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Summary

This manual describes the PEARLNEQ v5 software package . This package can estimate long-term
sorption parameters using results of aged-sorption studies with soil, using a submodel for sorption
and transformation that is identical to the submodel used for that purpose in the FOCUS_PEARL
v3.3.3.

The submodel assumes two types of sorption sites: equilibrium sites and non-equilibrium sites. The
sorption isotherms for both sites are described with Freundlich equations. The content sorbed at the
equilibrium site is assumed to be continuously at equilibrium and the content sorbed at the non-
equilibrium site is described with a pseudo first-order sorption rate equation. The software package
offers two options for describing the transformation rate in soil. The first option is that the
transformation rate in soil is proportional to the amount in the liquid phase plus the amount sorbed at
the equilibrium site. The second option is that the transformation rate in soil is proportional to the
amount in the liquid phase. So for both options the content sorbed at the non-equilibrium site is not
subject to transformation.

The mathematical equations describing the submodel are solved via a FORTRAN programme. An
additional FORTRAN programme generates the necessary input files for the PEST optimisation
package. Instructions are given how to obtain optimized parameters using an example dataset and
how to obtain parameters using your own data.
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1 Introduction

This document describes a PEARLNEQ-PEST combination, which can be used to estimate the
parameters for long-term sorption kinetics in the PEARL model on the basis of an incubation
experiment for a certain soil and a certain pesticide. The combination provides also the
transformation half-life at reference temperature (when long-term sorption kinetics are included in
PEARL, the definition of this half-life changes so it has to be recalculated; see Boesten and van der
Linden, 2001). If the incubation experiment has been carried out at multiple temperatures, the
Arrhenius activation energy for the transformation rate in soil can be optimised simultaneously.

The differences with the previous release (PEARLNEQ v4) are:
An option is offered to define the transformation half-life on the basis of the concept that the
transformation rate is proportional to the amount of substance in the liquid phase
The equilibrium sorption coefficient has become a parameter that is optimised.
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2 Precautionary remark

This PEARLNEQ-PEST software tool should be seen as an introduction to fitting results of
experiments on long-term sorption kinetics to the sorption submodel used in the PEARL model. The
tool shows you how PEST can be coupled to a fortran programme that contains this PEARL sorption
submodel (i.e. PEARLNEQ.EXE) but it should not be seen as a ready-to-use tool. The tool provides
you with example input files for the PEST optimisation package and shows you how to organise this
optimisation. We had to make a number of assumptions for generating these PEST input files (e.g.
upper and lower bounds of parameters, weighing factors for each measurement, etc.). We do not
claim that these assumptions are defensible for your problem; they are our best guesses but they
may not be appropriate for your problem. It is your responsibility to check the appropriateness of the
result obtained. We do not accept any responsibility for use of PEARLNEQ.
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3 Description of the incubation experiment

The PEARLNEQ-PEST tool can be used to fit the results of the following experiment. A number of jars
is filled with soil. Each jar contains the same mass of moist soil. At the start of the experiment the
same initial mass of pesticide is added to the moist soil in all jars. The jars are incubated at a fixed
temperature (or at a few temperatures). At certain time points the remaining total amount of
pesticide is measured via an extraction with organic solvent. At the same time the concentration in
the liquid phase of the moist soil is measured. The liquid phase can be collected by centrifuging the
moist soil over a filter. As an alternative for centrifuging, a desorption experiment can be carried out
by adding a certain volume of water and subsequent shaking for about 24 h.

It may also be useful to have additional results of measurements of an adsorption isotherm with an
equilibration time of about 24 h using the same soil and pesticide.
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4 Theoretical background

PEARLNEQ assumes a Freundlich two-site sorption submodel: one site for equilibrium sorption and
the second site for long-term sorption kinetics. The operational definition for the equilibrium sorption
sites is that they have reached equilibrium after about 24 h shaking of a well-stirred suspension of
the soil in water. The long-term sorption sites do not reach equilibrium within 24 h. PEARLNEQ
assumes first order degradation kinetics; it offers two options for describing the degradation
kinetics. The first option is that the degradation rate is proportional to the number of molecules
present in liquid phase and those sorbed to the equilibrium site. The second option is that the
degradation rate is proportional to only the number of molecules present in liquid phase (see Beltman
et al., 2008). However, molecules sorbed on the kinetic site are assumed not to degrade in both
options. This conceptual model is presented in Figure 1. The submodel for sorption and degradation

kinetics used in PEARLNEQ can be described as follows (Leistra et a/., 2001):

M, =V +M(Xeg + Xe) (1)
Bc 0
C,
Xeo = Kegg CL,RgiLZ 2)
CLry
dX gc 0
C, Y
dtNE = kdes(KF,NE CL,Rg_L: - XNE) ©)
Clryg
Kene = fue KF,EQ )
dM
dtp =_kt(VCL+MstQ) (5A)
dM
dtp =-kVc, (5B)
Ko = Moy Kou,co (6)
Where:

M, = total mass of pesticide in each jar (mg), acronym Mas

V= the volume of water in the soil incubated in each jar (mL), acronym VolLiq
M, = the mass of dry soil incubated in each jar (g), acronym MasSol

¢, = concentration in the liquid phase (mg/L), acronym ConLiq

¢, »= reference concentration in the liquid phase (mg/L), acronym ConLigRef

Xzp = content sorbed at equilibrium sites (mg/g)

Xy = content sorbed at non-equilibrium sites (mg/g)

Kz eo = equilibrium Freundlich sorption coefficient (mL/g), acronym CofFreEq

K. v = non-equilibrium Freundlich sorption coefficient (mL/g), acronym CoffFreNeq

Manual of PEARLNEQ v5

15



N = Freundlich exponent (-),acronym ExpFre

ks = desorption rate coefficient (d?), acronym CofRatDes

f, = a factor for describing the ratio between the equilibrium and non-equilibrium Freundlich
coefficients (-), acronym FacSorNeqEq|

k, = degradation rate coefficient (d?)

my, = mass fraction of organic matter in the soil (kg/kg), acronym CntOm

Koueo = coefficient of equilibrium sorption on organic matter (mL/g), acronym KomEq|

PEARLNEQ does not use the transformation rate coefficient (k) as input parameter, but the half-life at
reference temperature (acronym DT50Ref, dt50). They are related as follows (assuming first order
kinetics):

dt50=1n (2) / k, (7)

The effect of soil temperature on the transformation rate coefficient in soil is described by the
Arrhenius equation:

E-E€1 1 00
f; :exp§—é—— I:
R &T  Teer lig

Where

f, = the multiplication factor for the rate coefficient (-)

E = Arrhenius activation energy (kJ/mol)

7= temperature of the soil (K)

Te- = the reference temperature for the specified D750 (K)
R = the gas constant (kJ mol* K*).

]
]
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Figure 1. Conceptual representation of the PEARLNEQ model showing the soil solution on the right and the
equilibrium and non-equilibrium sorption sides on the left. Note that there are two options for the
transformation process as described by Eqns 5-A and 5-B. Only the option described by Eqn 5-A is shown
here.
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Often no concentration measurements in the soil pore water are available but instead at each
sampling point in time a certain volume of water (usually a CaCl, solution) is added to soil and the
suspension is shaken for about 24 h after which the concentration in the supernatant is measured. In
such a case the fit has to be based on these concentration measurements in the supernatant of the
soil-water suspension.

This is simulated in PEARLNEQ as follows:

A. It is assumed that full equilibrium is reached for the equilibrium sorption site during the
desorption experiment (i.e., shaking for 24 h)

B. It is assumed that desorption from the non-equilibrium sorption site can be ignored during the
desorption experiment.

Assumption A is justifiable because this is exactly the operational definition of the equilibrium sorption
site. Assumption B is justifiable because desorption coefficients for long-term kinetics are usually in
the order of 0.01 d*, which implies that amounts desorbed within 1 day are negligibly small.

Using these assumptions, the concentration in the liquid phase of the supernatant after desorption
can be estimated by stating that (i) the total content of substance in the moist soil and the soil-water
suspension have to be equal, and (ii) the content sorbed at the non-equilibrium sites in the moist soil
and in the soil-water suspension are equal. Using Equation 1 then results in the following equation

V CL,MS + M S (X EQ,MS + X NE ) = (V +VADD)CL,SUS + M S (X EQ,SUS + X NE) (9)

Where:

The subscript MS indicates the moist-soil system

The subscript SUS indicates the soil-water suspension system and

Vipp = volume of liquid (usually CacCl, solution) added to the soil at each sampling point just before
starting the 24 h desorption experiment (mL), acronym VolLigAdd.

At each sampling point in time, Equation 9 can be rewritten (using Eqn 2) into an equation that
contains only one unknown variable, i.e. the concentration in the liquid phase of the soil suspension
(¢, sus)- PEARLNEQ provides as output always the concentration in the soil-water suspension as a
function of time. If V/,,, = 0, then this implies that the concentration in the moist soil is given.

