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INTRODUCTION |

The Registration Directive, 91/414, conceming the placing of plant protection
products was adopted by the Council of Ministers in 1991 and came into force in
July 1993. This Directive laid the foundation for a harmonised system of
- registration of plant protection products. It became clear in the development of
the Annexes which followed, which added flesh to the bones of the Directive,

that mathematical modelhng and Predicted Environmental Concentrations (PEC's)
were going to play an important role in the decision-making process. It was also
becoming clear at ﬂlns time. that there were many groups involved with the
development of pest1¢1de fate modelling, but that eﬂ'ectlve dlalogue and exchange '
of 1deas and experlences was not great ' ‘

An ad-hoc group met'in November 1992 in Brussels to lay the foundatlons for the
formation of FOCUS the FOrum for the Co-ordination of pesticide fate models
~and their Use. FOCUS is an informal grouping of regulators, industry
~ representatives, and dxperts from Govemment institutes - a combination of model
developers, model users and people who. review modelling results. The aims of -
this group are to promote dialogue and exchange of ideas on pcstlc1de fate
modelling issues. In|particular there was-an urgent need to provide guidance to
the Member States, the European Commission, and Industry on the appropriate
role of modelling in the rapidly developing EU registration process. |

A work group was formed within FOCUS to address the issues of the role of
leaching models in the registration process. -The work group responded to the
Steering Committee of FOCUS. Five one-day meetings were held between April
1993 and September 1994 funded variously by DGVI of the European
" Commission, the Eutopean Crop Protectlon Association, and COST Action 66.
This report is the outcome of the work of the group. The report is intended to
- provide an expert opinion of the state of the art with regard to the use of leaching
models in the EU regulatory process, and also to be a source of information and
 guidance on the key issues involved, -

Taking a broader vi¢w, there is an important balance to be made ‘between the
roles of modelling and expenmentatlon, these two disciplines are complementary
to one another. However, this report unashamedly focuses on modelling alone, to
‘provide guidance and information on this new discipline. One interface between
- modelling and expenmantauon is the selection of input parameters for modelling.
There is a need for guidance on appropriate procedures for the selection of model
input parameters; this is beyond the scope of this report, but wﬂl be an unportant
area for the future. .




OVERVIEW |

" The work of the p was split into specific tasks to address specific issues.
Each of these tasks is represented in this document by a separate chapter. The
overview presented here has the intention of guiding the reader through the

various chapters, describing for each in turn what were the issues which the
chapter sought to address. More detail can be found in the chapters themselves.
Some overall conclu 1ons are presented not here, but in the Executive Summary

' sectlon Wthh follow

Before: spemﬁc issups could be tackled the basic ground rules have to be
established, and the basic data on the state of the art has to be gathered. Three
chapters cover these elements of the work. Chapter 1 is a list of definitions and
terminology used in the modelling process; consensus on terminology is
necessary in order to ensure a common understanding and is a pre-requisite for -
effective communicaﬁOn and debate. If you are to examine a range of models and
assess their sultabihq'y and ‘characteristics then you must first make a list of the
elements which you |need to look for. Chapter 2 is a consensus view of what
should be included Jl such a checklist. Chapter 3 is a table which describes in
detail the charactenst:lcs of the leaching models which were assessed by the
- group. This table wds obtained by examining the' models in conjunction with the
checklist in Chapterp assistance in doing this was obtamed from several of the
authors of the models whose help is acknowledged | |

Havmg established the baslcs, some of the issues surrounding the use of leaching
" models are tackled inl the subsequent chapters The leaching models reviewed all
suffer from some deﬁc1enc1es and limitations in the way the processes affecting
leaching are descnbdd ‘Some of these limitations are discussed in Chapter 4. If
leaching models are| to be used, then the user needs to have some weather,
cropping and soils data to put into the models For conslstency it is important
that there are some basic standard datasets, or-"scenarios", ayailable for weather,
~cropping: and soils data. - These scenarios need to cover the many different
conditions which exist in the EU. The issue of how to define scenarios for the
~ use of leaching modgls in the EU is covered in Chapter 5. Further work on crop,
soil and weather scenarios is needed; the work on soil scenarios is continuing in
the program of a new FOCUS workgroup exaxmnmg modelling of soil issues (ie
PECm,l) o

How can you vahdaJte a model? What data is needed to- do this? What is the
vahdanon status of | the leachmg models assessed by the group? Chapters 6




B rnodel validation. |

i
; | | |
discusses the issue qf what constitutes a good data set and Chapter 7 deals w1th

|
|

All agree that gulda+® is needed on how models can be used correctly in the
regulatory process. |In order for modelling to be used properly in this process
' there are. certain guidelines which should be followed by model developers,
‘maintainers and users, and these are developed in Chapter 8. This chapter
covers the mechanics of modelling - what the model developer or model user has -
to do with the models. Chapter 9 discusses the broader issue of how models can -
fit into a tiered scheme for risk assessment, i.e. the proper role of leaching models
in the regulatory decision-making process. The final chapter is a list of modelling
tools available to researchers. It includes examples of run-off and persistence
models as- well as| leaching models and, whilst it is not claimed to be

\ comprehenswe serv%s asa catalogue for this and future work groups.
) I . . .




EXECUTIVE SUMMARY

What can we co clude about leachmg models and their usefulness in

~ environmental risk assessment and declsmn-making now? What improvements
~ are needed? Having made these improvements, what will be achievable with

models in the future? What will it take to get from where we are now to where

we want to be? What is the alternative? ‘The key messages of the group in each
of these pomts are'0 tlmed in this sectlon




What can we onclude about’ leaéliing, models and their
usefulness in environmental risk assessment and decision-

‘making now? |
Standard o L Soil t1/2, Koe & application rate
scenarios ’ - o
\» STEP 1 |
L - | First classification
' —P No further work
| Specific | ‘ Pesticide usage information

scenarios . no _ ' .
: \p Identification of 1. ”

| vulnerable situations

G
Site-specific | '

data © no

, : STEP3
\\-’ Flex:blllty ,
. .| Probability of movement 3
Usage optimisation

No further work

Field leaching/lysimeter data
‘Calibration & Extrapolation

' oAs defined in Annexe 6 of the Fie#lstralion Directive; decision-making criteria are beyorid the scope of this document

Uses of leaching models at Step 1
- tngger for further work
- give a broad mdlcatj()m of leachmg potenual _
- comparison with cheémicals of known leaching behaviour
--enables uniform corilpaﬁson and simplé Teview

Uses of leaching moddls at Step2
- identify vulnerable sbxlslcropslproduct uses

- but accuracy will be|low at thls Step, so Step 2 refines further mvesugaﬂon more often than resulting
in a decision




s

'Uses of leaching models at Step 3
- cahbrauonattlus tepmcreasestheaccuracycompamdtoStepz so that a decision can be made
- can say someﬂun about probabilities of leaching
- usage optimisatio!

Fully validated leaching model.at the EU level does not exist
_ - but this does not nreah that these models have no use in the regulatory process

‘Little relevant va]idﬁon work has been done at res1due levels which represent a
very low fraction of the amount apphed :

* The models are reliable for describing the movement of the bulk of the chemical
 -whenusedcorrectly . S '

Selection of a suitabl}e model
" -many factors to ider (Chapter 2)
- the key data in many models are dxsplayed in Chapter 3
- none of the 9 models considered are ldeal but all are worthy of consideration
" -'many of the mode{ls are similar techmcally, 5o other factors such as ease of use and support become

. unportam O
We need to use the rrjnodels now

- they can be used now, in certain sitwations, mcludmg ata screemng level
~ their use can improve the quality of risk assessments .




What-improvertlen.tsare needed?

- Model mamtenance, 1]nst1tut10nahsed models at the EU level
. - version control, coclequallty eic,
- support
- manuals
- training
- register of users

Full set of accessible anodel- scenarios for‘the'Whele EU
- weather : ' Lo
- soils - ; : :

‘Procedures for the co?hfrect-use and reporting of models (see Chapter 1))

Good leaclung datase}ts (real measurements)
' - high quality datasets (field and lysimeter) ~
- with the right mea%uremems {sec Chapter 6)
—» model validation o
— improve the mod!éls

| Model validation
- requires high quality leaching datasets (see above)
- important for credhblhty and i mcreasmg confidence in declsnon—ma!nng

- Better process descnhatlon - better models
© . Basic science: ! :
. - preferential flow -
- subsoil degradation
- chemical|processes -
Implementing es(al*lished science:

‘- evapotranspiration
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- :I;Ié\_?ing'_méde mese nnprovements, what wﬂl be achlevable
~with models in the future" | .

‘Consistency of risk assessments r(co.mmon basis for assessment)
' -quahty f and supponformodels _
- eommo set of scenarios (crop, soil, chmate)
- enable consistent use of models across

:countries where ,ﬁ.i..is used
countries assessing data
ifferent a.i.5

" Rapid assessment -

'Up-to -date modellin g tools

" taking into account :
.- new scientific developments

- new reghlatory developments

Better appreciation by a wider audience of the causes of leaching, its assessment, -
and how to manage it . | -

Better accuracy of model p'redictions,' enabling' more reliable decisibn-making at
Tiers 1 and 2 ‘ ' ‘




1

 What will it tdke to get from where we are now to where
we want to be"

Willingness of all paﬁ‘liies to wefk together towards a common understanding

Funding (model msumtlonahsauon, vahdatlon and 1mprovement, scenario
development and tesbng, research) - L

Dialegue between dijsparate modelling groups




‘What is the 'alt¢i.rnative? R

Modellmg is more generally apphcable than monitoring because momtormg gives

only information for 'the circumstances considered: any extrapolation in time and

space of monitoring is based implicitly on some model, albeit non-mathematical.

~ Another important advantage is' that’ modelhng can be done before the
introduction of new ¢ompounds. -~

Modelling can 'give kmswers to. importan't quantitative questions. such as "Will
this pesticide reach groundwater, if so then in what circumstances of use, region,
crop, weather, soil, and at what concentration?". The following scheme shows
how modelling leads to a higher quahty and more flexibility of the risk
assessment procedure :

‘no mmrlelling o modelling

| afew “worst case” leaching studies] | | afew “worst case” leaching studies |
| concentration/ < or >trigger | ' | | interpretative modelling|

- what will happen in other ciréhmstances?
what will happen in all other circumstances? -

ban everywhere  allow everywhere | informed decision making
_ o - sustainable use

“Use of modelling alongside practical studies is the only route to a scientific risk
assessment, the only way to ensure we share the benefits of pesticide use without
unacceptable pesticide residues in groundwater. Alternative is decision-making
on the basis of inadequate and non-comparable data, leading to unnecessary
groundwater contamination and unnecessary restriction of safe products of benefit
to agriculture. Also slower decisions and higher costs to all.




-Chapter 1

Defimtlons‘ to be used by the FOCUS Regulatory
’ Modellmg Work group

J. Boesten and K. Trevis _

model: sunphﬁed repﬂesentauon ofa part of reahty that contams mutually
dependent elements . .

- conceptual mgde moidel in wlnch the elements are descnbed expl1c1tly and in
which their mutual dependencies are described; conceptual models are usually
described in words or rv1a a dlagram

. mﬂlematlcal model: model that descnbes the conceptual model in terms of
mathematlcal equatlons

* computer miodel: modbl that describes the mathematxcal model in code that can be
- executed by a computer' this does not include the actual values of the input
| parameters ! |

deterministic model: rhathematical or computer model in which all parameters can
have one unique value only and in which:one parameter set results in one umque
output « ,

babilistic model: mathematlcal or eomputer mode] which accounts for

- variability in one or more input parameters and expresses outputs as probablhty
- density functlons, a plobablhst__lc model is often just a deterministic model run

many times

stochastic model: mathematical or computer model in which some or all
parameters are handleld explicitly as stochastic variables in the governing
equations of the moddl and whlch expresses outputs as probablhty density
functions : : o

gﬁ_ggn exammaqlon of the numerical techmque in the computer model to
ascertain that it truly represents the mathematical model and that there are no-
inherent numerical problems with obtaining a solution; this implies also a check
.on errors in the code (programming bugs)




14

_ galmangn adjusting one or more mput parameters to improve the match between
 model output and e*xpenmental data :

mmmw k:ompanson of model output with data mdependently denved
from expenments observations of the environment; this implies that none of the
input parameters is obtained via calibration; note that this definition does not
specxfy any corres ndence between model output and measured data

for a specified range of validity; this rrnphes that the number of data sets

' mhd_a@_mm_l kal which has gone successfully through a vahdatlon process
con31dered is sufficjent for the intended use of the model

| mge_gf_mh_dnx thht part of reality to whxch the valldatlon of amodel applzes

mdamm_st_ams the extent to whlch a model has successfully been valrdated
within its range of vahdlty '

sensitivity analysis: analysis of the degree to which the model result is affected by
changes in input parameters; often done by examining the % change in one output
caused by the % change in an input parameter, the purpose is to obtain a better
understanding of the behav:our of the model

_ -mmﬂm analysxs of the degree to whlch the model result is affected
by the uncertainty u{l input parameters, the purpose of uncertamty analysisisto
- examine the effects of lack of precise knowledge of input parameters caused e.g.
by natural variation Ior variation resultmg from measurement or analyhcal tech-
mques :

version ggntrgl the |measures taken by the institute that dehvers the software
package to ensure that the speaﬁed number of the version identifies the package

- umquely

gﬂﬂge packagg the computer code (both source and- executables) that is
prov:ded to users; so the package includes all files on the diskette(s) which will
usually mclude alsol one or more scenano s and standard data sets for checking

s_’c;nan,g a representatlve combmatlon of crop, soil, cllmate and agronomic
parameters to be used in modelling; representative means in this context that the
- selected scenarios should represent physical sites known to exist, i.e. the
combination of crop, soil, climate and agronomic conditions should be realistic
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: a number of scenarios to be created which reasonably
characterise the rangé of driving forces for the environmental fate mechanism
being studied; driving forces are in this context the primary variables control]mg
- the envuonmental fatte mechanism : : :

Part of the above definitions h#vc been based ASTM Des:gnanon E 978 - 84 entitled "Standard practice for evaluating
environmental fate models of ¢hemicals” (p. 582-587 in 1990 Annna.l book of ASTM standards, Vol. 11.04, Secuon

| .1, Waterandenvxmnmentaltbchnology)




Chapter 2

Elements for Assessmg Models a
| H Sbhﬁfcr aﬁd R, J_bﬁes |

1 General Informﬂhon
Name of model A :
o . Name or nimber of most recent release
Intended use of model
Model developers
Sponsonng institution
.. Date of m¢st recent release

- 2. Documentation #nd Syst_eins Copsiderations |

2.1, User manual
' Availability

Language
d:lanty . .

~ li)eﬁnes model hrmtatlons o :

- Includes conceptual model descnptlon
Includes mathematical model descnptlon
includes sensitivity analysis’ '
Provides assistance in determining model parameters

| ‘Provides test examples

. Provides references' |

2.2, Other dqcumentatlon conmderatmns
Tightness of version control
Avaﬂablhty of source code

2.3. Systemsl cons1derat10ns
' Hardware requirements
~ Run time for standard scenano\
Rehablhty
Clanty of error messages

24. Support@

16




Metbod of support (Ex1stence of respons1ble mstltuuon")
Avatlabthty of mformatxon about bugs, corrections, and new
versxbns
TMg for u users

2 5. Input/Pr processor \
-+ User friendliness
- Help utility
. Datarange checking
$ample input files
atabase included
vailability of needed data

: Flemblhty

2.6. OutpuﬂRostprocessor
Nature of output '
User friendliness
Help utility
$ainple files
~ Flexibility
- Documents input parameters
¢1anty of output reports

3. Model Science

3. 1 Compartjments cons1dered
soil, soﬂ water, soil air, plant, root zone, vadose zone, saturated
zone \ ' ‘

32 Numencal techmque :
Adequacy of algorithm
- Definition of lower hydrologic boundary conditions
. Stability |
Numerical dispersion
Time increments
~ $pace (depth) increments
Verification of numerical technique

3.3. Soil model (horizontal and vertical heterogerieity) |

34. Hydrolo ‘model :
Type (tlppmg bucket or water potentxa])
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Evapotranspiration model
Capillary rise

Runoff and erosion
Preferential flow -

3.5 ‘Pesticide model

Metabolites

Aldsorptlon
Type of model (linear, non—lmear, lﬂnetxc) \
Dcpendency on envxronmcntal parametcrs (1 e. temperature,
moisture, soil :
: depth)

Degradation in soil
Type of model (first order, power law, Menten)
Dependency on environmental parameters (i.e. temperature,
‘moisture, soil
ﬁ depth)
‘Mechanisms consxdered (ablotlc b10t1c)
Compértments considered (soﬂ soil water soil air, plant)

Dlspersmn in'soil - .

Volatility

Plant uptake

Degradation on plant surfaces

Foliar washoff

Runoff and erosion

" 3.6. Agronorqy models .
'Cultivation (i.e. ploughmg, remdues)
Iingatlon _
Apphcauon
 Frequency of apphcatlon (smgle, multiple)
Application technique (i.e. spray, soil incorporation).




3.7. Plant model

ohage
Purpose (use in computer program)
Descnpuon '

' Flexibility
ooting : -
PurpOse (use in computer program)
| Description .~

- Flexibility

3.8. Heat model

pose (use in computer program)
Descnpnon




‘Chapter 3
| Assesémeiit of Various Leaching Models

R. 'Jones and H Schﬁfer

Tlns chapter tabulates the perfonnance of 9 commonly used models agamst the
- criteria outlined i in Chapter 2 S




Assessment of Various Leaching Models
1.- General Information

PRZM-2

" PRZM

21

PELMO
Name of model Pesticide Root Zone Model -2 Pesticide Root Zone Model Pesticide Leaching MOdel
~ Name or numnber of most recent release | Refease 102~ —— ~fRelease 10— — [ Release 1.0
Intended use of model Pnnc:paj purpose is to calculate of Principal purpose is to calculate of Model is mainly intended to calculate
: pesticide movement in surface and pesticide movement in surface and leaching of pesticides in soil, but runoff
subsoils. The model also considers subsoils. ‘The model also considers and erosion are also included. '
volatility, runoff, and erosion losses from | runoff, and erosion losses from the soil : R
. o the soil surface. 1 surface, S . L
_ Model developers R. F. Carsel et al. | R.F. Carsel et al. " | M. Klein
Sponsoring institution 'U.S. Environmental Protection ‘U.S. Environinental Protection Fraunhofer Institut fiir Urnweltchemie
. Agency, USA ' Agency, USA ' and Okotoxikologie, Schmallenberg,
Date of most recent release 1993 - 11984 11991 (Release 1.0)
: ' : | D {1993 (Release 1.5 beta tes)




Name of model
Name or number of most recent release

Intended use of model

" Model developers
“Sponsoring institution

Da!e of most recent release

Assessment of Various{Léaching Models.
1. General Information (continued)

- GLEAMS

-PESTLA

22

~ VARLEACH

pesticide yields at the edge of a field and
at the bottom of the root zone

. | Groundwater Loadmg of Agricultural PESTicide Ix.achmg and Accumulationr | VARLEACH (most recent version of the
| Mansgement System - L ) | original CALF model)
Version 2.03 : Versmn 23 Version 1.0
Predict the effect of management [ Simulate pesticide leaching and VARLEACH is a simple leaching model | .
_ | decisions on water, sediment, and persistence in soils that incorporates subroutines to allow for

the effects of temperature and soil

_moisture on degradation rates in soil.

