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RÉSUMÉ

Aux fins d'évaluation de dose, de nombreuses données sur les concentrations
de radionucléides (en particulier l'131I et le 1 3 7Cs) dans diverses denrées
alimentaires ont été recueillies dans le monde entier au cours des jours,
des mois et des années qui ont suivi l'accident de la centrale nucléaire de
Tchernobyl en 1986. Ces données, combinées avec les mesures de concentra-
tion dans l'air prises pendant le passage du panache de matières radio-
actives, et avec d'autres mesures de l'activité dans l'environnement, ont
été utilisées pour vérifier les prévisions en fonction du temps et inté-
grées dans le temps par des modèles des chaînes alimentaires aquatique et
agricole.

Ce rapport fait un compte rendu de deux exercices de validation de tels
modèles, dont l'un examinait les voies de transfert de l'air au fourrage
(ou aux céréales), au lait ou à la viande de boeuf, tandis que l'autre
représentait les voies de transfert des dépôts à l'eau, aux sédiments ou
aux poissons. Les résultats en fonction du temps ont été étudiés en vue de
déterminer quels processus étaient importants. À titre d'exemple, dans
l'exercice ayant trait aux milieux aquatiques, on a découvert un transfert
initial rapide aux sédiments dont on n'avait pas tenu compte dans les
modèles. Les valeurs des paramètres habituellement utilisées dans les
modèles ont été réévaluées à la lumière des résultats obtenus des modèles.
Par exemple, en se fondant sur de nouveaux renseignements, on a recommandé
que le factCMr de transfert du fourrage au lait (F.) pour l'131I soit
réduit. En dernier lieu, on a examiné les incertitudes relatives aux
valeurs prévues par le modèle en question.
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ABSTRACT

To assess dose, many data on the concentrations of radionuclides (particularly
1 3 1I and 137Cs) in various foods were collected world-wide in the days, months
and years following the accident at the Chernobyl Nuclear Power Plant in 1986.
These data, combined with measurements of air concentrations taken during the
passage of the plume, and with other measurements of radioactivity in the
environment, have been used to test time-integrated and time-dependent
predictions of agricultural and aquatic food-chain models.

This report reviews two such model validation exercises, one of which examined
the air-forage (or grain)-milk/beef pathways, while the other modelled the
deposition-water-sediment/fish pathways. Time-dependent results were studied
to determine which processes were important. As an example, in the aquatic
exercise, an initial fast transfer to the sediments was identified that had
not been accounted for in the models. Parameter values used commonly in
models were reassessed in the light of model performance. For instance, it
was recommended that the transfer factor from feed to milk (FB) for

 1 3 1I be
reduced based on new information. Finally, uncertainties about the model
predictions were considered.
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1. INTRODUCTION

BIOMOVS (BlOspheric Model Validation Study) is an international co-operative
effort to test biospheric models designed to calculate the environmental
transfer and bioaccumulation of radionuclides and other trace substances. The
first phase ran from 1986 to 1990 and was organized by the Swedish Radiation
Protection Institute (SSI). The term "validation" in BIOMOVS is a bit of a
misnomer. True validation requires a qualitative evaluation of model
structure and goals, as well as a quantitative comparison of model predictions
against data in all situations in which the model may be applied (Sheng et
al., in press). Despite the effort invested in BIOMOVS by all participants,
this objective could not be achieved, and so it was decided to "test" models
instead (i.e., evaluate predictions quantitatively compared with some sets of
observations). How well a model performs depends on, among other things, the
expectations for a model (e.g., whether the intention is to produce an
accurate or conservative prediction) given the degree of uncertainty in the
system, and no value judgments were made.

The Chernobyl accident gave modellers an excellent opportunity to test their
models against real data. Since BIOMOVS was underway at the time, the
administrative and technical framework was in place to systematize, organize
and collate the data from diverse groups in several countries. Out of this
arose Scenarios A4, "Multiple Model Testing using Chernobyl Fallout Data of
1 3 1I in Forage and Milk and 137Cs in Forage, Milk, Beef and Grain" (Technical
Report 13) and A5, "Dynamics within Lake Ecosystems" (Technical Report 12).
For Scenario A4, data world-wide were collected from 13 sites for 1 3 1I and
from 10 sites for 1 3 7Cs; for Scenario A5, data came from two lakes
contaminated with Chernobyl cesium and one lake contaminated experimentally
with stable cesium.

These scenarios asked for predictions for several steps in the pathways, and
this is very important. Since a model prediction is the result of numerically
combining parameter values (at least one per pathway), it is possible to
predict "perfect" results with various combinations of values of parameters
used. These compensatory errors mean that the final prediction is "good",
although the steps leading to it have been mispredicted. "Correct"
predictions are not the only goal: only understanding the processes involved
will provide confidence in our models.

These scenarios also asked for time-dependent predictions. It is possible for
a model to predict an integral of a quantity quite well and yet miss the
dynamic response of the system. For accident-consequence assessment, it is
essential that the dynamics be modelled accurately so that counter-measures
can be instigated. Furthermore, it is through the analysis of dynamic
predictions that understanding of the processes responsible can be increased.

This report is a summary and overview of Scenarios A4 and A5. Since the
interested reader can consult the documents themselves for detailed
information, an attempt will be made here to avoid repetition, and some of the
data will be analyzed from a new perspective.
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2. SCENARIO A4

2.1 Scenario Description and Observational Data

A complete description and discussion of the model-testing exercise was
published by SSI in the two-volume Technical Report 13, 1991 March. In
addition to the main body of the report, appendices include a complete set of
input data and documentation (#2) so that interested modellers can
independently test their models, descriptions of how various processes and
pathways were handled by different models (#3), methods of comparing
predictions with observations (#4) and a complete set of both integrated (to
six months post-accident) and time-dependent predictions (#5).