PEARLNEQ provides as output also the so-called apparent sorption coefficient (A} ,7). This is used
for studies in which a certain volume of water (usually a CaCl, solution) is added to soil and the
suspension is shaken for about 24 h. It is then defined as the total content sorbed at the end of the
shaking period divided by ¢; ss. This is calculated by PEARLNEQ as:

_ Xeasus ¥ Xne

KD,APP - (10)

CL,SUS

PEARLNEQ solves the set of Eqn 1 to Eqn 9 numerically using Euler's method for integration of the
state variables M,and X,.. The time step for integration, A¢, is calculated as:

{= A
max(kt fT ’ kdes)

(11)
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Where A is an accuracy parameter (-) which was set to 0.003. Leistra ef a/ (2001, p. 84) have
shown that such a value of A should give accurate results.

The concentration in the liquid phase is calculated via an iteration procedure as described in
Appendix 4 of FOCUS (2006). Appendix 3 shows a test of the PEARLNEQ results against an analytical
solution for the case of a linear isotherm (A=1), indicating good correspondence between numerical
and analytical results.
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5 Fitting procedure for parameters with PEST

The provided package assumes that the following variables need to be optimized:
The initial mass of the pesticide (Maslni)
The ratio between the equilibrium and non-equilibrium Freundlich coefficients (FacSorNeqEq|)
The desorption rate coefficient (CofRatDes)
The half-life at reference temperature (DT50Ref) for the selected transformation option (Eqn 5-A
or Egn 5-B)
The coefficient of equilibrium sorption on organic matter (KomEeq|)
The molar activation energy (MolEntTra); this can only be optimized if the experiment has been
carried out at multiple temperatures.
It is assumed that all other variables are known.

The provided package assumes that the measurements that are fitted, consist for each point in time
of

A mass of pesticide in mg

A concentration in liquid phase in mg/mL.

In case one of the two measurements is missing a value of -99.9999 can be specified. The PEARLMK
program will give the missing measurement a weight of zero, meaning that this measurement takes
no part in the optimisation procedure.

PEST needs a number of input parameters for the fitting procedure (e.g. upper and lower bounds of
parameters, weighing factor for each measurement, etc.). Our experience is that the weighing factor
for each measurement is the most important input parameter.

Therefore we offer two options for weighing:

‘equal’ which gives a weight of 1.0 to all observations (so equal weights)

‘inverse’ which gives a weight that is proportional to the inverse of the observed value.
If the observed value is zero, the weight is set equal to 1.0 in any case.

The option ‘equal’ implies that high observed values get more weight than low observed values. As
described above, the fitting procedure considers two quantities: mass of pesticide and the
concentration in the liquid phase. This may lead to completely different weights for these two types
of quantities.

E.g. if the mass is initially 50 mg and the concentration in the liquid phase is in the order of 1 mg/mL,
then the fitting procedure will be completely dominated by the decline of the mass of pesticide. So if
the option ‘equal’ is used, the user should choose a mass of solid phase such that the values of the
mass of pesticide in mg should be in the same order of magnitude as the concentration in liquid
phase in mg/mL.

The option ‘inverse’ implies that each measurement gets more or less equal weight for the parameter
estimation. This ‘inverse’ option gave the best results in a few tests. However, we do not claim that
this is the best choice for your dataset nor do we claim that the other PEST input parameters are the
best choice for your dataset.
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The provided package can handle multiple observations for each point in time. The user can specify
up to nine replicate sets. A replicate set can contain measurements at different time points and
different temperatures. There is no restriction in the number of measurements in a replicate set. The
different replicate sets do not necessarily need to contain the same number of measurements or the
same time points of measuring. However there is a restriction with respect to the temperatures. The
user needs to specify in a separate table at which temperature the measurements are performed
and each replicate set should contain at least one measurement performed at each of the
temperatures specified in the list.
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6 Installation of PEARLNEQ

PEARLNEQ is distributed in a zip file. Unzip the file and specify a path (e.g. c:\pearlneq). Be sure
there is no space within the specified path, because this will cause failure. The package contains four
directories, i.e. Neg_Bin, Neq_fortran_source_files, Neq_Example and Pest.

- The Neq_Bin directory contains the PEARLNEQ executables, PEARLNEQ.EXE and PEARLMK.EXE.
The PEST optimisation software is available in the Pest directory. As PEST is now available
freeware (http://www.pesthomepage.org/Downloads.php), we included relevant executables of
the latest version as of 13-09-2010 (version 12). Separate installation of PEST is not necessary.
The Neg_fortran_source_files directory contains the fortran source files used to generated the
PEST input files and the programme that calculates the sorption kinetics
The Neq_Example directory contains results from an example study; bentazon in a Dutch sandy
soil: the Vredepeel dataset (Boesten and Van der Pas, 2000).

Manual of PEARLNEQ v5 21


http://www.pesthomepage.org/Downloads.php




7 Running the example

The following steps must be followed.

1 Run the example, to check if everything works and get experience with the system. Go to the
Neqg_Example directory, and run the example by double-clicking on example.bat.
- The batch file will first call PEARLMK. This pre-processing program generates the input files

for PEST, i.e. example.pst, example.tpl and example.ins (see Figure 2, Runld = “example”).
The ‘pst'file is the PEST control file. The ‘tplfile provides the template for the input file for
PEARLNEQ and the ‘ins'file describes the location of the simulated values in the ‘out’file.
Next Pest programs PESTCHECK, TEMPCHECK and INCHECK are executed to check
respectively the ‘pst'file, the ‘tplfile and the ‘ins'file(s). Press ‘enter’ after each check to
proceed.
Then, the optimisation starts. PEST calls PEARLNEQ several times (see Figure 2).
If you get an error message after the first step (PEARLMK), type control-break to stop the
process and check the error messages available in the example.err file.

2  After successful optimisation, read the results from the file example.rec. Choose “select the
program from the list” and open with Notepad. The relevant results, including parameter values,
95% confidence intervals and correlation matrices can be found at the end of this file (Section
OPTIMISATION RESULTS, see Appendix 2). The meaning of the short acronyms in this rec-ile is
as follows:

fsne = FacSorNegEq|

crd = CofRatDes

dt50 = DT50Ref

masini = Maslni

komeql = KomEq|

met = MolEntTra.

PEST also generates parameter sensitivity files etc. Details can be found in the PEST
manual, which is available in the PEST subdirectory of the package.

3 If you encounter errors during the second step, you can try running PEARLNEQ directly.
PEARLMK has created a file example.neq (in ...\Neq_Example) which is the input file for
pearlneg. You can run PEARLNEQ by typing “..\Neqg_Bin\pearlneq example” in a DOS-box.

4 PEARLNEQ will create an output file (example.out) and a log file (example.log). The output files
are self-explaining. The output file contains the result of the last run which is in PEST by
definition the run with the optimised parameters.

5 The results from the output file (example.out) are the source for the best fit and you can use the
data in this file to create graphs.

Manual of PEARLNEQ v5 23



Runld.mkn

v
PearlMk
Runld.ins Runld.tpl Runld.pst

e e

If Converged

l— Pest T
'
Runld.rec Runld.neq

'
PearINeq

!

Runld.out

Figure 2. Dataflow diagram for the PEARLNEQ-PEST combination. The acronym Runid is “example” for
the example provided.
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8

Run PEARL_Neq with your own data

1 We assume that you have carried out an appropriate incubation experiment as described before.

The first step of optimising your own data consists of editing the file example.mkn, which can
be found in the example subdirectory of the PEARLNEQ directory. Open the file with a text
editor. Please make a copy of this file before editing. Make sure there is no space in the new
name. This will give an error. An example of this input file is listed in Appendix 1. The following
parameters must be provided:

TimEnd (d): The duration of the incubation experiment.

MasSal (g): The mass of dry soil incubated in each jar.

VolLigSol (mL): Volume of liquid in the moist soil during incubation.

VolLigAdd (mL): Volume of liquid added to the soil after incubation (i.e. the amount of liquid
added to perform a conventional desorption equilibrium experiment).

CntOm (kg.kg?): Mass fraction of organic matter in the soil.

ConlLigRef (mg L™1): Reference concentration in the liquid phase.

ExpFre (-): Freundlich exponent; use value taken from adsorption isotherm measured for this
pesticide-soil combination

KomEg| (L kg?): coefficient of equilibrium sorption on organic matter. 74is parameter will be
optimised. We suggest to use as initial guess a value taken from adsorption isotherm
measured for this pesticide-soil combination; in case you have no organic matter content of
the soil, set the organic matter to 1.0 and specify the measured Freundlich equilibrium
coefficient (see Eqn 6)

Maslni (ug): The initial total mass of pesticide in each jar. 7his parameter will be optimised.
There is no default value for this parameter because it depends on the setup of the
experiment.

FacSorNegEql (-): factor describing the ratio 74, = K:,JK:-, as defined by Eqn 4. 7his
parameter will be optimised, but you have to specify an initial guess here. We suggest a
value of 0.5.