R. A, Leonard, W. G. Knisel, D, A. Still .

TITL Boestenetal

| A. Walker and‘P H Nicholls

USDA/ARS Southeast Watershed DLO Winand Stanng Centre. The Homcnlture Rmarch International, UK.
Laboratory, USA ) Nethedands =~ . | Rothamsted Experimental Statmn. UK.
January 1992 | December 1993 - -August 1993
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Name of model

) [ e
Name or number of most recent release

Intenmd-qse of model

Model developers'

Spdnsdring institution

Date of most recent release

Assessment of Varmus Leaching Models
1. General Information (contmued)

LEACHM

23

PLM

Leaching EsLImauon And CHemistry MACRO - Pesticide Leaching Mode]

Model — - :

Release 3.1 Release 3.0 Release 3.0

‘Model ins intended to calculate leaching | Model simulates water movementand: | Simulates pesticide movement and

of pesticides in soil solute tl"ansporttin macroporous systems | degradation in soil, mcludmg ptefetenual
- ' ' . flow mechanisms -

JL Hutson R. I Wagenct I N. Jams ' .| D. G. M. Hall, P. H. Nicholls

Comell Umvers:ty, Ithaca, NY USA | Swedlsh Enmonmntal Protecuoﬂ ‘Rothamsted Experimental Station, UK. °

. . Agemy : - ) . : . . N ' o .
. Swedish Umvm:ty of Agnculmral

: : Sc:enoes,Uppsala,Sweden ' N
1993 1993 " August 1994

-




2.1 User manual
Advailability

Language
Clarity
Deﬁnes model Iumtauons _

Includes conceptual model
description -

Includes mathemancal‘ model
description

Includes sensltmty analyses o

Provides assistance m determining

‘model parametem
vagdes test examples

Provides mferenoés
2.2 Other documentation 6onsiderations

Tightness of version control
Availability of source code -

 Assessment of Various Leaching Models
- 2. Documentation and Systems Considerations

Supplied on program diskette

Supplied on program diskette

PRZM-2 PRZM PELMO
Included as a Word Perfect file with the | EPA Publication Publication of Fraunhofer Institut
|sourcecode .
English English - German
Limitations of each module are spec1fied ‘Limitations are specified in the user No
in the user manual. : manual. - L _
‘Lengthy description Lengthy description . -| Short description
Yes Yes “Description of differences with PRZM
.Traditional sensitivity_analys&s.are. not in. | Discussed in manual No
user manual; however, the model has a- C :
.| feature for simulating the effect of
" variability in input parameters. - - S . .
'The manuat provides extensive The manual prowdes extenswe Utility for estimation of diffusion -
| assistance. assistance. - coefficients - ) -
Example input files listed in mamia] Example mput and output files llsted in | Example output files listed in manual
- ' - . manual ’ :
Extensive list Extensive list Yes
Version specified on output ‘| Version specified on output Tight version control
Supplied on program diskette




;' Assessment of Various Leaching Models

‘2. Documentation and Systems Considerations (continued)

- PESTLA

' GLEAMS VARLEACH
2.1 User manual — - o . :
Availability Included as a Word Perfect file with the | Report from DLO Winand Staring ' Explanatory Totes are avmlable as
' { sourcecode ' I Centre supplied with program diskettes | README file with diskette, full
- — | annotation included in source code; no
_ ‘ i user manual available -
Language | English English English - '
"Clarity Good Good (No user manual)
Defines model limitations Limited discussion ‘ Limited discussion | (No uiser manual)
~ Includes.conceptual model A description of most of the submodels is | Yes - ' ' (No user manual)
descnpﬂon included with the discussion on S ' S
parameter estimation, but there isno - _
o B . | overall discussion of the entire model - - L
Includes mathematical model A mathematical description of some of . - | Yes ~’| {No user inanual)
‘description - : the submodels is included ‘ P TR _
Includes sensitivity analyses The manyal does a very good job of Yes (No user manual) -
o - -discussing the sensitivity of the model - o
parameters during the discussionof
individual parameters. Thereisno
overall discussion of parameter
: sensitivity e ‘ :
Provides assistance in determining | The user manual provides extenszve | Yes - (No user manual)
- model parameters | assistance :
Provides test examples '| The user manual does not contam a Yes (No user manual)
- test example ' : '
va:des refelenoes Extensive list Yes _| (No.user-manual)




2.2 Other documentation
considerations
Tightness of version control

- . Availability of source code \

_| Tight version control

Tight version control

There is no strict versihn comrol for the
original CALF model. The most recent

version has been named VARLEACH 1.0 |
-and any updates will be given new

version numbers as appropriate

Supplied on program diskette

‘Supplied with program /




2.1 User manoal
Ava.llablhty

Defines model limitations

Includes conceptual model
description

Includes mathemaucal model
' descnptlon

Includes sensitivity analyses

Provides assistance in determining

model parameters
" Provides test examples

Provides references

2.2 Other documentation considerations
Tightness of version control
Availability of source code

" Assessment of Various Leaching Models: -
2. Documentation and Systems Considerations(continued)

LEACHM

MACRO

)7 o - - ) 27

Publication of Comell Umversuy “Publication of Swedish University of - Published as MSc tlmns (Nottmgham
: I régdculmmSciences-rUppsala.ﬂﬁﬂﬁiJvaemty)
__ghsh English o | English
| Yes Assumptions provided, but limitations = | Model assumptions are provided in
not specifically discussed discussion present in the user manual
Yes Yes - S Provides most information in the user
manual, forsomedwmpﬂonsﬂleusens
referred to two-articles in press. '
1 Yes Yes | Provides information in the user manual,
| for some descriptions the user ls\refmed‘
_ to two ameles in press '
| No : ‘| Yes No
Utility for estimation of potential - Yes Some gu:danoe prov:ded for a few
-evapotranspiration. Utility for &sumauon pm’ameters o
of water retention data
| Input and output files in manual ‘No' Yes
| Yes ' ' Yes Yes .
| Tight version control Tight version control Tight version control
Program is distributed as source code Distributed upon request Available




23 ‘Systems considerations
Hardware requirements

Run time for standard scenario

Reliability

- Clarity of error messages

2.4 Support

Methiod of support

" Availability of information about
bugs and corrections
Training for users

* Assessment of Various Leaching Models
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PRZM-2

PRZM

PELMO

386 or 486 compatible computer, MS or

| PCDOS 3.3 or higher, 640k base

‘memory, 4 mb of extended memory, 4.5

Original release was for a mainframe
computer, later a version for PC was

Center for Environmental Modeling.

.| Contact telephone and fax numbers are .

U.s. EPA S

mb hard disk storage :
.Depends on options selected Dep'ends on options selected | Medium (~1 CI’U mmute for 1 simulated
- ‘ . : : ' - year on a 486
Program usually performs without _ Program usually performs without - Program performs without problems lf
problems if input parameters are problems if input pamneters are -mput data are correct
correctly specified correctly speclﬁed ,
| List of error messages provnded in the ‘Sometimes difficult to understand ‘Difficult to undetst_md
uset manual - : ' -
‘Model is supported by the U.S. EPA . Mo:emoeutmsnon now supportedby | Staff at Fraunhofer are helpful in

resolving problems (by phone or telefax)

_provided in the user manual, SRR _ :
No information about bugs is No information about bugs is No information about bugs is
systematically distributed to users. systematically distributed to users. systematically distributed to users. - -

_Training sessions are held occasionally
- by the U.S. EPA '

Training available only for more recent
version

Training sessions possible upon request
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2.3 Systems considerations . B .
Hardware requirements IBM PC-AT or IBM-compatlble systems |.IBM: oompauble PC (386 or 486) witha | IBM compatible 80286 (or later)
.compilation requn’es at least 384K of - '
RAM, more than 384K is preferable. .
Use of the 8-87 Arithmetic Coprocessor
| chip will execute programs much more
- rapidly , A _ . :
Run time for standard scenario { Low (about 30 seconds per simulated | 2-3 minutes per simulated year on a 486 | Low
‘ ' ‘year) _ ‘ PCusmgamx:mumumestepofOI ‘ ;
- _ : | day -
Reliability Programs perfonns w1thout problems if .| Programs performs thhout problems if Program perfonm w1thont problcms if
. \ _ input data are correct mputdataarecmrect - __| input data are correct ‘
* Clarity of error messages Not very specific Good. messages for errors in input data. - { No error messages gencrated by. pmgram .
* ' . : i ' m;ssagesarehmxtedformnnmemors o o '
2.4 Support SR ‘ :
Method of suppon Provided by Frank Davis, USDA and™ - Provnded by JITL Boestzn of DLO | Provided by A. Walker of Horticulture
' Walter Knisel, University of Georgia - ‘Winand Staring Centre | Research Institute and P.H. Nicholls of
- : Rothamsted Experimental Station ~
. Availability of information about - | No information about bugs is ' No lnformauo_n about bugs is "No information about bugs is
" bugs and corrections systematically distributed to users: systematically distributed. The user systematically distributed
: , o "manual gives the anticipated date for . -
, release of the next version L
Training for users ‘None None

Training available upon request




2.3 Systems consideratioﬁs
Hardware requirements

Run time for standard scenario
Reliability
| Clarity of error meséag_es

24 Support
Method of support

_ Availability of information about .

, bugs and corrections
Training for users
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No special hardwam specnﬁed model is

, dnsmhntadassonrc&oode

PC wit_h coprocessor, DOS

No special hardware specified. Model ié

distributed as an executable oode for IBC

compatlble PCs

Depends on hardware, 486 is preferred Depends on hardware, 486 is preferred Fast with co-processor

Program performs without problems if | Program crashes sometimes without error | Object oriented for reliability - -

input data are correct message. Computer has to be rebooted - -

Few error messages Very few error messages _| Esror messages on dataentry
| 3. L. Butson is helpful (phone or tefefax) | N. Jarvis is helpful (phone or telefax) . | P. ‘Nicholls is helpful ]

No information about bugsis | No information about bugs is Noinformation about bugs is

systematically distributed systematically distributed systematically distributed

‘None =~ ‘None _ None ‘




!

2.5 Input/Preprocessor
User friendliness
" Help utility

- Sample input files
Databases included

Availability of needed data

F_lexibili;y .

| 2.6 Output/Postprocessor

Nature of output

User friendliness
-Help utility

Sample files

Flexibility

Documents input parameters
Clarity of output reports
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2. Documentation and Systems Considerations (continued) .
~ PRZM-2 - PRZM PELMO
[ Minimal Minimal . [Low__
None | None = For Release 1.5 - . .
| Seme limited checking. Some limited checking. - | Some limited checking.
Included with source code- “Included with source code Yes L
‘| Supplementary weathier data base Supplementary weather data base -~ | No but weather and soil properties for
available. Much information on input available. Much information oninput . | standard scenarios included -~ -
parameters mcludqd in the user manual. . | parameters included in the user manual S
All input parameters are readily All input parameters are readily _ | All input parameters are readily
obtainable from soil and weather data obtainable from soil and weather data |} obtainable from soil and weather data -

bases. Obtammg access to such

information is difficult in-some countries.

bases. Obtaining access to such
information is difficult in some countries.

.bases. Obtalmngmsstosuch

information is difficult in some countries.

The wide range of options makes the

input data is somewhat dauntmg to
occasional users, :

program quite flexible but developing =

PRZM is quite flexible, but simpler than
PRZM-2. Therefore development of
input data for PRZM is easier than for

' PRZM-2, especially for oocaslonai users. |

| Tabular form only, program has the

“Tabular form only, program has the

Tabular and gl'ﬂphlcal representation of

capability to produce files that are capability to produce files-which can be - | concentration profile and leachate data _
| compatible with standard graphics used with standard graphics packages : : o

packages. ‘

Minimal Minimal High

None None - . - None

Included with source code Included with source code ‘ Yes

Ability to produce a wide range of = | Can produce daliy. monthly, orannual | Daily, monthly, or annual reports

reports. Snapshot feature is especially | reports

good for comparing predictions with

field measurements. : -

Yes Yes yes

Good

Good




25 Inputhreprocessor CESSOr
User friendliness

Help utility

Data range checking
Sample input files
Databases included -

Flexibility

Nature of output

User ﬁendﬁms
Help utility .

Sample files
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Availability of needed data

information is difficult in some countries.

Obtaining access to soil and weathu data -
bases in-difficult in some countries.

GLEAMS - PESTLA VARLEACH
.| Parameter editor files have been Minimal Input parameters sapphed by interactive
deve!oped to assist in developing i Jut ' o | input, help provided for location of
- parameter files .’ ‘ parameters
Generalised help tables provnded -~ )} None - None
Yes, if editor is used C Yes yes . S
Yes Yes - ‘ . Sample weather data file included
Generalised help tables, including No but weather and soil properties for No R
| information on pesticide properties, are standard scenario included
provided to assist in developing ' P -
All input parameters are readily | Most data are readily available. Soil All mput pmmeters are read:ly
obtainable from soil and weather data - hydraullcpropemesarenotreadﬂy ' obmnablefromsoﬂandwutherdata
bases. Obtaining accesstosuch available but can be estimated. bases. Obtaining access to such

mfmmanon is dlfﬁcult in some oountnes

2.6 Output/Postprocessor

| The w:de range of opnons makes the- The wide range of options makesthe .~ | Vanous optlons make simulations
program quite flexible but developing = | program is quite flexible, but also possible for a variety of situations
input data is somewhat dauntmg to difficult for the occasional user to use - .
: occasnonal users. (except for simulations with the standard
' scenario).
" Tabular Tabular Tabular but output provides summary
data format suitable for direct input to
. - FREELANCE
Minimal Minimal Reports automaucally generated at user
specified intervals
Help table included for selecting output None None
variables ' '
Yes Yes No




Flexibility

‘Documents input paranné(ers.'
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Produces fixed reports at speclﬁed

manual :

Output variables are selected _ : Produces fixed repoﬂs at speclﬁed .

individually. For a specific variable, - intervals - intervals
| frequency of reports can be dmlr '

monthly, or annual S

Some of the input parameters Yes - - : o Yes

Good, but there is no explanation of Difficult to understand without carefully | Good -

output reports in the manual : | studying the explanauon in the user




2.5 Input/Preprocessor
 User friendliness

Help utility
Data range checking

* Sample input ﬁle§ (

Databases included L

Availability of needed data

Flexibility:

2.6 Output/Postprocessot
Nature of output
User friendliness
Help utility
Sample files
Flexibility

- Documents input parameters '

Clarity of output reports
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Low High Editor screens developed for general
L simulation parameters, pesticide ' -
o ) ) | properties, and soil parameters. File
containing weather data and crop activity
: must bé developed outside the program.

Yes Yes, except weather data  Yes, except weather dataand crop
: - : activity information. ‘There is a utility to

. check the format of the weathes file.
Yes Yes Yes - -

" | Weather and soil data not readily Weather data obtainable. Soil Wenli'nerand sml properties are readily
obtainable, but can be estimated by ' parameters should be measured and available, although obtaining access to
utﬂmes : calibrated against field data’ - | this information may be difficult in some

' L '| countries. Parameters describing -
' macropores should be calibrated usmg
a . field data. .
User can specify different options ‘Low Crop parameters mflex:ble. rest of i mput
. : panmeters relatively flexible.
| Only tabular form Tabular and graphical form Tabular and graphical forms
Low - High _ High
No Yes No _
. | Yes _ No Yes _

" | User can specify kind and interval of High Output very flexible -
output - .

Yes Yes Yes
Good | Good

Good




- 3.1 Compartments considered

32 Numeﬁcﬂ technique
Adequacy of algorithm

Definition of lower boundary
conditions
Stability
- Numerical dispersion

Time increments
Space (depth) increments

Verification of numerical technique

 Assessment of Various Leaching Models
3. Model Science

PRZM-2

PRZM

35

" PELMO

Plant (foliar washoff and degradation,

| plant uptake), soil surface (runoff,

Plant (foliar washoff and dEgradaﬁ'on,
plant uptake), soil surface (runoff and

erosion, and volatilisation), and soil (soﬂ
soil water, and soil air)

erosion), and'soil (soil and soil water)

Plant (foliar washoff, degradation, plant
uptake), soil surface (guuoff' erosion),

and soil (soil, soil water in relcase 1.5
alsosml air)

User canchoose one of two difference

| techniques: a backwards-difference

Model uses a backwards-difference

implicit technique (whlch is aﬁected by

Model uses a backwards-difference

implicit technique (which is affected by o

with analytical solutions and with each
| other

analyuca! solutions,

implicit technique (which may be numerical dnspemon) § mmtencal dispersion).
affected by numerical dispersion) and a
method of characteristics algorithm, '
- which takes more computational time.
but is less affected by numencal =
dispersion. . ) ‘ o _
Automatically set by program to Automaucally setby | program to Automatically set by program to
unsaturated flow~ “unsaturated flow . | unsaturated flow -
No problems reported.  ~ No problems reported. No problems reported '
-Numerical dispersion can be significant | Numerical dispersion can be significant. §. Used to simulate physical dispersion -
with the backwards-difference implicit | Can be used to simulate physical - -
technique. Can be used to simulate dispersion.
physical dispersion. Use of the method - .
of characteristics algorithm minimises
numerical dispersion. :
1 day 1 day 1 day
Set by user Set by user -| Set by user
Different techniques have been compared | Predictions have been compared with | Not reported




3.1 Compartments considered

3.2 Numerical technique
Adequacy of algorithm

Deﬁnitipn of boundary conditions
Stability
Numerical dispersion

~ Time increments
Space (depth) increments

Verification of numerical techmquc '
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Plant (foliar washoff and degradation,

| plant uptake), soil surface (runoff and

Soil (soil and soil water)

Soil (soil and soil water)

erosion), and soil (soil and soil water)

have been checked against ana!yuca.l
solutions

Not known | The water equation is solved via an | The water equations is solved via step-
- implicit finite difference scheme, the heat } wise integration. ' '
> | -equation is solved using an implicit finite :
difference technique, and the pesticide
equanon is solved using an exphc:t finite
_.Automaucally set by program to- ‘Seven opnons Automancally set by programto
unsaturated flow ' unsaturated flow

Stable Stable but addmonal o:mpmmems . | Excelient

o : shouldbeaddedatthebothomofthesoﬁ W
column to dampen numerical oscillations

: ‘ (as described in the user manual) ‘

Not known Minimal dispersion because a central Prograin uses an autoratic time and
differénce approach is used in the - depth increment which determines the
pesticide algorithm amount of numerical dispersion '

i day _ 0.1 days, can be changed by the user 0.05 day

Set by program Set by user tem .

Not reported ‘Results of pesticide and heat algorithms | Not reported

g




~ 3.1 Compartments considered

3.2 Nuinerical technique -
Adequacy of algorithm

Definition of lower hydrologic
boundary condition -

- Stability A

”Numrierical dispersion
" Time increments’

" Space (depth) increments
Verification of numerical technique
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Plant (plant uptake), soil (soil, soil water,

Plant {plant uptake ptocesses on leaves)
smL(smlrsmhvatet,mmwes,

'macroporﬁ),

Soil (soil, fast and slow moﬁile water,

: meﬂlod

Modcl uses Crank-Nlcholson :mphctt

Exphcit finite difference procedure for

All of the pestidice is aocounted for lfthe

uniform water content and flux density

‘Not known ,

micropore region. Implicit scheme for degradanon rate is set to zero
: macropore domain. =
rlower hydrologic boundary conditionis | Lower hydrologic boundary conditionis | .Automaucally set by program o
'| set by user (constant hydraulic gradient, | set by user (constant hydraulic gradient, } unsaturated ﬂow :
zero flux, unit hydraulic gradient, " | zero flux, constant potential with inflow |-
| fluctuating water table, lysnmeter tank) | and outflow, constant potentml with no
mﬂow) - s -
- | No problems observed, evidently stablhty No pmblems observed Good
-problems reported for earlier versions S
have been resolved S
Numerical dispersion correcnon Numerical dtspets:on eotrectlon " | Not known.
implemented ‘implemented - | '
Set by program (<0.1 day) Variable 1 day
Set by user B ' -Setbyuser(mannmmofwlmmu) 5cm g
Comparison with analytical solutmn for " Simulations have been checked agmnst

measured data and pub]ished.




