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Ab.rracr 

The Biospheric ~odel Validation Study·Phase 11 (BIOMOVS 11) was an international 
cooperative program that tested the aceuraC";..of predictions of environmental :wcssment 
models. Model evaluation was based oo calculations made by individual participaots for 10 test 
scenarios that addressed both short· and long·tr:rm release:~ ofradio:u:tivity from (acilitie!C such 
as power reaCtors, solid waste disposal repositories and umnium mill t:~ilings. Model prcdic· 
tions were compared with each other and, where po-;siblc, with independent field observations, 
and reasons wc:rc sought for any difTercnecs that arose. Qll41litutivc topics were also considered, 
including development or systematic methodologies for radiological a.ssessmcnu;. Thi.~ paper 
addresses conclusions arising from the study as a whole. Confidccce intervals oc prcdictioos 
and differences bc:twceo predictions and observations were· often less than a factor or 10, 
although there was much variability among models and scenarios. Model performance depend· 
ed critically, not only on the formul~tion and pal'llmctcr values or the mode! itsclt: but 1tlso on 
the cx,erience and assumptions made by tbc-·uscr. The study demonstrated the need to better 
explain and justify all nspect.~ of model structure and applic::~tion and to assess :Ul sources or 
uncertainty. A key recommendation wns that a.o;.~sments should not be undertaken in isolation 
by one- individunl using one model. ~ 1998 Elsevier Science Ltd. All rights reserved. 
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1. Introduction 

Mathcm:llical models arc commonly used to simulate cont::Lmina.nt tmnsport 
through Lhe environment following· re:~l or hypothetical relca.'>cs. Invnria.bly, these 
models arc simplifications of complex natural processes and predictions derived from 
them are approx.im:ttions. Model reliability must therefore be evaluated and under~ 
stood before predictions can play a part in decision making. The comparison of model 
predictions with observations collected following actual rclc:3SCS provides the most 
rigorous test of model credibility. Where· such data are not available (for example. in 
so.:narios involving hypothetical releases from deep geological waste repositories}, 
confidence can be established in a number of other ways: by intcrcompariog predictions 
from several models applied to a common scenario and identifying and explaining any 
discrepancies: by demonstrating that the assumptions on which the model is bnsed are 
rc:Isonable in light of current scientific practice: by quantifying the uncertainty in model 
predictions: by investigating model behaviour through sensitivity analysis and by 
verifying the computer code: of the model. In this paper, lhc full suite of nctivities 
undert-aken to establish model credibility is termed model evaluation. 

The need to test assessment model:; for radioactive: cont<Irninants has recently 
become more urgent given the increasingly promjncnt role that modc:ls play in 
as:-;cssing rc;tl and postulated rclensc:s from the growing number of nuclear facilities 
worldwide. In response to this need, several international cooperative studies were set 
up in the l980s. Among these were programs that focussed on the gcosphcre (SKI. 
1987; SK f, 1 990). on probabilistic safety assessment (NEA, 1991) and on the behaviour 
of radioact1vity in the environment following the Chernobyl accident (IA EA. 1993). 
Also established was the Biospheric MO<lel Validation Study (BJ OMOVS, 1993), 
which dealt with models of contaminmlt tra.nsfcr tbrougb the biosphere and intake by 
man. The release scenarios in BIOMOVS encompassed :t broad range of assessment 
issues and included some relatively novel modclJing problems, particularly for long· 
term releases from solid waste disposal facilities. BIOMOVS ran from 1986 to 1990 
under the auspices of the Swedish Radiation l?rotectioo Institute (SSI). 

Some of the issues addressed in BIOMOVS were noc fully resolved by the end oft he 
study, and not all potentially important prtthways. rndionuclidcs and sccn~rios had 
been considered. Accordingly, a sc:cond phuse of the program, BIOMOVS H. was 
established in 1991 with funding from five organisations: Atomic Energy Control 
Board. Canad~ Atomic Energy ofCanadn Limite~ Centro de Investigaciones Ener~ 
gcticas ~edioambiensulcs y Tccnologicas. Spain: Emprcsa Nacional de Residuos 
Radiactivos SA, Sp:1in: and SSI. BJOMOVS II had three main objectives: 
• co test the accuracy of the predictions of environmental n~sessmcnt models for 

selected contaminants and exposure scenarios: 
• to explain differences in predictions among models: :..nd 
• ro recommend priorities for (uture research to improve model performance. 

