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A F D - F U N D E D  A S S E S S M E N T  O F  
U N C E R T A I N T I E S  I N  K E Y  E C O N O M I C  

D R I V E R S  O F  G R E E N H O U S E  G AS  
E M I S S I O N S  I N  M E X I C O  

NON- T EC HN I CAL SU M MA R Y OF  T H E R E SU L TS OF T HE A SS ES SM EN T  

 

INTRODUCTION 

Governmental agencies and companies are confronted with the problem of achieving rational 
consensus in the face of substantial uncertainties. To be studied quantitatively, uncertainty 
must be provided with a mathematical representation – typically as a probability. When model- 
and data-generated probability distributions are not available, subjective probability 
distributions based on the assessments of leading experts, carefully synthesising the full range 
of current scientific theory and available evidence, are used. 

Behavioural and mathematical approaches are available for the elicitation and aggregation of 
individual experts’ assessments. Behavioural methods involve interaction of experts, with a 
view to reaching agreement on information of relevance to the experts’ assessments of the 
variables of interest. In contrast, mathematical methods construct a ‘combined’ probability 
distribution per variable by applying procedures or analytical models that operate on the 
individual assessments produced by each expert. For this project a mathematical approach was 
favoured, because the outcome of group interactions in behavioural approaches often amounts 
to a ‘false consensus’, reflecting simply the position of the dominant expert(s) in the group. 
Specifically, the project used the so-called Cooke method, because it provides a more 
comprehensive treatment of conditionalisation and dependence. For technical details the reader 
is referred to the Annex, which gives a summary of the different steps involved in the 
implementation of the method. 

In industrialised countries economic growth and energy commodity prices are key drivers of 
greenhouse gas emissions. Because of this, estimates of likely developments in gross domestic 
product and fuel prices are major components of quantitative greenhouse gas emission 
scenarios used for planning purposes. Understanding the uncertainty associated with those 
estimates makes it possible to assess the uncertainty of the corresponding scenarios and, 
thereby, supports more robust planning. The project used the Cooke method to quantify the 
uncertainty around economic growth rates and energy commodity prices, in support to the 
government of Mexico’s revision of its greenhouse gas emission scenarios. 
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METHODOLOGICAL APPROACH 

To elicit and analyse experts’ views on a given topic through the Cooke method, experts are 
selected across all relevant schools of thought on that topic, and are then asked to respond to a 
purpose-developed questionnaire. In addition to background on the elicitation, the 
questionnaire contains two sets of questions – so-called performance and query questions. 
Performance questions are questions for which the answers are known by the analyst, but not 
by the expert at the time of the elicitation. These questions are used to inform the weighting of 
the different answers into one ‘aggregated’ answer. Query questions relate directly to the topic 
of interest and can only be responded through a quantitative estimate of the value of a variable 
that follows a continuous distribution. The latter requirement responds to the need of 
aggregating the answers into a continuous (probability) distribution function. 

Preparing the questionnaire, and selecting and briefing the experts are key steps in the process. 
For this project the questionnaire was structured around three scenarios (as opposed to any 
one single variable or set of individual variables). This made it possible to reflect important 
dependencies among related variables (for example, trade balance with the United States and 
economic growth in Mexico) in a way that was intuitive and avoided unnecessary post-
processing of the responses from experts. To this end the scenarios were built around the 
outputs of two purpose-developed econometric models (for energy commodity prices and gross 
domestic product, respectively). 

For each elicitation, experts were briefed during a session attended by all, in which the objective 
of the project, the methodology and the questionnaire were introduced by staff from Mexico’s 
Instituto Nacional de Ecología y Cambio Climático and one external specialist in the Cooke 
method. A discussion followed, which allowed experts to reach a common understanding on key 
aspects related to the questionnaire, notably definitions and the type of responses sought. 
Experts were then given a limited number of days to complete the questionnaire, in the 
understanding that individual responses would not be attributed in any public document to the 
individual providing it. 

In this project Adán Martínez and Eduardo Loría (both with Universidad Nacional Autónoma de 
México) prepared the econometric analyses for, respectively, energy commodity prices and 
gross domestic product. Oswaldo Morales (Delft University) performed the statistical analyses 
of the responses to the questionnaires. Iván Islas and his team of analysts (Instituto Nacional de 
Ecología y Cambio Climático) and Daniel Puig (UNEP Risø Centre) interpreted the results from 
the point of view of their use in Mexico’s national greenhouse gas emission scenarios. 