The steps in the pathway are shown below:

AIR SOIL

MILK

FORAGE BEEF

GRAIN

Input provided for all sites (Table 1) in Scenario A4 included:

1. Daily air concentrations in Bq m"3 (and, in the case of iodine,
estimated fractionation between gaseous (elemental and organic) and
particulate forms).

2. Daily precipitation in mm.

3. Periods of stabling or restricted intake of contaminated food.

4. Types of pasture vegetation and information on density, growth
dilution, etc.

5. Diet of cows, including water consumption and inhalation rates.

6. Information about grain husbandry.

Twenty-three assessment models from 15 countries participated. Ten of these
were quasi-steady-state models, and the others were time-dependent.
Predictions were intended to be conservative from only five of the models;
best estimates were striven for otherwise. Predictions for wet, dry and total
deposition (Bq nr 2), concentrations in forage (daily and integrated), and
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concentrations in milk (daily and integrated) were to be submitted for both
1 3 1I and 1 3 7Cs. For cesium alone, predictions for concentrations in beef
(daily and integrated) and barley (Bq kg-1 at time of harvest) were to be
submitted. Time over which the results were integrated was six months. Barry
(1979) has shown that the integral over infinite time of the concentration of
a radioactive substance in an environmental compartment per unit of release is
numerically equal to its concentration at a future steady-state when that
release is repeated indefinitely at unit rate. Six months post-accident is
approximately the equivalent of infinite time for the nuclides and foodstuffs
predicted, due to the relatively short weathering half-life on pasture
vegetation. Thus the quasi-steady-state models were able to participate.

Until all the predictions were submitted, the locations of data collection
were unknown to the modellers. Once all predictions were submitted, the
observations from each site for each step in the pathway were released, so
that model performance could be assessed.

There were many problems with the observations, both for input and for
concentrations in the food chain. Since the observed data were collected in
most cases in emergency monitoring programs, it was inevitable that the
quality, quantity and homogeneity of the data did not always reach the
standards expected in a carefully planned experimental release. All (as in
the case of India) or some of the data from other sites could not be used for
model testing, for several reasons. One reason was that so few data were
collected that the uncertainty on the estimated integral was enormous and a
realistic time-series of concentrations could not be interpolated from the
data (e.g., in Italy, only four forage samples were collected over the six-
month period). Another reason became apparent only after the model
predictions as a group had been compared with the observations: when all the
predictions were very different from the observations (e.g., for
concentrations in milk in Denmark, all predictions were much higher than
observations), questions about the input data arose. In the Danish example,
by going back to the data collectors it was discovered that the cows had been
stabled much longer than stated in the scenario description. Given the
inaccuracies in the input data, it would have been impossible for a model to
predict the results; hence, data from these sites were ignored for the
analyses of model predictions. The model results summarized in Appendix 5 of
Technical Report 13 were calculated using the early input data, but analysis
of model performance was restricted to those selected sites having quality-
assured data sets. An improved set of input data is provided in Appendix 2 of
Technical Report 13.

In spite of problems with some of the observations, overall the data set was
of high quality. The intention was to have air concentration and rainfall
measurements taken at the same field where the pasture vegetation was sampled
and where the cows were grazing. This should have eliminated problems due to
spatial variability. By collecting a time-series of vegetation and milk
samples, some of the temporal variability was resolved. Thus the air-forage-
milk pathway was quite well controlled, although the sampling sites were a few
kilometres apart in some cases. The beef data were not of the quality of the
milk data; some meat was collected at slaughter houses that gathered animals
from a large area, and the diets of the beef cattle were unknown; also, in
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general, the time-series of samples was inadequate. The concentrations in
spring and winter grains were only available from a few sites, and not much is
known about the conditions during the passage of the plume; very little was
done with the grain data in Scenario A4.

Using raw data submitted by the data collectors, the working group leader
prepared daily air concentrations and rainfall measurements as input. This
meant that even if a code could handle hourly input, it did not have the
opportunity to do this. An advantage of having all data sets prepared by one
person was that all data from all sites were calculated similarly for the same
24-hour period. While air samples were taken up to several times a day at
most sites, only one rain sample was collected in a 24-hour period. This
creates difficulties for modelling the scenario, since the rain may have
coincided with a period of very high or very low air concentration; there is
no way to know. Another difficulty was with the fractionation of iodine into
gaseous (elemental and organic) and particulate portions. At several sites
only particulate iodine was sampled and the percentage of particulate to total
iodine was estimated. It was then up to the modeller to make another
assumption about the relative proportions of elemental and organic iodine in
the gaseous phase. The modeller could do this based on a small amount of data
from two sites where all types of iodine were sampled. But even these data
were only provided to the modellers as a single average for the duration of
the plume, whereas the real fractionation varied quite widely even on a daily
basis (Tables 19, 110, Appendix 2, Technical Report 13).

Another inconsistency between the assumptions of the modellers and the
preparation of the observed data occurred in the conversion of yields of
pasture vegetation from fresh weight to dry weight. Different factors (5.9,
6.7, 7.0, and 5.0 for Japan, Netherlands, Portland (USA) and all others,
respectively) were assumed by the working-group leader.

Other observations against which the predictions were compared included wet
and dry deposition. Rainfall is easily collected and the concentrations
measured, so the figures for wet deposition are quite reliable. The
measurement of dry deposition is problematical and was done differently at
each site, so results are not comparable. But if the processes are to be
understood, each step in the pathway must be measured, and an attempt was made
to check predictions against each step in the chain.

