
XA04NI458
NUSAP 20-1

PAPER 20'
.. ........ ....... ..... .. .. .... ... .. ........ .... ....... .

... . ........... ... ...... .. ........ ..... ................. ......... ...................... ............ ................ ........ ...... ... ....... . ..... ........ .. .. . .. .. .. ........ ....... .... .... .... .. .. .. ...... .. ...... .. ........ . ..... ... . ......... .. ... ..... ........ .. .. .. . ....... .. .. ...... ..... ... . . .......... .......... ..... ... .......... ......... .......... ...... ........ .. . .............. ........... .. ..... .. .. ....... ....... .. ... ........... .....RE SES M ENT............MME... CAL: UN.M., M AD.. .. ... ... ....... ... .. ......... ... .... .. .. ........ .... . ...... ... ... .... ......I .. ... ... . ..... ... .. . ........ .. . ... ..... ......... . ....... ........ . . ... ....... S ...... ........ .... ..... ... ...... . . ...... .. . .. ...... ......... .. ........... .... ... .. . ........ ..... .. .... ..... .......... ......... ... .......... .. ...... .. ......... .. ........... .. ....... .... .. ... ....... ... .... .... ....... . ... ...... . .............. .... .... ... ............. ... .. .. ...... .. . . ..... ......... .. .. ........ .. .. ....... . ........ ..

1. INTRODUCTION

Data estimates and information require a system for signaling the
uncertainty and quality of the entries for users. Few of the entries will be
known with certainty, or even generally agreed upon as the prevalent quantity
or relation. For example, the ecological or health responses of resources
exposed to energy-related pollutants cannot be known with certainty given
current knowledge of the relationships. The monetary valuations associated with
the imperfectly known impacts are also uncertain and sometimes controversial.
To leave entries standing alone without signaling their uncertainty and quality
would overstate the precision with which the entries are known. In addition,
signaling the uncertainty and quality for entries will indicate areas where further
study is needed most.

Uncertainty and quality are signaled through a notational system named
NUSAP as an acronym for its categories. NUSAP was developed by Funtowicz
and Ravetz to provide a "quality control" of quantitative information.' We have
adapted the NUSAP system for
signaling the uncertainty and quality

.. . ..... .. .. ..... . ....... . ..... .. .........of quantitative information to be used . ........ ......... .... ........ .... .. ..... .. .....
. ..... . . .... ......... ... .. ........... . ..... ..

....... ........ ... ...... .. .. ........... ..... .............. .. ...... .....in estimating the emissions, impacts, NUSAP W d: 1: d. b:.... .... a&�Weveope... . . .... . .... ...... . ..... ....... .. . ... ....... ......... ...... ....... .. ....- . . ....... .. .....and external costs of fuel cycles. d. R. . .............9 . ..... . . .......... .. .... .... .......... .... .. .. .... .... ........ ....... ... . ........ .. .. ..... ........ . .. ..... .. .. . ... .. . ....... . ...... ..... .. ... .. ... ...... . .... ... ..Uncertainty refers to the spread of .......... .....f......... . . ..... ." V ...'d ...WMM. . ....... . .......... .....plausible values for a cell entry and ............... ... ... ....... . . Itaftm�i f.... ........ . ....... .. ... ............. ... .. ............... ... ....... .. .. ... ... ...... .. .... . .... . ......the, level of confidence placed in a ........ ..... . :: �: ::::�:: ::�:: :: XXX:�: X: ... .....
.. .......... ........ .. .. .. .. .. .. ...... ... ...... ........

quantitative statement. Quality refers
to both an entry's worth as a piece of
information and the credibility of the theory, data, and methods used to generate
the entry.

'Based largely on a working paper by A. Schaffhauser Jr.

