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THE REDESIGN or A SURVEY TO MEASURE COMMODITY ORIGIN AND DESTINATION

MOVEMENTS BY THE FOR-HIRE TRUCKING INDUSTRY IN CANADAl

Robert Lussier and Steven Mozes2

This paper firstly provides an overview of the For-hire Trucking
Survey background and of the steps that were involved in the revi-
sion that led to its re-design. It secondly describes the general
direction of the methodology of the re-designed survey which is
being implemented for reference year 1981.

1. INTRODUCTION

The For-hire Trucking Survey was initiated by Statistics Canada in 1971 to

measure commodity origin and destination movements by the for-hire trucking

industry in Canada. For the purpose of the survey, this industry was defined

as the sum of trucking establishments engaged in transportation of freight for

compensation. The survey was a probability sample survey of shipments re-

corded on the shipping documents retained by Canada's for-hire trucking

firms. Since 1971, the demand for more reliable and more detailed information

has been increasing steadily. This increased demand can be attributed to a

number of factors such as the dramatic growth of trucking activity since the

early fifties; the increased sophistication of users of transportation

statistics; the growing interest ~n the subject of economic regulation versus

deregulation, and finally the increased market share of trucking, at the

expense of other modes of transport, within the overall freight transportation

market. In the late 1970's, Statistics Canada in cooperation with major users

embarked on a complete revision of the survey.

1 This is a revised version of an invited paper presented at the Joint
Statistical Meetings of the American Statistical Association, the Biometric
Society, ENAR and WNAR, and the Institute of Mathematical Statistics,
Cincinnati, August 16-19, 1982.

Robert Lussier, Business Survey Methods Division and Steven Mozes,
Transportation and Communications Division, both of Statistics Canada.
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It is the intention of this paper to serve two purposes. Firstly, it provides

an overview of the background of the survey and a description of the steps in

the revision process, and secondly, it describes the methodology of the rede-

signed survey which is being implemented for the reference year 1981. It

should be noted that the details of the methodology of some phases have not

yet been finalized; this paper will, however, include descriptions of the

general direction of the incomplete phases.

2. BACKGROUND

2.1 Brief overview of the Canadian for-hire trucking industry

The Canadian for-hire trucking industry is characterized by a very large num-

ber of small operators and by a high degree of heterogeneity as manifested by

the variety of commodities carried, size of operators, and area of operations.

Small carriers defined as carriers earning less than $100,000 represent 88% of

the industry, measured in terms of numbers; however, they represent only 20%

of the industry when measured in terms of operating revenues. The existence

of this large number of operators, their volatility and their relative insi-

gni ficance in terms of revenues lead to the decision to exclude them from the

survey population.

Trucking firms are involved in the transportation of widely differing commodi-

ties, requiring different kind of equipment and operating practices. The

various carrier types (e.g. general freight, bulk petroleum, household goods

movers, etc.) differ from each other not only in terms of the commodities they

carry but also in terms of shipment size.

Heterogeneity can also be illustrated by describing the area of operation.

Some trucking firms operate locally only, others intraprovincially, and some

of the larger carriers, in each province as well as internationally.
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The combination of these factors have implications on the survey design espe-

cially on stratification.

2.2 History of Canadian truck origin and destination surveys

(a) The Motor Transport Traffic Survey (1957-1963)

The first attempt to measure truck traffic in Canada was made in 1957 with the

introduction of the Motor Transport Traffic Survey (MTTS). This survey was a

sample survey of motor vehicles engaged in freight transportation. The survey

frame was a list of registered motor vehicles. It originated from the motor

vehicle registration files maintained by the provincial or territorial govern-

ments. This frame was strati fied by type of operation and gross vehicle

weight.

The sample size was approximately 1096 of all registered vehicles. The sample

was selected in four quarterly segments with approximately one fourth of the

total sample seleted each quarter. Each quarterly sample was spread over

three survey weeks with one third of the sample being used for a seven day

period per month.

As the survey was conducted on a vehicle basis, no information was requested

regarding the detailed origin and destination of the commodities carried. It

was a truck origin and destination survey; commodities had secondary importan-

ce. Data relating to the vehicle such as the description of 'the vehicle,

miles travelled, fuel consumed and the operating cost associated with the

vehicle were also collected.

The survey was in operation from 1957 to 1963 inclusive. It was discontinued

in 1964 because of changes in vehicle licensing systems, structural changes in

the industry, and most importantly because of a very se-rious deterioration in

response rates.
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(b) The For-hire Trucking Survey (1969-1979)

Initial work on a survey to measure domestic intercity origin and destination

traffic movements of goods by the total Canadian for-hire trucking industry

began in 1969. At that time, a study of various methods of collecting

commodity origin and destination statistics was carried out. The study

results showed that a sample survey of the carriers' administrative records,

namely their shipping documents, was a viable approach to the collection of

the required data.

In 1970, a pilot survey was conducted to assess the effectiveness of the sur-

vey approach. The pilot survey involved the examination of the shipping docu-

ments of 187 for-hire trucking firms throughout the country.

The favourable response to the pilot survey and the availability of origin,

destination, commodity, weight and revenue information on the shipping docu-

ments indicated that the survey approach was feasible.

For-hire trucking surveys were therefore conducted for reference years 1970

and 1971 with the above-mentioned objective. For reference year 1972, the ob-

jective was modified to restrict the survey to Canadian domiciled for-hire

carr iers earning $100,000 or more annually from inter-city trucking. For

reference year 1973, an updated and better-defined frame of regulated motor

carriers was used and a more effective sampling procedure was developed.

Since reference year 1973, the survey has been conducted and the results

published on an annual basis by the Transportation and Communications Division

of Statistics Canada [1] [5].

3. REVISION OF THE FOR-HIRE TRUCKING SURVEY

The revision process consisted of two main phases. Firstly, a critical re-

view of the existing survey was initiated. Secondly, on the basis of the re-

commendations made dur ing the rev iew process, a complete survey redesign was
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undertaken.

3.1 Survey review

(a) Reasons for the review

In ear I y 1978, Statistics Canada initiated a rev iew of the For-hire Trucking

Survey for the following reasons. First, it has been the policy of the

Transportation and Communications Division of Statistics Canada to conduct a

periodic review of each of the ongoing surveys. The For-hire Trucking

Survey had not been reviewed since 1973. Secondly, the current and anticipa-

ted future needs of users for increased details for commodity origin and

destination statistics could not be satisfied within the constraints of the

survey. Thirdly, experience gained during the undertaking of the For-hire

Trucking Surveys and other related surveys provided addit ional information

upon which the frame, the stratification variables and the imputation techni-

ques could be improved. Fourthly, some developments in the trucking industry,

such as the availability of origin and destination information in machine

readable format lead to the belief that computer tapes could be utilized to

increase the data base and reduce reporting burden at the same time.

In addition, increased sophistication of users required the development of im-

proved data dissemination procedures while changes in data processing techno-

logy had made the present data processing system not only obsolete from a

technical point of view but cost inefficient as well.

(b) Phases of the review

The survey review was originally organized into two parts, namely Phase I and

Phase I I.

The objective of Phase I was to outline recommendations which concentrated on

improvements to the survey within its existing framework using only limited

additional resources. The recommendations had to focus and indeed did focus



- 6 -

on a redefinition of the survey population, improvements in stratification va-

r iables and 81 increase in the sample size of shipping documents. The recom-

mendations were presented in a report [2].

The objectives of Phase II were to assess the Phase I recommendations from a

user point of view, to present various cost and implementation alternatives

for the accepted recommendations and to complete further survey anal yses.

Phase II reformulated some of the Phase I recommendations and added additional

recommendations which aimed at a smaller population of firms better stratified

into more homogeneous groups. In addition to recommending the implemention of

these recommendations, four al ternati ves for increasing the sample size were

considered namely, the status quo; an increase of sma to the sample of ship-

ping documents; an increase of 10ma to the sample of shipping documents; and

finally an increase of 2S% to the sample of shipping documents together with

the processing of available carrier data tapes for presumably 40 or so firms.

Based on an assessment of the advantages and costs of each of these alternati-

ves, the latter one was approved in principle because it offered the potential

for substantial sample size increases with a minimum of cost and data collec-

tion burden. The recommendations and the supporting details were tabled in a

report [3].

A preliminary assessment of the impact of the recommendations revealed that

further work was necessary especiall y to determine the full costs for the use

of carrier waybill tapes. Therefore a Phase III was added tothe survey review

process. In general, its terms of reference were to conduct the investiga-

tions required to formulate and recommend general specifications for a revised

survey. The investigations had to follow the recommendations of the Phase II

review.

In June 1980, Phase I II proposed that the survey be redesigned to accept four

types of input namely, tapes from selected respondents; transcriptions from

samples of shipping documents draWl from each Document Storage Location Point

(D.S.L.P.) having over 1.S million intercity domestic revenue annually; trans-

criptions from samples of shipping documents draWl from a sample of D.S.L.P.'s
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having between $350,000 and $1.5 million intercity domestic revenue annually;

and macro information from D.S.LoP. 's with annual intercity domestic revenue

between $100,000 and $350,000. The decision to collect macro information from

the smaller carriers was based on that fact that these firms do not keep the

documentation needed for sampling purposes.

3.2 Survey redesign

(a) Objective of the redesign

After the completion of Phase III of the survey review process, it was decided

to carry out a complete redesign of all aspects of the survey. The objective

of the redesign was to provide more reliable and more detailed commodity

origin and destination statistics relating to the Canadian for-hire trucking

industry. It was expected that both the reliability and the amount of

regional and commodity detail available could be increased when compared with

the "old survey".

(b) Constraints on the redesign

The main constraints imposed on the redesign were: that the survey population

exclude some types of for-hire trucking firms namely, own account household

goods carriers and oil field carriers; that the strati fication be improved to

be more in line with the economic structure of the industry; that three types

of input be accepted, namely, tapes from selected respondents, transcriptions

from samples of shipping documents drawn from D.S.L.P. 's of a sample of firms

having more than $350,000 intercity domestic revenue annually and

macro-information from a sample of firms having annual intercity domestic

revenue between $100,000 and $350,000; and finall y that the redesigned survey

be implemented for the reference year 1981, data collection starting in the

spring of 1982.



- 8 -

4. POPULATION AND FRAME

The population of the survey covers all shipments made during the reference

year by those trucking firms which are defined as in scope for the survey. A

shipment is defined as a quantity of merchandise transported by the carrier

from one person or organization to another person or organization. The

in-scope firms include those which earn more than $100,000 annually from

intercity freight transportation, whose main activity is trucking and who are

Canadian domiciled. Excluded from this population are the shipments of

certain types of specialized carriers such as the oilfield carriers and own

account household good movers.

However, this ideal population is not accessible. As a substitute, firms are

used as natural clusters of shipments for the first-stage sampling units of

the design.

For this reason, the frame consists of a list of all firms which have domestic

intercity revenue over $100,000. Firms may further be segregated into

D.S.L.P's. This is the case for those firms whose shipping documents are not

stored at a central location. The frame is derived from an annual census sur-

vey of for-hire trucking conducted by Statistics Canada, the Motor Carriers-

Freight and Household Goods Movers Survey3.

5. ULTIMATE SAMPLING UNIT

The survey accepts three different inputs, namely tapes from selected car-

riers, transcribed information from sampled shipping documents and finally ma-

cro information from carriers earning between $100,000 and $350,000 annually.

