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Abstract

An important source of uncertainty in predictions of numerical simulation codes of environ-
mental transport processes arises from the assumptions made by the user when interpreting the
model and the scenario to be assessed. This type of uncertainty was examined systematically in
this study and was compared with uncertainty due to varying parameter values in a code. Three
terrestrial food chain codes that are driven by deposition of radionuclides from the atmosphere
were used by up to ten participants to predict total deposition of '*’Cs and concentrations on
pasture and in milk for two release scenarios. Collective uncertainty among the predictions of
the ten users for concentrations in milk calculated for one scenario by one code was a factor of
2000, while the largest individual uncertainty was 20 times lower. Choice of parameter values
contributed most to user-induced uncertainty, followed by scenario interpretation. Due to the
significant disparity in predictions, it is recommended that assessments should not be carried
out alone by a single code user. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Uncertainty in predictions of ecological models arises from many sources (Lochle,
1987). These include the adequacy of the conceptual model, how well the conceptual
model has been coded, the details contained in the scenario description, the quality
of the input data, the uncertainty in parameter values, and the assumplions made by
the user.

The most easily quantified source of uncertainty is that from parameter uncertainty.
In recent years, statistical propagation of uncertaintics in parameter values has
become a commonplace for environmental transfer models (e.g., Bergstrém and
Nordlinder, 1991; Miiller and Prdhl, 1993). Uncertaintics arising as a result of the
design of the conceptual model may also reduce confidence in the results (Ahn and Jin,
1996). In contrast, errors arising from the coding of the conceptual mode] should be
small, since codes can be verified in a number of ways (Sheng and Oren, £990).

Uncertainties from the user’s interpretation of a model, a code, a scenario Lo be
modelled and from the choice of parameter values to be used are rarcly taken into
account, and usually their potential importance is ignored. However, intercormparison
studies of internal dosimetry assessments (Hui et al., 1994) and calibration of a hydrol-
ogy mode! (Botterweg, 1995) indicate that model users may contribute significantly to
the uncertainty of model predictions. Most likely, uncertainty from user assumptions
will increase when modelling occurs under stressful conditions, such as after
an accident when calculations must be performed under severe time constraints
with limited experience of the model and with incomplete knowledge of the
situation/system to be assessed. Generally, there is no mathematical framework to
quantify user influence on model predictions.

In a previous BIOMOVS study (Kéhler et al., 1991), predictions of various models
were compared with observations on the contamination of vegetation and animal
produce after the Chernobyl accident in 1986. Two modelling groups independently
used the same model and submitted widely differing predictions, indicating that user
judgement and interpretation of the given input were important. The present study
examined the user’s influence on predictions of terrestrial food chain models system-
atically.

2. Design and implementation of the study

Three terrestrial food chain codes, driven by deposition of radioactivity from the
atmosphere, were obtained and run by participants for several scenarios involving
1311 and '37Cs transfer from air to pasture and milk. The code manuals and scenario
descriptions are documented in a technical report (BIOMOVS 11, 1996) that also
includes analyses of predictions submitted for both radionuclides. This paper sum-
marizes the results obtained for the '*7Cs scenarios. Results and conclusions drawn
from the **'1 scenarios are almost identical.

In September 1994, one code and two scenario descriptions were sent out to
interested users. The third scgnario followed six months later. In all, ten participants
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submitted predictions with the first model. In November 1995, two more codes were
distributed, and most participants submitted results from one, while a few submitted
results from the other. Three participants made calculations with all three codes.
Participants were 10 use the same assumptions about a given scenatio for all three
codes, except when necessary to adjust for different parameters used by the individual
codes. Participants were asked to explain their assumptions and justify choices of
parameter values to assist in understanding of differences between predictions. In
March 1996, the working group met for the presentation of predictions and compari-
son of these predictions with experimental data.

