surface runoff
BANODRFG = drainage towards 3rd order drainage system (trenches, drain-pipes)
BANODREFS = drainage towards 2nd order drainage system (ditches, small rivers)
BANODRFK = drainage towards 1st order drainage system (canals, large rivers)

BANOLE = downward flux across the lower boundary (dependent on balance profile:
percolation or leakage)
BANOMI = mineralization
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Table 21 Output from ANIMO: ---------- Mass balanufePO4-P ----------

Balance terms  :in kg ha™ PO,-P accumulated for the balance period
For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1 = number (identifier) of first record

YR = year of simulation

TITO = Julian day number accumulated from the start of the simulation

TIYR = Julian day number from the year of simulation

BAPPST = storage (kg ha™ PO,-P) in the soil solution at the beginning of the balance period

BAPPSTT = storage (kg ha™ PO,-P) in the soil solution at the end of the balance period

BAPPCX = storage (kg ha™ PO,-P) at the soil complex at the beginning of the balance period

BAPPCXT = storage (kg ha™ PO,-P) at the soil complex at the end of the balance period

BAPPPR = storage (kg ha™ PO,-P) of precipitated P at the beginning of the balance period

BAPPPRT = storage (kg ha™ PO,-P) of precipitated P at the end of the balance period

BAPPDV = deviation (kg ha™ PO,-P) of PO*-P balance for the balance period and the balance
profile

BAPPDVCU = deviation (kg ha™* PO,-P) of PO,-P balance; cumulative from the start of the simulation

Record 2 (balance input terms in kg ha™ PO,-P):

R2 = number (identifier) of second record
TITO = Julian day number accumulated from the start of the simulation
BAPPTD = downward flux across the top boundary (dependent on balance profile:

precipitation, percolation or leakage)

BAPPINFG = infiltration from 3rd order drainage system (trenches, drain-pipes)
BAPPINFS = infiltration from 2nd order drainage system (ditches, small rivers)
BAPPINFK = infiltration from 1st order drainage system (canals, large rivers)
BAPPSE = upward flux across the lower boundary (dependent on balance profile:

seepage or capillary rise)
BAPPMI = mineralization
BAPPAD = additions
BAPPCR  =crop residues

Record 3 (balance output terms in kg ha™* PO4-P):

R3 = number (identifier) of third record
TITO = Julian day number accumulated from the start of the simulation
BAPPTU = upward flux across the top boundary (dependent on balance profile:

seepage or capillary rise)
BAPPUP = gross crop uptake
BAPPRU = surface runoff
BAPPDRFG = drainage towards 3rd order drainage system (trenches, drain-pipes)
BAPPDRFS = drainage towards 2nd order drainage system (ditches, small rivers)
BAPPDRFK = drainage towards 1st order drainage system (canals, large rivers)

BAPPLE = downward flux across the lower boundary (dependent on balance profile:
percolation or leakage)
BAPPIM = immobilisation
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Table 22 Output from ANIMO: ---------- Mass balan@feorganic phosphorus -------

Balance terms  :in kg ha™ P accumulated for the balance period
For each balance period three records are given:

Explanation of names of variables:
Record 1 (time-variables, and balance-terms for storage and deviation):

R1 = number (identifier) of first record

YR = year of simulation

TITO = Julian day number accumulated from the start of the simulation
TIYR = Julian day number from the year of simulation

BAPOST = storage (kg ha™ P) of dissolved organic-P at the beginning of the balance period

BAPOSTT = storage (kg ha™ P) of dissolved organic-P at the end of the balance period

BAPOSD = storage (kg ha™ P) of solid organic phosphorus at the beginning of the balance period

BAPOSDT = storage (kg ha™ P) of solid organic phosphorus at the end of the balance period

BAPODV = deviation (kg ha™ P) of organic-P balance for the balance period and the balance
profile

BAPODVCU = deviation (kg ha™ P) of organic-P balance; cumulative from the start of the simulation

Record 2 (balance input terms in kg ha™ ):

R2 = number (identifier) of second record
TITO = Julian day number accumulated from the start of the simulation
BAPOTD = downward flux across the top boundary (dependent on balance profile:

precipitation, percolation or leakage)
BAPOINFG = infiltration from 3rd order drainage system (trenches, drain-pipes)
BAPOINFS = infiltration from 2nd order drainage system (ditches, small rivers)
BAPOINFK = infiltration from 1st order drainage system (canals, large rivers)

BAPOSE = upward flux across the lower boundary (dependent on balance profile:
seepage or capillary rise)
BAPOIC = incorporation

BAPOAD = additions
BAPOCR = crop residues
BAPOEX = exudates

Record 3 (balance output terms in kg ha™ ):

R3 = number (identifier) of third record
TITO = Julian day number accumulated from the start of the simulation
BAPOTU = upward flux across the top boundary (dependent on balance profile:

seepage or capillary rise)
BAPORU = surface runoff
BAPODRFG = drainage towards 3rd order drainage system (trenches, drain-pipes)
BAPODRFS = drainage towards 2nd order drainage system (ditches, small rivers)
BAPODRFK = drainage towards 1st order drainage system (canals, large rivers)

BAPOLE = downward flux across the lower boundary (dependent on balance profile:
percolation or leakage)
BAPOMI = mineralization
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Annex 3 Composition of some materials

Table 23 presents the organic and inorganic/mineral contiposbf some materials. Data in these
tables originate from regional studies of which téference is given with numbers in the last column

of both tables. These numbers refer to the follgwigional studies:
1. Kroes et al., 1990, Boers et al;, 1997, BoogaadiKroes, 1997.
2. Bolt et al., 1996.