3 The Motor Carriers-Freight and Household Goods Movers Survey of Statistics
Canada is an annual census survey of trucking establishments. Its objecti-
ve is to obtain establishment-oriented input-output data such as revenues,
expenses, balance sheet information and equipment operated.
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The tapes contain information relating to individual shipments, the characte-

ristics of which are the same as those which are recorded on shipping docu-

ments. Therefore, the ultimate sampling unit for those firms which either

prov ide tapes or whose shipping documents are sampled is the shipment. For

the carriers in the $100,000 to $350,000 range, macro information is obtained

as these firms do not usually keep the necessary documentation relating to

shipments. For these carriers, the ultimate sampling unit is the firm.

6. INFORMATION COLLECTED

The principal characteristics needed from each shipment sampled from carriers

earning more than 350,000 intercity domestic revenue annually are the true

origin and the final destination; the description of the commodity(ies) car-

ried; the weight and the unit of weight; the transportation revenue earned and

the interlined shipment information. Interlining occurs when a consignment is

moved by a carrier to an intermediate point and then moved by another carrier

to another point. The interlined shipment information is used to eliminate

duplications.

The secondary characteristics needed are the date of shipment; the quantity of

commodity and the unit of measurement (e.g. 5 board feet, 20 gallons, 15

sacks); some information regarding the shipment weight transcribed (e.g.

minimum weight, convenient weight used for calculating revenue); the rate

charged and the rate condition codes (e. g. a code indicating where rate is

minimum, per 100 lb., per hour) and the revenue condition codes. (e.g. a code

indicating where exact transportation revenue is not available, where the
shipment is out-of-scope).

The macro information collected from the smaller carriers describe the

average or typical shipments in terms of originating province, destination

province, commodity, average revenue, average weight and number of shipments.
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7. ADMINISTRATIVE RESTRICTIONS

The amount of resources available for data collection and processing and the

goal to reduce the burden imposed on the respondent put a limit on the number

of firms selected and on the number of shipments selected and transcribed.

7.1 Maximum number of firms in the sample

The population of the 1981 For-hire Trucking Survey4 consists of 2,711 firms

of which 1,288 earn more than $350,000 annually while 1,423 earn between

$100,000 and $350,000 annually.

As data collection is very expensive due to the very high cost associated with

travelling to remote areas, efforts are being made to limit the number of

D.S.LoP. 's selected in the sample from those carriers earning over $350,000

annually. The limit is set at 875 D.S.L.P.'s per" year, which has been the

historical number during the last ten years of the old survey.

7.2 Maximum total number of transcriptions

The second administrative restriction relates to the total number of trans-

cr ipt ions. The present budget allocat ion allows a maximum of 418,000 trans-

criptions. This number may vary from year to year depending on negotiations

between Statistics Canada and users who are also cofinancers of the survey.

7.3 Maximum number of transcriptions per firm

There is also an administrative restriction which relates to the maximum num-

ber of transcriptions per firm. There is an implicit limit imposed on the

number of days the data collection team can spend at any particular location,

so that the respondents are not burdened by the presence of the Statistics

Canada regional operations personnel.

4 1981 For-hire Trucking Survey means the survey conducted in 1982 for refe-
rence year 1981.
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8. STRATIFICATION AND SAMPlE AllOCATION

Using the results of the previous year's Motor Carriers-Freight and Household

Goods Movers Survey, the firms are strati fied according to their in-scope

transportation revenue, type of operation and area of operation. These varia-

bles were chosen because they characterize the heterogeneity of the industry.

The in-scope transportation revenue indicates if the firm is a Class 1, a

Class 2 or a Class 3 firm 1.e. if the firm earned $2. 7 mill ion or more, bet-

ween $350,000 and $2.7 million or between $100,000 and $349,999 dollars of re-

venue respectively from Canadian intercity non-armoured and non-household

goods freight transport. The type of operation characterizes the firms as

specializing in general freight small shipments, general freight large ship-

ments, automobiles, liquid petroleum, dump trucking, forest products, building

materials, dry bulk and/or refrigerated liquids, heavy machinery, refrigerated

solids, explosive and/or other dangerous goods, agricultural products, animals

and van lines. The general freight small shipment carriers are general

freight carriers for which the average revenue per shipment is less than

$85.00; the general freight large shipment carriers are the rest of the gene-

ral freight carriers. The area of operation indicates the spec i fic Canadian

province, Yukon or Northwest Territories, or that combination in which the

which the firm operates.. For example, an area of operation could be New

Brunswick, meaning that the firm operates in New Brunswick onl y. Another

example would be Atlantic which means that the firm operates in 2 or more of

Newfoundland, Prince Edward Island, Nova Scotia and New Brunswick but nowhere

else in Canada. There are 20 of these areas of operation.

The dollar cut-offs used in the strati fication by revenue and by type (i.e.

$85, $350,000 and $2.7 million) are flexible and may vary in the years to come

depending on the changes occurring in the population.

The above stratification creates 840 strata of which 355 were non-empty in the

1981 For-hire Trucking Survey.

Once the frame is strati fied, subject matter officers may identi fy take-all
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firms i.e. firms that they want to be included in the sample with probability

one. Next, a methodologist determines the number of firms to be selected

among the non take-all firms in the stratum. To do so, he goes through seve-

ral steps from which the take-all firms are excluded.

First, a computer program calculates the initial number of firms to be selec-

ted in each stratum to meet a target coefficient of variation of the estimate

of in-scope revenue in the stratum. This target coefficient of variation is

the coefficient that one would like to obtain if the estimate were calculated

using the reported total revenue from a sample of firms selected using simple

random sampling from a population of firms for which the distribution of the

in-scope revenue is the same as the distribution of the in-scope revenue of

the previous year's tvbtor Carriers-Freight and Household Goods tvbvers Survey.

The formula is:

n =
1 h N 52

h h
(C.V. )2

h

where n
1 h

N
h

Y
h

S2
h

C.V.h

initial number of firms to be selected among the non take-all
firms in stratum h;

number of non take-all firms in stratum h;

total in-scope revenue of the non take-all firms in stratum h;

variance of the in-scope revenue of the non take-all firms in

stratum h; and

target coefficient of variation in stratum h (the value used is

the same for all strata of a given class but may vary from

class to class).

Secondly, the initial sample sizes are revised to ensure that a mInImum number

of firms is selected from each stratum i.e.
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= mln

m

revised initial number of firms to be selected among the non

take-all firms in stratum h; and

minimum number of firms to be selected in stratum h if possibleS.

Then the revised initial sample sizes are summed over the strata to get a

total revised initial sample size.

Next, the sample sizes are again reviewed to ensure that the sample size in a

given stratum is greater or equal to the sample size that one would have

obtained if he had distributed the total revised in it ial sample size of a

class across the strata of the class proportionally to the square root of the

number of firms in each stratum i.e.

where the summation is done over all strata of the same class than stratum h.

Finally, the survey manager may subjectively adjust the sample sizes to 4nh •

The above sample allocation method has been retained because it is an

algorithm which has given satisfactory results during the testing phase as

well as has made use of the only variable that was available for all firms

namely the in-scope revenue of the firms. Nevertheless, it should be realised

that the in-scope revenues of the firms are not collected directl y in the

For-hire Trucking Survey but revenues from a sample of shipments are collec-

ted. Therefore the above method of sample allocation ignores completely the

second stage of sampling.

S For reference year 1981, this minimum was set to 3 for all strata.
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9. FIRST STAGE SAMPLE DESIGN

The first stage consists of selecting in each stratLlTl a number of firms cor-

responding to the number of firms 4nh' determined at the sample allocation

stage.

All firms earning $2.7 million or more of in-scope transportation revenue were

made take-all Le. were selected with probability one in the 1981 For-hire

Trucking Survey. The reason for this approach is that these firms are known

to be heterogeneous with respect to the principal statistics to be estimated

and are known to be contributing a large proportion of the revenue figures to

be estimated.

The sample of firms is finally converted to a sample of D.S. L. P. 's by inclu-

ding in the latter sample all D.S.L.P.'s of the selected firms.

10. SECOND STAGE SAMPLE DESIGN

The second stage of the sample design for D.S.L.P's of Class 1 and Class 2

firms consists of selecting a systematic sample of shipments from the files of

each selected D.S.L.P. This selection is done by Statistics Canada Regional

Operations Division interviewers at the D.S.L.P. The sampling intervals used

are different depending on the number of shipments carried by the firms. They

are generally obtained from a table provided to the interviewers. This table

gives various file size ranges with their corresponding sampling interval.

However, the sampling intervals may be pre-determined for any given firm by

Statistics Canada Head Office staff. This is especially the case of multi-

D.S.L.P. firms because the interviewer at a given D.S.L.P. may not know how

many shipments were carried by the firm as a whole. This is also the case for

firms having spec ial characteristics, such as firms carrying dangerous goods,

and others for which the survey manager may want a larger data base. In sub-

sequent years, this may also be the case for firms contributing to domains

where the reliability of the estimates in the previous year was less or more
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than what was desired.

For D.S.L.P. 's of Class 3 firms, there is no second stage sampling design.

Individual shipments are not selected from the files of the D.S.L.P.'s.

Instead, aggregated data are collected at the D.S.L.P. level.

11. FIELD OPERATIONS

The field operations are different for class 1 and class 2 firms than for

class 3 firms. For class 1 and class 2 firms, the operations consist of

selecting shipments from the files of their D.S.L.P.'s and of transcribing the

character istics of the selected shipments on coding sheets. For class 3

firms, they consist of obtaining aggregated data over the telephone about

their trucking operations.

This section discusses the activities that involve the Statistics Canada

Regional Operations staff; namely the training of the Regional Operations pro-

ject managers, the planning of the collection, the collection at the

D.S.L.P.'s of class 1 and class 2 firms, the collection from the class 3 firms

and finally the profiling of class 1 and 2 D.S.L.P.'s.

11.1 Training of the regional operation project managers

Every year, the Statistics Canada regional operat ions project managers are

trained on all aspects of the survey. The training session is four days long

and is conducted during the month of March. It is broken down into two compo-

nents: an in-class-training and an on-the-job training. The in-class training

consists of a series of talks and exercises given by the survey project mana-

ger and the methodologist(s). The on-the-job training consists of having

groups of three to four people visiting a D.S.L.P. and applying and discussing

the knowledge acquired during the in-class training.
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11.2 Planning of the collection

Having been trained, the regional operations project managers recruit the in-

terviewers and administer a thorough training program. Then the interviewers

with the advice of their regional operations project manager schedule their

work and plan their itineraries for their visits to D.S.L.P.'s of class 1 and

class 2 firms. The itineraries are drawn to avoid unnecessary travel and to

achieve maximum productivity. The interviewers mail to the D.S.L.P. officials

introductory letters which provide a brief explanation of the survey. Subse-

quently, the interviewers telephone D.S.L.P. officials for appointments. The

collection of the data takes place between May and September for the survey

covering the previous calendar year.

11.3 Overall description of the collection in the D.S.L.P.'s of Class 1 and

Class 2 firms

At the time of the appointment, the interviewer conducts an interview with the

D.S.L.P. officials. During the interview, he/she explains the survey, descri-

bes the uses of the data, estimates the time required to do the work and asks

information about the firm. This information concerns mainly revisions to the

names and addresses, changes of ownership, type(s) of document and filing sys-

tem used and aggregated data about the operations of the D.S.L.P. during the

reference year.

The most common types of shipping documents are the probills, bills of lading,

load manifests, trip reports, and invoices. A firm may use any combination of

these.

