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1. INTRODUCTION

The groundwaterquality-model ANIMO (Agricultural Nltrogen MOdel) is a
model which describes the nitrogen and carbon cycle and its '
interrelation with as main purpose the prediction of nitrate leaching
to ground- and surface-waters.

The model was developed for agricultural areas, but varilous
modifications have made it also suitable for applications on areas
with another kind of landuse (nature, forest).

ANIMO is a dynamic one-dimensional model which is operational for
field- and regional applications.

Calculations are performed on a soil profile with a m-2 soil surface
as unit, which is divided into different horizontal layers.

A waterquantity model (like: WATBAL, SWATRE, SIMGRO} should give
information about moisture contents and waterfluxes., Vertical fluxes
across the lower boundary of the profile result in a leakage/seepage.
Lateral fluxes to/from different layers lead to infiltration/drainage
from/to surface waters.

This guide gives information about:

- the way in which the transformation- and transport-processes of the

carbon and nitrogen cycles are implied in the model (par.2.1 and 2.2).

- the places in the wvarious subroutines where one can find a

specific process (par. 2.3 and 2.4)
- Input and output {(chapter 3 and 4)
- how the model was verified (par. 5.1)
- examples of applications (par. 5.1 and 5.2)
- sensivity of the model for a number of parameter-changes (chaper 6).
In this guide the abbreviations that have been used to describe
variables are in most cases similar to those used in the
computerprogram; the vocabulary of the program-variables is enclosed
as appendix A.
The computerprogram is written in VAX-11 FORTRAN, For one timestep a
MICROVAX 11 uses 0.6 cpusec,.
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2. MODEL APPROACH

2.1 transformation processes

The simulated transformation processes are all part of the carbon and
the nitrogen cycle. These two cycles have been modelled according to
figures 2.1 and 2.2. These two figures were designed in such a way
that the interrelation between the two cycles can easily be
recognized. Both figures have a horizontal interrupted line which
stands for both the soil surface and the model-interior. Parameters
mentioned above this line indicate actions concerning additions to and
removal form the soll system. Below the horizontal line the principal
parameters of the soil system are shown with four kinds of organic
matter in the centre of the system. These four kinds of organic
matter are:
- fresh organlc matter: root and crop residues and organic parts
of manure added to the soil

- soluble organic matter: organic matter in solution from

fresh organic matter or humus; in the

model and in this guide named as COCA

{concentration of carbon in solution)
- exudates: dead root cells and organic products excreted by living

roots,
- humus: consists of dead organic matter and of living biomass and
is formed from part of the fresh organic matter, root
exudates and soluble organic matter,

The organic material added to the soil profile varies strongly from
composition. In the model fresh organic matter can be divided into
different fractions, each with their own decomposition rate and
N-content. For the moment one can distinguish 10 fractions. 1In this
way it is possible to create materials with their own specific
characteristics. The way this division can be made and the way
decomposition takes place has been schematized in figure 2.3 for 4
materials and 3 fractions. In this figure material 1 consists of
fractions 1 and 2, which partly are transformed into soluble organic
matter and humus,

figure 2,3 the organic matter transformations

fraction 1  fraction 2 fraction 3

material 1 E :
fresh e -
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material 4 ::
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A summary of the most important transformation-formulations used in
the model ANIMO is given {n tables 1.1 and 1.2.

The most Important transformation processes will be described briefly.
Decomposition:

Decomposition of humus, fresh and soluble organic matter means that
part of the organic matter oxidizes to €02 and H20 and another part is
transformed into humus. The ratioc "produced humus / decomposed
organic matter" is called the assimilation factor,
Mineralization/immobilization:

Decomposition of organic matter may result in formation or
disappearance of NH4. This is described as a 0-order process with a
rate of kO(NH4)

Denitrification:

The denitrification is dependent on the amount of decomposable organic
matter and the presence of oxygen. It is described with a C-order
production rate: KO(NO3).

Nitrification:

Transformation from NH4 into NO3 is described with a l-order
production rate for NH4: K1(NH4) and a O-order rate for NO3: KO(NO3)
Ad-/desorption:

Linear sorption to/from soil complex.

Volatilization:

A given fraction of the mineral N in slurry added to the soil system
volatilizes as NH3.

In the model ANIMO the rate variabels for organic matter
transformation are corrected for the following influences:’
temperature, moisture, pH and oxygen demand. This correction is done
as for the following rate variabels: :

recf(fn) = f(temperature, moisture, pH, oxygen demand)
recfca = f(temperature, moisture, pH, oxygen demand)
recfex ~ f(temperature, moisture, pH, oxygen demand)
recfhu = f(temperature, moisture, pH, oxygen demand)
recfnt = f{temperature, moisture, pH)

* ok ¥ %
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{
I
; Table 1.1. Formulation of organic matter transformation-processes in ANIMO.
process
organic metter process formulation {fig. 2.2)
F fresh organic supply = (fr(fn)-frca(fn))*frorkdQ/de (1}
. matter
t decomposition = - hufros*recf(fn)*0(t) - (1-hufros)*recf(fn)*0(t) {3a,4a)
do(t) .
: total: ----. = {(fr(fn)-frea(fn))*fror*dQ/dt - recf(fn)*0(t)
| dt
i soluble organic supply = frca(fn)*frox*dQ/dt £2)
t matter trat
i production = l/at * / (1-hufros)*recf (fn)*0(t)*dt [4b)
[3
decomposition = - recfca*S(t) [5a]
transport = flin*Sin - flou*S(t)
| ds(t)
; total: «-.--- = freca({fn)*fror*dQ/dt + £flin*Sin-flou*S(t) +
4 dt 1/at *‘ (1 hufros)*recf(fn)*Q(t)*dt - recfca*S(t)
; exudates production = Epd (6]
; . decomposition = - recfex*E(t) (7a]
i
f dE(t)
‘ total: ----. = Epd - recfex*E(t)
i de
i humnus production = asfarhufros*recf(fn)*0(t) + asfa*recfca*$(c) + [3b,5b,7b]
_ asfa*recfex*E(t)
! decomposition = - recfhu*H(t) (8]
dH(t)
total: «---. = asfa*hufros*recf(fn)*0(t) + asfa*recfca*S(t) +

dt asfakrecfex*E(t) - recfhu*H(t)