The Cooke method has been applied to assess experts’ views on a wide range of uncertain 
decision-making problems. For example, it has been used to estimate the occurrence of volcano 
eruptions, the reliability of dams, the implications of nuclear waste management practices, or 
the likely impacts of disease outbreaks, such as SARS. In the context of climate change the 
method has been mostly used to support climatology-related assessments – for example, around 
future sea-level rise resulting from the melting of ice sheets. 

Structured expert judgment treats the entire uncertainty quantification process as a scientific 
data collection activity. The value of following a structured and transparent process, as opposed 
to ‘best guesses’ and ‘engineering judgment’, is very large. One benefit resides in clarifying the 
operational meaning of the variables whose uncertainty is quantified. A second major benefit 
lies in capturing the experts’ reasoning in published rationales. The alternative to structured 
expert judgement effectively amounts to ignoring effects we cannot competently model. 
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ACTIVITIES AND RESULTS 

This section describes the scenarios that were used to structure the elicitation protocol (that is, 
the questionnaire through which experts’ assessments were elicited). It further summarises the 
calibration process which underpinned the aggregation of experts’ assessments into one single 
estimate. Finally, the section outlines how the results were applied. 

ECONOMETRIC MODELS AND SCENARIOS 

An econometric model was built for each variable of interest (that is, gross domestic product 
and energy commodity prices). The results of the econometric models were used to develop 
several sets of scenarios. 

For gross domestic product, six scenarios were built. They targeted both 2020 and 2030, and 
were defined around three combinations of macro-economic conditions – ‘pessimistic’, ‘neutral’ 
and ‘optimistic’.1 The variable elicited was gross domestic product growth rates (the 5th, 50th 
and 95th percentiles). 

For energy commodity prices twelve scenarios were built – six for oil prices and six for gas 
prices. The scenarios targeted the periods 2014-2020 and 2021-2030, and were defined around 
three combinations of economic growth and international oil trade conditions.2 These were also 
labelled ‘pessimistic’, ‘neutral’ and ‘optimistic’. 

For the analysis of oil prices West Texas Intermediate was used as a reference, whereas the 
Henry Hub spot price was used for the analysis of natural gas prices.34 As for gross domestic 
product, experts were asked to provide (the 5th, 50th and 95th percentiles). 

The scenario approach was chosen because of the strong interdependencies among variables. 
By capturing those interdependencies through scenarios (as opposed to eliciting experts on all 
individual variables potentially influencing gross domestic product and energy commodity 
prices), it was possible to avoid a cumbersome post-hoc dependency analysis. 

CALIBRATION AND ESTIMATES 

Expert responses are aggregated through a lineal function in which the coefficients are derived 
from the experts’ responses to the so-called performance questions.5 Those coefficients can be 
calculated individually for each question (IC), or as a single aggregated coefficient (AC) for the 
full set of questions. 

For gross domestic product, aggregating responses through the IC method was found to 
maximise the calibration and information coefficients (see footnote 5). Figure 1 gives 
aggregated results for each scenario and target year. 

                                                             
1 The scenarios were structured around different plausible combinations of values for interest rates, unemployment, 
inflation and economic growth in the United States (the latter is a key determinant of growth in Mexico). 
2 In this case the scenarios were structured around plausible combinations of values for economic growth in China, 
economic growth in India and oil imports in OECD countries. 
3 West Texas Intermediate is the standard grade of crude oil used for oil price benchmarking 
4 Henry Hub spot price is the reference price for natural gas futures contracts. 
5 More precisely, the coefficients are derived from two values extracted from the expert’s response to the 
performance questions: these are the calibration coefficient and the information coefficient. Both coefficients 
measure different aspects of the accuracy of the response. It is beyond the scope of this summary to give further 
detail on the calibration and information coefficients. 
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Figure 1: Percentiles (5th, 50th and 95th) of the probability distributions describing estimated gross 
domestic product growth rates in Mexico for the years 2020 and 2030 

 
Notes: B, A and C refer to, respectively, the ‘pessimistic’ ‘neutral’ and ‘optimistic’ scenarios. The target year is 

indicated next to each letter on the vertical axis. 

 

For oil and gas prices, aggregating responses through the AC method was found to maximise the 
calibration and information coefficients (see footnote 5). Figures 2 and 3 give aggregated results 
for each scenario and target year for, respectively, oil and gas prices. 