The types of filing system include: in complete numer ic sequence; in broken

numeric sequence; in chronological order; in alphabetical order (e.g. by cus-

tomer name); by terminals; by commodity type or in no order at all. The docu-

ments may even be cross-filed; for example, by serial number and by customer's

name. Within a filing system, documents may be kept in a set of file drawers,

in sets of binders or shannon files, on shelves, in drawers, or even in books.
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The aggregated data about the opel' at ions of the D.S. L. P. cover several varia-

bles among which are the total transportation revenue earned; the total tonna-

ge carried; the total number of shipments transported; the percentages of each

of these three items represented by intercity shipments and the percentages

represented by international shipments; the types of commodities carried and

the percentage each type represents in the total transportation revenue.

Often the interviewer has a choice of filing systems which provide informa-

tion on the items needed in the survey. The interviewer assesses the comple-

teness of the various filing systems with regard to the information on the

five principal characteristics and on the reference year, and then chooses the

system having the smallest under-coverage. However, if two or more systems

have the same under-coverage (i f any), the interv iewer selects the one that

includes the smallest number of out-of-scope records or the one that allows

out-of-scope records to be removed from the file or not to be counted.

Next, the interviewer selects the sample of shipments as follows. Using the

number of shipments reported by the official of the D.S.L.P., he/she gets from

a table the corresponding sampling interval and random start. In some instan-

ces, the interval and the random start may have already been pre-determined by

Statistics Canada Head Office. Next, he/she adds the random start and/or the

interval to the document numbers to get the selected shipments in numer ic

fil ing system. Otherwise, he/she has to count a number of documents equal to

the random start and/or to the interval to get the selected shipments.

Once a shipment is selected, the interviewer transcribes its characteristics.

The transcribing operation is often difficult because it can be hard to under-

stand the various documents and the coding used on some documents. This is

especially true for the commodity names. The interviewer must avoid the use

of brand names, proper names and names which have more than one meaning. The

interviewer often has to interpret the information on the documents and to en-

ter on the coding sheets the data in a format that would be accepted by the

computer system.
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11.4 Overall description of the collection in the Class 3 firms

The interviewer mails an introductory letter two to three weeks prior to any

attempt to contact the firm by phone. Subsequently, he/she contacts the offi-

cial in the firm that is best suited to provide the required information.

This may, however, take several phone calls. The interviewer then conducts an

interview over the phone.

During the interview, he/she will ask questions similar to the questions asked

for class 1 and 2 D.S.L.P. 'so There is a major difference however; no ques-

tions are asked about the types of documents utilized and the filing systems

used by the firm. Once this first part of the interview is completed, the in-

terv iewer proceeds to have the respondent describe his types of shipments.

For each type of shipment, the description is to be made in terms of province

of origin; province of destination and name of commodity carried. Then the

official is asked to report an estimate of the number of shipments, the avera-

ge weight and the average revenue of each type of shipment.

It is a general subject matter belief that the operations of any given class 3

firms are fairly homogeneous. Therefore each has only a few types of ship-

ments to report. The coverage obtained throught this approach is also bel ie-

ved to be acceptable from a user point of view. No testing was done of this

hypothesis.

11.5 "Profiling" of Class 1 and 2 D.S.L.P.'s

It sometimes happens that a cl ass 1 or 2 D.S. L. P. cannot prov ide any docu-

ments, does not keep documents suitable for sampling or cannot provide a por-

tion of the shipping documents and that this portion cannot be represented by

the available documents. The latter may happen for example when the missing

documents represent specific contracts that have been removed for audit purpo-

ses. In these cases, the interviewer has to "profile" the missing documents.

The profiling consists in having a D.S.L.P. official describe the types of

shipments on the missing documents. The profile is similar to the description
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of the types of shipments of the class 3 firms with the exception that the

precise origin and the precise destination of the shipments (i.e. the village,

town, city, etc.) is wanted in this case.

The profiling activity can be long in some D.S.L.P.'s because their operations

can be quite extensive. It requires good cooperation from the D.S.L.P. 's

official.

12. DATA PROCESSING

12.1 Manual processing

The completed documents are sent to Statistics Canada Head Office in Ottawa.

Upon receipt, the documents are logged in and the identification numbers veri-

fied. Two short tasks are also undertaken at this point.

First, a brief scan is conducted to identify and code closings of D.S.L.P.'s,

death of firms, out-of-scope firms and abortions. Out-of-scope firms are

active firms for which the in-scope revenue is nil for the reference year.

Abortions are D.S.L.P. 's for which no information was collected although it

was known that the D.S.L.P. had in-scope revenue for the reference year. As

examples, a firm found in the field to have earned its revenue 100% from local

shipments would be an out-of-scope firm while a single D.S.L.P. firm that

refuses to cooperate or is on strike would be an abortion.

Secondly, the profile data of the class 1 and 2 D.S.L.P.'s are examined to

determine the number of shipments that should have been transcribed for each

reported type of shipments if the documents had been available. These numbers

are determined by performing calculations using the total number of shipments

covered by the profile, the random start and the sampling interval that should

have been used if the documents had been available. These numbers are then

coded so that the computer could generate the required number of transcription

records for each type of shipments as if transcriptions were obtained.
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12.2 Data capture

The forms are next sent to data capture. The capture is done on a mini-

computer which allows edits and other processing to be performed on-line.

There are many edits performed on the mini. Some edits generate error messa-

ges and require corrective action; others generate warning messages that re-

quire verification of the entered data and corrective action only if necessary

Some edits consider the validity of each response individually while others

consider the relationships between valid characteristics of the same ship-

ment. The operators of the mini-computer are expected to possess subject mat-

ter knowledge to perform corrections on-line. Manual imputations are perfor-

med when necessary because there is no automated imputation performed for

class 3 D.S.L.P.'s.

As part of the other processing, the weight is converted to metric and the

rate to $/100 kilograms. Also, the origin and destination names (i.e. villa-

ge, town, etc.) if present, are matched against a municipality library to

obtain a Standard Geographical Classi fication (S. G.C.) code, a latitude and a

longitude. Whenever there is a nonmatch, the operator is instructed to enter

a synonym. Similarly, the commodity name is matched against a commodity li-

brary to get a 3-digit Standard Commodity Classification (S.C.C.) code. When-

ever there is a nonmatch, the operator uses a synonym or enters "unknown".

There is therefore always an S.C.C. code for each shipment. Also, the mini

generates the required number of transcription records for each type of ship-

ments from the profile data of the class 1 and 2 D.S.L.P.'s.

Finally, the data are unloaded from the minis and two data sets are created; a

data set of shipments of class 1 and 2 firms and a data set of type of ship-

data of class 3 firms. The principal difference between the two data sets are

that the first one is at the shipment level while the second one is at an ag-

gregated level. Note also that the first one has more variables (e.g. rate,

place of origin rather than province of origin, etc.) than the second one.
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12.3 Main frame edits and imputations

A road distance between the origin and the destination of each in-scope class

1 or 2 shipment has to be obtained in order to be able to provide tonne-

kilometres estimates for class 1 and 2 firms. Therefore, the origin S.G.C. -

destination S.G.C. pair of each in-scope class 1 or 2 record is matched

against a distance library to get a road distance in kilometres between the

two locations. Whenever there is a nonmatch, an aerial distance (X) is calcu-

lated using the latitudes and longitutes of the origin and of the destination.

using the latitudes and longitudes of the origin and of the destination. Then

X is converted to a road distance Y using the simple linear regression model

Y = a X + b
where a and b vary according to 12 regions of origin and 12 regions of desti-

nation. The road distance is assigned to the record.

Missing data of partially transcribed shipments of class 1 and 2 firms are

also imputed. The imputation technique used depends on the missing variable

or the pair of missing variables. Major imputations are performed using fixed

reIationships between reported figures, unit weight conversion factors and

pro-rate tables. An example of a fixed relationship between reported figures

is
weight = revenue x 100

rate

This relationship can be used to impute weight when revenue and rate are pre-

sent or revenue Wlen weight and rate are present. Unit weight conversion fac-

tors are coefficients determined by unit type (e.g. case, bag, litre, etc.) by

S.C.C. code. Knowing the unit and the S.C.C. code of the commodity, the pro-

per conversion factor can be applied to the quantity of units to derive the

weight. Finally, pro-rate tables show rates by commodity section, by distance

block and by revenue or weight group. These tables are based on the previous

years' data modified by incoming valid current-year data. The pro-rate tables

are used to calculate the weight when the revenue is present or the revenue

when the weight is present.
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In cases where too many character ist ics of a shipment have to be imputed, the

shipment is flagged as not usable.

Expansion edits are subsequently performed. For class 1 and 2 firms, these

edits consist of weighting up crudely the number of shipments transcribed, the

transcribed revenue and the transcribed tonnage and comparing the results to

the total number of shipments, revenue and tonnage prov ided during the inter-

view by the D.S. L. P. official. Similar edits are performed for class 3

firms. Discrepancies in both cases are followed up.

13. ESTIMATION PROCEDURES

For the estimation procedures, it was decided to consider the second stage

systematic sampling in the class 1 and 2 firms as simple random sampling with-

out replacement (S.R.S.W.O.R.). This decision was made because first the

documents were considered to be in random order and secondly the use of

S.R.S.W.O.R. allows the computation of an estimate of the sampling variance.

As the first step of the estimation procedures, weights are calculated. There

are first stage and second stage weights for class 1 and 2 records but onl y

first stage weights for class 3 records. In general, first stage weights cor-

respond to the inverse of the probability of selecting of a D.S.L.P. in its

stratum and second stage weights correspond to the inverse of the probability

of selecting of a shipment in its D.S.L.P. supposing S.R.S.W.O.R. was used.

First stage weights are adjusted by computer to reflect the contribution of

abortions. No adj ustments are made for the closing of D.S. L. P. ' s, deaths of

firms and out-of-scope firms because they are considered as having generated

no shipments. Final weights are attached to each record on the data set of

class 1 and 2 firms and on the data set of class 3 firms.

Detailed diagnostic reports are produced.

sent the data under various aggregates.

data and to perform final quality checks.

These reports are tables which pre-

They are useful tools to analyse the
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The data set of class 1 and 2 firms is cleared by discarding out-of-scope

shipments. Some types of out-of-scope shipments are shipments to or from the

U.S.A.; shipments transported 15 miles or less from origin to destination;

shipments which were off-highway; shipments which would be double counted as a

result of inter lining between road carriers; shipments which would he double

counted because they were recorded by household goods movers who are van line

agents and by the van lines themselves; shipments which did not generate any

intercity transportation revenue; and records which relate to non-

transportation services such as storage, packing, equipment rental, labour

loading and unloading.

Estimates of revenue, tonnage and tonne-kilometres for the publication are

finally generated by summing the weighted data over the appropriate domains.

Measures of error such as the coefficients of variation are also provided with

the estimates. The coefficients of variation are obtained from the formula

derived from the sample design but supposing the systematic sample of ship-

ments is a simple random sample of shipments.

14. USE (T THE DATA AND K:THODS (T DATA DISSEMINATION

14.1 Use of data
I

Requests for estimates yielded from the old survey came from a wide variety of

sources. The nature of these requests has also varied a great deal. It is

expected that the nature of the demand for data from the new survey will be

similar to that in the past.

The estimates have been used extensively to satisfy five main requirements,

namely, to measure the volume of domestic trade transported by intercity for-

hire carriers provincially and interprovincially; to measure the rate of

industrial growth reflected by intercity commodity movements; to provide

information on regional development; to assist in transportation studies; and

to support the presentation of briefs, submissions and other inquiries to
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regulatory authorities and commissions.