...................................................................................................
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Table 1.2. Formulation of nitrogen transformation-processes in ANIMO.

component process formulation
ammonium supply d[NH4 )
------ = frnh * dQ/dt
dt
mineralization/ he*mofr*d[NH4] n
immobilization e--ccrcccmeoa. - ( nifr(fn) * (45/dt + d0/dt) } +
dt fn=1

nifrhu*(dH/dt) + nifrex*(dE/dt)
nitrification d[NH4 ]

...... = - recfnt * aevo * [NH4]
dt
crop uptake d[NH4 ]
...... = - rd * flev * {NH4]
dc
volatilization d[NH4]
...... = - frvo * froh * d[Q]/dt
dt
sorption d{NH4ads}
{(ad-/de-) = cecee--a. = drad * d[NH4]/dt
dt
transport d[NH4 )
------ = flin*[NH4}in - flou*{NH4]
de
nitrate supply d[NO3)
T L = franl * dQ/dc
dt
nitrification d[NO3]
------ - recfnt * aevo * [NH4)
dt
denitrification d[N03)
...... = - geva * oxdd * rdfade
dat
crop uptake d{NO03]
...... = - rd * flev * [NO3]
dt
transport d[NO3]
------ = Flin*[N03]in - flou*[NO3]

.....................................
---------------------------------------------------------------
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variabels

used in tables 1.1 and 1.2:

State variables:

Page 8

E = gquantity of exudates fkg m-2]
he = layer-thickness {m]
B = gquantity of humus [kg m-2)
NH4 = quantity of ammonium present [kg m-2]
[NH4 ] = concentration of ammonium [kg m-3}
{NH4ads}= quantity of ammonium at soil complex [kg m-2]
[NH4]in = concentration of ammonium flowing into a layer [kg m-3]
[R03] = concentration of nitrate [kg m-3]
[NO3]in = concentration of nitrate flowing into a layer [kg m-3]
0 = quantity of fresh organic matter [kg m-2]
Q = quantity of added material (manure,fertilizer,etc.) [kg m-2]
5 = quantity of soluble organic matter [kg m-3]
Sin = concentration of soluble organic matter flowing [kg m-3]
into a layer
dt = time difference [d]
Rate variables (transformation):
Epd = exudate production (kg m-2 d-1]
oxdd = oxygen demand [{kg m3 d-1])
recf(fn)= decompositition rate of fresh organic matter-fraction [d-1]
recfca = decompositition rate of soluble organic matter [d-1]
recfex = decompositition rate of exudates [d-1]
recfhu = decompositition rate of humus fd-1]
recfnt = nitrification rate (d-1]
Rate variables (transport):
flev = evapotranspiration flux [m d-1}
flin = flux into a layer [m d4-1}
flou = flux out of a layer [m d-1]
Fractions and factors:
aevo = aerated soll fraction [-]
asfa = assimilation factor [-]
drad = distribution ratio of ad-/de-sorption -]
fn,nf = fractien number and number of organic fractions [-]
frvo = fraction of added NH4-N that volatilizes [-]
fr(fn) = fraction of organic part in added material [-]
frca(fn}= soluble fraction of organic part in added material [-]
fror = organic part of added material [-]
frnh = fraction of NH4-N in added material [-1
frni = fraction of NO3-N in added material [-]
hufros = fraction of fresh organic matter trasnformed to humus [-]
mofr = molsture fraction [-1]
nifr(fn)= N-fraction of the corresponding organic fraction [-]
nifrhu = N-fraction of humus (-]
nifrex = N-fraction of exudates [-]
rd = selectivity factor for crop uptake [-]
rdfade = reduction factor for denitrification (-1

(rdfade = (potential denitr.+storage diff.) / oxygen demand)
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2.2 transport processes

With data delivered by a waterquantity model, the model ANIMO
calculates moisture fractions at the end of a timestep and
water-fluxes per layer. Average moisture fractions are calculated
assuming a linear change with time. There can be four levels of
drainage:
fiux to or from trenches (surface runoff, interflow)
. flux to or from ditches/drains
. flux to or from canals
. flux to or from lower boundary of model-profile

(seepage or leakage)

DWW

For each layer a water balance 1s formulated with the general form:

( flin - flou - flev )} * t - (mefrt-mofro)*he = 0.0

in which:

flin = incoming flux [m3 solutfion m-2 surface d-1]
flou = outgoing flux [ » ]
flev =« evapotranspiration flux [ " ]
he = layer thickness [m)
mofro = inital moisture fraction [m3 solution m-3 so0ill system]
mofrt = moisture fraction at end of tstep i ‘o ]
t = time [d]

Incoming fluxes may include: precipitation, infiltration, seepage.

Outgoing fluxes may include: drainage, evapotranspiration, leakage.

Figure 2.4 indicates some of the fluxes in a scil system with a few
layers.

Figure 2.4 Schematization of fluxes in a model soil system
with a few layers.
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Soluble organic matter and mineral N (NO3 and NH4) can be transported
with water-fluxes to and from different layers.
For this transport combined with production or consumption a

transport- and conservation-equation is belng used (per layer) with
the general form:

d{ mofrt¥he * co )

------------------ - flin * coin - flou * co - flev * rd * co +
dt
drad * d( mofrt*he * co )
KO * he + Kl * mofrthe * co - --vccrrccrcnmicnacnncnans
dt

in which:
co = concentration in a layer [kg N or C m-3 s0), m-2 surface)
coin = concentration of incoming flux | " ]
drad = distribution ratio of adsorption (-]
KO = O-order production rate [kg N or C m-3 soil d-1]
Kl = i-order production rate [d4-1]
mofr = average moisture fraction {m3 solution m-3 soll system]
rd = reduction factor for crop uptake [-]
t = time - [d]

»
.