Most participants in this study are familiar with modelling concepts and models of
the environmental transport of radioactivity. Discussion amongst participants was
forbidden, although seeking expert opinion from non-participants was encouraged.
Questions regarding interpretation of codes or scenarios were only answered if this
did not have an effect on assumptions. Answers were distributed to all participants.

2.1, Codes

All three codes were adapted for this study so that predicted endpoints correspon-
ded to endpoints of the scenarios: deposition and concentrations in pasture and milk.
Manuals directed participants how to run the codes and how to change parameter
values, but contained no information on the way the models were formulated or
implemented numerically.

CHERPAC (Peterson, 1994) is a stochastic code which predicts the movement of
radionuclides through the food chain to dose after an accidental release of radioactiv-
ity. Wet and dry depositions, and concentrations on pasture (fresh weight) and in milk,
are calculated daily or as monthly averages.

RUINS (Crout, 1991) was developed to investigate soil fixation and plant uptake of
137Cs in upland organic soils of the UK after the Chernobyl accident. It is a determin-
istic code. Output was modified to include concentrations on pasture (dry weight) and
in milk.

CLRP {Krajewski and Pietrzak-Flis, 1995) predicts the movement of radionuclides
through the food chain to dose after chronic or accidental releases of radioactivity.
Output, with confidence limits, is given for concentrations on pasture (fresh weight)
and in milk.

2.2. Scenarios

The starting point for each scenario was time-dependent radionuclide concentra-
tions in air and precipitation. From these, deposition of radionuclides to pasture and
transfer to cow's milk occurred. General background data {e.g. yields of pasture,
monthly temperatures, generalized diets) were provided when available 1o assist the
user’s choices of parameter values. All scenarios included observed data that matched
the endpoints asked for in the scenario description. These data were made available
only after all calculations had been submitted. Short summaries of the two '*7Cs
scenarios follow. )

<

B




180 G. Kirchner et al. |J. Environ, Radioactivity 42 (1999} 177190

The driving data for the BREMEN scenario were Chernobyl derived concentra-
tions of 137Cs aerosols in air at Bremen, Germany for 29 April-5 May, 1986. Daily
amounts of precipitation were provided for the seven days that the plume was present.
Background information was given on the diet and pasture rotation for the one cow
from which milk samples were taken, Participants were asked to calculate total
deposition, and daily and time-integrated concentrations on pasture (fresh weight)
and in milk up to 25 October 1986.

The FORT COLLINS scenario utilized monthly (April to August) average air
concentrations of *3’Cs from nuclear weapons fallout, daily amounts of rainfall, and
deposition calculated {rom the rainfall for 1963 and 1965 in Colorado, USA. Partici-
pants were asked to calculate concentrations in dry weight pasture (1963), alfalfa
(1965) and milk (1963 and 1965) for the months of May to August. Both monthly
average and time-integrated predictions were requested.

3. Resuits and discussion
3.1. Predictions using the CHERPAC code

3.1.1. BREMEN scenario

Fig. 1 shows the predictions of total **’Cs deposition and time-integrated concen-
trations on pasture grass and in milk, along with the 95% confidence intervals for
measured quantities. Observed deposition was determined from nine samples taken at
random from a field during the two months after the Chernobyl accident. Confidence
intervals of the observed concentrations on pasture and in milk were obtained from
fitting a muiti-exponential model to the individual measurements (Kirchner, 1992},

Total deposition tends to be underestimated, while the fraction retained on pasture
is overestimated by most predictions. About half the results also overestimate the
transfer to milk, and some of the milk concentrations close to the observed values are
due to compensation for low prediction of deposition. The spread of predicted total
deposition (best estimates) among the ten users is approximately one order of
magnitude, but reaches a factor of 40 for concentrations in milk.

About a fourth of calculated 95% confidence intervals do not intersect the range of
measurements. Most confidence intervals are smaller than the variability between the
best estimate predictions of the participants.