' Funtowicz, S. and Ravetz, J. 1990. Uncertainty and Quality in Science for Policy. Kluwer Academic
Publishers, Dordrecht, The Netherlands.
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The NUSAP system signals uncertainty by stating the spread of values
associated with a numerical entry. A number standing alone does not convey
the uncertainty about its true value. In fact, it falsely suggests that it is known
with certainty. Thus, the uncertainty must be signaled. One may get a better
feel of the need to signal uncertainty with numeric entries by contrasting our
case of uncertainty to cases where probability measures are used. Probabilities
quantify the likelihood or frequency of an occurrence, or quantify the degree to
which an hypothesis is believed to be true. Likelihood, frequency, and degree
of belief calibrate the lack of certainty of an element (where the element is the
set of all possible occurrences or hypotheses). The lack of certainty surrounding
the element has already been signaled by the mere existence of more than one
possible occurrence or hypothesis. However, a number standing alone does not
convey a lack of certainty. Where the element itself is a piece of quantitative
information, as with a numerical entry, the uncertainty of the element must be
signaled explicitly, in its own numerical terms. This is done by designating an
interval of values. The interval of all possible values may be immense, and
determining where "possible" begins and "impossible" ends would be perplexing.
(After all, isn't anything possible?) This makes such an interval of possible
values unworkable. Thus, the bounds of the interval are demarcated by
designating a level of confidence; this "confidence interval" is called a spread.

The spread of NUSAP is not necessarily generated by statistical analysis.
If there does not exist a statistical distribution, then the NUSAP spread will be
generated by the subjective judgment of experts. Also, a statistical distribution
may not fully capture the uncertainty about a value. Probability distributions are
generated from all sorts of activities that are unrelated (or related only by
analogy) to the ideals out of which probability theory developed (i.e., the logical
structure of games of chance, random variation in repeated controlled
experiments, and long-run frequencies of outcomes). Many times distributions
are simply assumed. Probability distributions were designed around the ideals,
and therefore they may not fully represent the uncertainty in less-than-ideal
cases. Thus, a statistical confidence interval may not capture all of the
uncertainty involved. If a statistical interval fails to fully represent all
significant uncertainty about a value, a spread should be supplied from expert
judgement. (A statistical confidence interval's adequacy is dealt with further
under the section "Spread of Value" on p. 20-5.)

In addition to signaling uncertainty, NUSAP also signals quality of
entries. Quality is the second facet of indeterminacy that is not captured by
uncertainty. Quality pertains to the state of knowledge about an element. In
evaluating the qualitative aspects of an entry, we address the questions "What
do we know?" and "How ignorant are we?" The term "qualitative" here means
both "non-numerical" and "goodness." Signaling uncertainty alone does not
assess the goodness of an entry. The quality of entries is signaled in the
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Assessment and Pedigree categories of NUSAP. The Assessment category
evaluates an entry's worth as a piece of information, and the Pedigree category
evaluates the source or production process of the piece of information. The
NUSAP scheme is presented in the box on p. 20-4.

2. NUMERICAL INFORMATION

The N of NUSAP may represent numerical entries to a data base. These
entries may be constants, coefficients, or dependent variables of functions or
models. Numerical entries may be, for example, rates of emission of a po llutant,
incremental effects of a pollutant on an ecological asset, or a willingness to pay
to avoid a health effect.

The N space of NUSAP may also be filled with the notation [LB, UB]
for lower bound, upper bound. This notation would be used when an expert
feels that the trifling state of knowledge does not warrant designating a specific
numerical entry. A spread will exist even though an exact numerical estimate
within the spread is uninformative. Thus, the N space of NUSAP will be filled
with the label [LB, UBJ, and S2 Will contain the numbers denoting the upper and
lower bound of the spread?

The N space of NUSAP may also be filled with a variable name. A
variable name would be used if the entry were an equation or table. An
equation would be entered to represent a general-use function or model, that is,
one that may be used with the independent variables for many different cases
to obtain a number for the dependent variable in each case. N would hold the
dependent variable name of the function or model. If the entry were a table, N
would hold the name of the output column of the table. The equation denoting
the general-purpose function or model or the t able which supplies the output
column would be included in the data record but not as the N of NUSAP.
There will be a separate entry point to collect the equation when data i s entered
into the data base. The equation or table will be displayed along with the
estimation methods part of NUSAP when the data record is retrieved.

