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1 Bugs FOCUS PEARL_1.1.1 solved in
FOCUS _PEARL _2.2.2

In FOCUS_PEARL_1.1.1 the values of the paramet&i8/3U and HLIM3L were
interchanged inside the model (so a bug); in FORERARL_2.2.2 this bug has been
corrected. See the manual for the definition of¢hparameters.

The bug in the graph of pressure head with depttbban removed.

2 Additions and Changes to manual PEARL 1.1.1

This section describes the changes and the adslittorthe update of the
FOCUS_PEARL _1.1.1 manual (Tiktak et al., 2000)e¢aused in combination with
FOCUS_PEARL_2.2.2.

— Chapter 2: Model description
In Figure 2 the name of the file ‘Runld.Apo’ is ramirrect. The name of the file is
‘Runld.pfo’.

— Section 2.3.3 Potential transpiration and potentiakvaporation

The extinction coefficient for global solar radatik (-), has been replaced by the product of
a coefficient for direct global radiatioq; (-) and a coefficient for diffuse global radiatjon

kaif (-). See Equations 6.25 and 6.26 in Van Dam €18D7).

— Section 2.3.5 Evaporation of water from the soil stace
A second method can be used to calculate the riedusf the evaporation of water from bare
soil, i.e. the method described by Black (1969):

2B, = Byftay

in which:

f = empirical coefficient (cmd)

tary = time after significant amount of rainfall (d)

— Section 2.5.7 Partitioning over the three soil ph&s
The effect of temperature on sorption coefficiezas be specified via an adsorption enthalpy:

“AH_ (1 1
KF,e = KF,e,r eX[{ R [?_T_rJ:|

in which:
Kerer = the Freundlich coefficient at reference tempegt; (K)
AHs = molar enthalpy of sorption (J nol




In FOCUS_PEARL_2.2.2 the default value for the sorpenthalpy is zero and this gives the
same calculated sorption coefficients as FOCUS_REAR..1.

— Chapter 3: Model parameterization

— Section 3.2.6 Freundlich equilibrium sorption
The effect of soil temperature on the sorption ftoeht can be taken into account (see
above, section 2.5.7).

— Chapter 4: User’s guide for the command line versin of PEARL

— 4.2.7 Section 3: Weather and irrigation data
In FOCUS_PEARL_2.2.2 three more parameters capéafied in the input file. These
parameters are:

* FacPrc: Correction factor for precipitation (-)

« DifTem: Correction for temperature (degrees Cej)sius

» FacEvp: Correction factor for evapotranspiration (-
These factors can be used to scale-up or scale-tt@ntata on precipitation, air temperature
and evapotranspiration in the file with meteorobtagidata. The default value for FacPrc and
FacEvp is set to 1.0 and the default value for Bxifilis set to 0.0.

— 4.2.8 Section 4: Boundary and initial conditions fothe hydrological model

In FOCUS_PEARL_2.2.2, an additional drainage opisoavailable, i.e. ‘extended drainage’.
If this option is selected then for each drainaayel considered the following parameters
should be specified:

» SysDra Drainage system
* RstDra Drainage resistance (d)
e Rstinf Infiltration resistance (d)
» DistDra Distance between drainsl@ammels (m)
e WidthDra Bottom width of drain system (m)
e« ZDra Bottom of drain system (m)
o ZGwlInfMax Depth at which infiltration is maxim#in)
e OptSurDra Option to consider rapid subsurf@reénage
If OptSurDra set to ‘Yes’ then the following paret@rs should be specified:
* RstSurDraDeep Maximum resistance of rapid sdaserdrainage (d)
* RstSurDraShallow Minimum resistance of rapid sutaser drainage (d)
e OptSriwat Option to consider surface watetesys
If OptSrfWat set to ‘Yes’ then the following paratees should be specified:
* SrfWatLevWinter Winter surface water level (m)
* SrfWatLevSummer Summer surface water level (m)
* SrfWatSupCap Surface water supply capacity tn d

If the option ‘Basic’ is selected then for eachidage level considered the following
additional parameters should be specified:
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e Rstinf Infiltration resistance (d)
e ZSurWat: Depth of the surface water tablg (m

— 4.4.3 Importing data in Excel

The selrec tool has been replaced by the sdwin tdsdhg this tool, records with the same
identifier can be selected and exported to an BeelThis tool has much more possibilities,
and it is also used when using the GUI. The sdwa32tool is in the bin directory. Below
follows a brief explanation of this tool:

sdwin32 uses a small configuration file (or se}filehis file contains lines
with selection criteria as follows:

<datafile_name> <Column_X> <Column_Y> <Column_wiltbokUpString>
<LookUpString>

A maximum number of 9 datapairs can be used.

For clarification the following example is giveregsthe format of the
output files of PEARL):

2.0ut 14 3 Theta

This means that the X data are taken from colunthel)Y data are taken from
column 4, and the datafile is 2.out. Only lineshwitheta in the third column will be selected
(Note: selection is case sensitive).

If the X-data are in the same column for all dades, you can replace the value of
Column_X with ! (except for the first data-series):

2.0ut 1l 4 3 Theta
2.out!5 3 Theta
2.out! 6 3 Theta

gives the following results (only first part ofdishown)

0.000 0.2971 0.2910 0.2860
4.500 0.3039 0.3049 0.3071
11.500 0.2766  0.2824  0.2941
18.500 0.2757 0.2794  0.2885
25500 0.2824 0.2860  0.2939
32.500 0.3399 0.3405 0.3399

sdwin32 must be called from the command line wathfollowing arguments:

sdwin32 setfile -0 outputfile



— 4.5.1 Annual balances
The flux of each drainage system is now includeth@annual water balance (see Table 10).

Table 1 Terms of the annual water balance

Field Water balance term Unit Acronym
1. Net storage change of water in the soil profile am DelLiq
2. Precipitation flux m a* Prc

3. Irrigation flux m a* Irr

4. Seepage flux at the lower boundary of the system atm FlvLea
5. Evaporation flux of intercepted water ma Evplint
6. Actual soil evaporation flux m a* SolAct
7. Actual transpiration flux ma’ TrpAct
8. Total flux of lateral drainage to field drains atitthes md Dra

9. Flux of lateral drainage to primary system ™a Dra 1
10. Flux of lateral drainage to secondary system "ma Dra 2
11. Flux of lateral drainage to tertairy system m a* Dra_3
12. Flux of lateral drainage to tube drains tha Dra 4
13. Flux of lateral drainage to surface drainage sgyste m a* Dra 5
14. Flux of water in run-off m a* Run

15. Evaporation of ponded water m a* EvpPnd
16. Potential soil evaporation flux na SolPot
17. Potential transpiration flux ma’ TrpPot

Table 2 Terms of the mass balance of compounds in the soil profile. This balance applies to three
different layers, i.e. thetillage layer, the FOCUS target layer and the entire soil profile. See further
text.

