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Abstract 

Data matching is a common practice used to reduce the response burden of respondents and to improve 
the quality of the information collected from respondents when the linkage method does not introduce 
bias. However, historical linkage, which consists in linking external records from previous years to the 
year of the initial wave of a survey, is relatively rare and, until now, had not been used at Statistics 
Canada. The present paper describes the method used to link the records from the Living in Canada 
Survey pilot to historical tax data on income and labour (T1 and T4 files). It presents the evolution of the 
linkage rate going back over time and compares earnings data collected from personal income tax returns 
with those collected from employers’ file. To illustrate the new possibilities of analysis offered by this type 
of linkage, the study concludes with an earnings profile by age and sex for different cohorts based on 
year of birth. 
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1. Introduction 

Data linkage is a common practice at Statistics Canada and in several other statistical agencies around 
the world. It is a good way to reduce the costs associated with survey activities and to enhance the 
analytical strength from existing data sources. Certain types of information will always be hard to collect 
by survey, either because it requires significant recall by respondents (e.g. monthly calendar of 
employment status) or because the nature of the subject may be embarrassing to discuss with a stranger 
(e.g. victim of sexual assault). For this reason, analysts in several fields are regularly confronted with 
insufficient data, which limits the type of analysis that can be conducted. 
 
Data linkage can also be used, in the context of social surveys, to replace questions related to income, 
significantly reducing the response burden of respondents who consent to this type of procedure and 
increasing the accuracy of the data collected. The Survey of Labour and Income Dynamics is a good 
example of this. Generally, 80% of respondents of this survey consent each year to data matching. The 
consent is valid for the duration of the respondents’ participation in the survey and the linkage of records 
is carried out solely between data files belonging to the same collection year. However, the linkage 
carried out with the pilot of the Living in Canada Survey (LCS) is somewhat different because it involves 
historical linkage. More specifically, the LCS records were linked to tax files from years prior to the LCS 
collection year; this type of linkage had never been done before with a Statistics Canada social survey. 
 
The purpose of this study is to explain how the historical linkage was done and to present the benefits in 
terms of analytical potential. In particular, the study examines (1) the degree to which the linkage rate 
diminishes going back in time, (2) the accuracy of the information contained in the different linked tax 
files, and (3) the potential of the retrospectively linked information in analyzing phenomena that require a 
long data series. 
 
 
2. Linkage 

The Living in Canada Survey (LCS) pilot data were linked with different tax files of individuals and 
businesses: (i) the personal income tax form (T1 file), (ii) the statement and summary of compensation 
paid by employers (T4 file), and (iii) the Pension Plans in Canada Survey file1. For these files, two 
different types of linkage were carried out: (i) a yearly linkage (renewable for each new wave of the 
survey) and (ii) an historical linkage of tax data for the years going back to 1990. 
 
Despite the fact that this second type of matching had never been done before at Statistics Canada, there 
is some emerging literature on the topic (Reimer and Künster, 2004; Roemer, M., 2002; Sears and Rupp, 
2003). A team of German researchers had carried out an exercise similar to ours by comparing 
administrative data on employment status to employment data from a survey (Huber and Schmucker, 
2009). One of their main findings was that the probability of the two files corresponding was negatively 
correlated to the number of events. In other words, they found that respondents who experienced several 
changes in employment status during the period analyzed were significantly more likely to forget events 
and to produce an incorrect statement (memory bias). This appears to indicate that the historical 
administrative data improved the quality of the information for this type of individual in particular. 
 
The consent of LCS respondents to yearly and historical linkage was requested completely separately. 
The first question allowed respondents to give permission to access their tax file for the pilot’s reference 
year and for the duration of their participation in the survey. Permission to access the same files, but for 
all calendar years going back to 1990, was asked in a second question and solely of those respondents 
who had previously consented to linking their tax files for 2007 (Table 2.1-1). 
 
   

                                                            
1 The Pension Plans in Canada Survey is a complete annual survey of registered pension plans in Canada. It includes information 
on the various terms and conditions of these plans, membership and contributions. 
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Table 2.1-1 Permission for yearly and historical linkage from the LCS pilot questionnaire 

In order to increase the accuracy of the data and reduce the time of the interview, you can give 
permission for Statistics Canada to access your income tax records. 
 
1. Statistics Canada would obtain information from: the T1 Income Tax and Benefit Return, the T4 file 

of records from employers, and the employer pension plan file. The information we obtain would be 
used for statistical purposes only, and would be kept confidential. Do we have this permission? 

 
2. Statistics Canada would also like your permission to access information contained in your past tax 

records back to 1990. This will enhance the quality of the results from the survey. The information 
we obtain would be used for statistical purposes only, and would be kept confidential. Do we have 
this permission? 