The study was also dc:;igncd to act as a forum for the exchange of ideas. experience 
and informotion to help improve confidence in the mO<lels. Scientific direction was 
provided by a Coordinating Committee made up of one member or each of the :26 
organi.w.tions that formally joined BrOMOVS II. A Steering Committee composed or 
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represenutives from the funding agencies organized and managed the administrative 
aspects or the project Both committees received support from the Sc:cntific and 
TechniC<ll Secretariat. QuanriSc! Ltd. Ultim<ltely, the study involved 160 orgnnisa· 
tions from 31 countries. 

BJOMOVS II activities were carried out through Working Groups (WGs). The first 
task of each WG was to define clearly the questions it sought to address. Most WG~ 
then developed te5t scenarios to answer those questions through a. series oJ' model 
calcula.t1ons. The scen:lLios included all of the information needed to carry out the 
calculations: source terms, tr:Lnsfer pathways, properties of the environmental system 
and end points. Wherever possible, the: scenarios were ba.sed on field d.1ta.. Individual 
members of the WGs submitted predictions for the end points using the models and 
resources at their disposal. The predictions wcr!: intercomparcd and discussed. aL 

semi-annual meetings to identify. explain and resolve any differences among them in 
terms of differences in .:t.ssumptions. model formulation and/or parameter values. In 
cases where data were available, predicLions were also compared with observation$, 
which were withheld from the modellers until calculations were: complete. Partici· 
pants were requested to quantify uncertainties in their predictions. Interaction among 
WGs was encouraged. 

BIOMOVS Il ended in 1996. This paper briefly reviews its activities as :1 whole, 
presents major ovc:r:1i1 conclusions and makes recommendations for further work. 
Deta.ilc:d discussions of the results of individU!ll WGs can be found in the papers that 
follow i!'l this issue and in the BlOMOVS Ir Technical Reports published by SSI on 
behalf of tbc Steering Committee (Table 1), 

Table I 
Sc:cn.ilrios comprising the DIO~OVS rJ program 

Scenario 

(juidc:line11 for unc:cnainty anulysi) 
Guideline~ for compari~on or model prediCtiOn~ 
Reference bio!lphcrcs for radioactive waste dispo5al 
ContAminant migration and impacts from uranium mill tailin.:s 
Effect of us.er interpretation on model predictions 
Tritium tr:ln!fer in the foodchain 
Che.rnobyl data - wa~oholl' from cxpcrimcnt&~l piots 
Chemobyl data- c:onscqucnc:c::-. of contaminntion or aquatic media 
Chcmobyl dnta- atmosphcru: rcsuspcnsion of radionuclidct 
Complementary ~tudics- biosphere modellin); for 11ssessment 

O( radio:u:tJVC Wa~IC: dispo~tl 
14C migmtion and accumulation in a laJ.:c 
Wacer flow and radionuclidc: transport Jn lysJmcteN 
Ell'ect or model complc:.:ity on uncertainty estimates 
0Yc:rvic:w or the nTOMOVS II program :md it!l rc:1ults 

Technu:al 
Rc:?Qrt• 

1 
3 
;: and 6 
~ Jlnd 5 .. , 
K and 13 
9 
10 
I! 
IZ 

14 
15 
lti 
17 

Refc:rcncc in 
thir. issu.: 

b 
b 
van Dorp et a:. 
Camus ct al. 
Kirchner cr al. 
Barry ct al. 
Konoph:v ct al. 
Krv~hc:v ct nl. 
Gurgcr t!l ul. 
Klos ct al. 