2.2 Methods of Comparison: Predictions to Observations

Predictions were compared with observational data when available. Tables of
predictions for both nuclides for wet, dry and total deposition and the
integrated predictions for concentrations in forage and milk are found in
Appendix 5, as are tables showing the predicted to observed (P/0) ratios. In
addition, there are similar tables for beef, spring grain and winter grain for
cesium. Each table includes the geometric mean and geometric standard
deviation of each model's predictions across all sites and all models'
predictions for any single site. There are also tables in which the ratios of
one part of the pathway to another are calculated (e.g., the vegetation to
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milk step is calculated as a way to detect compensatory errors). As another
example, the air to vegetation or milk ratio is calculated, since this can be
used as a simple way to compare transfer values for a single step among
disparate models. Figures corresponding to each of the tables help the reader
visualize the results. All models (25 for iodine and 23 for cesium) submitted
time-integrated predictions.

Time-dependent predictions are compared against the observations for forage,
milk and beef for each site. Tables show geometric means (GM) and geometric
standard deviations (GSD) for predicted to observed ratios for each of 13
models for each set of observations in an entire time-series, as veil as
important portions: the peak period and post-peak period for iodine, and the
peak period, 30 days post-peak, and the period following that for cesium. The
use of GM and GSD provides a quick and objective method to analyze behaviour
for a certain period. Values of GSD approaching 1.0 indicate that the model
predictions closely simulate the dynamics of the observations; for the model
to be unbiased, the GM must also approach 1.0. In a couple of cases, a model
overpredicted by about a factor of 10 and yet had nearly a perfect dynamic
response. An overprediction can be repaired by simply lowering the parameter
values, but attempting to match the real dynamics of a situation involves
reassessing the entire modelling approach.

Appendix 5 of Technical Report 13 gives a complete set of tables and figures
for both integrated and time-dependent predictions (116 pages).

2.3 Processes

Each step in the pathway outlined above can be calculated in several ways. A
bulk transfer coefficient (e.g., forage/air), which relates a compartment to
the one preceding it, is used in the simplest models. Thus a very simple
model could use just two transfer parameters for the air-forage-miIk pathway.
Slightly more complex models will use transfer coefficients that lump some
things (e.g., Fm, the fraction of radioactivity ingested daily that appears in
1 L of milk), but will model other processes in detail (e.g., wet deposition
onto vegetation followed by washoff and translocation in the plant). The most
complex models will try to model everything as a process. When integrated
sums are the output and are used for comparison, there is no way (except
wishful thinking) that modelling a process can be shown to be "better" than
simply using a lumped transfer factor: the outcome is too dependent on the
choice of parameter values for either type of model.

The following is a list of processes that were included in some of the models.
They are discussed in detail in Technical Report 13.

Air to Forage Pathway

- wet deposition (ratio of rain concentration to air concentration or
washout rate constant),

speciation of iodine for wet or dry deposition,
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- interception by pasture vegetation (modelled by mass interception,
constant interception, Chamberlain's equation or plant
partitioning),

- resuspension or rainsplash,

- root uptake, and

- losses (weathering, growth dilution, harvesting/grazing).

Forage to Milk or Beef Pathway

- transfer to milk (Fm or metabolic cow),

transfer to beef (Ff or metabolic cow),

inhalation (plume and/or resuspended materials), and

- soil ingestion.

When time-dependent results are studied, it becomes obvious that certain
processes have to be modelled to simulate the observations. The problem here
is that it can be very difficult to determine which process accounts for the
observations, and hence which one needs to be modelled. For example, in
Sweden, when the cows were stabled and fed diets free of contamination, there
were a few slightly contaminated milk samples. Two processes could have
accounted for the contamination: inhalation or ingestion of deposited
activity from floor and stall surfaces. A lucky choice of parameter value for
either process could have produced the match with the observations. Another
example is the concentration of cesium in milk during the last few months of
the study period: the models that had a reasonable simulation of the
observations included soil ingestion. This process may account for the cesium
in milk, but these successful models also had the best predictions of
concentrations in forage over time, so perhaps their success was due to that
and not to the inclusion of soil ingestion. Unfortunately, because of time
constraints and the large amount of data in Scenario A4, it was not possible
to look for compensatory errors in time-dependent output, and the importance
of soil ingestion could only be decided by testing a particular code for
sensitivity to that parameter.

2.3.1 Iodine-131

Most models predicted integrated concentrations in vegetation within a factor
of 10 of the observations, and the general trend was conservative. This
follows directly from most predictions falling within a factor of 10 for wet,
dry and total deposition. With the exception of the Italian site (under-
predicted by nearly all models) and a few other underpredictions, the
conservative trend is enhanced in milk. In fact, some predictions are over 50
times higher than the observations (Technical Report 13, Appendix 5). This is
alarming, especially since most models are attempting to calculate best
estimates. These results shocked the assessment-modelling community. It was
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felt that this simple pathway for such an Important radionuclide vas very well
known, so well-known that predictions should have fallen within a factor of 2
of the observations. Obviously, this was not the case.

The very high overpredictions for milk are due to cumulative over-predictions
for each step. Reviewing the ratios from one step to another (Table 2a), it
can be seen that? overall, the predictions for air to deposition are closest
to the observations (evenly distributed about a P/0 ratio of 1, vith most
within a factor of 2 of a P/0 ratio of 1), while the vegetation to milk step
shows the greatest overprediction. This is probably because the most commonly
used Fm in the literature is too high (0.01) for the situation. It may be
appropriate to adjust this downwards, based on the consistency of observed
values across all sites and recent studies in the literature.