3.3 Scil model

' 34 Hydrdlogj model .
Type

Capillary rise -
Runoff and erosion

Preferential flow

Assessment of Various Leach_ing Models
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used. Below the root zone, the user can
choose either a capacity model or a
Richard's equation routine.

PRZIM-2
: Homogeneous soil (verucal and Homogeneous soil (vertical and Homogeneous soil within a soeciﬁed soil -
| horizontal) within a specified soil layer, | horizontal) within a specified soil layer, | horizon. Soil horizons with different soil
but properties in different soil layers may | but properties in different soil layers may | properties can be specified '
vary. ‘ vary., . ' R :
| In the root zone, acapoci_ty' model is Capacity model - - B -1 Capacity model

Evapotranspiration model

Estimation of potential evaporation from

Estimation of potenual evaporahon from '

Potential evoporal:ion calculated using

‘pan evaporation data. Another option is pan-evaporation data. Another option is "Hdode(basedonmrtempmmuui

o estimate potential evaporation from | to estimate potential evaporation from * | humidity) or Hamon (based on air
average temperature data. - averagetemperamredata. | témperature) model .

. | Not-considered. - | Not-considered ‘ Not considered
" | Soil Conservation Service curve number | Soil Conservation Service curve numbet By Fraunhofer modified SCS curve -
| technique and the Universal Soﬂ Loss | technique and the Universal Sml Loss . | number technique and MUSLE

" Equation : Equation . L -

Not considered. ‘| Not considered. Not considered




3.3 Soil model

34 Hydrology model
Evapotranspiration model

" Capillary rise

Runoff and emsmn

Preferential flow"

Assessment of Varlous Leachmg Models
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technique and the Universal Soil Loss
Equation. Sophisticated erosion routines

valuespec;ﬁedbytheuwr the excess
water is assumed to disappear via runoff.

GLEAMS PESTLA VARLEACH

Homogeneous soil (verticat and - Homogeneous soil, but most paramem | Homogeneous soil but ail paranwters can
horizontal) within a specified soil layer, can be vaned wnth depth ' be varied with depth in the profile

‘| but properties in different soil layers may | . N [
vary.

*| Capacity model . Richards equation - ' Capacity model ‘
Calculated from daily or monthly | Potential evaporation calculated usmg Estimation of potential evaporation from

[ temperature data and monthly radiation | the Penman equation pan evaporation data. ' Another option is

data ‘ . ' to estimate potential evaporation from
Not consideréd - Considered --Consldetedbywaterdeﬁc:tequahsauon 1
: . : : _ routines
Soil Conservation Service curve number Iftheamount of ponding watet exceeds a

Not_pons&de@d

including ability to simulate change flow | Erosion is not considered.
and temporary. unpoundments : : . -
Not considered . _Not considered ‘Not oonsldered
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33 Soilmodel  [Soi ot ivided inio homesengovs | Soil colurmn divided into homogeneous | Soil column divided into homogeneous
I R o - 3 L ¢ ST layers . - jlayem. Water is divided into fast and
. e . - . slow mobile water and immaobile water.
3.4 Hydrology model - : ' - : - 7 - - . .
Type _ o ‘ Richards equation ' Richards equation plus macropore flow | Capacity model plus fast-flow mechanism
Evapotranspiration mode ‘Input of potential evaporation dataor - Potential evaporation data required | Estimation of potential evaporation from
- estimation using Linacres equation = | E o S measured or calculated pan evaporation
Capillary rise ' | Considered - o Considered : - | Considered by water deficit equalization
Runoffanderosion = - | Notconsidered _| Only runoff considered Not considered . ,
* Preferential flow : | Notconsidered -~ - Two domain model with macropore flow | Considered when soil field capacity is -




3.5 Pesticide model
' Metabolites

Sorption
. Type of model
Dependency on environmental
parameters :

Degradaﬁon_in soilz Y
‘Type of model

Dependency on environmental

parameters

Mechanisms considered

. Compartmenfs cdnsidered
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The program can simulate up to 3 o The program can simulate one.chemical. | One chemical considered
chemicals simultaneously (thispermits. | ~ . - -~ . i ' ‘
simulation of parent and two ' '
"| metabolites). - _ o ) . B
Linear sorption Linear sorption Freundlich adsorption

Kd specified for each horizon or Koc
specified along with organic carbon for -
each horizon. The program allows Kd to
be reset to a new-value at any time during-
the simulation so this feature can be used
1o approxunate the eﬂ’ect of mn—hnear
SOl'puon . .

Kd speclﬁed for each Thorizon or Koc
specified along with orgamc carbon for
each honzon T

Kd specified for each horizon or Koc
specified along with organic carbon for
cach horizon :

' First order kinetics

- First order kinetics -

| Power law equation

No correction for temperature or soil

't moisture content. The decay.rate can

vary with depth. The program also
allows the degradation rate to be reset to
a new value at any time dunng the
simulation.

No correction fdr teh‘nperah:re or soil

moisture content. The decay rate can

vary wnthdepth.

m constants oon'ected for temperature 1
| (Q10-approach) and moisture influence
(Walker modcl)

Microbial degradation may be simulated

| separately from chemical degradation.

Only one degradation process considered

| (no distinction between blouc and abiotic

mechanisms)

Only one degradaftion process considered
(no distinction between biotic and abiotic
mechanisms) '

‘May specify overall degradation rate or
degradation rate in soil, soil water, or soil |.

air.

Model uses overall degradation rate,

Lumped klnencs for pesticide in so:l and
- s0il water




3.5 Pesticide model
Metabolites

'Sorptmn .
Type of model
-Dependency on envu'onmenml
parameters
* Degradation in soil
Type of model

o 'Dependency on environmental

parameters:

Mechanisms donsidered

Compartments considered -
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Each pesnclde may have up to two One chemical cqnsideti:d One chemlcal eonsldered
- metabohtes Up to: ten peshcndes : ‘ ‘ |
in a single simulation, -
Linear sorption . Fneundhch adsorpuon Lmear sorptlon, w:th sorption mcreasmg
o ' | with time in upper soil layer
Koc specified along with organic carbon | Koc specnﬁed along with organic ¢ carbon | Kd can be specified as a funcnon of '
for each horizon and bulk density as a function of depth {depth _
| First order kinetics First order kinetics First order kinetics

No coirection for temperature or soil
moisture content. The decay rate can
vary with depth. - :

Rate constants adjustedforeﬁects ofsod

) temperenue moisture, anddepth

‘Rate constants adjusted for effects of soil

temperature and so:l moisture

Only one degradation process wnsxdered .
(no distinctiori between biotic and abiofic -

mechanisms).

Onlyouedegradatlonprooessconﬂdered

.{no distinction between bnouc and abiotic .
‘| mechanisms).

mechanisms).

.Onlyonedegradanonprocesseons:deted o
\(nod:suncuonbetweenlmmandabnouc )

Model uses overall degradatlon rate

Model uses overall degmdauon rate.

_’_,Modelusesovemlldegradauonrate. E
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3.5 Pesticide model . S - .
~ Metabolites Up to ten chemicals considered One chemical considered One chemical considered
Sorption Freundlich adsorption or two-site Linear adsorption- - Linear adsorption, with sorption
Typeofmodel | adsorption Kinetics ' 1 - - ~ mcreasmgw:thumemupperScmof
Dependency on environmental | Kd calculated for each layer using - Set for each layer by user ' Sorpnon values.can be set for each of
. parameters - | specified Koc along with orgamc carbon S three. so:l Iayets '
o ' _of each horizon ~ - : ’
Degradation in soil F‘u-st order kinetics . - | First order kmettcs First order kmetscs :
Type of model 1
Dependency on envu'onmental Rate constants corrected for ternperature - Rate constants eorrecwd for tempetamre - | Rate constants adjusted for effecis of son!
- _parameters (Qlo-approach)andmonsmremﬂuenoe - -andmstmmﬂuence L .| temperature and soil moisture -
Mechanisms considered Only one degradat:on mechanism Only one degradation mechanism : ' Only one degradation process considered
' ' T cons:demd(nod:shncttonbetweenbwm emsldered(nodisunctlonbetwwnb:one' (nod:suncnonbetweenbloucmdnlmuc
. Compartments considered | Lumped- hnencs for pemcnde insoiland | Different rates in soil surrounding Modeluses omll degmdauon rate.

‘soil water or degradation in solute phase

only

“water in micropores, and waterin

‘micropores, soil surrounding macropores,

TNACropores.




3.5 Pesticide model (continued)
.Dispersion in soil

“Volatility T T

Plant uptake

Degradation on plant surfaces

‘ K‘Fohar washoff
_ Runoff anderosioh .
3.6 Agronomy models
Cultivation ‘

" Irrigation

Application-
Frequency of applications
Application technique -
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Modelled by numerical 'dispersion or set

Modelied by numencal dlspasmn or set

Modelled | by numerical dispersion or set

simulation,

by user by user by user
Approach uséd is combination of not considered | Only in'rélease 1.5
previous research. . _ . .
Simple model used. Simyple model used. Proportional to water uptake by plant
First order kinetics. First order kinetics. First order kinetics -
Simple model used *| Simple modet used Proportional to daily rainfall and
) . - S pesticide mass on foliage
| Mass balance approach based on results | Mass balance approach based on results | Mass balance approach based on results 1
from hydrology model. from hydrology model. ' _| from hydrology model -
Bulk densnty can be changed dunng the Not considered Not oons_idered_ '

The program has to ability to. - Irrigation must be added to rainfall data. | Irrigation must be added to rainfall data.
automatically trigger irrigation due to a o ' ' ‘ . T
drop in the soil water content.
Calculations are performed for sprinkler,
flood, or furrow irrigation. . ) :
Up to 50 applications can be simulated. | Model can be used to simulate multiple Mu'ltiple applications (up to‘SO)

_ ' applications ‘
Applications may be foliar sprays, Apphcauons may be foliar sprays, - Foliar apphcatlon. applied to sonl surface,
applied to the soil surface, or applied to the soil surface, or ~ | incorporated into soil '
incorporated into the soil. incorporated into the soil.
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3.5 Pesticide model (continued) ' : - o
Dispersion in soil Dispersion set by program (modelled by | Setbyuser | Dispersion set by program (madelled by
. o B numerical dispersion) ' 1 numerical d:spemon) :
Volatility Not considered - Not considered 1 Not considered
Plant uptake Simple model used. Proportional to water uptake by pimt Not considered
Degradation on plant suifaces - First order kinetics. . Not considered “Not considered
Foliar washoff All remaining dislodgeable residues are | Not considered Not considered
washed to soil when rainfall exceeds a ) ' ‘
’ . _ | threshold value - . - ,
- .. Runoff and eresion Mass balance approach based onresylts | Not considered Not considered
- o from hydrology model. i - . :
~ 3.6 Agronomy models R S S ‘
. Cultivation ' " .| Not considered for pesticide simulations | Not cons:dered o , .Not oonsudered . )
“Irrigation The program has:to ability to Irrigation must be added to ramfall data . | -Imgatxon must be added to ramfal! data
- | automatically trigger irrigation due to a . _
drop in the soil water content. The time
. window for lmgattdn is set by the user. _ - ' ) . :
- Application Multiple apphcahons of up to 10 Multiple applications (up to 20) Single application -
Frequency of applications pesticides can be simulated. The - : )
: ' _| program has an option which
_automatically atlows the same crop to be
grown each year with the same pesuctde :
, : apphcauons .
Application technique Applications may be folnar sprays, Applied to soil surfaoe or incorporated Soil surface

applied to the soil surface, incorporated

mto the soil

into the scil, or applied via chemigation.




3.5 Pesticide model (continued)
Dispersion in soil

Plant uptake

Degradation on plant surfaces

Foliar washoff
. Runoff and_erosmn

-3.6 Agronomy models
Cultivation
Irrigation
Application
. Frequency of applications
Application technique

Assessment of Various Leaching Models,
3. Model S.cience (continued)

PLM

into seil

LEACHM . MACRO
Set by user Set by user : _
1 Volatility across soil surface Estimated indirectly : '| Not considered
Proportional to water uptake by plant _ Proportional to water uptake by plant Not considered
{ Not considered - - Considered ' Not considered
‘Not considered Considered . Not considered
Not considere_d Oniy_nmoff considered . Not considered
Not considered Not considered T Not considered -
Not considered Considered { Irrigation must be added to rainfall data
Multiple applications -~ | Multiple applicaticms ‘Single apphcanon .
Soil surface'application- 'Apphed to sml surfaoe or umporated Soil surface application




~ 3.7 Plant model
Foliage

Description

" Flexibility

‘Rooting depth
Purpose

Description -

Flexibility

"~ 38 Heat Model
Purpose

Description

Assessment of Various Leaching Models
3. Model Science (continued)

PRZM-2

- PRZIM
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- PELMO

Both areal extent and height of canopy
are estimated for use in foliar application

" | Areal extent of canopy is estimated for

use in foliar application calculations.

Calculation of initial distribution of

and volatilization calculations.

| applied pesticide between soil and foliage

Areal extent and height of crop canopy
estimated by linear interpolation between
emergence and maximum vaiue reached
at plant maturity. -

-Areal extent of crop canopy calculated by

linear interpolation between emergence
and maximum value reached at plant

- maturity.

Areal extent of crop canopy calculated by
linear interpolation between emergence
and ma:umum value reached at plant -
maturity.

Date of emergence, plant inaturity, and

.harvestsetbyuser(ndenucalforrootand

Date of emergence, plant mattmty.
harvest set by user (1dent|cal for root and

Date of emergence, plant maturity; and
harvestsetbyuset(:dentical forrootand

foliage) fohage) . ‘fol'xage)
‘Used for hydrology and p!ant uptake | Used for hydrology and plant uptake Used for hydmlogy and plmt uptake
. | miodel model ‘model.

1 Rooting depth calculated by linear .. Rooting depth ealculated by l:menr Rooting depth calculated by lmear
mterpolatmn between emergence date | interpolation between emergence date - interpolation between emergence date
and maximum value reached atplant - | and maximum value reached at plant ~ { and maximum value penched atplant
maturity ‘ maturity - maturity - :

Date of emergence plant matunty.

| harvest set by user (ldentlca] for root and -

- Date of emesrgence, piant matunty and

harvest set by user (|denucal for root and

| Date of emergence, plammaumty,

hmestsetbyuser(:denucalfomotmd

Bavel and Hillel, Thibodeaux, Hanks,
Gupta, and Wagenet and Hutson. -

foliage) foliage) fohage)

Used only to calculate surface and soil Not considered Used for correction of soil degradation
teinperatures for use in the volatilization - : : rate . =
calculations. ' S

Approach is based on prev:ous work by a' | Not applicable Empirical model based on air

number of researchers including Van - temperature .




3.7 Plant model
Foliage

,,,,,,,Pu!pose,,, e

- Description

Flexibility -
Rooting depth
- Description .

 Flexibility
3.8 Heat Model
Purpose

Description

' Assessment of Various Leaching Models
3. Model Science (continued)

' ‘PESTLA

VARLEACH

moving five-day daily average

 temperature at 10 m; heat flux in soil

calculated with Fourier’s law of heat
con;!u‘ction '

GLEAMS
Partmon of foliar apphcauons between = Partmon of evapotmspmuon between Not considered
soil and foliage; partitionof | tion ' B
evapotranspiration between transpiration
and evaporation ' - -
Partition of foliar applications : set by Soil cover data (specified by the user)is { Not applicable - .
user. Leaf area index data used for used for partitioning evéapotranspiration !
partitioning evapotranspiration - ) B - - .
Parameters set by user. _| Parameters set by user. - Not applicable
Used for hydrology and plant uptake Used for hydtologya‘ndplantupmkc - | Not used by model
model model 5 -
Constant throughout a cropping period Linear interpolation in time between | Not applicable
: user-specified data . 1 -
User specifies value for each cmppmg User specxﬁes rooting depth as a fnwtxon Not applicable
penod of tune . L
" Soil temperatures simulated but are not | Used for adjustments to the soil Used for adjustments to the soil -
used for pesticide simulations degradation rate degradation rate.
"Calculated from air temperature using a | Heat flux into soil based on air Uses method of Walker and Barnes for
tempemturesandaconstantsoﬂ temperatures greater than 7°C and the

_relationships of Nicholls, Briggs, and

Evans for temperatures below 7°C




Assessment of Varidus Leachmg Models
- 3. Model Science (continued)

LEAC!lM :

 MACRO'
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PLM
3.7 Plant model : , B ‘ -
Foliage Partition between evaporanon and - Calculation of evapotrmpiration -Not considered
~ Purpose transpiration ) ) N '
Description Empirical sigmoidal curve | Leaf area index parameters specxfymg Not applicable
- Flexibility One type of description One type of description Not applicable _
Rooting depth Used for hydrology and plant uptake Used for hydrology and plant uptake Used for hydrology: no plant uptake
 Purpose model - model ' L
Description’ Rooting depth- calculated bylinear .. | Root volume is dnstnbuted Root volume is distributed
' : interpolation betwéen emergence date | loghnthmncally with depth logarithmically with depth
: _mdmammumvaluemachedatplam ‘ : . ' ool
Flexibility 1 Date of emergence, plant maturity, and Date of emergence, plant maturity, Daw of emergence and plant matunty set | ’
,_harvestsetbyuser T hmest,andrmmmumandmammum_ ' byuser : _ :
roonnLdepth set by user
3.8 Heat Model ' : : . . i _ '
 Purpose " Used for correction of soil degradation Used for correction of soil degradation - Used for eorrecuon of s0il degradanon
- rate : . | rate : rate . 1
Description Numerical solution of the heat flow Calculates heat flux on the basis of air Uses method of Walker and Barnes for -
' equation temperature and theoretical bottom + .| temperatures greater than 7°C and the
‘boundary oondmon : relationships of Nicholls, Briggs, and

Evans for temperatures below 7°C
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. Addresses

PRZM and PRZM-2| Robert F. Carsel -

-PELMO: -

PEST'LA:

VARLEACH:

LEACHM:

" U.S. Environmental Protection Agency -
Environmental Research Laboratory
Athens, GA 30613

- U'.s.A; |

Mlchacl Klein
- Fraunhofer Instltute

Grafschaft

' D-57392 Schmanenberg

CrERMANY

‘ Hrank Davls o - Walter Kniesal

USDA-ARS-SEWRL - UGA-CPES-B&AED

 P.O.Box%7 . P.O.Box748
. Tifton,GA 31793 - Tifton,GA 31793
USA | . . USA.

I LT I Boesten
IDLO Winand Staring Centre |

- P.0.Box 125

NL-6700 AC Wageningen

‘TI-IENETHERLANDS o

'Anan Walker

Horticultural Research International
Wellesbourne . -

o 'Warwmk CV35 9EF

UK

John L. Hutson -
Department of Soil, Crop and Atmosphenc Sciences
Bradfield Hall -
© Cornell University
* fthaca, NY 14853
U.S.A. -




MACRO: -

© PLM:

1ck Jarvis . |
epartment of Soil Smence
ivision of Water Management

niversity of Agncultural Sc1ences
- §/750 07 Uppsala .