Bird ct al. 
Butler cr. al. 
l!lert ct al. 
This paJlCr 

• All technu:al repom are available from the ::iwcdiJh Radiation Protection Institute:, I 'i'l 16 Stockholm, 
Sweden • 

.. There i5 no paper for thi~ scenario in thi~ i~~uc:. 
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The concept of va.lidntion bus long been controversial. Philosophers such as Popper 
(1959) have argued that scientific theory cannot be validated, only inva.lidated, and 
tha.t past demonstrntions of accuracy do not guarantee similar performance in thr.: 
future. Other scientists (e.g. McCombie and McKinley, 1993) have claimed that 
a model can be considered validated if it achieves an acceptable level of preclictive 
accuracy given its history of testing. the complexity of the system in question ~d the 
fu:urc: application of the model. In this paper. the term validation is restricted to past 
demonstration of accuracy without implications as to furore merit Most BIOMOVS 
IT pa:·ticipant,c;, however, took a more pragmatic view: given the need (or quantitative 
radiological assessments, :1 model with a good track record is preferable to no model 
at all, even if ir ha.'i oot been rigorously validated. It was also generally recognized 
that. regt1tdless of the meaning given to. the term validation, the process or model 
evaluation le3ds to a better understanding or the transport mechanisms in question 
and to improved confidence in the use or model results. 

2. Scenarios 

The scenarios undertaken in BIOMOVS li reflected the interests of participants 
and issues left unresolved in the first pbase or BIOMOVS. Account was also taken of 
the activities oi other international programs such as VAMP (Validation of Model 
Predictions: IAEA. 1993) and the Nuclear Energy Agency's Performance Assessment 
Advisory Group. The final program included scenarios that addressed a broad r.tnge 
of assessment issues (Table:: l). Scenarios based on field darn were developed for 
1"C transport in lakes, tritium fluxes from soil and vegetation, formation of organi· 
c:a.lly bound tritium in spring wheat and the upward transport ofradionuclides in soils 
in lys!mctcrs. Data collected following the Chcrnobyl accident were used to develop 
sce:1arios for atmospheric resuspension. wash·off from soils to water bodies, and 
transport and accumulation in the Cbcmobyl cooling pond. ~cnarios involving 
relc:lSes from solid radio:1ctive waste repositories (ComplementAry Stu<lics) a.od ura­
nium mill miHngs were developed a.'l model intercomparison exercises r.ince test ~ta 
were not ~waiiablc. Tbe mill tailings scenario considered the transport of st;)ble 
clemenl!i as well as a number of rndiooucHdes. The end points for most scenarios were 
radionuclide concentrations in various environmental compartments, but some WGs 
calculated doses and risks as well. Two·WGs used the scenario approach to investi­
gate specific aspcets of uncertainty analysis, namely the effects of model complexity 
and user assumptions on uncertainty estimates. A WCi on uoccrt:t.inty and validation 
provided gencr:U advice on these issues to other participant.-; una also developed 
a glossary a.nc! guidelines for unc:rt:~inty analysis and comparison of model predic­
tions. 

The Reference Biospheres WG (van Dorp et al., this issue) u.ndcrtook the more 
qualitative task of developing a methodology for constructing defensible biosphere 
models for specific applications. The work was motivated by the recognition that the 
underlying premises of a biosphere: assessment are often taken for granted in the early 
stages of model development~ with the result that the model orten cannot be 

"I 
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demonstrated to fil hs intended purpose. The reference biospheres methodology 
overcomes thls by providing a systematic approach to the definition and justification 
of the composition and structure or the modet It takes into account model o bjcctivcs, 
assumptions made about enviromental conditions and human ~haviour. and fea­
tures, events and processes (FEPs) that may need to be included in the model. 
Application or the methodology results in a conceptual model or the biosphere (a 
reference biosphere) for tbe assessment in question, which can subsequently be 
translated icto a ma:bematical description and computer code. The WG illustrated 
the methodology for solid radioactive waste disposal. The resulting reference bio­
sphere reflected consensus among the WG members, wbo represented eight different 
countries. and provided a consistent framework for comparing performance asse:;s­
ments for altern.ativc radioactive waste disposal facility designs and loc:1tions. The 
methodology was also applied to the waste management scenario developed by the 
Complementary Stt.Jd.jes WG. 