When comparing models, it is just about impossible to determine the effect of
iodine speciation on the prediction of concentrations in forage. Since each
form of iodine has different dry and wet deposition velocities, many different
combinations of parameter values may give the same concentration in
vegetation, especially when different mass interception factors1 are
considered. From the predictions of all the models, it was even impossible to
see what seems intuitively obvious: that modelling both wet and dry
deposition improves predictions over simpler approaches (e.g., dry deposition
only or a single wet deposition velocity on rainy days, which is just twice
the dry deposition velocity). So much depends on the choice of parameter
value that how a process is modelled rets obscured. Within any one model,
changes in speciation will have a large effect on the results. A
conservative approach to modelling is to assume that all gaseous iodine is
elemental. Thus if a portion of the gaseous iodine is assumed to be organic,
the predicted result will be lower. In one model, the daily varying site-
specific data on iodine speciation were used as input after they became
available, and the predictions were improved by as much as 40% over those
generated with the average daily input. Use of the new data would undoubtedly
have different effects (even negative ones) in different models.

Weathering of iodine from vegetation was modelled with different degrees of
complexity. The overall weathering half-lives used by the time-dependent
models ranged from 4 to 14 d. Since, with the exception of the Finnish site,
the observed weathering half-lives ranged from 6 to 14 days for a single phase
(Table 3b), there was reasonable agreement in the slope of the loss rate
between model predictions and observations, although the magnitude of the
concentrations could have been different. The weathering rate of iodine from
forage is reflected in the loss of activity from milk: 6.5 to 14 d (Table 3d),
and most predictions approximated this.

l.Mass interception Is RY'*, where R is the interception and Y is the standing
blomass. Models that use the ratio RY'1 do so under the assumption that
RY"1 is less sensitive to changes in biomass density than the interception
factor alone.
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2.3.2 Cesium-137

Most models predicted integrated sums of 1 3 7Cs in forage to within a factor of
10 of the observations. Unlike the conservative iodine predictions, these are
fairly evenly distributed about a P/0 ratio of 1. Again, the distribution of
predictions of forage concentrations is similar to that of wet, dry and total
deposition. For concentrations in milk, most models overpredict, but the
overpredictions are within a factor of 10 of the observations, and about a
quarter of the results are underpredictions. For beef, only three sites had
data of reliable quality for testing. The trend was to overpredict by up to a
factor of 30 or so; there were very few underpredictions (Technical Report 13,
Appendix 5).

Similar to iodine, the initial steps in the path are realistic (Table 2b).
The P/0 ratio of the air to deposition ratio is distributed equally around 1,
with 71% of the predictions falling within a factor of 2 of 1. Some over-
prediction of the forage to milk step is seen, in that 73% of the P/0 ratios
are greater than 1. The successful predictions are fewer: only 35% fall
within a factor of 2 of the observations. The forage to beef step is badly
overpredicted, and only 9.4% of the predictions fall within a factor of 2 of
the observations. This could indicate that the F£ used by most models is
higher than actual, except that the beef data were of dubious enough quality
that conclusions should be avoided. A simple explanation for overprediction
could be that the assumption was made that beef cattle were on pasture (which
was not the case).

The time-dependent results for cesium are interesting because, for several
sites, the forage and milk data spanned the full six months. The regression
lines of the concentration in forage versus time, for the four sites with the
most data, showed a clear two-phase rate of loss (Table 3b), with the first
phase half-lives ranging from 8.3 to 12 d and the second phase half-lives
ranging from 24 to 173 days, with great uncertainty. Since most models used
weathering half-lives of from 10 to 14 days, only the dynamic response for the
first period was duplicated. The four models that approximated the later
period included processes such as root uptake, growth dilution, plant
senescence, loss of radioactivity due to ingestion by cow and resuspension or
rainsplash, although it could not be determined which processes accounted for
the observations.

Similarly, a two-phase system of loss of radioactivity from milk was observed
(Table 3d), which vas somewhat slower than that of forage. The first phase
for three sites showed half-lives of from 15 to 19 days, while the second
phase showed from 41 to 116 d. It is suspected that a metabolic cow model,
which accounts for multiphasic decline in cesium concentration after storage
in different tissues, should best approximate the observations, but this can
not be proved. Most models that included soil ingestion simulated the curve,
as did the models that had mastered the dynamics of the forage.

There were not enough time-dependent beef data to compare with predictions.
Very few models predicted concentrations in grain, and very few observations
were obtained. Cesium-137 concentrations varied widely in grain, but the
predictions were even more variable.
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2.4 Summary and Conclusions

Technical Report 13 gives a complete listing of the summary of observations,
the summary of model performance, conclusions based on model performance and
the summary and conclusions based on the experience of modelling the scenario.
The summary of observations is pertinent because transfer factors based on
observed data have been deduced. Some of these data are shown in Table 3.
Many of these derived values are very close to the values used in the models,
which affirms our knowledge of processes. When observed and predicted half-
lives differ (for instance, for the period after 30 days post-accident for
137Cs in forage and milk), it forces us to consider the processes that are
being neglected.

In addition to model testing, Scenario A4 brought about progress in several
other important; areas. One important product from Scenario A4 is a quality-
controlled, comprehensive data set that can be used for further model
validation. In the future, models under development can be tested with these
data; participants learned much about the way their models worked by the in-
depth study needed to adapt the models to the scenario. In addition, mistakes
in logic and in programming were found in the codes, particularly after
results were compared. New processes were added to some models and a better
understanding of parameter values was gained. Some models may have done
better with more specific input information, but, in a real situation, the
input required by a model may not be available and the quality may be
questionable, since the data is obtained from monitoring, which has different
goals.

Most of the models participating were deterministic, but confidence intervals
on their predictions were submitted by a few stochastic models. There was no
discussion of the results. Uncertainties on the observations were not
considered, although, for the integrals, a factor of 2 on either side of the
observation was felt adequate to account for observational uncertainties.