3. Groenendijk and Kroes, 1999.

Table 23 The organic and inorganic compositionarfie materials

Mat Description Mass fractions (kg kg™ material) Ref.
nr. organic inorganic (mineral) N and P
matter NH4-N NO3-N PO,4-P
1 cattle slurry 0.06 0.0022 0 0.0008 1
2 calve slurry 0.015 0.0021 0 0.0015 1
3 pig slurry 0.063 0.00275 0 0.004 1
4 poultry slurry 0.095 0.0063 0 0.008 1
5 dry poultry manure 0.37 0.0095 0 0.0028 1
6 grazing slurry losses 0.063 0.0023 0 0.00057 2
7 dry stable manure 0.15 0.0011 0 0.00122 3
8 N-fertilizer 0 0.5 0.5 0 1
9 kalkammonsalpeter 0 0.29 0.2 0 3
10 | kalksalpeter 0 0.012 0.143 0 3
11 | P-fertilizer 0 0 0 1 2
12 | triplefosfaat 0 0 0 0.1965 3
13 | compost 0.183 0 0 0 3
14 | straw 0.8 0 0 0 3
15 | roots of non-grassland 1 0 0 0 1
16 | roots of grassland 1 0 0 0 1
17 | organic matter subsoil 1 0 0 0 1
18 | organic matter mesotrophic peat 1 0 0 0 1
19 | organic matter eutrophic peat 1 0 0 0 1
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Annex 4 Description of the external crop module @iRp

A4.1 Description of the program PRICrop

The PRICrop model is based on the special versibthe QUADMOD model for STONE
applications (ten Berge et al., 2000). This modsila static model expressing the relations between
the rate of nitrogen applications, crop N-yield andp dry matter yield. An extension has been made
on the occasion of the STONE integration with respe the partitioning of biomass, nitrogen and
phosphorous over plant parts, the timing of thahd P-uptake and the release of crop residues.

While linked to the ANIMO model, the uptake of riatits simulated by PRICrop is not assessed in
response to the instantaneous availability of titeients in the root zone, but the annual totahket

is first calculated in response to the annual entrisupply and other factors. Subsequently, the
annually values are translated into an a prioretpattern: the course of uptake and the crop residu
release over the growing season. This result ity datake rates presented as input to ANIMO.

The response of total seasonal nitrogen yield théoapplied nitrogen dose A is determined by crop
characteristics, weather, crop management andentitmanagement (ten Berge et al., 2000). The N-
yield in the QUADMOD is described by the sum ofak# from the soil-stored N-pool and the uptake
from applied fertilizer. The final relations forghiN-uptake contain seven independent parameters. Si
of them could be calibrated on series of fieldistidhe remaining parameter expresses the N-yield o
non-fertilised field plots and should be set asirgrut parameter to the model. The total uptake is
distributed over time utilising a generalised Idigisunction.
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A4.2 Description of the input file.

The program needs one input file. The input filamsASCII text file, which can be produced, with
any text-editor. The ASCII input-file may have thrgypes of lines (see also van den Broek et al.,

1994):

- Label lines The first 8 characters of a label line shouldtaonthe label as given in the column
Range and indicate with the Mnemonic ‘LABEL’. Chetexs to the right of the label are not
significant and can be used as comment. The lad@&lates that the next line is a data line.

- Data lines: A data line always follows a label line. Data aredine must be separated by one or
more blanks. Data lines must contain only dateelabr comments are not allowed on data lines.
Data of the type character must be placed betwpesti@phes.

- Comment linesThese may be used before a label line or aftexta lthe (or group of data lines).
They are not significant to the program. Their golypose is to make the input-file easier to read
for the user.

The description of the variablesTable 24 is given in 6 columns:

- column 1 Description of the variable

- column 2 Unit of the variable

- column 3 Range of the variable with the following annagati
x...y] range for integer values
[x.x...y.y] range for real values
[..-V] range with no minimum
x...] range with no maximum
>labeln: character string of 8 positions with nashéabel at position 2-7
The given ranges have received values that shoeldrdgarded as estimates
introduced to give users an indication for averaigations. Range checking in the
computer code is in most cases performed with a&mtdnge to allow executions
under more extreme circumstances.
Some boundaries of ranges are defined by paramedérss, which always have a
name that starts with m (e.g. mcrop, msoil, etthese values are defined in the
Fortran source file Dims.inc. Some initial parametef crops are defined in a data
file, gg2params.inc. A listing of these file ar@em in annex 7.

- column 4: Indicator for position of variable at new record:
* write at new record;
- write with separation sign (space, comma, or lieg);

- column 5: Indicator for kind of data type of variable:
Cx character-string of x positions positioned besgw quotes ('),
[ Integer*2,
R Real*4

- column 6 The Mnemonic of the variable used in the compptegram
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Table 24 The input file GG2.inp: simulation options

This file only
if ioptCU=1

Description of variable Unit

Range

R

DT Mnemonic

Label for section with simulationtime options -

Year simulation starts - [1941 ... YRMA]

>timent:

Year simulation ends - [YRMI ... 2040]

Time step

Only 1 day or a decade is possible [10].

If chosen for a decade the model determines the
decay length to complete a whole year.

Label for soiltype and region number -

Region number (Detremined by PAWN-district)
1 = Sea clay
2 = River clay
3 = Southern sand area
4 = Sandy soils with a peat cover

Soiltype (Detremined by PAWN Soil-unit) -
1 = Peat
2 = Clay
3 = Wet sandy soils (mean highest water-
table (MHW) 0-0.40m)
4 = Intermediate sandy soils (MHW 0.40-0.80m)
5 = Dry sandy soils (MHW >0.80m)

Label for crop loses due to aboveground parts
(shoots)

Fraction of crop losses due to aboveground parts
(shoots)

Label for kind of crop and landuse -

(11.[20]

>Induse:
[1..4]

>frerls:

[0..1]

>kicrop:

*

*

C8 LABEL
I YRMI
I YRMA

STEP

C8 LABEL
I REGION

SOILTYPE

C8 LABEL

R FRSH

C8 LABEL

Year with data - [YRMI ... YRMA]

Array with the fraction of the area used with the
predifined crops (1 .. 6)

1 =grass_cut

2 = grass_grazed

3 = maize

4 = weat

5 = sugar beet

6 = potato

N-delivery of the soil -

N-available for the crop: -
NH4-part + Ne-part org. manure (exclusive pasture manure!!)
+ N-fertilizer

[0..1]

[0.0 ... 1000.0]
[0.0 ... 1000.0]

[ YEARLP(YR)

R AREALP(YR,I)

Should be
repeated for
every year

R NETNSOILLP(YR)
R NWDOSELP(YR)
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A4.3 Description of the output file.

