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Abstract 

This paper explores methods for creating a monthly indicator of economic activity for the 
provinces and territories. It begins by constructing a dataset for the provinces and territories 
composed of monthly series about the labour force, including wages and employment; 
international trade; output measures such as manufacturing sales or electricity production; and, 
prices (consumer, housing and electricity). Where necessary, the series are seasonally adjusted, 
linked and deflated to create continuous time series from January 2002 to April 2020. Variable 
reduction methods are then applied to the monthly provincial and territorial dataset to create the 
experimental monthly provincial and territorial economic indicator indexes. Three methods are 
examined: Principal components analysis (PCA), Least absolute shrinkage and selection operator 
(LASSO) and a simple index comprised of three pre-determined series (total employment, total 
exports and retail sales). A weighted average of the simple index and the PCA index is also 
constructed. In general, the indexes produced track provincial economic activity reasonably well, 
following cyclical movements of provincial and territorial economies. However, the set-up for the 
models is not ideal as annual data are used to produce model parameters, and this leads to 
uncertainty about model performance. As a result, multiple indexes are reported. A quality 
assessment provides an indication of the strengths and limitations of the indexes with respect to 
different uses. 
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1 Introduction 

Timely measures of economic activity are critical for understanding how economies perform, and 
for informing policy responses to macroeconomic fluctuations. The onset of the pandemic due to 
the emergence of the SARS-Cov-2 virus emphasized this, as well as the need for geography-
specific measures. Presently, Canada has a robust system for producing up-to-date measures of 
activity, such as real gross domestic product (GDP), at the national level. For provincial and 
territorial economies, monthly information on labour markets or particular activities such as 
manufacturing or international trade are available, but a monthly measure of aggregate economic 
activity is not available. 

Under normal circumstances, producing a new set of aggregate economic indicators for the 
provinces and territories would require creating exploratory measures, possibly launching new 
surveys or expansions of existing statistical collection activities, as well as creating the 
infrastructure necessary to produce and disseminate the indicators on an ongoing basis. These 
changes require time to implement. In the current context, where the SARS-Cov-2 pandemic is 
accentuating needs for monthly regional economic indicators, the time necessary to constitute a 
new statistical program to meet current requirements means that this approach is unfeasible.  

A more timely approach is to adopt a statistical-model based strategy to quickly create exploratory 
measures of provincial economic activity. While this approach introduces a new measure of 
economic activity in a timely fashion, the trade-off is that the methods employed are not used in 
their ideal situations, that inputs for models use currently available series without an ability to tailor 
their uses to the creation of an indicator, and that the models are somewhat a-theoretic. That is, 
the models look for correlations in data rather than employing economic theory to help guide their 
construction. And, lastly, the models employed here typically have a different set of inputs for 
each province or territory. As a result, consistency in model structures cannot be maintained 
across provinces and territories, and this may affect inter-jurisdictional comparisons.1 

To estimate the activity indexes, a twofold strategy is applied. First, a balanced panel data set of 
monthly provincial and territorial time series is constructed from publicly available Common 
Output Data Repository (CODR) tables. This data set spans January 2002 to the latest available 
data points (currently April 2020). Second, three methods for transforming the monthly series into 
an indicator of provincial and territorial economic activity are applied to the data set: a simple 
model, Principal components analysis (PCA) and Least absolute shrinkage and selection 
estimation (LASSO). A fourth index that combines the index from the simple model and the index 
based on PCA is also produced. The results from these approaches form the exploratory 
measures of provincial aggregate economic activity presented here. 

The experimental indexes are based on the use of statistical models with an input data set that 
contains a series of approximations and assumptions. Notable among the assumptions for the 
input data set are: the use of national deflators to produce real provincial series when provincial 

                                                
1. It is unclear to what extent the differences in the number of inputs and diversity of inputs may affect comparisons.  

Larger provinces have a richer set of data to draw upon when modelling their economies. As well, the surveys that 
collect provincial and territorial data typically have more observations and/or produce data that has less variability 
relative to trend movements for larger jurisdictions.  Smaller economies are also less complex, and may require a 
smaller number of series to summarize their activities. 
This situation is normal when making comparisons across economies. For example, larger economies in the 
Organization for Economic Cooperation and Development (OECD) such as the United States, Germany, the United 
Kingdom or Canada can have bigger statistical systems than smaller OECD economies.  This does not make the 
data from these economies incomparable. Rather, studies are undertaken with an understanding that the data are 
fit for making comparisons as they reflect what is happening within the jurisdictions they are intended to report on 
even if the quantity of statistical information available differs.  The same notion should be applied to the experimental 
economic activity indexes. 
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deflators do not exist, the assumption that the growth rates for all series are covariance stationary, 

and the assumption that winsorizing data at the 5𝑡ℎ and 95𝑡ℎ percentiles is appropriate. 