Source: Questionnaire of the Living in Canada Survey pilot (2007) 
 
 
For confidentiality reasons, respondents could not be asked directly for their social insurance number 
(SIN) in the LCS interview. Consequently, respondents’ SIN was identified by probabilistic record linkage 
and by using auxiliary variables such as last name, first name, sex, date of birth, marital status, address 
and postal code. It should be noted that for technical reasons, data from T4 files were not available for 
years prior to 2001 at the time of this analysis. 
 
 
3. Data source 

The main purpose of the Living in Canada Survey pilot (LCS) was to provide Canada with a longitudinal 
survey with panels of indefinite length and content covering several topics of interest for the development 
of public policy. More specifically, the survey’s content should enable researchers to identify the links 
between the four main areas of an individual’s life, namely, work, education, family life and health status. 
Similar surveys are available in several countries and have proven useful in developing better policies 
and programs by all levels of government. 
 
The pilot was a means to test the survey questionnaire. Sample coverage was limited to four of Canada’s 
ten provinces: New Brunswick, Quebec, Ontario and Saskatchewan. The pilot covered the population of 
these four provinces, excluding regular members of the Canadian Forces, individuals living in institutions 
and on a native reserve. In total, the file contains data from 2,881 respondents, aged 15 years and older, 
79% of whom consented to linking their data to the reference year. Of that number, 94% also consented 
to the historical linkage of their tax data going back to 1990. Since the analysis focused only on 
respondents who consented to both types of linkage, the sample available included 2,137 observations. 
 
 
4. Analytical results 

4.1 Linkage rate between 1990 and 2007 

Data linkage fails when the unique matching key does not find a match in the linked file. There may be 
several reasons for this failure, and in the case of historical linkage, the potential sources are even more 
numerous. Other than errors arising from the processing of records, the extent of which is difficult to 
quantify, some of the reasons for a failed link are more easily identifiable and can be divided into two main 
sources: (1) the person did not file an income tax return or did not work for an employer during the 
taxation year; or (2) the person’s matching key was not constant over time. 
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This second type of reason will introduce bias in the longitudinal analysis of data since the linkage failure 
cannot be attributed to the absence of an income tax return during those years. Although the Social 
Insurance Number (SIN) is a relatively stable key over time, it can change, notably in the case of 
immigrants who are assigned a temporary SIN on their arrival in Canada and who are then assigned a 
permanent SIN2.  
 
The linkage rate for the T1 data files was calculated for the period from 1990 to 2007 to determine the 
degree to which it declines going back over time. Three different types of rates were calculated: (1) a 
gross rate using all of the available sample, (2) an adjusted rate using a sample excluding respondents 
aged 15 years or under and immigrants landed in, or in the year prior to, the fiscal year, and (3) a second 
adjusted rate based on a sample excluding respondents aged 20 years or under and immigrants landed 
in the three years preceding the fiscal year. The restrictions on age and immigrant status reflect the fact 
that these two groups are less likely to produce an income tax return during a given year or to have a 
constant SIN over time. 
 
As Figure 4.1-1 shows, the results indicate that the linkage rate drops going back in time regardless of the 
sample used for the calculation. However, the most significant reduction in the linkage rate occurs when 
the calculation is based on a sample without exclusions, in which case it drops from 96.7% in 2007 to 
only 60.5% in 1990. When we exclude those respondents for whom linkage was a priori more likely to fail, 
the rate drops much less quickly and remains at over 80% in 1990 for both samples with exclusions. 
 
 
Figure 4.1-1 Linkage rate of the personal income tax return file (T1) from 1990 to 2007 

 
Source: LCS (2007) and linked data from T1 file (1990 to 2007) 
 
 
   

                                                            
2 It is difficult to assess the longitudinal bias introduced by retrospective linkage of immigrants because there are several possible 
reasons for the failure of their linkage. Because they are likely to be assisted by a family member upon their arrival in Canada or to 
leave the country several times after their immigration, it is difficult to know if their data are missing because they did not file an 
income tax return during these years (no introduction of bias) or because of a change in SIN over time. 
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4.2 Comparison of earnings from T1 and T4 files 
 
One way to verify the accuracy of the information reported by a respondent on a survey is to compare it to 
information contained in administrative files. Administrative files are considered a more reliable data 
source and many studies use this type of methodology to assess the impact of non-response and attrition 
on estimate quality (Pyy-Martikainen and Rendtel, 2003; Roemer, 2002; Johnson and McMahon, 2002). 
However, very few studies make this type of comparison among different administrative files in order to 
determine the correspondence between the amounts reported in each source. 
 
Earnings amounts in T1 data files and in T4 data files were compared for the period from 20013 to 2007. 
The results show that the majority of cases—approximately 98% each year—present a similar earnings 
situation in both the personal file (T1) and the employer file (T4) [Table 4.2-1]. In other words, when 
earnings are found in the T1 file, they are also found in the T4 file and vice-versa. In 2007, for example, 
there are only 33 cases with earnings from a single data source. Of that number, the majority of linked 
information, some 21 cases, comes from the T1 file and the median earnings associated with those cases 
is only one dollar (Table 4.2-2). 
 