SIWEDEN

- _Ppter H. Nlcholls o ' |
othamsted Expenmental Stat:on |
arpenden, Herts ALS 2JQ o

:.qK
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| " Chapter 4
‘Model Limitations and Deficiencies
R Jones

" The mechanistic models described in the tables presented in chapter 3 can be
- useful tools in understanding the environmental fate of agricultural chemicals.
However, knowledge of model assumptions and limitations is necessary for their
proper application. This short discussion will cover only the most important
assumptions regarding flow of water and agricultural chemicals in soil.
Probably the most important assumptions made by the models concern the flow
of water., The simplest commonly used assumption is that water flow is governed
by the water holding capacity of the soil with the kinetics of water movement
assumed to be sufficiently fast as to be unimportant. With this assumption, water
within a soil layer is|considered to be stationary until field capacity is exceeded,
with the amount in excess of field capacity moving instantaneously down to the
next layer. This description of water flow is acceptable for relatively coarse
textured soils, but tends to overpredict movement in finer-textured soils. A more
complex approach ig the Richards _qquatibn,'whi;:h describes the kinetics of water
movement based on|relative permeability and pressure head as a function of
water saturation. A]Jthough such a procedure is more computationally intensive,
predictions for finerstextured soils are in better agreement with measurements
- compared to capacity models. Another limitation of the capacity model is they do .
not simulate upward flow of water due to capillary rise. This mechanism can be
- especially importani in situations where the water table is above 1.5 to 2 m below
the soil surface. Therefore if predictions are needed for movement on clay soils
or in situations whef;e upward movement of water is significant, then the modeler
should choose a mogdel based on the Richards equation. If the simulations are
being performed for| sand soils where water movement is predominantly
" downward, little differences would be expected between the predictions of
~ models using the capacity approach or the Richards equation to describe water
flow. ' - ' '

Preferential flow cah be an important flow mechanism in some soils. Macropore
flow is often important in fine-textured structured soils and funnel flow can be
important in coarsedsand subsoils. None.of the models consider funnel flow and
most of the models do not consider macropore flow. Current models that
consider macropore flow require that soil parameters be obtained by calibration.
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More advances are eeded before prednctlons of macropore flow can be made
* using soil parameters in existing data bases. Modelers must understand the

limitations of the m
preferential flow me

. The shaj)es'of predic

measured soil conce,

- a specified depth and
Models are best at p

- plume. Estimates o
-less accurate, proba
model predictions
applied.

" Most of the models
Some models make

els when performing smlulauons in circumstances where
chamsms are s1gn1ﬁcant | '

ted soil concentranor; profile's often do not precisely match -

ntration profiles. Predictions of the total amount moving past

the maximum extent of movement are more accurate.

dicting the movement of the main portion of a residue
behavior of the leading or trmhng extremes of the plume are
ly due to the effects of preferential flow paths In general,

e not accurate below about 0.1 to 1 percent of the amount

use ﬁrst order kmetlcs to descnbe degradation processes.
corrections for temperature and soil moisture and most of the

“models allow for changes in degradation changes in depth. In laboratory studies,

- changes in degradat]
characteristics or 0]

~ degradation rates

y.
~  dissipation rates s;nta

jon rates are: often attributed to changes in the soil

i1 microbes. However, even under field conditions,

vary with time.. In many circumstances, observed

with time perhaps due to movement deeper into the soil

profile (elimination pf photolysis or volatilization and lower microbial activity) or
stronger adsorption fo soil particles. In some cases degradation rates actually

~ increase perhaps due to adaptatlon of soil organisms. The modeler should make
certain that predictions of the amount of material remammg are consistent wrth
available ﬁeld and I boratory mformatlon |

Model simulations nder circumstances where preferential flow is not important
often show greater movement than actually occurs. This is true even for models

“using the Richards
movement than cap
sorption with time.’

- relatively short peri¢

sorption coefficient
original value at the
even more Impo

- simulation results.

uation, which as mentioned earlier generally predicts slower
city models. One probable explanation for this is increasing
Most modeling simulations.use Koc values measured over a
vd of time, while research by Walker has shown that the
doubles after about 100 days and is about three times the
end of a year. For some compounds, the effect of time is

. Inclusion of non-linear sorption can significantly affect

though some models do have the ability to increase sorption

as a function of t1m¢ more research 1ncludmg compound specific data would be

- usefulmtlnsarea

. Another lnmtauon

socxated with modehng is the ability to supply correct values

of model input parameters. To perform_detaﬂed risk assessments, information on

|
|
i
1
|

|
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chmate, soil prope es, and cropping pattems are needed Such information,

although existing for most areas of Europe, is not readily accessible to modelers.

- Even when data bases are available, defining model parameters may not be

" straightforward. Two areas where improvements are needed are estimation of
-evapotranspiration and degradation in-subsoils. The amount of recharge water

" (and therefore movement of agricultural chemicals) is quite sensitive to the

| _amount of evapotranspiration loss since recharge approximately the difference

~ between irrigation and rainfall minus evapotranspiration (assuming no change in

- storage), is usually relatwely small number obtained by the differencé between.
~.two larger numbers. Potential evapotranspiration is commonly calculated from

'~ pan evaporation, average temperature, or radiation and other climatic data and
these different methpds sometimes give different estimates of evapotranspiration
losses, resulting in considerably dlfferent estimates of recharge Probably what i is
needed is not more basic research, but rather transfer.of existing information to
‘modelers to ensure that the most appropnate estlmatlon procedure is chosen for
the specrﬁc case of terest

Descnbmg degrada on rates in subsoﬂs is often an area of uncertamty affecting

- model predictions. For compounds degradmg as a result of microbial activity,

" degradation usually decreases with increasing depth. However, because different
- microbes are responsible for degradation of different compounds, the decrease is
" not generally proportional to the general microbe population. Compounds that '

- degrade by primarily chemical mechanisms may not be directly affected by the

~ depth, but degradation rates may change due to physical changes in soil

- properties. Other cimpounds degrade by both chemical and microbial pathways.
~ s0 describing de on kmetlcs asa functlon of depth i is even more complex

| Most of the available mechamstrc models are deternumsnc in nature. That is,
each input parameter has a single value and each simulation produces a single
" humber at a specific time and depth. However, soil properties (such as organic
matter, texture, and hydraulic properties) often have significant spatial variations.
even within a single field. Concentrations of agricultural chemicals in individual
soil samples from carefully’ controlled field studies usually have coefficients of
_ variation in the range of 100 percent. The descnphon of this variability is beyond
the capability of culrent models
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Chapter 5
‘_ European S‘cenarios for Leaching models

M. Klein.and H. Knoche

1  Scenarios already avallable in Europe |
i l._l o Introddctlon |

At present fixed scenanos for leaching models are only used in the Netherlands
and in Germany. The philosophy in these countries was to choose realistic worse
_(NL) or realistic worst (D) case s1tuat10ns with respect to leachmg of pesticides
to ground water. .

"Realistic" means that the combmatlen of model parameters should describe -
situations that could teally happen in the field. For example, a combination of a
soil from the dunes tt)gether with the climate of the Alps would not fulfil this
condition.

Because of the dtfferent size of the Netherlands and Germany the spread of soil
and meteorological plarameters is different. This might be the reason for the
different numbers of |scenanos which are in,use in both countries: In the
Netherlands only on¢ fixed scenario (one soil together with one climate scenario)

. isused, whereas in Germany a lot of combinations of four soil and nine climatic

data sets are pos31ble which all lead to a specific scenario in the leaching model.

~ But not all of these cpmbmatmns fulfil the conditions of a realistic worst case -
scenario. Usually, the Umwelfbundesamt uses the combination Borstel-soil

together with the chlhattc condition of Hamburg (wet as we]] as normal) as "thetr

realistic worst case.

. The data sets of the qwnanos in the Netherlands and in Germany are different

~ because they are related to different computer models: PESTLA (NL) and
PELMO (D). Therefore it is not pos31ble to transfer scenarios of PELMO directly

into the format of PESTLA ' -

The following tables| are performed to descnbe the differences between the
scenarios. They do nlot contain the whole model input and (of course) cannot be
~used to create complbte PELMO or PESTLA input files. Both models need

| meteorologlcal data On a daily basis. The scenarios are summarised in table 1
using yearly data. A ﬂot of parameters are strongly related to one of the computer

"~ models, PELMO orfPES’_I‘LA not all of them are listed in the tables.
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12 Description of the climatic scenarios

Table 1: Climatic scenarios already available i Europe

)

) : Condition - . - [Annual 'Annual Average Air
Location ‘ , ' . | Precipitation [mm] Temperature [°C]
- | Utrecht 1980 74 % wetyear 1862 = 9.3
|Hamburg 1961 |  [100% wet - 872 ' -19.1 : .
|Hamburg 1971 - 100%dry - |542 - 191
Hamburg 1978 | laverage 778 184
| Schmallenberg 1964 [100%dry . - |753 6.7
| Schmallenberg 1966 100%wet . |1501 6.7
Schmallenberg 1968|  |average 11082 |89
'Bad Kreuznach 1958 | average |54 195
‘Bad Kreuznach 1965  [100% wet 757 8.9
BadKr‘euznachmci 100-%d:y- o |323 | 101

' B 100 % wet” year means, thhest and 100 % dry" means. lowest amount of annual preclpltauon which
. was observed (1951-1980) _ : :

~2) 74 % wet year means, that 74 % of all years (1911 1984) are. dryer than the prec:pmmon of the year

. 1980 ‘

3) = . Inthe German Scendrios air tempérgtures are used to extrapolate to soil tempcratures

1.3 Description of the soil scenarios

o _-Table' 2 Suminary of soil scenanos already avaﬂable Europe

Location - Soil type . No of Homons " Soil depth [cm]
Landhorst sand o4 100 .

_(NL) ! - I '
Borstel (D) sandy loam 5 110

-Landau (D) sandy loam 3 130
Horstel (D) sand = 4 120 .
Julich(D) silty,loam 5 120

- The Dutch "Landhorst™-S nario assumes groundwater at 100 cm and the German scenarios assume free
drainage at 100 cm to 1300';1] depth as the lower boundary condition. . :




Table 3: Data of dhe soil scenario Landhorst“

Horizon_[cm S 0-30 T30-50 50-59 __160-100
Sand[%)¢ ' - |92 . {96 95 |-
Silt[%]s -~ 5 |2 NEERE

Clay [%]* | 3 2. qj2 0 I-
loc[%] 273 |o46 {011 - |0
Biodegradat’iqm factor” |1 1109 [0.7-0.9 0-0.7

2 noinput paramcmd of the model PESTLA
-3 linear mtcrpolatnom

Table 4: Data of tihe soil scenario "Hdrstel"

Horlzdn [cm} | o-zo {20-40 |40-70 |70-120

Sand{%] 914 963 [965 |98.6
Silt [% 68 |15 208 .|0.83
Clay [%] |18 |22 142 |0.57
loc %) ' 1293 J126 [0.62 [0.36

_BlodegradauOn factor_l 1038 (024 ]0.36

Table 5: Data of dhe soxl scenano "Borstel"

Horizon [cn{l]‘ —T0.30 [30.57 ]57-73 7390 ]90-110

Sand{%] | 1683 6700 (962  [99.8 100.0
Silt [%] | 245 1263 129 o2 0
Clay [%) @ 172 |67 0.9 10 0
oC[%]) | - 1.5 (1.0 02 . 0 0
Biodegradation factor | 1 1016 10.09 0.13 0

 Table6: Data of lihe soil scenario "Landéu"" -

Horizon[cm]  [0-39 [39-85 |85-130
Sand [%] 54 - (47 92
Silt|[%) [39 |44 0
Clay [%] 17 9 |8
oC[%] 1.57 |048 [0.34

| Biodegradation factor |1 - [0.15 . [0.13
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Table 7: Datalof the soil scenario "Jilich"

| Horizon [em] |0-25 {25.35 !35.55 |55-80 |80-120
Sand[%] = 10 [s 14 |3 2
Silt [%] | 81 |81 (75 167 |75
Clay [%] 19 14 21 30 23
OC[%] | 1.7 |057 045 [0.25 [0.22
* [Biodegradation factor |1 034 {026 [0.1S 0.13

Table 8: Summary of additional scenario information
. NL (PESTLA) D (PELMO)
Calculationof ., |Penman "~ |Haude
Evapotranspiration N
| Cultivation maize _ lmaized
IUseofSoil | . |experimentaldata ' |extrapolation based on
Temperatures : K air temperatures
[Rate of Application . {1 kg/ha” according to the
' S o agricultural pradtice
(dependentonthe
L : pesticide)
Frequency of 1 peryear - |according to the .
Application o | agricultural practice
(dependent on the
: 4 : pesticide)
Date of Application |25May/l1 Nov . - ]according to the |
_ (dependent on the agricultural practice
pesticide) - | (dependent on the
1N ‘ | pesticide) '

- 4 culture specific parameters for other érops under development; ' o
‘5 in the risk assessments the actual rate is taken into account by assuming that the concentration in
groundwater is directly prog ortional to the application rate. -




2 Suggestion for new European Scenanos
2 llntroductlon . -

To s1mu1ate leachmg to ground water on the European level climatic and soil
scenarios are necessary that are representative for Europe. In this paper a
suggestion of ten imatic zones together with 5 soil scenarios is made for
Europe Each climatic zone is represented by at least one typical climatic
scenario. The idea Was to cover (more or less) the whole area that is in

' agncultural use. Of course, the scenarios cannot correspond with the political
borders of the different member states They only depend on the climatic or soil
conditions. :
* This suggestion includes a minimum of scenario data (i. €. monthly data on
precipitation) and a map which shows the areas where the climatic scenarios
should be used. Of ¢ourse for regional purposes the user may add more specific
scenarios to this moke common data set. In addition, the user a matrix is glven
showing the. adequate combinations of soil and climatic scenarios.

-2, 2Descnptlon of the European Climatic Scenamos :
Ten zones for Europe are a relatively small number considering the variation of
~ important climatic Qarameters that can be observed. The aim is to support
regulators on the Eg;gmgn_Ley_eLwho want to-use the pest1c1de leaching models.

Most of the scenands can be used for more than one countxy . For each climatic
~ zone a minimum of | Dne scenario is given where monthly temperature and
precipitation are avallable Because of the size of all the climatic zones, there are,
-of course, some variauons in temperature and precipitation within each zone.
Therefore, the list of example locations (cities) should be enlarged dependent on
- the specific aim of d certain simulation (i.e. for national predictions).
The actual selectlon of example locatmns was determined by the data avmlablhty.

'Apart these zones, We do not have to forget that in the Medlterranean countries
also the irrigation wlater has to be considered. For example for Italy the average
irrigation water mput used is of 500 mm/year distributed in the summer months.

The geographlc borders of the ten chmauc zones are shown in Fig. 1. Figure 2 is
a map showing potential evapotranspiration which can be used to check the
model output (estimate of Lars Bergstrém and Mark Russell, pers.

- communication, 1994). | ‘ |




Table 9: Summary df European Climatic Zones

Scenarin

_ mﬂuence

: |
Zone | Climate description Example areas
1 - {Northern Europe, areas | southern part of Norway, Sweden Stockholm
' without maritime influence | and Finland. ' :
2 North-Western Europe . [ UK (without Scotland and northem Plymouth
with strong maritime part of Ireland), " | Amsterdam
influence ; - : ~ | south-western part of Norway, Hamburg
' ' Atlantic coast (Normandy, Bretagne) Utrecht
| North German low lands ‘| London
- |[(westem part) '
L o o ‘| whole coast of the North Sea
3 | Northern part of Central | North German low lands (eastern | Berlin
o Europe between maritime part) :
: and continental climate ‘
4 Western part of Central . Frcnch low lands - Paris
Europe between maritime :
| and continental climate L -
5 | Climate of the Central | German "Mittelgebirge" Niirnberg
Europe low mountain | French "Massif Central" Miinchen
|range | . |Foothills of the Alps Lyon
6 Climate ofthe Northern | ' Salzburg
7. Climate of the southern | southern part of the Alps, the Lugano
: Europcan high niountain Pyrenees, northern part of the .
range . . | Apenines
|8 Coast areas of Western | Atlantic coast from Gibraltar to {LaCoruna
' Europe and South- |Nantes -~~~
L | Western Europe | _
19 [Southern Furopean low | Iberian Peninsula, Corse, Sardinia,  |Madrid
mountain fange southern part of the Apennines, Sicily, |
: B » ' Greece main land _
{10 - Southern Enropean coast | coast of the Mediterranean Sea Roma
> ‘areas without. maritime - S '

Athen
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Table 10: Average Monthly precxpltanon of the European scenarios [mm]

Zone City Long. Laﬁtude Jan Feb. Mar, aApr May i{Jun |Jul  jAug [Sep Novy | Dec | Year

Oct
11 Stockholm (5921  |1757E  143. |30 26 |3t 34 45 . |61 |76 = j60 |48 53 148  |555
12 Plymouth 50 21 0407W  |105 |77 73 |55 65 - |58 71 80 82 94 115 |15 ]990
12 Utrecht* 15206 - l0510E 68 154 45 |49 |51 58 |71 38 71 |72 - |70 63 . |767
ire [Hamburg 15338 10-00E 57 48 139 52 .}53 64 " |84 183 163 159 _ 139 __ |59 720 ) .
3 | Berlin 5228 0942E 41 37 30 |39 J44. 160 i67 65 {45 45 144 39  |556
4 | Paris 4858  [0227E 54 43 (32 |38 |52 50 - |55. 161 - 51 |49 0 . |49 585 -
5 Niirnberg 4930 . |1105E |43 39 35 140 (55 71 190 |75 |46 46 41 42 .|623
5 Lyon 4543 04 57E 52 . |46 43 56 60 |85 |56 89 93 77 |80 57 . |813
15 ‘Miinchen 48 08 1142E 59 |55 51 . {62 107 1125 [140 [104 187 67 57 {50 -|964 -
16 Salzburg 14748 1300E 173 70 .~ |70 89 127 (167 {191 163 111 [82° {70 |65 1278
17 Lugano 46 00 0858E - 163 67 {98 148 [215 [198 1185 1196|159 1173 ~ |147 195 _ |1744°
8 La Corufia (4322 0825W 121 |80 95 |70 60 .- |46 29 47 {7 92 125~ |139 " |975
|9 Madrid 4027 0347W |38 - |34 45 44 44 127 10 4 f31 1S3 47 |48 1436
10 |Roma  |atag __|1214E &3 [73  [s2 |so 48 [18 19 - 118 70 [uo Ju3 jios [749
10 Athen‘ - T3758 ° |2343E  [62 |36 38 23 23 14 6 7 115 (51 56 71 ]402