For scenarios based on observations, the amount of background information 
included in the scenario description was governed by what the supplier of the data 
couid provide. Information was often incomplete, forcing participants to make many 
assumptioos to adapt the da.ta to thcir models or their models to the data. For 
scenarios without observations. the level of deuil could be set arbitr:lrjly. A small 
amount of da.ta allowed more leeway in interpreting the scenario and encouraged 
discussion on a conceptual level. However, experience from the first phose of 
BTOMOVS suggested that, with this approach, c!ifl'c:rcnces in predictions due to 
scenario interpretation could overwhelm differences due to model rorrnuJation or 
parameter values. In BIOMOVS II. the ancmpt was made to define all scenarios 
tightly to reduce this problem. 

3. Models and parameter vajucs 

Many of the models used for BIOMOVS n calculations were comp:lrtment models. 
retlecting the traditional approach used in environmental tr:l.Ilsport simulation. In 
a compartment model, each or the major envjronmental media (soi1, surface waters, 
animals and so on) 1s represented by one or more compartments which are spatially 
homogenc:ou.<; in their properties. Transrers between compartments arc usually de· 
scribed U$ing rate constants. Radionuclides entering a compartment are assumed to 
be uni(ormJy and instantaneously mixed within its volume. Most of the differences 
between compartment models used for a given scenario related to the number of 
compartments and pathways considered and not to the basic formulation. But 
compartment models were not used exclusively. Radionuclide transrcr in soils was 
orten treated by solving the advection-diffusion equation and most participants 
employed simple empiriCJI models in the Resuspension scenario. A few or the models 
used in BIOMOVS II were special!>· coded for the study but most were pre·existins 
models that were changed as necessary to accommodate a particular scenario. 

The precUctions of a model depend not only on its mathematical formulation and 
structure but also on the numeric;:~! values of the tra.nsier parameters used in it Some 
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values were defined as part of the scenario-descriptions but in other c:lSCS participant~ 
were free to choose and practice varied considerably. Some relied entirely on generic 
values selected from the general literature or taken from one or the other of several 
compilations of recommended default values (e.g .• Baes et al., 1984: Posten and 
Klopfer, 1986: IAEA •. J 994). Others chose values that they believed reflected the 
information given in the scenario description. The result was frequently a sub~tantial 
difference among the values adopted for li given parameter. 

4. Uncemjnty 

In recognition of the vital role that unccmunty estimates play in establishing model 
credibility, n m<.~in l'or:us or BIOMOVS IT was to quantify uncertainties for the models 
and scenarios considered in the study; Guidelines. for perfonning a.n uncertainty 
n.nnlysis were published (BIOMOVS U, J993a) and advice on specific issues related to 
uncertainty was available throughout the· program. Most participants carried out 
n parnmetric: uncc:rt:~.inty analysis and included a quantitative uncertainty statement. 
!IUCh as the 95% confidence interval.· with their predictions. Unfortunately. the 
analyses were sometimes inconsistent with regard to. the parameters included, their 
probability density functions (pdfs), the sampHng scheme, and the method used to 
p1·opngate uncerc:lintics through to model endpoints. The .result was sub:;tantial 
variability in the magnitude or the uncert:Unty estimates. The smallest 95% confi­
dence interval es:imated by an individual participact in a given W(j W<lS USUaiJj' 
about a factor of:!. but' intervals up to tO times larger were not uncommon (Fig. 1 ). To 

E ~ 'e to• ··~:··-···.;r-·7-·~·····.-.,·.··~·,.·· ·.-· .. -·;t--1':"~ .;.,''"_,··~,/,.· ,/1<,. ··~":·,//" :~ ~. ·.,. I• /" · • •• ••· ·, .• / .1/ ~,~ 

:3 10 
~ 
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A B C D E F G H I J 