One speci fic use of the data was to define the characterist ics of trucking

markets using variables such as commodities carried, average lengths of haul

and shipment weight. Another speci fic study examined and anal yzed selected

aspects of performance of carriers operating in regulated and unregulated

environment. The cost behaviour of these carriers was examined by using traf-

fic characteristics such as shipment size and average length of haul.

In the past, special requests for estimates from this survey have come from

sources such as government departments concerned with trade, transport regula-

tory officials at both federal and provincial levels; carriers; university

consultants; industry associations; and many other organizations and indivi-

duals who share a common interest in transportation.

14.2 Methods of dissemination

The redesigned survey will provide information in three modes similar to the

old survey.

First the publication will present the estimates that are generated by the re-

gular system of the survey. Measures of error such as the coefficients of va-

riation will be given with the estimates. Secondly, special requests will be

processed subject to cost and reliability constraints. Finally, the data base

of shipments generated by the survey may be made available on magnetic tape to

selected users subject to constraints of confidentiality.

15. FUTURE WORK

As mentioned earlier in this paper, the survey accepts three types of input,

one of w,ich is computer tape from selected respondents. This type of input

has been found di fficult to handle and, although work has commenced on this
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subject, progress so far is disappointing. Extensive negotiations are requi-

red with the firms to obtain the requested data on tape and then a further

analysis is needed to evaluate the data. For reference year 1981, only one

tape will be used for a firm which handled about 5 million shipments during

reference year 1981. More firms will provide data on tape in subsequent

years. Agreements are presently being reached with 5 additional companies for

reference year 1982.

Nevertheless, when a firm's computer tape is finally obtained and found to

meet our requirements, extensive systems manipulation will still be required

to handle the tape. Also, manual interventions will be necessary to handle

non matches to the various libraries. Therefore, records will most likely

have to be sampled on each tape using the same second stage sampling design as

for the sampling of documents of class 1 and 2 firms.

Another area where future work is needed is on hav inq firms themselves sample

their documents. As an example, a company could photocopy the pro-bills

ending in a given number when the pro-bills are issued, and send the photoco-

pies to Statistics Canada on a monthly basis.

Finally, major efforts will be made to evaluate thoroughly the various phases

of the survey and to formulate recommendations for improvements. These recom-

mendations will hopefully be implemented for the 1982 reference year survey.
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THE METHODOLOGY or THE CANADIAN AIR SCHEDULED INTERNATIONAL

PASSENGER ORIGIN AND DESTINATION ESTIMATION SYSTEMl

Greg Hunter and Lisa DiPietro2

The Air Scheduled International Passenger Origin and Destination
(ASIPOD)-estimation system uses-the data-from two air traffic
surveys to produce origin-destination estimates of international
passengers. The "assignment technique" is the solut ion to the
problem caused by the non-coverage of non-interlining traffic.
The assumptions of the technique are sufficientl y questionable to
warrant an evaluation of the bias of the est imates. However,
major improvements will be made in the new system which will
decrease the bias in the estimates. Also, estimates of relia-
bibility will be produced. And as a result, knowledge of the
strength of the inferences made with respect to air traffic
markets from these estimates will be improved in international
bilateral air negotiations.

1. INTRODUCTION

In 1979, Statistics Canada embarked on a revision of the federal aviation

statistics program by inviting Transport Canada and the Canadian Transport

Commission (i .e. the two "user departments") to form an interdepartmental

reVISIon team. The ASIPOD estimation system is one of several projects in the

revision program.

The ASIPOD estimation system uses the data from two air traffic surveys to

produce estimates of the number of passengers on scheduled international

flights between Canadian and foreign markets for various origin-destination

combinations. The first of these two surveys, the revenue passenger origin

and destination survey, provides a sample of origin-destination data on inter-

national journeys with Canadian carriers on at least one leg of the itinerary.

1 Presented at the Joint Statistical Meetings of the American Statistical
Association in Cincinnati, August 1982.

2 Greg Hunter, Business Survey Methods Division, Statistics Canada.
Lisa DiPietro, Transportation and Communications Division, Statistics
Canada.
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A coverage problem exists, since no data are available on those international

journeys with foreign carriers on all legs of the itinerary. The second

survey, the airport activity survey, counts all passengers entering or leaving

Canada on all Canadian or foreign scheduled carriers without consideration of

the passenger's origin or destination.

This paper first outlines the requirements users have for international

passenger origin and destination estimates. Then, the relevant aspects of the

two air traffic surveys and the non-coverage problem are presented. And,

finally, the paper describes how the ASIPOD estimation system will produce

estimates of the number of passengers and the associated coefficients of

variation for various international origin-destination pairs for the portions

of the international market both covered and not covered by the first survey.

2. USER REQUIREMENTS

The users require estimates of international scheduled commercial air service

passengers by origin and destination for bilateral air negotiations.

An international scheduled commercial air service is defined to be an

operation which is between points in Canada and points in any other country,

and which provides public transportation of persons, goods or mail by aircraft

in accordance with a schedule and at a toll or charqe per unit of traffic.

Such a service is referred to as a "unit toll" service.

Before an international scheduled commercial air service can be operated into

and out of Canada, some form of formal agreement must exist between the

Government of Canada and the government of the second country. The formal

agreement between countries may take the form of an interim diplomatic

exchange of notes or of a complete negotiated Air Transport Agreement.
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International bilateral air negotiations involve officials of the Canadian

government from External Affairs, the Canadian Transport Commission, Transport

Canada and the Ministry of Industry, Trade and Commerce. Negotiations may

last several months or several years.

The routes for scheduled air services are normally

negotiation, but there are many others. Some of the

written into air transport agreements, may be:

the major item for

items, or articles

rights to fly across, or to make stops for non-traffic purposes in, a

given territory

- designation of the airline to operate each route

- compliance with laws and regulations of each country, dealing with such

issues as entry, clearance, immigration, passports, customs and

quarantine

- airworthiness, certificates of competency, and licences

- exchange of statistical information

- tariffs

- transfer of funds

exemption from taxation of income

In order to negotiate these items, and particularly for an exchange of routes,

the negotiating officials must know where air traffic markets are and whether

they are growing. Anal yses of the costs and bene fits to Canada and to

foreign countries of various international routes for Canadian and foreign air

carriers must be available to the negotiating officials. To ensure that

Canada can negotiate a fair market share, the provision of international

passenger origin and destination estimates is a necessity. A crude and

indirect indication of the value of such data to the Canadian economy is that

the revenue3 generated from all international air routes to and from Canada

in 1980 was about 2.3 billion dollars (Canadian).

3 Taken from tabulations internal to the Canadian Transport Commission.
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3. NATURE OF THE NON-COVERAGE PROBLEM

An under lying assumption of the redesiqn is that the same basic methodology,

as implemented in the existing system, is to be used. As a result, most of

the feasibility work involved identifying desirable improvements, ranking

their desirability and determining how much could be done within cost and time

constraints. This "same basic methodology" provided direction with respect to

the calculation of estimates of the number of internat ional passengers, but

not to the calculation of estimates of reliability of the passenger estimates.

The target population of the international estimation system is the set of all

tickets with an international (i.e. between a foreign country and either

Canada or the United states) journey. An exchange program on passenger 0 & D

data is maintained between Canada and the United States, whereby the United

States gives Canada those records detailing the complete itineraries of the

tickets collected in their survey on which:

(i) a U.S. and Canadian point is shown in the rout ing, or

(ii) aU. S. carrier is recorded as having flown to or from a Canadian point,

or

(iii) a Canadian carrier is recorded as having flown to or from a U.S. point.

As a result of this exchange agreement, the expression "foreign" and "foreign

(non-U.S.)" are both used in this paper to denote "neither Canadian nor

American".

The revenue passenger orlgln and destination survey collects tickets issued

for international journeys, but only major Canadian carriers participate in

the survey. Each participating carrier selects a flight coupon on a ticket
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with a serial number ending in '0', if that carrier is the first participating

carrier to fly on a leg of that ticket. Hence, the survey reports a 10

percent sample of unique flight coupons on which there is at least one

participating Canadian or American carrier.

Some in formation concerning the markets of foreign (non-U. S. ) carr iers is

obtained from the revenue passenger origin and destination survey. For

example, if a passenger travels from Ottawa to Montreal with Air Canada, then

connects with Air France for Paris, the revenue passenger origin and

destination survey will capture the trip because a Canadian carrier

participated somewhere in the journey. The Canadian carrier would report the

complete carrier and routing detail, including the Air France segment.

The revenue passenger or 19W and destination survey, however, does not cover

coupons with foreign carriers on all legs of an itinerary. An example of such

an itinerary would be that of a passenger flying on Air France from Paris to

Montreal and then back to Par is on Air France. If this itinerary were the

passenger's total journey, this journey would not be reported to the revenue

passenger ongln and destinat ion survey. However, the it ineraries of such

passengers are in the target population of international journeys.

This incomplete coverage of the target population is the non-coverage problem

for the ASIPOD estimation system. The coverage problem seems to be

"non-coverage" as opposed to "undercoverage", since it is not even possible to

include a large portion of the universe in the frame.

The existing system takes the revenue passenger origin and destination survey

data and the airport activity survey data and applies a method called "the

assignment technique" in order to produce total market estimates.

The airport activity survey counts passengers, on a census basis by flight,

entering and leaving each Canadian airport. The survey covers all Canadian,

American and foreign scheduled carriers, but it does not consider the

passengers' initial origin or final destination.
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Hence, the airport activity survey provides a count of the total volume of

passengers for all carriers in the target population. The assignment

technique is a method of estimating the non-coverage volume of passengers and

assigning it to origin-destinat ion pairs. However, in order to explain the

assignment technique, a somewhat more thorough description of the two air

traffic surveys is required.

4. RELEVANT ASPECTS or THE TWO SURVEYS

The authorizing agency for the two survey programs is the Air Transport

Committee of the Canadian Transport Commission, in co-operation with Transport

Canada. The data are collected from the air carriers on behalf of the Air

Transport Committee by the Aviation Statistics Centre (ASC) of Statistics

Canada. Under the authority of the Air Carrier Regulations of the Aeronautics

Act, reporting by the carriers on the ASC statements (ie. questionnaires) is

compulsory.

The Revenue Passenger Qrigin and Qestination (0 & D) statistics are reported

to the ASC via Statement 35. The reported data items, among others, include:

- ticket origin and ticket destination

- points of intra- and interlining (i.e. routing)

- carrier on each flight coupon stage

The revenue passenger origin and destination data are submitted monthly by

major Canadian unit toll air carriers conducting scheduled passenger services.

Since January 1, 1982 the seven Canadian carriers contributing information to

this survey have been Air Canada, CP Air, Eastern Provincial Airways, Nordair,

Pacific Western Airlines, Air Ontario and Quebecair. The American data are

collected by the Civil Aeronautics Board from all certi ficated United States I

air carriers, except helicopter operators and intra-Alaska carriers. The data

for the three months of each quarter are combined, and duplicates are
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eliminated; so that a file of complete itineraries, Ticket Qrigin and

Destination (TOO) records, is obtained for the quarter.

However, passenger origin and destination statistics are compiled using the

Qirectional Qrigin ald Destination (DOD) concept. The DODconcept can be

defined as "points of initial departure and ultimate destination named in the

sequence which indicates the direction of travel". DOD's are pieces of itine-

raries which are broken up such that each component piece defines a reasonably

consistent direction. To create DOD's, "open-jaw" and return itineraries,

such as "symmetrical" and "circle" itineraries, must be broken into pieces

which are essentially one-way trips. To obtain the DOD's, the TOO's are

passed through the breakpoint routines. This breakpoint process is automated

within the Passenger Origin and Destination System, and involves the calcula-

tion of various point-to-point distances within the itinerary and the compari-

son of these distances to the total itinerary length. As a general rule, iti-

neraries are broken at the farthest point from the origin. Each DODformed is

recycled through breakpoint routines until no further breakpoints can be

assigned.