A note on practice would fill the N space of NUSAP if the entry were
a method for quantifying an accounting framework parameter. For example, a
quasi-experimental design for determining an ecological impact would constitute

In the case of complete ignorance, the spread would be the upper and lower bound of all of the
possible values (in the extreme case, positive and negative infinity), and the level of confidence would be
100%.
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a quantification practice. Also, quantification practices will be very useful
entries if we know how an accounting framework parameter should be produced,
but data or knowledge is lacking to complete the quantification process. The
note on practice is a brief description of the output of the quantification practice
which fills the N space of NUSAP. There will be a separate entry point for the
quantification practice, and it will be displayed along with the estimation
methods part of NUSAP, as with an equation or able entry.

3. UNIT

U, denotes the units of measurement of the numerical entry. For
example, U, might be kilograms of a pollutant per hour, hectares of crops, or
1990 dollars. U2 is the statistic used for the numerical entry-for example, any
summary statistic of a distribution, no distribution if a statistic is not used, or an
expected value of a model.

Because of the variety of entries possible for the N place of NUSAP,
some explanation of what will fill the U places is necessary. For coefficients,

the units are those of the dependent variable. This makes sense because it is the
dependent variable for which a coefficient denotes a rate of change. Fr those
cases where ignorance warrants the "LB, UB]" label, U would be the units of
the undesignated specific numeral. For general-purpose model entries, U would
be the units of the dependent variable. For table entries, U would be the units

of the output column. For quantification practice entries, U would be the units
of 'the output of the -practice.

4. SPREAD OF VALUE

The spread category of NUSAP contains a eneralized confidence
interval of the entry. The purpose of the spread is to signal uncertainty. SI
denotes he level of confidence with
which the expert believes the true value: ....... ................ .. .... ........ . .. ... .. ... ... ... ............................................. ........ . ........ .. .. ... .. .. ... .. ..... ........... .... ....... ..... ........J.. a �:Valies within the;interval. The interval is The: ......... ............... .. ..... ...... ..... .
denoted by its lower and upper -bound ITS; P.::::. ..............................[LB , U B]. The -confidence interval used ......... .............. ..........................

........ .. 1. e ve..'..'.
for the spread 'category of NUSAP is!
m ore -general in scope than statistical .................. ..... .... .......

..... . ............................ ...... ..... . .. .. . . ............... . .. ... .... : . ....... . .......... ..... ...........................................................
confidence intervals, but statistical

confidence intervals may still be spreads.
A NUSAP spread is the same as A statistical confidence interval if (rule 1) there
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exists a statistical distribution of the value for N, and (rule 2 the expert believes
the distribution fully captures all of the uncertainty about the value for N. Thus,
NUSAP spreads differ from statistical confidence intervals because they can be
produced by subjective judgments of experts. If there is not a probability
distribution (failure of rule 1), then the uncertainty must be signaled by the
subjective judgement of the expert. Thus, a NUSAP spread may be a
confidence interval generated strictly by subjective judgment.

If a statistical confidence interval does not adequately signal the
uncertainty of a numeric entry (failure of rule 2 then the expert designates a
NUSAP spread based on both the statistical confidence interval and his expert
judgement. An example of a statistical interval diverging from a NUSAP spread
due to a failure of rule 2 is a practice in the health impacts field. Experts in this
field take the upper bound estimate produced by health impact models. In their
expert judgment, the upper bound is a better estimate than a central estimate
because of a regard for a "margin of safety." Thus, a statistical confidence
interval centered on a mean would be attributed a lower subjective confidence
than statistical confidence. Thus, the spread at the same degree of confidence
as the statistical interval would be centered around the upper bound in order to
reflect the "tradecraft" practices of experts in the field. In general, the spread
should reflect tradecraft expertise gained through experience in various fields.
Thus, experts should apply subjective judgement to statistical confidence
intervals.