Field Term of mass balance (kg'ha') Acronym

1. Areic mass of compound applied to the soil AmaAppSol
2. Areic mass change of compound in the layer DelAma

3. Areic mass change of compound in the equilibriomdin DelAmaEq|
4, Areic mass change of compound in the non-equilibrdomain DelAmaNeq
5. Areic mass of compound transformed AmaTra

6. Areic mass of compound formed AmaFor

7. Areic mass of compound taken-up by plant roots BWpta

8. Areic mass of compound drained from the soil syste AmaDra

9. Areic mass of compound drained from the primastem AmabDra_1
10.  Areic mass of compound drained from the seconsigstem AmaDra_2
11.  Areic mass of compound drained from the tertigistesm AmaDra_3
12.  Areic mass of compound drained from the tube drain AmaDra_4
13.  Areic mass of compound drained from the surfaeéndr AmaDra_5
14.  Areic mass of compound deposited AmaDep
15.  Areic mass of compound volatized AmaVol

16.  Areic mass of compound leached from the targedrlay Amalea

Hysteresis of water retention in soil can be sitadgbut is switched off for FOCUS
scenarios).



— Chapter 5: User’s Guide for the PEARL User Interfece

— Section 5.1: Overview of the PEARL database

The new GUI uses an Interbase database and insi@ibase on subdirectories within the
tree of subdirectories of the PEARL package; thestew GUI can work without Microsoft
Access.

— Section 5.6 The main form

The main form consists of five tabs, i.e. a scentai, a simulation control tab, an output
control tab, a SWAP hydrological module tab andrastatus tab (See Figure 1;
FOCUS_PEARL 1.1.1. Manual Figure 21).

(& PEARL 2 - Database: C:\Program Files\FOCUSPEARL 2 2 2\DatabasePearldb.ib, Project: Standard Focus pr... [= |[B]fX]
File Edit WView Calculate Graphs Runs  Registration  Help

Projects Caloulate <N Focus Wizard 7 Help & Euit

Browse Runs

Selected |Mame ResultzSummarny | ResultzDetailed | A
W CEREALS-CHATEALDUN, for demanstration I otdrailable Muatéailable

Copy
M RS e B
Edit Run
Scenario] Simulation Controll Output Contral - Swap Hydrological Module | Run Status]
SWAF Control Parameters
tinimum timestep [d); Dption Hysteresis:
tdasimum timestep [d; | _]

Tolerance in SWAP [-]: Minirmum pressure head to switch divingAwetting [cm:

J

Talerance for groundwaterlesel [mi):

t awinium number of iterations [-];

Ophion Hedrology:

Riurs SWAP and then PEARL |

Figure 1 The main form of the PEARL user interface

On the ‘'SWAP hydrological module’ tab, the user taspecify the option to consider
hysteresis or not and the minimum pressure headitch drying/wetting (cm). This option is
switched off for FOCUS scenarios.

A facility has been added to generate an overvapont of all runs in a project. After clicking
on the button 'Reports’, the user has to specisthdr only the run selected is reported or all
runs in the same project (project summary).



An archive option for runs has been added. Aftiekclg on ‘Runs’ on the menu bar at the
top of the main screen, the user can select ‘Achelected run’. Next the user has to specify
the drive and the directory where the files shdaddstored.

— Section 5.7.1 The locations form
A ‘Copy’ button has been added to copy a location.

— Section 5.7.1 The soil form

The depth dependence of transformation and sorpaoameters can be specified for each
substance, so this dependency can be differetihégparent and the metabolites (See Figure
2; FOCUS_PEARL_1.1.1. Manual Figure 23).

Pearl 2 - Soil Profiles E]

- Browse Soil Profiles -

A~
Chateaudur o ko)
L||:|._:|I_l:|I_Jr| ol Copy J
l HamB-5 | Hamburg sail
Jokioinen zail |
Kremsmuenster zoil i, HI EX ‘ + ‘ -‘ ‘ i |

E dit Sail Profile

Parameter in zoil evaporation l—'
Code: |EH'&‘T'S reduction equation [cm1 /2] 073
Marne; |Ehateaudun soil Crap Factar for bare soil [-): 1
Rielative diffusion |Mi||ington DCluirk: :_J _J B Comments... Bulk denszity option: |{Input -

coefficient:

Browse Horizons in Soil Profiles - Mon Default Factors for Depth Effect
Horizon o, | Soil Building Block Code | Thicknessz | Mumerical comp. -~ SubstCode |FacETra |FacZ5or ”~
B 2 CHAT 502 0.25 0] X
B 2t
|| =] || Edit.
-' Edit Horizon in Soil - . l . . - Default Factors for the Effect of Depth -

: ! Thickness of
Horizan number: 1 herisarvinE 025 ’—T

On Tranzformatior [-):

SDIIB?;QEIZQMB. CH&T-5U1 - _] Mo, of rumerical comp.: 10
' On Sarption [-]: 93
B Comments Dispersian length [m]: 0.05

Figure 2 The Soil profilesform



— Section 5.8.2 The crop and development stage form

In FOCUS_PEARL_2.2.2. the user has also to spéo#ydepth of the virtual tensiometer and
the critical pressure head for irrigation (See Fegs; FOCUS_PEARL_1.1.1. Manual Figure
27). Both parameters are needed when using the Sivig&ion option that calculates the
irrigation amount based on prevailing soil moistcoaditions.

Pearl 2 - Crops E|
Browse Crops

Ciop Code  |MAME | ”
SUGARBEET  Sugar beetz

SUMFLOWER | Sunflower

TOBACCO Tobacco

TOMATOES | Tomatoes

WIMES Wines

W Winter cereals
Copy

Edit Crop
Crop code: WEEREALS

Marme: |Winler cereals

Anaerabingis paint [cm): I Extinction coef. far zalar radiation [-: n2a
et reduction point [cm): ol Minimurn canopy resistance [z m-1]; 0

Higher dry reduction paint [cm]: -R00 Conhzt. in eqn. for water interception [cm]: 0.0001
Lawer dry reduction point [crm]; -300 Depth of [virtual] tensiometer (m]: 0.z
Wwiling paint [cm): 16000 Critical pressure head for irigation [cm): -100

Temperature sum

Start walue [deg. CJ:

emergence - anthesiz [deg. CJ: R oot denzity...
anthesis - maturity [deg. C): Camments.
LClose ‘ Help |

Figure 3 The crops form

— Section 5.9.1 Editing individual compounds
On the ‘Freundlich sorption’ tab, the user has &dsspecify the temperature (K) at which the
Kom value has been measured as well as the matealpy of sorption (kJ md).