CofRatDes (d): the desorption rate coefficient. 7#is parameter will be optimised, but you
have to specify an initial guess here. We suggest a value of 0.01 d™.

Option OptSor (‘Neql’ or ‘Eql’):_option for the type of sorption process (i.e. Non-equilibrium
or equilibrium) to be simulated. In case of ‘Eql' FacSorNegEql and CofRatDes are
automatically set to zero in the optimisation procedure.

DT50Ref (d): the transformation half-life under reference conditions, applying to the
equilibrium domain for the option of Eqgn 5-A and to the liquid phase for the option of Egn 5-
B. This parameter will be optimised, but you have to specify an initial guess here. This initial
guess could be the ‘classical’ halflife, which applies to the total soil system (i.e. the
equilibrium domain + the non-equilibrium domain).

TemRefTra (C): The reference temperature, for which the half-life will be provided (set to
incubation temperature if data for only one temperature are available and set to 20°C if you
have data for multiple temperatures).

MolEntTra (kJ mol*): the molar enthalpy of transformation. 7%is parameter will be optimised
if you have carried out the experiment at multiple temperatures; otherwise it is a model-
input. In any case you have to specify a value (e.g. 60 kJ mol*) which will be used as an
initial guess in case of data for more than one temperature.

table Tem (C): List of temperatures at which the incubation experiment has been carried
out. One temperature is OK if only data for one temperature are available.

table Observations: List of observations. The first column contains the time (d), the second
column the temperature, column 3 contains the total mass of pesticide in the system (pg),
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column 4 contains the concentration of pesticide (ug mL™) measured in the pore water of
moist soil (then VolLigAdd = 0) or in the water phase after a desorption experiment (in
which case VolLigAdd is not zero). Column 5 contains the name (integer) of the replicate set
and column 6 contains the characters ‘OBS’. You can specify up to nine replicate sets. A
replicate set can contain measurements at different time points and different temperatures.
There is no restriction in the number of measurements in a replicate set. The different
replicate sets do not necessarily need to contain the same number of measurements or the
same time points of measuring. However each replicate set should contain at least one
measurement performed at each of the temperatures specified in table Tem.
Measurements in table Observations should be sorted: firstly sort by column 5 (hame
replicate set; integer), secondly sort by column 2 (temperature) and thirdly sort by column
1 (time).

option Opt_weights: options for weights. Two options for weighing are offered: ‘equal’ which
gives a weight of 1.0 to all observations (so equal weights) and ‘inverse’ which gives a
weight that is proportional to the inverse of the observed value; if the observed value is
zero, the weight is set equal to 1.0 in any case; you can inspect the weights in the ‘pst’ file.
option Opt_transformation: option for the concept of the degradation rate. The two options
are 'EqIDom’ (transformation in the equilibrium domain as described by Eqn 5-A) and
‘LigPhs’ (transformation in the liquid phase only as described by Eqn 5-B).

Modify the contents of the example.bat file (right click with the mouse and then edit): replace
“example” everywhere it occurs by the name of the copied input file and delete last
line of the file (which would generate the graph). Repeat step 1-5 of chapter 7.

If the optimization is not successful, you can try re-running PEARLNEQ with different initial
guesses of Maslni, DT50Ref, FacSorNegEqgl, KomEqgl and CofRatDes.

WOt-werkdocument 304



9 Concluding remark

While using PEARLNEQ, we noticed that very regularly the results depend on the initial guesses of the
parameters. Therefore we advise you to perform always a number of runs with different initial
guesses. We advise you also to analyse the results very carefully, especially the 95% confidence
intervals of your parameters. If the interval is wide for a certain parameter, this indicates that the
estimated variable is very uncertain. As a consequence it is usually not meaningful to use it any
further in the risk assessment.
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Appendix 1 Example input file

* STANDARD FILE for pearlmk version 5

* Program to fit the half-life, activation energy and parameters for long-term sorption
* kinetics of pesticides in soil

*

* This file is intented for use with the PEST program (Doherty et al., 1991).

* Please refer to the manual of PEARLNEQ

*

* (c) /Alterra/PBL/RIVM 2011

* Model control

Yes ScreenOutput

0.0 TimStart @ Start time of experiment

500.0 TimEnd @ End time of experiment

0.01 DelTim @ Time step of Euler®"s integration
procedure

* System characterization

54.64 MaslIni (ug) Initial guess of initial mass
45.36 MasSol @ Mass of soil in incubation jar
6.64 VolLigSol (mL) Volume of liquid in the moist soil
0.0 VolLigAdd (mL) Volume of liquid ADDED

0.047 CntOm (kg-kg-1) Organic matter content

* Sorption parameter

1.0 ConLigRef (mg.L-1) Reference liquid concentration

0.87 ExpFre -) Freundlich exponent

2.1 KomEqgl (L-kg-1) Initial guess of Coefficient for
equilibrium sorption

0.5 FacSorNeqgEql -) Initial guess of ratio KfNeg/KfEql
0.01 CofRatDes (d-1) Initial guess of desorption rate
constant

Negl OptSor ) Option for type of sorption process

to be simulated

* Transformation parameters

14.00 DT50Ref @ Initial guess of half-life at ref.
temperature
20.0 TemRefTra © Reference temperature
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110.0 MolEntTra (kJd.mol-1) Initial guess of molar activation
energy

* Temperature at which the incubation experiments have been carried out
table Tem (C)

1 5.0

2 15.0

end_table

* Number of replicate sets (range 1 - 9)
* A set of replicates can contain observation at different time points and temperatures

* Each replicate set should contain at least one measurement performed at each of the
temperatures specified in table Tem

* 1st sort by Rep. (column 5), 2nd sort by Tem (column 2), 3rd sort by Tim (column 1)

* specify missing values or values you do not want to include in the optimisation
procedure (e.g. outliers) as -99.999

* PEARLMK will give these observations a weight of zero, meaning that the observation
takes no part in the optimisation

2 NumRepSet )

* Provide the results of the measurements
* Tim Tem Mas ConLiq Rep. observation ID
* (@ © e (ug/mL)

table Observations

2 5 52.2400 5.9340 1 OBS
10 5 50.7800 4.4670 1 OBS
42 5 46.0200  3.9340 1 0OBS
87 5 37.8200 2.8560 1 0OBS
157 5 33.1800 1.9390 1 OBS
244 5 25.5300 1.4640 1 OBS
358 5 18.1900 0.8660 1 0OBS
451 5 10.4300 0.6360 1 0OBS
2 15 51.5600 5.8530 1 OBS
6 15 48.3100 4.3540 1 OBS
10 15 44.6900 3.5730 1 0OBS
42 15 23.9400 1.5650 1 0OBS
87 15 10.9600 0.6560 1 0OBS
157 15 3.2800 0.1500 1 OBS
244 15 1.4600 0.0310 1 OBS
2 5 51.0200 5.5230 2 0OBS
10 5 50.4000 5.6450 2 0OBS
42 5 -99.9999 3.3930 2 OBS
87 5 39.4000 3.0080 2 OBS
157 5 32.4500 1.9170 2 0OBS
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244 5 26.2100 1.4660 2 0BS
358 5 22.4400 0.8980 2 OBS
451 5 8.4200 0.5670 2 OBS
2 15 51.1000 5.9380 2 0BS
6 15 46.4800 4.5310 2 0BS
10 15 54.4400 4.3290 2 OBS
42 15 22.3400 1.7290 2 OBS
87 15 10.8300 0.6860 2 0BS
157 15 2.9900 0.1550 2 0BS
244 15 1.4200 0.0300 2 OBS
end_table

* Option for weights of Observations:
*"equal”™ gives equal weights to all measurements

*"inverse” gives weigth equal to inverse value of each measurement (if measurement is
zero then weight is 1.0)

inverse Opt_weights

* Option for description of transformation rate
* "EqlDom" uses rate based on amount of substance in equilibrium domain
* "LigPhs" uses rate based on amount of substance in liquid phase

EqlDom Opt_transformation
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Appendix 2 Results of the default example

Results (taken from last section of REC-file)
These are the results of the default example, provided with the package.

OPTIMISATION RESULTS

Parameters ----- >

Parameter Estimated 95% percent confidence limits
value lower limit upper limit

fsne 0.397874 0.261110 0.534637

crd 5.645117E-03 2.658158E-03 8.632077E-03

dt50 15.2567 14.1241 16.3893

masini 56.5621 53.4596 59.6645

komeqgl 2.78833 2.34018 3.23648

met 105.667 101.813 109.522

Note: confidence limits provide only an indication of parameter uncertainty.
They rely on a linearity assumption which may not extend as far in
parameter space as the confidence limits themselves - see PEST manual.

See file example.sen for parameter sensitivities.