Ref: Cllmntologlcal Normals (CLINO) for Climat and Chmat Ship Stanons for the Penod 193t- 1960 World Meteo:ologlcal Orgamsatlon Genf 1962. 197 1,
L J T.I. Boesten, DLO Winand Staring Centre, Wageningen, NL.. pers. communication
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Table 11: Average Monthly air temperatures of the European scenarios [°C]
-Zone.j Clt_y | Long. Latitude Jan_|Feb _Mar Apr [May [Jun |Jul |Aug [Sep |Okt |Nov [Dec |Year
1 Stockholm |59 21 1757E |29 |31 |-07 [44 |10 -}149 178 166 1122 7,1 [28 [0,1 16,6
)2 Plymouth}5021 0407w |62 |58 |73 192 1117 145 |159 |162 |14,7 |119 (89 172 1108
2 Utrecht* | 7o 20 150 |85 (124 155 |170 |168 [143 100 {59 |30 |93
. |2 Hamb 5338 |1000E |00 -Jo4 33 {76 [122 [156 (173 [168 [136 |91 [49 |18 |86
13 Berlin __ |5228 |0942E |-05 102 [39 [90 [143 |177 {194 [i88 [i50 196 (47 |12 |95
14 Paris - 4858 |0227E |31 |38  [72 [103 1140 |17,1 [190 [185 159 [111 (68 |41 {109
| Niirnberg (4930 [1105E _ |-14 |-04 |37 |82 1130 |166 |182 {174 [137 |83 138 |01 |84
.5 {Lyen 14543 Jo457E {20 (33 |77 109 [149 {185 207 i20,1 1169 [114 |67 |31 }1i4
5 |Miinchen [4808 ~11142E  [|-22 [-1,0 33 179 [125 159 |17,7 {169 (13,7 {82 (3,1 [-07 [79.
6. Salzburg 14748  [1300E |25 |-1,1 |37 {83 {132 1160 1178 [i71 |140 184 133 [-09 |81
7 |Lugano - 14600 |0858E 119 36 |75 |11,7 [154 1193 j214 1205 |174 [121 [69 (3.1 j117
18 LaCoruiia |4322 (0825w ~[99 {98 [11,5 [i24 [140 {165 [182 189 }178 [153 [124 [102 {139
19 |Madrid-  [4027 -|0347W " [49 ‘|65 [100 [12,7 {157 206 [242 {237 [198 140 (89 156 |139-
10  [Roma - [4148 [1214E 180 |90 |109 [137 175 |216 [244 (242 |215 172 {127 |95 |159
(N Athens ~ [3758 |2343E 93 1[99 [113 {153 [200 24,6 216 (274 [235 {190 [14.7 ‘110- 17,8

Ref: Chmtologlcal Normals (CLINO) for Climat and Clitnat Shnp Stations for the Period 1931-1960. World Meteomlogcal Orgamsanon Genf 1962, 1971.
* 1. J.T.1. Boesten, DLO Winand Staring Centre, Wagemngen, NL. pers. communication
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Fig 2: Potential Evapotranspiration in Europe
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2.3 Description- of the Eur_op_ean Soil Scenarios

To 31mu1ate leachmg ground water on the European level also soil scenarios
have to be made available. Up to now, no study has been performed on the
selection of soil scena#los useful in leaching models. Therefore, scenarios have to
~ be selected by using the results of projects that had-similar objectives.
In this field some woq( has already been done by Briimmer et al. They have
“analysed the soil map pf Europe by multivariate data processing (means of
frequency and spatial *staustlcs) to find the soils that are best suited for chemical -
testing within the Eurq;pean Union. On the basis of regionalization algorithms, the
‘optimum location of sampling points was determined and the result corroborated -
“on large-scale maps ag well as be visual inspection in the field. Originally, the
data compilation was aimed to support the OECD guldehne on
~ adsorption/desorption studies. The parameters chosen to describe the soil
scenarios for adsorption studies are in large parts identical to the data used in soil
. scenarios for leaching/models. Therefore, it makes sense to use this compilation
also for leaching models
‘Britmmer and et al. found 55 soils in Europe (see table 12) representmg the total
area (not the agricultural area) of the EC. Considering the frequency of these soil
types they made two suggestlons for a select:on of soil scenanos

- Five represq*.ntatlve soils for Europe
" (covering 36 % of the EC [1987), see table 14)
- Twenty representative soils for Europe . '
" (covering 65 % of the EC [1987], see table 15)

There are some scena.ho data available for the first suggestlon Five .
‘representatlve soils) which could be used in the leaching models. The pedological
characterisation of these reference soils is listed in table 15 [Ref. Kuhnt, G. and
_ H. Nuntau, 1992]. Adhmonally, in table 16 some information about the 5011

- profile and the location of the soils is given.

When working with the leaching models on the European level the user has to
find adequate: combmhtnons climatic and soil scenarios. A suggesnon of possible
combmatlons is. shown in Table 17. . :

It should be clearly pd)mted out, that no study has directly been performed for the
selection of Europeam soil scenarios for leaching models. Though it is
recommended in this paper to use the Eurosoils, there are big limitations on these
scenarios, namely: . :

- The Euresoils reprﬁé:sent the tot_el (not the agriculfural) erea of Europe.
‘Consequently the five Eurosoils also contain forest soils.
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Table 12: Distribution of soil types in the European Union

[Ref. Briimmer, et al], 1987] -
.. Soil Classification : Freq. (%) | Cum.
L ) S ] freq(%®)
wnPodzolicSoils | 12§ 12.8]
: brown Podzolic Soils D
-and Brown Forest Soils. : R -20.5
' Soils o A 21.5)
Browr] Mediterranean So:ls S 68] 343]
_ JeAcid Brown Forest Soils - ' b 65 40.8
B 61 = 469
42 . 511
41 552
. : . 39 59.1
ReddishBrownSoils = . | 38 62.9
*Rocky BA 3 66.5
Brown|Forest Soils and Regosols - ! 33 . 69.8
*Brown) Mediterranean Soils/Lithosols ~ | 29 727
Reddish Brown Soils and Lithosols ‘ c 2.4 5.
*(:::ﬂ: Soils and Podzolized Soils - 22l 774
Lithosols, Rankersand o
Podzoljzed Soils < . 2.2 79.
Red Mediterranean So:lsl!..:thosols o 2 " 81.
*Podzolized Soils and OrganicSoils | 18 834
Regosols and Rendzinas - 18 852
| Seroze - ' L5 86.7
Lithosel and Rendzinas. ' LS 88.2
Organic Soils o 14 89
Regos lsandGrumusols ' 1.2 90.8]
| Gray-trown Podzolic Soils and N '
Psendagley Soils  © S B | K 92
| Chestaut Sails - | 11 931
| Red Mediterranean Soils 1 - 9a)
| Lithosdis b eal oas
\ "'Hy orphic P. . L 0.6] 95.4
W hicGB-P- . . 05f . 959
*Hy hicGB . .‘ 05 96.5
*Hy phicBF-RZ. . - .05 97,
'{ Grum: Isols_ ‘ - ol - 05 97.5
Lithosels and Podzlized Soils 1 ~ os 98
Gray-brown Podzolic Soils/Lithosols |~ 0.4f = 984
. | Hydromorphic A. . 03f 987
1 | Rocky!SE o 0 98.8}
Regosdls S _ R I 11 99.1
Hydromorphic RE. 1 e '99.2
*Rocky BF-RZ. IR 99.4




Table 12 continued; Distribution of soil types in the European Union.

Soil Classification ‘Frea. (%) ]
Saling-Alkaline A. IR DR Y
DunegA. . : 0.1
*RockyP. , - 0.1

{*Hy: hic GB-BE. . 0.1
*Hydromorphic BF-RE. ‘ ‘ '

Cherozems and Brunizems
*Rocky P-O . '
J*Hydromorphic BA. - S
Red Mediterranean Soils/Rubrozems

| Hydrgmorphic LE-P.
Rocky A.
" | Hydromorphic RP-LL
i | 9Repr+sent_dtive soils .
_ |*soils with implicit chronological representativity




‘Table 13: Distribution of five representative soil types in the European Union
[Ref. Briimmer, et al, 1987] o
soil type No - | . ,
B soil scenario |EIRE| GB | NL B L F I E P DK | D GR EG
g - | Brown Forest Soils and 33 | 5.8. 4.7 58 | 71 ‘ 1.1 - 58 2331 6,1
" | Rendzinas - . _
Acid'Bro_wn Forest Soils 18,5 | 20,9 83 : 02 | 14 | 134 2,7 6,5
' | Gray-brown Podzolic Soils 11,8 1208 | 3.9 | 29,1 | 22,7 52 09 469 | ‘14!6& 22| 128
Podzolized Soils - 7,2 | 43,3 | 16,6 22 63 |107] 114 '
| Total 336|547 | 472 | 457 | 00| 381 | 305 | 280 358 | 576 | 345 |255| 364




Table 14: Dlsmbuuon [%] of twenty representatlvc soil typc in the European Umon
[Ref Brummer etal, 1987]

Soil classification | EIRE | GB N (B L |F I [E [P DK |[D. [GR |[EG"
| Gray-brown Podzolic Seils 11,8 208 (39 1291 1227 {52 |09 | - 1469 146 |22 123
| Gray-brown Podzolic Soils ~ [16,9  |11,6 | 140 528 [173 | |16 176 | - |17
) Brown Mediterranean Soils - 102 19,3 [186 |150 R . 168
Acid Brown Forest Soils 18,5 {209 | |83 o2 j14 (1341 127 |  165.
Brown Forest Soils and 33 |58 o b 147 158 |71 j11 | |58 |238 (61
- | Rendzinas - N AR - 7 _ . 1 B :
Podzolized Soils | 72 [433 [166 | 2,2 6,3 |10,7 1114 | 42
AcidBrownForestsoils =~ | . - 100 | 5,1 30 {61 [51 l289 | 142 (14 41
Gray-brown Podzolic Soils. . | 6,0 08 | 94 . 63 | |40 1284 39 | {39
| and Podzolized Soils R 1 v . p > P RN S £ |
|RockyBA -~ - 1 1202 278 o3 (98 | '+ i 174 { 136 |
Brown Mediterrancan. = | 1 1 1 ol o les les | | {144 |29 |
.. {Soils/Lithosols ~ P | N ' . N
| Organic Soils and Podzolized  |24,6 73 |78 i+ U 1 F o2 jo1. 122
Soils ‘ i gk . - _ _ .
 Podzolized So:lsandOrgamc 90 “los | | {45 |46 L
Soils . - A : o 1 B _ _
HydromorphicP. . 142 1 |02 - 1 . _ 10,6
HydromorphicGB-P | = ' |15 |10 1 , 2.4 o5
| Hydromorphic GB ' - 17,0 2,4 ' b L . ' 0,5
Hydromorphic BF-RZ. ' ' N A A 45 |- 0,5
Rocky BF-RZ. 132 ' 104 | - 102
- Rocky P. : ] 0,7 0,1
- - | Hydromorphic GB-BF. 0,3 L 0,2 101
~[Rocky P-O ' . 02 - 0,0 -
TOTAL 91,3 90,3 [565 1949 [B06 [68.5 (464 [452 [71,3 [90,7 |80,5 [41,3
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Table 15: Pedologlc Charactcnsatxon of the suggested so11 scenanos

n

» =-calc+lated from C org

[Ref ‘Kuhnt, G. H untau ,1992]
PEDOLOGICAL TSOIL TYPE | SOIL TYPE | SOIL TYPE |SOIL TYPE |SOIL TYPE
| CHARACTERIZATION | N°1 - N°2 N°3 N°4 N°5
OF REFERENCE SOIL SAMPLES o n
Sand (total) | 33 134 46.4 4.1 81.6
coarse + medium - % 2.0 44 . 23.1 1.1 64.8
-+ fine % | - 1.3 9.0 23.3 3.0 16.8
Silt (total) 21.9 641 368 75.7 12.7
coarse % 4.0 213 194 52.2 7.4
medium % 9.7 ‘231 11.6 19.4 43
o fine % | 8.2 19.7 5.8 4.1 1.0
Clay = % 75.0 2.6 17.0 20.3 6.0
pH Values . - - |
- water 5.9 - 80 5.8 7.0 4.6
calcium chloride . - 5.1 1.4 52 6.5 3.2
potassium chloride ! - 5.1 1.5 5.2 6.5 3.4
totalcarbon = % 1.5 - 109 3.7 1.7 109
4 CaCO3 % 0.0 60.45 0.0 0.0 0.0
organic carbon % | 1.30 3.70 3.45 1.55 9.23
" organic matter % 2.65 . 6.4% 6.44 2.86 15.92
. N %, 0.17 0.20 026 0.16 - 030
C/N-Ratio % 7.65 18.50 13.27 1 9.69 30.77
organic sulphur % 10.054 0.028 0.055 0.034 0.078
total P_ % 1015 - 015 0.38 0.29 0.21
CECmval/100 g 299 28.3 18.3 175 327
total Fe ~  ppm 370500 - {9850.0 14370.0. 11500.0 1040.0
amorphous Fe. " oloo 322 |0.18 4.75 1.93 0.56
HCl soluble Fe 0/00 1,820 10.002 2.200 1.470 0105
~amorphous Al oo |0.64 0.17 1.58 0.81 097
HCI soluble Al 0/0d. 0.83 tr. 1.67 1.55 093
. Si0p % 56.22 21.60 68.45 68.63 71.57
Al203 % 2392 8.66 11.92 12.07 3RS
- CaO % . |04t 30.62 020 . {071 <002
K20 % |1.85 1.27 1.59 /1.84 063
Fep03 ) 10.76 1.66 4.14 2.71 <0 05
MgO % 1.12 1.82 1.19 . 1.1t 065
TiO2 0.99 10.25 0.65 0.72 1036




Table 16 Eurosorls

Soil proﬁle and locatton of samphng g

'[Ref Kuhnt, G. H. Muntau 1992]
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Soil horizons - -

Euro - Soil 1 * -
| Soil association : Brown medrterranean soﬂs
| Sampling site/State : SicilyItaly ‘
" | Vegetation/Land use = | : Grassland/Meadow .
Soil horizons |1 Ah (0-30 cm) coarse granular to subgranular blocky
Bw (30-60 cm) angular blocky to pnsmanc
Bc (60— cm) coherent L
‘Euro - Soils 2
{Soil association Brown forest sorls and Rendzmas
'Sampling site/State PeloponnesosIGreece S
| Vegetation/Land use | : Brown-leaved trees
Soil horizons : Ahk (0-30 cm) granular R '
: ACk (30-35 cm) granular to fine subgranular blocky
o _ Ck (35- cm) coherent ‘
Euro - Sofl 3
| Soil association : Acid brown forest soil '
Sampling site/State : Wales/Great Britain
Vegetation/Land use | : Grassland/Pasture, = '
Soil horizons : Ap (0-30 cm) fine crumb to very ﬁnc subangular blocky
Bw1 (30-60 cm) fine crumb...(as above)
Bwz2 (60-150 cm) polyhedral
L - Bw3/C (>150 cm)
Euro - Soil 4
Soil association - : Gray—brown podzolic sorls .
Sampling site/State - : Normandy/France -
VegetatlonlLand use | : Wheat/arable Jand - |
Soil horizons ) : Ap (0-20 cm) fine crumb to subangular blocky
E (20-55 cm) blocky to subpolyhedral '
Bt (55-90 cm) polyhedral
: Ck (> 90 cm)
Euro - Soils 5
Soil association : Podzolized soils - :
Sampling site/State | : Schleswig- HolstemlGermany
[ Vegetation/Land use | : Coniferous forest
: O (-8-0 cm) poorly degraded loose and spongy ‘surface litter ,

Ah (0-11 cm) single grain to fine granular
E (11-25 cm) single grain -

I Bhs (25-32 cm) loose subangular blocky

Bs (32-48 cm) firmsubgranular blocky to coherent
‘BC (48-65 cm) bndge
C (65- cm) s_gle grain.




Table 17: Useful Combinations of European Climate and Soii S’cenaﬁos'

3

| Zone |Climate description Soil 1 Soil 2 Soil3 . Soil 4 Soil § _
o Vertic Rendzina Dystric Orthic Luvisol | Orthic Podzol | -
Cambisol - Cambisol | 1
- | Brown | Brown Forest | Acid Brown |Gray-brown |Podzolized
Mediterranean | Soils and Forest Soils | Podzolic Soils | Soils -
1 Northern Europe, areas without maritime influence ' X , X
2 | North-Western Europe with strong maritime influence 1X - X X
3 Northern part of Central Europe between maritime and - 1x X X
| continental climate ' g ‘ ,
4 Western part of Central Europe: between maritime and X X X X
- continental climate - ' _ '
5 Climate of the Central Europe low mountam range X - X X X
6 Climate of the Northern Alps’ ) ] X X X X
7 [Climate of the southern European high mountain range - X X 1X X
8 Coast areas of Western Europe and South-Western Europe | X X 1X . '
9 _ |Southern European low mountain range ~ : X X '
10 Southermn European coast areas without maritime influence | X X




4

-3 . Additional Information needed for the scenarios
~The scenario data as presented i in this paper are not sufﬁc1ent for the direct use in’
 the simulation models. ‘ :
- To operationalise the scenanos addltlonal mformatlon must be made available’
- concerning, both th chmanc as well as the'soil scenarios. :
The computer models need daily weather data whereas the given scenarios are
" only characterised by monthly average values. To complete the scenarios the
~ daily data should be made available at a central point in Europe. o
- Furthermore, detail mformatlon is only available for the top horizons of the five
Eurosoils. To use the Eurosoils in leaching models also data on the deeper soil
layers have to be given. Though the Eurosoils can be principally. used in leaching
‘models, it is reco ended that a special pro_lect should be started to select
~ European soil scendrios for the use in leaching models. Furthermore, the results
of such a project should be distributed like the climatic scenarios.
At least, no crop scenarios have been defined in this paper At present, there are
~ data available on different crops in some member states only (e.g. Germany, Ref.
IVA 1994). Because some parameters of these national data sets vary within
' Europe (e.g. date of emergence and maturatlon), they should not be used without
adaptation for the European scale. Therefore, activities should be started to
‘develop a set of crop scenarios which can be used in the European Union.
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Chapté.r 6

Input and Output Data Needed for Validation of Pestlclde
Leachmg Models ‘

A. ﬁdWeg &R ‘I(loskowski'

The purpose of tl'ns sectlon is to dcfine the input and output parameters, whlch

are needed for validation of a model for pesticide transport in soil. Whether

. lysnneter expenmeqts or field studies are used- for the validation, essential data
~ are of equal mponahce

- The basis for the selectlon of data reqmrements was a questlonnalre ﬁlled in by

 membérs of the Focus- -group. The following input and output parameters are

 considered urgent by most participants. Appendix 1 shows that from the point of -

7 experienced scientists only few of the parameters mentioned are termed urgent

| by all. The reason is that the input requirements are not equal for all models. To

- ensure that the data set obtained will be useful also in the future, it is necessary to
establish a data set \phlch is adequate for as many models as possible.




E Input data needed f

or mbdelling_(_dﬁving variables and parameteré)

. ‘Descnptlon of the soil horizon .
" Texture and organic C in all horizons in the proﬁle ,
* Depth of soil column or dlstance to ground water table |

\_Bqu densxty of undx

R Hydrauhc COl‘ldUCtl _
Pesticide treatment
Hydraulic conductivi

- Crop development (dlescnptlon of growth development or leaf area index, LAI)

Time of planting
5 Tme of harvest -
" Cropyield

o Root depth - 1f possible

 Weather

precipitation
intensity of precipita

fy, satufated. :
istory
ty, unsaturated 1fp0331b1e

ion / mean duratmn of prempltatlon event

. air temperature (dall mean)"
.. air temperature (mi
- air temperature (maxjmum)

um)

air temperature (measurement at 2 p.m.)
humidity (daily mean / measurement at 2 p.m. )

-~ wind speed (daily m
net radiation / global

; measured at 2'm helght) |
radiation (daily mean)

j degree of cloud coverage (daily mean)

. n
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- 1Pesttclde/apphed (kg/ a.i. Iha)

" Spray solution (I/ha)

- Number of applicatipns

. Time of application
- Incorporation depth|

- Persistence in plOu layer (field concentratlon)
~ Adsorption (Kd) in lough layer
* Adsorption isotherm in each horizon |

~ Persistence in sub soil (field concentratlon) or lower if posmble
Persistence in each horizon - if possible

Adsorption (Kd) in subsoil - if possxble

Volatlhzauon |

" Output data needeﬂ for validation |

Content of pestlmdd in leachate as a function of time. The first month leachate 1s
~ determined weekly, llater monthly or déepending on amount leached.