This equation {s solved analytically every timestep for every layer
for NH4-N, NO3-N and for every soluble organic matter-fraction. For
the first layer the boundary condition for the incoming flux from
sbove is the precipitation with a concentration of the precipitation,
For the last layer the boundary condition of the incoming flux is the
seepage flux with a concentration of the soil solution below the
described profile.

The reduction factor for crop-uptake (rd) is determined on base of the
summarized crop uptake during previous timesteps. Only for grass the
uptake is unlimited.

KO and K1 are O-order and l-order production rates. In the model
production is always positive and consumption is negative.

KO(COCA) is calculated from the decomposition of fresh organic matter;
K1({COCA) is an input-parameter.

KO(NH4) results from mineralization/immobilization calculations;
K1(NH4) is an Input-parameter which is reduced for (partial) anaerobic
conditions,

KO (NO3) results from nitrification/denitrification calculations.
K1{(NO3) is not used.

Page 10
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2.3 main program

The next page gives the structure-diagram of the main program ANIMO,
In the description of main program and subroutines the same sequence
has been followed as in the computerprogram itself. All the reading
of Input-data is executed by a subroutine INPUT.

For progam-adjustments the use of unit-nrs and the openening of files
is given as appendix F; 'local’ in this appendix means that the file
is closed directly after reading, which enables further use of this
unit-nr.

After reading of general data the program executes calulations for
subsequently: every year, area, timestep, and technology. For
field-applications there is only one area and one technology.

The most important calculations are performed in the innermost part of
the technology-loop.

Hydrological data coming from the waterquantity model are converted in
the subroutine BALANCE to fluxes and moisture fractions per layer. 1If
hydrological data come from a detailed waterquantity model
(e.g.SWATRE) the subroutine BALANCE is not used and fluxes and
moisture fractions are given as input.

At the beginning of the timestep in the subroutine RESPI the potential
oxygen consumption for decomposition of organic matter and for
nitrification is calculated. An oxygen profile 1s determined and for
(partial or temporary) anaerob conditions the oxygen from NO3 can be
used and denitrification will take place. If the potential oxygen
consumption i{s higher than the availability of oxygen, the
decomposition of organic matter is reduced.

The subroutine TRANSPORT then determines the transport and
conservation of organic matter in solution and the mineralisation can
take place in the subroutine MINER_2. The mineral ammonium can now be
transported and nitrified in the subroutine TRANSPORT. The zero-order
production rate constant for the net production of nitrate is
determined in the subroutine DENITR, after which nitrate is
transported and produced/consumed in the subroutine TRANSPORT.

Finally concentration and loads to and from drainage systems are
calculated with the subroutine CONCDRAIN,

For regional applications an imaginary boundary in the aquifer is
introduced (see par. 3.3); above this boundary vertical fluxes are
dominant and below this boundary horizental fluxes dominate. Above
this boundary calculations are performed per timestep and below this
boundary a mixing takes place after each simulated year.
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Structure diagram of the main program ANIMO

READ GEN.DAT ! read general input
DO YR = 1,NYR , 1 for every year
bO AN = 1,NA ! for every subregion
READ GENAR.DAT - ! read subregion input
{IF (YR=1) => READ INI.DAT | first year: read initial data
po TI - 1,NST | "1 for every timestep
READ WATBAL.DAT ! read data from waterquantity model

pO TN = 1,NT ! for every technology

1IF (YR=1,TI=1) => CALL INIMC | initial moisture fractions
"|ICALL BALANCE -> CALL FLUX ! moist.fr.+ fluxes per layer

IF (KC.NE.3) => CALL ROOT. ! 1f not grass: root-production

CALL ADDITIONS -> READ CROP.DAT 1 addiéions per layer

CALL TEMPERATURE ! température profile

ICALL MINER_1 ! reduction factors and KO(COCA)

CALL RESPI -> CALL OXYDEM ! oxygen proflle,reaction rates

{ denitrification, K1(NH4):nitrif.

FN « ]1,NF ! for every organic fraction

JCALL TRANSPORT -> CALL TRANSSUB | transp.+conserv, of COCA

CALL MINER 2 1 KO(NH&4) :mineraliz./immobil.

[CALL PLANT | N-uptake by crop

ICALL. TRANSPORT -> CALL TRANSSUB ! transp.+conserv. of NH4-N

ICALL DENITR 1 KO(NO3): nitrif./denicrif,

CALL TRANSPORT -> CALL TRANSSUB ! transp.+conserv. of NO3-N

CALL CONCDRAIN ! conc. NO3-N,NH4-N and COCA in drain-flux

CALL MASSBAL ! massbalance cheque; N-uptake and

! initialization of next timestep

IF (KC=3) => CALL GRASS ! 1f grass: root-production

CALL SELECT . ! select cutput

IF (IWA=1) CALL AQUIFER ! regional appl.: NO3-N mixing aquifer
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2.4 subroutines

The program consists of various subroutines, which are for field and
regional applicatlions:

INPUT, OUTPUT, HYDRO, INIMO, BALANCE, FLUX, ROOT, ADDIT, TEMPER,
MINER 1, RESPI, OXYDEM, TRANSPORT, TRANSSUE, MINER 2, PLANT, DENITR,
CONCDRAIN, MASSBAL, GRASS, SELECT

extra for regional applications:

INITN, READFEM, MANUREl, MANURE2, TRANSFER, TRANSFERT, AQUIFER

0f each subroutine a short description will be given,

SURROUTIRE INPUT

This subroutine arranges all input of parameter-values.

In three cases this subroutine executes another subroutine:

- for regional applications the manure- and fertilizer-input values are
read with the subroutine MANUREL.

- for regional applications the hydrological data are read with
subroutine READFEM.

- for field applications the hydrological data may come from a
waterquantity model like SWATRE; in that case the subroutine HYDRO
executes the reading of parameter-values,

SUBROUTINE OUTPUT
This subroutine arranges a detailed output of parameter-values of each
subroutine for a selected amount of timesteps.

SUBROUTINE HYDRO

This subroutine reads hydrological data delivered by a detailed
waterquantity model (e.g. SWATRE). These data are modified for use
in the transport-equationm.