Observations ----- >
Observation Measured Calculated Residual Weight Group
value value

ol 52.2400 56.0685 -3.82855 1.9000E-02 group_1
02 5.93400 4.87561 1.05839 0.1690 group_1
o3 50.7800 54.1461 -3.36612 2.0000E-02 group_1
o4 4._.46700 4.66163 -0.194625 0.2240 group_1
05 46.0200 47.2145 -1.19446 2.2000E-02 group_1
06 3.93400 3.90830 2.570465E-02 0.2540 group_1
o7 37.8200 39.1978 -1.37783 2.6000E-02 group_1
o8 2.85600 3.07724 -0.221241 0.3500 group_1
09 33.1800 29.7477 3.43230 3.0000E-02 group_1
010 1.93900 2.16419 -0.225189 0.5160 group_1
ol1l 25.5300 21.5225 4.00753 3.9000E-02 group_1
ol2 1.46400 1.44167 2.232551E-02 0.6830 group_1
013 18.1900 14.4310 3.75896 5.5000E-02 group_1
ol4 0.866000 0.884960 -1.896006E-02 1.155 group_1
015 10.4300 10.5691 -0.139077 9.6000E-02 group_1
016 0.636000 0.611774 2_.422601E-02 1.572 group_1
017 51.5600 54.1928 -2.63284 1.9000E-02 group_2
018 5.85300 4.70303 1.14997 0.1710 group_2
019 48.3100 49.7606 -1.45061 2.1000E-02 group_2
020 4_35400 4.27852 7.547846E-02  0.2300 group_2
021 446900 45.7072 -1.01722 2.2000E-02 group_2
022 3.57300 3.89246 -0.319459 0.2800 group_2
023 23.9400 23.5344 0.405612 4 _2000E-02 group_2
024 1.56500 1.83077 -0.265773 0.6390 group_2
025 10.9600 9.92738 1.03262 9.1000E-02 group_2
026 0.656000 0.643818 1.218180E-02 1.524 group_2
027 3.28000 3.36159 -8.159186E-02 0.3050 group_2
028 0.150000 0.140302 9.697650E-03 6.667 group_2
029 1.46000 1.41916 4.084043E-02 0.6850 group_2
030 3.100000E-02  3.173072E-02 -7.307200E-04 32.26 group_2
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031 51.0200 56.0685 -5.04855 2_0000E-02 group_3
032 5.52300 4.87561 0.647387 0.1810 group_3
033 50.4000 54.1461 -3.74612 2_0000E-02 group_3
034 5.64500 4.66163 0.983375 0.1770 group_3
035 -99.9999 47.2145 -147.214 0.000 group_3
036 3.39300 3.90830 -0.515295 0.2950 group_3
037 39.4000 39.1978 0.202166 2_5000E-02 group_3
038 3.00800 3.07724 -6.924076E-02 0.3320 group_3
039 32.4500 29.7477 2.70230 3.1000E-02 group_3
040 1.91700 2.16419 -0.247189 0.5220 group_3
041 26.2100 21.5225 4.68753 3.8000E-02 group_3
042 1.46600 1.44167 2.432551E-02 0.6820 group_3
043 22.4400 14.4310 8.00896 4_5000E-02 group_3
044 0.898000 0.884960 1.303994E-02 1.114 group_3
045 8.42000 10.5691 -2.14908 0.1190 group_3
046 0.567000 0.611774 -4.477399E-02 1.764 group_3
o047 51.1000 54.1928 -3.09284 2_0000E-02 group_4
048 5.93800 4.70303 1.23497 0.1680 group_4
049 46.4800 49.7606 -3.28061 2_.2000E-02 group_4
050 4.53100 4._.27852 0.252478 0.2210 group_4
o051 544400 45.7072 8.73278 1.8000E-02 group_4
052 4.32900 3.89246 0.436541 0.2310 group_4
053 22.3400 23.5344 -1.19439 4_5000E-02 group_4
o054 1.72900 1.83077 -0.101773 0.5780 group_4
055 10.8300 9.92738 0.902617 9.2000E-02 group_4
056 0.686000 0.643818 4.218180E-02 1.458 group_4
057 2.99000 3.36159 -0.371592 0.3340 group_4
058 0.155000 0.140302 1.469765E-02 6.452 group_4
059 1.42000 1.41916 8.404300E-04 0.7040 group_4
060 3.000000E-02 3.173072E-02 -1.730720E-03 33.33 group_4
Concentration of Eumple in the Ilquld pnase [|.g il I:l Concentration of exar.w_'le i thee Inquld pT‘:IEE [|.|g mL .']
T s ¥  15°¢
_ @& observed rep.1 &  observed rep. 1
=l | ocbsarved rep.2 54 observed rep.2
X &, = fitted " - fitted
*-'{.\\ .;‘
o -~ - 31\
24 . 24 \
—— -
N —— o 14 , i
a0 . - . . « 0 Sty . - .
0 100 200 300 400 500 0 100 200 300 400 500
Time (d) Time (d)
Mass of example (ug) in the system Mass of example (ug) in the system
5°C o0 15°C
=8 ® observed rep.1 - 1 ® observed rep.1
S0 1N, ohserved rep 2 S04, observed rep.2
¥ — fitted o —— fitted
40+ hN 404\
A \
30 4 e 304
204 S~ 204
104 TA— 104
0 , v v v v 0 v ——y v y
0 100 200 300 400 500 0 100 200 300 400 500
Time (d) Time (d)

Observed values of mass and concentration of the default example for the two replicate sets and two
different temperatures and fitted values of mass and concentration of the default example for two
different temperatures.
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Appendix 3 Comparison between an analytical solution
and PearlINeq

In this appendix an analytical solution for the remaining mass of pesticide is compared with the
PearINeq solution (Appendix 4). The system properties were:

* Mass of dry soil (MasSol) (g) 1.0000
* Volume of water in moist soil (VolLigsol) (mL) 0.2000
* Volume of water added (VolLigAdd (mL) 0.0000
* Initial mass of pesticide (Maslni) (ug) 10.0000
* Reference concentration (ConLigRef) (ug.mL-1) 1.0000
* Equilibrium sorption coefficient (CofFreEql) (mL.g-1) 1.0000
* Non-equili. sorption coefficient (CofFreNeq) (mL.g-1) 0.5000
* Freundlich exponent (ExFre) (-) 1.0000
* Desorption rate coefficient (CofRatDes) (d-1) 0.0100
* Half-life transformation (DT50Ref) (d) 1.0000
* Reference temperature (TemRefTra) (K) 293.1500

The transformation rate concept of Eqn 5-A was used.
The analytical solution was taken from Appendix 4 of FOCUS (2006).

The figure shows that the PearINeq solution coincides very well with the analytical solution.

Mass of substance in jar (ug)

10 Gg
—— PEARLNEQ
O analytical solution
1 4
0.1 1
S—C—0——9
0.01 . . . . . . .
0 2 4 8 8 10 12 14

Time (days)

Comparison between the analytical solution and the PeariNeq solution
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Appendix 4 Listing of Fortran program PearlNeq

program PearlINeq
1

1

I PEARLNEQ program - simulates pesticide behaviour in a closed incubation system
assuming
1 a two-site Freundlich sorption submodel and first-order
transformation
1 kinetics

1

I version 5.0 of 9 February 2012
1

use Sishell I General routines
use CompilerSpecific 1 Compiler specific statements

implicit none

character (len=LineLength) :: Path

integer :: T,Steps,StepsToPrint,NumStep

double precision, parameter :: RGas=8.31432d0 ! Molar gas constant
double precision, parameter :: TimeStart=0.d0 1 Start time

double precision, parameter :: DelTimPrint=1.d0/24.d0 ! Print time step

double precision :: CntOm,CofFreEql,CofFreNeq,CofRatDes,CofRatTra,DelTim, &
DT50Ref,ExpFre,Mas,MasEql ,MasIni ,MasSol,VolLigAdd,MolEntTra,TimeEnd, &

VolLigSol,VolLiqgSus,XNeq,ConLigRef,Tim, Tem,FacTem, TemRefTra, KomEql ,FacSorNeqEql,ConPor,C

onSus, &
DelTimNum, XEqg,XeqSus,KdApp
type (TableType) :: TemTab
save

I10Mode = I0Mode_Full
ShowScreen = _false.