Figure 2: Percentiles (5th, 50th and 95th) of the probability distributions describing estimated oil 
prices (West Texas Intermediate) for the periods 2014-2020 and 2021- 2030 

 
Notes: Prices are expressed as current prices (horizontal axis). B, A and C refer to, respectively, the ‘pessimistic’ 

‘neutral’ and ‘optimistic’ scenarios. The upper-six scenarios correspond to the period 2021-2030, whereas 
the bottom-six scenarios correspond to the period 2014-2020. 
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Figure 3: Percentiles (5th, 50th and 95th) of the probability distributions describing estimated gas 
prices (Henry Hub) for the periods 2014-2020 and 2021- 2030 

 
Notes: Prices are expressed as current prices (horizontal axis). B, A and C refer to, respectively, the ‘pessimistic’ 

‘neutral’ and ‘optimistic’ scenarios. The upper-six scenarios correspond to the period 2021-2030, whereas 
the bottom-six scenarios correspond to the period 2014-2020. 

The above probability functions are the key output of the work funded by the French 
Development Agency. The next section summarises how this output has been put to use by the 
Mexican government. Acquainting Mexican government staff with the Cooke methods, which 
can be applied to a wide range of areas, was a key ancillary benefit of the project. 

APPLICATION OF THE RESULTS 

Summarising, several estimates were obtained for each parameter of interest (growth rates for 
gross domestic product, oil prices and gas prices) and target year (2020 and 2030, in the case of 
economic growth, and the periods 2014-2020 and 2021-2030, in the case of energy commodity 
prices). These estimates effectively correspond to different plausible future conditions and can 
thus be used to explore what each of those future conditions might mean in terms of greenhouse 
gas emissions. If properly undertaken, such an approach (integrating bottom-up with top-down 
models) has proven to yield more robust scenario narratives. To this end the Mexican 
government reviewed its greenhouse gas emission scenarios to 2030 using the above 
estimates.6 7 

Estimates of future developments in any one variable are naturally uncertain. For this reason 
they are expressed as probability distributions: probabilities make it possible to quantify that 
uncertainty (which is different from reducing it). One way of reflecting model input parameter 
uncertainties in key model outputs (namely emissions of greenhouse gases by sector, under 

                                                             
6 The Mexican government built its current greenhouse gas emission scenarios with the help of a bottom-up 
accounting model (LEAP). The model does not explicitly consider the effect of energy commodity prices on energy 
use, or the relationship between industrial production and value added formation. Because of this, the above model 
had to be coupled with a general-equilibrium model, for which economic growth and energy commodity prices are 
exogenous variables. This made it possible to assess the effect on greenhouse gas emissions of the estimates obtained 
through the Cooke method. 
7 Describing the differences between bottom-up and top-down models is beyond the scope of this summary. 
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different scenarios), is to express outputs too as probability distributions. This was achieved 
using Monte Carlo simulations.8 

Formally, model outputs can be described as multivariate probability distributions. This is 
because, for any one variable of interest (for example, transport sector emissions of greenhouse 
gases in 2030), the probability distribution obtained through the Monte Carlo simulation will 
change with the specific scenario chosen for each of the model input parameters (see 
‘Econometric models and scenarios’, above). In other words, there is more than one probability 
distribution for each variable of interest.9 Nonetheless, the multiple scenarios resulting from 
this work can be clustered into a much smaller and manageable number of ‘representative’ 
scenarios. 

Thanks to this work, the Mexican government has the possibility of expressing its greenhouse 
gas emission scenarios as ranges. This has two advantages, compared to single-point 
projections: it is more realistic, because it reflects unavoidable uncertainties about the future; 
and it is more credible, because the scenarios have been built using state-of-the-art methods. 
Domestically, these scenarios can help the government gain the trust of the private sector, 
which has traditionally been sceptical about the government’s projections.10 At the international 
level, the scenarios will effectively define Mexico’s (voluntary) commitment to the United 
Nations Framework Convention on Climate Change.11 

FINAL CONSIDERATIONS 

The review of national greenhouse gas emission scenarios outlined above has entailed a 
significant investment on the part of the Mexican government. Because of this, and 
notwithstanding the need to revise scenarios regularly, it is expected that the results of the 
review will inform planning for climate change in the country in the years to come. One 
implication of this is that future initiatives aimed at exploring the socio-economic effects of 
climate change mitigation policies should consider if and how those initiatives are consistent 
with the work underpinning the review – in particular, the extent to which they are consistent 
with probability distributions for model inputs and model outputs. 