Porticlpont 
Fig. I. Uncertainties associated with prediction!! for the user interpretation ~nario (Kirchner ct al .. this 
issue:), ThC' end point or the C::tlc:uJation WILS the tOtal amount or 1 "Cr. deposited (rom the otmospherc: 111 
Bremen following the: Chcrnboyloccidcnt. The verticil lines arc the 95% conlidcncc inrcrvab c..Jculuted by 
ench pnrtic:ipanr •. with best esrimlltC'I ~hown as cro,.,es. The hardlcd area den or~ the 9S•/o conlidencc 
inlcrv:aJ of the licld mea,un:mcnts, 
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~orne extent thjs is to be expected given the many subjective judgments that are 
inherent in uncertainty analysis (fAEA. 1989). But the vari~bility makes ir difficult to 
draw general conclusions regarding the magnitude of parametric uncertainty for the 
models and applitations considered here. lt would be prudent to assume that the 
magnitude for each scenario corresponds to the largest uncertainty estimated by any 
of the particip:mts. This means that the parametric uncertainty for most scenarios was 
about a factor of 10 and closer to a factor of 100 for the Rcsuspcnsion. Complemen­
tary Studies and Model Complexity scenarios. In general, unccrtainth:s tended to be 
rclath·ely sm:Lll in tbc: scenarios thar dealt with releases directly to the atmosphere or 
to surface water bodies and larger for those that treated releases from underground 
waste: repositories or movement through soils. 

Overall, the uncert:tinLics estimated in BI.OMOVS Il were substantially less than 
those in the tir.;t phase: of BIOMOVS. There were several reasons for this: 
• Over time, participants gained greater understanding of their models and the 

problems to which they arc applied. Uncertainties, which are subjective estimates of 
the confidence the participants have in the accuracy of their predictions, have 
thc:rcfo rc decrea..o;ed. 

• The WGs spent considerable time defining the scenarios to ensure they were com· 
p!-.:te, consistent and well undcJ'stood. This allowed p:micipants to choose parameter 
va.lu:s with some confidence and assign relatively narrow distributions to them. 

• With time. participants became more familiar with uncertainty analysis tools and 
were able to apply them appropriately. 

• Many WGs used a consensus approach to specify pdfs for the distributed para· 
meters in the analysis. This led to greater confidence in the parameter values and 
narrower distributions. Informal expert elicitation of this sort helps to overcome the 
bias that a single individual inevitably brings to the process and avoids the need for 
formal elicitation (Hofer, 1986), wbich is expensive and time-consuming~ 
Sources or uncertainty other than those due to po.ro..meter values were also investi­

gated in BIOMOVS II. The user interpretation WG showed that uncertain tic:-: arising 
from ol.'lsumptions made by the model user can easily exceed an order of magnitude for 
scenarios involving radionuclide transport in terrestrial food chilins. Similarly, the 
model complexity WO showed that variability of this size must also be expected in soil 
transport scenarios due to uncertainties in model fonnulation. The work of rhc 
reference biospheres we suggested that a li)'Stcmatic approach to the composition 
and structure of a model at the start of i1s development could help to reduct! r.10del 
uncertainty. Various WGs noted that simple human errors such as miskcying or 
numbers. misplaced decimal points and incorrect units appeared occasionally in the 
results and must be: guarded against. When. all sources arc taken into account. the 
total uncertainty in model predictions for each scenario considered in BIOMOVS Il 
was likely considerably larger than p:m1metric uncertainty alone. 

5. :vtodel C\'alu~tion 

For scenarios involving experimental d:ua. the primary tool used by most WGs 
to evaluate model perfonnance was graphical comparison of predictions and 
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Fig. 2 Observations IUld pn:dictions (or the rauspc:n,ion scenArio (Gargeret al., this issue), The endpoint 
oflhc calculation wu air concentration in Kiev in Oeccmbcr 199l'due to resuspenaion oru'Cs prcviou!iiY 
depo~itcd from tile airborne Chc:moby! plume. The. bars on observations .l.lld predic:tion! nrc 9S% 
confidence interval~ 

observations {Fig. 2). Conclusions regarding model validity were bllSCd on a qu:llimM 
tivc :u;scssmcnt of the extent to which. confidence jntervals overlapped. A similar 
approach was taken in those scenarios for· which no test data were available, but in 
these Cll.'iCS the: comparisons involved only the predictions and uncenainties of the 
various models. For a. givec scen.a..-io and· endpohH. the best estimate predictions or 
the various models tended to scatter around the observations. Highest and lowest 
predictions often lay within about two orders of magnitude and it was not uncommon 
for individual predictions. to differ from the observations by less than a factor of 10. 
Confidence intervals on predictions and observations overlapped for some models but 
nor for others, suggesting- t.iat unccnaintics were underestimated in. some cases. 