To standardize the spread of entries, where possible, intervals should be
designated for a 90% degree of confidence. That is, the expert has 90%
confidence that the true value lies within the range denoted by [LB, UB].
However, separating spread into the S, and S2 components allows the flexibility
to designate an interval with lower or higher confidence. This is warranted if
a piece of literature states a confidence interval other than the 90% interval
(provided it adequately captures the uncertainty). There are also cases where
convention or disciplinary practice warrants a confidence level different from
90% confidence.

For general-purpose models or functions, S2 would be entered as a
range (or a x,- range) of the model or function's potential output. The +,- range
may be +,- some percentage of the as-of-yet uncalculated dependent variable, for
example, [+,- X%]. Or, if a distribution is implied, the range could be +,- some
number of standard deviations from the dependent variable, for example, ,- X
sd]. This +,- range can be gained from the literature that presented the general-
purpose model. Many authors will expectedly indicate a projected range of
accuracy of a model they present.

For tables, as with models or functions, S2 is entered as a range. 
would be entered as a ,- range of the table's potential output for which the
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expert has SI confidence that the true value would lie within the range. In other
words, S2 indicates the plausible range surrounding potential table outputs.

However, with general-purpose models or tables, it seems objectionable
to designate S2 until the application is known and the dependent variable or
output has been calculated. After all, the spread of the dependent variable or
output will depend on the case at hand. Thus, one could design a data base to
prompt users to update S2 when the model, table, or practice is applied. In the
meantime, the only information on spread that the user can access is what the
expert judges as a ,- range. Given this, even a very rough judgement of S2 s
helpful. One can gain an estimate of the range by imputing typical or
plausible values for independent variables or table inputs and noting how the
uncertainty about the parameters influences the +,- range of the dependent
variable's or output's confidence interval. Where this rough estimate of 2
would not be helpful, spread should be left blank to be filled in when the model
or table is applied.

spread for a practice would be highly subjective because in many cases
where a practice entry is needed, the extent of the uncertainty is itself very
.uncertain. A useful spread may be designated 'based on experience with the
practice. For example, one may ask how well the practice has worked in the
past. The goal is to provide users with a conception of how uncertain the output
of the practice is expected to be. Qualifiers such as "the practice's output would
be highly speculative at best" or "'the practice would provide an order of
magnitude estimate" may be more informative than numbers. Experts could also
provide notes about the uncertainty issues involved.

5. ASSESSMENT OF VALUE

The entries are asessed in regard to their merit as pieces of information.
In other words, an assessment is
made of each entry based on its ..... .. . ...... .. . ..... .......... .. .. .. .. . ..... .. .. .. .. .. ...... .. . ........... ........ . ................ .. .. ........ .. .. ..........w orth for providing inform ation on .......... .. .. .. .............. .. .. ........ .. ............ ... .. ........... . ..... . ........... ........... ....................... ..... . .. ......... ....... .. .......... .. .......... .. ... ..... .......... ........ ...... .... . ..... ........ . ........ ..... ....the emissions, impacts, and external ........ essm , i M.. . ... ... .... ... .......... . .... ... . .. ........ . .. .... .......... .. ... .. . ..................... .. .. ... .. .. ........ .. ....... .... .as :...on:, i::.Uwrcosts of fuel cycles. Entries will be h b d' .............. ......... ............. .. ....... ... .. .. ...... .......
assessed on four aspects: (I ..................fi�.PMTId*.... .. ....... ........ . .. .. .. .. .........inform ative value based on spread, ....... ...... ... . . . ......... .....

(2) informative value based on
application, 3 generalizability to other pplications or sample spaces, and (4)
robustness over time. Each of these aspects will be assessed by rting them low,
medium, or high, as indicated in the box "Assessment Indicators" on p. 20-9.
Within the indicators, however, each field will have particular aspects that
influence the'rating. For example, in the valuation of externalities field, the
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characteristics of the population and the characteristics of the time period are the
main features that influence the generalizability of entries.