For the models, annual real GDP growth across the provinces and territories is used as a measure 
of aggregate provincial activity against which the derived index measures of economic activity are 
compared. This produces a situation where a small number of annual observations are being 
used to estimate model parameters that are used to infer monthly fluctuations. The small number 
of observations affects the ability of models to provide sufficient inference, and the use of annual 
data may mask important differences in the monthly timing of changes in prices, outputs and 
employment. 

To allow for the possibility that using annual data may affect model performance and inference, 
the simple model assumes a set of variables is appropriate and uses OLS to determine their 
relative contributions. For PCA, a maximized adjusted R-squared from OLS regressions is used 
to select which of the first ten principal components should be included. In both of these situations 
the OLS regressions include variables that are statistically insignificant. For LASSO, statistical 
significance of potential input variables determines the final model. However, for LASSO, for some 
economies, no input variables are selected. In these cases, elastic net or a general-to-specific 
modelling strategy is employed instead. 

Since the input data set contains a number of assumptions and approximations, and since the 
statistical models are used in an imperfect setting, the experimental indexes that are created 
should be viewed as approximations to aggregate economic activity rather than as exact 
measures. The activity indexes tend to present considerable monthly volatility, and when 
compared with the real GDP estimates produced by the Government of Quebec or the 
Government of Ontario, they can exhibit greater cyclical volatility.  

Across the measures, the simple models and the LASSO models tend to rely more on 
employment series as inputs. The simple index has the strength that it is straightforward to 
understand, and is the most comparable across provinces and territories since it holds the 
variables used in the activity index constant regardless of the jurisdiction. The PCA indexes 
appear to capture more fluctuations related to other aspects of overall activity (e.g. sales or 
exports), but they also have greater variability. The weighted combination of the simple, 
researcher-defined indexes and the PCA indexes has a better correlation with real GDP growth 
than the constituent indexes.  

Currently, the weighted indexes or the LASSO based indexes appear to offer the best trade-off 
between signals present in the data and variability of monthly series. This assessment is based 
on how well the models appear to conform with the set-up used for estimation as well as on the 
behavior of the indexes. In some cases, such as the PCA based index for Newfoundland and 
Labrador, an anomaly is present that calls the veracity of the index into question.  When these 
types of situations occur, the data are deemed to be unfit for use at the present time, and the 
estimates for that index are not provided.  The assessments are ongoing and may lead to changes 
in recommended uses or indexes as further development of the input data set, model refinements 
or alternative model strategies are explored. 

The remainder of this paper is structured as follows. Section 2 discusses the creation of the input 
data set as well as the assumptions employed to filter and transform the data prior to modelling. 
Section 3 describes the models employed, the assumptions embedded in the models, as well as 
their strengths, their limitations and their application for creating monthly indexes. Section 4 
provides analysis of the model performance and illustrates the resulting indexes. Section 5 
concludes. 
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2 Input data set 

The input data set is comprised of province- and territory-specific measures for economic activity 
and Canada-level deflators, except in instances where province- and territory-specific deflators 
are available. The monthly input series are comprised of monthly surveys for labour, outputs and 
prices (Table 1). In some cases, active tables do not contain continuous information from January, 
2002 to the present. In these cases historical tables are used to backcast active tables. 

 

Deflators are primarily collected from Canada-level survey programs for measures of economic 
activity (Table 2). Statistics Canada does not currently produce province- and territory-specific 
deflators for current dollar measures of international trade, manufacturing sales, wholesale sales, 
retail sales or the Monthly Survey of Food Services. To collect deflators, Canada-level price 
indexes are taken from surveys when they are available. In the case of manufacturing, the implicit 
price index is derived as the ratio of the nominal value to the real value. Deflators exist for nominal 
series back to January 2002, except for manufacturing. For manufacturing, the Index Produce 
Price Index (IPPI) by industry, IPPI by product group, and the ratio of nominal to real monthly 
GDP are used as projectors for manufacturing deflators. 
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To combine the provincial data and deflator data to create the input data set, there are 4 steps: 

1. Assemble data. The CODR tables are filtered to select the desired data. Only 
variables with continuous data are selected. Series subject to suppression are 
excluded, however series with 0 values are included. Series subject to suppression 
are typically smaller value series, meaning they contain less information for 
aggregate economic fluctuations. Although methods exist for interpolating these 
data points, should the suppression occur in the latest month, a forecast would be 
required to infill the suppressed data point. Given that the index is being 
constructed to provide information about the largest shock to affect the Canadian 
economy since World War 2, it is considered inadvisable to include series with 
forecasted values. 