— Section 5.10 Editing application schemes
The forms for editing application schemes has laggaphically improved (See Figure 4;
FOCUS_PEARL 1.1.1. Manual Figure 31).



Pearl 2 - Application Schemes El

— Browse Application Schemes Browse Absolute Applications

Code |Descri|:-tiu:-n I * Date Type [Dozage Application Parameter| 4
DUTCH-AUTURME Auturn Application far Dutch standard zce
DUTCH-5PRING- Spring Application for Dutch standard scer,

m Example FOCUS application .
| Mo Mo substance applications Criny = | o ‘ + ‘ ‘ | ) |
] Test25ub1 TestZappl Subsl

| | TestSubl Test Appl Subs? = Browsze Relative Applications

Crop Event| Period |Crop Mo|Dozage |Application Paramel] #

byar

A B cony [m[+]|=]|*]
Copy I | »l ‘ + ‘ - ‘ | I Absolute applications ]Helative applications]

Edit Abzolute Application

Edit Application Scheme
Coda |FDEUS_E><.~’-‘«MF'LE Application type: | :_J
D ate (dd/mmdyppl B Comments... |
Dozage (kg ha-1): |

et R | —

Diescription: |E wample FOCUS application

LClose Help

Figure 4 The application schemes form

— Section 5.11 Editing irrigation schemes

On the ‘Irrigation scheme’ form the user can sef@ct more options: 1) Surface irrigation,
irrigation depth calculated by the model and 2)if8¢per irrigation, irrigation depth calculated
by the model. Moreover, a facility has been addeidhport irrigation data.

— Section 5.12.2 The detailed output options form

In the category ‘PEARL Concentrations’ on the ‘Dietd output options form’, the user can
now select the concentrations in the drainage wateach drain level (primary system,
secondary system, etc). In the category ‘PEARL Balance’ the areic masses drained to
each drainage level can be selected for outpuhdrtategory ‘SWAP Soil Fluxes’ the water
fluxes to each drainage level can be selectedutpub.

Another improvement in FOCUS_PEARL_2.2.2 is thapatifor all calculation nodes can be

automatically generated. This facilitates makingpds of concentration and moisture profiles
(See Figure 5; FOCUS_PEARL_1.1.1. Manual Figure 32)
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Pearl 2 - Detailed Output Options
- Categonies of variables available for output

4 Pearl 5ol Ealance
Pearl Concentrations
L] Pearl Crop Balance
Pearl FIgHes

Pearl General

M Swap Soil Fluzes
|| Swap General

] Swap States

~ Yanables available for output in run

Depths:

X

Clutput 1 Description Curnulative

HasDepth | lsCompound IA

[

Yes | Areic mazz of substance applied to the zail
L Yes | Areic mass of substance drained
Areic mazs of substance drained ho level 1
Areic mass of substance drained to level 2
Areic mazs of substance drained to level 3
Areic mazs of substance drained ta level 4
Areic mass of substance drained to level 5
Yes Areic mazz of substance in the equilibriurm domain of the FOCUS layer
Yes |Areic mazs of substance in the equilibrium domain of the soil profile
Areic mazs of substance in the equi.lil:-rium. dnrﬁain of the tillage layer
L Yes Areic humenical mass balance eror

Add TOXSWA \-"ariable:i Clear &l Y ariables Set Al Variables

Mo
Mo
Mo
Mo
Mo
Mo
No
Mo
Mo
Mo
Mo

Set Defaults

Mo

INone

Help |

INumber of selected variables: 34

Figure 5 Output control
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Linden, A.M.A., 2000. Pesticide Emission at Regiarad Local scales: Pearl version 1.1
User Manual. RIVM report 711401008, Alterra repst
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-11 -



-12 -



3  Sensitivity analysis

FOCUS_PEARL_2.2.2 considers two conservation equstifor the pesticide in the soil
system, one for the equilibrium domain and onettier non-equilibrium domain (See Leistra
et al. (2001) for the description of symbols):

ac, 0J 0J

St 0 RT3, "5, RTRe TR (Eq. 1)

ac.
—_ " =R Eqg. 2
ot (Ea-2)

In most pesticide studies, non-equilibrium sorpti®mot considered, so the first term on the
right-hand side of Eg. 1 can be omitted. Seconliyst of the pesticides are non-volatile, so
for these compounds the transport in soil through gas phase is much smaller that the
transport through the liquid phase. Thirdly, latairainage is not considered in the first-tier
leaching assessments at the EU-level (FOCUS groatedwscenarios), so Eq. 1 can be
simplified to:

oc. 0J

e €0

EqQ. 3 is equal to the conservation equation usédemprecursors of the PEARL model
(PESTLA and PESTRAS) to describe the leaching sfipiee in the soil system. Therefore, a
sensitivity analysis for FOCUS_PEARL_2.2.2 with geplifications mentioned above
would give the same results as a sensitivity amafps PESTLA 1.1 and PESTRAS 3.1.

The sensitivity of calculated leaching to the pagters in the conservation equation used in
PESTLA 1.1 has been assessed by Boesten (1991eddiks show that the most sensitive
parameters are:

» the half-life of the substance in the soil system

» the coefficient for sorption on organic matter

* the exponent in the Freundlich sorption equation

Similar sensitivity studies on pesticide behaviousoil using Eg. 3 have been reported using
the PESTRAS model by Tiktak et al. (1994) and Seart al. (1993).

Literature

Boesten, J.J.T.l., 1991. Sensitivity analysis afi@hematical model for pesticide leaching to
groundwater, Pest. Sci. 31, 375-388.

Leistra, M., van der Linden, A.M.A., Boesten, J.0,TTiktak, A. & Van den Berg, F. 2001.
PEARL model for pesticide behaviour and emissiansdil-plant systems. Descriptions
of the processes in FOCUS PEARL v 1.1.1. Alterrpfitst 013, RIVM report
7114010009.
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Predictability and non-linear modelling in naturstiences and economics. Kluwer
Academic, Dordrecht, the Netherlands, pp. 471-484.

Swartjes, F.A., Sanders, R., Tiktak, A. and Van deden, A.M.A., 1993. Modelling of
leaching and accumulation of pesticides: Moduled®&n by sensitivity analysis. In:
A.A.M. Del Re, E. Capri, S.P. Evans, P. Natali, &ndTrevisan (Eds.). Proceedings IX
Symposium Pesticide Chemistry: Mobility and Degtaaof Xenobiotics. p. 167-181.
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4  Model testing

To date, FOCUS PEARL _2.2.2 has not been testednsigmeasurements in field
experiments. Because the concepts to describedlcegses affecting the fate of the pesticide
in the soil have not changed in the developmenimfréeOCUS PEARL 1.1.1 to
FOCUS_PEARL_2.2.2, the outcome of testing FOCUS REAL.1.1 as described below is
valid for FOCUS_PEARL_2.2.2 too.