5.1 INFORMATIVE VALUE BASED ON SPREAD (11)

Informative Value Based on Spread provides an assessment of the
ignorance that is overcome by the studies, methods, or works that generated the
entry. To assess this, one compares the uncertainty about the entry's value now
(posterior) to the uncertainty about the entry before the study that produced the
entry was conducted (prior). More specifically, the posterior range of plausible
values for the entry is compared to the prior range of plausible values for the
entry. The extent to which the posterior range is narrower than the prior range
indicates the informative value of the entry.'

This technique of measuring informative value based on spread is
analogous to the traditional method of measuring information content in a
probability context. In the probability context, the information provided by an
observation is measured by comparing probabilities before and after an
observation. The extent to which the posterior probability is different from the
prior probability is regarded as the increase in information provided by the
observation.'

5.2 INFORMATIVE VALUE BASED ON APPLICATION 12)

Informative Value Based on Application provides an assessment of how
much the uncertainty about the entry affects the quality of the result of analysis
using the entry. 12 is determined from a rough sensitivity analysis of the result
for the different plausible values residing in the spread. Thus, 12 is dependent
on the application for which the entry is used. Due to this dependency on
application, 2 will be based on a first guess at the application for the entry.
This may consist of merely contemplating the effect of the entry's uncertainty
on the accuracy of the entry's likely uses. However, there will be cases Where

' The informative value may also be reflected as an increased level of confidence in the spread.
However, to standardize the assessment of informative value, we propose that the level of confidence not
change. Thus, the plausible range of values before and after is compared, where the same minimum level
of confidence required to be "plausible" is used f6r the prior and posterior range of values.

5 One advantage of measuring informative value of a spread over that of a probability measure is that
it overcomes the problem of increased information without a change in probability. In the probability
context the posterior probability may not be different from the prior, while the observation still provides
information. The observation may increase the credibility of the probability without changing its value.
In the context of spread, however, the increase in credibility would not be overlooked. It would be
reflected as a narrowing of the range of posterior plausible values at the same level of confidence.
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the eventual application is known better than in other cases. Thus, as with
spread for general-purpose models, will be a rough estimate until the
application is known, at which time it will be revised., Experts are encouraged
to assess a tentative 12 as long as they feel it might be useful to the users of the
data base.

5.3 GENERALIZABILITY TO OTHER APPLICATIONS (G)

Generalizability to Other Applications provides an assessment of the
usefulness of the entry for other potential applications other than the application
for which the value was originally generated. If an entry was produced for a
particular purpose or for general purposes, the expert is to assess the validity of
the entry for other potential purposes. (A general purpose model will, by
definition, score high on this assessment aspect.) If an expert is updating the
NUSAP for a general-purpose model upon applying the model to a specific case,
the generalizability assessment will convey the aptness of the general-purpose
model for the case at hand. (This is actually the opposite of generalizability it
is "specificizability.")

Assessment Indicators

I L: Many prior plausible values exist in spread.
M: Spread is a fair amount narrower than range of prior plausible

values.
H: Spread is much narrower than range of prior plausible values.

12: (12 here is a first guess; it is to be refined when the particular
application is considered.)
L: The existence of other posterior plausible values (i.e.,

values in spread) matters or application.
M: The existence of other posterior plausible values atters

marginally.
H: The existence of other posterior plausible values does

not matter.

G: (based on application for which.it was originally generated)
L: does not generalize to other applications
M: can be generalized with limitations
H: easily generalized

R: L: highly perishable
M: moderately perishable
H: time independent
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5.4 ROBUSTNESS OF VALUE OVER TIME (R)

Robustness of Value over Time provides an assessment of how valid the
value is expected to remain in the future. In other words, how dependent is the
value of an entry on temporal changes?

