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ABSTRACT  
 
In early 2010, Statistics Canada launched the Corporate Business Architecture (CBA) initiative. At the time, the idea was to 

conduct a thorough review of business methods, statistical processes and systems infrastructure to identify opportunities for 

efficiencies, determine methods for enhancing quality assurance, and find ways of increasing the capacity to deliver statistical 

programs. To achieve these goals set by the CBA, Statistics Canada initiated several projects, including a major project to 

transform its economic statistics surveys, the Integrated Business Statistics Program (IBSP). The Capital Expenditures Survey 

(CES) which collects data on capital and repair expenditures in Canada, data that provides a useful indication of market 

conditions in both the economy at large and in particular industries was integrated, with 60 other economic surveys, into the 

Integrated Business Statistics Program (IBSP) first year of implementation (reference year 2013).  

 

With the transition from the CES stand-alone survey to the CES-IBSP survey, a number of methodological changes were 

introduced. These changes made it difficult to draw valid conclusions from comparisons between 2012 estimates (CES-based) 

and 2013 estimates (IBSP-based). In this sense, the move to IBSP had the potential to introduce a break in the annual estimates of 

the series. Using the newly acquired software SAS High Performance Forecasting (HPF), Statistics Canada developed a modeling 

approach in a time series context to help determine whether a break in the series exists. This paper will give an overview of the 

methodology used to determine the break in series and show results using the published CES 2013 estimates. 
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RÉSUMÉ  
 
Au début de 2010, Statistique Canada a lancé l'initiative sur une Architecture Opérationnelle du Bureau (AOB). À l'époque, l'idée 

était de procéder à un examen approfondi des méthodes, des processus statistiques et de l'infrastructure des systèmes pour 

identifier les opportunités d'efficacité, déterminer les méthodes pour améliorer l'assurance de la qualité et trouver des moyens 

d'accroître la capacité de fournir des programmes statistiques. Pour atteindre ces objectifs fixés par l'AOB, Statistique Canada a 

lancé plusieurs projets, y compris un projet majeur pour transformer ses enquêtes sur les statistiques économiques, le Programme 

Intégré de la Statistique des Entreprises (PISE). L'Enquête sur les dépenses en immobilisations (EDI) qui recueille des données 

sur les dépenses de capital et de réparation au Canada, les données qui fournissent une indication utile des conditions du marché 

dans l'économie en général et dans certaines industries ont été intégrées, avec 60 autres enquêtes économiques, à l'entreprise 

intégrée Programme statistique (IBSP) première année de mise en œuvre (année de référence 2013). 

  

Avec la transition de l'enquête autonome EDI à l'enquête EDI-PISE, un certain nombre de changements méthodologiques ont été 

introduits. Ces modifications ont rendu difficile l'obtention de conclusions valables à partir des comparaisons entre les 

estimations de 2012 (basées sur l’EDI) et les estimations de 2013 (fondées sur le PISE). Dans ce sens, le passage au PISE a eu le 

potentiel d'introduire une rupture dans les estimations annuelles de la série. À l'aide du logiciel nouvellement acquis SAS High 

Performance Forecasting (HPF), Statistique Canada a développé une approche de modélisation dans un contexte de séries 

temporelles pour déterminer si une rupture dans la série existe. Cet article donnera un aperçu de la méthodologie utilisée pour 

déterminer la rupture en séries et afficher les résultats en utilisant les estimations publiées de l’EDI 2013 

 
MOTS CLÉS : Modélisation; Séries temporelles; Enquête Entreprises; Sauts dans les Séries ; SAS. 
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1. INTRODUCTION 
 

In early 2010, Statistics Canada launched the Corporate Business Architecture (CBA) initiative. At the time, the idea was 

to conduct a thorough review of business methods, statistical processes and systems infrastructure to identify 

opportunities for efficiencies, determine methods for enhancing quality assurance and find ways of increasing the capacity 
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to deliver statistical programs. To achieve these goals set by the CBA, Statistics Canada initiated several projects, 

including a major transformation of its economic statistics surveys called the Integrated Business Statistics Program 

(IBSP). The Capital Expenditures Survey (CES), which collects data on capital and repair expenditures in Canada, was 

due to be integrated, with 60 other economic surveys, into the IBSP’s first year of implementation (reference year 2013).  