The airport activity data are filed on Statement 32.

included for each flight are:

- the reporting carrier

- the reporting airport

The relevant items

- the point of OrIgIn and final scheduled destinat ion of the flight

- the last station arrived from, for arrivals; or next station departed to,

for departures

- the number of deplaned or enplaned revenue passengers

The airport activity data are submitted monthly by Canada's transcontinental
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(Air Canada and CP Air) and regional air carriers (Eastern Provincial,

Quebecair, Nordair and Paci fic Western Air lines), by Norcanair and by all

foreign carriers (including American carriers) operating scheduled

international flights into and out of Canada. Since January 1, 1982, there

have been 10 American and 21 other foreign carriers filing reports for each

Canadian airport they served. Each new foreign carrier, granted a licence to

serve Canada on a scheduled basis, is automaticall y included as a participant

in the airport activity data collection system.

From the airport activity data, the census traffic flow data are obtained.

"Traffic flow" can be defined as a count, over a certain period of time, of

the number of persons who are flying on a speci fic carrier between a Canadian

reporting airport and an adj acent point. The adj acent point is called the

next stop or the last stop. For the purposes of the assignment technique only

the traffic data for foreign (non-U.S.) carriers are input into the system.

The data elements extracted from this survey, and used to determine the 0 & D

international markets, are the number of revenue passengers enplaned and

deplaned in Canada, the Canadian gateway carrier, and the Canadian gateway.

In this survey the concept of "Canadian gateway" is defined to be that

reporting airport at which a foreign (non-U.S.) carrier enters or leaves

Canada.

However, in the revenue passenger 0 & D survey, the Canadian gateway for

Canadian and U.S. carriers is the first/last Canadian point in the itinerary

for a flight entering/leaving Canada. For foreign carriers the Canadian

gateway refers to the point inside Canada where the passenger enters or leaves

the foreign carr ier • Consider the following fictitious example:

Assume that Air France flies Toronto - Montreal - Paris.

enplaned in Toronto, and some enplaned in Montreal.

Assume also that the matching single crossing DOD's are:

Some passengers

Winnipeg - Air Canada - Toronto - Air France - Montreal - Air France - Paris.



- 35 -

Toronto - Air France - Montreal - Air France - Paris - British Airways -
London

The Canadian gateway in the above example would be Toronto because Toronto is

the point at which the passengers enter the foreign carrier.

5. THE OOJECTIVES IT THE REVISION

The four main objectives, the fourth of which will be discussed in detail in

this paper, are as follows:

(i) to eliminate problems which have been identified in the existing system.

The existing system does not impute for illegible carrier codes on

flight coupons, so that "unknown carriers" becomes the third largest

carrier in tabulations. Also, there is no check on the coding which

indicates whether a carrier is flying to and from airports at which it

actually has landing rights. As a result of even existing tabulation

requirements, additional edits and imputations, to handle illegible or

incorrect data on international flight coupons, are required over and

above those required for domestic flight coupons alone.

Other nonsampling errors have been identi fied, but can not be easil y

corrected by an estimation system. Examples of such errors are

misinterpretation by participating carriers of instructions for

selecting flight coupons; systematic errors in serial numbers, used for

sample selection, on ticket stock; errors in the carriers' processing

systems, etc. The control of these nonsampling errors for ~ich it is

not easy to correct is not an objective of this revision.

(ii) to develop a simple computing system which is easy to use, and produces

summary diagnostic information.
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Some 625,000 origin and destination records, and some 820,000 airport

activity records must be processed annually with minimal manual

intervention. Since large volumes of passengers are dispersed across a

large number of origin-destination pairs, the diagnostics at each stage

of the system must summarize the processing, and still be able to point

out potential problems.

(iii) to tabulate the international passenger estimates, regularly and on an

ad hoc basis, in ways 'l'kJichwill simpli fy the cnalyses mdertaken by

users.

(iv) to produce quantifiably reliable estimates of the number of air

scheduled international passengers by origin and destination.

Although the reliability of these statistics has been thought to be

variable in the past, it has been, in fact, unknown to date. Estimating

the reliability of these data will improve the knowledge of the strength

of the inferences that can be made from analyses of these data.

Inferences made without knowledge of the reliability of the data could

actually be quite misleading.

6. SOLUTION or THE NON-COVERAGE PROBLEM

6.1 Magnitude of the Problem

As in other surveys, non-coverage is a problem for the ASIPOD methodology,

since no sample data are available on the. origin-destination patterns of the

non-coverage portion of the target population.

The following table gives an indication of the volume of passengers travelling

between Canada and nine warld areas. (These data are 1979 annual estimates.

The world areas are not identified because these data are confidential.)
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Table 1 - Estimated Number of International Passengers - 1979

Bet ween Canada Revenue Passenger Non-coverage
and ••• Origin and (percentage of Total

Destination Total in brackets)

World Area 1t1 116,050 495 (0.4) 116,545
World Area 112 325,200 2,020 (0.6) 327,220
World Area 113 99,010 12,628 (11.3) 111,638
World Area #4 67,200 14,558 (17.8) 81 ,758
World Area 1t5 575,010 126,076 (18.2) 703,086
World Area 1t6 205,180 101,464 (33.1) 306,644
World Area fI7 1,221,040 908,876 (42.7) 2,129,916
World Area 1t8 54,410 56,807 (51.1) 111 ,217
World Area 1t9 45,330 57,267 (55.8) 102,597

---- ----
Total World 2,708,430 1,282,191 (32.1 ) 3,990,621

From the percentage non-coverage figures, it is ev ident that the non-coverage

problem is a major concern.

The same table as above, but between Eastern Canada and the same nine world

areas, would tend to have a higher percentage non-coverage for each warId

area. Hence, a lower level of geographic aggregation in origin-destination

pairs generally implies a higher percentage non-coverage. For example, the

non-coverage for Eastern Canada to World Area 1t7 is 55 percent, compared to

the 42.7 percent tabulated for all of Canada to World Area In (as above). To

clarify the idea that a higher level of geographic aggregation in origin-

destination pairs generally implies a lower percentage non-coverage, consider

the fact that non-coverage exists only for foreign traffic terminating at

Canadian gateways. There is complete coverage of all traffic for which the

Canadian end of the origin-destination pair is not a Canadian gateway. Hence,

as the level of geographic aggregation becomes higher, more and more inter-

lining traffic is included, and the percentage non-coverage becomes lower.
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6.2 The Assignment Technique

The assignment technique estimates the non-coverage volume of passengers and

then allocates this volume to origin-destination pairs.

From the airport activity survey, b benchmark counts of passengers entering

and leaving Canada at Canadian gateway airports are tabulated by carrier. The

value of b, the number of assignment groups, can be determined as follows:

b = 2
9

x L
i=1

n-1

where the '2' accounts for the fact that there IS one count each for passen-

gers entering and leaving Canada,

g is the number of Canadian gateway airports, and

n. is the number of foreign (non-U.S.) carriers with landing rights
1

at the ith Canadian gateway airport.

From the revenue passenger origin and destination survey, a corresponding

number of inbound and outbound passengers on international DOD's can be

tabulated by crossing carrier and Canadian gateway airport. Hence, there are

also b such counts from the sample survey data.

In the first stage of the assignment technique the non-coverage volume, Ai"

of passengers in assignment grouping i can be estimated as follows:

Ai = Ci - (1/f) x Di (i = 1, ... b).

where C.
1 is the airport activity census count in assignment grouping i.

f is the revenue passenger 0 & D survey sampling fraction (Le.

1/10).
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Di is the sample number of international passengers in assignment

grouping i.

Ai is, then, an est imate of the number of passengers, carr ied on

the foreign carrier in the ith of b assignment groupings, for

which there is no origin-destination information.

The next stage allocates the non-coverage volume to origin-destination pairs.

Such pairs in the non-coverage portion are called non-interlining DOD's, since

they are DOD's, flown by foreign carriers, which do not inter line with a

participating Canadian carrier. The assignment technique imputes non-

interlining DOD's in the ith assignment grouping as follows:

(i) All of the DOD's contr ibuting passengers to Di are

identi fied. (These would be DOD's Mlich match on Canadian gateway,

foreign carrier and direction.)

(ii) The domestic portion of such DOD's (i.e. the portion from the

Canadian point to the Canadian gateway city) is eliminated. (The

domestic portion of such DOD's would be on a Canadian carrier, and,

therefore, would be picked up in the revenue passenger a & D survey.

The resultant "truncated DOD's" are, then, non-interlining.)

(iii) The non-coverage volume, l.e. Ai' is assigned to the resultant

"sample DOD's" in proportion to their original contr ibution to Di.

New DODrecords consisting of "assigned passengers" are produced.

The assignment technique assumes that the truncated DOD's are representative

of the non-inter lining traffic. As a result, some original sample DOD's

are receiving more weight than they would in the revenue passenger a & D
A T -

survey alone. Hence, the estimator, dj for the total market number of
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passengers for the }h origin-destination pair can be derived by adjusting

the sampling fraction as follows:

A T
d. = (1/fj) x d.J J

d.
where fj = J (1)

(dj/f) + aj

and where f
j

d.
J

a.
J

th
is the adj usted sampling fraction associated with the j

origin-destination pair, from the revenue passenger 0 & D

sample survey.

is the sample number of international passengers in the

jth origin-destination pair, from the revenue passenger

o & D sample survey.

is the number of passengers assigned to the jth origin-
destination pair.

Note that aj' according to point (iii) above,

is

where

and

d.
a. = J x A. j EiJ 1

D.
1

L d. = D.
jd J 1

L a. = A.
j Ei J 1

6.3 An Example of the Assignment Technique

A simple example will illustrate how the assignment technique works. Assume

that the airport activity data from British Airways indicated that 120

passengers enplaned at Montreal and went to London. Therefore, Ci = 120.

Assume that the only two DODI S for this assignment grouping from the revenue

passenger origin and destination survey are:



Sample Number
of Passengers

1
2
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Estimate of the Number
of Passengers

10
20

DOD's

YWG-AC-YMX-BA-LON-LO-WAW
YYZ-CP-YMX-BA-LON-LH-HAM

where the codes are to be interpreted as:

Code Denotes

YWG Winnipeg

YMX Montreal (Mirabel)

LON London

WAW Warsaw

YYZ Toronto

HAM Hamburg

AC Air Canada

BA British Airways

LO LOT

CP CP Air

LH Lufthansa

Therefore, Di = 3, and Ai = 120 (1/.1) x 3 = 90.

The truncated DOD's, the proportion of their contribution to Di' the

resultant number of assigned passengers and total market estimates are then:

Truncated DOD's

YMX - BA - LON - LO - WAW
YMX - BA - LON - LH - HAM

Proportions

1/3
2/3

Assigned
Passengers(aj)

30
60
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6.4 Shortcomings of the Assignment Technique

The assignment technique has some recognized shortcomings.