2. Seasonally adjust data series. Not all series are provided on a seasonally adjusted 
basis. There are a total of 966 series seasonally adjusted for use in the indicator. 
Given the high number of series, the auto options of ARIMA-SEATS algorithm from 
the R package Seasonal is employed to remove seasonality. Seasonal parameters 
are determined based on the available monthly time series up to December 2019. 
In the event the time series do not span the whole period, such as discontinued 
series, the data up to the most recent period are used to determine the seasonal 
adjustment options.  

In order to ensure that the seasonally adjusted series are of good quality, they 
were validated by a range of quality measures. This includes checking for the 
presence of seasonality, the amount of stable seasonality present relative to the 
amount of moving seasonality (M7), the absence of seasonal effects in the 
irregular component, the smoothness of the seasonally adjusted series against its 
raw form and controlling the number of outliers auto detected by ARIMA-SEATS 
to a maximum of five. Series that were found to be non-seasonal (125 series) are 
kept in their raw form. Seasonally adjusted series with poor quality (183 series) are 
filtered out of the data set prior to estimation. 
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3. -Link data. After seasonal adjustment, data are linked as necessary. When 
overlapping periods exist, links are made by treating data as indexes and chaining 
backwards over historical periods. If overlapping periods do not exist, level values 
are joined “as is”. 

4.  Apply deflators. Where necessary, deflators are applied to current dollar series or 
to price series to produce relative price variables. 

The full data set prior to filtering contains province- and territory-specific seasonally adjusted and 
not-seasonally adjusted series, nominal series and deflated series. For modelling provincial and 
territorial economic activity, series in natural units (e.g. employees, hours worked), deflated 
series, rates (e.g. the unemployment rate), and relative prices are selected. 

3 Estimation 

The objective is to estimate monthly time series for aggregate economic activity in the provinces 
and territories as a function of available monthly provincial and territorial economic time series: 

  , / /monthly ty f monthly time series   

The most commonly cited measure of aggregate economic activity is the real GDP measure 
described in the 2008 System of National Accounts (United Nations 2010).2 For the Canada-wide 
level, the function for transforming input series into monthly real GDP is based on industry-specific 
methodologies and benchmarks that have been developed and enriched over time. The 
methodologies use a number of data sources to estimate changes in gross output that serve as 
proxies for real GDP. The proxies are combined with annual real GDP benchmarks to produce 
the monthly real GDP series.  In many cases, a direct measure of gross output is available. 
However, in some industries, direct measures of output are not available and estimates are 
constructed using alternative data sources, such as employment (Statistics Canada 2020b).3 This 

methodology forms the function  .f  into which the monthly series are placed to produce monthly 

real GDP for Canada.  

The challenge for measuring provincial and territorial aggregate economic activity is that the 

function  .f  for the provinces and territories is unknown, and that the desired series, ,monthly ty  is 

also unknown.  

Since the goal is to estimate ,monthly ty , if a close substitute existed, it could be used as an 

instrument for the true ,monthly ty . The function  .f  for combining monthly information to produce 

an aggregate measure of economic activity could then be approximated. While a close monthly 

substitute for ,monthly ty  does not exist, the Canadian System of Macroeconomic Accounts does 

produce a measure of provincial and territorial GDP at an annual frequency. The approach 
followed here, therefore, assumes that the annual data can be used as an instrument to help 

                                                
2. The Canadian System of Macroeconomic Accounts produces annual, quarterly and monthly measures of GDP for 

Canada. The measures are integrated and monthly measures of real GDP are derived based on a methodology 
that uses pseudo-output indexes at a monthly frequency. These indexes are weighted together using index number 
formulas to form the aggregate monthly real GDP series. The indexes are benchmarked to the annual supply and 
use tables each year, and this corrects for differences that may arise from the use of pseudo-output indexes in 
place of the double-deflated value added series produced in the supply and use tables. 

