Administrator guide for the 2018 Survey of Experts on Future Demographic Trends[footnoteRef:1] [1:  Last revised 16-12-2019. Prepared by the Demographic Projections Unit, Centre for Demography, Statistics Canada. Any questions or comments can be forwarded to Elham Sirag (elham.sirag@canada.ca) or Patrice Dion (patrice.dion@canada.ca).] 


General information
The 2018 Survey of Experts on Future Demographic Trends was built by Statistics Canada as a protocol for expert elicitation to inform the development of assumptions for demographic projections.[footnoteRef:2] The survey contains sections on the components of fertility, mortality and immigration, but more components can be added.  [2:  The survey is shared ‘as-is,’ and Statistics Canada makes no warranty, either express or implied, including but not limited to, warranties of merchantability and fitness for a particular purpose. In no event will Statistics Canada be liable for any direct, special, indirect, consequential or other damages, however caused.] 

The survey was built using Microsoft Excel 2013. Although it also appears compatible with other versions of MS Excel, no extensive testing was done to verify whether the survey was compatible with all previous and newer versions of Excel. The file is saved as a Binary workbook (.xlsb) to diminish its size so that it can be sent by email more easily.
Layout
The Microsoft Excel-based survey contains both visible and hidden worksheets. Most of the visible sheets are designed to collect data from experts in regard to the future development of some demographic indicators. The hidden sheets are where calculations are made in the background, and require no direct inputs from experts. The role of each sheet is explained in more detail in section 3.
In order for administrators to access or modify the content of the visible and hidden worksheets, some procedures must be followed. This is described in the following section.
2.1   Accessing visible sheets 
There are eleven visible sheets:
· Info
· Intro
· Experience
· Fertility
· FER_data
· Mortality
· MOR_Data
· Immigration
· IMM_Data
· End
· Summary
The content of some of the visible sheets is locked, so that experts can only access and modify the cells where they are required to enter their inputs. Administrators can unlock the content by following this procedure:
1. Select the sheet that that needs to be unlocked,
2. click on ‘Unprotect Sheet’ under the ‘REVIEW’ tab, 
3. enter the password (2043).
Note that the Info sheet provides general information for the administrators; this sheet should be hidden or deleted in the version of the survey sent to experts.
2.2   Accessing hidden sheets 
Hidden sheets are where background computations are made. These sheets are not visible to experts, but can be accessed by the administrators following this procedure:
1. Access the Visual Basic editor by clicking on ‘Visual Basic’ under the ‘DEVELOPER’ tab in the ribbon;[footnoteRef:3] [3:  It may occur that the ‘DEVELOPER’ tab is not available in the ribbon. In this case, follow this procedure: click on the ‘FILE’ tab, select access ‘Options’ in the menu, select ‘Customize ribbon’ and ensure ‘Developer’ is checked off.] 

2. click on the ‘Project Explorer’ icon (or enter Ctrl + R);
3. select the desired sheet from the list (all sheets are shown, even those not previously visible);
4. in the ‘Properties’ window, search for the row named ‘Visible,’ and from the drop-down menu change the status from ‘2 – xlSheetVeryHidden’ to ‘- 1 – xlSheetVisible’;
5. right-click on the sheet from the list in the Project Explorer, and select ‘View Object’ to see the sheet (or enter Shift + F7);
6. exit the Visual Basic editor by clicking ‘Close and return to Microsoft Excel’ under the ‘FILE’ tab (or enter Alt + Q). 
Fitting the metalog[footnoteRef:4] distribution: [4:  Additional resources on the metalog distribution, including documentation and other Excel-based workbooks, can be found here: http://www.metalogdistributions.com. ] 

3.1   Background
The metalog (“meta-logistic”) distribution is a logistic distribution whose quantile function has been modified to incorporate additional shape parameters. It falls into the class of Quantile-Parameterized Distributions (QPDs) developed by Keelin and Powley (2011), which refers to any continuous probability distribution with a quantile function that can be re-expressed as the sum of linearly independent functions of cumulative probability.[footnoteRef:5] Any distribution that falls into this category can be used as a base distribution, and additional parameters can be added to either its quantile function, PDF or CDF to give the distribution greater flexibility in modelling uncertainty (see for example the “Q-Normal,” ibid). [5:  See section 5. in Keelin and Powley (2011) for the mathematical definition.] 