The basic assumpt ion of the assignment technique is that the truncated ooD 's
are representative of the non-interlining traffic. Consider the hypothetical

example above in order to determine whether this assumption is intuitively

reasonable. The assignment technique presumes that passengers flying on a

particular foreign air carrier and originating in Montreal would have the same

ultimate destination as passengers originating in Winnipeg or Toronto who fly

through Montreal. Hence, the travel patterns of ethnic communities, for

example the Polish and German communities in Toronto and Winnipeg respective-

ly, might be used to impute for travel patterns of the more predominantly

French communities in Montreal. And, in fact, the assumption that interlining

and non-inter lining travel patterns are the same was proven empir icall y to be

suspect in a pilot test (Rosen and Conroy (1977)) conducted by the Canadian

Transport Commission in 1977. Therefore, there is not only some intuitive but

also some empirical evidence against the basic assumption of the assignment

technique.

The accuracy of the estimates of the number of passengers by origin-

destination pair is jeopardized by any violations of the assumption that trun-

cated OODI S are representative of non-interlining traffic. Large volumes of

passengers are allocated to origin-destination pairs, as was seen in Table 1

above, based on a small "effective" sample size. For example, the "effective"

sampling fraction of the Canada - World Area 117 market is, not 1m6 as in the

domestic survey, but 5.7% (ie. (100% - 42. 7~6) x 1m6), because of the non-

coverage of non-inter lining traffic. Hence, a smaller than 10% sample of

DODI s is used to allocate a large volume of passengers. Violations of the

aforementioned assumption, then, would cause a potentially large bias in the

estimates.

Since airport activity census counts are used as benchmark figures for traffic

volumes, their accuracy is very important. Although no evaluations have been
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undertaken to investigate the magnitude of bias from nonsampling errors in the

airport activity census counts, aviation statistics economists feel that this

is a survey .in I'kl.ich such errors would be small. There are currentl y, however,

ongoing discussions with the major Canadian air carriers on how the reporting

requirements of government agencies can be minimized. As a result of these

discussions, the airport activity survey could become a sample survey. If a

sample is to be designed, the accuracy of the acti vi t y counts of gateway

airport passengers would be an important design consideration.

The assignment technique also assumes that all of the non-coverage is

accounted for by the non-interlining traffic. An interesting way of valida-

ting this assumption would be to compare, for the same reference period, the

airport activity census count for a Canadian air carrier to the analogous

estimate from the origin-destination sample survey. This analogous estimate

would be the sum of all passengers on OOD's with the same Canadian gateway

airport and crossing carrier. It would be necessary to be able to determine

whether di fferences in the estimates were ascribable to di fferences in the

concepts of the two surveys, and if so, and whether these differences have

been taken into account in the ASIPOD estimation system. If such di fferences

have not been accounted for, then it could be that there is a problem with the

assumption that all of the non-coverage is accounted for by non-inter lining
traffic.

Many of these shortcomings should be investigated. However, there are major

problems in the existing system, and no alternative solutions, which are

supenDr to the same basic methodology of the assignment technique and which

can be implemented within time and cost constraints, have been found. Further-

more, the improvements in the estimates of the number of passengers by air

traffic market in the new ASIPODsystem will be substantial.

The use of the assignment technique to estimate for international markets is

an innovative solution to a large problem. It does not completely solve the
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non-coverage problem, but it is a major step in the right direction, as will

be the production of estimates of the variance of the estimates. These

variance estimates should take account of the assignment technique and its

assumptions, and, at the same time, give a meaningful measure of the

reliability of the DOD estimates.

7. ESTIMATION or VARIANCE

The estimator of the variance of the international origin-destination

estimates is a simple extension of the variance estimator for the revenue

passenger origin and destination survey.

7.1 Variance of the Estimate of Interlining Traffic

The development of the estimator of the variance of the revenue passenger

origin-destination estimates is dependent upon the way in ~ich tickets con-

tribute passengers to origin-destination pairs (i.e. the domains of

interest). Recall that each ticket is selected with probability 0.1, and that

each ticket may be broken up into several segments or DOD's. Each ticket may

contribute 0,1,2, etc. passengers to a given domain of interest. For example,

the itinerary

YWG - AC - LON - SA - YYZ

would be broken, via the breakpoint routines, into the two DOD's

YWG - AC - LON
and

LON - SA - YYZ.

Consider the inbound plus outbound estimates which are total passenger

figures, independent of direction. For such estimates this ticket would add

passengers to, among others, the following domains of interest:
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Passenger Count

Winnipeg
Toronto
Canada
Canada
Eastern
Western

- London
- London
- London
- Europe

Canada - Europe
Canada - Europe

1
1
2
2
1
1

Note that the number of passengers per ticket depends on the geographic level

of aggregation, and, therefore, on the particular oriqin-destination estimate

(i.e. domain of interest).

The estimate, d, of the number of passengers

origin and destination survey can be developed

interest as follows:

from the revenue passenger

for a particular domain of

n
d = L

i=1

X'1

f

where Xi is the number of DOD's belonging to the domain of interest on the

ith ticket.

n is the number of sample tickets selected, and

N is the population number of tickets in the revenue passenger

origin and destination survey.

f IS the sampling fraetion, i.e. n/N = .1

The revenue passenger OrIgIn and destinat ion survey sample is effectively a

1~6 simple random sample because

(i) the selection of coupons with serial numbers endinq in the digit '0'

produces a systematic sample, and
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(ii) there is no cycle associated with the distr ibution of tickets which

would cause a relationship between the survey estimates and the last

digit of the serial number.

The estimate of the variance can be written, then, as

N2
1

var(d) = (1 - f) Vsn

1 n
-)2where v = L (x. - xs n-1 i=1 l

1 n
and - . L1x = n x.

l= l

and the coefficient of variation, as

Note that v~r(d) can also be written as

A A (1-f)
var(d) = --

f2
n ( -)2L xi - x
i=1

(2)

where n is assumed to be sufficiently large for n/(n-1) to be approximately

equal to 1.

7.2 Variance of Total Market Estimates

The method for calculating total market coefficients of variation has to

recognize that the assigned data are a function of the sample data. In other

words di fferent samples will produce di fferent assigned data and, thereby,

different values of the total market estimate. The re-use of certain portions
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of the sample has an effect on the sampling distribution of the estimates.

The method which will be used adj usts the sampling fract ion from 1m~to be the

percentage for which sampled records for a particular domain of interest are

actually accounting. Since the use of the assignment technique is a given, it

has to be assumed that truncated DOD's from the revenue passenger origin and

destination survey are representative of the non-interlining traffic. The

measure of reliability will be a measure of the precision of the DODestima-

tes, onl y to the extent to which thi s assumpt ion is val id. As a result, it is

reasonable to adj ust the weights of the sample DOD's to take into account the

non-interlining DOD's. The sampling fraction, then, for the estimation for the

.th domain of interest would be f. as developed In equation (1) above. f.J J J

would replace f in the formula for ~ar( d) in equation (2) above in order to

yield the formula for the variance of the total market estimates:

n
[

i=1
(

_ 2
xi - x).

And, the coefficient of variation for the total market estimate would be

Note that fj < .10 for aj > O. This means that less than a 1m~ sample is

achieved when it is necessary to include assigned data In a total market

estimate. Hence, by using fj instead of .10 in the expression for the

variance of a DODestimate, the coefficient of variation is adjusted to relate

to the total market estimate.

technique; but it is dependent,

themsel ves, upon the assumption

non-interlining traffic.

that truncated DOD's are representative of

useThis method gives credit to the of sample data in the assignment

as is the determination of the estimates
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8. FUTURE CONSIDERATIONS

Earlier, the need for data on air traffic markets in international bilateral

air negotiations was explained. The exchange of statistical information is

one of the negotiable articles in air transport agreements. Currently,

agreements for the exchange of statistical information exist with several

countries. The concepts and quality of the data from some of these countries

indicate that these data could be used in the ASIPOD estimation system. Such

data would pro vide sample in formation on the non-coverage portion of the

international universe of tickets. Feasibility work is currently underway to

determine whether the number of countries for which these data can be used

would improve the accuracy of a sufficient number of estimates to justify the

expansion of the ASIPOD system to use "exchange data".
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SURVEYMETHODOLOGY

SOME ASPECTS or QUALITY OF

CANCER MORTALITY AND INCIDENCE STATISTICS

D. Binder and A. Malhotra1

1983, Vol. 9 No.1

Statistics Canada, Canada's central statistical agency, has been
compiling national mortality statistics, including those on cancer
mortality since 1921. Also, cancer incidence data are available
from 1969.

The data quality of these files may be assessed in a variety of
ways. Ratios of cancer mortality to incidence give some informa-
tion on coverage errors. Micro-data matches between incidence and
mortality files give an indication of misclassifications. As
well, multiple registrations for cancer incidence may be duplica-
tes. Completeness and availability of data items are also impor-
tant for special studies.

In this paper, the feasibility of using these measures of data
quality and the implications of these measures are discussed.

1. INTRODUCTION

Population based cancer statistics are the basis of epidemiological research

into the distribut ion and determinants of cancer and under lie health program-

mes for the prevention, diagnosis and treatment of cancer. Statistics Canada,

Canada's central statistical agency, compiles two such types of data on can-

cer.

1. National mortality data which are based on reports from pro-

vincial vital statistics registration systems. These data

date back to 1921.

2. National cancer incidence data which are based on noti fica-

tions from provincial cancer registries. This data series was

established in 1969.

1 D. Binder, Institutional and Agriculture Survey Methods Division,
Statistics Canada and A. Malhotra, Health Division, Statistics Canada.
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Good statistics which provide reliable information on risk differentials

depend on completeness and accuracy of cancer registration and comparability

of the data between di fferent registrat ion areas and time periods. Cancer

incidence and mortality data as reflections of the true cancer risk each have

their own merits and limitations.

Cancer incidence data are particularly suitable for the epidemiological study

of cancer because they provide information on all cancers, not only those that

are fatal, because they can provide an early warning of emerging problems and

because the diagnostic information is usually detailed and of a high quality.

For example, the publication Cancer Incidence in Five Continents [1] empha-

sizes the role that international comparisons of cancer incidence play in

yielding clues about the causes of cancer in spite of certain well known limi-

tations of the data. These limitations include di fficulty in achieving com-

plete registration of new cancer cases and differences between registries in

the extent to which this is achieved. Major factors influencing coverage are

the number and types of data sources used, how active case finding is, the

length of time a registry has been in operation and whether or not the repor-

ting of cancer is a legal requirement in the registration area. Canadian can-

cer registries are quite heterogeneous in their data collection methodology

but all attempt to follow international [2] as well as national [3] guidelines

for the standardized recording of cancer incidence data. Differences in sour-

ces and techniques of registration not only influence coverage but also other

aspects of data quality such as detail of socio-demographic and geographic

information that is provided. Also, cancer incidence data are sensitive to

such factors as mass screening programmes which result in the inclusion of

previously undiagnosed prevalent cases.

The editors of Cancer Incidence in Five Continents use and discuss a number of

indices which may be useful in assessing completeness of registration and

reliability of the data [4]. These include cancer mortality-incidence ratios

as indicators of completeness of registration (see Sections 2.1 and 3.1 of

this paper).

The reporting of deaths is a legal requirement in most developed countries so

that coverage error is assumed to be small. Known and suspected limitations
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of mortality data for purposes of epidemiologic cancer research include a lack

of information on non-fatal cancers, less precise diagnostic information and

more frequent misclassi fication due to assignment and coding of under lying

cause of death resulting in less accuracy compared with the diagnostic infor-

mation in cancer incidence statistics.

A quality assessment of vital statistics [5] which was undertaken as a pilot

study gives some indication of the quality of Canadian mortality data (all

causes), particularly on error rates in the coding of underlying cause of

death. This error rate was 7. 2~6 in the data year 1976. About two-thirds of

the errors involved the first or second digit of the 4-digi t cause of death

code. Variation in the error rate by speci fic causes of death was not inves-

tigated.