Bouraoui et al. (2003) have tested FOCUS_PEARL1ld describe the behaviour of
pesticides in soil using measurements from fiejpeexnents in Vredepeel (NL) and Lanna
(S). In the Vredepeel field experiment, KBr, beotaand ethoprophos were applied to a
sandy soil (gley podzol) with no subsurface dragnalthe model was tested using a stepwise
approach (Vanclooster et al., 2003). The moistorgent profiles were used to calibrate the
soil hydrological parameters. Using the calibragei physical parameters, accurate model
predictions were obtained for the bentazone anopetiphos content profiles in the soil. For
the Lanna field experiment, KBr and bentazone vag@@ied on a silty clay soil with a
drainage system. The VanGenuchten parameters a @ede calibrated using measured
moisture content profiles. The dispersion lengtls waibrated to give a better description of
the Bromide content profile. On average, the coegbatrain water flow was 13% less than
measured. The underprediction of the drain watee might be caused by the occurrence of
preferential flow in the field soil, as this typétansport cannot be simulated by PEARL.
The predicted concentration profile of bentazormmeeg reasonably with the measurements,
whereas the concentrations in the drainwater wedenpredicted at times and this is
probably due to the effect of preferential flow.

Scorza and Boesten (2005) have tested FOCUS_PEARLM dgainst the results of a field
experiment on a cracking clay soil at Andelst (Nb)this field experiment, KBr, the mobile
pesticide bentazone and the moderately sorbingcmistmidacloprid were applied to the
bare soil. The model was tested using a stepwigmaph (Vanclooster et al., 2003).
Calibration of the soil hydrological parameters wasessary to obtain a good description of
the soil moisture profiles. The dispersion lengtswalibrated to obtain a good description of
the bromide transport in the soil. The concentratiof bentazone in the drainwater and
groundwater were described reasonably well by tbdeh The bulk movement of
imidacloprid in the soil was overestimated by theded and the concentrations of
imidacloprid in drainwater was underestimated. Thicates that FOCUS _PEARL 1.1.1
cannot be used for accurate simulation of pesticalgsport in cracking clay soils.

Vanclooster et al. (2003) have tested FOCUS_PEARIL1 hgainst the results of field
experiments in Bologna (I) and Brimstone (UK). e BBologna field experiment, aclonifen
and ethoprophos were applied to a loamy soil. Catiiin of the soil hydrological parameters
was needed to improve the description of the soiktare profiles. The limited movement of
both aclonifen and ethoprophos was reasonably itbescby the model. However, this
experiment was not suitable to test pesticide leacto groundwater. In the Brimstone field
experiment, isoproturon was applied in differerdngeto a cracking heavy clay soil. The soil
hydrological parameters were calibrated using meaissoil moisture content profiles. The
average moisture content corresponded well to thessesured, but at different occasions
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there were large differences, presumably due totkarrence of preferential flow. Measured
concentrations of isoproturon occurred several wesklier than predicted by PEARL,
indicating that preferential flow is an importambpess for this particular soil..

Literature

Bouraoui, F., Boesten, J.J.T.l., Jarvis, N. andoBiw, G., 2003. Testing the PEARL model
in the Netherlands and in Sweden. Proceedings Whpesium Pesticide Chemistry,
Piacenza, Italy.

Scorza Junior, R.P. & Boesten, J.J.T.l., 2005. &itian of pesticide leaching in a cracking
clay soil with the PEARL model, Pestic. Managentecit, in press.

Vanclooster, M., Pineros-garcet, J.D., Boesteff J.Jvan den Berg, F., Leistra, M., Smelt,
J. H., Jarvis, N., Burauel, P., Vereecken, H., \&fsltA., Linnemann, V., Fernandez, E.,
Trevisan, M., Capri, E., Klein, M., Tiktak, A., vatler Linden A.M.A., De Nie, D.,
Bidoglio G., Bouraoui, F., Jones, A., Armstrong, R003. Effective approaches for
assessing the predicted environmental concentstbpesticides: a proposal supporting
the harmonised registration of pesticides in Euréjeal Report August 2003, 158 pp.
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Appendix 1 ThepPeaRL_2.2.2 input file — Expert users

This appendix gives a listing of the extenéedrL _2.2.2 input file. This file is intended to be
used by expert users. Differences in the inputdfilBEARL_2.2.2 compared with
PEARL_1.1.1 are set in bold face.

*,

* STANDARD FILE for Pearl version 1.5.8 (16-Jun-200 3).

*

* This file is intended to be used by expert users.

* Figures between brackets refer to constraints (ma ximum and minimum values).
*

* Pearl e-mail address: Ibg-pearl@rivm.nl

*

* (c) RIVM/Alterra 7-Aug-2003
*,

*

* Sector 0: Run identification

*,

DutchRegistration OptReport Type of report (FOCUS, DutchRegistration)
Dutch_Location Location Locat ion identification

Dutch_Soil SoilTypelD Soil identification

Monoculture_Maize CropCalendar Crop calendar

A SubstanceName Subst ance name

One_Spring_Application ApplicationScheme  Appli cation scheme

No DepositionScheme  Depos ition scheme

No IrrigationScheme  Irrig ation scheme

*,

* Section 1: Control section

*,

FOCUS Cal I'i ngProgram Release type

2 Model Ver si on Version number of the model
2 GUI Ver si on Version number of the GUI

2 DBVer si on Version number of the database

* Time domain

01-Jan-1980 TimStart Begin time of simulation [01-Jan-1900]-]
31-Dec-2000 TimEnd End t ime of simulation [TimStart|-]
1.d-4 AmaSysend (kg.ha-1)  Stop criterion - ignored if zero [0|-]
0 DelTimPrn  (d) Print time step [0|-] - zero is automatic

* SWAP control

Yes RepeatHydrology Repea t weather data: Yes or No

Automatic OptHyd OnLin e, OffLine, Stationary, Only, Automatic
1.d-5 DelTimSwaMin (d) Minim um time step in SWAP [1d-8|0.1]

0.2 DelTimSwaMax (d) Maxim um time step in SWAP [0.01]|0.5]

0.001 ThetaTol (Mm3.m-3) Toler ance in SWAP [1e-5|0.01]

1.0 GALTol (m) Tolerance for groundwater level

10000 Max| t Swa Maximum number of iterations in SWAP
Other Opt Del Ti mPrn Option to set output interval

Yes Opt Scr een Option to write output to screen

* Section 2: Soil section

*

* The soil profile

* Specify for each horizon:

* Horizon thickness (m)

* The number of soil compartments [1]|500]

* Nodes are distributed evenly over each horizon
table SoilProfile

ThiHor NumLay

(m)

03 12

02 8
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02 4

0.3 6
2 20
end_table

* Basic soil parameters

* Specify for each soil horizon:

* Mass content of sand, expressed as a fraction of

* Mass content of silt, expressed as a fraction of

* Mass content of clay, expressed as a fraction of

* Organic matter mass content

* pH. pH measured in 0.01 M CaCl2 is preferred (see

the mineral soil (kg.kg-1) [0]1]

the mineral soil (kg.kg-1) [0]1]

the mineral soil (kg.kg-1) [0]1]
(kg-kg-1) [0]1]

theory document) (-) [1]13]

table horizon SoilProperties

Nr  FraSand FraSilt FraClay CntOm pH
(kg.kg-1) (kg.kg-1) (kg.kg-1) (kg.kg-1) ¢)
1 092 0.05 0.03 0.0470 4.7
2 096 0.02 0.02 0.0080 4.4
3 095 0.03 0.02 0.0019 4.6
4 094 0.04 0.02 0.0014 4.6
5 093 0.05 0.02 0.0000 4.6
end_table
* Parameters of the Van Genuchten-Mualem relationsh ips (B1 + O1)
* Specify for each soil horizon:
* The saturated water content  (m3.m-3) [0]0.95 ]
* The residual water content  (m3.m-3) [0|0.04 ]
* Parameter alpha (cm-1) [1.d-3| 1]
* Parameter n ) [1]5]
* The saturated conductivity ~ (m.d-1) [1.d-4] 10]
* Parameter lambda (I) ) [-25]25 ]
* New Staring Series - not used for standard scenar io
table horizon VanGenuchtenPar
Nr ThetaSat ThetaRes AlphaDry Al phaWet n KSat |
(m3.m-3) (m3.m-3) (cm-1) (cm-1) ( - (md-1) ()
1 043 0.01 0.0249 0.0498 1 .507 0.1746 -0.140
2 043 0.01 0.0249 0.0498 1 .507 0.1746 -0.140
3 036 0.01 0.0224 0.0448 2 .167 0.1321 0.000
4 036 0.01 0.0224  0.0448 2 .167 0.1321 0.000
end_table
Input OptRho Calcu late or Input
* |f RhoOpt = Input:
table horizon Rho (kg.m-3) [100] 2000]
1 1310.0
2 1540.0
3 1640.0
4 1650.0
5 1650.0
end_table
*End If
No Opt Hysteresi s Option to include hysteresis
0.2 Pr eHeaWet DryM n (cm) Minimum pressure head to switch drying /wetting

* Maximum ponding depth and boundary air layer thic kness (both location properties)

0.01 ZPndMax (m) Maxim um ponding depth [0]1]

0.01 ThiAirBouLay (m) Bound ary air layer thickness [1e-6|1]

* Soil evaporation parameters

Boesten Opt Sol Evp Option to select evaporation red uction method
1.0 FacEvpSol ) "Crop factor" for bare soil [0.5|1.5]

0.63 CofRedEvp (cm1/2) Param eter in Boesten equation [0]1]

0.01 PrcM nEvp (m.d-1)  Minimum rainfall to reset reduct ion

* Parameter values of the functions describing the relative diffusion coefficients

MillingtonQuirk OptCofDifRel Milli ngtionQuirk, Troeh or Currie

* If MillingtonQuirk:

2.0 ExpDifLigMilNom (-) Expon ent in nominator of equation [0.15]
0.67 ExpDifLigMilDen (-) Expon ent in denominator of eqn  [0.1|2]
2.0 ExpDifGasMilNom (-) Expon ent in nominator of equation [0.1]5]
0.67 ExpDifGasMilDen (-) Expon ent in denominator of eqn  [0.1|2]
* If Troeh:

0.05 CofDifLigTro  (-) Coeff icient in Troeh equation  [0|1]
14 ExpDifLigTro  (-) Expon ent in Troeh equation [1]2]
0.05 CofDifGasTro (-) Coeff icient in Troeh equation  [0|1]

-18 -



1.4 ExpDifGasTro (-) Expon
* If Currie:

2.5 CofDifLigCur  (-) Coeff
3.0 ExpDifLigCur  (-) Expon
25 CofDifGasCur  (-) Coeff
3.0 ExpDifGasCur (-) Expon
*End If

* Dispersion length of solute in liquid phase [0.5D
Table horizon LenDisLiq (m)

1 0.05

2 0.05

3 0.05

4 0.05

5 0.05

end_table

*,

* Section 3: Weather and irrigation data

*,

defscen MeteoStation Maxim
Input OptEvp Evapo
52.0 Lat Latit

10.0 Alt (m) Altit

* Initial lower boundary soil temperature [-20|40]
* Upper boundary temperature is read from meteo fil
9.97 TemLboSta ©

* |rrigation section

No Optlrr

* Options for Optlrr are:

* No: no irrigation

* Surface: Surface irrigation, irrigation depth spe

* Surf ace_Aut o: Surface irrigation, irrigation depth calc. by mod

* Sprinkler: Sprinkler irrigation, irrigation depth

* Spri nkl er _Aut o: Sprinkler irrigation, irrigation depth calc. by m

defscen IrrigationData Name

* [rrigation data have to be provided in a file Sta
* Maximum number of characters in filename is 7.
* |If RepeatHydrology is set to Yes, the first year

* Format of the file should be as below:

* table IrrTab (mm)

* 01-Aug-1980 10.0

ent in Troeh equation [112]
icient in Currie equation [0]-]
ent in Currie equation [1]-]
icient in Currie equation [0]-]

ent in Currie equation

(1]

elz|1]

um 7 (') characters.

transpiration: Input, Penman or Makkink
ude of meteo station [-60|60]

ude of meteo station [-400|3000]

c. by user
el
spec. by user
odel

of file with irrigation data
tion.irr (e.g. debilt.irr);

is required only

* end_table

1.0 FacPrc (-) Correction factor for precipi tation

0.0 Di f Tem(C) Correction for temperature

1.0 FacEvp (-) Correction factor for evapotr anspiration

*

* Section 4: Boundary and initial conditions of hy
* Section 4a: Lower boundary flux conditions

*

* |nitial condition
1.00 ZGrwLevSta  (m) Initi

* Choose one of the following options:
* GrwLev Flux Head FncGrwLev Dirichlet ZeroFlux Fre
FncGrwlLev OptLbo Lower