The logistic distribution is chosen as a base distribution by Keelin (2016) because, in addition to being a QPD, it has convenient closed-form expressions for its PDF, CDF and quantile function, and possesses other desirable characteristics such as “smoothness and symmetry; infinite differentiability in closed form; tail behavior that is “in between” the lighter-tailed beta and normal distributions and the heavier-tailed student t distributions, and its wide range of fully-investigated and well-known properties.” (p. 12, Keelin, 2016). To demonstrate, we adopt Keelin’s notation and define the (unmodified) quantile function of the logistic distribution as follows:





where  is the mean, median, and mode of the distribution, and , where  is the standard deviation. Given the quantile function is linear in its parameters, the logistic distribution is a QPD by definition. 
To modify the quantile function, we re-express  and  in terms of, and add shape parameters[footnoteRef:6] in the form of real-valued constants,  [6:  There are a number of well-established methods that can be used to modify the parameters of common distributions (such as the normal or logistic), and the choice of method often depends on the chosen base distribution. See Table 1 in Keelin (2016) for a brief summary of methods.  ] 



Substituting these expressions for  and  back into the quantile function returns a new quantile function whose properties can vary systematically with the choice(s) ofFor example, certain values of the shape parameters will result in left- or right-skewed distributions, distributions with lighter or heavier tails, etc. A larger number of shape parameters implies greater flexibility; if , then the metalog can be used to describe multi-modal distributions, for example.[footnoteRef:7] [7:  Table 2 in Keelin (2016) describes how different combinations of the values of impact the properties of the resulting metalog distribution.] 

The number of terms,, in the vector of shape parameters, ,  is how we refer to the distribution. In the case of the 2018 Survey of Experts on Future Demographic Trends, we selected  in most cases and so refer to the fitted distribution as a “five-term metalog distribution.” After substitution, the quantile function of the five-term metalog is given by:



The corresponding PDF,, is easily obtainable by differentiating  with respect to  and then solving for the inverse.
Because  is linear in, least squares estimation can be used to solve for the parameters, given a set of quantile/probability pairs,  and.[footnoteRef:8] These pairs are what we elicit from experts with the use of the survey, in order to obtain a set of that can be used to describe the distribution of each expert and for each component. Incorporating more than five shape parameters would require eliciting a greater number of quantiles. [8:  Feasibility of the estimated is determined by whether or not they generate a PDF that satisfies.] 

3.2	Implementation
We describe the process of fitting a metalog distribution for only the fertility component, since the implementation is identical across all components. 
The fertility component has six associated sheets in the file: two visible sheets (Fertility and FER_data); and four hidden sheets (All_FER, u_FER, s_FER and b_FER). The Fertility sheet is where experts provide their inputs and view their resulting probability distribution, and the FER_data sheet provides experts with historical data to help inform their decisions. The hidden sheets are where the experts’ responses are converted into probability distributions – i.e. where the parameters are estimated, where feasibility is assessed, and where the visualization of their distribution provided in the Fertility sheet is produced. 
For the large part, the hidden sheets can be ignored by both administrators and respondents. However, it may be important for administrators to understand the calculations being performed in these sheets in the event that a respondent encounters some difficulty responding to the survey. Which sheets are relevant depends on whether or not the distribution described by experts in the Fertility sheet is bounded, semi-bounded, or unbounded.[footnoteRef:9] [9:  Boundedness or semi-boundedness refers to the case where the inputs describe a distribution that has some known upper and/or lower limit.] 