This paper is concerned with assessing the feasibility of measuring certain

aspects of quality of the two cancer data files at Statistics Canada which are

used in epidemiological studies, namel y the cancer incidence file and subset

of records from the mortality file with an underlying cause of death of

cancer.

The aspects of data quality selected for investigation were:

1. Completeness of registration of new cancer cases through a comparison of

cancer mortality with cancer incidence in the same period. This compa-

rison is a crude but commonly used indicator of completeness of registra-

tion.

2. Consistency of assignment of diagnosis and cause of death codes

through matching individual records on the two files.

3. Availability and completeness of data items through an analysis of

how often valid values are present on the files.

4. Registration of multiple primary cancers on the incidence file

through a matching of records within the file.
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The period covered by the study is 1969-1978, the period for which cancer

incidence data are available. Ontario was excluded from all investigations

because the National Cancer Incidence Reporting system includes data for this

province for 1969-1971 only2.

A discussion of the approach taken in the investigations is contained in

Section 2 of this report. In Section 3 the findings are discussed.

2. [)[SCRIPT ION £F ~ASURES

In this section we describe some methods for studying the data quality of the

cancer mortality and incidence files.

2.1 Mortality-Incidence Ratios

In order to study relative rates of undercoverage among cancer incidence

registrations, we consider the ratios of deaths to incidents of cancer. Since

the Mortality System registers all deaths in Canada by cause of death and the

concept of the National Cancer Incidence Reporting System (NCIR) is to regis-

ter all new incidents of primary malignant neoplasms3, if the two registra-

tion systems were of the same quality for all reporting registries, one would

expect that the ratio of mortality rate to the incidence rate for a particular

site would be fairly consistent within a population of given age and sex over

sufficiently long periods of time. (We compute these ratios for deaths and

incidents over 5-year and 10-year periods to reduce the effect of the time lag

between the reporting of a cancer incident and death). Inconsistency of this

ratio would arise if any of the following rates differ across reporting regis-

tr ies:

(at
(b)

(c)

rates of survival or sudden increase rate of incidence

mortality rates from other competing risks,

rates of error in coding of underlying cause of death,

2

3

Ontario developed a passive registration system which makes use of reports
on cancer patients made for other purposes. Data for recent years are
currently being prepared by the province.

By except ion, metastat ic cancers are registered when the primary site is
unknown.
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(d) rates of error in classifying cancer site for new cancers,

(e) rates of under-reporting or over-reporting of cancer incidents.

If the mortality-incidence ratios are grossly different for most sites, then

differing rates in (a) and (b) can be discounted. With respect to the error

rates in (c), studies on the coding error for under lying cause of death have

yielded error rates of less than 1m~ [5]. In an unpubl ished report it was

found that these errors rates could vary from 3~~ to 18% across reporting

registries. However, the observed differences in the mortality-incidence

ratios (see Tables 1 and 2) cannot be completely explained by these error

rates. Also, since about 9m~ of the registrations of new cancers are confir-

med histologically, the error rate in (d) would be small. Therefore, these

mortality-incidence ratios do give an indication of the coverage error in the

NCIR System.

Concentrating on those sites with leading diagnosis count (excluding skin can-

cer), based on the NCIR file, for each sex, we show in Tables 1 and 2 the

national mortality-incidence ratios as well as provinces with largest and

smallest rat ios, for two five-year per iods, broken down by age-groups. We

omit Prince Edward Island from consideration because the number of observed

events is too small for valid comparison.

2.2 Matching Mortality and Incidence Records

In order to assess the feasibil ity of evaluatinq errors in cause of death

classi fication, or errors in cancer site classi fication, a sample or records

can be selected from either the Mortality File or Cancer Incidence File and

then the other file can be searched for matching records. The manual search

does not guarantee that all true matches will be found, and, in fact, the rate

of successfully matching may be different across reporting registries, because

the level of detail of matching var iables can vary from one registry to

another. (See Section 2.3 for a study on availability of data).



- 55 -

Records with malignant neoplasms of the lung or bronchus (ICDA-84 is 162.1)

for the years 1969-1978 were selected as starting points from both files.

This choice was based on considerations of high incidence, high mortality and

short survival times so that conditions were favourable for finding matching

records on both files. In spite of this, because of the time di fference

between diagnosis and death, it is true that cancer deaths in the earlier

years and newly diagnosed cancers in the later years are less likely to have a

corresponding record on the matched file. The analysis of the results would

be improved in future studies if the sample design controlled for year of

death and year of diagnosis.

Two independent samples were selected: one from Mortality File and the other

from the NCIR file.

2.2.1 Mortality to Incidence

All deaths from cancer between 1969 and 1978 should have, at least conceptual-

ly, a corresponding record on the NCIR system. Noteworthy exceptions to this

rule are that the cancer was first diagnosed in Ontario or outside Canada or

that the cancer was first diagnosed before 1969. Besides the exceptions, a

lack of a corresponding record on the NCIR system is an indicationn of under-

coverage. This, of course, assumes that the underlying cause of death in the

Mortality File is error-free.

Therefore, if a sample of deaths from cancer are selected and matched to the

NCIR system, we have a number of possible outcomes:

(a) no matching record is found,

(b) a match was found with a record having a different cancer site,

(c) a match was found with a record hav ing the same cancer site.

I f no match is found, this is an indication of mder-coverage, or that the

cancer was first diagnosed in Ontario or outside Canada or prior to 1969, or

that the death was not really a death due to cancer. Alternatively, as

4 International Classi fication of Diseases, Adapted for Use in the United
States, Eighth Revision.
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prev iousl y mentioned, the matching process itsel f is not per fect • If a match

is found, but the records have di fferent cancer sites, this may be an indica-

tion of an error on either the f'vtJrtality File or the NCIR System. As men-

tioned previously, it is generally believed that the NCIR system yields the

more accurate disease classification, because of the high rate of histological

confirmation.

A small scale study was undertaken to measure this phenomenon. A random sam-

ple of 56 records with under lying cause of death reported as a malignant neo-

plasm of the lung or bronchus (ICDA-8 is 162.1) was selected from each of the

provinces except Ontario yielding a total sample of 504 records. Only deaths

between 1969 and 1978 were selected.

The national rate of successful matches was 82.3%. The rates varied between

73. 29~ and 96.4% across the nine prov inces. Among those with success ful

matches, 92.5% had the same 4-digit ICDA-8 classification. These rates varied

from 74.49~ to 100.09~. For those provinces with the lowest and highest rates

of matches with the same ICDA-8 classi fication, we give in Table 3 the break-

down of the observed disease classifications.

2.2.2 Incidence to Mortality

A sample of records from the NCIR System was also selected and matched to the

Mortality File. Fifty-six records with malignant neoplasms of the lung and

bronchus (ICDA-8 is 162.1) from each of the nine reporting registries were

randomly selected yielding a total sample of 504 records. The matched records

were then checked for underlying cause of death on the complete f'vtJrtality File

for 1969 to 1978. We did not check the cause of death on the original death

certificate for this study, although this would be feasible for future

studies.

The outcomes from this manual match may be classified as follows:

( a) no matching record is found,

(b) a match was found with a cause of death other than cancer,

(c) a match was found with a cause of death being cancer but not cancer of the

lung or bronchus,
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(d) a match was found with the same cause of death.

If no match is found, this is an indication of the inadequacy of the matching

process, unless death occurred after 1978 or outside Canada or the person is

still alive.

A match found with a different underlying cause of death is an indication of

one of the following:

(a) a competing risk took precedence,

(b) cancer was a contributing cause of death but not the underlying cause of

death or

(c) the underlying cause of death on the Mortality Data Base was incorrect, or

the cancer site was incorrect on the NCIR system (the latter being assumed

less likely).

The average rate of successful matches was 69.4~~. The rates varied between

55.4~~ and 80.4~~ across the nine provinces. Among those with success ful

matches, 92.m~had the same 4-digit ICDA-8 classi fication. These rates varied

from 85.3~~ to 100.m~. For those provinces with the lowest and highest rates

of matches with the same ICDA-8 classification, we give in Table 4 the break-

down of the observed cause of death classifications.

2.3 Availability and Completeness of the Data

One simple measure of the quality of the data files is the relative frequency

of valid data for specific items. For the National Cancer Incidence Reporting

System and the cancer deaths on the Mortality File, we concentrate on the fol-

lowing items:

- date of birth (day, month, year)

- age

- place of birth

- county and subdivision of residence

We chose these items to exempli fy how easy or di fficult it would be to match

records from other files (e.g. Section 2.2), or to create special tabulations,

such as small area statistics. For each item we classi fy the data as being
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valid or invalid. Besides blank values, invalid data \'tUuldarise wnen alpha-

betic characters are found in a numeric variable or the numeric value is out

of range. We have aggregated the relative frequencies into two five-year

groupings (1969-1973 and 1974-1978) so that we can see whether the quality has

changed significantly in the later years.

In Tables 5 and 6 we report the national averages for the two data bases as

well as show the values for the provinces with largest deviation from the

national average. For the Mortality File, we give the results only for cancer

deaths in the nine provinves outside of Ontario so that the comparison with

the NCIR system is more meaningful.

2.4 Multiple Registrations on the Cancer Incidence System

The concept of the National Cancer Incidence Reporting System is to register

all new incidents of malignant neoplasms. An individual should be registered

more than once wnen multiple malignant neoplasms develop. To avoid duplicate

registration of the same incident or duplicate reporting of patients registe-

red in more than one province, all provincial cancer registries follow routine

procedures. In spite of this, duplicate reporting of the same cancer incident

may occur. In order to evaluate the extent of the duplication, we searched

for records which are likely duplicates. The search was nowhere near exhaus-

tive, so that the number of potential duplicates found is an underestimate.

Of the 457,158 records, we removed the records with invalid surnames or years

of diagnosis. For those with missing birthyear, we calculated the birthyear

from the age when available. We also removed skin cancer records (ICDA-8 is

173) since this is known to have multiple occurrences.

Of the remaining records, we found those cases where all the following

occurred:

- birthyear or calculated birthyear matched exactly,

- surname matched exactly,

first four letters of first given name agreed,

- the three digit ICDA-8 code agreed.
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Of these records, we identified multiple registration as follows:

- year, month and day of birth was present and agreed, or

- day of birth was not present on at least one record but month of birth

agreed.

We also manually veri fied all groups with at least 3 individuals where the

month and day information did not agree and all groups of 2 individuals where

the month or day information was missing on at least one record.

In all, this resulted in identifying 6113 records which where potential dupli-

cates. These records correspond to 5947 individuals. (Note that some indivi-

duals were duplicated more than once.) We did not make the judgment as to

whether these were legitimate multiple registrations or actual duplicates.

For each 3-digit ICDA-8 value, we show in Table 7 the breakdown of these

potential duplicates according to whether the records came from the same

reporting registry or different registries, as well as how many potential

duplicates have the same fourth digit of the ICDA-8 classification.

3. DISCUSSION

3.1 Mortality - Incidence Ratios (Tables 1 and 2)

Ratios of cancer mortality to incidence can provide an indication of complete-

ness of registration. The ratios will vary with cancer site (the highest

ratios occur for sites with the lowest surv ivaI), age and sex for all regis-

tries. However, if a comparison of the ratios ~r different registries shows

major di fferences within a given site, sex and age group, di fferences in com-

pleteness of registration of new cases of cancer must be suspected. A higher

ratio, which means a higher proportion of deaths compared with newcases in the

same period may indicate less complete registration of new cases.

In both time periods there were two registries which consistently had the

highest ratios for all sites combined and for most of the major sites shown.