StatiscieaJ methods for making quantitative statements or model petiorrnancc were 
presented in a BIOMOVS l1 Tecbnic:1l Report (BIOMOVS.rt199S) but found little 
scope for application in the- WCs. There. were three main reasons for this. First, the 
model predictions were usually not independent,. normally distributed or drawn 
randomly from populations and so violated the fundamental assumptions. of many 
sm tis tical tests. Moreover, the unccrtdnty e9timatcs in most scenarios may not have 
been consistent enough. to provide the· basis for quantitative comparison. Second. 
although statistical tests a.re quantitative, their-outpur cannot be-used without making 
subjective judgments. When applied to a given set" of predictions, a particular test 
might return a value o: where perfect agreement would be signified by p. There :lre no 
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gencml criteria tbn.t indicn.tc how close :x must be: to P for the agreement to be 
considered acceptable in some way. Thus statistical measures are of little usc for 
validation purposes, although they cnn indicate which of a group of models performs 
best with respect to a given sc:t of observations. 

The third reason lies in the recognition tllat other tools are :!vailablc for establish­
ing the credibility of model predictions. The most important of these is a physically 
based evaluation of all parts of the model, justifying the processes included in it. how 
they are formulated mathematically, the choice or parameter values and the assump· 
tions made. From this comes an understanding of why the model behaves as ir does, 
the ability to explain differences between its predictions and observations, and the 
insight to improve it. Most WG efforts went into such evaluations to the benefit of the 
participating models, Many of the conclusions arc scenario specific and c:111 be found 
in the reports of the individual WGs, but a few are generally valid. For the most part, 
participants in a given scenario considered the same processes and pathways and 
simulated tbcm. in a simil:l! manner. This suggests that there is consensus on what 
processes ::md pathways a.re important and how they are best modelled. Some of the 
dHTerencc:s in predictions could be ascribed to the complexity of the model used for 
a given prcx:ess. But in mar:y cases the explanation for differences Jay in the values 
chosen for the: model parameters. Many processes are described by bulk transfer 
parameters that depend strongly on the environmental conditions under which they 
were measured. Values reported in the litel'll.ture vary widely, as did cbe choices made 
by the: participants. In general, predictions made using site-specific parameter values 
agreed more closely with observations than did those using generic values. 

6. Conclusions 

Some or the more important overall conclusions to emerge from BTOMOVS Hare 
summarized b:low: 

t. Collaborative, multi·<Hsciplinary effort.c; such as BIOMOVS II play a vital part 
in improving environmental tr:msport models. This applies as much in terms of broad 
methodology as in details or data interprct:Ltion and process understanding. Interna­
tional efforts are cost effective and provide a mechanism for identifying and resolving 
points of difference. Consensus on individual discrepancies represents a ccllective 
view or the sta.te-of·the·art; if no consensus co.n be reached, an area or future research 
has been identified. The participation in BJOMOVS n of a wide range: of people with 
differing expertise (field experimentalists and mathemntical modcllcrs) and perspec· 
tives (researchers, rcgul:ltors and operators) helped contribute to the development of 
consensus. The study also provided participants with the opportunity to explain a.nd 
justify their models to a diverse audience, a. procedure th~t often identified significant 
issues of concern and mechanisms for dealing with those eoncc:ms. The: open fr:une­
work for discussion and debate was useful for n.chieving these goals. 

2. At tbc beginning of BIOMOVS II a glossary was developed and published for 
use by pa..'"ticipa.nts (BIOMOVS II. 1993b). However, C:Xj)erience within the study and 
clscwhc:rc has shown that, for a variety of reasons, consistent international usc of 
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terminology is hard to achieve. This contributes to difficulties in interpreting the 
asse~sment problem, the information and dnta available for solving the problem and 
the presentation and explanation or results. 

3. In most multi-pathway. multi-contaminant scenarios (e.g. Uranium Mill Tail· 
ings.and Complementary Studies), exposures were not domjnated by a single pathway 
or mdionuclide. Multiple pathways and radionuclides must be considered, at least at 
the screening stage of assessment calculations. 

