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Résumé 

Dans le cadre du projet du remaniement des enquêtes-entreprises, les 
données d'impôt sur le revenu sont de plus en plus utilisées pour completer 
ou remplacer les enquetes annuelles. Par contre, certaines variables 
financières, qui sont requises pour certaines enquêtes, ne sont pas 
toujours rapportées en details sur les formulaires d'impôt et les états 
financiers. Ceci peut entrainer une sous-estimation pour ces variables. Un 
système de validation et d'imputation a donc été développé pour résoudre ce 
problème. Le present document donne une idée générale de ce système. 

Abstract 

With the redesign of business surveys, the idea of using tax data to 
replace survey data has become more firmly entrenched. However, some items 
that are required by the surveys may not always be separately identified on 
a tax return or on the accompanying financial statements. This can lead to 
underestimates for certain variables. A system of edit and imputation has 
been developed to try to resolve the problem. This paper presents an 
overview of the system. 

1. Introduction 

The idea of using administrative data to complement survey data has become 

more popular because of concerns regarding the response burden for small 

businesses, and the budget reductions for surveys. Hence, in the redesign 

of business surveys in Statistics Canada, the plan is to collect 

information for large businesses by surveying them while tax data will be 

used to estimate financial activity for small businesses. 

Tax data are transcribed by the Tax Record Access (TRA) sub-division from 

tax returns and accompanying financial statements. The data are captured 

and checked for transcription errors by an on-line edit system. There is 

also a quality control system in place to ensure good quality at the data 

capture stage. However, tax data are different from survey data. The 

taxfiler is required to meet administrative requirements that may not 

necessarily correspond to the survey requirements. Some of the survey items 

may or may not be reported on the tax return since the breakdown of the 

variables on the financial statement is at the discretion of the person 

filing the return. Therefore there is a need to develop an edit and 





imputation system for tax data. The main goal of the edit and imputation 

system is to try to differentiate between zeroes and non-reported values 

and to correct for the non-reported cases. The system also checks the 

consistency of fields on the tax record, i.e., verifies that certain 

relationships between variables are respected. Any inconsistencies found 

are corrected. Finally the system processes the data from the Other 

Characteristics Questionnaire (OCQ). This is a questionnaire sent out by 

the different surveys to collect information not available from the tax 

form, to complete the tax information. If necessary, the system ensures 

consistency between OCQ and tax data. For Tax Year 86 (TY86) only 

Construction is using an OCQ to complete the tax information. 

The process of edit and imputation that is presented here is to be used for 

TY86. Even though the intention is to keep the same strategy for TY87, some 

differences will occur between TY86 and TY87, due to the increased number 

of transcribed fields, the changes in some concepts and definitions, and 

he probable increased uses of tax data. However, it is hoped that these 

changes will only affect the edit specifications and not the general 

strategy. 

2. Edit Strategy 

There are three motivating factors for editing tax data: 

1) Tax data are different from survey data. The tax filer is 

required to fill in a tax form that may not necessarily meet 

the survey requirements. For example, in most situations, 

tax laws do not require reporting of all data items which 

are to be transcribed. Some editing is done to try to 

differentiate between real zeroes and non-reported values. 

This is the major reason for editing and imputing. 
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There are some reported values, or combinations of reported 

values, that are acceptable but unlikely. 	Some edits 

identify outlier fields that will either be imputed or 

excluded from the imputation process. 

There can be inconsistencies between the fields that have 

been transcribed by TRA. It should be noted that these 

inconsistencies do not affect many records. 

To serve these purposes, edits have been specified by the various subject 

matter divisions, specifically those that use tax data or are planning to 

do so. A list of edits has been specified and approved for TY86. They can 

be found in Michaud (1986). The list of edits will need to be revised for 

TY87 due to the increased number of transcribed fields as well as the 

potential increase in users. 

The edits are initially applied to tax data, on the Combined Master file. 

Records on the Combined Master File have two segments: the base portion, 

which consists of data provided by Revenue Canada in machine-readable form, 

and the transcribed portion, which contains the fields that are transcribed 

by TRA from the tax return. There are some variables, for example province 

and Gross Business Income (CBI), that are common to both segments of the 

file; they may be used for imputation purposes. Once the edits have been 

applied to the tax data, the OCQ are edited. The OCQ files are provided by 

the subject matter divisions. For TY86, only Construction has an OCQ. 

Finally, the records from the OCQ are linked to the tax information and 

edit rules are applied to ensure consistency. It should be noted that the 

OCQ has already been edited and corrected by Construction. 

The edits applied to tax data are performed on transcribed data only, not 

on the machine readable information from Revenue Canada. Some edits are 

applicable to all industries and some are SIC specific, where industry is 

defined in terms of the 1980 Standard Industrial Classification (SIC). The 
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edits are applied to all businesses with a GBI greater than or equal to 

$10,000. The only exception is the Wholesale/Retail sector where edits are 

applied to businesses with a CBI greater than or equal to $25,000 only. 