3. Detailed methodologies for individual industries as well as discussions about pseudo-indexes and their use can be 
found at Canada (2020a). 
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inform the structure of  .f  when the monthly growth rates from the available input series are 

averaged within a calendar year and used to estimate parameter values. The parameters of  .f  

and the variance characteristics of the monthly input series are then adjusted to account for the 
difference in periodicity. Monthly indexes of aggregate economic activity are then constructed 

from the estimated monthly values of ,monthly ty . 

Using a lower frequency variable as the instrument for monthly economic activity lowers the 
number of degrees for freedom and introduces issues related to the timing of monthly versus 
annual fluctuations. These issues will have consequences for the ability of the models to produce 
a monthly estimate of aggregate economic activity. The small degrees of freedom and the 
covariance around the 2008 recession will tend to produce statistically insignificant parameters 

for  .f , if the regressors are not importantly affected by business cycle fluctuations. Moreover, 

models may tend toward selecting a smaller number of inputs at an annual frequency than is 
necessary for explaining monthly variation as important monthly fluctuations may be masked 
through aggregation to a lower frequency. Additionally, changes related to prices, sales/output 
and employment will occur contemporaneously at an annual frequency. However, at a monthly 
frequency these fluctuations may not align. 

Given that a conversion from annual to monthly frequency is necessary to generate the desired 
estimated values, the modelling strategy includes some approaches that err on capturing more 
variation in the data rather than focusing solely on model parsimony. This does not mean that 
models are produced in an ad-hoc fashion. Rather, selection criteria, such as maximizing an 
adjusted R-squared, are employed alongside more traditional general-to-specific-type modelling 
strategies. 

In summary, because the functional form for transforming monthly data into an aggregate 

measures of economic activity is unknown, and because the actual values for the series ,monthly ty   

are also unknown, the best that is possible is to approximate the true ,monthly ty . This means that 

the series ,
ˆ

monthly ty  will have the flavor for what a real GDP series could look like, but it will not be 

a true measure of monthly real monthly GDP. Instead, it will be an estimate for an economic 
activity index which corresponds to macroeconomic conditions in the provinces and territories. 

3.1 Estimation strategy 

The function  .f  is a set of instructions for transforming a large number inputs into a single 

series. In this paper, it is assumed that the function can be approximated based on a linear 
combination of inputs, and that the inputs can be selected either by selecting a subset of the 
available data or by creating a combination of all input data series. Below, three approaches are 
explored: 1) a simple model; 2) PCA; and 3) LASSO. The simple and the LASSO model fall in the 
former category while PCA falls in the latter category. 

The assumptions and implementation of the models is discussed in detail below. Across modelling 
strategies, the following steps are followed to estimate index values in all cases: 

 1: Prepare the input data. 

The input data set has 1,341 series that are distributed unevenly across the provinces and 
territories (Table 3). Not all series have equal utility for modelling aggregate economic activity. In 
cases where seasonal adjustment failed, the series are removed. Similarly, series with 0 values 
are removed. These tend to be series where 0 values are interspersed with nominal values. In 
these cases, seasonally adjusted values can be negative, growth rate or log-difference 
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transformations do not work, and the series have questionable value for use as an ongoing 
indicator of economic activity. Overall, 198 variables are dropped for these reasons. 

 

The filtered input data set then contains 1,143 series. However, the series are typically reported 
in levels (e.g. hours worked or manufacturing sales in chained dollars) and present strong trends 
over the sample period. To account for the trends, the series are transformed to month-to-month 
growth rates. These growth rates will ultimately be compared to measures of real GDP growth, 
and they have the advantage of being bound by -100% for the maximum decline.4 The growth 
rates for the series are assumed to be covariance stationary. 

To use the series in estimation, all series are demeaned and scaled to have unit variance at a 
monthly frequency. This normalization process is applied to variables to prevent variables with 
naturally larger unit values from affecting results. Because the monthly time series can be have 
high variability, and because periods of economic shocks such as recessions can produce 
aberrant data points, all series are winsorized (or top and bottom coded) prior to estimation. This 
prevents extreme data points from affecting results. For creating monthly indexes, the parameter 
values from models based on the winsorized data are combined with un-winsorized data which 
permits larger values to have their full influence when large shocks occur. 

Finally, the noisiest series are removed. For PCA, the top 25% of series by variance are removed 
by province while for LASSO the top 15% of series by variance are removed. These thresholds 
are arbitrary, but their imposition was found to improve the ability of the models to inform on 
aggregate activity (i.e. improve the signal relative to noise), and to improve consistency of results 
across methods. After adjusting for high variance series there are a total of 928 input variables 
for LASSO and 820 for PCA. Nunavut has the fewest series available while Ontario and Quebec 
have the most. 