The French Development Agency is supporting a project aimed at making available to the 
Mexican government the Three-ME macro-economic model.12 This project will equip the 

                                                             
8 Monte Carlo simulations were run using the combined general-equilibrium – bottom-up model (see footnote 6). 
Doing this required two changes in the LEAP model: improvements in the programming interface, to increase the 
speed of the model; and creation of an add-on that allows Monte Carlo simulation software to run on LEAP in an 
integrated manner. It is beyond the scope of this paper to introduce the concept of Monte Carlo simulations or to 
describe the steps taken to introduce the two changes above in the LEAP model. 
9 In addition to economic growth and energy commodity prices, population growth was also modelled 
probabilistically, to quantify the uncertainty associated with the estimates of future demographic trends. Population 
thus added a new dimension to the multivariate space described above. Note that this exercise was conducted (using 
a Bayesian probabilistic model) as a part of a separate project. 
10 As a part of a separate project, the government of Mexico will organise sector-specific consultations, to openly 
share with private sector representatives the data and assumptions behind the scenarios. The goal of these 
consultations is to enter into a dialogue with the private sector, through which both sides can challenge each other’s 
views, and thereby promote consensus on key approaches. 
11 Like most other developing countries, Mexico’s voluntary ‘pledge’ is defined as a relative reduction in emission 
levels by 2020, compared to a reference value. An estimate of the reference situation which is unduly high would 
reduce the ambition associated with meeting the pledge. Conversely, an unduly low value for the reference situation 
would increase the emission reductions levels required to meet the pledge. The extent to which the reference value 
(or baseline scenario) is plausible could thus become a potentially contentious issue in international climate change 
negotiations. 
12 Three-ME (the Multi-sector Macroeconomic Model for the Evaluation of Environmental and Energy policy) was 
developed by ADEME, OFCE and TNO in 2011. 
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country with a world-class tool for analysing the macro-economic impacts of climate change 
mitigation policies. By calibrating the Three-ME model against the reference scenario built with 
the help of the LEAP model (see also footnote 6 above), Three-ME model runs would effectively 
reflect the uncertainties associated with economic growth and energy commodity prices. Not 
least, studying discrepancies between mitigation scenarios produced through LEAP and Three-
ME, insights can be gained regarding both drivers for emissions and validity of assumptions. 
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A N N E X  

This annex includes a description of the steps involved in applying the Cooke method for expert 
input elicitation. In addition, several key concepts (behavioural methods, conditionalization and 
dependence, selection of experts, and probabilistic inversion) are introduced in some detial, 
along with relevant bibliographical references. 

THE COOKE METHOD 

The following paragraphs outline a general fifteen-step protocol for application of the Cooke 
method. The reader is referred to the Annex, which provides additional information on various 
technical aspects of the protocol. 
 
Box: key steps in the elicitation process 

Preparation for elicitation 
(1) Definition of case structure 
(2) Identification of target variables 
(3) Identification of query variables 
(4) Identification of performance variables 
(5) Identification of experts 
(6) Selection of experts 
(7) Definition of elicitation format document 
(8) Dry run exercise 
(9) Expert training session 
 
Elicitation 
(10) Expert elicitation session 
 
Post-elicitation 
(11) Combination of expert assessments 
(12) Discrepancy and robustness analysis 
(13) Feed back 
(14) Post-processing analyses 
(15) Documentation 

Note: steps (1) to (7) may contain several iterations prior to proceeding with step (8). Each 
step will be discussed separately. 

 
 
Step 1: Definition of case structure document. The case structure document states the aim of 
the particular expert elicitation process and what is to be expected from the experts. It also 
provides background information on where the results of the exercise will be used. In addition, 
it further explains the phenomena (physical, such as climate sensitivity, or societal, such as 
population growth) about which expert assessments are requested, as well as the models into 
which those assessments might feed. This document also describes the conditions for the 
quantitative assessments. 
 
Step 2: Identification of target variables. All model parameters to be assessed by experts are 
identified and listed. A formal procedure will be used to select the most important ones for 
expert elicitation. One reason for doing so is that the number of questions to be assessed by the 
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experts is limited. If historical data is not available or not sufficient for assessing its value, 
structured expert judgement can be applied. As a result of step 2 a limited number of target 
variables is left over for expert elicitation. 
 
Step 3: Identification of query variables. The target variables as defined under step 2 may not 
be appropriate for direct elicitation. In defining the query variables to be posed to the experts, 
two golden rules apply: 
 ask for values of observable or potentially observable quantities, and 
 formulate questions in a manner consistent with the way in which an expert represents the 

relevant information in his/her knowledge base. 
 