 

The CES’s move to IBSP had the potential to introduce a break in the annual estimates of the data series. Using the newly 

acquired software SAS High Performance Forecasting (HPF), Statistics Canada developed a modeling approach in a time 

series context to determine whether a break in the series exists. This article provides an overview of how modeling can 

assist Statistics Canada in detecting breaks in series for economic surveys. Section 2 describes Statistics Canada’s Capital 

Expenditures Survey and presents the CES’s objectives. Section 3 lists elements that could lead to a potential break in 

series. Section 4 presents the methodology and its use of the SAS-HPF software to assist users in detecting breaks in 

series. Meanwhile, section 5 will present results and analysis of the CES 2013 estimates. The last section of this paper 

provides a conclusion and discusses plans for future work 

 

2.  CAPITAL EXPENDITURES SURVEY 
 

The CES collects data and produces estimates on economic capital expenditures investment made in Canada. The survey’s 

target population comprises all business and government entities based in Canada from every industrial sector. This 

population includes around 840,000 businesses retrieved from Statistics Canada’s Business Register2. Around 25,000 

questionnaires are collected annually to produce these estimates. There are three sources of data for each survey year: the 

Survey on Intentions (IN), the Survey on Preliminary Actual Data (PA) and the Survey on Actual Data (AC). A sample is 

drawn in April and covers the Intentions survey for the year ahead, the Preliminary Actual survey for current year and the 

Actual survey for the past year. For example, the 2012 sample will collect information on the AC for reference year (RY) 

2011, while the PA is dedicated for RY 2012 and the IN will collect speculative information for the RY 2013. Therefore, 

a fiscal year is covered by three distinct samples (see table 2.1). 

 

Table 2.1 CES reference year and multiple cycles 

 

 

 

 

 

 

 

* IBSP’s first sample was selected in 2014. 

 

The entire process of estimation now runs using the IBSP rolling estimates3 methodology developed at Statistics Canada. 

Following validation of the estimates, macro level adjustments and the avoidance of disclosure of confidential data, the 

results are released. These results are then used by federal and provincial governments and agencies, trade associations, 

universities and international organizations for policy development and as a measure of provincial activity. More 

information on the sources and methods of the survey, including a description of the variables of interest, can be found in 

the variables section of the publication Annual Capital and Repair Expenditures Survey: Actual, Preliminary Actual and 

Intentions (CAPEX)4. 

 

3. BREAK IN SERIES 

 

During the transition from a stand-alone survey to an IBSP survey, a number of methodological changes were introduced 

to the CES. These changes made it difficult to draw valid conclusions from comparisons between 2012 estimates (CES-

based) and 2013 estimates (IBSP-based). They could also lead to the introduction of breaks in the series of annual 

estimates (see figure 3.0.1). Conceptual, statistical and collection modifications to the CES stand-alone process are all 

potential causes that can create a break.    

                                                      
2 Statistics Canada (2016): “Business Register”, http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=1105  
3 Statistics Canada (2015): “Integrated Business Statistics Program Overview”, http://www.statcan.gc.ca/pub/68-515-x/68-515-x2015001-eng.htm  
4Statistics Canada (2015): “Annual Capital and Repair Expenditures Survey: Actual, Preliminary Actual and Intentions (CAPEX)”, 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=248669  

 

Sample & 

Collection 

Actual (AC) Preliminary (PA) Intentions  (IN) 

2012 Actual 2011 Preliminary 2012 Intentions 2013 

2013 Actual 2012 Preliminary 2013 Intentions 2014 

2014* Actual 2013 Preliminary 2014 Intentions 2015 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=1105
http://www.statcan.gc.ca/pub/68-515-x/68-515-x2015001-eng.htm
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=248669
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Figure 3.0.1 Time Series showing a potential break in series (left) and another showing no potential break (right) 

(where the forecast is represented by the blue line and the IBSP estimate is represented by the black line; also 

shown are the 90% (green band), 95% (blue band) and 99% (light blue band) prediction intervals. 

 

 
 

3.1 Conceptual Changes 

 

CES made the decision to review their program concepts to coincide with the CES-IBSP integration, which led to changes 

to survey concepts, content, questionnaire, elimination of System of National Accounts macro-adjustments, etc. The 

survey also had to adopt changes to various classification systems (i.e., North American Industry Classification System 

2012 and North American Product Classification System 2012). The Business Register at Statistics Canada also 

introduced new concepts to the CES frame. Finally, NAICS publication level changes were made to comply with the 

harmonization concept of the IBSP (i.e., CES harmonized its publication of the manufacturing NAICS to match to the 

manufacturing surveys at Statistics Canada that were also integrated to the IBSP). 