  

                                                
4. It is more traditional to use log-differences in time series analysis. Here, growth rates are used because the rate of 

change is bounded by -100%, which is not the case with log-differences. Implementing a proper review of the 
stationarity properties of the input series remains a priority for future work. 
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 2: Using the winsorized growth rates, calculate the annual average of monthly growth rates 
for use in the models. 

 3: Estimate the model parameters. 

The estimation is initiated by combining real GDP growth with annual averages of monthly input 
series for years 2002 to 2018. Real GDP growth is not scaled or demeaned. Using real GDP 
growth as the target variable and the annual averages of monthly series as input variables, the 

functional form of  .f  is estimated. In all models employed, it is assumed that a linear 

combination of input variables can be used to transform the multiplicity of input variables into a 
single measure of aggregate activity. In the case of the simple model and LASSO, a subset of the 
variables is used directly. In the case of PCA, the first ten principal components are employed as 
the starting point. It is also assumed that OLS can be used to generate contributions for combining 
input variables. By using regression methods to combine inputs, a further assumption that 
economic structures are, on average, the same over the entire sample period is imposed. 

 4: Use the model to estimate monthly growth rates. 

Since all approaches can be viewed as an OLS regression with demeaned inputs, the intercept 
can be interpreted as the average annual growth rate of real GDP between 2002 and 2018. The 
selected inputs (monthly time series or principal components) produce fluctuations around this 
average growth rate. For 2019 and 2020, it is assumed that the average growth rate from 2002 
to 2018 is representative of underlying growth. 

To produce monthly estimates, it is necessary to adjust parameter estimates or monthly series to 
account for the difference in periodicity. The model constant is adjusted to a monthly frequency 
based on the monthly compound growth rate that is equivalent to the annual estimate: 

 
1/12

0, 0,
ˆ ( 1) 1ˆ

monthly annual      

To estimate monthly fluctuations around the trend growth rate, the raw input series are used. This 
allows large fluctuations in the time series to present their full impact when economic shocks, 
such as recessions or commodity price cycles, impact provincial and territorial economies. The 
monthly inputs have their variances adjusted to match the annual variance prior to use. OLS 
regression estimates are based on the ratio of cov(x,y)/var(x). In the current context, aggregation 
through time reduces the variance of the X matrix. To account for this, the variance of the monthly 
data is re-scaled to match the variance of the annual data for each series as: 

 
 

, ,

,

*
x

monthly adjusted x annual x

x monthly

x 
  



 
   
 

  

 5: Generate level indexes 

The fitted values from the models are estimates for monthly growth in economic activity. They can 
be transformed into indexes by adding 1 to create a linking value for a chain index. The index 
level is then calculated by chaining forward from January 2002. 

The growth rate estimates have a confidence interval associated with them as there is quantifiable 
uncertainty that comes from the model. There is also unquantifiable uncertainty that arises from 
possible model misspecification. To produce a level index, it is necessary to assume that the 
growth rate estimates are sufficiently accurate that they can be employed for chaining even 
though errors are compounded through time. This is a strong assumption, but is consistent with 
the way mean values from survey data for prices, values and quantities are combined to produce 
chain-quantity or chain-price indexes. 
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The use of multiple models in step 3 will ultimately lead to different flavors of the activity index 
being presented. In the current context, where statistical models are being used to inform about 
economic activity in an environment where they cannot be optimally implemented, the creation of 

multiple versions of the activity index serves an important role. Because the true value for ,monthly ty  

is unknown, validating  .f  and ,
ˆ

monthly ty  is challenging. The outputs from the different methods 

provide a natural form of data confrontation which helps to gauge the adequacy and 
generalizability of the estimates. 

3.1.1 Simple model 

The simple model imposes the a priori assumption that total employment, total exports and total 
retail sales contain the appropriate information for understanding aggregate economic 
fluctuations. This is likely too strong an assumption as more than three inputs are needed to fully 
capture the complexities of aggregate economic activity. However, the model is consistent across 
all provinces and territories, and it is straightforward to understand. It, therefore, has value as a 
base against which more complex methods can be assessed. The simple approach also 
represents a method that can be viewed as consistent with the types of projectors that are used 
to infer gross output movements that are used as inputs for monthly GDP for Canada (Statistics 
Canada 2020b).  

Since the series do not have a natural aggregation structure for combining them, regressions are 
used to determine relative contributions of the variables rather than an index number formula. 
Because the inputs are assumed to be the necessary inputs, the three series are included 
regardless of their statistical significance in regressions. 