Predictions of daily concentrations on pasture and in milk are shown in Figs. 2
and 3. For most of the predictions on grass the slopes reflect the choice of value for
weathering half-life. A deviation from exponentional decline at low concentrations
indicates the presence of root uptake, but this is important for participant B only.
Milk concentrations should show a steep increase during the first days, since the cow
was stabled and received uncontaminated feed until 14 May. Obviously, this was not
modelled by all participants. This partly explains some of the high ratios of
milk/pasture concentrations apparent in Fig. 1.

The participants’ best estimates of parameter values for CHERPAC are shown in
Table 1. There is considepable variability among the values, reflecting differing
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Fig. 1. Total deposition and time-integrated concentrations of '*7Cs on pasture grass (fresh weight;
S May — 27 June) and in milk {14 May - 27 Junc) for Bremen; capital letters along the abscissa denote the
participants; best estimates and 95% confidence intervals on the predictions calculated with CHERPAC
are given; hatched arcas denote the 95% confidence intervals of the field measurements.

interpretations of modelled processes. For example, values for the yield of pasture
vary by more than a factor of 20. After discussing the results, participant A noticed
that the value 0.23 kgm ™2 was in dry weight rather than the required wet weight,
Correcting this error improves this participant’s predictions. In contrast, participant
G chose a low value to account for low grass productivity in early spring based
on local climatic conditions in the participant’s country, rather than in northern
Germany.

Parameter values were based on Chernobyl fallout data, which are directly applic-
able to the BREMEN scenario. Most of the participants chose data collected in their
own countries. Only a few participants explicitly stated that they believed their
parameter values to be representative of the Bremen area. This will contribute to some
variability of predictions, mainly due to climatic dlﬁ’crenqes On the other hand,
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Fig. 2. Daily concentrations (5 May-27 June) of '37Cs on pasture grass {[resh weight) for Bremen; best
estimates calculated with CHERPAC are given; “M” denotes measurements; symbols used are: © for
participant A, W for B, x for C, (D for D, e for E, 37 for F, ¢ for G, A for H, + for { and * for J.

it indicates that most participants are prepared to use site-specific data for
radioecological evaluations in the aftermath of any nuclear event affecting their
country.

The influence of parameter values on concentrations of '*Cs in milk, as ranked by
the users, is compared in Table 2 with results from a sensitivity analysis performed i
with CHERPAC using parameter distributions based on the range of best estimate
values. This comparison shows that the users as a group had a good a priori
understanding of the importance of the parameters in CHERPAC, aithough some
deviations are apparent (e.g., ranking of the particulate dry deposition velocity was
high and of the yield of pasture low compared to the results of the sensitivity analysis).
A user’s choice of parameter values does not always reflect an understanding of the
scenario, however. For example, although judging the importance of root uptake as
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Fig. 3. Daily concentrations {14 May - 27 June} of ¥37¢Cs in milk for Bremen,; best estimates caleulated with
CHERPAC are given; “M" denotes measurements; symbols used are: © for participant A, M for B, x for C,
Ofor D, e for B, ¥ for F, & for G, & for H, + for I and » for I.

low, participant B selected a high value for this parameter. This high concentration
ratio was taken from a data base with widely differing soil types, many of which were
not relevant for this study.

Distributions of the parameter values had to be specified by each user for uncertain-
ty analysis in CHERPAC. Most participants fit their choice of parameter values to the
distributions given in the sample input supplied with the code package rather than
change the distribution type. Some participants gave little thought to whether or not
the distributions used were reasonable.

After submission of predictions, an uncertainty analysis with parameter distribu-
tions based on the range of best estimate values used by the participants (Table 1} was
performed with CHERPAC. The 95% confidence intervals corresponded to the range
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Fig. 4. Total deposition and time-integrated (| May ~ 31 August, 1963) concentrations of '*7Cs on pasture
grass (dry weight) and in milk for Fr. Collins; capital letters along the abscissa denote the participants; best
estimates and 95% confidence intervals (if submitted) on the predictions caleulated with CHERPAC arc
given; hatched areas denote the estimated range of measured concentrations.

order of magnitude for time-integrated concentrations, both on alfalfa and in milk.
Estimated uncertainties do not always overfap.