Since CBI and Net Business Income (BSNT) are always present, the problem of 

total non-response need not be considered. For TY86, it is also assumed 

that the industry is always present; all businesses where the SIC is not 

actually coded are considered as belonging to an unknown industry. 

Tax data can be split into two categories: non-financial information and 

financial information. The non-financial information that the system 

processes includes the province and the postal code. If the transcribed 

province code does not correspond to the first digit of the postal code, 

then the information is checked against the corresponding values of the 

base portion of Revenue Canada to see if the inconsistency could be 

reconciled. Most of the transcribed variables are financial: gross business 

income, net business income, salary and wages etc., and most of the edits 

relate to them. Some edits identify values that should have been reported 

but have not been, based on the presence of some other fields. In those 

cases, the variable that is imputed is the variable that has been 

identified as non-reported by the edit. 

When edits fail because of inconsistency between fields, there must be a 

rule to determine which fields are to be imputed. It is proposed to use 

the rule of minimum change, i.e., the system finds the combination of 

variables which minimizes the number of values to impute (Fellegi, 1976). 

As recommended by TRA, some variables are less likely to be changed: CR1, 

3SNT and assets (ASST). These variables are key items, and form the basis 

for the linear relations. If, using the rule of minimum change, there are 

several possible ways of changing the record, a solution will be chosen at 

random. Since in most cases the edits fail because variables are 

considered as non-reported, identification of the fields to impute is not a 

major issue. As mentioned earlier, some edits identify outliers. These 

edits are mainly applicable to tax returns coded to Wholesale/Retail trade. 

0 





For example, if salary and wages is greater than or equal to p% of GM, 

tthen two actions are possible depending on the values of p and GM. Either 

the variable is flagged as requiring imputation or the value is kept as is 

and the record is excluded from the imputation process. A formal procedure 

should be developed for TY87. 

After tax data have gone through the edit process, the OCQ file is input 

into the Edit and Imputation (E&I) system. The OCQ file has already had 

some preliminary edits applied, so only a few records require correction. 

For these records the correction is deterministic, which means that there 

is only one way of fixing the record. In certain cases, the percentage 

breakdowns of revenue are such that a variable must be zero in a specific 

SIC; if this is not the case, the percentage is set to zero. 

Finally, 	consistency rules are applied between some OCQ and tax 

information. 	If the tax information was present before imputation it is 

considered to be more reliable than the OCQ information and the latter is 

imputed. On the other hand, if the tax information was missing before 

imputation, the OCQ information would be used to re-impute the related 

fields on the tax segment. It should be noted that if there is an OCQ 

record with no corresponding tax data, the OCQ record will be dropped; 

obviously a tax segment is kept even if it does not have a corresponding 

OCQ portion. 

The system of edit and imputation is entirely automated. In the first stage 

the system determines whether a given data record contains incorrect, 

non-reported, inconsistent or outlier responses. The system applies the 

edits to the data and classifies the records as passed, missing, or failed. 

When a record fails one or more edits, the system identifies a combination 

of fields that could be imputed so that the record would pass the set of 

edits. This information is retained internally to be used in the second 

stage, i.e., imputation stage where an effort is made to resolve all 

problems. It should be noted that these two stages are done separately. 





3. Imputation Strategy 

The imputation rules are entirely automated. Due to the number of da 

items that need imputation, as well as system restrictions, imputation is 

done in phases. 	For TY86, it is proposed to have six phases, where the 

first phase imputes the non-financial information such as province and 

postal code, phases two through five handle the financial information of 

tax data and the last phase does the imputation of OCQ data as well as 

applying consistency edits between tax and OCQ data. 

The imputation is broken down as follows: 

phase 1 imputes the non-financial items, 

phase 2 sub-divides total salary and wages and total 

purchases into their sub-components (wages vs salary 

and purchases vs sub-contracts), when the 

components are not reported separately. 

phase 3 imputes the core items, 

phase 4 imputes the balance sheet items, 

phase 5 imputes the financial sub-sample items, 

phase 6 applies consistency edits between tax data and OCQ data 

and imputes one or the other, as described above. 

More details on these different phases can be found in Michaud (1986) and a 

description of the variables involved in each phase is presented in 

Appendix A. 
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Two variables which are only rarely imputed in these phases are GM and 

BSNT. These variables are always present initially, as mentioned before. 