SUBROUTINE INIMO

Initial moisture fractions are calculated in the same way as in the
subroutine BALANCE (see subr.BALANCE). This subroutine receives the
following input-parameters from the waterquantity model:

- moisture content rootzone (MOCORO)

- groundwaterlevel (WALE)

- moisture deficit under the rootzome (MODEUN)

SUBROUTINE BALANCE
This subroutine calculates:
- molsture fractions (end of tstep and average) for each layer
- number of layers discharging to the drainage systems
- fluxes per layer (evapotranspiration and fluxes to/from other
layers and drainage systems)

For the distribution of the evapotranspiration flux (EV) over the
layers of the rootzone there are two options (indicated by the
input-parameter EVROSE):

- fluxes decreasing linear to the depth of the rootzone-layer.

- fluxes equally distributed over the layers of the rootzone.
The moisture fractions of the rootzone are equally distributed over
the layers of the rootzome. The moisture-fractions of layers below
the rootzone can be distributed according te the folowing
schematization:

Page 13
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case &. linear relatlion.

case b. non-linear relation with one bend-point,
! case c. non-linear relation with two bend-points.
E Figure 2.5 Schematic relationship of moisture fraction below
3 rootzone.

case a, case b. case cC.
! MOFRBORO
g MOFRWIUN . MOFRSAUN MOFRWIUN MOFRSAUN MOERWIUN MOFRSAUN
HECZ

WALE = = =
|

SUBROUTINE FLUX

i This subroutine is used in the subroutine BALANCE to determine for
; each drainage system the discharge/infiltration fluxes per layer.
Subroutine BALANCE has calculated thickness and number of layers

discharging to the drainage system, which results in a discharge zone.
The position of top and bottom of this zone lead to 3 types of
solutions to determine the discharge-flux for each layer. Figure 2.6
gives these three types of solutions with the profile divided into
three parts on base of different conductivities,

- rootzone

- underground (~layers between rootzone and aquifer)
- aquifer

i Figure 2.6. three types of solutions to determine discharge flux F

TYPE 1 TYPE 2 TYPE 3
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SUEROUTINE ROOT

For non-grassland applications this subroutine determines amount and
lenght of roots as well as the distribution of roots over the layers.
Exudate productions is also determined as a function of the root
development. For amount and lenght of roots an interpolation is
executed between input-data, The distribution of roots decreases
linear with depth. :

SUBROUTINE ADDIT

In this subroutine the additions take place that can be regarded as
additions to the top of the soil system; they are added to the soil
and can be mixed through one or more layers. The following additions
can take place:

- dry deposition

- death root material

- harvest losses

- grazing losses

- manure additions

- fertilizer additioms

Dry deposition is an input-parameter which is added every timestep to
the first layer; 38% as NO3-N and 62% as NH4-N.

For grassland root-, harvest- and grazing-losses are determined in the
subroutine GRASS; root-material is added continuously and harvest- and
grazing-losses are added when they are calculated by the subroutine
GRASS.

For field-applications the input-data concerning additions can be
delivered by means of an input-file (CROP.DAT); for regicnal
applications data concerning manure-additions are delivered by the
subroutine MANURE2.

This subroutine uses an artificial reservoir for the additions of
mineral nitrogen and soluble orpganic matter., Qut aof this reservoir
mineral nitrogen and soluble organic matter may leave the system with
surface runoff or go to the first layer.

SUBROUTINE TEMPER

This subroutine calculates the temperature of each layer with either a
Fourler analysis model (if temperatures are given as input) or with a
sinus model. The temperature is calculated for the middle of a
timestep and for the middle of a layer. A demping towards depth is
calculated in both the sinus and the Fourier model.

SUBROUTINE MINER 1

In this subroutine reduction factors and reaction rates per layer are
calculated. Reduction factors are determined for pH, temperature and
moisture. The N-fraction of humus is decreased by a factor 0.2 for
the layers with a reduced decomposition (indicated by the
input-parameters LR and RDFADCHU)

The first-order rate constants are calculated for:

- decomposition of fresh organic matter (each fraction)

- decomposition of organic matter in solution

- decomposition of humus

- decomposition of exudates

- nitrification

The zero-order rate constant is calculated for the production of
organic matter in solution (kO(COCA)}.
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SUBROUTINE RESPI

Calculation of nitrification (REKINH) and denitrification

{decomposition part of REKONI).

This subroutine starts with the calculation of diffusion coefficients

for oxygen in air pores and in soil; the number of aerated layers is

then also determined.

For every layer the potential oxygen demand is calculated as the

sum of oxygen demand for:

- decomposition of organic matter (fresh, in solution and humus)

- decomposition of exudates

- nitrification of the decomposed organic matter

- nitrification of the present ammonium

With this potential oxygen demand and the determined diffusion

coefficients the subroutine OXYDEM then calculates an oxygen profile

resulting in & (partial) aerobiosis per layer (aerated fraction AEVQ).

On base of precipitation excess and hydraulic conductivity of the

rootzone a temporary anaerobiosis (TIAN) is calculated which has been

introduced to simulated denitrification in top-layers due to have

rainfall,

Then per layer the following calculations:

1. potential denitrification

2. reduction factor for demitrificatrion

3. denitrification

4. reduction factor for oxygen deficit

ad 1. In case of outgoing fluxes potential denitrification is
determined with a transpert-and conservation equation; 1if
there are mno outgoing fluxes then 60% of the present nitrate-N
can be denitrified.

ad 2., For (partial) anaerob conditions this reduction factor is:

potential denitrif. + incoming nitrate

rdfade =  --cceciiciiei e e el [-]
oxdd
in which:
oxdd = potential oxgen demand for kg O m-3 d-1}
decomposition of organic matter
rdfade = reduction factor for denitrification [-]

ad 3. Final denitrification determined as:

deni = aevoan * oxdd * rdfade

in which:
deni = denitrification {kg O m-3 d-1]
aevoan = anaerod fraction fm3 m-3]

ad 4. In case of an oxygen deficit the decomposition of organic matter
during the timestep is reduced with the following factor:
deni - aevoar¥oxpdra

rdfaox = ceeesceiceceeciieciiiis
aevoant*oxdd - aevoar*oxpdra
in which:
aevoar = aerob fraction [m3 m-3]
oxpdra = total potential oxygen [kg O m-3 d-1]

demand {(incl. nitrification)