Most participants used the same parameter values and distributions for Ft. Collins
as they did for Bremen except for yield which most changed. Several participants
changed hay consumption, dry deposition velocity and washout ratio. Two partici-
pants sclected a higher feed-to-milk transfer coefficient based on higher availability of s
nuclear weapons fallout cesium, and participant F changed all parameter values.

3.2. Predictions using the RUINS and CLRP codes

Due to time constraints, only a limited number of calculations were submitted, so
emphasis here will be placed on predictions of time-integrated concentrations for the
BREMEN scenario.

1
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Table 2

Comparisen of the participants’ ranking of the influencial parameters used for the BREMEN scenario to
the results of a sensitivity analysis of CHERPAC; parameter distributions for the sensitivity analysis were
based on the range of best estimates given in Table 1

Parameter Influence® Partia) rank
correlation coeffictent

Negligible Low  Medium High

Yicld of pasture 0 [ 8 1 —0.80
Density of 1 em soil layer 4 5 i 0 -
Hay consumption by cow 0 1 4 5 0.59
Intake of grain in summer by cow 5 3 | f —
Intake of grain in winter by cow 7 2 0 1 —
Daily soil ingestion 4 4 2 0 —
Breathing rate of cow 8 2 0 0 —
Particulate dry deposition velocity 0 0 5 5 0.36
Particulate washout ratio 0 | 3 6 0.84
Concentration ratio for pasture 2 5 2 ! 0.51
Weathering loss rate from pasture 0 1 6 3 —-0.41
Wet interception factor for pasture 1 0 4 5 0.52
Transfer factor to milk 0 0 1 9 0.73

*Number of votes by the participants.
® Correlation coefficient (absolute) < 0.2.

of the best estimate predictions shown in Fig. 1, indicating that variability in predic-
tions can be largely explained by the variation in parameter values,

3.1.2 FORT COLLINS scenario (1965)

Predictions of total deposition and time-integrated concentrations of **’Cs on
pasture and in milk from May to August of 1965 are shown in Fig. 4. The confidence
interval on observed deposition reflects discrepancies between data from two
monitoring systems with different samplers (BIOMOVS IJ, 1996). Estimated uncer-
tainties on observed time-integrated concentrations on alfalfa and in milk are int-
ended to account for sampling variability, measurement error and missing data.
Concentrations on pasture are given in dry weight.

Because of conflicting information on deposition, participants A, B, C and I ignored
it and calculated deposition from given air concentrations. The other participants
used differing procedures to scale daily deposition measurements to correspond to the
monthly data of one of the samplers. These values have no confidence intervals, since
they were used as input data to CHERPAC.

Four participants (A, B, F, I} submitted concentrations for wet weight alfalfa.
Converting their results to dry weight would improve predictions of participants
B and 1. The transfer from alfalfa into milk is overestimated slightly by most users.
Predictions of participant J reflect difficulties with CHERPAC and this scenario.
{gnoring these predictions, the variability between best estimates is still more than one

£




G. Kirchuer et al, /). Enviroa. Radioactiviey 42 (1999) 177-190 Y

Predicted to observed {(P/O) ratios of total deposition and time-integrated concen-
trations of '*’Cs on pasture and in milk are shown in Table 3 for RUINS and CLRP.
P/O ratios are also shown for CHERPAC lor comparison.

Deposition and concentrations on pasture generally are underestimated in both
RUINS and CLRP. The P/O ratio close to 1 for milk of some RUINS predictions and
one CLRP prediction merely result from compensating under- and overpredictions of
the individual transfer processes. Variation between mean predictions of deposition
for both models was quite small (neglecting participant C’s predictions with RUINS)
and was about one order of magnitude for time-integrated concentrations on grass
and in milk.