After Step 1 in the Fertility sheet, where experts are asked to provide qualitative arguments for their beliefs on future fertility, in Step 2 experts are required to provide inputs in the form of a plausible lower bound, upper bound, and median for the Canada total period fertility rate in 2043. What determines the boundedness of the distribution is the associated confidence level they provide with their estimate of a lower and upper bound (Step 2b) in Figure 1).
Figure 1: Screenshot of the 2018 Survey of Experts on Future Demographic Trends questionnaire
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The minimum confidence level an expert is permitted to provide is 90%; any value lower than this, and the expert is advised to re-think their response and widen their bounds so that the associated range covers no less than 90% (and no more than 100%) of future possible values of the TFR. If the confidence level is 100%, then the lower and upper bounds are taken to be absolute upper and lower limits, and a bounded distribution is selected.  However, as experts rarely provide a confidence limit of 100%, a bounded distribution is rarely fit. The unbounded and semi-bounded distributions are fit depending on other conditions related to experts’ inputs, and are described in their respective sections.
If an unbounded, semi-bounded or bounded metalog distribution cannot be fit for any reason, experts will be notified in the Fertility sheet (a message reading “Curve fitting not possible with these inputs” is displayed on the graph). However, a rudimentary histogram is fit to the experts’ inputs regardless of whether or not a curve is fit, and is still displayed on the graph.
3.2.1 Unbounded distribution
An unbounded metalog is the distribution fit most often to experts’ inputs, on the condition that they provide both a lower bound sufficiently far from zero in Step 2a) and confidence level strictly less than 100% in Step 2b). If both these conditions are not met, then a semi-bounded or bounded metalog distribution may be selected instead.
When an unbounded distribution is fit, parameters are estimated in the u_FER sheet. All cells and tables in the u_FER sheet are coded in three different colours:
· light yellow: indicates the contents of these cells are required inputs and/or can be modified;
· light blue: indicates optional inputs;
· light green: indicates the contents of the cells do not need to be modified
Within this sheet, a number of calculations are being done:
· A two- to five- parameter metalog distribution are fit to the data, using least-squares estimation to estimate a (see the table with the header “Matrix inversion”). Regardless of the selected, metalog distributions with terns  are fit to the data simultaneously. In this case,, so metalog distributions with terms  are fit. If solutions are found for these , the table header will read “Matrix inversion successful”.

· After the parameters are estimated, values from the resulting quantile function and PDF,, and , are computed for all, and the feasibility of the estimated a is assessed. The algorithm works sequentially so that if the parameters are feasible for the highest  selected (here, 5), then the final fitted distribution will be an -term metalog. If this is not feasible, then the -1)-term metalog is selected, if feasible, and so on, etc.[footnoteRef:10] [10:  It should be noted that if an expert provides  quantiles but only a -term metalog can be fit, the fitted distribution will likely not match the inputs expert provided exactly.] 

There is a message key on the far bottom-right hand of the sheet that lists what messages will be displayed at the very top of the sheet (in the “Messages” box) if an expert provides inputs that do not allow a bounded metalog to be fit, and why. 
3.2.2 Semi-bounded distribution
A semi-bounded distribution is usually selected if an expert provides a confidence level below 100% in Step 2b) in combination with a lower bound in Step 1a) that is very close to zero, and a non-negligible probability assigned to the lower tail of the distribution (Step 2d)).  An example of such a case is displayed in Figure 2. 
Many demographic indicators are naturally bounded at zero, and while fitting an unbounded metalog distribution (the most commonly fit distribution) to experts’ inputs would assign non-zero probability to negative values, this probability is usually negligible.[footnoteRef:11]  However, in the case that values close to zero are more probable for a given component – such as in the case of a distribution similar to the one in Figure 2 – it is necessary to impose a lower bound of zero to avoid obtaining implausible results. The survey however does not permit a curve to be fit if an expert provides a lower bound of exactly zero. [11:  Take the PTFR, for example: the majority of experts would assign a lower bound much higher than zero so that, according to their fitted distribution, the probability of obtaining a value less than zero is close to zero.] 

To fit a semi-bounded metalog, the transformation is applied to expert’s inputs, where denotes the lower bound (zero in this case). This transformation guarantees that a value of  will never occur, and the assumption is that  follows a metalog distributions rather than  (the component itself). Keelin (2016) refers to this distribution as the log-metalog.[footnoteRef:12]  [12:  See section 4.1 in Keelin (2016) for a description of the resulting PDF, CDF and quantile functions.] 