The decomposition rates for organic matter are calculated and the
nitrification rate is determined.
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SUBRCUTINE OXYDEM

In this subroutine oxygen-demand calculations are performed resulting
in an oxygen-profile. A vertical oxygen profile is determined In no
more than 3 iterations. Per iteration a reduced oxygen demand
(RDOXPDRA ,0XDDRA) per layer is calculated as a result of partial
anaerobiosis. This reduced oxygen demand results in an oxygen
concentration per layer (0XC01l,0XC02). An aerated radius (RIAE) is
calculated to determine vertical oxygen distribution. This radius is
calculated with a Newton-Raphson iteration. Finally the aerated
fraction (AEVO)} per layer is determined.

SUBROUTINE TRANSPORT

This subroutine is used to determine transport and
production/consumption of organic matter in solution, ammonium and
nitrate.

For every layer the transport- and conservation-equation is solved
analytically in the subroutine TRANSSUB. The sequence of calculations
is determined on base of the flow direction.

SUBROUTINE TRANSSUB

For every layer the functions FCONIT and FAVCQ caleulate the
concentrations at the end of a timestep and the average concentration
during a timestep. ¥
SUBROUTINE MINER 2

In this subroutine the amount of each of the four kinds of organic
matter, remaining at the end of the timestep, is calculated. These
calculations result in a net release of NH4-N (REKONH); a positive
release means mineralization, a nepgative release means immobilization
of ammonium. If the calculated immobilization is greater than the
amount of ammonium present at the beginning of a timestep, the present
ammonium is immobilized and the net release of NH4-N is calculated
once again with a reduced assimilation-factor.

SUBROUTINE PLANT

In this subroutine the selectivity-factor (RDFAUP) is calculated which
can reduce the crop-uptake.

For grassland-applications this selectivity-factor only limits uptake
if there is not enough growth to keep up with the rising N-content of
the root-material.

For non-grassland applications the selectivity-factor is determined on
base of the summarized uptake during previous timesteps. The uptake
is reduced if a certain maximum, based on input-data, is reached.
Reduction may also occur if the nitrogen concentration at the
beginning of the timestep is too high.

SUBROUTINE DENITR

This subroutine determines the 0O-order production term for NO3
{REKONI), which describes nitrification/denitrification. For
nitrification the average ammonium concentration is used, which is a
result of the subroutine TRANSPORT. Denitrification is determined in
the subroutine RESPI,

SUBROUTINE CONCDRAIN
This subroutine calculates for organic matter in solution, ammonium
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and nitrate the concentration of the drainage/infiltration water of
the four systems (trenches, ditches, canals, deeper layers)

SUBROUTINE MASSBAL

Performs massbalance calculations to verify previous calculations.
Furthermore the summarized uptake 1Is determined and initialization of
organic matters and mineral nitrogen for the next timestep takes
place.

SUBROUTINE GRASS

This subroutine calculates root-mass distribution over the layers of
the rootzone. The amount are calculated as a function of the amount
of shoots. The amount of shoots is a function of a standard crop
production. The availability of mineral nitrogen may reduce shoot
growth.

Harvest-losses are calculated if the shoot-mass exceeds 0.4 kg.m-2.
Grazing-losses may occur before 15 May if the amount of shoots exceeds
0.25 kg.ha-1 and after 15 May if the amount of shoots exceeds 0.075
kg.m-2.

SUBROUTINE SELECT
This subroutine arranges the output to different files. A selection
in the output must have been made in the input-file GEN.DAT,

For regional applications the following subroutines are alsc being
used:

SUBROUTINE INITN

This subroutine determines organic matter conntents based on an
equilibrium-situation, for which the decomposition rate of organic
matter is equivalent to the supply of fresh organic matter. The
supply of fresh organic matter consists of animal slurry,
harvest-losses and dying rootmaterial.

SUBROUTINE READFEM
This subroutine reads hydrological data calculated by the model SIMGRO

SUBROUTINE MANURE1

Reads input-data concering manure-additions for all subregions and
technologies. These manure-additions include 5 kinds of organic
manure and 1 kind of fertilizer. The number of livestock units is
also read.

SUBROUTINE MANURE2

Determines the values of variables concerning manure-additions for
this timestep. These varisbles are:

- time for next addition (TINEAD)

- number of additions (NUAD)

- material number of the added material (MTINU)

- quantity of material to be added (QUMT)

- the way the addition has to take place (WYAD)

- ploughing or not (PL)

1 Kind of fertilizer and 5 kinds of manure are distinguished and the

Paga 18
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input-file ANIMO.SCE should contain the quantities of the additions.
For the four kinds of manure two data should be given, one standing
for a spring-application and ancother-one as a winter-application,
The division of the additions is the following:
Fertilizer:
-~ 1 application on arable land and maize: on 1 April
- 4 appl. on grassland: 1 April, 25 May, 30 Juin, 23 August
5 Kinds of manure:
- 6 spring-applications on arable land: between daynrs 46 and 91
- 15 winter-applications on arable land: between daynrs 305 and 46
- 11 spring-applications on maize land: between daynrs 46 and 121
- 15 winter-sapplications on maize land: between daynrs 305 and 46
+ 37 spring-applications on grassland: between daynrs 46 and 305
(incl. 10 ton per ha per livestock unit)
- 15 winter-applications on prassland: between daynrs 305 and 46
The high intensity of spring-applications on grassland is caused
by the continuocus excreting of cattle.

SUBROUTINE TRANSFER

Tranefers data that are time and technology dependent. This
subroutine collects them at the beginning of a timestep (except the
first timestep).

SUBROUTINE TRANSFERT
Transfers data that are time and technology dependent. This
subroutine writes them into arrays at the end of a timestep.