The output of the program PRICrop can be usedmas fior the program ANIMO.
The detailed description of the variables in thépoufile Crop_ext.inp can be found in section 3.2
Description of the input files.

The output is divided into a crop uptake and a dospes part.

The relation between the development of the uptakklosses against the time for every kind of crop
is given in the following figures.

The uptake and losses of the both grasses shosathe dynamics, only the values of crop uptake of
the grazed grassland are higher and the valuesopflosses lower. But the ratio is the same, so for
grass only one graph will be given.

For maize, sugar beet and potatoes only the crtgkepshow the same dynamics. Generally sugar
beet gives higher crop uptake values than maizevanze higher than potatoes.

Crop uptake
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Figure 64 Crop uptake percentage of total uptakeHe five kinds of crops in PRICrop
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Figure 65 Crop losses percentage of total losseshfive kind of crops in PRICrop
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Annex 5 Technical model description of ANIMO 4.0

A5.1 Model structure

The flow chart Figure 66) presents simulation core and the model structoigalisation is the first
step in the ANIMO model. It results to an initiastlibution of organic matter and mineral N and P
over the model compartments. The simulation theéarsra loop with time-intervals. The length of a
time step is defined by the results of the hydraaignodel. Results of the hydrological model are
read as terms of a complete water balance forditevater-plant system. If the user has chosen the
original crop uptake module for arable crops thecpdure proceeds with a simulation of shoot and
root development by the ANIMO model. Soil temperasuare simulated with a sinus wave sub-
model or read from an input file. Additions andiatje are introduced as pulses at the beginninigeof t
time step. The nitrogen and phosphorus uptake aatedetermined as sink terms for the mass
conservation and transport equation (CTE). Reacttes (sink and source terms) are corrected for
the environmental influences of temperature, moéséund pH. In principal, the CTE for soluble
substances can be solved now. However, oxygemjisresl for the transformation of organic matter
and for nitrification. Therefore, an estimate igtod oxygen profile. By attuning the oxygen demand
to the diffusive capabilities of the soil an aedafiaction of each soil compartment is calculatedce
the decomposition of dissolved organic matter igvim, the CTE can be solved for each soluble
organic fraction. From the results of the dissoleeghnic matter compounds and the transformation
rates of solid organic matter mineralization carchleulated. When the conservation and transport
equation for ammonium is considered nitrificatisraisink term depending on the ammonium
concentration and on the aeration fraction of thike ¥hile solving the CTE for nitrate, the
denitrification is considered as a zero order oa éisst order sink term, depending on whether the
organic matter respiration or the nitrate conceiuinas rate limiting. At the end of each time intal
the nutrient uptake rates are integrated and caedparthe potential uptake rates as defined by the
user in the input files. An uptake surplus or aatetvill be accounted for during the next timeste

Mass balances are verified and results are writterutput-files.
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Initialisation

A

> Read water balance

I

Shoot and root development of crop

I

Additions and tillage

.

Soil temperature

Correction of reaction rates for influence
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Ab.2 Source Code

The computer program has been coded in FORTRAM®operation system MS-DOS. It can be
compiled either with FORTRAN77 or with FORTRAN9Omapilers and it has been checked for
syntax using FORCHECK (Leiden, 1993).
The source code of the model ANIMO 4.0 consistheffollowing modules:
- the main program;
- a number of subroutines;
- a number of functions;
- three include-files:
- Param.inc : parameter-statements for the dimensions of agrrays
- Animo.inc : formal variables in the main program Animo
- Outbal.inc  : declaration of the output balance array variables
A description of the main program and a brief sumynud the subroutines are given in the subsequent
paragraphs.

A5.2.1 Main program

Structure of the source code of the main programiM® is presented irFigure 67 and will be
discussed in this section. All reading of inputadas performed by the subroutindsputl |,
Input_addit , Input_cropext andinput_hydro . These subroutines also perform range checking
on minimum and maximum values of all input-parameeténitial calculations (conversions of and
processing of extensions from input-variables) etecuted in the subroutinRICALC . If a 2-layer
(root zone/subsoil) hydrological model (e.g. WATBAbas been applied for the hydrological
calculation then the initial moisture contents ttee ANIMO compartments are calculated, otherwise
initial moisture contents are given as input. Foasgland initial uptake and root-development is
calculated.

The subroutinelnput_Echo  writes output from input to the file AnimolnputdJD and the
subroutine OUTPUT writes intermediate results,jraes defined in the input file General.inp, to the
file  Animolntermediate.OUT. The subroutin@utbal_write opens the selected output files
assigned in General.inp.

Two loops control the dynamic part of the modeliear-loop and a time step loop. At the start of
each year the subroutineit_yr is called. This subroutine makes single valuesyedr array
variables read from the input files. For grasslaie, subroutineGrass_init is executed which
opens the output files Grass.out and Grass-yri@alected in General.inp. The next part of thermai
program is executed during each simulated time step

The subroutine Init updates all state variablesdieg of the dynamic part of the hydrological data
done in the subroutineput_hydro

The subroutineHydro_Aggregated  converts hydrological data generated by a tworlayater
guantity model (e.g. WATBAL) to fluxes and moistwrentents per compartment. If the hydrological
data originate from a detailed water quantity mdaefj. SWAP), fluxes and moisture fractions are
taken as input and the subroutitaro_detailed only modifies flux-terms of the water balance for
use in the transport equation (all fluxes must fgatgr than or equal to zero).