 
Table 4.2-1 Difference in earnings reported in the T1 file and the T4 file 

 2007 2001 

 % 

T1 earnings between (T4 earnings – $1000.00 and T4 earnings + $1000.00) 98.66 98.83 
T1 earnings between (T4 earnings – $1.00 and T4 earnings + $1.00) 95.17 87.59 
T1 earnings less than (T4 earnings – $1000.00) 0.79 0.90 
T1 earnings greater than (T4 earnings + $1000.00) 0.55 0.27 

Source: LCS (2007) and linked data from T1 and T4 files (2001-2007) 
 
 
When employment earnings are present in both files, the difference between the amounts reported is no 
more than one dollar in 95% of cases (Table 4.2-1). The reason for this finding is quite simple and is due 
to the fact that earnings amounts reported in the T1 files are rounded to the nearest dollar, which is not 
done with the amounts reported in the T4 files. Referring to the results in Table 4.2-2, we find that the 
median earnings are very similar from one data source to the other. From 2001 to 2007, the difference in 
median employment earnings calculated from the two data sources is on average $150.00. 
 
 
Table 4.2-2 Median employment earnings4 according to statements in the T1 and T4 files 
 2007 2001 

 dollars dollars 

T1 T4 T1 T4 

Statement of earnings in T1 and T4 files  31,745 31,886 30,774 30,930 

Statement of earnings in T1 file only 1.00 n/a 1.14 n/a 

Statement of earnings in T4 file only n/a 278 n/a 462 

Source: LCS (2007) and linked data from T1 file and T4 file (2001-2007) 
 
 

                                                            
3 At the time of this analysis, information from T4 files was not available for years prior to 2001. 
4 Employment earnings expressed in 2007 constant dollars. 
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4.3 Profiles of earnings by age and sex 
 
The lack of longitudinal data on certain types of research topics leads researchers to use more 
approximate analytical methods to examine certain phenomena. For example, creating synthetic cohorts 
is a common practice to monitor the evolution in earnings over time when data comes from cross-
sectional surveys. Retrospectively linked data could overcome this data limitation and also allow analysis 
of any issue requiring the use of a long data series. 
To fully exploit the potential of linked information and to verify whether such information can produce 
analytical results comparable to those achieved using other data sources, an earnings profile by age and 
sex was developed for different cohorts based on birth year. Given that the earnings amounts reported 
were similar regardless of the source, the earnings reported in personal tax return files were used to 
develop the earnings profile, thus producing a longer data series than the data drawn from the employers’ 
file. The sample was divided into seven birth year groups, each with a 10-year interval, for which the 
change in employment earnings for different age groups was tracked. 
 
As Figures 4.3-1 and 4.3-2 show, the earnings profile developed using historical data reveals general 
trends comparable to those from other data sources, specifically: (i) an earnings profile increasing with 
age and beginning to decline around age 50 years as individuals retire from the workforce, and (ii) a 
higher earnings profile for men than for women for all age groups analyzed. 
 
The earnings profile also shows trends by cohort similar to those found in related literature (Beach and 
Finnie, 2004; Boudarbat, Lemieux and Riddell, 2003; Burbidge, Magee and Robb, 1997). First, there is a 
trend of lower earnings at the beginning of their career for workers in the most recent cohorts (e.g. 1961-
70 cohort versus 1971-80 cohort) and second, a faster growth in earnings5 for workers in the more recent 
cohorts. As a result, there is a trend toward higher earnings at career end for workers in the more recent 
cohorts than for the older cohorts (e.g. 1951-60 cohort versus 1941-50 cohort). 
 
 
Figure 4.3–1 Earnings profile by age and sex (Men) 

 
Source: LCS (2007) and linked data from T1 files from 1990 to 2007 

                                                            
5 In the literature, this growth is often associated with the growth in returns to education. 
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Figure 4.3–2 Earnings profile by age and sex (Women) 

 
Source: LCS (2007) and linked data from T1 files from 1990 to 2007 
 
 
5. Conclusion 

The results of this study represent only the first step in our research. At present, the preliminary findings 
indicate that the information provided by retrospectively linked data could be of sufficiently good quality to 
be used in analyzing phenomena that require the availability of a long data series. According to several 
studies, this type of linkage could also gather more reliable data for respondents likely to provide incorrect 
responses on their historical information (e.g. workers with several jobs in recent years). 
 
In the specific case of the Living in Canada Survey, the historical linkage of tax data also made it possible 
to add complementary information to the survey data about the respondents’ past (education, family life, 
work and health). The addition of this historical information allows analysis of longitudinal phenomena as 
of the first wave of the survey, an operation that would not normally be possible until after several waves. 
It also offers new tools to analysts without increasing the response burden of respondents or the costs 
associated with the survey’s activities. 
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