SURROUTINE AQUIFER

This subroutine executes a mixing in the lowest part of the aquifer at
the end of a simulated year. An imaginary boundary (see par. 3.3) is
the upper limit for this part of the aquifer. Above this boundary
vertical flow is dominant and below this boundary horizontal flow
dominates.

Figure 2.7 gives an impression of the various fluxes to/form this part
of the aquifer below one subregiomn.

. figure 2.7

Page 19
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The following formulation has been applied in the regional application

which is described in paragraph 5.2.

rsconiagq =

in which:

rsconiagq =
conlag =
mifa -
i -
co -
fl -

co(i) * f1l(1)

(1-mifa) * coniagq + mifa * ------coceccrncen-.
£f1(i)

concentration NO3-N in the aquifer

at the end of a year [kg.m-3]
concentration NO3-N in the aquifer

at the beginning of a year [kg.m-3]
mixing factor [-]
side of polygomne (-1
average concentration of flux through side 1 [kg.m-3]
flux through side i [m3.yr-1]

Since mixing is done on a year base, the mixing factor is the inverse
of the residence time; the mixing factor should be less then 1.0. The
residence time is determined as:

resti = he * ar * por / flin

in which:

resti = residence time in years [vr]
he = layer thickness (m]
ay = area [m2]
por = porasity [-]
flin = incoming flux (m3.yr-1

Page 20
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3. INPUT

3.1 general

For field- and regional applications the file GEN.DAT has to be
created, This file contains data that are valid for more than one
field or subregion (incase of regional applications). 1In appendix B
one can find a summary of the data required in this file. In the
appendices C and D extensive informations is given about field- and
regional applications.

3.2 field application

For field-applications the following files have to be created:
- GEN.DAT {(general data)

- GENAR,DAT (general data valid for a specific field)
- INI.DAT (Initial data about mineral N and organic matter)
- CROP.DAT (data concerning additions to the soil system)

- WATBAL.DAT or SWATRE.DAT (waterquantity data)

Appendix B gives a summary of the input-parameters needed for
field-applications. Appendix C gives an extensive description of the
required input-data for a field applications.

Dependent on the applied kind of waterquantity model (iike WATBAL or
like SWATRE) the waterquantity data-file should be either WATBAL.DAT
or SWATRE,DAT,.

3.3 regional application

For regional applications a region is divided intc a number of
subregions (NA). Each subregion is divided into a number of
technologies. subregion-division is based on differences in soil
physical and hydrologal properties; subregions are geographically
fixed. Technology-division is based on differences in land-use;
technologies are fractions of a subregion.

The following input-files have to be created:

- GEN.DAT (general data)

- GENAR(1-NA) .DAT (general data valid for a specific subregion)
- INI(1-NA).DAT (initial data wvalid for a specific subregion)

- SIMGRO.DAT (waterquantity data)

« SIMGRO.FLW (yearly-fluxes to/from first aquifer)
- CAPSEVPF.DAT {(pF-relations per soil physical unit)
- AREA.DAT (subregion- and technology-surface)

- ANIMO,SCE {(manure-quantities)

The summarized description given in Appendix B and the extensive
file-descriptions in appendix D can be used for the files GEN.DAT,
GENAR(1-NA) .DAT and INI(1-NA).DAT.

The files SIMGRO.DAT and SIMGRO.FLW are output-files of the regional
waterquantity model SIMGRO.

The file CAPSEFPF.DAT contains for every soil physical unit a relatiomn
between groundwaterlevel and moisture-content. These relations have

Ll
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been determined with the ICW-model CAPSEV and served as input for the
model SIMGRO. These data are also used in ANIMO in the subroutine
READFEM to determine initial moisture deficits of layers under the
rootzone.

The file AREA.DAT is part of the SIMGRO-cutputfile SIMGRO.RES. It
contains surfaces of subregions and technologies.

The file ANIMO.SCE is a file which can be created with the Scenario
Generating System (see par 5.2). It contains manure-quantities that

have to be added to the soil system at fixed timesteps in the model
ANIMO,

An important input-value is the position of the imaginary boundary in
the aquifer; above this boundary local flow is dominant and below this
boundary horizontal (regional) flow dominates. This boundary must be
determined in calculations performed beforehand.

In the following allineas an explanation will be given of a
determination of the position of this boundary.

The regional model SIMGRO calculates:

- fluxes to ditches (FS) and canals (FK) per subregion

- lateral fluxes (FL) acrose the boundaries of each subregion

It’'s assumed that the position of this boundary is determined by the
ratioc between the local groundwaterflow (FS and FK) through the
aquifer and the regional groundwaterflow (FL). For both terms
year-averages are used. Figure 3.1 gives the applied schematization
in which Y stands for the distance between boundary and bottom of
toplayer. FLIN and FLOU stand for the summarized incoming; resp.
outgoing fluxes. (see also figure 2.7).

Figure 3.1 Schematization to determine position of fmaginary
boundary in aquifer.
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About local groundwater-flow:

A part of FS and FK passes through the aquifer. This part is
inversely proportional to the relation between the resistances that
the waterflow find on its way through respectively the top-layer and
the aquifer. In formulas:

For ditches: For canals:

Ls+*Ls Lk*Lk
RES] w --c----- + Ls*RESs RES3 = -c-ue--n + Lk*RESk

8%K1*D1 8*K1*D1

Ls*Ls Li*Lk
RES2 = 2%C + --------- + Ls*RESs RES4 = 2%C + --v------ + Lk*RESk
8%K2*D2 , 8*K2%D2

2 = RES1 / (RES1 + RES2) b = RES3 / (RES3 + RES4)
in which:
a = part of FS that dicharges through the aquifer [-]
b = part of FK that dicharges through the aquifer [-]
RES] = resistance for flow through top-layer to ditches [d]
RES2 = resistance for flow through aquifer to ditches [d]
RES3 = resistance for flow through top-layer to canal s {d]
RES4 = resistance for flow through aquifer to canals [d]
Ls = ditch-distance [m]
Lk = canal-distance [m]
K1*Dl = transmissivity of top-layer [m2.d-1]
RESs = radial and entrance flow resistance to ditches [d.m-1]
RESk = radial and entrance flow resistance to canals fd.m-1]
K2 = conductivity of (first) aquifer [m.d-1]
D2 = thickness of (first) aquifer [m]
C =~ vertical flow resistance of top-layer {d]

The summarized average local groundwater-flow through the aquifer

is now: a * ABS(FSav) + b * ABS(FKav)

Absolute values of year-averages (FSav and FKav) are used because in
this case it doesn’t matter whether water flows to or from ditches and
canals.