Development of root mass and rooting-depth is dated in the subroutin(SRASSPRDand
Root_grass for grassland, ifRoot_plant  for non-grassland and Root_extern  for crop uptake
by an external crop module.
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In the subroutinemput_addit ~ andADDIT the additions to the model system are read ancliéxe.
The subroutinéJBoundconc calculates the upper boundary concentration fertdp layer (used for
additions) and either layer number In=0 (top ofl smimpartment allocated to ponding) or layer
number In=1 (first compartment layer), dependent tba hydrological situation. Crop uptake
variables (selectivity factors) are determined e subroutineUptpar_Grass for grassland, in
Uptpar_Plant  for non-grassland andptpar_Extern  for crop uptake by external crop module. If
a detailed water quantity model (e.g. SWAP) caladahe temperature, ANIMO can read these
temperatures. If such a water quantity model datshe subroutin@EMPERUSes a sine wave model
to calculate the soil temperatures. The subroudRACPOINT determines the number of existing
organic fractions. Potential reaction rates argeubed for environmental influences of moisture,
temperature and pH in the subroutiRATES1 Potential transport and transformation of soluble
organic matter is computed in the subroufirensca .

In the subroutineRespirate  the respiration terms and oxygen demand of organatter
transformation are calculated. An oxygen profilelédermined, for (partial and temporary) anaerobe
conditions. If the potential oxygen consumption higther than the availability of oxygen, the
decomposition of organic matter is reduced. Thst @istimate of average ammonium concentration to
calculate the oxygen requirement of the nitrifioatprocess is calculated fmansport . Influences

of reduction factors of aeration on transformatiates are calculated i&eration _original ~ when
aeration is calculated in the oxygen diffusion sutdel and imAeration _sonicg when aeration is
calculated in the water filled pore space driveb swndel. Actual reaction rates are corrected for
environmental influences of moisture, temperatue @H in the subroutineATES2

The subroutinRANSCAhen determines the actual transport and consenvaf organic matter in
solution and the mineralization takes place inghieroutineMINER The mineral ammonium can now
be transported and nitrified in the subroutiANSPORTThe zero-order production rate for the net
production of nitrate is determined in the subme&tDENITR. For grassland, the subroutine
Grassup3 calculates crop uptake by diffusion.

Nitrate is transported and produced/consumed irstifbeoutineETRANSPORTThe subroutin@RANS-
GENcalculates transformation and transport of phosho

Calculation of the parameters of crop uptake isreanezed in the subroutines Upting_plant for non-
grassland, irpting _grass for grassland and ibpting _extern for crop uptake by an external
crop module.

The subroutin®utbal_calc  creates mass balances for water, organic matteateaN, ammonium-

N, organic-N, ortho-phosphate-P and organic-P,thedesults of these mass balances are written by
the subroutineOutbal_write . During each simulated time step, results (coma&innhs and
amounts) are written to the files defined in tHe General.inp. After the time step loop, if thepu
option for grass is turned on, the subroutingputgr_yr  writes results to the file Grass_yr.out. At
the end of the simulation, the subrouttgbal write  writes the concentrations and amounts to the
mass balances and the balance files. The subroDtipet_Init writes the final results to the file
INITIAL.OUT, a file which can be used as input fonext simulation period.
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Program Animo

I.... Declarations
Implicit none
Include 'Param.inc’

Include 'Animo.inc'
Data IDum, RDum, Uosc /0, 0.0, 6/

! Ve
Rcstemp="$Name: Animo_4_0_18 $'
Rcsname=RcsTemp(8:Len_trim(Rcstemp)-2)

! gene
Call Inputl

If(Errornumber.ne.0) Goto 9999

[ crop uptake and crop residues data from

If (loptcu.eq.1) Call Input_cropext
If(Errornumber.ne.0) Goto 9999

Call Inicalc
If(Errornumber.ne.0) Goto 9999

| O TTOURORTRRN macro pore begin ....
I... Initial calculations for macro pore

If (loptmp.eq.1) call Mapoinicalc
| SRR macro pore End ......
! output of gene

Call Input_Echo

Itask = 1

Call Outbal_write
I.... Simulation

Sttot =0

tito =0.0

Tiyr = Timi

DO Yr =Yrmi, Yrma
Yn=Yr-Yrmi+1

Call Init_yr
If(loptcu.eq.1) Then
loptplant =3
Else
If(Kicryn.eq.6) Then
loptplant = 2
Fiyrgr=0
If (Yn.eq.1 .or. Yn.gt.1.and.Kicrold.n
Else
loptplant = 1
End If
End If

If(loptplant.eq.2) Then
Call Grass_init
If(Errornumber.ne.0) Goto 9999
End If

If(Yr.eq.Yrmi) Call Outbal_Init

Stnu=0
If(lwa.Eq.1) Latist = 365.0+0.9*St
If(lwa.Eq.2) Latist = Nudayr(Yr)
If(Yr.Eq.Yrma) Then
If(lwa.Eq.1) Last = Tima+0.9*St
If(lwa.Eq.2) Last = Tima
End If
Do While ( Yr.lt.Yrma .and. Tiyr+St.le.Lat
& Yr.eq.Yrma .and. Tiyr+St.le.Las
! TIME VARIABLES
Sttot = Sttot + 1
Stnu = Stnu +1
If(Optst.Eq.3) St=Stlen(Tiyr+1,Yr)
! Read next ti
If (lopthyvs.Eq.1) Then
Read(Uiun) Tiwa,St
Backspace(Uiun)
End If
Tiyr = Tiyr + St
Tito =Tito + St

If (Outsc.ne.0) Call Comstage
&  (Outsc,Stnu,Uosc,Yr,Yrma,Yrmi, Tima, Timi

Toutout = .false.
If(Outto.eq.1.or.Nint(Tito).eq.Out(lout
Toutout = .true.

lout = lout+1
End If
! UPDATE STATE VARI
! (RESUL
Call Init

| TP ORPRRN macro pore begin ....