During the course of Scenario A4, an appreciation was gained of the crucial
importance of the user and his assumptions and choice of parameter values.
This was seen most dramatically in the markedly different results submitted by
two users of the IAEA Safety Series-57. The importance of the user has become
even more clear in the IAEA's Co-ordinated Research Program for Model
Validation (VAMP). Building on experience gained in Scenario A4 in the
Multiple Pathways Working Group, food-chain models are being tested all the
way to body burden using Chernobyl data. Work on that program will be
discussed in future COG reports.

3. SCENARIO A5

3.1 Scenario Descriptions and Observational Data

Three independent data sets were assembled for testing models of lake systems.
Two scenarios were based on measurements of deposited 137Cs after the
Chernobyl accident; the third was taken from an experimental release of 1 3 3Cs
into a lake 20 years ago. Descriptions of each lake system included basic
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chemical conditions, drainage area, residence time of water, lake morphology
data, mass of fish populations and the amount of isotope deposited or
released. The three lakes were:

East Twin Lake, USA (Scenario A5.1) with an instantaneous input of 1 kg
stable I33Cs on 1970 September 15,

Lake Hillesjon, Sweden (Scenario A5.2) with an average deposition of
100 kBq m*2 of 13>7Cs on a snow-covered watershed (which melted about a
week after deposition), and

Lake Hôjsjôen, Norway (Scenario A5.3) with an average deposition of
137Cs of 50 kBq nr2 within the watershed. Most of the activity was
deposited on ice- or snow-covered areas.

With some variation, the following calculations were requested:

1. the concentration of 133 or 137Cs in lake water with time,

2. the integrated concentration per unit area of 133 or 137Cs in the upper
10 cm of sediment (East Twin Lake and Lake Hojsjoen) and the
distribution with depth at levels 0-2, 2-4, 4-6, 6-10, 10-15, 15-20 and
greater than 20 cm (Lake Hillesjon) with time, and

3. the concentration of 133 or 137Cs in edible tissue (fresh weight) of
trout (East Twin Lake), char (Lake Hojsjoen), or roach, perch and pike
(Lake Hillesjon) with time.

For East Twin Lake, models were asked to provide predictions for 3, 10, 30,
100, 225, 300 and 400 d after spiking; for Lake Hillesjon, the results were to
be presented at 1, 2, 4, 6, 10, 14 and 18 months after deposition; and for
Lake Hojsjoen, the predictions were to be for 1, 2, 4, 6 and 10 months after
deposition. Uncertainties, representing a 95£ confidence interval, were to be
provided for the last-time point for all lakes.

Problems discovered when the initial predictions were submitted brought about
the following modifications to the above:

1. concentrations in sediment were to be calculated throughout the entire
depth of sediment, rather than for specific depths, and

2. for East Twin Lake and Lake Hillesjon, the measured water
concentrations at various time-points, rather than the predicted ones,
were to be used to calculate concentrations in the various types of
fish.

Seven models participated in Scenario A5, but not all models participated in
each of the scenarios. The generic model for this scenario is quite simple.
The lake is divided into three main compartments: water, sediment and fish.
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Depending on the model, the sediments were divided into one to seven
compartments. Some models had additional compartments for fish food (algae,
plankton) and various trophic levels of fish. Uncertainty was assessed either
by parameter perturbation or statistical techniques, or by a combination of
these approaches. Details about each model may be found in Appendix D of
Technical Report 12. Discussion of and tables of comparative model parameter
values for the three lakes are given within the main text of Technical Report
12. Values for a single transfer parameter may vary by up to about a factor
of 60, and the sediment to water rate constant (a*1) varies by up to three
orders of magnitude.

3.2 Predictions and Observations Compared

Initially, the predictions were submitted before the observations were known.
Once the observations were revealed, new predictions could be made, either to
correct errors in the code or to try new concepts. The time-dependent results
for both sets of predictions are shown in the figures in Technical Report 12.
Since the discussion in Technical Report 12 is organized by lake, the
organization here will be by model compartment, in the hopes of shedding new
light on the scenarios.

The discussion of the transfer parameter values that resulted in the closest
approximation of the observed data is found in Technical Report 12 and will
not be repeated here; too little is known about the processes and the way they
were modelled to make meaningful recommendations of "best" values.

In the table and figures included in this report, the participating models
have been coded "A" through "G", since the identity of the model is not
important. Consistency of lettering is maintained, so that comparisons
between figures are possible.

3.2.1 Concentrations in Lake Water

In the East Twin Lake study, predictions for the first 200 days for all except
one model were close to the observations, but for the last 200 days, models
underestimated the concentrations in water over time by up to a factor of
about 50 and failed to predict the dynamics. This misprediction was felt to
be due to a failure to appreciate the importance of resuspension when, 250
days after the 133Cs was introduced into the lake, the spring runoff caused
water turnover and increased water flows. When the outflow begins,
resuspension causes water concentrations to increase, which more than
compensates for the cesium lost by outflow.
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In contrast to the above, concentrations were overestimated by most models for
the first year at Lake Hillesjôn, and underestimated for the second half-year.
Integrated values for 18 months compared with predictions (Table 4) show
overpredictions of a factor of 2 to 3. For Lake Hôjsjôen, the models once
again underestimated concentrations, due to an observed high initial transfer
of cesium from the basin during snowmelt» which the models did not take into
accounti This high initial transfer may have been caused by the
characteristics of the Hôjsjôen area: steep slopes and a large number of bogs
and moors.