About regional groundwater-flow:

The regional model SIMGRO calculates for every subregion incoming and
outgoing fluxes of the first aquifer. From these data an average
regional groundwaterflow (FL) can be determined by taking the average
of the summarized incoming (FLIN) and outgoing (FLOU) amounts.

In formula: FL = (FLIN + FLOU) / 2

The position of the boundary (distance Y to bottom of toplayer)
is now the following:

a * ABS(FSav) + b * ABS(FKav)
Y = e * D2 [m]

Once the position of this boundary is determined for each subregion
the layer-division per subregion can take place.
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4. OUTPUT

4.1 general

There are two standard output-files. The file TOUT.DAT will be
created for every run, output will be given for as many timesteps as
indicated with the input-parameters OUTTO-OUTIN. The other file that
will be created is the file INIT.DAT. For field applications this is
a file with the same data in the same sequence as the input-file
INI.DAT. For regional applications INIT,DAT-files are unformatted
files.

Another way of getting output is by means of one of the options given
at the end the input-file GEN.DAT (see appendix B).

A summary of these options will be given:

output-file contents

TOUT . DAT detailed output per timestep of all subroutines
NITRATE N.DAT NO3-N per timestep per layer in kg N m-3 solution
AMMONIUM_N.DAT NH4-N per timestep per layer in kg N m-3 solution

OMS . DAT organic matter in solution per timestep per layer
in kg dry matter m-3 solution

UPTAKE . DAT crop uptake per timestep per layer in kg N m-3 sol.

MINERAL N.DAT mineral-N per timestep per layer in kg N m-2 soil

TOTAL_N.DAT total N present at the end of tstep per layer

in kg N m-2 soil
TOMNNITO.DAT total mineralization per timestep per layer
in kg N m-2 soil

RDFA.DAT reduction factors per timestep per layer for oxygen
(RDFADX) and total {RDFAOX*RDFATEX*RDFAPH*RDFAMO)

BANIST.DAT NO3-N massbalance per timestep for a given amount of
layers.

BANIYR.DAT NO3-N massbalance per year for a given amount of
layers and updated (total values set to 0) at a
given daynr.

BANHYR ., DAT NH4-N massbalance per year (like BANIYR.DAT)

MASSBAL.OQUT massbalance per selected timestep

GRASS1.0UT shoot and root development per timestep
in kg dry matter per ha

GRASSZ .0UT per timestep information about several variables

related to preoduction-reduction due to
N-shortage

The files GRASS1.0UT and GRASS2.0UT can only be created for grassland
applications,
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Furthermore extra output can be obtained by compiling the following
subroutines with the D_line compile option.

subroutine output-file contents

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

AQUIFER AQUIFER.OUT per year variable-information about regional
and local fluxes in (first) aquifer.
BALANCE BALANCE.OUT per timestep a waterbalance
HYDRO HYDRO.OUT per timestep & waterbalance
MANURE1 MANURE1.OUT wmanure-quantities added to arable-, grass-,
and maize-land
READFEM READFEM.OUT per technology per timestep a waterbalance

4.2 regional

The output as explained in par. 4.1 can be given for a specific
technology (indicated with input-parameters QUTAN and OUTTN). Apart
from that there 1s a special option for regional applications. The
input-parameters OQUTCDS-CDSYR arrange output for all subregions,
technologies, years and layers. This is done in such a way that the
following output is written to one file:
- NO3-N (in mg.1-1) at daynr 32 (1 February) of each year of all
layers for each technology and each subregion.
- N-total discharged to surface waters (in kg.ha-l.yr-1) for each
subregion.
Discharge to surface waters is accumulated every year.
This outputfile can be created for a maximum period of 30 years.
It's & file that is especially suitable for a graphical representation
of the data with the interactive Comparative Display System developed
by P.E.V, van Walsum. (Walsum, 1986).
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4.3 error messages

The program is not protected against incorrect input of
parameter-values.

The output-file TOUT,DAT can be used to verify the input.

Most subroutines can create error messages, which all refer to the
subroutine that creates the message. Two examples of error messages
will be discussed.

1.
subr . BALANCE\mess3: mofr. below rootz. > saturated
LN 10 MOFRT(LN)=~ 0.3600001 MOFRSAUN= 0.3600000
subregion 1  technology 1 timestep 1095.746
MOFRT(LN) set to saturation, program continues.,
2.

subr. TRANSPORT: BAPD and BATR differ more then 5%
BAPD= 2.3582299E-05 TI=  192,7702 LN=- 8 NTR=
BATR= 2.6751050E-05 (BAPD=processes, BATR=transp.+storage)

ad 1. error message from the subroutine BALANCE, which indicates

over-saturation, explanation of variables is given in appendix A.

A more detailed verification can take place be compiling subr.
BALANCE with the D_option. This error is created by calculation
(accuracy) errors.

ad 2. error messsage from the subroutine TRANSPORT, which indicates
a deviation in the solution of the transport- and conservation-

equation for nitrate-N (NTR=2), layernr 8 (LN=8). A massbalance-

cheque is performed with processes (BAPD) on one side of the

balance and transport and storage (BATR} on the other side of the

balance. A further verification can take place by means of on
output-file MASSBAL.OUT for the timesteps with error messages.
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5., VERIFICATIOR AND APPLICATION

The model ANIMO is applied on a field- and on a regional scale,.

Of the field-applications a maize- and a grassland-applications will
be explained in this chapter, both served as a model-verification.
The application of ANIMO on a regional scale took place in the
south-eastern part of the province of N-Brabant.