4, Complex models do not ncccsS<.lrily provide results in better agreement with 
observations than simple models. nor do their predictions necessarily have smaller 
uncertainties. On the other hand. compkx.. codes can incorporate explicitly a larger 
range of processes and may be required ro model timc-depcndc.'11I behaviour. 

5. Environmental transport models can rarely predict the :lctual course of future 
events in long-term assessments because of difficulties in accounting for changes in the 
physic:1J environment and human lifestyles over very Ions periods of time. Model 
outputs for these types of applications should be interpreted, not as predictions of 
reality, but as indications or wh:1t might happen based on best available knowledge. 

6. Environmen~l transfer modds arc c:ffeccivc tools which can be cmploy<:d as one 
of several inputs to the dcci.sion making process. They should not be considered in 
isolation but l>hould be: combined with other inputs such as reasoned arguments, 
bounding ca.tcu!arions and public opinion. 

7. Blind testing of model predictions against field data plays a key role in establish­
ins model credibility .. Cor.fidcnce in the model will increase as more supporting data 
become available. Quantitative: scatcmc:ntc; regarding the perfonna.ncc of the model 
can be m:1dc only ror the conditions under which it was tested, although the model 
may perform well outside those conditions. 

8. Testing model predictions againsl field data is not sufficient to ~tablish model 
validity. Confidence building should also involve sensitivity and uncertainty analyses 
and code veritiC'Jtion. Most importantly, the: modc:l must be shown to be fit-for· 
purpose by demonstraring rigor in defining the assessment concext. deriving the 
model, justifying the assumptions made:. selecting the parameter values and interpret· 
ing the results. It must be shown that each or these activities is treated approp:iatc:!y 
given prevailing levels of understanding. These methods provide the only approach to 
establishing confidence in models for which experimental validation is not possible, 
such as models that predict the long-term impact or radio nuclides released from deep 
repositories. 

9. As many intermediate results and endpoints ns possible should be tested to 
identify compensatory errors in the models and areas where the stntc of knowledge 
should be improved. 

I 0. Evaluation of uncertainties involves a significant clement or subjective judg· 
mcnt. Despite: this. uncc:rtninly :lnalysis can be undertaken in :t way that will provide: 
meaningful and useful results. Modellc:rs should be familiar with the techniques that 
are avail::~ble and choose an approach that is consistent with the purpose of the model, 
the quality of the data and the: nature of the n.pplication. The pdfs used in parameter 
uncertainty analyses should be set by a process of consensus. The methods used and 
assumptions made in carrying our the analysis must be documented in det:til. 
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11. The unceruincy otimatc:s provided by participants with their mode:! predic­
tions almost invariably reflected parameter uncertainty only. Better methods for 
estimating uncertainties due to conceptual modc:l formulation and user interpretation 
should be developed and applied routinely. 

12. A variety of seeps Qn be tak~ to reduce uncertainties: 
• Model calculations must be based on a clear understanding of the assessment 

context. The nature of the endpoints and properties of the system being addressed 
mu!>t be clearly defined. Calculations should be undenaken in an iterative fashion to 
provide opportunities to remove ambiguities and inconsistencies. This will reduce: 
uncertainties due to user interpretation. 

• Initial construction or the model should be ba.o;ed upon a rigorous and systematic 
approach to ensure that all relevant FEPs have been included. This will decrease 
uncer~1intics due to model formulation. 

• The usc of site-specific values for the most sensitive parameters of the system will 
reduce parameter uncertainties, 

• Greater clarity and consistency in model requirements and assessment guidelines 
will le:1d to models with greater similarity in goals ::md endpoints, m.1kins compari­
son and vcrific;ltion easier. 
13. The level of agreement between predictions and observations depended on 

scenario and endpoint but difference::; in many cases were less th.an a ft~.ctor of 10. 
Vncerta.intics were or the same magnitude but would likely have been larger 
had participants included uncertainties due to model formulation and user intcr­
p:"ctation. 

14. Much of the difference in model predictions could often be traced to the usc of 
different parameter values. It is important to evaluate data critically in terms of tbeir 
source. quality a.nd intended application before values are chosen. Modellers who fail 
to do trus run the risk of making meaningless calculations. The best model is often the 
one that is best supported by data. 