* LboOpt = GrwLev (groundwater level boundary condi
table GrwLev (m) Groun

01-Jan 1.00

31-Dec 1.00

end_table

* LboOpt = Flux (flux lower boundary condition)

-0.250 FlvLigLboAvg (m.a-1) Avera
0.10 FIvLigLboAmp  (m) Ampli
01-Oct DayFIvLigLboMax Day o

* LboOpt = Head (head lower boundary condition)
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drological model

al groundwater level [0]50]

eDrain Lysimeter
boundary option

tion)
dwater level [0]-]

ge annual lower boundary flux [-1]1]
tude of lower-boundary flux [0]0.5]
f maximum flux [01-Jan|31-Dec]



Elliptic OptShapeGrwLev Ellip
-1.1 HeaDraBase (m) Drain
500.0 RstAqt (d) Resis

-1.4 HeaAqfAvg (m) Mean

0.2 HeaAqfAmp (m) Ampli
01-Apr TimHeaAgfMax (d) Day w

* LboOpt = FncGrwLev (flux boundary condition - flu

-0.0112 CofFncGrwLev  (m.d-1) Coeff
-2.5 ExpFncGrwLev (m-1) Expon

* LboOpt = Dirichlet (pressure head boundary condit
table h (m) Press

01-Jan -1.0

31-Dec -1.0

end_table

*,

* Section 4b: Local drainage fluxes to ditches and

*

No Opt Dra
No Opt Sur Dra
0 NumDralLev Numbe

* |f OptDra set to ‘Basic’ parameters below should

No, Basic or extended drainag
Option to consider surface drainage

Channel water level (if TypDra_1

tic, Parabolic, Sinusoidal, NoDrains
age base to correct GrwLev [-100|0]
tance of aquitard [0|1e4]

hydraulic head of aquifer [-10|10]
tude of aquifer hydraulic head [0|10]
ith maximum head [01-Jan|31-Dec]

x is a function of groundwater level)
icient in Q(h) relationship [-1|1]
ent in Q(h) relationship [-100|100]

ion)
ure head [-1e4|1e4]

drains

e module
r of drainage levels (0|5)

be specified for each drainage level:
age system
age resistance [1|1e5]

nce between drains or channels [1|1e6]

m of drain system [0|10]

of drain system: Drain or Channel

= Channel;

1 SysDra_1 Drain
100.0 RstDra_1 (d) Drain
100.0 RstInf_1 (d) Infiltration resistance
20.0 DistDra_1 (m) Dista
15 ZDra_1 (m) Botto
Drain TypDra_1 Type
15 ZSur Wat _1 (m)
other

* |f OptDra set to ‘Extended’ parameters below shou

wise dummy values)

Id be specified for each drainage level:

1 SysDra_1 Drain age system

100.0 RstDra_1 (d) Drain age resistance [1|1e5]

100.0 RstInf_1 (d) Infiltration resistance

20.0 DistDra_1 (m) Dista nce between drains or channels [1|1e6]

1.0 WdthDra_1 (m) Bottom width of drain system

15 ZDra_1 (m) Botto m of drain system [0]|10]

15 ZOM | nf Max_1 (m) Depth at which infiltration is maxi mal

Yes Opt SurDra Option to consider rapid subsurfa ce drainage

* |f OptSurDra set to ‘Yes’ then the following para meters should be specified:

30 Rst Sur Dr aDeep (d) maximum resistance of rapid subsurfa ce drainage
[1e-3 |1e4]]

10 Rst Sur Dr aShal | owmd) minimum resistance of rapid subsurface drainage
[1e-3 |1e4]]

No Opt Sr f Vat Option to consider surface water system

* If OptSrfWat set to ‘Yes’ then the following para meters should be specified:

1.0 Srf\Wat LevW nt er (m) Winter surface water level

1.0 Sr f WAt LevSunmer (m) Summer surface water level

0.0 SrfWat SupCap (m.d-1) Surface water supply capacity

*,

* Section 5: Compound section

*

* Compounds. First compound is the parent pesticide
table compounds

pest

end_table

200.0 MolMas_pest (g.mol-1) Molar

* Transformation table (parent-daughter relationshi
* The "end" substance is the final transformation p
* Condition: Sum of rows should be 1 (see theory do

table FraPrtDau (mol.mol-1)

pest end
0.00 1.00 pest
end_table

* Example for a pesticide with two daughters, named
* Line 1: pest is transformed into metl (25%), met2
* Line 2: metl is transformed into met2 (16%) and u
* Line 3: met2 is transformed into undefined end pr
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, the others are metabolites.

mass [10]10000]

ps)
roduct
cument)

"metl" and "met2":

(70%) and undefined end products (5%)
ndefined end products (84%)

oducts only (100%)



* table FraPrtDau (mol.mol-1)
*pest metl met2 end
*0.00 0.25 0.70 0.05 pest
*0.00 0.00 0.16 0.84 metl
*0.00 0.00 0.00 1.00 met2
* end_table

* Transformation rate parameters

50.0 DT50Ref_pest (d) Half-
20.0 TemRefTra_pest (C) Tempe
0.70 ExpLiqTra_pest (-) Expon

OptimumConditions OptCntLigTraRef_pest
1.0 CntLigTraRef_pest (kg.kg-1) Liq.
54.0 MolEntTra_pest (kJ.mol-1) Molar

Optim

* Facto
table horizon FacZTra )

hor Pest

1 1.00

2 0.95

3 0.74

4 0.33

5 0.00

end_table

* Freundlich equilibrium sorption

pH-independent OptCofFre_pest pH-de
1.0 ConLigRef_pest (mg.L-1) Refer
0.9 ExpFre_pest (-) Freun

* If pH-independent (use the coefficient for sorpti
70.00 KomEql_pest (L.kg-1) Coef.