6. PEDIGREE

Pedigree signals the quality of entries by evaluating their sources. In
other words, the pedigree exhibits an evaluation of the production mode of the
quantitative information. Pedigree contains four categories: theoretical basis,
data inputs, estimation methods, and estimation metric. An entry's quality is
assessed on these categories by indicating a value between I and 5, as is
described in the box "Pedigree .. ... . .. ........ ..... .. .. . .. . .. .... .... ...Indicators" below . The ratings are .............. .... . . .. .. . ...... ... .. .................... ............. ......... .... ......................... ............... ................... ....... ...... .......... .. .. ... . .... .... .. .. . .... .. .... . ... ..... .............. .. .. . ..... . ................. .. .. . . ....
given based on the expert's subjective ':�i�Pediekee I the U4I&.. . . .. .................. .. .... . .... .. ............ . ....... .. .. .... . .... ......... .. ... ..... ... ............ ....... . . ....... ... .. ..... .. ..judgement of the quality of the

.. . . .. ....... .. ..... . ...... ...... . ... .. . .production mode on each aspect. For .. ..... .
. . ......... . .... . ..... .... ..

all aspects but theoretical basis, .... .... .... ... .. ....... . . ..... . . . .... .......... . .. .. ........... ..... .. . .. .. .. ................... ..................
simply indicate a rating from
unacceptable to excellent. Different fields will judge the aspects with different
considerations because different points will be relevant for different fields. The
experience of experts should guide their judgments. A special character will be
used to indicate that a category is inapplicable, for example, if this was not an
aspect of the entry's production.

The estimation metric pedigree category requires some explanation.
Estimation metric refers to the thing that is measured in the production of the
estimate. Is it the object itself, or a proxy for something immeasurable? If it
is a proxy, how good is the proxy?

7. COMMENTS

One of the strengths of the NUSAP system is that uncertainty and quality
can be signaled in a brief cryptic and systematic format. However, this will also
be a disadvantage when a user wants to know why an entry received a rating.
Thus, there should be comment fields for each assessment and pedigree aspect.
The comments to be input in these fields serve a purpose similar to those
provided under the "explanation" subsection of the examples provided below.
However, these comments may be brief since a user may refer back to the
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literature for more information. The comments will appraise the user of why a
particular rating was received. N and S may also need some further
explanation.

Pedigree Indicators

T: theoretical basis
1: no theory or concepts
2: weak theory or concepts, controversial empirical support
3: weak theory, good empirical support
4: good theory, but one of competing theories
5: well-understood and accepted theory

D: data inputs
I unacceptable
2- poor
3: fair
4: good
5: excellent

E: estimation methods
1: unacceptable
2: poor
3: fair
4: good
5: excellent

M: estimation metric (proxy or indicator for what we want to measure)
1: unacceptable
2: poor
3: fair
4: good
5: excellent

8. EXAMPLES

Example 1. Signal uncertainty and quality of the predicted competitive
price of oil in 1983. It was generated from historical data and expert judgement
through computer simulation (Funtowicz and Ravetz, p. 147). For illustrative
purposes, it is rather detailed.
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(NI U11 U2 ): (SI, SALB, UB], A[111,2,GR]): (P[TDEM])

(6, 1983$/bl, mean): 90%, 3 11], [M, H, M, M]): [1,2,3,3])

Explanation:

N: The number for predicted competitive price is 6.

U: U, It is stated as 1983 U.S. dollars per barrel and
U2 is the mean of the generated distribution.

S: SI 90% confidence interval
S2 is from 3 per barrel to $11 per barrel based on

statistical analysis.

A: II The spread is a fair amount narrower than the range of prior
plausible values. This is so because the actual 1983 price was $30/barrel, yet
this study was needed to determine if this price was significantly lower than the
competitive price that would have existed without the OPEC cartel's monopoly
power. This means that, prior to the study, the spread of plausible values must
have been a fair amount wider. Narrowing the spread to an upper bound of $11
makes it a fair amount narrower.