I... Initial calculations for macro pore
If(loptmp.eq.1) Call Mapoinit

| SRS macro pore End ......

! HYDROLOGY

! moisture contents and fluxes fr
Call Input_hydro
If(Errornumber.ne.0) Goto 9999

! waterbalanc
If (Iwa.eq.1) Call Hydro_Aggregated
If(Errornumber.ne.0) Goto 9999

! waterbala
If (lwa.eq.2) Call Hydro_detailed

rsion identification:
ral and initial input
&

external crop module
&

initial calculations

ral and initial input
&

&

year loop
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Timestep loop
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Write to screen
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&
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If(Errornumber.ne.0) Goto 9999
Write to file
If(Toutout) Call Outputé
CROP RESIDUES
If(loptplant.eq.1) Then
Call Root_plant

echo
If(Toutout .and. Nuroom.Gt.0) Call Ou
End If
grassland: production, root and s
production-reduction in case of N-shortag
If(loptplant.eq.2) Then
Call Grassprd
Call Root_grass
If(Toutout) Call Output22
End If
If(loptplant .eq.3) Then
Call Root_extern
End If
FERTILIZATION
add
If(Tito.ge.Tinead .and. (Tito-St).It.Ti
Call Input_addit
End If
Call Addit
If(Errornumber.ne.0) Goto 9999
If(Toutout) Call Output10
UPPER BOUNDARY
set top bo
Call Uboundconc
If(Errornumber.Ne.0) Goto 9999
UPTAKE PARAMETERS
sel.f
If(loptplant.eq.1) Then
Call Uptpar_Plant
End If
If(loptplant.eq.2) Then
Call Uptpar_Grass
End If
If(loptplant.eq.3) Then
Call Uptpar_extern
End if
TEMPERATURE OF SO
temperature
If(loptte.ne.1) Call Temper
point
Call Fracpoint(Ipafr,Nf,NI,Nufr,Os)
POTENTIAL RATES
oxygen status N
Call Rates1
If(Toutout) Call Outputll
If(Toutout) Call Output12
potential transport and transform.
Call Transca
If(Errornumber.ne.0) Goto 9999
respiration terms
organic m
Call Respirate
first estimate of average a
to calculate the oxyg

Call Transport
If(Errornumber.ne.0) Goto 9999

! reduction factors influence of aeration on

If(loptae.ne.1) Then
Call Aeration_original
If(Toutout) Call Outputl3
Else If(loptae.eq.1) Then
Call Aeration_sonicg
If(Toutout) Call Output14(NI,Uoto,Yr,
End If
ACTUAL RATES
oxygen stat
Call Rates2
DISSOLVED ORGANIC
transport, product
Call Transca
If(Errornumber.ne.0) Goto 9999
transformation of organic matter a
CO2, NH4 and PO4
Call Miner
If(Errornumber.ne.0) Goto 9999
If(Toutout) Call Outputl?7
CONSERVATION AND TRANS
CAll Transport
If(Errornumber.ne.0) Goto 9999
DENITRIFICATION

Call Denitr
ACCOUNTING FOR DIFFUS
uptake by diffusi
If(Nuroup.ge.1 .and. loptplant.eq.2) Th
Call grassup3
End If
transport, production and

call correction of rek

Call Correction(1,NI,Rekoni,Rekoni_org,

Animolntermediate.OUT
&

&
intermediate results
tput9
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&

&
&

&
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&

&

&
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! CONSERVATION AND TRANS
Call Transport
If(Errornumber.ne.0) Goto 9999
! call correction of rek
Call Correction(2,NI,Rekoni,Rekoni_org,
! CONSERVATION AND TRANS
! transport, production, decomposition, prec
If(Ipo.eq.1) Then
Call Transgen
If(Errornumber.ne.0) Goto 9999
End if
! INTEGRATION OF UP
If(Nuroup.ge.1) Then
If(loptplant.eq.1) Then
Call Upintg_Plant
If(Toutout) Call Output19
End If
If(loptplant.eq.2 .and. Tiyr.ge.Tigrb
& (Tigrend+St)) Then
Call Upintg_Grass
If(Toutout) Call Output20
End If
If(loptplant.eq.3) Then
Call Upintg_Extern
If(Toutout) Call Output21
End If
End If

If(loptplant.eq.2 .and. Outgr.eq.1) Cal
Call Outbal_calc
Itask = 2
Call Outbal_write

| ISR macro pore begin ...
If(loptmp.eq.1) Call Mapooutbal

| SRR macro pore End ......
Call Outsel

End Do

If(loptplant.eq.2 .and. Outgr.eq.1) Call O
If(lwa.eq.1) Tiyr =0

If(lwa.eq.2) Tiyr=Tiyr-Nudayr(Yr)

End do
I.... Final results
! Write final conce
Itask = 3
Call Outbal_write
Call Output_Init
If(Errornumber.ne.0) Goto 9999
Write (Uoer,44)
Call date_and_time(Dmy,Hms)
Write (Uoer,45)Dmy(1:4),Dmy(5:6),Dmy(7:8),Hms
& Hms(5:10)
Close(Unit=Uoer)
Write (Uosc,44)
44 Format(/* Successful completion of simulation
45 Format(/' ANIMO run End : ',a4,-',a2,-',a2
Stop 100
9999 Call Stoponerror(Errornumber)
End

PORT OF NO3N
&

oni & rekonide part 2
Rekonide)

PORT OF Pmineral
ipitation of phosphor

&
TAKE
&
&
eg .and. Tiyr.lt. &
&
&

&
&

output-options
| Outputgr &
&

&
..................... e

&
time steps

utputgr_yr &
years
ntrations and amounts

&
&

(1:2),Hms(3:4), &

,2x,a2,"',a2,"",a6)

Figure 67 Listing of the FORTRAN source code ofntiaén program ANIMO
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Ab.2.2 Subroutines

A number of subroutines and functions is calledrfrihe main program. A short description will be
given of each subroutine.

| SUBROUTINE ADDIT

Additions are introduced as pulse-wise inputs te thoil system. Additions are
instantaneously introduced by adding them to theveat state variables at the start of a time
step. The following additions are considered: depakition, dead root material, harvest
losses, grazing losses, manure additions andiZertidditions.
Root-material is added during the growing seasahettart of each time step and harvest-
and grazing-losses are added when they occur. R@ottest- and grazing-losses of grassland
are simulated in the subroutineRASSPRD The input of data concerning additions|is
specified in the input-file MANAGEMENT.INP.