3.1.2 Principal components analysis  

PCA is a variable reduction technique that aims to explain the variance of a given data set using 
a smaller number of principal components (OECD 2008, Jollife 2002). A data set with p variables 

1 1, ,..., pX x x x    , can be transformed to produce p principal components: 

 Z AX   

where 

 1 1,1 1 1,2 2 1,.. p pz a x a x a x      

 2 2,1 1 2,2 2 2,.. p pz a x a x a x      

 ,1 1 ,2 2 ,..p p p p p pz a x a x a x      

The principal components are constructed as linear combinations of the input variables (the 
monthly series). The first principal component explains the largest proportion of the variance of 
the input variables. It is the eigenvector associated with the largest eigenvalue. The second 
principal component is orthogonal (uncorrelated) with the first principal component and is the 
eigenvector associated with the second largest eigenvalue. It explains the second largest 
component of the input variables. It can, therefore, be said to measure a different statistical 
dimension of the available series. The third principal component is orthogonal to the first two and 

measures the third largest proportion of variance in the data. And so on until the 
thp  principal 

component. 
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To implement PCA here, the principal components that are used for model estimation and the 
loadings are determined using the winsorized, demeaned, unit variance monthly time series. The 
loadings are then applied to the raw, un-winsorized series to produce the raw principal 
components that are used to predict the monthly growth rates. 

When PCA works well, a large portion of the variance of a data set can be explained by the first 
few principal components, and only the first few principal components are used for analysis. 
Unfortunately, in the case of the input data set for the provincial and territorial economies, PCA 
does not work well for reducing the scope of information in the data set (Table 4). The first principal 
component typically accounts for less than 10% of the variation in the data set. And, when 
averaged to produce an annual frequency estimate, the first principal component does not 
correlate well with annual real GDP growth for most provinces and territories (Table 5). 

 

The correlations indicate that outside of Alberta, British Columbia and Ontario, using only the first 
principal component will not produce an activity index that provides a suitable measure for 
determining the performance of the provinces and territories based on aggregating month-to-
month fluctuations. As a result, an activity index based only on the first principal component, such 
as the one produced by the Federal Reserve Board of Chicago (Federal Reserve Board of 
Chicago 2020, Brave and Butters 2010, Evans and Pham-Kanter 2002), is not pursued here. 
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While the first principal component has difficulties correlating with annual fluctuations in real GDP, 
this does not mean there is no information in the first few principal components for explaining real 
GDP growth. Therefore, to generate a model based on the principal components, regressions are 
performed on all combinations of the first 10 principal components as regressors for explaining 
real GDP growth. The regression that maximizes the adjusted R-squared is then selected as the 
preferred model. This produces 13 models that perform reasonably well for explaining real GDP 
growth. Moreover, the models generally do well for explaining the 2008 recession and other, 
province- and territory-specific fluctuations. 

3.1.3 Least Absolute Shrinkage and Selection Operator 

LASSO is the solution to a constrained optimization problem similar to OLS. Under classical linear 

regression, 1 2, ,..., pX x x x     is a n x p matrix holding the predictor variables which are used to 

explain the variation in a target vector y  of length n. The coefficients for the regression 

0 ,...,ˆ
p   

 
 are then the solution to the problem that seeks to minimization the sum of the 

squared errors between y  and a linear combination of the variables in X : 

 
2

0 1 1

1

argmin ( ...ˆ )|
n

OLS i i p ip

i

y x x


   


       

LASSO (Tibshirani 1996) is one of a class of estimators that seeks to penalize the OLS estimator 

for over fitting (i.e. including too many variables) through its regulatory parameter  . It is similar 

to using an adjusted R-squared or information criterion to penalize for including too many 
regressors. However, it goes further than penalizing for extra regressors when looking at model 
quality. It selects relevant variables. LASSO is the solution to: 

 
2

0 1 1

1 1

argmin ( ... )ˆ )| (
pn

LASSO i i p ip j

i j

y x x


     
 

 
      

 
    

The 0   parameter controls the strength of the penalty, the larger the value of lambda, the 

greater the amount of shrinkage. The LASSO algorithm is only permitted to include values for j  
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up to a particular absolute total. As a result, LASSO sets less consequential variable coefficients 
to 0. This can be viewed as similar to the type ore result found using a general-to-specific 
modelling strategy, but which is applicable on a larger scale. The result is a method for dealing 
with large data sets where a large number of predictors can be included, and the algorithm will 
select those whose covariance properties are most important for predicting the target variable  
( y ). 