I2 If the application is to determine if the cartel has significant
market power or not, the number is highly informative. We can tell with a high
degree of confidence that the $30/barrel price is not competitive.

G This estimate can be generalized as long as the same "relevant"
conditions exist (Funtowicz and Ravetz, p.4).

R The estimate is moderately perishable over time. (It is good for
the whole year of 1983.) As the oil market undergoes changes and more recent
historical data becomes available, the simulation would have to be redone.

P: T There is no encompassing theory driving this; the simulation
operates on historical data and expert judgement.

D The data are poor. The price of oil under certain conditions is
measured imprecisely because of the uncertainty surrounding the definition of
the conditions and the judgement that the condition exists or doesn't exist. The
expert judgments required are of even lower quality because the Bayesian
probability distributions of data input are subjective opinions (although based on
a review of the literature).
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E The estimation methods are average to fair. The estimation of the
subjective probability distributions is of poor quality. The literature on
subjective probability elicitation indicates that these estimates are not valid or
consistent in many cases, as well as being subject to human judgment error and
bias. The estimation done by the computer simulation is good provided that one
key assumption is true. By putting credence in the simulation, historical data
(tempered by expert judgment) can assumedly be used to predict what would
have happened in the future. This assumption can not be validated. We do not
know the actual 1983 competitive oil price to compare because it never existed.
Logically, however, it is under the same influences as the oil price in the past.
Thus, the assumption that historical data is valid for predicting what would have
happened in the future is plausible. Also, there is peer acceptance of this
assumption. However, the subjective judgments are more important than the
computer simulation in determining the end result, that is, the prediction of
price. This is evident because a less rigorous simulation, say, with a relatively
small number of calculations from a hand-held calculator along with some
interpolation, would still provide useful results as long as the data are of good
quality. However, if the data are worthless, then no matter how sophisticated
the computer simulation, the output will be useless. Thus, the method is given
a fair rating.

M They want to know what the competitive oil price would have
been in 1983. They measured the competitive oil price in the past and subjected
the historical data to informed judgement. However, they are not actually
measuring the 1983 competitive price. They are measuring means of
distributions generated in many simulations of the competitive price fluctuation
to predict the price. The assumption that future price depends on the same
influences as past price is necessary for this to serve as a proxy. This lowers
the quality of the estimate on this aspect. Thus, the metric gets a fair rating.

Example 2 Signal the uncertainty and quality of the general-purpose
mathematical model used to predict future competitive prices of commodities.
(It is the mathematical model used in the computer simulation in the above
example for competitive oil prices.)

(NI U11 U2 ): (Sl SALB, UB], A[II112,GR]): (P[TDEM])

(P, money, mean): (90%, [x, 2 H, H]): ([2,2,4,3])

Explanation:

N: It is a price (P).
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U: U, The price will be stated in monetary terms.

U2 It generates a distribution, and the general practice in this field of
economics is to take the mean.

S: SI The subjective level of confidence is 90% that the true value is
within 2 x,- the value generated by the model.

S2 Ideally, this interval should be given in terms of the distribution,
that is, standard deviations. However, since the statistics of the distribution were

not supplied by Funtowicz and Ravetz a x,- factor is used. The interval is
given based on the spread in the original study and subjective judgment about
the accuracy of the model's output.

A: 11 Because the application is not known, 11 cannot be assessed. For
different applications, there is too much variation in the prior knowledge of
plausible prices for a useful assessment of 11 to be supplied.

12 The application is unknown, so we do not know how varying the
value by as much as a factor of 2 will affect the result at this point.

G The model is easily generalized to predict competitive prices for

different commodities.

R The model is time independent.

P: T The model is based on economic theory. There is a long history
of expertise in the field of predicting future commodity prices. The model is a
standard form for translating experts' guesses into mathematical form. However,
there must be many assumptions made in applying the model, and the predicted

prices often differ greatly from the actual prices realized. Thus, the theoretical

basis gets a poor rating.