 

3.2 Statistical Changes 

 

The integration to IBSP introduced changes to various CES’ methodologies. For example, sampling methodology 

changed from a simple random sample to a two-phase Poisson sampling methodology. IBSP introduced a location 

estimate level, which differs from the establishment level estimation process that the CES had been using before the 

integration.  

 

3.3 Collection Changes 

 

The CES integration to the IBSP brought the introduction of electronic questionnaires (EQ), changes to the edit and 

imputation strategy and the use of a newly implemented active collection management approach. Active collection 

management, which was introduced in the 2015 reference year cycle, is a term used to indicate that collection efforts are 

dynamically adjusted based on data already received. In this model, estimates are produced in an iterative fashion until an 

acceptable level of quality is reached. Quality indicators for key variables by domain of estimation and measures of 

impact for each unit provided the information necessary to determine which outstanding units needed to be followed up 

and which did not.  

 

3.4 Validation Changes 

 

A parallel run is often conducted when surveys go through a major redesign, to evaluate the size of the differences caused 

by the changes. A parallel run was not performed during CES integration (mainly due to cost, but also to alleviate the 

response burden for CES’s respondents). Nevertheless, many other options exist to validate the accuracy of the data by 
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comparing to various data sources such as: preliminary cycle data; administrative data from tax records; time-series 

forecast model estimates. One constraint that the break in series methodology has to confront is the need to evaluate many 

domain estimates (industry by geography) which can be abundant. IBSP produces thousands of estimates; for this reason 

an automated strategy is needed to perform an evaluation-resolution process that could be used by all 60 IBSP surveys 

(see table 3.4.1). 

 

 

Table 3.4.1 Break in series evaluation-resolution process 

 

 
 

 

4. FORECASTING AND BREAK IN SERIES DETECTION 
 

The IBSP program decided to use time series methods as a key indicator to detect break in series. In the case of CES, 

forecast models would be developed to derive estimates for reference year 2013 using the relationship between CES’s 

preliminary and actual survey estimates from 2004 to 2012 (more details on the methodology are provided in sub-section 

4.2). If the methodology detected a break then the 2012 estimate would be revised so that the movement between the 

revised 2012 estimate and the 2013 estimate was a reflection of the real economic change. In a sense, the revised 2012 

estimate represents what the estimate for reference year 2012 would have been if it had been produced under the IBSP 

methodology. To help determine whether a break exists, time series methods were used to produce 2013 estimate 

forecasts for each series (province by industrial sector). Therefore, IBSP used a newly acquired SAS product called SAS-

HPF that can automatically select an appropriate model and produce forecast estimates based on the provided data and 

modeling expert initial parameters. The HPF procedures are designed to select models and produce forecasts for a large 

number of time series with minimal manual work involved. A number of diagnostics are available for the selected model 

and prediction intervals are provided for each forecast (see figure 4.0.1 for more details about SAS-HPF).  

 

Figure 4.0.1 SAS High Performance Forecasting description (Matthews, Fortier & Picard, 2015) 
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4.1 Forecasting models 

 

A number of time series models were evaluated initially (see figure 4.1.1), including Auto-regressive Integrated Moving 

Averages (ARIMA), ARIMAX (ARIMA model with a predictor variable), Exponential Smoothing Models (ESM), and 

Unobserved Component Models (UCM). Each of these models was fit to the historical series. The models attempted to fit 

cyclical patterns in the estimates, as well as relationships with any available auxiliary (also called predictor) variables. The 

model that best predicted the values over the historical series (according to the Mean Absolute Percentage Error) was then 

used to produce a forecast and prediction interval for 2013 estimates. If the predictor variable was highly correlated with 

the variable of interest (even if the level is different), then it would tend to be used in the forecasting. 

 

Figure 4.1.1 SAS High Performance Forecasting Models 

 
 

Forecasting models that include a predictor variable are usually preferred. However, in some cases, predictor variables 

with a suitably strong relationship are not available. Forecasting models that do not include predictor variables for the 

current period do not predict shocks (large changes) in the data series. Forecast estimates that do not include predictor 

variables will likely be inconsistent in some of the following situations; recession or boom, frame changes (such as 

changes to processes that identify in-scope units, NAICS classification changes) or environmental influences. In addition 

to the prediction interval, a quality indicator for each forecast was provided to help analysts evaluate the reliability of 

these forecasts. The quality indicators ranged from A to F with “A” denoting the highest quality and “F” the lowest 

quality. Several aspects of the modeling process were used to derive the quality indicator, such as prediction model 

standard deviation, number of predictors used and number of cycles used in the model. 