5.1 verification with field-experiments

The two field applications that are described in this paragraph are
maize and grassland treated with different kinds of
manure-applications.

These applications alsc served as a verification of the model. For
this verificaticn special attention has been pald to the following
output:

- mineral-N

- total-N

- crop uptake

- legkage .

The model was adjusted in such a way that this verification can take
place with the aid of output-files and measured field data.

5.1.1 maize

The application of the model on maize concerned maize-fields of a
regional investigation centre (Regionaal Onderzoeks-Centrum
Cranendonck; in Maarheze, south-eastern part of N-Brabant).

During 9 years high doses of cattle slurry were added to maize fields,
For the ANIMO-application two fields were selected. One field
received gifts of 250 ton cattle slurry per ha per year and had an
optimal yield, & high leakage and no fertilizer-applications. The
other field received 100 ton cattle slurry per ha per year, had a high
leakage and no fertilizer applications (PAGV verslag nr.31, 1985).
Appendix C gives an extensive explanation of the input-parameters used
for the maize application of 250 tons per ha per year. In this guide
attention will only be paid to the 250 ton object. Manure-additions
were given as: 100 ton in autumn, 100 ton in winter and 50 ton per ha
in spring.

The waterquantity input-data were simulated with the model WATBAL.
The groundwaterlevel is an important parameter since most
transformation processes are related to the aeration of the soil
profile, Figure 5.1 shows the simulated and measured
groundwaterlevel.

For the verification of the model the massbalances on a year-base for
nitrate and ammonium (files BANIYR.DAT,BANHYR.DAT) are very useful.
Table 5.1 gives the year-balance of nitrate for the simulated period.
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Table 5.1

(balance terms in KG.HA-1)
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8 written and updated at daynr a1.

balance nitrifi- additions deposition crop denitri- leakage drai- storage

period cation wet dry uptake fication nage possincrease
2-1974 / 91-1974 | 250. [ 1. 2.} @, 139. 15. 2. | 138,
91-1974 / 91-1975 | 838. o. 6. 8. ; 266. 279. 372, 4, | -68. H
91-1975 / 91-1876 | 898. o, 4, 8. | 278 111, 182. [ 348. H
91-1976 / 91-1977 | 850 3. 4. 8. !} 198. 75. 6B6. 2. | -98. H
91-1977 /7 91-1978 | 994 . 3. 6. 8. | 268 543, 274. @. ) -78. H
91~1978 / 91-1979 | 788 2. 5. B. |} 2bB4. 25@. 485, I, -117. H
§1-187% / 891-1982 | 1225. 9. 5. 8., | 227. 451. 291 a. 88. }
91-1480 / 91-1981 | 961. 2. 6. 8. | 265, 4486. 312 G. | -49, ]
91-1i981 / 91-1982 | 886. a. 5. 8. } 274 99. 494, @. | 32. ]
91-1982 s 365-1982 | 616 Q. 4. 6. | 287 7. 255, @. ! 88, H

The leakage investigations (Oosterom, 1984) on the malze fields were
executed by measuring NO3-N concentrations at an average level of
Verification of leakape took place with

1.0-1.2 m below soil surface.

these data. Figure 5.2 gives measured and simulated data.
. e (aers)
0.0, 14 1975 V98 1977 wps 1973 1980 191 1982 1983

Figure 5.1
CRANENDONCK: ANIMO-results (250 Wwn, cottla st hs-)
n  meagured L,0-12m
—= cwitisies 08-10 m
— calcFted 1.0-1.2 m Figure 5.2

- - CBlcuistad 1.2-14 m

Mineral-N was measured and accumulated for the lavers of the rootzone.
Figure 5.3 gives measured and simulated data for the rootzomne

The same goes for total-N, only here there was only measured on three

Figure 5.4 gives measured and simulated data for the rootzone.

Crop uptake in the year-balance is the uptake by the whole plant.

data.

Field measurements relate to the uptake by the harvested part of the
plant. Figure 5.5 gives measured and simulated uptake. Simulated

uptake is higher (about 28%) because a lot of nitrogen remains in the
soil.
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Figure 5.3

Figure 5.4

Figure 5.5
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Figure 5.6 gives a threee-dimensional representation of the simulated
NO3-N concentrations against time and depth below soll surface. In
this picture one can identify the three manure-additions given each
year in the way of nitrate-peaks. The cattle slurry contains a high
dosis of ammonium, which is rapidly nitrified into nitrate. Nitrate
concentrations may become very high because of two reasons.
Precipitation-excess makes nitrate accumulate in the lower layers of
the rootzone and low moisture fractions in these layers concentrate it
even further.
”~
Figure 5.6 NO3-N concentrationsﬁ%resented against time and
depth below surface.
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5.1.2 grassland

The application of the model on grassland concerned different kinds of
manuring:
- no manure and no fertilizer.
- with a fertilizer-gift of 600 kg N per ha
- with a cattle slurry-injection of 40 ton per ha per year.
- with a fertilizer-gift of 400 kg N per ha and & cattle slurry
injection of 40 ton per ha.
This manuring took place on fields of a regional investigation centre
{Regionaal Onderzoeks-Centrum Heino; fields are located in Ruurlo,
north-eastern part of Gelderland).
There is no extensive description of this application, but most of the
explanations given for malze in appendix C are also valid for
field-applications on grassland. Appendix D (regional appl.) also
includes input-parameters for grassland-applicatiomns.
In this paragraph results will only be given of the simulations on the
field which received an average fertilizer-gift of 660 kg N per ha.
The next page shows subsequently simulation of:
- figure 5.7. Groundwaterlevel measured and simulated (WATBAL)
- figure 5,8. NO3-N measured at one depth and simulated (ANIMO)
for 3 layers.
- figure 5.9. Mineral-N measured and simulated (ANIMO) accumulated
values for the rootzone.
Total N has not been measured.
Crop uptake during the five years had an average measured value of 525
kg.ha-1 (spread: 404-627), Simulated average value 1s 606 kg.ha-1
(spread: 524-666), Simulations should be higher because
nitrogen remains in the soil.
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