SUBROUTINEAERATION ORIGINAL

This subroutine is called when the user has inditdhe application of the original aeratipn
concept of the ANIMO model, the oxygen diffusiorbsmodel. The subroutine determines
whether there is enough oxygen present for thentegaansformation processes and the
nitrification process. In case of atmospheric-oxyghortage, the decomposition rates for|the
organic materials are reduced and nitrate will bduced in order to meet the oxygen
requirement. In case of nitrate shortage, the déadgtion is not longer driven by the organic
transformation rate but limited by the nitrate cemictation and is then simulated as a fjrst
order process.

SUBROUTINEAERATION SONICG

This subroutine is called when the user has inditéte application of the SONICG concept
to account for the moisture response. The subreutiiculates the Water Filled Pore Space
Values for each compartment and then applies tlations to compute the reduction factors
for mineralization, nitrification and denitrificath.

| SUBROUTINECORRECTION

When denitrification is limited by the organic tefilormation rate, it will be considered as a
zero order sink term in the conservation and trarispquation. The sink term may be
reduced during the conservation and transport-sitianl to prevent for negative nitrate
concentrations. This subroutine takes care fobtuk-keeping of the sink-term adjustmer?J‘.

SUBROUTINEDENITR

Computation of the formation of nitrate as a restilhitrification and the reduction of nitrate
as a consequence denitrification

SUBROUTINBE-RACPOINT

At the start of each time step, a pointer arraylatermined indicating the presence of a
certain organic fraction. 'Empty’ organic fractiomshout organic material are ignored in the
organic transformation simulations to optimize tloenputer program for speed.
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SUBROUTINECOMSTAGE
Prints the computation stage to screen accordirg user defined format. Four options are
available.

| SUBROUTINEGRASSINIT
Initializes crop uptake parameters if the kind mffcgrown is grassland, and opens the output
files Grass.out and Grass-yr.out (not in subroudd SELbecaus@®©UTSELIs called for the
first time at the end of the first time-step)

SUBROUTINEGRASSPRDGRASSINC
GRASSPRI[xalculates dry mater production of grassland doedaccompanying root mass.
The dry matter root mass is sub divided over cotnpamts in the root zone. The availability
of mineral nitrogen may reduce shoot growth. Harviesses and grazing losses are
calculated if the shoot mass exceeds given maxirha. live stock density is taken info
account.

| SUBROUTINESRASSUP3
Nitrate uptake by grassland is simulated as a coatioin of first-order and zero-order
uptake. The zero order term represents the 'backwdiffusive mass flow of nitrate.
GRASSUPZalculates this zero order term as part of thesenmtion transport equation.

SUBROUTINEHYDROAGGREGATED

This subroutine handles the post-processing of dbgut generated by a two-layer

hydrological model:

- Moisture contents for each compartmeviO(STURE.

- Lateral fluxes to/from drainage systerhaTFLX).

- Fluxes per compartment (evapotranspiration aoge8 to/from other compartments
and drainage system$JIODFLUX

For assigning the evapotranspiration flux (EV)he toot zone compartments there are two

options (indicated by the input parameter EVROSE):

- Fluxes decreasing linear to the depth of the zook layer.

- Fluxes equally sub-divided over the compartmeitke root zone.

| SUBROUTINBVIOISTURE

Part of the post-processing of a two-layered hyatyichl model output:
In the root zone, the moisture fractions are evelidyributed over the compartment layers.
The moisture content of the compartment layers vbeloe root zone can be distributed
according to one of the following schematizatioaylinear relation, b) non-linear relation
with one bend-point, ¢) non-linear relation withotlend-points. Which schematization|is
used depends on the actual moisture content andixée moisture contents (e.g. wilting
point, saturation) and the height for capillaneris

SUBROUTINB.ATFLX
Simulation of 1st, 2nd and 3rd order lateral wéltetes in the saturated zone. In two steps
1. top- and bottom-boundary of 1st, 2nd and 3retordodel_discharge_layer;

2. subdivide 1st, 2nd and 3rd order discharge-dluer each model_discharge_layer.
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| SUBROUTINB.ATFLDEV
\ Assigns drain fluxes to compartments within a sibkedamodel_discharge_layer.

| SUBROUTINECORRWBAL
Within certain limits, water balance deviations autput generated by a two-layered

hydrological model can be corrected. This subreutmodifies the drainage/seepage fluxes to
correct the in the water-balance deviation.

SUBROUTINEHYDRODETAILED
This subroutine reads hydrological data generated ketailed water quantity model (e|g.
SWAP). These data are processed for the use iANBIO-simulations by the subroutine
MODFLUXTwo checks are executed on the water balancéhéowhole model profile and fg
each model compartment separately.

=

| SUBROUTINHENICALC; INICALC P
Pre-processing of soil and crop related input itigiise state variables per compartment and
determine the internally used crop uptake pararseter

|SUBROUTINE[NIT_YR; INIT
Sets initial values for state variables per yeéime based on the results of the previpus
year/time step.