3.2.2 Concentrations in Fish

At all lakes, the use of a steady-state bioaccumulation factor approach
results in overprediction for the initial phase of concentrations of cesium in
fish. At East Twin Lake, only models with the dynamic approach for uptake of
cesium approximated the observed concentrations, although no model was able to
calculate the increase in concentration at 300 d, due to a seasonal change in
consumption and metabolic rates.

At Lake Hillesjôn, the concentrations in roach and perch were either close to
the observations or underpredicted. The underprediction for roach was up to a
factor of 4, and for perch it was up to a factor of 10. This dynamic
variability is obscured in the 18-month integrals (Table 4), since several
models overestimated the first period and underestimated the second at Lake
Hillesjôn. Predictions for pike fell within a factor of 5 of the
observations, tfany more models submitted predictions for concentrations in
perch than in roach or pike, since most models have only a single generic fish
compartment. Roach is a herbivore, pike a piscivore and perch is an omnivore
whose diet depends on size. The integrals of fish concentrations in Table 4
show a tendency of the models to underpredict the concentrations in both roach
and perch, whereas only one model out of five underpredicts the concentrations
in pike. This occurs in spite of the diet of pike, which includes both roach
and small perch.

At Lake Hôjsjôen, the observations lie in the middle of the predictions, with
initial overpredictions of about a factor of 20 and underpredictions of about
a factor of 5. Later in time, the differences are not so great.

The above results were those calculated from the water concentrations
predicted by the models. To find out how models actually handled the water to
fish pathway, and to eliminate compensatory errors, the modellers were
provided with a time-series of concentrations in water, to generate the
concentrations in fish. Contrary to expectations, the predicted
concentrations in fish were not generally closer to the observed values when
the observed water concentrations were used as input data rather than thf
predicted ones. It would thus appear that the models either cannot be eiiapted
appropriately to handle time-dependent water concentrations as input, or that
true understanding of the processes and the transfer parameter values for them
is lacking.
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3.2.3 Concentrations in Sediments

For East Twin Lake, most predictions showed good agreement with the
observations over time, despite different transfer rates. This means that
sediment concentrations of cesium are not especially sensitive to the values
of the rate constants. The lack of runoff from the lake for 255 days after
injection causes a continuous transport to the sediments, which compensates
partly for the different values used.

For Lake Hillesjôn, most predictions are close to the observations, although
one set overpredicts by a factor of 10 and two underpredict. A comparison of
the time-integrated results (Table 4) shows similar results. The model
overpredicting time-dependent results did not submit a time-integral for
concentrations in sediment.

For Lake Hôjsjôen, there is a wide range of calculated values covering 2
orders of magnitude. Unfortunately, there is only one observed data at 500 d,
and only one of the models submitted predictions that ran that far.

3.2.4 Uncertainties

The figures on model uncertainty in Technical Report 12 include all the time-
points for lake water, sediment and fish for Lake Hillesjôn for each model.
In most cases, the uncertainty (as shown by the 95% confidence interval on
either side of the mean) either increases with time or stays the same. In a
few cases, the uncertainty decreases slightly. Different model structure and
changes with time in the ranges adopted for parameter values may explain why
the same method of uncertainty analysis can produce increasing and decreasing
ranges of uncertainty. Failure to recognize correlations between parameters
may be another.

In this report, the uncertainties about the last predicted time-point have
been put in graphical form and compared with the observed point, which aay or
may not have some sort of uncertainty limits. In Figures la and lb, predicted
water concentrations with 95% confidence intervals are compared with observed
data. Some of the uncertainty limits span 3 orders of magnitude. Some of
this extreme uncertainty appears to be a function of the model (G), while some
seems to be a function of the lake (E has high uncertainty for East Twin Lake,
but lower uncertainty for Lake Hillesjôn). The model uncertainty manages to
overlap the observed values in most cases. A problem with the data is that
only single observed values without uncertainty are available for the
comparison. The best estimates for day 508, shown in Figure lb, are all lower
than the observations, in spite of the time-integrated values for the entire
time-period being overpredicted (Table 4). This emphasizes the importance of
utilizing time-dependent output in the study of any situation.

In Figures 2a to 2c, predictions for fish and uncertainty limits are compared
with observations. For Lakes Hillesjôn and Hôjsjôen, the observed mean and an
estimate of the standard deviation is shown for a sample of several fish. The
model predictions for these last time-points are remarkably good for Lake
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Hillesjôn, where the uncertainty limits on the predictions are generally less
than an order of magnitude, but still overlap the observations. Only the
results for perch are shown (Figure 2b); results for roach and pike are very
similar. It appears that modellers (except for model C) found the East Twin
Lake and Lake Hôjsjôen scenarios inherently more uncertain than the Lake
Hillesjôn scenario.

Finally, Figure 3 shows uncertainties about the predictions for concentration
in sediment at East Twin Lake. Except for model E, the uncertainties are
quite small and most predictions overlap the observations. Data for Lakes
Hillesjôn and Hôjsjôen are not shown, since the time at which the sediment was
sampled did not match the time of the predictions.

What does this mean? Given the different methods used by participants to
calculate uncertainty estimates, it is impossible to compare meaningfully the
uncertainty limits of models. Only the most general information is supplied
(i.e., whether the code uses a statistical analysis, parameter perturbation or
a combination of the two). If statistical analysis is the preferred method,
no information is available on the distributions of parameter values used in
each model, or on whether correlations were taken into account. Nor is the
reader told whether the uncertainty bounds are calculated for a single fish or
a population of fish, for example. Although the ideal is to reduce
uncertainty, a prediction with large uncertainty which embraces the observed
value can be considered acceptable, while a prediction with small uncertainty
which does not include the observed value must be rejected.