1 Initial part of program

1 Set the model stamp (version numbers etc)
Call SetModelStamp

I Open the input file

call InitCh (Path)

Call OpenPearlINegFiles(Path)

1 System properties

I Initial mass of pesticide

call Getlnput (Maslni,"MaslIni®, " (ug)",Valmin=0.d0)

I Mass of dry soil
call Getlnput (MasSol, “"MasSol*®,"(g)",Valmin=0.d0)

I Volume of liquid in moist soil and volume of liquid added

call Getlnput (VolLigSol, "VolLigSol*","(mL)",Valmin=0.d0)
call Getlnput (VolLigAdd, "VolLigAdd®,"(mL)",Valmin=0.d0)
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40

I Calculate the volume of the suspension
VolLigSus = VolLiqSol + VolLigAdd

1 Organic matter content
call Getlnput (CntOm, "CntOm”, "(kg.kg-1)",ValMin=0.d0)

1 Sorption parameters

I Reference concentration
call Getlnput (ConLiqgRef, "ConLigRef","(mg.-L-1)",ValMin=0.1d0)

I Freundlich N
call Getlnput (ExpFre, "ExpFre®,"(-)",ValMin=0.01d0,ValMax=1.3d0)

I Equilibrium Kom
call Getlnput (KomEqgl, "KomEql~®, " (L.kg-1)",ValMin=0.d0)

CofFreEgql = KomEgl * CntOm

I Ratio Kf,neq/Kf,eq
call Getlnput (FacSorNegEqgl, "FacSorNegEql*®,"(-)",Valmin=0.d0)

CofFreNeq = FacSorNegEql * CofFreEql

I Desorption rate coefficient

call Getlnput (CofRatDes, “"CofRatDes”, " (d-1)",ValMin=0.d0,ValMax=0.5d0)

I Transformation parameters

I Molar activation energy
call Getlnput &
(MolEntTra, "MolEntTra*, " (kJ.mol-1)",ValMin=0.d0,ValMax=200.d0)

MolEntTra = 1.d3*MolEntTra

1 Pesticide half-life
call Getlnput (DT50Ref, "DT50Ref", " (d)",ValMin=1.d-1,ValMax=1.d6)

1 Reference temperature
call Getlnput (TemRefTra, “TemRefTra®,"(C)")
TemRefTra = TemRefTra + 273.15d0

I Experimental temperatures

éall Getlnput (TemTab,*Tem","(C)",Col=1)

I Time parameters

i End time
call Getlnput (TimeEnd,*TimEnd*,"(d)",ValMin=0.d0)

I Main part of programme

write
write
write
write
write
write
write
write
write
write
write
write
write

(Filout,"(a)") *
(Filout,"(a)") *

(FilOut,"(a)") "* System properties”

(FilOut, " (a,f10.
(FilOut, " (a,f10.
(FilOut, " (a,f10.
(FilOut, " (a,f10.
(FilOut, " (a,f10.
(FilOut, "(a,f10.
(FilOut, " (a,f10.
(FilOut, " (a,f10.
(FilOut, " (a,f10.
(FilOut, " (a,f10.

4)") "* Mass of dry soil (g) 1" ,MasSol
4)") ** Volume of water in moist soil (mL) :",VolLigSol
4)") ** Volume of water added (mL) :",VolLigAdd
4)") "* Initial mass of pesticide (ug) : " ,Maslini
4)") "* Reference concentration (ug.mL-1) :",ConLigRef
4)") "* Equilibrium sorption coeff (mL.g-1) - " ,CofFreEqgl
4)") "* Non-equili. sorption coeff (mL.g-1) - " ,CofFreNeq
4)") "* Freundlich exponent (-) 1" ,ExpFre
4)") "* Desorption rate coefficient (d-1) - " ,CofRatDes
4)") "* Half-life transformation (d) - " ,DT50RefT
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if (OptTra() == 1) write (FilOut,"(a)") "* Half-life based on substance in
equilibrium domain®
if (OptTra() == 2) write (FilOut,"(a)") "* Half-life based on substance in liquid

phase*®
write (FilOut,"(a,f10.4)") "* Arrhenius activation energy (kJ mol-1):",MolEntTra/1.d3
write (FilOut,"(a,f10.4)") "* Reference temperature (K) - ", TemRefTra
write (FilOQut,"®)") "---———-——---—-—"—————————_————————————————— — ——— —— — "

write (FilOut,"*(a)") = *

write (FilOut,"("*",a6,1x,a8,5(1x,a20))")
"Temp®,"Time", "Mas", "ConLiq", "XNeq", "XEq", "Kd_app*

write (FilOut,"("*",a6,1x,a8,5(1x,a20))") "), (@, "(ug)", " (ug-mL-1)",*(ug-g-
1)7,7(ug.g-1)","(mL.g-1)"

Temperatures: do T = 1,TemTab%NumRow

I Calculate the coefficient at ambient temperature
Tem = TemTab%Y(1,T) + 273.15d0
FacTem = exp((-MolEntTra/RGas)*((1.d0/Tem)-(1.d0/TemRefTra)))

CofRatTra = FacTem*log(2.d0)/DT50Ref

I DelTimNum = timestep prescribed by numerical accuracy criterion (d)
DelTimNum = (0.0003d0)/max(CofRatTra, CofRatDes)

I NumStep = number of timesteps within 1 h
NumStep = int((1.0d0/24.d0)/DelTimNum) + 1

I DelTim = timestep (d)
DelTim = (1.0d0/24.d0)/NumStep
StepsToPrint = max(1, int((DelTimPrint+1.d-10)/DelTim))

I Initialize the time loop
Mas = MaslIni
XNeq = 0.dO

Tim = TimeStart
Steps = 0
TimeLoop: do

Maseql = Mas - MasSol*XNeq

XEgq = MasEqgl/MasSol

ConPor = Freundlich (Maskqgl,MasSol,VolLiqgSol,CofFreEql,ConLiqRef,ExpFre)

ConSus = Freundlich (MasEql ,MasSol,VolLiqSus,CofFreEql,ConLigRef,ExpFre)

1 calculation of apparent Kd: ratio adsorbed amount:dissolved concentration in
the suspension

XEgSus=CofFreEql*ConLigRef*(ConSus/ConLigRef)**ExpFre

KdApp = (XEqSus + XNeq)/ConSus

i ((mod(Steps,StepsToPrint)) == 0) then
I ConSus is always the only output concentration allowing direct fits of
desorption
I measurements
write (FilOut,"(f6.1,f10.3,5(1x,f20.8))") Tem-
273.15d0,Tim,Mas,ConSus, XNeq, XEqSus , KdApp
end if

I Integration of total mass
if (OptTra() == 1) Mas = Mas + DelTim * (-1.d0*CofRatTra*(Mas-MasSol*XNeq ))
ifT (OptTra() == 2) Mas = Mas + DelTim * (-1.d0*CofRatTra*(ConPor*VolLigSol))

I Integration of non-equilibrium domain
XNeq = XNeq + DelTim *
(CofRatDes*(CofFreNeqg*ConLigRef*(ConPor/ConLiqgRef)**ExpFre-XNeq))

I Increase time

Tim = Tim + DelTim
Steps = Steps + 1
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if (Tim .dge. TimeEnd) exit
end do TimeLoop

write (FilOut,"(f6.1,10.3,5(1x,f20.8))") Tem-
273.15d0,Tim,Mas,ConSus, XNeq, XEqSus ,KdApp

end do Temperatures

contains

double precision function Freundlich (Mas,MasSol,VolLiq,CofFreEql,ConLiqgRef,ExpFre)
I This function calculates the Freundlich equilibrium concentration in the liquid

implicit none
double precision, parameter :: Err=1.d-4

double precision :: ConLiqOld,ConLiq,CofFre
double precision, intent(in) :: Mas,MasSol,VolLiq,CofFreEql,ConLigRef,ExpFre

ConLig=ConLiqgRef
do
ConLiqOld = ConLiq
CofFre = &
CofFreEql * ConLigRef**(1.d0O-ExpFre) * (max(ConLiq,1.d-30) )**(ExpFre-1.d0)

ConLig=Mas/(VolLig+MasSol*CofFre)
if (abs(ConLig-ConLiqOld) < Err*abs(ConLiq)) exit
end do

Freundlich = ConLiq

end function Freundlich

subroutine SetModelStamp ()
1 Set the model stamp

implicit none

Mode l%ExtInp ".neq”

Mode l%ExtOut = " .out”
Model%ExtLog = ".log"
Mode l%EXtErr = " .err”

Call InitCh (Model%Date)
Model%Date = "9-Feb-2012*

end subroutine SetModelStamp

subroutine OpenPearlINegFiles (ProgramPath)
1 Performs the following tasks:
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(1) Opens the input and output files

(2) Prints the date-and-time and the Run Id to all opened output files.
(3) Reads the start-time and end-time, gets the print interval

(5) Sets the begin CPU time in seconds

The following input and output files are used by the model:
Unit Fillnp: The input file (extension prl)

Unit FilOut: The output file (extension out)

Unit FilLog: The log file (extension log)

implicit none
I Declaration of local variables
character (len=LineLength) :: InFile,OutFile,LogFile,SumFile,ErrFile,RunName

integer :: 10S
character (len=WordLength) :: DateVal,TimeVal,ZoneVal

character (len=LineLength) :: ProgramName,ProgramPath
integer :: F
integer, dimension(8) :: TimArray

I Main part of procedure
|

I Create Memory Space for the Words variable
Words%Allocated = _false.
Call Create (Words,NumWords)

I Date and time
Call Date_And_Time (Date=DateVal,Time=TimeVal,Zone=ZoneVal,Values=TimArray)