D The model requires historical data and subjective judgments as
input. The historical data is likely to be of good or even excellent quality.
However, the subjective judgments are essential inputs to the model. Because
the subjective probability distributions are of questionable validity and there is
a high potential for bias with this data input, a rating of poor is assigned to the

data inputs.

E The estimation done by the mathematical model is excellent

provided that the assumptions made are true. We assume, by putting credence

in the model, that historical data (tempered by expert judgment) can be used to
predict what will happen in the future. This assumption has not been completely
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validated. It makes sense, however, that the future price is under the same
influences as the past price. Thus, the assumption that this mathematical model
is valid for predicting what will happen in the future is plausible. Also, there
is peer acceptance of this assumption. Thus, it is given a good rating on this
aspect.

M The model predicts a future competitive price of a commodity.
The mathematical model parameterizes the factors believed to influence the
competitive price. However, they are not actually measuring the future
competitive price. Many assumptions are necessary for this to serve as a proxy.
Thus, the metric is assigned a fair rating.

9. NUSAP DATA ENTRY FORM: SUMMARY EXPLANATION

N: Enter the number, notation, variable name, or note about practice.

Uj: Enter the measure for the number, upper and lower bound, or
variable (e.g., pounds). Also enter the time period for the entry
(e.g., per hour).

U2: Enter the statistic which the number or variable is (e.g., mean,
median, no distribution).

SI: Enter the degree of confidence of the spread. Use 90% whenever
possible for standardization.

a2: Enter the upper and lower bound or ± range, ± standard
deviations range, x- range, or factor of variation of the spread.

A: Enter the assessment ratings for each applicable category (i.e., H,
M, or L). Enter N/A for not applicable.

11: Assess the informative value based on spread. That is, assess the
extent to which the entry narrows the spread of plausible values
over what was known before the study that produced the entry
was conducted (prior).
L: Many prior plausible values exist in spread.
M: Spread is a fair aount narrower than range of prior

plausible values.
H: Spread is much narrower than range of prior plausible

values.

12: Assess the informative value based on the foreseen application for
the entry. That is, how informative are the results of calculations
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with this entry expected to be given the current persisting
(posterior) uncertainty about the entry. 12 here is a first guess,
to be refined when the particular application is considered.)
L: The existence of other posterior plausible values (i.e., values

in spread) matters for application.
M: The existence of other posterior plausible values matters

marginally.
H: The existence of other posterior plausible values does not

matter.

G: Assess the generalizability of the entry to other
applications, locations, or sample spaces different from the
application for which it was originally generated.
L: does not generalize to other applications
M: can be generalized with limitations
H: easily generalized

R: Assess the entry's robustness over time.
L: highly perishable
M: moderately perishable
H: time independent

P: Enter the pedigree ratings for the applicable categories (i.e., I to
5). Enter N/A for any inapplicable pedigree category.

T: Assess the theoretical basis of the entry and the tenability of the
theory's application to produce the entry.
1: no theory or concepts
2: weak theory or concepts, controversial empirical

support
3: weak theory, good empirical support
4: good theory, but one of competing theories
5: well-understood and accepted theory

D: Assess the quality of the data inputs used to generate the entry.
1: unacceptable
2: poor
3: fair
4: good
5: excellent

E: Assess the estimation methods used to generate the entry.
I unacceptable
2: poor
3: fair
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4: good
5: excellent

M: Assess the estimation metric (i.e., proxy or indicator for what we
want to measure.)
I unacceptable
2: poor
3: fair
4: good
5: excellent

Comments: Enter any comments about the NUSAP categories. For
example, measures may require explanation such as "WLM
stands for working level month." Statistics may need
explanation, such as "mean from meta analysis." The level
of spread may require explanation such as "confidence level
corresponds to +/- 2 standard errors corresponding to
multiplication or division by a factor of 17 for the upper
and lower bound." The reasons why assessment ratings and
pedigree rating were received can be explained here (and
probably should be).
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