3.3 Summary and Conclusions

The models all used the same equations, but with different parameter values to
calculate transfer of cesium from water to sediments. In East Twin Lake and
Lake Hillesjôn, the initial fast transport from water column to sediments
could not be modeled with a single transfer parameter value, which suggests
that the value should change with time. East Twin Lake and Lake Hillesjôn are
shallow lakes, and resuspension is an important process that must be included.
Lake Hôjsjôen is a very different lake, with major input from snowmelt from
the surrounding mountainous terrain and complex morphology. This suggests the
need for several water compartments and/or consideration of additional
processes to model this lake.

While modelling fish, the biological half-time (BHT) is crucial. In general
the models used BHT's that were too low (from 50 to 400 d, depending on
species), considering the cool temperatures of these lakes. The
bioaccumulation factors used were also too low (500-3300), in general.
Dynamic modelling of fish quite naturally is more accurate than the steady-
state approach, although the position of the fish in the foodchain needs to be
tested further against independent data sets.
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4. CONCLUSIONS FOR SCENARIOS A4 AND A5

• Both scenarios were "firsts". A4 was the largest and most comprehensive
evaluation of agricultural food-chain models ever undertaken, and A5 was
the first multiple testing of Chernobyl cesium in lake ecosystems.

Comprehensive, quality-controlled data sets that are available for future
model validation were compiled.

The differences in model predictions seemed to be due more to assumptions
about site-specific input data and the choice of parameter values than to
model structure.

It is essential to model some processes to predict the dynamics adequately,
but it is difficult to determine which process is in fact responsible for
the observed behaviour as long as the observations can be reproduced by a
judicious choice of parameter values. For example, either inhalation or
ingestion from contaminated surfaces could account for the low levels of
1 3 1I in milk while the cows were stabled and no freshly contaminated forage
was fed.

The criterion for whether a model is successful or not depends on the
purpose for which the model was developed, and the applications for which
the model is normally used.

There is an expectation amongst modellers that more detailed input
information will improve the predictions; this may be true if the
additional input information is tailored to the model, but in the case of
Scenario A5, predictions of concentrations of 137Cs in fish were worse,
relative to the observations when the models were provided with measured
concentrations in lake water as starting input.

• More observations, more frequent observations and observations for smaller
steps in a pathway are needed to validate models adequately. Obtaining the
necessary additional data from monitoring efforts is not likely, since, in
a crisis, only the most important sources of dose are measured. It is to
be hoped, however, that some understanding of the needs of modellers has
been gained by data collectors as a result of interactions during model
validation studies.

• It is essential to calculate uncertainty on the observations as well as on
the predictions.

One of the most valuable outcomes of these model validation studies is that
the modellers have gained intimate knowledge of their codes, and that ideas
have been generated and exchanged which have resulted in improvements to
till models.

• To reduce the probability of compensatory errors resulting in "correct"
predictions, models should be tested at each step in a pathway.
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Much more can be learned about how a model behaves from time-dependent
results rather that steady-state ones. A steady-state integral of 1.0
could simply mean that the model, for instance, overpredicted by a factor
of 5 half the time and underpredicted by a factor of 5 the other half.
Also, without time-dependent analysis of data, knowledge of which processes
are operating cannot be obtained.

Results show that more work is needed to make accurate predictions in all
areas of food-chain modelling. Even the air-forage-milk pathway for 1 3 1 I ,
which was felt to be well understood prior to BIOMOVS, showed major
overpredictions and inadequate understanding of processes.

Good data sets are difficult to obtain and develop for use in model
testing. Close collaboration between the data collectors and the team (it
is imperative that more than one person prepare the data) is basic to a
successful test. Furthermore, the team must be familiar with the needs of
modellers. Ideally, the test data will be used in a trial run before they
are distributed to participants.

True validation is difficult. (Sheng et al. in press, Caswell 1976,
Shaeffer 1980, Willmot 1980, Konikow and Bredeloeft 1993).

It may be appropriate to adjust the previously accepted Fm (fraction of
daily intake by ingestion appearing in 1 L of milk) of 1 10"2 d L-1 for
iodine downwards based on the consistency of the observed Fm values across
sites. The range of observed values (Table 3c) covers most values found in
the literature after Chernobyl and is consistent with recent studies. (A4)

The consistency of many models across many locations was such that errors
in the original input provided for model testing were found and corrected.
For example, temporal trends in predicted concentrations of 1 3 7Cs revealed
the previously unreported practice of feeding stored, contaminated hay in
the summer in Budapest and Anguillara. (A4)

An initial fast transfer of cesium from the water to the sediments has been
identified. This process should be investigated further, to improve
process-oriented modelling of cesium in lake ecosystems. (A5)

Resuspension is an important process in modelling the long-term
concentration of cesium in shallow lakes located in low-land area. (A5)

Cesium levels in fish are predicted more accurately when a dynamic approach
is used to model the uptake of cesium. Most of the discrepancies between
calculated and observed cesium levels in fish were due to values of
biological half-time and bioaccumulation factors that were too low. (A5)

Further studies must be done on long-term accumulation of cesium in fish
and the effect on the concentration of trophic level. (A5)
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• The transfer of cesium from the drainage area to lake water is an important
source term for mountainous lakes, especially if the contamination occurs
close to the period of snow-melt. (A5)

Hov well aquatic models perform depends on the type of lake; deep,
irregularly shaped lakes need to be subdivided into more than one water
compartment. (A5)
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Table 1. Sites participating in Scenario A4

Site 1 3 1I 137Cs

Geel, Belgium
Roskilde, Denmark
Loviisa, Finland
Neuherberg, Germany
Berlin, Germany
Budapest, Hungary
Anguillara, Italy
Petter, Netherlands
Tranvik, Sweden
Tokai, Japan
Tarapur, India
Oak Ridge, Tennessee, USA
Portland, Oregon, USA
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Table 2a. Comparison of the percentages of predicted to observed (P/0) ratios
that fall on either side of 1 (a perfect prediction) or within a factor of 2
of 1 for each step in the air-deposition-forage-milk pathway for 1 3 1 I .