Volume of water legched as a function of time

Residue of pestmdb in the soil profile at the end of the expenment in 10 cm
‘mcrements '

Soil temperature at 10 and 30 cm :

Water content in soil at 10, 30 and 50 cm during expenment

Pesticide content in acrop if possﬂ:le
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Append:x l

INFORMATION NEEDED FOR VALIDATION OF LEACHING MODELS

_.T6 run a satisfactory vahdauon of a leachmg model the followmg mformatwn is
- needed according to 7 paxuclpants in the FOCUS modellmg group. .

- Urgent ~ Needed needed

Soil: Texture (clay, sand,

| - organic C): e

-~ 0-30em’ - XXXXX.
© 30-60cm - xxxX
60-90cm XXXX_
others - "

FEF
X

Cation exchange ST
._capac1ty L

4

pH | LR

e
|

Water content: . : .
- | Field capacity , | XXXXXXX
Wilting point. . = . XXXXXXX
Water holding | |
capacity R« &

[ F L

Microbial activity . xz_

~ Pesticide tt-'eatmt,nt S .
"‘history @3 yeaIS) EE D + <. 3 _
Water content a0 |
pesticide apphcauon N« 30 XXX

_ ‘._Depﬁldfsoﬂcolmnn- | S _
“(to water table) | RAKXXXX i

Hydraulic condﬁcti_Vity:




Unsaturated = X -
Near saturated o
Saturated | XX

Bu dehsity SR -
(u':ljtistmbed) o EEExx
InﬁiltraﬁOn capacity : | | |
_in sﬁtu | B

' Diffusion coefficient _

[TF

AR

1) May be estimated] from water content and hydraulic conductivity.




81
S Not
Urgent  Needed needed

 Sofl tillage histo;y R

. Crop: Root depth |

Yield

ormaﬁon about
wth L

®E

- Pesticide uptake
 (leaf, root)

o Wcather: - Precipitation
Evaporétion T
. |Actual (difficult to
* |measure)
‘| Potential -

|Soil 30 em

: Hburs’ of sunlight ._ -
~ "'Wind speed
Humidity -




, Pesti_cide:_

Ambunt applied

Spr%y' s_oluﬁon (]lha) |

- Number of
applications

| Tir_dle of app}ica‘tion_‘-

 Incorporation depth
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S - Not
~Urgent  Needed needed

_ Persistence: =
- | Ploughlayer (field

concentration) -

Sub soil o

| field concentration

1% of field
concentration. -
| Influence of - R

- Solubility
. Stable metabolites
Hydrolysis (T¥)

. 'Voﬁatilizaﬁ'on'_
Re idu¢ in soil profile -

HFFEFTETET

T HIFEEELFL

Adsorption:  Kdland koc (OECD-method)
- - |Ploughlayer

. Subsoil | -
‘Freundlich constants
- Kdjand Kq for several
soils o

| Léachatez)_: . Content of pesticide.
Content of metabolites
Co_nteht of trac‘e'r.‘(Br'\‘), 'J

- Break through-

E ; r‘ E QI‘F FE E HEE I" r : F 5 E E

L F

Volume of water

FEEE I IE

- 83 .




pH

: Nit;:i'ate' o

Conservation of _.wate_r
and analytical methods

Mass balance of pesticide

Mass balance of tracer
Mass balance of water

2) Mainly for lysiméjter- experiments.

F B

 f

e
1T




- predicted enviro
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Chapter 7
Valuiatlon of Pestlclde Leachmg Models

M Styczen )
l Theoreticqll framework

o Accordmg to the;lmjndate of the FOCUS group, models used for estimation of
ntal concentratlons must be appropriate to the range of
conditions in the C unity and its vanous regions and be selected such that
‘they are appropnate to the estimates to be made. All such models have to be
valldated agamst exbenmental data |

The 'range of condltt:;ls may be descnbed through deﬁmuon of the ranges of
weather conditions gation practices, soﬂ types, positions of groundwater
table, crqp/tillage systems, and types of pesticides found within EU (Section 1.1).
The final use of validated models for registration purposes will be to run a
* number of scenario’s (for widely used pesticides probably in the order of 100),
defined on the basis|of the defined 'range of conditions' for each of the pesticides
(and perhaps their metabolites) to be evaluated. The simulation results will form
part of the basis for deciding whet_her a pesticide may be accepted for use within

" A number of computer models exist, which describe pesticide transport and
which may be candidates to this particular model application. Each of these
models have a claimed/ theoreﬂcal range of validity, defined as 'the part of reahty

“to which thc validation of a model applies'. This range may be less than the total

-~ range of conditions found within EU, It is, however, necessaxy to show thata_

‘computer model prqduces acccptablc results within its range of validity. It shouid
be noted that it is not possﬂale to validate a computer model in general. However,
 through successful validation of a number of site specific models covering the

~ ‘range of validity' Q_ the computer model in a representative way (Section 1.3), it

may be made probable that a given computer model is valid also for similar sites

- on which it has not been tested. The validation status of a model is here defined

as 'the extent to wh1 h a model has successfully been validated thhm its range of

validity'.




- the models have to

As none of the pro;
(Section 2), it is ne
the required meas

lysxmeter and field {
~ when a model is-pe;
- discussed i in Sectlon

- LT Range ofc
The 'range of conditi
- weather/ix

- with diffen
_temperatuy]
soils (from
peaty soils|

pestwrde ¢
“Range of ¢

' In practlce, models
. number of specific
. 'condltlons inare
‘models for this parti
model should be val

| Presently, ten climat
'apprommately ten sg
" the ten are expected
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Josed computer models have been tested on extenswely

essary to define the expenments to be carried out (Section 3),
ment programme (Sectlon 4) as well as the testing scheme
ass through (Section 5). The expenments cover both

rials. Furthermore, success criteria must be defined, outhmng
rforming satlsfactouly Some proposed success criteria are .

6and7

ondmOns _

ions' W:thm EU covers a number of aspects: :
rigation (amounts of precipitation from 400-1500 mm, falling
ent seasonality and dlfferent intensities, annual air :

es from about 5-20°C)

f

sands to heavy clays and ﬁ'om soils low in orgamc matter to

i d'vari_atmns of groundwatet'__ table (from about-_.S mtoat

ncentratlon levels from about 100 ug/L to less than 0.1 uglL ;
'ndmons for scena:;tos -,
sed for reglsu'atlon purposes w1]1 be used to simulate a

y chosen scenario's which are ‘expected to cover the range of
nable manner. It is necessary to validate the computer

pular purpose. This means, in principle that the computer
idated for each of these scenario’s.

ic scenano s are suggested and it is expected that ]
il types will be chosen as scenario soils'. However, not all of
to be found within all chmates A probable estimate will be

three to four wi

climatic region. Takmg into account dlfferent levels of the -

groundwater table or other lower boundary conditions, the number of scenario’s

ithin
~ lie in the order of l(){)

- pesticides have to be

sunulattons If, for validation purposes, different groups of

mcluded in the validation, the number of validation
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experiments would bc at leastﬂln the order of 500. This is unrealistic, both w1th

- respect to funds req\hlred and workload involved, so a selection will have to be
~ carried out. Some ccﬁnmdcrahons concermng this selectlon are described in the

followmg
1.3 Range of conditions for validation purposes

Wh11e it may be relqvant to run the 10 chosen chmatlc scenario's (M .Klein,
handout to FOCUS {neetmg, April 1994) for registration purposes (depending on

- the use pattem of thé pésticide), it may be possible to group the climates in

broader groups for the validation exercise. It is critical whether the computer
models are able to simulate a cold climate, a warm climate, and a climate with
large variations in temperature. It is important that at least one of the scenarios
include frost. This will test the ability of the models to simulate soil temperature,
and the indirect effett of soil temperature on degradation of pesticides. These

“three groups may aléo have significantly different rain intensities, which will play

a role for occurrence of surface runoff and macropore flow. Specifically for the
validation exercise 1{ is suggested to clasmfy the climate in ‘coastal climate' (2,3),

'Central European cllxmatc 4, 5) and 'Medlterranean climate’ (8,9,10).

'I-‘he climatic zones (1), (6) and (7) have been Icft»out, (6) a_nd (7) Wlth the reason

 that these zones may be. of limited interest with respect to agriculture, and (1)
" because it was hoped that it is possible to find a Central European site with

(strong) frost during the winter. If this is not possible, and Norway, Sweden and

Finland join EU, (1) may have to be included separately ©) and ¥)] may be of -

interest for pcst1c1des used for forestry.

132 Soils

.~ Taking into accountithat the soils partly determine soil temperature, and to a large
* extént determine ﬂoiw mechanisms, evaporation, and interactions with the

pesticides, it is dlfﬁq:ult to argue for less than three soils for each climatic zone. It

is suggested to choose a sandy, a loamy and at least one clayey soil for each of
the three climatic zones mentioned above. The sandy soils will differ between the
regions due to different content and types of organic matter (temperature
dependent), and there may be differences in parent material and pH. The clay

f




- -mineralogy also diff ers from north 0 south wnth greater contents of illitic clay
minerals in the northern region, and greater contents of kaolinite or ~ |

. montmorillonite in the southern reglon The exact soils to choose will have to be
determined when the scenano-smls have been decided upon. = ' :

' "I'he lower boundary condition for each of the 3011 classes will have to depend on
- what is relevant for the regions and soils in questlon The two extremes wh:eh |
~ have to be included are 'groundwater at great depth' and ‘a fluctuating
- groundwater table, which at least for part of the year is situated within the root

- 'zone', - o

133 ‘Cl"ops

The exact choice of crops appears less 1mportant as long as both summer and

: w'inter.crops are taken into account, in order to simulate both spring- and autumn
applications. However, as it may be preferable to. work with two or three
pesticides only, the crop choice has to be standardised. Grain crops both covera
large area and are found in all of the zones wherefore they may be suitable
candidates for the validation exercise. The final selectlon awaits the results of the
- ‘crop mappmg to be carried out. - :

1.3.4 | ’Test substance

" While ideally a large number of pesticides representing different chemical

" ‘properties should be included in the validation, it may-only be realistic to deal

with 2-4 important pesticide groups. Test substances should have a Kom value in

the range of 0-approx. 100 L/kg, and have a known metabohc pathway

Furthermore, analytical methods allowing detection at 0.05 pg/l and

~ quantification in water of at least 0.1 pg/l must exist. In the 1ys1meter preferably
14C labelled material should be applied. -

135 Combmatlbns

_ It must be ensured that all the unportant condltlons are present in the vahdatxon
| experiments to be carried out. However, in order to limit the number of
experiments, not all of the possible combmatlons of conditions may be included.
This shortcut can be justified only by close monitoring of the experiments and
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testing of the modeis, both with respect to process intlicators_(such as soil
. temperature soil moisture) and leachmg parameters :

An example of howl condltlons may be combined is shown in Table 1. The ﬁnal
number of combmahons needed may be larger than shown in the example.

'Table 1. An example of how a set of t;:ombingtioiis‘ of conditions tdbe included in
the validation experiments could be organised.

| climate | | soils crops | pesticide | boundary cond.
1 |123 | |'sandy* : = |summe |testsubstl |gw.at?m
- ' . I . | depth
2 . Toamy' | winter | test subst.2 | fluct. gw.table
3 ‘clayey™- illitic- | summe | testsubst.1 | ?
4 145 | 'sandy* - . ] winter ] testsubst.2 | ?
5 | | loamy' | summe { test subst.? | ?
. ) I :
6 | C‘clayey winter | testsubst.? |7
17 189,10 | | 'sandy* ‘summe- | test subst.? | ?
‘ _ r . .
18 . | Toamy' .| winter | test subst.? | ?
9 . | ‘clayey- -] ? ‘test'subst.? |7
| | kaolinitic : -
10 ‘clayey™- 17 test subst.? | ?
montmon]lomttc ' : :
. '

* The organic m tter content.should be considered asan. tmportant parameter. For podzohc typesit
'is necessary to nsider then' possnble uses.

2. Present le?el of model validation an applicahility |

A number of models have been rev1ewed with respect to general mformatton f

~ documentation, conlient etc. in an earlier FOCUS-paper. These are PRZM,

PRZM-2, PELMO, GLEAMS PESTLA, VARLEACH, LEACHM, MACRO
and PLM. Several of these models have been used extensively. for a number of
years. S | ' - : :

A Dutch study has !ieen carried out (Bosch R. van den, 1994) with respect to the
vahdatlon status of the pesticide leachmg models PRZM, LEACHP, GLEAMS




. PELMO no studle

~ tests were carried o

and PELMO. Model tests were only considered relevant if site specific sorption
_ and transformation input data were avallable and if the field conditions were
similar to condluo s in Dutch agnculture and horticulture. For PRZM, one

- publication fu]ly qL alified, and three studles partly quahﬁed with respect to -

independency of in
" GLEAMS one stu

For PRZM, the 'stu

ut data. For LEACI-[M three studies were accepted, for
qualified and on study was partly acceptable, and for
quallﬁed |

'es showed that PRZM eﬁpiains moderateiy well the

movement of pesti ides i in a sandy, a sandy loam and a loam soil. However, all

of most interest for

t in a concentration range ‘which was 10-100 times the level

registration purposes (<5 pg/l). LEACHP explained well the

. movement of pestu:ldes in two sandy soils and 4 Ioam soil. The concentration
~ levels were 2-50 times higher than the level of most interest GLEAMS |
performed poorly in the one study whlch quahﬁed

The study cOnclud
investigated models
and horuculture

PESTLA has been s
- loam, where pestici
below the detection

that the valldatton status. is low to very low for the
for the majonty of condltlons preva:]mg in Dutch agnculture

.uccessfully validated on ij}simeter'data from a Swedish sandy
de concentrations in the leaching water were all the time

limit (Boesten, 1994). The hydrological part of the model had

- were successfully

to be calibrated. Furthermore, PESTLA was tested on two Dutch sandy soils

(Boekhold et al., 1993; Van den Bosch and Boesten, 1994). In both studies, the

*model explained the leaching of a mobile pesticide reasonably well (concentration
levels about 10 times higher than the levels of most interest). In one of the studies

~the model overestimated leaching of a- moderately sorbing pesticide: the measured

concentration profile showed that 0. 1 pg/L did not Ppenetrate deeper than 15 ¢cm

~ whereas the model ¢ alculated a penetration depth of about 30 cm. So also the

- validation status of PESTLA is considered to be low for the majority of

conditions prevallm in Dutch agnculture and hortlculture

MA_CRO has been tested on —a_ ‘sm Loam soil (Neuenkirchen, Germany)
(Jarvis,1994). Some calibration of the water '_phaSe ‘was carried out, and the
~pesticide input was pdjusted according to losses on leaves. The pesticide routines

ested on pesticide concentrations in the soil in the range .1 - 5
did not occur w1thm the study penod

‘mg/kg sml Leaching
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‘Two studies of interest are awaiting publication, An intercomparison of models
were carried out.in Sweden, usmg lysimeter data represennng five different soils. -
~ The models included were CALF, CMLS, GLEAMS, MACRO, PELMO,
'PESTLA and PRZM. The models were tested on data sets from five soils and
- two pesticides. However not all of the models are tested on all cases:
Conclusions were tlhat laboratory data are not always reliable sources of input to
- simulation models Whlch attempt to describe field conditions, and that process
‘descriptions were npt in all cases adequate First order kinetics and lack of
treatment of prefcrepual flow processes were specifically mentioned (Bergstrém
and Jarvis, 1994). Iq is presently not clear how many of the model tests were
2 camed out successfhlly for each model. \

Furthennore a German study takmg place at Fraunhofer Instltutc may shed hght '
~on the performance of PELMO -

The number of studies rewewmg models with respect to applicability for specific
field conditions i eVen lower. For Danish condmons, model requirements were
discussed by Styczen and Villholth (1994), resulting in a selection of models able
to simulate condmohs in different parts of the country, as no single model

~ contained all the ne¢essary processes at the time of evaluation. However, data
‘were not available fbr a proper validation of the selected models.

- On the basis of the ébove studies it must be concluded that the validation status of
the described models is low or very low at low leaching levels. However, the

. validation status at N 10% leaching level is generally high. A comparison of the
theoretical range of 1va11d1ty for the computer models with the range of conditions
within EU has not bben carried out. : :

3. Expenmemtal condltlons

3.1 Type of expenments | ]
. When it comes to thb' choice of experiméntal frame for the validation

. experiments, requlrﬂments are conflicting. '

.. Use of lysimeters ai;e interesting from the point of view of easy control of the
ex_penment_s and the possibility of use of labelled pesticides. However, lysimeters




2.

* do not include a groundwater tablé as the lower boundary condition, they do not
take into account h nzontal flow patterns, vanabrhty and surface runoff. .
Furthermore, trea nts of lysimeters. (’allage methods surroundmgs) may differ
somewhat from actual field condmons |

Field trials, on the pther hand, are more difﬁCult' to control, and the use of
~ labelled pesticides may be impossible or impractical, but the flow pattems are
- more realistic. Very|few combined lysimeter and field trials at the relevant level |
~ of concentrations-have ‘been carried. out, and at least some of them (Smelt et al.,
. 1981, 1983) mdrcau- rmportant drfferences in hydrology in the two > types of
systems - _. ,

It is therefore suggested that models must be validated on data from field trials as
well as from lysimeters. Concerning future experiments it is recommended to
carry out the experiments on the lysimeters, and in addition, to repeat all the sites
with field trials. If this is not economically possible, field trials must be |
~ established for the majority of the sites, partrcularly where shallow groundwater
- ‘or other critical factors are present. If the computer models are able to simulate
 the field sites ‘blindly’, it must then be assumed that a transfer is- possrble also for
the rest of the conditions. : :

| Taking into accoun that the cost of each expenrnent wrll be in the order of 0.5 to
1 million DM, ali 'tatlon in the number will be necessary. Use of results from
already perfor_med expenments may be posslble . - :

32 Lysimeters

- The lysimeters should have a surface area of at least 0.5 m?, and a depth of at
least 1 m. It must be equipped with facilities to remove the leachate. Each
treatment requires two replications. The experiment must run for at least two

- years. The soil proft"xe used for lysimeter studies must be undisturbed.

- 33 . Field expenments . : |
Must be designed tg obtain a maximum of needed data without destroylng the
natural condition in the soil proﬁle '

The surface area of the plot should be of the same order of magmtude as a normal

o agri_cultural field. Good results have been obtained with plots of about 1600 m2,
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Concentration proﬁles in soil and concentrations in groundwater (preferably at

~ least 10 rcphcatcs in space) should be measured at e.g. five sampling times. The

first samplmg time Should be immediately after application (on the same day) to
-check the dose and lhe analytical procedures. In general, soil cores collected to

~ an adequate depth ﬁrovxde more rehable mformanon than soil-suction lys:meters

34 Appllcatlop of the tests substance

| Generally the subst#nce must be apphed to the soil. If apphcd to a field with
plants growing, an ¢st1mate must be made on how much of the substance hit the
plants. The application rate should follow the intended use as indicated in the

' apphcatlon form foq‘ reglsu'atlon ofa _glven plant protection product.