LASSO comes with its own limitations. In cases when groups of predictor variables are highly 
correlated with each other, LASSO tend to keep one variable from each group and shrink the 
coefficient of the other variables to zero. And in other cases, when the data set has small n and 
large p, LASSO selects at most n variables before it is saturated. However, there may be more 
than n variables with non-zero coefficient in the true model. 

The Elastic Net method (Zou and Hastie 2005) is an extension of LASSO. By controlling the 
penalty weight  , the Elastic Net model stabilizes the variable selection from a group of 

correlated variables and removes the limitation on the number of variables selected. The 
coefficients are estimated as follows: 

  2 2

0 1 1

1 1

1
argmin (ˆ ... ) 1

2

pn

EN i i p ip j j

i j

y x xÀ


        
 

   
         

   
    

Where 0 1   is the penalty weight. With   equal to 1, the Elastic Net is the same as the 

LASSO model and, with   close to 1, the Elastic Net behave similar to LASSO, but removes the 

problematic behavior caused by high correlations among variables. 

The outputs of LASSO in terms of the number of variable selected and their statistical significant 
were carefully studied. In almost all cases where LASSO worked, LASSO seems to include 
variables in the model that are not statistical significant. To ensure that the relation between the 
target y and regressors is justifiable with a better statistical result, a step wise regression with 
backward selection is used on the variables selected by LASSO to remove non-significant 
variables from the model. 

Step wise regression is a method that examines the statistical significant of each independent 
variable within the model. It builds a model by successively adding (forward selection) or removing 
(backward selection) variables based on the t-statistics of their estimated coefficients. The 
backward elimination method begins by including all variables in the model, then each variable is 
removed one at a time, to test its importance. Those variables that are not statistically significant 
are removed from the model. 

The LASSO model did not select any variables for New Brunswick, Nova Scotia, Ontario and 
Northwest territories. The Elastic Net method is for used for these jurisdictions instead. And for 
the other two territories, Yukon and Nunavut, a manual step wise regression is performed. 

In both methods, LASSO and Elastic Net, cross validation from the R package caret is used to 
tune parameters lambda and alpha. The cross validation uses a rolling forecasting origin 
technique (Hundman and Athanasopoulos 2014) instead of the simple random sampling. This 
technique is specific to time series data sets. 
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4 Monthly index assessment 

The three approaches have different strengths and weaknesses, which affects their use (Table 
6). The simple index and the LASSO index have the strength that their models are parsimonious, 
and the indexes they produce are less noisy than PCA-based indexes. However, these indexes 
are based on a greatly reduced set of variables, which for the simple indexes are often statistically 
insignificant in annual regressions. These indexes also tend to focus on employment series rather 
than a broad range of economic activities, and so may not present ideal predictors of monthly 
activity fluctuations if changes in production are not contemporaneously aligned with labour 
variables. 

The PCA index has the strength that the methodology is sound and well understood. It works for 
all provinces and territories. However, it produces the noisiest activity indexes making them 
difficult to interpret, and in some cases (e.g., NL) the index can decline sharply. The PCA indexes 
are also combined based on maximizing the adjusted R-squared across regressions. This 
produces a linear combination of principal components that are statistically significant and 
insignificant. These inclusions err on the side of adding additional information that includes some 
noise as it is not clear that data at an annual frequency represents month-to-month variability. 

 

Combining the indexes provides an additional method for their use. Since the simple index is 
relatively stable, but focuses on a limited number of fundamental series, and the PCA is more 
variable, but includes linear combinations of all inputs, these series are combined to produce a 
weighted index that has better characteristics than the components. As with the regression 
coefficients, annual real GDP growth is used as the comparison as it is the primary source of 
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aggregate economic activity available for the provinces and territories. To combine the PCA index 
and simple index, values of nu between 1% and 100% are used to create weighted indexes as: 

  _ 1 * _ * _weighted index simple index activity index      

The nu corresponding to the weighted index that has the highest correlation with real GDP growth 
is then selected. 

The methods for generating monthly indexes generally return similar types of information on 
economic cycles and major economic shocks in the provinces and territories. As examples, the 
indexes for Alberta (Panel 1) and Newfoundland and Labrador (Panel 2), are presented below.  