Ratio

Total Deposition (Bq m'2)
Air (Bq dm- 3)

Forage (Bq d kg'1 dw)
Total Deposition (Bq m"2)

Forage (Bq d kg-1 dw)
Air (Bq dm' 3)

Milk (Bq à L'1)
Forage (Bq d kg-1 dw)

Less than 1

50

25

23

17

1 or greater

50

75

77

83

+/- 2X

75

61

48

33

Table 2b. Comparison of the percentages of predicted to observed (P/0) ratios
that fall on either side of 1 (a perfect prediction) or within a factor of 2
of 1 for each step in the air-deposition-forage-milk pathway and in the air-
deposition-forage-beef pathway for 137Cs.

Ratio

Total Deposition
Air (Bq

Forage (Bq

d nr
(Ba m'z)
3)

d kg'1 dw)
Total Deposition

Forage (Bq d
Air (Bq d

Milk (Bq c
Forage (Bq d

Beef (Bq d

kg-1

nr3)

i L-1

kg"1

kg-1

(Bq m-2)

dw)

dw)

)

Less than 1 1 or greater +/- 2X

49 51 71

24

41

27

6

76

59

73

94

63

54

35

9.4
Forage (Bq d kg-1 dw)
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Table 3a. Derived average mass interception factors (m3 kg"1).

Site

Neuherberg
Petten
Tokai
Roskilde
Budapest
Tranvik

Iodine Cesium

0.94
0.97
1.05
1.77
1.89

0.97
0.60
0.46
0.90

0.81

Table 3b. Derived weathering half-times from pasture vegetation for 1 3 1I and
1 3 7/""o 1 n insurel 3 7 Cs in days.

Site

Loviisa
Berlin
Petten
Geel
Tranvik
Budapest
Tokai
Oak Ridge
Neuherberg
Roskilde
Neuherberg

***mean

1-131

3.5
5.9
5.9
6.3
6.6**
6.7
6.7**
8.3
11*
13
14

8.1±4.5

Entire Time-series

3.1

11

15
11
13**

13*

14

13.1±1.8

Cs-137
1st Phase

0-30 d
8.3

8.8

9.0
12.0

2nd Phase

> 30 d
24**

87**

173**
50**

*
**

***

Second Harvest.
Regression line has large uncertainty due to either a small number of
observations or large scatter among observations.
Neglecting Loviisa.
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Table 3c. Fm's derived from observations for transfer of iodine and cesium
from pasture to milk (d L"1 * 103)

Site

Petten
Roskilde
Geel
Neuherberg
Portland
Tranvik
Budapest
Tokai
Oak Ridge
Berlin

mean:

Iodine Cesium

0.42
0.59
0.99
1.1
1.7
1.8
2.4
4.5
4.9
7.3

1.3
0.75
2.3
2.4

6.6
2.5
11.

7.4

2.6* 4.3**

* This value is about 4X lower than the value commonly used.
** This value is the same as the mean Pm for bomb fallout.

Table 3d. Derived half-times for loss of 1 3 1I and 137Cs from milk (in days).

Site

Tranvik
Geel
Neuherberg
Anguillara
Berlin
Budapest
Roskilde
Portland
Tokai
Petten

mean:

1-131

6.5
7.1
10.
10.5*
13.
14.
14.*
15.*
16.*
22.*

10.2±3

Entire Time-series

43

16

277*

35
26*

32±10

Cs-137
1st Phase

0-30 d
17
19
32*

15

2nd Phase

> 30 d
71
41
154*

116

Regression line has large uncertainty due to either a small number of
observations or large scatter among observations.
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Table 4. Predicted to observed ratios for initial integrated values at 18
months for Lake Hillesjôn.

Models

A3
Bi
C2
D2

Vater
Bq d L-1

3.3
1.9

2.1
2.8

Roach
Bq d kg"1

0.86
0.93
0.52
0.40
2.7*

Perch
Bq d kg"1

1.0*
0.68
0.44
0.32*
1.1*

Pike
Bq d kg'1

1.8»
1.9
1.1
0.39
2.0*

Sediment
Bq d kg'x

0.96
0.18

0.96
0.18

1 Bioaccumulation factor.
2 Uptake through fractional consumption of food.
3 Rate constant from bioaccumulation factor and biological half-time.
if Generic fish model.
* For perch less than 10 cm in length.
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10

Figure la. 95% confidence intervals on predictions of the concentrations of
133Cs in water of East Twin Lake at day 400 compared with the observed value.
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Figure lb. 95% confidence intervals on predictions of concentrations of 137Cs
in water of Lake Hillesjôn at 18 months compared with observed water
concentrations on day 508.
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Figure 2a. 95% confidence interval on predictions of the concentration of
133Cs in trout in East Twin Lake at day 400 compared with observed values
including minimum and maximum.
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Figure 2b. 95% confidence intervals on predictions of concentrations of 137Cs
in perch in Lake Hillesjôn at 18 months compared with the observations showing
one standard deviation about the mean at day 500.
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Figure 2c. 95% confidence intervals on the predictions of concentrations of
137Cs in char in Lake Hôjsjoen at 10 months compared with the mean of the
observations showing one standard deviation about the mean at day 326.
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Figure 3. 95% confidence interval on predictions of the concentration of
133Cs in sediments of East Twin Lake compared with observed value at day 400.
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