I Get the run ID
Call InitCh (RunName)
RunName = GetRun()

1 Get the path for the program
Call GetProgramName (ProgramName)
Call GetPath (ProgramName,ProgramPath)

I Construct the file names (add the extensions)
call InitCh (InFile)

call InitCh (OutFile)

call InitCh (LogFile)

call InitCh (SumFile)

call InitCh (ErrFile)

InFile = trim(RunName)//Model%ExtInp

OutFile = trim(RunName)//Model%ExtOut
LogFile = trim(RunName)//Model%ExtLog
ErrFile = trim(RunName)//Model%EXtErr

I Open the input file
Open (Fillnp,file=trim(InFile),status="0old", 10Stat=10S)
if (10S /= 0) then
I Error condition - abort program execution
Error%Code = -1
write ( Error%ml, " (""Cannot find file ",a," with status old")") trim(InFile)
stop "lllegal run id - no error file generated”
end if
rewind (Fillnp)

I Open the error file
Call OpenAfterDelete (FilErr,trim(ErrFile))

! Open the output file
Call OpenAfterDelete (FilOut,trim(OutFile))

1 Open the log file
Call OpenAfterDelete (FilLog,trim(LogFile))
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write (*,°(C"™* "))

write *,"("™* - -+ -

write (*,"("* PEARLNEQ (c) Alterra™)")

write (*,"("™* -—\————————————— .. .-

write (%, (™))
write (*,"("* PEARLNEQ version 5.0")")

write (*,"("* PEARLNEQ created on ",a)") trim (Model%Date)

write (*,"(C"™* "))

write (*,"("™* ——————— -

write (*,"("* )"

I Write the Run ID, file-names and date-and-time to the output file

do F = 21,22

write (F,"("* -

write (F,"(""* Results from PEARLNEQ (c) Alterra'™)")

write (F,"("* PEARLNEQ version 5.0")%)

write (F,"("™ PEARLNEQ created on ",a)") trim (Model%Date)

write (F,"C™ ™))
write (F, ("™ Run ID

(GetRun())

write (F,"("™™ Input file generated on

",ad)") &

DateVal (7:8),DateVal(5:6),DatevVal (1:4)

write (F,"(C"™* -

write (F,"(C"™* ")")

end do

end subroutine OpenPearINEQFiles

: ",a)") trim

"La2,v-", a2,

integer function OptTra()

1 Gets the option for the transformation rate

implicit none
I Declaration of local variables

integer :: OptTralLoc
logical :: First=_true.

save

I Initial part of procedure

if (First) then

Call Getlnput("Opt_transformation®, "EqlDom LigPhs",0OptTraLoc)

Ffirst=_false.
end if

1 Return part of procedure

OptTra=OptTralLoc

end function OptTra

end program PearlINeq
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nutriéntenlimitaties in oppervlaktewateren

Kruit, J. & P.M. Veer. Herfotografie van landschappen;
Landschapsfoto’s van de ‘Collectie de Boer’ als
uitgangspunt voor het in beeld brengen van ontwikkelingen
in het landschap in de periode 1976-2008

Oenema, O., A. Smit & J.W.H. van der Kolk. Indicatoren
Landelijk Gebied; werkwijze en eerste resultaten

Agricola, H.J.A.J. van Strien, J.A. Boone, M.A. Dolman, C.M.
Goossen, S. de Vries, N.Y. van der Wulp, L.M.G.
Groenemeijer, W.F. Lukey & R.J. van Til. Achtergrond-
document Nulmeting Effectindicatoren Monitor Agenda
Vitaal Platteland

Jaarrapportage 2008. WOT-04-001 — Koepel

Jaarrapportage 2008. WOT-04-002 - Onderbouwend
Onderzoek

Jaarrapportage 2008. WOT-04-003 — Advisering Natuur &
Milieu

Jaarrapportage 2008. WOT-04-005 — M-AVP

Jaarrapportage 2008. WOT-04-006 — Natuurplanbureaufunctie

Jaarrapportage 2008. WOT-04-007 — Milieuplanbureaufunctie

Jong de, J.J., J. van Os & R.A. Smidt. Inventarisatie en
beheerskosten van landschapselementen

Dirkx, G.H.P., R.W. Verburg & P. van der Wielen.
Tegenkrachten Natuur. Korte verkenning van de weerstand
tegen aankopen van landbouwgrond voor natuur

Annual reports for 2008; Programme WOT-04

Vullings, L.A.E., C. Blok, G. Vonk, M. van Heusden, A.
Huisman, J.M. van Linge, S. Kejjzer, J. Oldengarm & J.D.
Bulens. Omgaan met digitale nationale beleidskaarten

Vreke, J.,A.L. Gerritsen, R.P. Kranendonk, M. Plejjte, P.H.
Kersten & F.J.P. van den Bosch. Maatlat Government —
Governance

Gerritsen, A.L., R.P. Kranendonk, J. Vreke, F.J.P. van den
Bosch & M. Plejjte. Verdrogingsbestrijding in het tijdperk
van het Investeringsbudget Landelijk Gebied. Een verslag
van casusonderzoek in de provincies Drenthe, Noord-
Brabant en Noord-Holland

Luesink, H.H., P.W. Blokland, M.W. Hoogeveen & J.H. Wisman.
Ammoniakemissie uit de landbouw in 2006 en 2007

Bakker de, H.C.M. & C.S.A. van Koppen. Draagvlakonderzoek
in de steigers. Een voorstudie naar indicatoren om
maatschappelijk draagvlak voor natuur en landschap te
meten

Goossen, C.M., Monitoring recreatiegedrag van Nederlanders
in landelijke gebieden. Jaar 2006/2007

Hoefs, RM.A., J. van Os & T.J.A. Gies. Kavelruil en
Landschap. Een korte verkenning naar ruimtelijke effecten
van kavelruil

Klok, T.L., R. Hille Ris Lambers, P. de Vries, J.E. Tamis &
J.W.M. Wijjsman. Quick scan model instruments for marine
biodiversity policy

Sprujjit, J., P. Spoorenberg & R. Schreuder. Milieueffectiviteit
en kosten van maatregelen gewasbescherming

Ehlert, P.A.I. (rapporteur). Advies Bemonstering bodem voor
differentiatie van fosfaatgebruiksnormen
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Wulp van der, N.Y. Storende elementen in het landschap:
welke, waar en voor wie? Bijlage bij WOt-paper 1 — Krassen
op het landschap

Oltmer, K., K.H.M. van Bommel, J. Clement, J.J. de Jong, D.P.
Rudrum & E.P.A.G. Schouwenberg. Kosten voor
habitattypen in Natura 2000-gebieden. Toepassing van de
methode Kosteneffectiviteit natuurbeleid

Adrichem van, M.H.C., F.G. Wortelboer & G.W.W. Wamelink
(2010). MOVE. Model for terrestrial Vegetation. Version
4.0

Wamelink, G.W.W., R.M. Winkler & F.G. Wortelboer. User
documentation MOVE4 v 1.0

Gies de, T.J.A., L.J.J. Jeurissen, |. Staritsky & A. Bleeker.
Leefomgevingsindicatoren Landelijk gebied. Inventarisatie
naar stand van zaken over geurhinder, lichthinder en fijn
stof

Tamminga, S., A.W. Jongbloed, P. Bikker, L. Sebek, C. van
Bruggen & O. Oenema. Actualisatie excretiecijfers
landbouwhuisdieren voor forfaits regeling Meststoffenwet

Van der Salm, C., L. .M. Boumans, G.B.M. Heuvelink & T.C.
van Leeuwen. Protocol voor validatie van het
nutriéntenemissiemodel STONE op meetgegevens uit het
Landelijk Meetnet effecten Mestbeleid

Bouwma, .M. Quickscan Natura 2000 en Programma
Beheer. Een vergelijking van Programma Beheer met de
soorten en habitats van Natura 2000

Gerritsen, A.L., D.A. Kamphorst, T.A. Selnes, M. van Veen,
F.J.P.van den Bosch, L. van den Broek, M.E.A.
Broekmeyer, J.L.M. Donders, R.J. Fontein, S. van Tol,
G.W.W. Wamelink & P. van der Wielen. Dilemma’s en
barriéres in de praktijk van het natuur- en landschapsbeleid;
Achtergronddocument bij Natuurbalans 2009

Fontein R.J, T.A. de Boer, B. Breman, C.M. Goossen, R.J.H.G.
Henkens, J. Luttik & S. de Vries. Relatie recreatie en
natuur; Achtergronddocument bij Natuurbalans 2009

Deneer, J.W. & R. Kruijjne. (2010). Atmosferische depositie
van gewasbeschermingsmiddelen. Een verkenning van de
literatuur verschenen na 2003

Verburg, R.W., M.E. Sanders, G.H.P. Dirkx, B. de Knegt & J.W.
Kuhiman. Natuur, landschap en landelijk gebied.
Achtergronddocument bij Natuurbalans 2009