- Together with the pbsﬂc:de a tracer is added to the soil and the break through of
the tracer is descnbed If poss:blc it should be applied in the same tank mix as
the pestlc1de

3.5 Precipitaticl)n |

Ideally, the prec1p1tat10n is determmed by the 31te chosen, in n order to cover a
particular climatic scenano However, it is preferable to choose sites within the
climatic scenario with a precipitation surplus for at least part of the year, and to
add water to the levlel of a wet year or at least to the level of an average year.
 Irrigation mtensmeé should be chosen such that they are realistic for the chmatlc
scenano chosen. ~

It is important for the validation exercise that at least for some of the expcnments
the pesticide is not allowed to break down undisturbed in the top layer as the

" obtained data will nlot be adequate for validation of other parts of the model than
the degradat:on prot:ess

*A yearly preclpltatlon of 800 mm could be chosen for the northern part of EU
| (chmate 2 and 3) : S ,

4. Driving Variables and Paramieters to be measured
for each Experiment




The validation exercise will""be‘earried out with driving variables and pardmeters

i measured or estimated on the basis of measured data. Please refer to separate

E 'chapter written by A Helweg and R Kloskowskr
5. Method of Validation using the established Data Sets

" For each data set, the vahdatlon exercise may be camed out in four steps of
_ '_whrch some require | datafrom a lysuneter expenment (la, 2a), some require data

o ﬁ'om a ﬁeld (1b, 3) expenment, and ‘some require data from both (2b, 4). For

. some soils, data may be avallable for sdme of the steps only The data sets will,
as described i in Section 4, contain detailed mformauon COncermng flow, pesuade'
transport, and, in addltlon, data from a tracer ‘experiment, eg. Bromide. In each of
the four steps, simulations are camed out, and the relevant simulated data are
stored. At the end of the test, the results wﬂl be evaluated accordmg to spec1ﬁc
. success cntena (Sectlon 6)

~ The model test w111 be camed out lIl the followmg steps ‘-

L 1) 3 Blind tests
' - a) Lysuneter, blind test :

. The computer mode] will sunulate each of the lysuneter data sets -

) .'blmdly Results (morsture content, soil temperature flow of water and

- pesticide, concentrations of pesticide) wﬂ7l be stored.

b)) Field experlment, blind test

The field eJtpemmnt will be s1mu1ated blmdly The results (monsture
content, soil temperature flow of water and pesticide, concentrations of
_' pest1c1de) will be stored.

) Tests with callbratlon of ﬂow and solute transport but blind
3 simulation ‘of pesticide transfarmatlons and sorption.
a) - Lysimeter with calibration of ﬂow and solute transport
- The modeller will receive data for water flow and the bromide tracer,
. and carry out a cahbratron Pest:c:de ﬂow wﬂl be simulated, and the
© results stored.
b) Field expenment, lmprovements based on lysuneter flow and
| solute transport data TR |
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‘The model lwﬂl be set up in accordance with the results of step 2a. The
field expedment will then be srmulated The results (moisture content,
soil tempetJature flow of water and pestrcrde concentrations of
pestrcrde) Wﬂl be stored :

J) Field expeﬁtnent with calibration of flow and solute transport
~ The modelier will receive data for water flow and the tracer from the |
field experiment, and carry out a calibration. Pest1c1de flow wﬂl be
simulated, and the results stored .

4)  Field expet'iment with calibration on lysimeter pesticide data
- The modeller will receive the pestunde data from the lysimeter
‘ expenmenlq and set up the model for the field site in accordance with the
calibrated lysimeter model Pest1c1de flow will be sn:nulated and the
results stored .

~ The purpose of the sitepw1se approach is  to determme the level of information
required to ensure adlequate simulations. Step 1a/2a and 1b/3 show to which

. degree it is necessary to calibrate the hydrologlcal part of the models. If the
modellers do not fulfil the success criteria during step 1a and 1b, but only during
step 2a/3, cahbratlon is needed, also for the hydrological part of the scenario runs
- to be carried out at zi later stage. It is therefore necessary also to define success
criteria not only for the pest1c1de simulation but also for the hydrological part of
the models. :

- Ithas beeir proposed to use both lysimeter experiments and model simulations in
the reglstratlon process It is therefore relevant to investigate whether lysimeter
data may improve su'nulations of field conditions. Step 2b and 4 have been
included with this pt]lrpose If the transfer of data relating to hydrology and solute
transport (step 2a) works well for the cases investigated, it w111 be assumed that it
is possible to transfer the data obtamed from lysimeters to field conditions. Step 4
shows whether pestlblde parameters denved ﬁ'om lys1meter trials may be scaled

o uptofieldscale | 2

A ve'ry_ likely result of the exercise is that none of the models are able produce
reasonable results for all experiments without some calibration of the water
phase. It should be rloted that it is also not necessary to be able to carry out step
1a and 1b successfully - the most important step is step three. It is so because the




- intended use of the models imply that all pesticide/soil properties should be
derived from independent laboratory experiments. Difficulties in applying
laboratory estim. ate.j for pesticide parameters in both lysimeter and field trials
" may lead to the con 1us1on that the Iaboratory methods of determination are not
adequate for the purpose and must be changed. However, if the problem arises
only for particular conditions, step 4 may show whether lysimeter data provides
an adequate base. R - |

6. .  Criteria for Evaluation of Simnlatipn Results

. The 'output's- specified for_-evaluation ef si'm'ulatien results are
- Primary ' ' ‘

i Pesticide concentratlons in 1ys1meter leachate and in groundwater .
" (collected via direct samphng or from dramage plpes)
i Residual pesticide content in the soil as a function of time and depth

.. during and at the end of the expenment For lysu:aeter experiments, only
pesticide content in the soﬂ at the end of the experiment can be

: determined,

Secondary - ' -
"l Flow recordings in the form of contmuous or at least dally measurements
| “of flow at \E‘l: bottom of Iysuneters in dramage pipes or water table
recordmg (timing and nature of measurements depends on
: site characteristics). .

iv. Soil moisture content as a functlon of time and' depth

v.. Soil temperature as a function of time and depth.

For all of the four steps of the test it is necessary to evaluate (1) and (n) Ttis -

: suggested to carry out the followmg tests:
-1 Visual comparison ef measured and smulated concenu'atlons

1§ | Companso of
- peak oncentrations (daﬂy values) and
- wee y averaged concentrataons,

m Comparisorﬁ of accumulated pesti'cide Ieaehi_ng, |

v Comp‘ari304 'of-residnialpeSti-éide couteu_t.‘
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For step 1 and 2 it 1$ necessary also to evaluate (jii), (1v) and (v) It 1s suggested
to carry out the folloiwmg tests in relatlon to (m) , |

V - Visual companson of measured and s1mu1ated dlscharges
VI Companscm of the total water balance, o
vl 'Companso¢ of weekly (or daﬂy) dlscharges
viIl - ‘Compansoq of measured and snnulated mmsture contents and soil
temperatures. For the specific data sets it may, however, be of interest to
~ specify certain periods which are most critical to the simulations and

compare moisture and temperature calculatlons with measurements
spec1ﬁcally for these penods

. For each of the tests performance criteria must be spec1ﬁed to decide when a

~ certain test has been passed These criteria has to be decided upon takmg into

- account predxctlon milcertamty based on spatial vanablhty (several of the
parameter measurembnts are point measurements which are chosen to represent a
certain area). Boekhdald et al. (1993) suggests to log-transform the measured data
~ and estimate a conﬁdence interval about the estimated mean of the log
transformed data. Thb mean + one or.two standard variations is then compared
with an interval arouhd the mmulated values deﬁned as P/f-P*f:

[10,(MaV i f‘i*".),*l'owav + n*‘3)] _cpmpared to- [P/, P*f]
where j ‘ R :

- May is the mean of the log transformed measured data

- ¢ is the standard deviation of the log transformed data
- ~nequals ljor2 : :

- Pis the predlcted value .

-fis usually in the order of 2- 5 |

The described approach is possible for data WhJCh are based on several _
measurements. In addition to this, a number of standard methods of analyses are
available. Some su'géested success criteria are given in Appendix 2, and the |
~ details of the suggested analyses of residual errors are listed in Appendix 1. The
exact statistical critelfia to use must be defined before the simulations are carried -
. out. | ' ‘ - '




" It may be advantageous also to establish howmany criteria have to be
successfully fulfilled to be able to talk about a successful validation of the
computer model for the ngen sue ' - :

| It may be necessary' to review the critéx'ia"after a number (eg. five or so) of the
sites have been simulated to see whether the suggested success criteriaare -
scxenufically adequate to descnbe the model performances | |

7. Cntena fox' Assessment of Validation Status and
‘Model Applicablhty o :

As mennoned in section 2, it is necessary to dlSl‘.IIlglllSh between that a computer
* model has been proven valid for a number of cases within its range of validity,

- and that a computer model may be applied for the total range of conditions within
EU. For this reason it may be necessary to operate w1th two different
assessients. :

1. The vahdatlon status may be assessed from the probablhty ofa

' suffic1ently accurate model estimation of the pesticide conceritration in
groundwater within the range of vahdlty of the computer code. This
probability:is called P. To estimate P, a number of model tests are

- required, drawn from the range of vahdlty To achieve a moderate
validation status, a comparatlvely large number of model tests covering -

- the whole range of vahdlty is needed The fo]lowmg nomenclature is
proposed:

S P<25%verylow=.
25 % < P < 50 % low

50%<P< 75 % moderate
75 %o<P ~ high

: A ﬁrst guess of P could. be obtalned from testing the model on the data
sets obtained section 4 and 5, Wh.lCh are thhm the range of theoretical
vahdlty for the computer code in questlon

It may be rel_evant to .,inves_ti.ga_fte why a model m some c,ases fails to
per_fonn_fwell. Failures may be related to specific soil types, groups of




peshcxdes, parucular boundary condmons, specxﬁc chmauc condmons, .
“etc. which the model is not able to handle adequately. If the number of
expenmendal data sets allow, a scheme for testing this can be derived.

- The cases with the given characteristic (e.g. heavy clays; or frozen soils,
or high intensity rainfall) may then be removed from the population of
tests and P tmay be redetermined. This means, in practice, that the
theoretical range of validity i is reduced to a proven range of validity. For
data sets where all models fail, it may be relevant to recheck the data
quahty and| to consider the need for further model development. o

‘2. Inorderto assess the apphcablhty of the computer model for registration

| purposes wtlthm the EU, however, itis necessary also to assess the
coverage of the model compared to the range of conditions descnbed in
section 1. Thls could be done in a manner similar to the estimation of
validation status, but taking into account all the established data sets. If a
more SOpmlstlcated approach is needed, each of the data sets welghted
by an area- frachon, mdlcatmg thelr extent within the EU.

The two assessment approaches will mdtcate to fegulators whether a particular

computer model is perfonnmg well within in range of validity, and how this range

of validity comparesl to the range of conditions within EU. Finally, it may be

necessary to choose two or three models, each of which have a high validation
. status, and which together cover the range of conditions within EU.
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B Appel'n_t_li.x'.l-

'Measures sﬁgges;ed for 'A__nalysis qf residual .-Erxjors

'Root mean square error -

s

- RMSE =

L% . .‘.2 S
d (P1-0)* 7

Coefficient of residual mass

- n n |
A AT
| N R N
-1 b
Pi = predacted valves
04 = observed values o
- =  meanof observed data
n =  number of samples

Nash-Sutcliffe c_oefﬁcient -(RZ):

=

R2=1- alﬁ (Qobs@) 21 .‘-?‘-*I (Q0bs-Qay)
: =1 -

_' Qol,g is the daily/weekly flows for the whole period |
= Qgim is the daily/weekly flows simulated for the period, and
- Qayis the average daily/weekly flows for the whole period,
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Appendix 2

Suggested Success Cnter:a |

The Roman ﬁgures relate to the tests specﬂied m Chapter 6

'_na"

)§3 peak concentrahons (dmly values) are based on smgle measqrements,
the suggested success criteria for percent deviation is [S0-200%] (equal

 toan f-factor of 2). If based on several detenmnatlons, the described

o factor f-melthod can be used

For a time series of Weekly averaged concentrations, Root Mean Square

Error can be used for evaluation of fit. Suggested criteria: RMSE < 30

For comparison of accumulated pesticide leaching, the Coefficient of

Residual Mass may be used. Due to increased uncertainty with
decreasing concentrations, it may be reasonable to specify a scale as a
function leached amount. For small concentrations (below 1 pg/L) and
small total amounts (below 100 ug), an f-factor of 4-5 may be |
acceptable to registration authorities: [25 % - 400 %] or [20 % - 500 %],
but mltlally itis proposed to use an f-factor of 2.

'For comparison of resxdual pest101de in the soil, the f-factor approach i is

suggested. As in (IID), the acceptable error may be a function of

“concentration levels. It is suggested tousea factor of 1.2 for

concentrations after apphcatlon, mcreasmg to a factor of 2 as

V' concentratiq)n levels decrease. -

For comparison of the total water balance, % deviation of each
component can be used as a measure. Suggested success criteria: +/- 8
%. This criteria is very stnct but taking into account the precision
needéd for solute transport, it is necessary that the errors related to the
hydrologlcal simulation are minimised.




For compalnson of weekly (or dmly) dlscharges, a scatter dlagram and a
' Nash-Sutc i e coefﬁclent (R ) or altemauvely the Root Mean Square

the observ i time senes, the level of deternnnauon is also a funcuon of
- the records used. R2 must therefore be deﬁned according to test cases.
RMSE also depends on records, but to a lesser degree For RMSE, the
| suggested _uccess criteria is: RMSE <10% |

.Dependmg on the number of measurements at a given time and depth,
different a proaches | may be used. In general, the Root Mean Square
Error approach is recommended, with the suggested success criteria:
~ RMSE < 10 %. If more measurements are available, an approach similar
 to the f-factor approach could be cons1dered, takmg into account the
deviation on the measurements and companng this to an interval around -
. the predicted value ([P-cp, P+op]) ‘where cp is an estxmatedlacceptable
error for the predlcted value S
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Chapter_ .8 R

Recommendatlons for the Correct Use of Models and
Reporting of Modellmg Results |

- Kz Travis

Models of the fate of pest1c1des in the envuonment have an 1mportant and

o mcreasmg role in the risk assessment, and in the pesticide registration process.

“This is particularly itrue in the case of the EC Registration Directive (Anon.,
. 1991), where the-d_eijvation of Predicted Environmental Concentrations (PEC) is
required. There is & recognised need for guidance on correct procedures for the .
" use of models and the reporting of modelling results. This need is addressed in
~this document, which has been produced by the Regulatory Modelhng Work
group of FOCUS a |

A natural questlon to consider first is whether modelling is in some way covered

"by the requirements of Good Laboratory Practice (GLP). The document then
turns to the concept of Good Modelling Practice, and its 1mpl1cat10ns for the
- authors, maintainers |and users of models.

It makes sense to examine closely the scope of Good Laboratory Practlce to see
if it apphes to the dewelopment or use of models of pest1c1de fate.

The ma_;onty of worlé performed on pest1c1des in order to achieve a registration is

- performed to the principlés of Good Laboratory Practice. This is certainly the

case for dossiers submitted under the EC Registration Directive, which refers to |

" another EC directive on GLP (Anon., 1987). This latter EC Directive in turn

 relies primarily on [recognising the OECD principles of GLP (latest version:

' OECD, 1992), in whlch the followmg deﬁmtlons of GLP and of a study are to be
found: w _




- 1993)

“requirements say no

"Good Labdratory Practice (GLP) is concemed with the
: orgamsatrona] process and the conditions under which laboratory
studies are planned performed momtored recorded, and reported

"Study means an expenment or set of expenments in whrch a test :
substance is examined to obtain data on its- propertles and/or safety
‘wrth respect t human health and the envrronment

It is clear from deﬁmttons that GLP is concemed only wrth studzes, and
studies involve the application of a test: substance i.¢. a sample of a chemical.
Using computer modlels of the fate of pestrcrdes does not involve the application
of a test substance.| Therefore modellmg work. cannot be a study, in the GLP

‘'sense, SO modelli.ng is not covered by the provrsmns of GLP

| Experience with using models in a regulatory framevrork has clearly indicated to -
" all parties involved (that there would be benefit to having clear guidance of the

correct use of models and reporting of model]mg results. The benefit obtained
would be in terms of- quahty, consistency -and integrity of the modelling effort,
enabling meaningful communication of model results and implications between
regulator and registrant. The term Good Modelling Practice has been coined for

. this idea (note that abbreviation to GMP is not advised due to possible confusion
~with' the established principles of Good “Manufacturing Practice). Good

e Modelhng Practice has recently been defined as "The development, maintenance,
. dlstnbutron and use of computer- simulation models. whereby the integrity of the

model, its vanous 1mprovements and utrhsatron 1s assmed" (Estes & Coody,

ReSponmbrhty for followmg Good Mode]]mg Practhe lies with those responsrble

~ for the.development, maintenance and use of models, and each has a particular

role in this process. These responsrbrhtzes are outlined in Figures T and 2, for
which credit is due to the authors of the ‘German codex' (Girlitz, 1993) and to the
FIFRA-Environmenlal Fate Model]mg Group (Estes & Coody, 1993)

Often the rol‘e's_ of model developer and model mamtamer are combined - their
joint responsibilities are listed in Figure 1.  These common-sense procedural
\ j:\ng about the quality of the model algorrthms or the level of

validation of the model. The scientific suitability of a model is an entirely

- different and very important issue, which has to be considered in addition to the

documentation and yser support requirements of Good Modelling Practice.
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The desngnatxon of a parﬂcular msututlon to prov1de support such as error loggmg

~ and reporting, training, a register of users and version control is extremely .
important for the integrity of the mode}lmg process. Specification of which
versions of each model are -approved for regulatory use {(officialisation) is
necessary since the models used are developmg and -changing rapidly, and

_sometime many versions exist (for example it is important to prevent outdated,

flawed or uncompleted versions of models from being used in the regulatory‘
process) :

Model users mcludqd anyone who uses a model to generate predictive results for
assessing the fate of pesticides in the environment, and their responsibilities are
 given in Figure 2. A fundamental principle guiding the model user in reporting
modelling work is ithat enough information should be provided so that it is
potentially possible for an independent person to reproduce the results, All the
reporting responsxblhtws of the model user are'a s1mp1e consequence of applying

thxs principle. '
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DOCUMENTATI N :
- Version contro] and mformatmn on changes in code
- Availability of source code =
.- Installation and use information .
- Description of all mode! inputs and outputs
- Advxce on input value selection -
- Precise definition of i input file formats
- Description of the governing equations
. - Supply of test input datasets and their expected output files
- - Code verification results (i.e. bug checking)
| - Summary of|significant model assumptions and h:mtatlons
-+ -Description of model validation work done :
" - Conclusions from the validation concermng vahdatlon status and range of

valldlty

- SUPPORT : L e
. - Defined institution should provide support =
- Maintain error log and communicate appropnately
- Maintain a register of users . _
- Version control and supply, tracking version changes
. - Training and technical support
- Notification of upgrades

OFFICIALISATI(iFN - e S
- Specific version numbers should be authorised for regulatory use
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A fundamental pnncrple gmdrng the model user in reportmg modelhng work is that
“enough mformatron should be provided so that it is potenttally possrble for an
: 1ndependent person to reproduce the results : .

' SUITABILITY OF MODEL USED . '
- - Use a versidn officially approved for regulatory use \
- Have a good knowledge of the chelmcal and a good understandmg of the
model -
- <Does lt mclude all relevant processes, and represent them in a reasonable way? -
- Use a scenatio within the range of intended use and validity of the model
- Conﬁrm system mtegnty by usmg test mput files provrded

INPUT DATA : -
o - Choice, quahty and Justlﬂcatlon of inputs to suit the chemlcal and scenario
- modelled : |
" - Theory used in the interpretation of expenmental data should be consistent
wrth that used i in the model1 . :

DOCUMENTATION AND REPORTING
- Confirm results are reasonable
- Document program version and date
- Detail any modifications made to the software
- Give any essential hardware/software specification
- Give all inputs used
- Where modél output has been processed give method for evaluatmg outputs
- Give results.