Varying amounts of contaminated forage in daily feed cannot be specified in
RUINS, unlike CHERPAC and CLRP. Thus, most of the P/O ratios for milk cannot
be directly compared among the three models. Participants B and F circumvented this
limitation of RUINS by calculating cesium concenirations on pasture and then
repeating the calculations assuming now that a single deposition occurred the day
before the cow was put to pasture. Deposition was adjusted so that pasture concentra-
tions matched those calculated previously and then used for calculating concentra-
tions in milk.

As requested, participants used single best estimate values for each parameter for all
three models when possible. Participant F, whose feed-to-milk transfer coefficient for
RUINS was higher than for CHERPAC, was the exception. This explains why
predictions of this participant overestimate transfer from pasture to milk using
RUINS but underestimate it using CHERPAC.

3.3, General aspects

The three codes used in this study are very different in structure and user-
friendliness, and this presented many difficulties to the participants. A comparison of
results is not straightforward since assumptions sometimes varied considerably be-
tween users (e.g., how diet composition was handled in RUINS). Some users wrestled
with a particular code but still had little confidence in their results. To become familiar
with a code before starting the studies, three participants performed calculations for
a scenario familiar to them. Only one participant used a code not involved in this
study to cross-check some of the predictions before submission.

All participants were asked to rank their confidence in the predictions they submit-
ted. Highest confidence was expressed in predictions for the BREMEN scenario using
CHERPAC. This is probably due to the amount of information available after the
Chernobyl accident. The higher confidence shown in the calculations performed using
the CHERPAC code may reflect lack of familiarity with the other two codes because
of time constraints. The subjective confidence given to the predictions, however, does
not correlate with the results. The Bremen predictions are no closer to observations
than the Fort Collins predictions; neither are predictions by CHERPAC more
accurate than predictions by RUINS or CLRP. ;
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4. Conclusions and recommendations

1. The global uncertainty (i.e., lowest 2.5% to highest 97.5% confidence limits over all
predictions) is greater than the confidence interval of the predictions of any single
user.

2. Choice of parameter values contributes most to user-induced uncertainty followed
by scenario interpretation. Contribution of code implementation is unknown, but
may be low because the majority of the group did not apply the most complex of
the three codes.

3, Users either did not try or were not able to get consistent results across codes. This
should have been possible given code-dependent assumptions independent from
the parameter values held in common among codes.

4. The magnitude of uncertainty due to users’ interpretations is enormous, and even
for simple scenarios the explanation for differences may not be obvious.

5. Confidence of the user in understanding of a scenario description and/or confi-
dence in working with a code does not necessarily mean that the predictions will be
more accurate.

6. Results do not necessarily reflect the difficulties in working with codes or scenarios.
“Good” predictions could be the result of chance, and/or of compensation of errors
in predictions of individual transport processes.

7. Examples provided in the code manuals may influence code users considerably
when preparing their own input files.

8. Mistakes, such as the extremely common one of confusing fresh and dry weights
between scenario and model, contribute significantly to variation in predictions
and have to be taken into account because since they cannot be separated when
results are reviewed.

Conclusions 1-4 above may be restricted to the processes that were addressed in
this study, while the others are believed to be general and independent of the type of
models and processes studied.

Although the effect of the users’ assumptions on predictions was expected to be high,
the extreme variability from ten users with one model came as a surprise. It is all the
more alarming since the model for all scenarios was very simple with linear transfer
between just three compartments, and participants had experience in this sort of
modeling. More disparate results could be expected when using a more complex model.

To reduce the effect of user interpretation on model output, assessments should not
be carried out in isolation. At the least, calculations should be performed by a team
with input from several experts in each modeling area. In some cases it would be
preferable for calculations to be carried out by more than one team, perhaps using
more than one code, with the final predictions reflecting a consensus reached by
understanding and resolving differences in individual resuits. Each model user should
be familiar with the code employed. Units requested in a scenario description and
units given in code output should be checked for consistency. Examples provided with
a code should be chosen and described very carefully so as not to bias subsequent use.
It should be understood that confidence intervals about the predictions calculated
from parameter distributions do not include all uncertaintjes.
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