Doorn van, A.M. & M.P.C.P. Paulissen. Natuurgericht
milieubeleid voor Natura 2000-gebieden in Europees
perspectief: een verkenning

Smidt, R.A., J. van Os & /. Staritsky. Samenstellen van
landelijke kaarten met landschapselementen,
grondeigendom en beheer. Technisch
achtergronddocument bij de opgeleverde bestanden

Pouwels, R., R.P.B. Foppen, M.F. Wallis de Vries, R. Jochem,
M.J.S.M. Rejjnen & A. van Kleunen, Verkenning LARCH:
omgaan met kwaliteit binnen ecologische netwerken

Born van den, G.J., H.H. Luesink, H.A.C. Verkerk, H.J. Mulder,
J.N. Bosma, M.J.C. de Bode & O. Oenema, Protocol voor
monitoring landelijke mestmarkt onder een stelsel van
gebruiksnormen, versie 2009

Dijjk, T.A. van, J.J.M. Driessen, P.A.l. Ehlert, P.H. Hotsma,
M.H.M.M. Montforts, S.F. Plessius & O. Oenema. Protocol
beoordeling stoffen Meststoffenwet- Versie 2.1

Smits, M.J., M.J. Bogaardt, D. Eaton, A. Karbauskas & P.
Roza. De vermaatschappelijking van het
Gemeenschappelijk Landbouwbeleid. Een inventarisatie van
visies in Brussel en diverse EU-lidstaten

Vreke, J. & I.E. Salverda. Kwaliteit leefomgeving en stedelijk
groen
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46

Hengsdijk, H. & J.W.A. Langeveld. Yield trends and yield gap
analysis of major crops in the World

Horst, M.M.S. ter & J.G. Groenwold. Tool to determine the
coefficient of variation of DegT50 values of plant protection
products in water-sediment systems for different values of
the sorption coefficient

Boons-Prins, E., P. Leffelaar, L. Bouman & E. Stehfest (2010)
Grassland simulation with the LPImL model

Smit, A., O. Oenema & J.W.H. van der Kolk. Indicatoren
Kwaliteit Landelijk Gebied

Boer de, S., M.J. Bogaardl, P.H. Kersten, F.H. Kistenkas,
M.G.G. Neven & M. van der Zouwen. Zoektocht naar
nationale beleidsruimte in de EU-richtlijnen voor het milieu-
en natuurbeleid. Een vergelijking van de implementatie van
de Vogel- en Habitatrichtlijn, de Kaderrichtlijn Water en de
Nitraatrichtlijn in Nederland, Engeland en Noordrijn-
Westfalen

Jaarrapportage 2009. WOT-04-001 — Koepel

Jaarrapportage 2009. WOT-04-002 - Onderbouwend
Onderzoek

Jaarrapportage 2009. WOT-04-003 — Advisering Natuur &
Milieu

Jaarrapportage 2009. WOT-04-005 — M-AVP

Jaarrapportage 2009. WOT-04-006 — Natuurplanbureaufunctie

Jaarrapportage 2009. WOT-04-007 - Milieuplanbureaufunctie

Annual reports for 2009; Programme WOT-04

Oenema, O., P. Bikker, J. van Harn, E.A.A. Smolders, L.B.
Sebek, M. van den Berg, E. Stehfest & H. Westhoek.
Quickscan opbrengsten en efficiéntie in de gangbare en
biologische akkerbouw, melkveehouderij, varkenshouderij
en pluimveehouderij. Deelstudie van project ‘Duurzame
Eiwitvoorziening’

Smits, M.J.W., N.B.P. Polman & J. Westerink.
Uitbreidingsmogelijkheden voor groene en blauwe diensten
in Nederland; Ervaringen uit het buitenland

Dirkx, G.H.P. (red.). Quick responsefunctie 2009. Verslag van
de werkzaamheden

Kuhlman, J.W., J. Lujt, J. van Djjk, A.D. Schouten & M.J.
Voskuilen. Grondprijskaarten 1998-2008

Slangen, L.H.G., R.A. Jongeneel, N.B.P. Polman, E.
Lianouridis, H. Leneman & M.P.W. Sonneveld. Rol en
betekenis van commissies voor gebiedsgericht beleid

Temme, A.J.A.M. & P.H. Verburg. Modelling of intensive and
extensive farming in CLUE

Vreke, J. Financieringsconstructies voor landschap

Slangen, L.H.G. Economische concepten voor beleidsanalyse
van milieu, natuur en landschap

Knotters, M., G.B.M. Heuvelink, T. Hoogland & D.J.J. Walvoort.
A disposition of interpolation techniques

Hoogeveen, M.W., P.W. Blokland, H. van Kernebeek, H.H.
Luesink & J.H. Wisman. Ammoniakemissie uit de landbouw
in 1990 en 2005-2008

Beekman, V., A. Pronk & A. de Smet. De consumptie van
dierlijke producten. Ontwikkeling, determinanten, actoren
en interventies.

Polman, N.B.P., L.H.G. Slangen, A.T. de Blaejj, J. Vader & J.
van Djjk. Baten van de EHS; De locatie van
recreatiebedrijven

Veeneklaas, F.R. & J. Vader. Demografie in de
Natuurverkenning 2011; Bijlage bij WOt-paper 3

Wascher, D.M., M. van Eupen, C.A. Micher & I.R.
Gejjzendorffer, Biodiversity of European Agricultural
landscapes. Enhancing a High Nature Value Farmland
Indicator

Apeldoorn van, R.C., |.M. Bouwma, A.M. van Doorn, H.S.D.
Naeff, R.M.A. Hoefs, B.S. Elbersen & B.J.R. van Rooljj.
Natuurgebieden in Europa: bescherming en financiering

Brus, D.J.,, R. Vasat, G. B. M. Heuvelink, M. Knotters, F. de
Vries & D. J. J. Walvoort. Towards a Soil Information
System with quantified accuracy; A prototype for mapping
continuous soil properties

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218
219

220

221

2011

Groot, AM.E.& A.L. Gerritsen, m.m.v. M.H. Borgstein, E.J.
Bos & P. van der Wielen. Verantwoording van de methodiek
Achtergronddocument bij ‘Kwalitatieve monitor
Systeeminnovaties verduurzaming landbouw’

Bos, E.J. & M.H. Borgstein. Monitoring Gesloten voer-mest
kringlopen. Achtergronddocument bij ‘Kwalitatieve monitor
Systeeminnovaties verduurzaming landbouw’

Kennismarkt 27 april 2010, Van onderbouwend onderzoek
Wageningen UR naar producten Planbureau voor de
Leefomgeving

Wielen van der, P. Monitoring Integrale duurzame stallen.
Achtergronddocument bij ‘Kwalitatieve monitor
Systeeminnovaties verduurzaming landbouw’

Groot, AAM.E.& A.L. Gerritsen. Monitoring Functionele
agrobiodiversiteit. Achtergrond-document bij ‘Kwalitatieve
monitor Systeeminnovaties verduurzaming landbouw’

Jongeneel, R.A. & L. Ge. Farmers’ behavior and the provision
of public goods: Towards an analytical framework

Vries, S. de, M.H.G. Custers & J. Boers. Storende elementen
in beeld; de impact van menselijke artefacten op de
landschapsbeleving nader onderzocht

Vader, J. J.L.M. Donders & H.W.B. Bredenoord. Zicht op
natuur- en landschapsorganisaties; Achtergronddocument
bij Natuurverkenning 2011

Jongeneel, R.A., L.H.G. Slangen & N.B.P. Polman. Groene en
blauwe diensten; Een raamwerk voor de analyse van
doelen, maatregelen en instrumenten

Letourneau, A.P, P.H. Verburg & E. Stehfest. Global change of
land use systems; IMAGE: a new land allocation module

Heer, M. de. Het Park van de Toekomst.
Achtergronddocument bij Natuurverkenning 2011

Knotters, M., J. Lahr, A.M. van Oosten-Siedlecka & P.F.M.
Verdonschot. Aggregation of ecological indicators for
mapping aquatic nature quality. Overview of existing
methods and case studies

Verdonschot, P.F.M. & A.M. van Oosten-Siedlecka.
Graadmeters Aquatische natuur. Analyse gegevenskwaliteit
Limnodata

Linderhof, V.G.M. & H. Leneman. Quickscan
kosteneffectiviteitsanalyse aquatische natuur

Leneman, H., V.G.M. Linderhof & R. Michels. Mogelijkheden
voor het inbrengen van informatie uit de ‘KRW database’ in
de ‘KE database’

Schrijver, RA.M., A. Corporaal, W.A. Ozinga & D. Rudrum.
Kosteneffectieve natuur in landbouwgebieden; Methode om
effecten van maatregelen voor de verhoging van
biodiversiteit in landbouwgebieden te bepalen, een test in
twee gebieden in Noordoost-Twente en West-Zeeuws-
Vlaanderen