The first rule follows from the fact that the subjective probability represents uncertainty with 
regard to potential observations. A ‘probability’ is not observable. This entails that the questions 
must be able to be formulated in terms of physically possible (though perhaps impractical) 
experiments. The second rule entails that experts should be queried with experiments of a type, 
which they have actually studied or performed. 
 
Step 4: Identification of performance variables. Similar features apply for performance (or 
seed) variables as for the query variables. The seed variables are supported with experimental 
evidence unknown to the experts, but known to the analyst. Preferably, the seed variables are 
so-called ‘domain variables’. When domain variables are impractical, ‘adjacent variables’ may be 
used. 
 
Step 5: Identification of experts. The term ‘expert’ is used in this context to designate a person 
whose present or past field contains the subject of the expert panel in question, and who is 
regarded by others as being one of the more knowledgeable about the subject. They are 
sometimes termed as ‘domain experts’ or ‘substantive experts’, the latter in contrast with the 
‘normative experts’ who are knowledgeable in the field of subjective probability. In this step a 
(as large as possible) list of names of experts is collected. 
 
Step 6: Selection of experts. After all possible experts are identified, a selection is made for 
elicitation. In general, the largest possible number of experts should be used, but at least four. 
Once experts are selected and have agreed to participate, they must all be treated equally from 
this point on. The selection of experts may take place through a formal procedure with a 
selection (or nomination) committee, or by the project staff. The selection criteria are: 
 reputation in the field of interest, 
 experimental experience in the field of interest, 
 number and quality of publications in the field of interest, 
 familiarity with uncertainty concepts, 
 diversity in background, 
 awards, 
 balance of views, 
 interest in the project, and 
 availability for the project. 
 
Step 7: Definition of elicitation format document. This document contains the following 
information: 
 exact description of the questions, 
 necessary explanation of each question, 
 additional remarks on what is to be included or excluded in the uncertainty assessments, 
 the format in which the assessments need be provided by the experts. 
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Step 8: Dry run exercise. The dry run exercise aims at finding out whether the case structure 
document and the elicitation format document are unambiguously outlined and whether they 
capture all relevant information and questions. One (or better) two persons experienced in the 
field of interest should be asked to provide comments on both documents. After the dry run 
exercise the case structure document and the elicitation format document will be finalised and 
handed out to the experts of the panel. 
 
Step 9: Expert training session. The experts will provide subjective assessments over the 
query variables. They represent their subjective cumulative distributions in terms of quantiles: 
for instance, 5%, 50% and 95% quantiles. Most experts are not familiar, in their daily practice, 
with stating their degree of belief over variables. They need to be trained in understanding the 
important issues: in particular, training in providing subjective assessments, and understanding 
of subjective probability related issues. 
 
Step 10: Expert elicitation session. Experts are interviewed individually. In such sessions a 
normative analyst, experienced with probability issues, is present. Preferably, also a substantive 
expert, who is experienced in the experts’ field of interest, is present as well. In some cases, the 
experts assemble for a joint meeting, in which they present the rationale behind their 
assessments in a nonquantitative manner. Prior to the session they hand out their assessments 
and documented rationale. 
 
Step 11: Combination of expert assessments. The combination is performed with a suitable 
software package (for example, EXCALIBR). The results are the decision maker’s probability 
distributions of the query variables. Three modes of combining experts’ assessments are 
supported: by weighting all experts equally, or by assigning global or item weights to experts 
based on their performance on seed variable questions. 
 
Step 12: Robustness and discrepancy analysis. Robustness analysis is conducted for both on 
experts and seed variables. Variables are removed from the data set one at the time and the 
decision maker (outcome) is recalculated, to account for the relative information loss vis-à-vis 
the original decision maker. If that loss is large, then results may not be replicated if another 
study were to be done using different experts and seed variables. Discrepancy analysis 
identifies items on which the uncertainty assessments of the experts differ most. These items 
should be reviewed to ascertain any avoidable causes of discrepancy. 
 
Step 13: Feed back with experts. In general, the results will be treated anonymously. Each 
expert should have access to: 
 his/her assessment, 
 his/her calibration and informativeness score explaining the background calculations for 

achieving the ‘optimised decision maker’, 
 his/her weights, 
 passages in which his/her name is used. 
 
Step 14: Post-processing analysis. The aggregated results (the optimised decision makers’ 
assessments) need in some cases be post-processed with dedicated software packages, which 
enable the analysts to derive uncertainty distributions over the required input parameters. 
 