* |f pH-dependent (use pKa value and coefficient fo

374.7 KomEqlAcid_pest (L.kg-1) Coef.
7.46 KomEq|Base_pest (L.kg-1) Coef.
4.6 pKa_pest ) Coef.

0.0 pHCorrection (-) pH co

* |f CofFre (specify the depth dependence and the ¢
1.0 KSorEql_pest (L.kg-1) Coef.
0.0 Mol Ent Sor _Pest (kJ.mol-1)
20.0 TenRef Sor _Pest (C)
table horizon FacZSor ) Facto

hor Pest

1 1.00

2 017

3 0.04

4 0.03

5 0.00

end_table

* End If

* Gas/liquid partitioning

0.0 PreVapRef_pest (Pa) Satur
20.0 TemRefVap_pest (C) .. me
100.0 MolEntVap_pest (kJ.mol-1) Molar
33.0 SIbWatRef_pest (mg.L-1) Solub
20.0 TemRefSIb_pest (C) .. me
40.0 MolEntSIb_pest (kJ.mol-1) Molar

* Non-equilibrium sorption

0.00 CofDesRat_pest (d-1) Desor
0.5 FacSorNegEq|_pest (-) CofFr
* Uptake

0.5 FacUpt_pest  (-) Coeff

* Canopy processes

Lumped OptDspCrp Lumpe
* If Lumped:

1.d6 DT50DspCrp  (d) Half-

* If Specified:
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life time [1]|1e6]

rature at which DT50 is measured [5|30]
ent for the effect of liquid [0]5]
umConditions or NonOptimumConditions
content at which DT50 is measured [0]1]
activation energy [0]200]

r for the effect of depth [0]1]

pendent, pH-independent, CofFre
ence conc. in liquid phase [0.1|-]
dlich sorption exponent [0.1|1.3]

on on organic matter):
eqgl. sorption on org. matter [0|1e9]

r sorption on organic matter):

for eql. sorption on om - acid [0|1e9]
for egl. sorption on om - base [0|1e9]
for influence of pH on sorption [0|14]
rrection [-2|1]

oefficient for equilibrium sorption):
for equilibrium sorption [0]1e9]

r for the effect of depth [0]1]

ated vapour pressure [0]|2e5]
asured at [0]40]

enthalpy of vaporisation [-200]|200]
ility in water [1e-9|1e6]

asured at [0]40]

enthalpy of dissolution [-200]|200]

ption rate coefficient [0]0.5]
eNeqg/CofFreEql [0]-]

icient for uptake by plant [0]|10]

d or Specified

life at crop surface [1]|1e6]



1.d6 DT50PenCrp  (d) Half-
1.d6 DT50VoICrp  (d) Half-
1.d6 DT50TraCrp  (d) Half-
*End If

1.d-4 FacWasCrp (m-1) Wash-

* Diffusion of solute in liquid and gas phases

4.3d-5 CofDifWatRef_pest (m2.d-1) Refer
0.43 CofDifAirRef_pest (m2.d-1) Refer
20.0 TemRefDif_pest (C) Diff.

*,

* Section 6: Management section

1.0 ZFoc (m) Depth
NoRepeat DelTimEvt (a) Repea

* Event table:
* If AnnualEventSameDay is set to Yes, the year is

* Column 1: Date
* Column 2: Event type: AppSolSur, AppSolinj, AppSo

* |f Event = AppSolSur (soil surface application):
* Column 3: Dosage (kg/ha) [0]-]

* If EventType = AppCrp (application to the crop ca
* Column 3: Dosage (kg/ha) [0]-]
* Column 4: Optional: Fraction of dosage applied to

* |f EventType = Applrr (application in irrigation
* Column 3: Concentration (mg/L) - checked for comp

*End If

table Applications
26-May-1980 AppSolSur 1
end_table

* Tillage table - can be empty
table TillageDates
end_table

*

* Section 7: Initial and boundary conditions of pes

*,

* |nitial conditions

Conce

* If using metabolites, ConSysEq| should be specifi
table interpolate CntSysEq| (mg.kg-1)

z pest

0.0000 0.000

5.0000 0.000

end_table

* |nitial conditions Conce

* If using metabolites, ConSysNeq should be specifi
table interpolate CntSysNeq (mg.kg-1)

z pest

0.0000 0.000
5.0000 0.000
end_table

* Upper boundary flux [0]-]
table FImDep (kg.ha-1.d-1)
01-Jan-1980 0.0

31-Dec-1989 0.0

end_table

* Concentration in irrigation water
0.0 Conlrr (mg.L-1) Conce

*

* Section 8: Crop section

*,

life due to penetration [1|1e6]
life due to volatilization [1|1e6]
life due to transformation [1|1e6]

off factor [1e-6|0.1]

ence diff. coeff. in water [10e-5|3e-4]
ence diff. coeff. in air [0.1]3]
coeff measured at temperature [10|30]

of Focus target layer [0.1|Z(N)-1]
t interval of events [NoRepeat|1|2|3]

not used.

ITil, AppCrpUsr, AppCrpLAI

nopy):
the crop canopy (-) [0]1]

water):
atability of Irrigation table (IrrTab)

ticide fate model

ntration in equilibrium domain [0|-]

ed for all metabolites

ntration in non-equil. domain [0|-]
ed for all metabolites

ntration in irrigation water [0|-]
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Yes RepeatCrops Repea t crop table: Yes or No

* Emergence and harvest date of crop.

* Note: Length of growing season must be constant f or one crop

* If reapeat crops: Specification of year not requi red

table Crops

16-May-1980 04-0Oct-1980 Maize

end_table

* Crop cycle fixed or variable (calculated from tem perature sum)

Fixed OptLenCrp Fixed or Variable

* |f OptLenCrp = Variable:

0.0 TemSumSta_Maize (C) Start value of temperature sum [-10|20]
1050.0 TemSumEmgAnt_Maize (C) Sumf rom emergence to anthesis [0]1e4]
1000.0 TemSumAntMat_Maize (C) Sum f rom anthesis to maturity [0]|1e4]

* End If

* Crop parameters as a function of development stag e

* Column 1: Development stage: 0 = emergence; 1 =h arvest (-) [0]1]

* Column 2: LAI: Leaf Area Index (m2.m-2)  [0]12]

* Column 3: FacCrp: Crop factor ) [0]2]

* Column 4: ZRoot: Rooting depth (m) [0]10]

* Column 5: HeightCrp: Crop height (m) [0]10]

* LAl FacCrp ZRoot HeightCrp
table CrpPar_Maize

0.000 0.00 1.00 0.00 0.01
0.099 0.20 1.00 0.10 0.05
0.241 0.95 1.00 0.20 0.20
0.383 1.90 1.00 0.30 1.00
0.525 2.95 1.00 0.40 1.70
0.596 3.40 1.00 0.41 1.70
0.667 3.60 1.00 0.44 1.75
0.738 3.70 1.00 0.40 1.80
0.879 3.60 1.00 0.40 1.80
1.000 3.50 1.00 0.30 1.80
end_table

* Root density table (first column is relative dept h)

* Column 1: Relative depth 0 = soil surface; 1 = De pRoot (-) [0]1]
* Column 2: Root density distribution ) [0]1]
Table RootDensity_Maize

0.00 1.00

1.00 1.00

end_table

* Crop water use

-10.0 HLim1_Maize (cm) Anaer obiosis point [-100|0]