There is only one case where they could be changed and that is if the 

accounting relation between financial variables is not respected, prior to 

any imputation. The GM and the BSNT are then checked against the 

corresponding information from the Revenue Canada (RC) segment. If only one 

of the two variables is identical to the corresponding item of the RC 

segment, and the edit would pass if the RC value were used for the other 

variable, then that RC variable is transferred to replace the transcribed 

variable. The underlying assumption is that, since one of the variables is 

identical, the discrepancy of the second variable is probably due to a 

transcription error. For TY86, only 15 records out of 165,512 tax records 

had GM or BSNT imputed. It should be noted that transcribed variables and 

RC variables are not always equal because sometimes definitions differ. 

For TY86, not all the phases apply to all industries. 	For example, 

Construction is the only industry which has an OCQ, it is also the only 

industry to have a financial sub-sample. 

The first phase involves imputation based, as much as possible, on the 

comparison with the information from the Revenue Canada segment. In the 

case where the province can not be determined using the Revenue Canada 

information, a province code is randomly assigned such that the probability 

of receiving a certain province code is based on the proportion of records 

having that province code; proportions are calculated at the three digit 

1980 SIC code stratum level. If there is no record with a province code 

within a 1980 SIC stratum, the province of Ontario is used as a default. 

The following four phases impute financial variables. These phases are done 

using a combination of the following methods: historical imputation, donor 

imputation (nearest neighbour) or a default value. The methods are applied 

sequentially until one works. 





For TY86 	the historical imputation does not affect many records. It is 

restricted to two cases oniy. 	First, a missing opening inventory is 

imputed from last year's closing inventory; this is actually a transfer of 

a real value assuming that the unit is correctly matched on the previous 

year's file. Second, a missing balance sheet for unincorporated businesses 

is imputed based on last year's balance sheet, adjusted by a trend. This 

is done for unincorporated businesses only, because the relationship 

between this year's balance sheet and last year's balance sheet does not 

seem to be as strong for incorporated businesses as it is for 

unincorporated businesses, 	and in any case the balance sheet for 

incorporated businesses is present almost all the time. 

Donor imputation will be used to impute most of the core items, the balance 

sheet items, and the financial sub-sample items. A brief overview of the 

method wili he giver. here, More details can be :ound in Soncle 

iThen a record requires imputation of at Least one variabLe, the record is 

defined as a candidate. If a record passes all the edits and all the 

variables are reported, it is called a donor record. Donors and candidates 

are redefined at each phase based on the edits specific to that phase. The 

principle of donor imputation is to find a donor that is similar to the 

candidate and to substitute the donor values for the non-reported or 

inconsistent variables of the candidate record. Similar records are 

defined as records that are close in terms of GI and BSNT and certain 

other variables. In fact all the core items that are not imputed on a 

particular candidate record and that restrict the possible values of the 

imputed variables are also used to find similar records. These variables 

are called matching variables. The record that is used to impute a 

candidate record is the record within the same stratum that is most similar 

to it. To find such a record, a minimax distance measure is calculated. 

From the bank of potential donors, the one with the smallest distance value 

is used as the donor provided the imputed values satisfy the edits. Thus, 

imputed values always satisfy the edits and it is not possible to impure 
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then the imputation stratum becomes the three digit SIC stratum. Also, a 

minimum of 30% of good records in a stratum is required for the imputation 

;1-: 

............................................................. L 	 ._.-•J 	H.'. 

-iat record. That is, for records where donor imputation could not impute 

the non-reported or inconsistent values, imputation of the mean at the 

three digit 1980 SIC level is used. Some adjustments may be done to the 

mean because of the linear relationship between variables, for phases 3 and 

5. The mean is readjusted by the percentage of GM that can be allocated 

to the variables that need imputation, in order to satisfy the edits. If a 

record cannot be imputed by any method, then the record is left unimputed 

and is flagged as such. 

4. System and outputs 

For TY86, the edit and imputation system is a combination of SAS programs 

and modules of the Numerical Edit and Imputation System (NEIS) in PSTAT. 

For TY87, it is proposed to implement the edit and imputation process using 

the Generalized Edit and Imputation System (GElS) in ORACLE. The GElS could 

not be used to process TY86 data because it was not available. However, 

the necessary modules of the GElS should be ready by September 1988. 

I 	The files that are input into the system are the Combined Master file from 

TRA and the OCQ file provided by Construction. For tax data as well as for 

OCQ data, the record layout of the output file is identical to that of the 

input file, except that flags are added at the end of each record. The 

flags indicate the status of each variable prior to the imputation, 

(missing, inconsistent etc.) and, the status of each record after 

imputation, for each phase (donor, candidate, exclusion). They also 

indicate whether the record could be imputed or not, the method used in 

each phase, and the general record status. Identification of the donor for 
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.alues that would conflict with the accounting relationship. 	The system 

searches for a donor until a donor is found that makes the imputed values 

satisfy the edits, or until the bank of donors is empty. The search for a 

good donor is initially confined to a bank of the fifteen closest donors. 

If no donor is found, a default method will he used. 