The semi-bounded distribution is fit in the s_FER sheet similar to the unbounded distribution, and all calculations are nearly identical. There one key difference is that in cell C15, the default lower bound of zero can be modified if for any reason administrators wish to impose an alternative lower bound. 
Figure 2: Screenshot of a fitted density and histogram in the 2018 Survey of Experts on Future Demographic Trends
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3.2.3 Bounded distribution
A bounded metalog is fit in the rare event experts provide a confidence level of exactly 100% in Step 2b). In this case, a logit transform is applied to their elicited quantiles so that  follows a metalog distribution rather than, and  and refer to the upper and lower bounds, respectively. Keelin (2016) refers to this distribution as the logit-metalog.[footnoteRef:13] One of the conditions of fitting a logit-metalog is that the quantiles used as inputs (the elicited values) must be strictly between  and; this implies that the lower bound and upper bound provided by experts in Step 2a) cannot be used to fit a distribution or estimate parameters, as they are in fact  and. This leaves the three quantiles elicited in Steps 2c) and 2d) to be used for fitting, meaning only a maximum three-parameter metalog can be fit.  [13:  See section 4.3 in Keelin (2016) for a description of the resulting PDF, CDF and quantile functions.] 

All calculations are performed in the b_FER sheet, with the only difference from the calculations performed in the u_FER sheet being that a metalog distribution with terms  and are fit rather than .
3.2.4 Final selection
An experts’ inputs can allow for different types of distributions to be fit: sometimes their inputs can generate unbounded, bounded, and/or semi-bounded distributions that are feasible for various. In the previous sections, the conditions that would lead to the selection of either of these distributions was outlined, but where this selection is actually made is in the ALL_FER sheet. 
This sheet pulls information from the b_FER, s_FER, and u_FER sheets. In the first column of this sheet, values from the PDF and CDF of the bounded three-term metalog (“b3”) are listed. In the final column, under the header in red titled “Select,” the final distribution is selected, and it is programmed so that if the confidence level provided in the Fertility sheet is 100%, the bounded distribution is automatically selected. 
For the selection of semi-bounded distributions, a couple of things should be noted. First, while the s_FER and u_FER permit the fitting of a metalog with terms, the ALL_FER sheet only selects either a four-term or five-term metalog; if only a three-term metalog or less is feasible, no final distribution is selected. This choice was made so that if experts’ inputs could not generate at least a four-parameter metalog, they would perhaps revise them. A three-term metalog would not be able to incorporate all of the information provided by experts precisely (i.e. the five quantiles). 
This is a choice that can be changed easily by adding additional columns to the table. After the “u4 and s4” column in light blue, to add the option for a three-term metalog, the current pattern can be followed by first adding “s3” and “u3” columns followed by a “u3 or s3” column, and so on. The function of the columns in this table are as follows:
· values from the  PDF and CDF of the five-parameter unbounded metalog (“u5”) and five-parameter semi-bounded metalog (“s5”) are given if they are feasible;

· in the “u5 or s5” column, an algorithm selects one distribution between the two, with preference given to the unbounded five-parameter metalog.[footnoteRef:14] The semi-bounded five-parameter is only selected if the PDF of the unbounded distribution becomes negative at some values; [14:  We see no reason to impose a lower-bound if an unbounded distribution is feasible.] 


· the same is done with the  “u4,” “s4” and “u4 or s4” columns, and with the equivalent for a three-term or two-term metalog if desired;

· in the “Select” column, a final distribution is selected based on the chosen distribution in the “u5 or s5” and “u4 or s4” columns. For example, if in the first case a u5 is selected and in the second case a u4, then the final selection is between the u5 and u4 distributions. It is programmed so that the only way u4 is selected is if the u5 generates an invalid PDF.

The order of preference for the selection of semi-bounded and unbounded distributions can be summarized:

In other words, preference is always given to the distribution with more parameters, and an unbounded distribution is always preferred to a semi-bounded one.
The second thing to note is that the maximum of  terms was chosen because we wished to elicit no more than five quantiles. The maximum number can be manually modified in cell C13 of the s_FER and u_FER sheets[footnoteRef:15], though adjustments will have to be made to the other sheets, including ALL_FER. [15:  The limit can also be modified in the b_FER sheet, but the maximum number of terms that can be fit will always be two less than those of the semi-bounded and unbounded distributions.] 

3.3 Exporting results
The Summary sheet at the end of the file records expert’s inputs. Experts are asked to copy the data from the Summary sheet and email it to us once completed. Because this information only contains their inputs and no information on the selected distribution and parameters, to utilize this information, administrators will simply have to re-enter expert’s inputs into the survey to obtain parameters.
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STEP 3 - REVIEW INPUTS
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