Hoogland, T., R.H. Kemmers, D.G. Cirkel & J. Hunink.
Standplaatsfactoren afgeleid van hydrologische model
uitkomsten; Methode-ontwikkeling en toetsing in het
Drentse Aa-gebied

Agricola, H.J., R.M.A. Hoefs, A.M. van Doorn, R.A. Smidt & J.
van Os. Landschappelijke effecten van ontwikkelingen in de
landbouw

Kramer, H., J. Oldengarm & L.F.S. Roupioz. Nederland is
groener dan kaarten laten zien; Mogelijkheden om ‘groen’
beter te inventariseren en monitoren met de automatische
classificatie van digitale luchtfoto’s

Raffe, J.K. van, J.J. de Jong & G.W.W. Wamelink (2011).
Kostenmodule Natuurplanner; functioneel ontwerp en
software-validatie

Hazeu, G.W., Kramer, H., J. Clement & W.P. Daamen (2011).
Basiskaart Natuur 1990rev

Boer, T.A. de. Waardering en recreatief gebruik van Nationale
Landschappen door haar bewoners

Leneman, H., A.D. Schouten & R.W. Verburg. Varianten van
natuurbeleid: voorbereidende kostenberekeningen;
Achtergronddocument bij Natuurverkenning 2011

Knegt, B. de, J. Clement, P.W. Goedhart, H. Sierdsema, Chr.
van Swaay & P. Wiersma. Natuurkwaliteit van het agrarisch
gebied
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Kamphorst, D.A. & M.M.P. van Oorschot. Kansen en barriéres
voor verduurzaming van houtketens

Salm, C. van der & O.F. Schoumans. Langetermijneffecten
van verminderde fosfaatgiften

Bikker, P., M.M. van Krimpen & G.J. Remmelink. Stikstof-
verteerbaarheid in voeders voor landbouwhuisdieren;
Berekeningen voor de TAN-excretie

M.E. Sanders & A.L. Gerritsen (red.). Het biodiversiteitsbeleid
in Nederland werkt. Achtergronddocument bij Balans van
de Leefomgeving 2010

Bogaart, P.W., G.A.K. van Voorn & L.M.W. Akkermans.
Evenwichtsanalyse modelcomplexiteit; een verkennende
studie

Kleunen A. van, K. Koffijberg, P. de Boer, J. Nienhuis, C.J.
Camphuysen, H. Schekkerman, K.H. Oosterbeek, M.L. de
Jong, B. Ens & C.J. Smit (2010). Broedsucces van
kustbroedvogels in de Waddenzee in 2007 en 2008

Salm, C. van der, L.J.M. Boumans, D.J. Brus, B. Kempen &
7.C van Leeuwen. Validatie van het nutriéntenemissiemodel
STONE met meetgegevens uit het Landelijk Meetnet
effecten Mestbeleid (LMM) en de Landelijke Steekproef
Kaarteenheden (LSK).

Djjkema, K.S., W.E. van Duin, E.M. Djjkman, A. Nicolai, H.
Jongerius, H. Keegstra, L. van Egmond, H.J. Venema &
J.J. Jongsma. Vijftig jaar monitoring en beheer van de
Friese en Groninger kwelderwerken: 1960-2009

Jaarrapportage 2010. WOT-04-001 — Koepel

Jaarrapportage 2010. WOT-04-002 — Onderbouwend
Onderzoek

Jaarrapportage 2010. WOT-04-003 - Advisering Natuur &
Milieu

Jaarrapportage 2010. WOT-04-005 — M-AVP

Jaarrapportage 2010. WOT-04-006 —
Natuurplanbureaufunctie

Jaarrapportage 2010. WOT-04-007 - Milieuplanbureaufunctie

Arnouts, R.C.M. & F.H. Kistenkas. Nederland op slot door
Natura 2000: de discussie ontrafeld; Bijlage bij WOt-paper
7 — De deur klemt

Harms, B. & M.M.M. Overbeek. Bedrijven aan de slag met
natuur en landschap; relaties tussen bedrijven en
natuurorganisaties. Achtergronddocument bij
Natuurverkenning 2011

Agricola, H.J. & L.A.E. Vullings. De stand van het platteland
2010. Monitor Agenda Vitaal Platteland; Rapportage
Midterm meting Effectindicatoren

Kiljn, J.A. Wisselend getij. Omgang met en beleid voor natuur
en landschap in verleden en heden; een essayistische
beschouwing. Achtergronddocument bij Natuurverkenning
2011

Corporaal, A., T. Denters, H.F. van Dobben, S.M. Hennekens,
A. Klimkowska, W.A. Ozinga, J.H.J. Schaminée & R.A.M.
Schrijver. Stenoeciteit van de Nederlandse flora. Een
nieuwe parameter op grond van ecologische amplitudo’s
van de Nederlandse plantensoorten en toepassings-
mogelijkheden

Wamelink, G.W.W., R. Jochem, J. van der Greft-van Rossum,
C. Grashof-Bokdam, R.M.A. Wegman, G.J. Franke & A.H.
Prins. Het plantendispersiemodel DIMO. Verbetering van
de modellering in de Natuurplanner

Klimkowska, A., M.H.C. van Adrichem, J.A.M. Jansen &
G.W.W. Wamelink. Bruikbaarheid van WNK-
monitoringgegevens voor EC-rapportage voor Natura
2000-gebieden. Eerste fase

Goossen, C.M., R.J. Fontein, J.L.M. Donders & R.C.M.
Arnouts. Mass Movement naar recreatieve gebieden;
Overzicht van methoden om bezoekersaantallen te meten

Sprujt, J., P.M. Spoorenberg, J.A.J.M. Rovers, J.J.
Slabbekoorn, S.A.M. de Kool, M.E.T. Viaswinkel, B. Hejjne,
J.A. Hiemstra, F. Nouwens & B.J. van der Sluis.
Milieueffecten van maatregelen gewasbescherming

Walker, A.N. & G.B. Woltjer. Forestry in the Magnet model.

Hoefnagel, E.W.J., F.C. Buisman, J.A.E. van Oostenbrugge &
B.I. de Vos. Een duurzame toekomst voor de Nederlandse
visserij. Toekomstscenario’s 2040
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Buurma, J.S. & S.R.M. Janssens. Het koor van adviseurs
verdient een dirigent. Over kennisverspreiding rond
phytophthora in aardappelen

Verburg, R.W., A.L. Gerritsen & W. Nieuwenhuizen. Natuur
meekoppelen in ruimtelijke ontwikkeling: een analyse van
sturingsstrategieén voor de Natuurverkenning.
Achtergronddocument bij Natuurverkenning 2011

Kooten, T. van & C. Klok. The Mackinson-Daskalov North Sea
EcoSpace model as a simulation tool for spatial planning
scenarios

Bruggen van, C., C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujjsmans, S.M. van der Sluis & G.L.
Velthof. Ammoniakemissie uit dierlijke mest en kunstmest
1990-2008. Berekeningen met het Nationaal
Emissiemodel voor Ammoniak (NEMA)

Bruggen van, C., C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujjsmans, S.M. van der Sluis & G.L.
Velthof. Ammoniakemmissie uit dierlijke mest en
kunstmest in 2009. Berekeningen met het Nationaal
Emissiemodel voor Ammoniak (NEMA)

Randen van, Y., H.L.E. de Groot & L.A.E. Vullings. Monitor
Agenda Vitaal Platteland vastgelegd. Ontwerp en
implementatie van een generieke beleidsmonitor

Agricola, H.J., R. Rejjnen, J.A. Boone, M.A. Dolman, C.M.
Goossern, S. de Vries, J. Roos-Klein Lankhorst, L.M.G.
Groenemeijjer & S.L. Dejjl. Achtergronddocument Midterm
meting Effectindicatoren Monitor Agenda Vitaal Platteland

Buiteveld, J. S.J. Hiemstra & B. ten Brink. Modelling global
agrobiodiversity. A fuzzy cognitive mapping approach

Hal van R., O.G. Bos & R.G. Jak. Noordzee:
systeemdynamiek, klimaatverandering, natuurtypen en
benthos. Achtergronddocument bij Natuurverkenning 2011

Teal, L.R.. The North Sea fish community: past, present and
future. Background document for the 2011 National
Nature Outlook

Leopold, M.F., R.S.A. van Bemmelen & S.C.V. Geelhoed.
Zeevogels op de Noordzee. Achtergronddocument bij
Natuurverkenning 2011

Geelhoed, S.C.V. & T. van Polanen Petel. Zeezoogdieren op
de Noordzee. Achtergronddocument bij Natuurverkenning
2011

Kuijs, E.K.M. & J. Steenbergen. Zoet-zoutovergangen in
Nederland; stand van zaken en kansen voor de toekomst.
Achtergronddocument bij Natuurverkenning 2011

Baptist, M.J. Zachte kustverdediging in Nederland; scenario’s
voor 2040. Achtergronddocument bij Natuurverkenning
2011
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