The data are transformed using a uniform transformation to eliminate 

problems of scale. This transformation is applied to all the values of a 

particular variable that are considered valid in the candidate population 

as well as in the donor population. This process is repeated for every 

variable. The distance values between the candidate record and the 

potential donor records are then calculated on transformed values. It 

should be noted that a potential donor which has some outlier values is 

excluded from being picked as a donor. 

Ntore details about the distance function and the search method can be found 

in Sande (1976 and 1978). 

The financial information is composed of fields that are linearly related, 

mostly by accounting relationships, as can be seen from the edit 

specifications (Michaud, 1986). Due to the linear relationships and to the 

loss of precision when working with variables with large values (more than 

seven digits), all of the variables that could potentially be imputed are 

transformed as percentages of the GBI (or of ASST if the variables are in 

the balance sheet) 

whenever possible, imputation is done within a stratum defined as four 

digit 1980 SIC by region. 	There are five regions: Maritimes, Quebec, 

Ontario, Prairies, and B.C. + the territories. 	If there are not enough 

records in a region by SIC stratum, then the region is ignored and 

imputation stratum becomes the four digit SIC only. It is suggested that 

100 records, including candidates and donors, be the minimum in a stratum. 

If there are less than 100 records in a particular four digit SIC stratum, 
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each phase is also kept for the cases where donor imputation was used. The 

Lmputed data replace the original values, but the original values can be 

retraced by reading the original file that was input into the system. 

Tables are produced by industry, for each phase, showing the number of 

records requiring imputation, the number of records that are consistent, 

and the number of records that are excluded from that phase, as well as a 

count of edit failures for each edit. For SICs in Construction and 

Wholesale/Retail trade, more tables are produced to account for the edits 

chat are specific to those industries. These tables are produced at the 

three digit 1980 SIC level. There is also a printout of the records where 

GM or BSNT was changed, based on the Revenue Canada information, as 

requested by TRA. Finally, a list of outliers is also available for 

Wholesale/Retail trade. Based on the flags, other tables could be produced 

by the users. Finally, weighted estimates are produced by industry for 

each variable, prior to and following the imputation process to study the 

impact of imputation on the estimates. 

5. Conclusions 

The development of an edit and imputation system for tax data is part of 

the Business Survey Redesign Project currently in progress at Statistics 

Canada with one of the objectives being the use of income tax data to 

reduce costs and response burden in surveys. Since TY86 is the first year 

for which this edit and imputation system has been developed, it is 

considered as a test year. As such, it is proposed to keep in touch with 

the different users to incorporate new suggestions and fine tune the 

system. For TY87, differences will occur because of new transcribed 

variables and new users. In addition, it is proposed to implement the E&I 

using the Generalised Edit and Imputation System (GElS). However, the 

current version of the GElS requires that all the edits be linear and all 

data values positive. So some of the edits may have to be specified in 
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clifierent ways. The impleraent:ation of phases of imputation and the 

sequencing of imputation methods will have to be investigated. Initial 

studies seem to indicate that it should be feasible to use the GElS and it 

is hoped that the changes from TY86 to TY87 will only affect the edit 

specifications and the computing environment, and not the general strategy. 
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APPENDIX A 

- Core Items: 

pinc 	(principal income) 

oinc 	(other income) 

comm 	(commission income) 

oinv 	(opening inventory) 

ponly 	(purchases only) 

sonly 	(sub-contract only) 

pursub 	(purchases and sub-contracts) 

dirwag 	(direct wages) 

ddepr 	(direct depreciation) 

dcinv 	(direct closing inventory) 

prof 	(gross profit) 

indsal 	(indirect salaries and wages) 

totsaw 	(total salaries and wages) 

fuel 	(fuel and oil) 

purchsup 	(purchases and supplies) 

idepr 	(indirect depreciation) 

bsnt 	(net profit-loss) 

share 	(filer's share of profit-loss) 

pcinv 	(closing inventory) 

gbi - pinc+oinc 	(gross business income) 

depr - ddepr+idepr 	(total depreciation) 

saw - dirwag+indsal+totsaw 	(total salaries and wages) 

purch - ponly+sonly+pursub+purchsup (total purchases) 

cmv - dcinv+pcinv 	(closing inventory) 

netsal - gbi-comm 	(net sales) 
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- Balance Sheet: 

tca 
	

(total current assets) 

nfa 
	

(net fixed assets) 

asst 
	

(total assets) 

tcl 
	

(total current liabilities) 

cap 
	

(capital) 

- Financial sub-sample: 

land 

ben 
	

(employee benefits) 

rm 
	

(repairs and maintenance) 

util 
	

(utilities) 

deb 
	

(bad debts) 

mtr 
	

(interest and financing costs) 

add 
	

(addition to fixed assets) 
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