 

4.2 Methodology  

 

The methodology to detect break in series using time series relies mostly on the comparison between the forecast 

estimates and the IBSP-CES estimates for 2013 (see figure 4.2.1).  

 

Figure 4.2.1 Simplified version of the break in series methodology using a linear regression 
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Using the prediction interval for the 2013 forecast estimate, , provided by the model the analyst can determine if a break 

in the series exists. An IBSP estimate, , that is very different from the forecast does not on its own indicate a break in 

the series (especially if the prediction interval is wide). If the 2013 IBSP estimate lies within the prediction interval 

surrounding the forecast estimate, then there is no statistical evidence of a break in the series. However, if 

the 2013 IBSP estimate lies outside of the prediction interval surrounding the forecast estimate, this is an indication that 

there may be a break in the series. That, along with the IBSP estimate’s quality indicator (which can be derived into a 

confidence interval ), should be considered in order to determine the reliability of the forecast. Figure 4.2.2 

presents an example where the prediction interval (blue or green band) and the confidence interval (red band) are 

overlapping and therefore showing no statistical evidence of a break in the series. The formula below was used to 

determine if an IBSP estimate could potentially represent a break in the series. For example, BS=1 would indicate no 

overlap exists between the prediction interval and the IBSP confidence interval. While, BS=0 would indicate an overlap 

between the two intervals.  

 

 
 

where BS=1 indicates a potential break in the series, while BS=0 indicates no potential break in the series, where α = 0.05 

 

Figure 4.2.2 Time Series using both prediction interval (green band (PI at 90%), blue band (PI at 95%) and light 

blue band (PI at 99%)) from the forecast (blue line) and the IBSP estimate’s (black line) confidence interval (in red 

band) 

 

 
 

 

5. RESULTS 

 

The results from this forecasting exercise are intended to be used as one tool among others to identify and quantify a break 

in the series. In determining whether a given series has a break, all of the available comparisons should be considered in 

combination. For reference year 2013 of the CES actual survey, as presented in table 5.0.1, according to the break in 

series methodology no break in series were detected for the provincial and industrial sector estimates. At the lower 

domain level (NAICS6 by province) the methodology found approximately 91.1% of the estimates did not require any 

further investigation. However, the remaining 8.9% represented a potential break in the series. CES’s analysts determined 

that only one sub-industrial sector had a significant break in series, which had been caused by a change in concept5. 

However, most of the 8.9% of series with a statistical break were ruled out by analysts. This can be attributed to the 

                                                      
5 Statistics Canada (2015): “Annual Capital and Repair Expenditures Survey: Actual, Preliminary Actual and Intentions (CAPEX)”, 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=248669  

 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=248669
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statistical test used in the model which has a Type I error. A statistically significant break may not be analytically 

meaningful (i.e. there could be a break, but not large enough for the analysts to consider important).  The inverse is also 

possible where the analysts see a relatively small but important break that is not detected as significant. Additionally, the 

break in series methodology also had the effect of helping analysts during the production, guiding them to focus their 

effort on specific domains that the methodology deemed problematic. 

 

Table 5.0.1 Results for CES-IBSP (reference year 2013) using the break in series methodology 

 

No break in series 
Number of 

domains 

Proportion of non-breaks in the 

series for Total Capital (TC)  

Expenditures variable 

Geographical 

(Province/Territory/National) 
14 100% 

Industrial 

(Sector) 
21 100% 

Geographical by Industrial 294 91.5% 

All lower domains 642 91.1% 

 

 

6. CONCLUSION 

 

This article provides an overview of how modeling can assist Statistics Canada in detecting breaks in series for economic 

surveys. The implementation of this process was used during the major IBSP initiative and more specifically CES’s 

integration to this program. The CES’s move to IBSP had the potential to introduce a break in the annual estimates of the 

series.The methodology to detect breaks in the series had the effect of helping analysts during production to concentrate 

on specific sectors and provinces that were problematic. This methodology provides reliable statistical forecast estimates, 

has the ability to plan for identified breaks and minimizes the magnitude of subsequent revisions. Furthermore, this 

modeling could be used as validation for other components and surveys used for the gross domestic product estimation 

process and, in the longer term, potentially create efficiencies in the estimation production process.  
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