SUBROUTINEINPUT1, INPUT_ADDIT, INPUT_CROPEXT INPUT_HYDRQ CHECKINT CHECKREA
FINDADR, FINDADRFIX

These subroutines open input-files and reads vatddiesput variables. Each variable |is
checked on boundary values using the subroutZt@SCKINT (checks the boundaries pof
integers) andCHECKREA(checks the boundaries of reals). The subroutiiB®ADR and
FINDADRFIX make sure that an input file is read from thet fiecord until the last recornd
until a given label has been found. If the labehdd encountered then an error-message is
written to the screen and a message file and theution of the program is interrupted.

SUBROUTINENPUT_ECHO
The output-file Animolnputs.OUT is opened at tharisof the simulation. Output of initia
input is written to the file Animolnputs.OQUT

SUBROUTINEMINER
This subroutine computes the transformation of dihganic matter pools. The resulting
guantities remaining at the end of the time stepcalculated. These calculations result in a
net release of NHN (REKONH); a positive release means mineralizgteo negative release
means immobilization of ammonium. If the calculatesnobilization exceeds the amount|of
ammonium present at the beginning of a time step stimulation is repeated with a reduc¢ed
assimilation factor to avoid negative N contents.

SUBROUTINBEMODFLUX
Downward and upward water fluxes are assigned erb#sis of the hydrological input. The
sequence of conservation and transport computpgogompartment is determined
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| SUBROUTINEODUTBALINIT

Accumulation variables for the water, organic mattétrogen and phosphor balances are
initialized.

| SUBROUTINEDUTBAL CALCandOUTBALWRITE
Mass balances are compiled for water, organic matigate-N, ammonium-N, organic-N,
mineral-P and organic-P. These balances are créatéae soil compartments defined by the
input parameters BALNMI-BALNMA. The balance periaddefined by the input parameters
TIBASE(1-NUBASE).
Series of mass balances may be created, where sesigs has its own time and spatial
dimensions. The number of balance series is defmedNUBASE; the maximum is 10Q.
Subroutine OUTBAL CALC accumulates mass balance terms for respectivayb#iance
series. The subroutir@UTBAL WRITEwrites the balance terms to the output files.

SUBROUTINE's concerning presentation of intermediate and freallts:INPUT_ECHOQ OUTPUT6
OUTPUTY9, OUTPUT10, OUTPUT11, OUTPUT12, OUTPUT13, OU TPUT14, OUTPUT17,
OUTPUT19, OUTPUT20, OUTPUT21 andOUTPUT22, OUPUT _INIT, OUTSEL, OUTPUTGR
The output file Animointermediate.out is openedhia subroutine INPUT_ECHO.
During each simulation period, results of most subines are written to the filg
Animolntermediate.out. Option parameter OUT(1 U®UT) arranges the number of time
steps with this complete output.
OUTPUT6 Output of Hydro_Aggregated (hydrology from #ger system)

Output of Hydro_Detailed (hydrology from a multiyler system)
OUTPUTY9 Output of ROOTS
OUTPUT10 Output of ADDIT
OUTPUT11 Output of TEMPERATURE
OUTPUT12 Output of RATES
OUTPUT13 Output of Aeration_original
OUTPUT14 Output of Aeration_sonicg
OUTPUT17 Output of MINER
OUTPUT19 Output of PLANT
OUTPUT20 Output of Uptpar_grass
OUTPUT21 Output of Uptpar_Extern
OUTPUT22 Output of GRASS
OUPUT_INIT: The final results for the model profile are weiitto the filaNITIAL.OUT . All
the output files are closed at the end of the sitian.
OUTSEL The output files are opened at the start of ineilsition. During each simulated
time step results are written to the opened filggtion parameter OUTSE(1-37) arranges the
number of files with this output.
OUTPUTGRThe output-file Grass.out is opened by the sulme@GRASS_INIT. During each
simulation time step results concerning dry majtentities, nitrogen and phosphorous status
of the crop are written to this file.

SUBROUTINBPWG6
PW6 calculates the Pw-value of the first compartmeimé PAL-value of layer 1, and the
mean phosphate saturation degree for the wholdeprof
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SUBROUTINEOXYDEM

An oxygen-profile (m3 m-3) is calculated as a fumttof oxygen demand by nitrification and
organic transformations. Temporal anaerobiosipa@imated on the basis of precipitatipn
surplus and the saturated conductivity of the tommartment layer. Partial anaerobiosis is
approximated on the basis of vertical oxygen diffasin air-filled pores and lateral-radial
diffusion in saturated soil aggregates. The aerftadion (AEVO) per compartment layer |is
determined

SUBROUTINERATES1andRATES?2

Actual transformation rate coefficients are caltedafor the response on: pH, temperature,
moisture. The decomposition rate and the N-contémhe humus/biomass pool are reduced
for layers below the root zone.
RATES1considers the rates for the "non-limited by aerdticase and RATES?2 calculates the
rate coefficients taking the limitation by oxygeatas into account.

SUBROUTINEROOT_PLANT

For annual arable crops, the rooting depth as waelithe distribution of roots over the
compartments is determined. Exudate productionaisutated as a function of the ropt
development. Amounts and lengths of roots are ddrly linear interpolation between the
input-data. The distribution of roots decreasesdirwith depth.

| SUBROUTINEROOT_GRASS

Root_Grass calculates:
1) the depth in soil to which the crop residues amedd(interpolation based on a time
series defined in the input file PLANT.INP)
2) the sub-division of the living roots and the ramtdes with depth
3) when the hydrology is simulated with a detailed sld$WAP), the transpiration flu
is given for each soil compartment. SubroufRm®t_Extern determines the number
of soil compartments for which the transpiratiamxfhas a significant value.