25.0 HLim2_Maize (cm) Wet r eduction point [-1000]0]
-1000.0 HLim3L_Maize (cm) Dryr eduction point [-10000|0]
-1000.0 HLim3U_Maize (cm) Dryr eduction point [-10000|0]
-8000.0 HLim4_Maize (cm) Wilti ng point [-16000]0]
70.0 RstEvpCrp_Maize (s.m-1)  Min. canopy resistance [0]1000]
0.5325 Cof Ext Di f _Mai ze (-)

1.0 Cof Ext Di r _Mai ze (-)

0.2 ZTensi oMet er _Mai ze (m)

100.0 PreHeal rr St a_Mai ze (cm)

1.d-4 CofIntCrp_Maize Const ant in Braden eq for interception [0]1]

* Section 9: Output control

*

* First, specify the time format in the output file :
* DaysFromSta : Print number of days since start o f simulation

* DaysFrom1900 : Print number of days since 1900

* Years : Print years

DaysFromSta  DateFormat Forma t of time column in output file
No OptDelOutput

Yes PrintCumulatives

table VerticalProfiles
end_table
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* Format of the ordinary output - use FORTRAN notat

* e is scientific notation, g = general is general
* Then follow the number of positions
* Then the number of digits

gl2.4 RealFormat Forma

* Second, specify the nodal heights for which outpu

table OutputDepths (m)
0.05

0.10

0.15

0.20

0.25

0.50

1.00

1.50

2.00

3.00
end_table

* Finally, specify for all variables whether output

* As Pearl can potentially generate large output fi

* the number of output variables

* Section | ;: Output from the SWAP model, version 2

* General variables

No print_GrwLev Groundwate
No print_LAI Leaf Area

No print_ZRoot Rooting de
No print_FacCrpEvp Crop facto
No print_FraCovCrp Soil cover
No print_AvoLigErr Water bala
No print_StoCap

* State variables

No print_Tem Soil tempe
No print_Eps Volumic ai

No print_Theta Volumic so
No print_PreHea Soil water

* Volumic volume rates (m3.m-3.d-1)

Yes print_VvrLigDra Volumic vo
Yes print_VvrLigUpt Volume flu
* Volume fluxes (m3.m-2.d-1)

No print_FlvLig Volume flu
No print_FIvLigPrc Volume flu
No print_FIvLiqlrr Volume flu
No print_FlvLigLbo Volume flu
No print_FIvLigEvpIntPrc Evaporatio
No print_FIvLigEvpIntlrr Evaporatio
No print_FIvLigEvpSol  Volume flu
No print_FIvLigEvpSolPot Idem, pote
No print_FIvLiqTrp Volume flu
No print_FIvLigTrpPot Idem, pote
No print_FlvLigDra_1  Volume flu
No print_FlvLigDra_2  Volume flu
No print_FIvLigDra_3  Volume flu
No print_FivLigDra_4  Volume flu
No print_FlvLigDra_5  Volume flu
No print_FlvLi qGw

* Section Il : Output from the PEARL model

* Remark: All fluxes are averages over the print in

*

* Time step

No print_DelTimPrl Average ti

* Mass balance (kg.m-2)

Yes print_AmaEq|Pro Areic mass
Yes print_AmaEqITil Areic mass
Yes print_AmaEqlFoc Areic mass
Yes print_AmaNegPro Areic mass
Yes print_AmaNeqTil Areic mass
Yes print_AmaNeqgFoc Areic mass
Yes print_AmaSysPro Areic mass

ion:
notation

t of ordinary output

tis requested

is wanted (Yes or No)
les, it is recommended to minimise

.0.7c

rlevel (m)
Index (m2.m-2)
pth (m)

re)

Q]

nce error (m)

Phreatic storage capacity (m3.m-2)

rature (C)

r content (m3.m-3)

il water content (m3.m-3)
pressure head (m)

lume rate of drainage
x of water uptake

x of vertical soil water flow

x of precipitation

x of water in irrigation

x of water leaching from the soil system
n flux of intercepted rainfall

n flux of intercepted irrigation

x of evaporation from the soil surface
ntial

x of transpiration by plant roots

ntial

x of drainage to level 1

x of drainage to level 2

x of drainage to level 3

x of drainage to level 4

x of drainage to level 5

Volume flux groundwater recharge
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me-step during the print interval (d)

in equilibrium domain of profile

in equilibrium domain of tillage layer
in equilibrium domain of focus layer
in non-egl. domain of profile

in non-egl. domain of tillage layer

in non-eql. domain of focus layer

of pesticide in the system



Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

print_AmaSysTil Areic mass

print_AmaSysFoc Areic mass
print_AmaAppSol Areic mass
print_AmaDraPro Areic mass
print_AmaForPro Areic mass
print_AmaTraPro Areic mass
print_AmaUptPro Areic mass
print_AmaDra_1 Areic mass
print_AmabDra_2 Areic mass
print_AmaDra_3 Areic mass
print_AmaDra_4 Areic mass
print_AmaDra_5 Areic mass
print_AmaErrPro Areic nume

* Pesticide concentrations (kg.m-3) and contents (k

No
No
No
No
No
No
No

print_ConLiq Concentrat
print_ConGas Concentrat
print_ConSysEq| Concentrat
print_ConSysNeq Concentrat
print_ConSys Concentrat
print_CntSorEq| Mass conte

print_ConLigSatAvg  Avg. conc.

* Pesticide mass fluxes (kg.m-2.d-1)

No
No
No
No
No
No

* Canopy interaction
*,

print_FImLiq Pesticide
print_FImGas Pesticide
print_FImSys Total pest
print_FImLigLbo Accumulate
print_FImLigInf Accumulate
print_FImGasVol Accumulate
print_AmacCrp Areic mass

print_AmaAppCrp Areic mass
print_AmrDspCrp Areic mass
print_AmaHarCrp Areic mass
print_AmrWasCrp Areic mass
print_FImDepCrp Areic mass

* End of Pearl input file

*,

-25 -

of pesticide in the tillage layer
of pesticide in the focus layer
applied to the soil system

of lateral discharge

of formation

of pesticide transformation

of pesticide uptake

of drainage to level 1

of drainage to level 2

of drainage to level 3

of drainage to level 4

of drainage to level 5

rical mass error

g.kg-1)

ion in liquid phase

ion in gas phase

ion in equilibrium domain

ion in non-equilibrium domain
ion in the soil system

nt at soil solid phase

in lig. phase between 1-2 m

mass flux in liquid phase

mass flux in gas phase

icide mass flux (FImLig+FImGas)

d mass flux at the lower boundary

d mass flux of pesticide infiltration

d mass flux of pesticide volatilisation

of pesticide at the canopy

of pesticide applied to the canopy
rate of pesticide dissipation

rate of pesticide removal by harvest
rate of pesticide wash-off

rate of pesticide deposited on canopy