For larger economics, such as Alberta, all approaches return similar information on periods of 
growth or decline, but the magnitude of the cycles can differ depending on methodology.  In 
general, the PCA based indexes have the largest variability while the simple index has the least.  
In some cases, such as the PCA index for Newfoundland and Labrador, the model fails to produce 
a reasonable result. In these cases, the index will not be made available, and is deemed not-fit-
for-use.  Nevertheless, when the indexes appear to have the appropriate characteristics, there is 
a strong correlation across measures for the implied economic activity, and the movement of the 
indexes through time corresponds with what is known about provincial and territorial economic 
performance. 

Additionally, comparisons with sub-annual real GDP estimates for Ontario and Quebec show that 
the year-to-year growth rates are highly correlated but that business cycles can be accentuated 
in the activity indexes. The indexes, therefore, appear to capture relevant information for 
economic cycles, periods of stronger or weaker growth and for understanding economic 
performance. They do not, however, correspond directly with real GDP, and should not be 
interpreted as a direct measure of real GDP. 
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5 Conclusion 

Measures of aggregate economic activity for economies are important for informing decisions 
about fiscal and monetary policy, for determining the characteristics of business cycles and for 
examining economic performance. In this study, four indexes of provincial and territorial economic 
activity based on different methodological approaches are estimated and presented. The 
methodologies are based on a simple model; PCA; a weighted combination of the simple index 
and the PCA index; and LASSO. In most cases, all approaches produce roughly similar results. 
However, the degree of cyclicality and the variance of month-to-month changes can differ 
significantly. As a general rule, PCA produces the greatest variability and the largest cycles while 
the simple index is the most stable. 

Based on the properties of the methodologies and their outputs, the simple index is the most 
consistent across provinces and territories. It is also the easiest to interpret in terms of variable 
contributions and justification for variable inclusion. However, parameter values are often 
statistically insignificant and the input series are chosen as much for their economic importance 
as for their presence in all jurisdictions. As a result, these models offer a more limited approach 
for examining aggregate economic activity, but also present a basis for comparisons to more 
complex models. 

Indexes based on PCA appear to offer a more complete sense of how activity is evolving over 
time, but it is unclear at the moment how the principal components should be interpreted. Because 
of this, and because the PCA indexes have the largest variability, they present a trade-off between 
overall use of input series and interpretability.  

Weighting the simple index and PCA index produces a result that has a superior correlation with 
annual GDP fluctuations. The weighted combination continues to have more variability than the 
simple index. Since the PCA is included, it is also not as easy to interpret as the simple index, but 
likely provides a better measure of aggregate activity than its constituent parts. 

The LASSO index performs well when compared to annual real GDP, but the model set-up is not 
as well suited to the situation encountered when trying to estimate the activity indexes. In 
particular, the relatively small number of observations limits the ability of the algorithms to perform 
cross validation. Moreover, while the input series are a distinct subset of the input data set, and 
their contributions can be generated in a straightforward manner, there is no theoretical reason 
for why the variables are important, and this limits the model’s interpretability.  

Given the strengths and weaknesses present between the suitability of the models, their 
performance and examinations of their outputs, the assessments made thus far suggest that the 
simple indexes or LASSO indexes present results related to a set of fundamental inputs (often 
heavily influenced by employment series), that the PCA indexes relate more to some form of 
short-term activity (but the signal is noisy), and that the weighted index presents a compromise 
between the two. 

The indexes as currently estimated are correlated with annual measures of real GDP and sub-
annual measures of real GDP for Ontario and Quebec, but they should not be interpreted as being 
a real GDP measure. The indexes display greater variability and cyclicality that real GDP 
measures, and are constituted from measures of gross outputs, employment, relative prices and 
important ratios such as the unemployment rate. This makes the indexes appropriate for 
understanding economic activity, but they are not real GDP. Moreover, the indexes do not inform 
about differing levels of economic activity between provinces and territories.  

The indexes are also based on an input data set and modelling strategies that are not ideal. 
Numerous assumptions must be imposed to produce the indexes, any of which may be a source 
of important measurement errors. As a consequence, the indexes presented here should be 
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viewed as experimental, and are subject to revision or replacement as future research improves 
the processes and/or test the assumptions for their validity.  

At the current time, the correlations between the different approaches, their positive correlation 
with provincially produced measures of sub-annual real GDP and examinations of their properties 
against known provincial and territorial economic performance supports their use as indicators of 
business cycles, for understanding the magnitude of shocks relative to a provinces’ or territory’s 
history and for understanding how regional economies are progressing. Inter-provincial 
comparisons are also supported, but with the caveat that model performance is difficult to 
understand in all situations, and that level comparisons across provinces are not possible using 
the index values.  
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