X

| SUBROUTINEROOT_EXTERN

Root_extern is called by the AMINO main program when the ErtdrCrop Uptake option
is used. The daily nitrogen and phosphorus uptagehen defined in an input file. Withi
this file, also the daily crop residues are defirdrgt matter, nitrogen and phosphorus.
SubroutineRoot_extern  calculates:
1) the depth in soil to which the crop residues amedd(interpolation based on a time
series defined in the input file PLANT.INP)
2) the sub-division of the crop residues over the hfresganic matter fractions (4
fractions)
3) when the hydrology is simulated with a detailed sid&WAP), the transpiration flux
is given for each soil compartment. The subroutletermines the number of sgil
compartments for which the transpiration flux hasgaificant value.

>

SUBROUTINETEMPER

TEMPERcalculates the temperature at the centre of eaofpartment using a simple sine
wave model. The increasing effect of damping antktiag with increasing soil depth |jis
taken into account.
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SUBROUTINETRANSCA
Calls the subroutinERANSPORT0 determine transformation and transport of thi#s3olved
organic compounds: organic matter, organic-N awggimic-P.

SUBROUTINETRANSGEN
Calls the subroutin@RANSORRO determine accumulation, transformation andsjpant of
phosphorous. The concentration liquid at the endthef time step (CO), the average
concentration during the time step (AVCO) and thtaltinflow (TOIN) and outflow (TOOU
are determined.

SUBROUTINETRANSORP
Calculates the P concentration per compartmenhatend of time step and the average
concentration during the time step. It also cal@ddhe quantities in time-dependent sorption
phase, the quantities in the instantaneous sorpti@se and the quantity in the precipitatjon
phase.

| SUBROUTINE CONC_UNL, C_UNL, CONC_TIMandCTIMPRE
These subroutines are called by TRANSORP and perfoarts of the total computatign
algorithm in the determination of soluble minerahRelation to the solid pools.

| SUBROUTINEDETCOEF
Determines the coefficients Al, A2, B1 and B2 ugedthe analytical solution of the
conservation and transport equation.

| SUBROUTINECOEFDC
Determines the derivates to C of the coefficienis A2, B1 and B2 used in the analytical
solution to the conservation and transport equation

| SUBROUTINECOEFDT
determines the derivates to time of the coeffigehi, A2, B1 and B2 used in the analytical
solution of the conservation and transport equation

| SUBROUTINESORPFAST

Calculates the quantity in the instantaneous smmpfphase RSAMPOCXFA, the ay.
adsorption coefficient AVADCO and the derivate t§AYADCODC).

| SUBROUTINESORPSLOW
Calculates the quantity in the slow sorption pHa@EXSL under steady state conditions and
the derivate to the average conc. EQCXSLDC.

| SUBROUTINE TRANSPORT
Calculates for the whole soil profile the averagaaentration during the time step (AVCQ),
the concentration at the end of the time step (€&®@)adsorbed amount at the end of the time
step (CX) and the total inflow (TOIN) and outflow@OU).
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SUBROUTINE TRANSSUB

Calculates both the resulting concentration RS@ icompartment as well as the aver
concentration AVC at the end of time step ST. Tifierntial equation to solve:

ML HV; Y c(t)= HV, N

dt b+ Pgka+ /Att G+ Pgkat Att

where HV; and HV, are help variablesg, is the initial moisture fractiomgk, is the
dimensionless sorption coefficient aﬁ%t is the change of moisture fraction with time

age

SUBROUTINE UBOUNDCONC

UBoundconc calculates the upper boundary concémrdor either the compartment laygr

In=0 or the first compartment layer In=1, dependemtwhether ponding occurs or not. Dry

deposition is added to the first soil compartmémtl) in the case of no-ponding.

SUBROUTINEUPTPARPLANTandPLANTPO

For annual arable crops the selectivity factor fiotrient uptake in the conservation and

transport equation is determined on the basis ef realised summarized uptake dur
previous time steps and the expected summarizeakepThe uptake is reduced if a cert
maximum is reached. In the subroutireANTPOthe selectivity-factor for P-uptake

ng
ain
is

determined based on the summarized uptake durengquss time steps. The uptake is related

to N-uptake.

SUBROUTINBUPTPARGRASS

Calculates parameters for crop-uptake if the kificcrop grown is grassland. The main

program uses the subroutine at various times:

- Selectivity factor and initialisation of diffusieuptake

FANHCOCX, FAPOCOCX = soil specific factors (calcidd inINICALC )
SEFANHGR, SEFAPOGR = crop specific factors (=input)

SUBROUTINE UPTPAR_EXTERN

In the conservation/transport equation solved lgyANIMO model, the crop uptake rate f

a time step is described gsztzf—cwhereqt, is the transpiration fluxg is the time weighted

average concentrationz is the thickness of the soil compartment arig the Concentratio
Transpiration Stream factor. This subroutine caltad a value fos preceding to the solutio
of the Conservation and Transport equation

-5 =

| SUBROUTINBUPTING_PLANT

Called by the AMINO main program when the optiom Bmnual arable crops is use
Cumulated actual uptake amounts are calculated flamresults of conservation/transp
equation. Accumulated potential crop uptake amoargscalculated from the ratio betwe
expected uptake and expected transpiration. Thenpal uptake is reduced when the ac
uptake lags behind the potential uptake to a ecedagree. (Miup=0.9, the minimum upt

ort
en
ual
ke

as a fraction of the demand below which no cropatgroccurs)
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SUBROUTINBUPTING_GRASS

Calculates parameters for nutrient uptake by gaasislAccumulated quantities concerning
crop uptake are calculated: the integrated grotzskep

SUBROUTINBUPTING_EXTERN

Called when the external crop uptake option is ugdok daily nitrogen and phosphorus
uptake are then defined in an input file. Withinstffile, also the daily crop residues are
defined: dry matter, nitrogen and phosphorus. Ehuikroutine calculates the accumulated
actual crop uptake, potential crop uptake and wgptiicit. During the subsequent time step,
an eventual deficit is accounted for with the uptdkmand as specified in the input file.
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