1 For example, an adsorptiOn eoefﬁ_cient derived from data using a Freundlich isotherm
- is not appropriate for use in-a model with a linear isotherm
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Chapter 9

Recommendatlons for Usmg So11 Leachmg Models in
| Regulatory Envu'omnental R1sk Assessments

R. Jones. \

'Modeling can be a useful tool in assessing the environmental behavior of
“agricultural chemicals. Potential uses of such assessments in the registration

process include preliminary assessments, triggers for additional studies or more

comprehensive modeling, detailed modeling simulations, and development of _

management practlces In the registration process model simulations can also be
' helpful in understanding or interpreting the results of lysimeter or field

experiments, but this discussion will be limited to the use of modeling in

‘ performmg regulatory env:ronmental nsk assessments :

' Separatmg modeling into different phases or Steps is somewhat arbitrary since
. there are no clear detons between modeling for simple and more complex
~ assessments. Often the same model is used, but more care is given to the
~ definition of input parameters and probably the number of simulations increases
as the assessment becomes more comprehensive. For the purposes of this
"discussion, Step 1 modeling consists of simple assessments using prescribed
models with standard scenarios which may or may not reflect actual use of the
agricultural chemical, Step 2 modeling consists. of sunple assessments using -
- standard models and scenarios which are representative of the actual use of the
~ compound, and Step 3 modeling consists of assessments using models that may
- have been modified to reflect the behavior of a specific chemical and input
parameters developed spemﬁcally for the assessment,

Modellmg in Step 1 should be sensitive enough to 1dent1fy chemicals with

~ potential problems, but clear most chemicals without problems with a minimum

. of work. Most sunulatlons performed in Step 1 will focus on realistic, worst case
situations (for example, heavy rainfall and sandy soils). Modeling simulations
performed in Step 1 should be quite routine and require little judgement by the
modeler. Regulatory review of simulations as well as the conduct of modeling in
Step 1 is greatly facilitated by having spec1fied input parameter data sets, with
perhaps only the specific properties of the agricultural chemical being supplied.
Examples of such systems include the PELMO scenarios for Germany or the
standard Dutch scenario used with PES'I'LA A similar system of scenarios

~ should be developed for EU registrations. From a loglstlcs point of view, use of a
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” smgle model for Step| 1lis hlghly desrrable However smoe drfferent models (but |
eqmvalent for Step 1 modeling) are ‘currently used in different EU countries, the

" selection of a single model may be difficult especrally since there is no clear

" scientific ]ustlﬁcatronl for choosing one over another. Any model recommended
- for regulatory apphcal:rons must have an official sponsor responsible for
. -drstnbutron version dontrol upgrades, and mmntenance

f Step 1 simulations should never be consldered as mdependent cutoff criteria. |
- However, such simulations could trigger additional modeling or field studies, and

o should only be used as the basis for adverse regulatory decisions in the absence
. of such studies. Results of appropriately conducted more comprehensive -

- simulations (such as tep 2 or 3) should be consrdered as adequate replacements
-~ for Step 1 simulations (assummg agreement between regulators and registrants
. about the appropnateness of input parameters used in the snnulatlons)
Degradation estimates should be the best information available (for example, field
~ study results, when available, should usually be preferred to laboratory
' measurements) Resdlts of field studles should also be considered more deﬁmnve
: than modelmg predlcnons

A second Step of modelmg is- needed because snnulanons under the standard
scenarios prescribed in the Step 1 may not be reahstlc for the specific chemical

: being assessed. For example, a cold cllmate is not realistic for a ‘compound

-applied only to a warm climate crop such as crtrus Sometlmes, a product cannot
- be used on certain sorl types, or specific. crops are not grown on certain soils. In
these circumstances, tihe standard scenarios may- need to be adapted, especially if

o potentral problems are 1dent1ﬁed under unrealistic scenanos in Step 1.

Model su:nulatlons in Ithe Step 3 need to be tallored to the specific objectives of
the modeling study Srmulanons may be performed over a number of years with a
variety of soil types to estimate the probability and magnitude of residue

- movement. Simulations may be used in the development of management

~ practices, such as optrkmsatlon of applleation timing or use restrictions in certain.

- soil types. Although the use of existing models is prefemble sometimes
~ modifying model subr‘outmes may benecessary to account for compound- SpEClﬁs. _
" behavior, such as degradation or sorption processes. 'After any modifications, the
modeler must demonstrate that the modified model is working properly.
Procedures for condu¢t1ng Step 3 simulations should not be fixed; it is the job of
 the modeler to technigally justify the work and document the results according to
good modeling practi¢es. Often procedures and mput parameters insuch
simulations will be the sub_]ect of dlscussmns between modelers and regulators
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Although exlstmg models such as PELMO and PESTLA: have beenusedto
~ estimate average cancentrations below 0.1 pg/L, model users and regulators
- should realise that the model predictions are not accurate for concentrations
" below about 1.0-0.1 percent of the amount applied. This is because the equations - .
in these models focis on the movement of all of the material present via classical
leaching. When the amount of material remaining drops below about 1.0-0.1
 percent of the amount applied, the concentration profile of the remaining material
has often been significantly affected by preferential flow processes not included
_in these models. Although predictions to 0.1 ug/L may be necessary for
regulatory purposes, such predictions will not agree with actual behavior in the
~ environment, e‘specially for applications greater than about 100 g/ha. Similarly,

" model predictions using deterministic models will only represent the mean

behavior of chemicals in the environment, and do not consider spatial vanablhty
In field studies, coefficients of variation in individual soil samples are in the range
~ of 100 percent. Even in well-controlled studies such as large-diameter lysimeter
“studies with sandy soﬂs variations by factors of 4-20 at low concentration levels
~ (~0.1 pg/L) are not uncommon in leachate from rephcate lysuneters

One common: deﬁmency among currently ex13t1ng soﬂ leaching models is the
1nab1]1ty to accurately account for preferential flow) processes such as funnel flow
in coarse sands or bypass flow through cracks or wormholes in more structured

-~ soils. Progress continues to be made in understanding these processes and
" recently models have been introduced which include preferential flow processes:
however, soil parameters in these models must be obtained by calibration. The
models can be used to assess behavior of agricultural chemicals in soils in
standard scenarios where these soil parameters have been expenmentally
determined. Further advancements are needed before such models can be
~ routinely used for predictions without performing calibration experiments.

The use of models in regulatory applications raises a number of questions about -
the standards by which the results of such simulations should be interpreted.
Such standards encdmpass the severity of the standard scenario (type of soil,
depth of soil, severity of weather, etc.), the inclusion of macropore flow, the

- concentration deemed to be of relevance (for example, peak concentrations or
time-averaged values), and the concentration used as the regulatory guideline (for
example, the EU drinking water limit of 0.1 pg/L drinking water; however it
should be emphamsed that soil water or ground water concentrations predicted by
leaching models are usually significantly higher than drinking water
concentrations due to continuing degradation in subsoils and ground water,
dispersion, dilution, and other processes). In general, the aim is to devise a
reasonable combination of standards by which simulation results are to be
mterpreted so that compounds that pose unacceptable risk are not granted
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reglstratlons and cotrnpounds that are environmentally aoceptable receive

- registrations. Sueh\ standards need to be regarded in the context of the total set.

-For example, peak toncentrations are always hlgher than average concentrations.

However, a set of standards based on average concentrations may be more

~ stringent. than aaotlter set of standards based on peak concentrations if, for -

 example, the standdrd scenario used with the average concentration criterion is
“more favourable to ﬂeachmg Sets of apparently reasonable standards can be

developed with the t'esult that essentially all' compounds will fail rangmg to

 essentially all compounds passing. Although proposing a set of standards is

beyond the scope of this document, the following comments are made on’

| macropore flow and time averagmg of concenu'attons

' Whether or not to ntclude preferentlal flow in the evaluatmn process depends on
- the objective for the simulations. If the purpose of the simulations is to evaluate
leaching potential relatlve to other compounds, then preferential flow probably
- does not need to be mncluded since for moderately and weakly sorbed compounds
preferential flow may depend more on soil structure and timing and magnitude of
- rainfall events than |on specific chemical properties. If the objective of the
simulation is to assdss movement under a specific standard scenario in which
- preferential flow paths are 1mportant, then. preferenual ﬂow mechanisms cannot
 be excluded for a result that will compare fayourably with actual behavior.
However, careful c¢ns1derat10n must be paid to the appropriateness of the other
standards. Very few agricultural chemicals would have less than 0.1 pg/L in
. leachate from a lysuneter study conducted with cracking clay soils in which a
heavy ramfa]l occumred within a few hours after apphcatlon

Slmulanon results should be mterpreted on the ba.s'ts of time averaged—
concentrations rather than peak concentrations. Peak values are more sensitive to

- the shape of the concentration profile than time-averaged values. For example,

 differences in dlspet'SIOII may result in quite different peak concentrations while
the total amount of material moving below a speclﬁed point may be identical.
- Therefore, peak codcentratlons are sensitive to the choice of model or factors
related to the numelhcal solution such as number of depth i increments or the length
" of the time step. Tltne-averaged concentrations may also be more representative
of ground water concentrations that occur as the soil water is dispersed into
- ground water, althopgh such concentrations may also be sensitive to dispersion, .
especially when only small portion of the applied material moves below this
depth. Choice of the appropriate length of time for averaging in leaching
‘simulations is not stiralghtforward but probably averages should be over at leasta -
‘month and no longer than a year. For ecological evaluations involving surface
water, values averaged over the time relevant for toxicological effects are usually
used. Averaging oVer the tlme relevant for tox1colog1cal effects is not poss1ble
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-

for leachmg evaluatlbns in the EU since. ground water concentrations are not
necessarily representatlve of potential concentrations in drinking water and since
the EU drinking water limit has no toxicological basis. Two different criteria for
time averaging of concentrations are currently used in Europe. The German
authorities use average concentrations over a year when evaluaung PELMO

. s:mulatlons The Dutch authorities use peak concentrations in ground water
present between 1 and 2 meters below the soil surface. This approach actually
provides a tlme-averaged concentration since the amount of water present in this
layer is about equivalent to the amount of yearly recharge :
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- Chapter 10
Model Types and Modellmg Phﬂosophy

D. Yon and A. Walker

One of the aims ' of the FOCUS Regulatory Modellmg Work group is to
define/develop thé role of environmental fate modelling required for EU
harmeonised registration. This document reports the work done to achieve this
. aim. It hlghhghts philosophical considerations on the use of models in the
registration process, identifies different categories of models and ﬁnally prov1des

. an mventory of mode]]mg tools currently avaﬂable

Wltth the framework of the EC directive there are requlrements for a number of
different types of mathematical models to fulfil a number of different funct:tons
These may be summa.nsed as follows .

1. Models for bel;awour in soil to calculate: (a) conoentratiOns in soil (PEC's)

taking into account the number of applications, (b) equilibrium levels in soil

- where accumulation occurs, (c) total and bioavailable concentrations in the
- . plough layer, (d) leaching to groundwater (e) behavmur in the saturated zone

. and () coneentrattons at the water table.’ - |

2. Models for behakur in surface waters considering both concentrations in
| water (PECsw) and sedimen_t.- ' :

3. Models for calculatmg exposure to operators, bystanders etc.

4. _Models for calculatmg theoretical lifetime in the top layers of aqueous
- - systems from quantum yleld data. |

5 Models for predlctmg volauhty and entry into air and subsequent “
. degradation and dlsperswn in air. -

6. Models for extrapolaung the degradatxon'rate at 10 and 30 degrees Celsius
- from expenmental data produced at between 15 and 25 degrees Celsius.

'Havmg identified areas in which modellmg would be beneﬁc1a1 some key -
" questions as to the nature of the use should also be addressed. The most rational
‘use of models in all of these applications is by a systematic tiered approach with




-
~ calculations of increasing complexlty and’ mput data requuements resultmg
‘ultimately in an as essment of  the relative impact of a number of key -
i AT rs. Correct model]mg applications should account for
relevant governing processes at an *appropnate level of detail (time step and
'scale) and accuracy relative to achieving the objectives of the study. The level of
- -sophistication required in a modellmg study reflects constraints such as : (1)
accuracy required, (2) time . frames, (3) avaﬂable technology to describe
~ environmental fate behaviour and (4) avallablllty of data. These constraints
dictate model selection , whether modelling is an appropriate tool for ach:evmg
the obJectlves and the llm:ltatlons in mterpretmg modelhng results _

Models are often diy ded into three groups Screemng anary and Secondary
i ' accurately describe the use of the models since some

‘models can be ascribed to more than one category

'Screenmg models she uld be- used to prov1de rapld prediction of the potentlal |
environmental fate of|a compound. Screemng models should come with "potted”
envuonmental scenarios which can be used to quickly assess’ the effects of
different soil types an climatic conditions on pcst1c1de behavmur These models
can also be used to comipare the env:romnental fate of a new compound with
other compounds in‘asimple bench rnarkmg process. Examples of models in this
category include Juryls Behaviour Assessment model (BAM), and some versions

- of the Mackay FUGACITY model. However, more complex models such as

| 'PESTLA and PELM ‘can also be used for screemng purposes

' decision makmg Specific models should be selected based on acceptance by
regulatory ofﬁc1als d.the ability of the models - to’ accurately describe
envu-omnental fate processes for many typical pestlclde conditions. Examples of
models falling -in this “category  would. include CALF, PRZMZ GLEAMS
LEACHM-P, PESTLA PELMO and EXAMS o ‘.

condary 1

Secondary models are appropnate for chelmcal and site-specific predictions.
- Most of the primary models can be used in this way, but the group also includes
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" MACRO, PLM, and CRACK (or any other macropore flow model) which all
- - offer added soph1st1]cat10n and increased data requu'ements compared with most
of the pnmary models hsted above. : |

| All of thc models cited above are glven as examples only, a list of models
covenng all of the categones is presented in the Appendzx -
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APPENDIX
- List of modelling tools.

DTEST - (Part |of E4CHEM Pro_lcktgruppe Umweltegefhhrdungs—

‘potentiale  von
: Unweltforschung

. GC Solar (Zepp

Chemlkahen, Gesellschaft fiir Strahlen und
mbH, Mﬂnchen))

& Cline, 1977, Environ. Sci. Technol. 11, 359 )

 Frank & Klopffer program (UBA research report no. 10602046, 1985)

o Atmosphenc ox1 ation programme (Meylan & Howard 1991 Syracuse
Research Corp, yracuse NY) o

~~ PAVAR (Pro

Zur Auswertung Von AbbauRelhen Tlmme and

Frehse, 1993, Ba er AG, Monhein, Germany)




PECS - ' o
BAM (Jury et al, 1983, J. Envnon Qual 12,558 - 564)

- FUGACITY (Mackay & Stiver, 1991, Env:ronmental chem:stry of
o Herbicides, 2, CRC press, 281 - 297) :

' PERSIST (Walker&Bames, 1981, Pest. Sci. ,_1_,;, 123 132) -

~ PELMO (1.0) (Klein. M, Fraunhofer Gesellschaft, 1991, Schmallenberg,

. Germany)
.. CALF (Nicholls et al., 1982 Pest SCl , 13, 484 494) _
VARLEACH (Walker et al., 1989, Weed Res., 29, 375 - 383)

- PESTLA (2.3) (Boesten & Van der Lmden 1991 J. Envuon Qual 20,

425 - 435)

PECSW

' Dutch Drift calculatlons (EPPOIOEPP Bulletin, 1993, 23, Blackwell
‘Scientific Publications y) ‘

. German Drift calculations (Ganzelmeler et al. 1993 Pﬂanzenschutz-
- Praxis, March i issue, ppl4 - 15.) -
' TOXSWA (Adriaanse. P, DLO Wmand Stanng Centre, 1994,
Wageningen, thherlands)

. PEC '

' IgEvi,MO (1.0) (Klein. M Fraunhofer Gesellschaft, 1991 Schmallenberg.
' Germany)
CALF (Nicholls et al 1982 Pest. Sc1 13, 484 - 494) _
 VARLEACH (Walker et al., 1989, Weed Res., 29, 375 - 383)
- SESOIL (Bonazountos & Wagner, 1984, A D Little & Co. , Cambridge

, Mass.) '

_ PESTLA (2. 3) (Boesten & Van der Lmden 1991 J Environ Qual., 20,
- 425-435) .
CMLS (Nofmger & Hornsby, 1987, Univ. of Flonda circular no. 780).

EPPO PEC, calculation (EPPOIOEPP Bulletm 1993 23, Blackwell
Sc1entlﬁc Pubhcatmns ) . '
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EPPO PECgw (EPPO/OEPP Bulletm 1993, 23 Blackwell Scxentlfic :

Pubhcatlons )

'PELMO (1 0) (Klem M Fraunhofer 'Gesellschaft,‘ 1991,
Schmallenberg, Germany) ' : S

PESTLA (2 3) (Boesten & Van der Lmden, 1991, J. Environ Qual - 20,
425 - 435) B

CALF (VARLEACH) (Nlchol]s et al 1982 Pest. Sci., 1_3 484 - 494;

- Walker et al., 1989, Weed Res., 29, 375 - 383) .
 PRZM-1(1.0) (Carsels etal, 1984, EPA, Athens, GA)

PRZM-2 (1.02) (Carsels etal, 1993, EPA, Athens, GA)

GLEAMS (2.03) (Leonard etal, 1993? USDA, Tifton, GA)

LEACHM (3.1) (Hutson & Wagenet, 1992 Research Report no. 92-3 .

~ Comell Univ., Ithaca, NY)

SESO]L (Bonazountos & Wagner, 1984 A D Little & Co. Cambndge

Mass )

_2"1.' rface wate

EPPO PECsw (EPPOIOEPP Bulletin, 1993 23, Blackwell Scientific

Pubhcatlons )

PELMO (1.0)  (Klein. M, Frauhofer Gesellschaft, 1991,
Schmallenberg, Germany) SRR '

PRZM-] (1.0) (Carsels etal, 1984 EPA, Athens GA)

 PRZM-2 (1.02) (Carsels etal, _'1993, EPA, Athens, GA)

GLEAMS (2.03) (Leonard etal, 1993, USDA, Tifton, GA)
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.'EXAMS (Bumsl et al 1982 User Manual and System Documantatlon | .

- EPA-600/3-82-023, US. Envuonmental Protecnon Agency, Washmgton |
D.C. ) . , :

 SWRRB (Amold et al,, 1990, SWRRB: ‘A basin Scale Simulation
~ Model for Soil and Water Resource Management Texas A&M Press
,255 pp )

| ‘EPIC WQ (Sharpley and Williams, 1990, US Department of Agnculture |
’- VTechmca] Bulletin no. 1768. 127 PP- ) _

" TOXSWA (Adriaanse. P, DLO Wmand Staring  Centre 1‘994,.
o Wageningen, Netherlands) - |

N EPPO PECa calculauon (EPPOIOEPP Bulletm 1993 23 Blackwell
Scientific Pubhcatlons ) . .

AGDISP (5,3) (Curblshley, 1990 Conunuum Dynamlcs Pnnceton
USA) .

FSCBG (3 05) (Curblshley, 1990 Contmuum Dynalmcs, Princeton, -
‘USA) ' o

" EPPO proposal (EPPO/OEPP Bulletm 1993, 23, Blackwell Scientific
Pubhcauons ) | _ .

EPPO proposal (EPPOIOEPP Bu].letm 1993 23, Blackwell Scientific
Publications.) :
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