IS. A given modelling project should not be carried out in isolation by one 
individual using one model. This will likely introduce bias and limit the credibility or 
the results. The independent usc of two or more models and rationalizat!on or any 
differences in their predictions will lend more confidence to the rcsult5. Such problems 
can be furth\:r reduced by ensuring that a multi-disciplinary team is used. including 
those providing information on the physic:L system, those responsible for model 
development and those using the model. 

7. Su~2estions for the future work 

1. More work is required to improve and implement methods for evaluating model 
performance and uncertainties to gain a better understanding of the true level of 
confidence that can be placed in the predictions or environmental transport model~. In 
p:trticular. continuing emphasis should be given to 
• cxplnin1ng and justifying assumptions made in the models: 
• methods to asses~ sources of uncertainty other than par-.1mcter uncertainty: 

. I 
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• greater understanding of the effects of user interpretation on model predictions; 
• protocols for replicat.ing assessments to reduce the subjectivity introduced by 

individuals: 
• development of improved physically based methods for deriving v~Jucs for key 

transfer parameters (sorption coefficients, concentration ratios and so on) from 
sire-specific data: and 

• presentation :1.nd intc:rprct:ttjon of results so that a wide range of audiences (e.g. 
scientists. regulators. operators, members otthe public) can better understand the 
implications. 
2. The reference biospheres methodology was succcssfuJiy developed and 

partially tested in cooperation with the Complementary Stuclies WG, and an 
important degree of international consensus was reached. This work sbould be 
extended to: 
• develop further the principles for defining critical groups relevant to long-term 

radiological assessments: 
• apply tbe methodology to a range or basic systems and alternative assessment 

contexts; and 
• U$C the methodology to develop more fully and formally a set of conceptual models, 

including clarification of the ways in which f'EPs arc represented and the corres· 
ponding dntaba.ses defined. 
3. A variety of specific environmcn tal transport :l.lld aC(:Um ulation processes were 

identinect during BIOMOVS n for which further experimental and modelling studies 
are warranted. The.<:c· include: 
• lysimctcr studies to clarify the role of various soil and plan: processes in the upward 

migr:1tion of conuminants through vegetated soil profiles: 
• behaviour. of contaminants in vegetatiordollowing irrigation: 
• long~tcrm behaviour of tritium following continuous releases as well as specific 

processes such a.s re-emission from plants-and soil and the formation of organically 
bound tritium; 

.. contaminant migration from uranium mill tailings and consequent behaviour in 
aquatic ecosystems; 

• chemical transformations of contaminant:; in environmental tnedi:t and un uodcr­
stanc:ting of ~pecics-depcndcnt behaviour: 

• behaviour of : .. c in the terrestrial environment; 
• collation of data to fa<:ilit:ttc thecompnrisonofbuman health risks rrom r:tdioactivc: 

and non-radioactive cont~minants: 
• assessment or exposures and risks to non-human biota; nnd 
• the transport of radionuc:Jides in solid form by processes such as erosion and 

bioturbation. 
4, The increased understanding of transport processes gained in BIOMOVS 11 and 

othel' programs should be used to help updo.te transfer parameter values published in 
various handbooks. 

S. Simplified versions of some BTOMOVS II scenarios have been used as cxcrcise..c; 
in student training. More scenarios could be published to further help educate 
students or radioecology. 
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6, More effort should be put into prep:1ring historical d.:~.ta or generating new data 
for usc in mode! testing to help establish the credibility of environmental transport 
models jo different applications. 

7, Data sets aod predictions (rom BIOMOVS II arc available for use by 
modelling groups that were unable to participate formally in the study. The Technical 
ReportS provide sufficient information to enable other groups to calculate predictions 
and compare them with the original results and with the observations, where they 
ex.ist. 

There is a continuing need to provide a forum to bring together the different types 
of expertise and disciplines involved in undcrstanctins and improving the performance 
or environmental transfer models. The: BIOMASS (Biosphere Model Assessment) 
program :;et up by the IAEA in 1996 (JAEA. 1996) is filling this need, vigorously 
continuing n.nd extending the work described here. 
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