Step 15: Documentation. This phase concludes the elicitation by noting down all relevant 
information and data, to be presented to the decision maker and to the experts, in a formal 
report. 
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SUPPLEMENTARY INFORMATION 

Behavioural methods 
 
Research on group judgments has found that ‘group think’ often prevails in groups with strong 
interactions, particularly in cohesive groups meeting face-to-face. This results in a misleading 
convergence of opinion and exacerbates overconfidence. It is cased by a tendency to avoid 
conflict and the dominance of one or two participants to dominate the group, even though they 
do not have greater expertise. It is, therefore, usually better to obtain opinions from each expert 
individually rather than as a group. However, it can be useful to ask the experts to discuss 
relevant evidence as a group before they make their assessments. In this way, experts become 
aware of all the potentially relevant evidence, and may learn key strengths or shortcomings of 
evidence that they did not know. 
 
For further reading: Kahneman, D., P. Slovic, and A. Tversky (eds.), 1982: Judgment Under 
Uncertainty: Heuristics and Biases. Cambridge University Press, Cambridge, United Kingdom and 
New York, NY. 
 
 
Conditionalisation and dependence 
 
When expert judgement is cast in the form of distributions of uncertain quantities, the issues of 
conditionalisation and dependence are important. When uncertainty is quantified in an 
uncertainty analysis, it is always uncertainty conditional on something. It is essential to make 
clear the background information conditional on which the uncertainty is to be assessed. Failure 
to specify background information can lead experts to conditionalise their uncertainties in 
different ways and can introduce unnecessary ‘noise’ into the assessment process. 
 
The background information will not specify values of all relevant variables. Obviously relevant 
but unspecified variables should be identified, though an exhaustive list of relevant variables is 
seldom possible. Uncertainty caused by unknown values of unspecified variables must be 
‘folded into’ the uncertainty of the target variables. This is an essential task of the experts in 
developing their assessments. Variables whose values are not specified in the background 
information can cause dependencies in the uncertainties of target variables. 
 
For further reading: Cooke, R.M., 1991: Experts in uncertainty: Opinion and subjective 
probability in science. Oxford University Press, New York and Oxford. 
 
 
Selecting experts 
 
In selecting experts to participate in an expert elicitation, it is important to draw upon 
representatives from across all the relevant disciplines and schools of thought. At the same time, 
this process is fundamentally different from that of drawing a random sample to estimate some 
underlying true value. In the case of expert elicitation, it is entirely possible that one expert, 
perhaps even one whose views are an outlier, may be correctly reflecting the underlying 
physical reality, and all the others may be wrong. For this same reason, when different experts 
hold different views it is often best not to combine the results before using them in analysis, but 
rather to explore the implications of each expert's views so that decision makers have a clear 
understanding of whether and how much the differences matter in the context of the overall 
decision (Morgan and Henrion, 1990; Keith, 1996). 
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For further reading: Morgan, M.G. and M. Henrion, 1990: Uncertainty: A guide to dealing with 
uncertainty in quantitative risk and policy analysis. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY. 
 
 
Probabilistic inversion 
 
Probabilistic inversion arises in risk and uncertainty analysis when uncertainty distributions 
over model parameters (called target variables) are obtained via expert judgment. Experts are 
often unable to assess their uncertainty on these parameters directly, as there are no 
corresponding experiments on which to base their judgements. Instead, experts assess other, 
empirically measurable quantities (called query variables), which may, under suitable 
assumptions, be expressed as functions of the model parameters. In such cases distributions 
over the target variables must be pulled back onto the parameter space of the model in 
question. Alternatively, we say that the model must be probabilistically inverted. The problem 
can be described mathematically as follows: 
 

Given a joint distribution for Y = [Y1, Y2, …,Yn] and functions Gi : Rm  R, i = 1, 2, …, n, find 
joint distributions for X = [X1, X2, …, Xm] such that G(X) = [G1(X), G2(X), …, Gn(X)] ~ Y where 
~ means has the same distribution as. 

 
Note that this problem may be infeasible or if it is feasible it may have more than one solution. 
Therefore, we must have some method of selecting a preferred distribution in case of non-
uniqueness and some method of selecting a best fitting distribution in case of non-existence. 
 
For further reading: Kurowicka, D.; Cooke, R. M. (2006). Uncertainty analysis with high 
dimensional dependence modeling. New York : Wiley. 
 