There is little doubt that these high ratios do reflect underregistration of

new cases the registries are the only ones which do not use death
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noti fications as one of their sources of registration. In addition, one of

these registries uses only a single data source, hospital reports, to register

cancer cases. This registry had previously reported the results of a special

study which showed that it was receiving noti fications for only an estimated

7m~ of new cancer patients admitted to hospitals up to the end of 1976. Fol-

lowing this, major changes were made to improve the notification system.

Since 1977 the registry has been reporting a higher number of cancer cases

which is reflected in a marked reduction in mortality-incidence ratios.

All other Canadian cancer registries use multiple sources of registration

which is considered essential to achieve good coverage and which could also

have a positive impact on the completeness and quality of individual data

items. The completeness of reporting of data items was examined in this study

(see Subsection 2.3). However, it turns out that the one registry that uses

only one data source actually ranks quite highly in terms of completeness of

information for many data items.

A possible drawback associated with using multiple sources of registration is

that duplicate registration may result. However an analysis of multiple

registrations for the same individual and the same cancer site does not bear

this out. In general, registries using a larger number of different sources

of registration do not have more multiple registrations for the same site than

registries using fewer sources of registration.

Cancer mortality-incidence ratios for the other six registries were more simi-

lar to each other. For these registries there was no consistent pattern of

one registry always hav ing higher or lower ratios for all sites and both time

periods.

There are many factors that can influence variations in the observed ratios hy

cancer site. Factors which tend to result in less complete registration of

new cases and therefore higher mortality-incidence ratios includes difficulty

in diagnosing the cancer (e.g. in deep-seated organs) and lack of access to

specific data sources (e.g. haematology reports confirming a diagnosis of leu-

kaemia) •
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Factors which may lead to overregistration of new cases and lower ratios are

mass screening programmes (which may lead to the inclusion of prevalent cases,

especially, for slow-qrowing tumours), duplicate registration, inclusion of

in-situ cases and inclusion of latent cancers discovered only at autopsy (this

particularly affects cancer of the prostrate). In addition, differences in

the accuracy of assignment of diagnosis or cause of death may lead to artefac-

tual di fferences. For example, death certi ficates may state "cancer of the

uterus, unspeci fied" or "leukaemia, unspeci fied" as the cause of death whereas

a cancer registry will often have more precise information and will assign

more precise codes [6]. An analysis of mortality-incidence ratios at the

level of the more detailed diagnosis would therefore show gross discrepancies.

Of the leading cancer sites that were examined for males, cancer of the lung

and stomach were associated with the highest mortality-incidence ratios for

all registries but interprovincial variation in the ratios was greatest for

cancer of the colon (excluding rectum) prostate and bladder. Use of cancer

incidence data in studies designed to identi fy di fferences in cancer risk by

geographic area (province) would therefore be more reliable for the former two

cancer si tes.

For females, of the leading sites examined, cancer of the colon and ovary had

the highest ratios for all registries. Interprovincial variation in the

ratios was greatest for cancer of the uterus and cervix uteri as well as for

cancer of the colon. For purposes of interprovincial comparisons, incidence

data for breast cancer and cancer of the ovary would therefore be more relia-

ble.

In the case of the sites of cancer of the uterus (other than cervix) and can-

cer of the cervix, there are large interprovincial variations in the ratios if

the sites are considered separately. This variation is greatly reduced if the

two sites are combined, suggesting that there are differences in the ~curacy

of diagnosis and cause of death assignment for these sites.

The site-specific mortality-incidence ratios were examined for major age

groups. The highest ratios consistently occur at older ages (65 and over) for
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all registries and all sites shown. This is as expected, since the risk of

death increases with age so that proportionately more death than new cases

occur at older ages. It is also recognized that diagnosis and registration of

cancers in older persons is generally more di fficult. However, the relative

increase in the ratios at older ages is much greater for the registries I'klich

have the highest average ratios to start with. This indicates that while all

registries may have some di fficulty in registering older patients, under-

coverage of the older population is greater for registries which in general

have less complete registration systems.

The Canadian data therefore lend support to recommendations made by the

International Union against Cancer (1970) and the International Agency for

Research on Cancer (1976) and the reiteration of this recommendation in a

recent paper by Doll and Peto [7] that "reasonably reliable comparisons of

cancer incidence are obtained only if comparisons are limited to men and

women in middle Ii fe".

3.2 Matching Mortality and Incidence Records(Tables 3 and 4)

Since Statistics Canada is responsible for managing both the cancer incidence

and the mortality data files, it is possible to compare reports for indivi-

duals who are listed in the two separate data files to veri fy the reported

information.

In this part of the investigation of data quality, the accuracy of assignment

of diagnosis and cause of death was of particular interest. Within the scope

of the study it is only possible to describe the results - the reasons under-

lying the discrepancies found remain unknown. However, it is felt that the

findings are reveal ing and do indicate, in the case of the particular cancer

selected for analysis, lung cancer, that agreement on diagnosis between the

two files is generally high, over 9m6.

The study also indicates that a larger scale match would be feasible to assess

the accuracy of diagnosis and cause of death codes. Of course, if a larger

scale study were based on a sample, it would be preferable to strati fy the

sample by year of diagnosis or year of death. In theory, if computerized
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matching techniques were used, this type of analysis is possible for all can-

cer sites. If such a1 undertaking were to be supplemented with, for example,

studies on accuracy of coding of cause of death and diagnosis in the field,

such as described in two U.S. reports [8] [9], interpretation of epidemiolo-

gical research findings would be facilitated.

3.2.1 Mortality to Incidence File Search

Of the sample of 504 death records with an underlying cause of death of lung

cancer from 1969-1978, 415 (82%) corresponding records on the cancer incidence

file for the years of diagnosis 1969-1978 were foundS. The rate of unsuc-

cessful matches varied from 3.6% to 26.8% across the nine provinces. This

rate is influenced by four main factors: (a) that the cancer was first dia-

gnosed prior to 1969, (b) that it reflects underregistration of new cases, (c)

that identifying information was not adequate to permit matching of records,

or (d) that the cause of death code is incorrectly given as cancer. There

were insufficient data to allow assessment of the relative contribution of

each of these factors.

Of the 415 death records for which a corresponding record was found on the

incidence file, there was agreement on the diagnosis, primary cancer of the

lung, in 92.5% of cases. There was 95.2~6 agreement that a cancer of the res-

piratory system was present. The small number of remaining records, had dia-

gnoses for sites other than respiratory cancer on the incidence file. It is

generally accepted that the diagnostic information on cancer registry files is

more accurate than the cause of death information on death certificates. How-

ever, given the Scope of this study it is not possible to determine if mis-

classification on either of the files (or perhaps the fact that a lung cancer

was first diagnosed prior to 1969 followed by a subsequent registration for

another primary cancer) account for the disagreement. Across the provinces,

the rate of agreement on diagnosis varied from 74.4% to 100%.

S In six cases more than one corresponding record for the same indiv idual
existed on the incidence file. Only one of these records was counted as a
successful match.
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Interestingly, for the prov ince with total agreement on diagnosis there was

also the highest success rate (96.4%) of locating corresponding records on the

two files. This could possibly indicate close liaison" between the provincial

vital statistics office and the cancer registry. In the reverse match of a

sample of cancer incidence records to mortality records (described in Section

3.2.2) it was the same province that had the highest rate of successful

matches as well as complete agreement on diagnosis.

3.2.2 Incidence to Mortality File Search

The reverse search using the incidence file for the years 1969-1978 as a star-

ting point and attempting to locate a corresponding record on the complete

mortality file for the same period was successful for 69.4~6 of the selected

sample of 504 records with a diagnosis of primary lung cancer. The rate of

unsuccessful matches was higher than in the match from mortality to incidence

records for all provinces and varied from 19.6~6 to 44.6%. Possible reasons

for not finding a match include (a) that the patient was still alive at year

end 1978, or (b) that identifying information was not adequate to permit a

match. It is in general less likely that one will find a corresponding record

in the search from incidence to mortality file since some persons diagnosed to

have lung cancer do survive this whereas all persons who die from lung cancer

should be registered as new cases either prior to death or at time of death.

For the records that were successfully matched there was agreement that the

diagnosis was a primary lung cancer in 91.4~6 of cases, a rate very similar to

that found in the reverse comparison. The samples for the two comparisons

were chosen independently so the consistency of the findings concerning agree-

ment on diagnosis is reassuring. Of the remaining cases, 4.3% had the under-

lying cause of death classi fied to cancer sites other than the respiratory

system, and 3. 7~6had an underlying cause of death which was not cancer. For

this latter group it is possible that cancer was mentioned on the death certi-

ficate as a contributing cause of death. This analysis is possible but was n-

not carrier out.
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3.2.3 Availability and Completeness of the Data (Tables 5 and 6)

One measure of quality and usefulness of the data files is the frequency of

valid information for speci fic data items. This measure is crude because

"valid" as defined here means valid according to computerized edit checks and

does not preclude that imputation of missing information or errors in defini-

tion or classification of the data item render the information invalid.

Subject to the above caveats the measure may be useful in showing if and where

there are improvements in reportinq of data items over the years, and whether

or not particular analyses of the data are feasible. For example, information

on date of birth is important for purely statistical (age-speci fic) analysis

of the data as well as for medical follow-up analyses which depend on good

identifying information.

On the cancer incidence file, a complete birthdate (i.e., day, month and year)

is on average present on only 68% of the records in the period 1969-1978. If

the two time periods, 1969-1973 and 1974-1978 are considered separately some

improvement in the more recent period becomes evident.

On cancer mortality records for the same time period a complete birthdate is

present in over 95% of cases. However, at least part of this high rate is due

to the fact that the mortal it Y system imputes a date of birth from age and

date of death when the birthdate is not reported. In 1976 the imputation rate

was 11.5~~ [5]. No such imputations are carried out in the cancer incidence

system 6.

Small area analyses of cancer occurrence require complete and detailed

residence information. Cancer mortality data are much more useful for these

purposes because census division (county) of residence codes are present on

99.8% of records and census subdivision (city, town, village) codes are

present on 96.2~~ of records. In contrast, on the cancer incidence file,

census division codes are present on 89.6~~ of records and census subdivision

6 Imputations may be useful for statistical purposes but are actually
mis-leading in medical follow-up studies unless it is made clear that the
in formation is based on an imputation.
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codes on only 25.2~6 of records. On the incidence file, there is improvement

in the reporting of census subdivision information in the second time period.

3.2.4 Multiple Registrations on the Cancer Incidence System (Table 7)

Comparability of cancer incidence data is affected if there are differences in

the reporting of multiple primary cancers in the same individual and in inad-

vertent duplicate registration.

The rules for reporting of multiple primary cancers are di fficult to inter-

pret, so some provincial differences in their application are expected.

Inadvertent duplicate registration of the same cancer incident may occur if a

provincial registry cannot determine if the same case has been registered pre-

viously (perhaps because identifying information is inadequate) or if the same

incident is reported by two di fferent registries 7. The search for multiple

primary cancers was restricted to mult iple entries for the same cancer site

(at the 3-digit level of the ICDA code).

No attempt was made to separate duplicate registrations from multiple prima-

ries, although it can be speculated that the majority of cases reported by two

seperate registries may be duplicates whereas the cases reported by the same

registry are more likely to be valid multiple primaries, particularly those

that differ in the 4th digit of the diagnosis code.

Using very strict matching criteria and excluding skin cancers (other than

melanoma of the skin), 1.7% (6113) of records on the 1969-1978 cancer inciden-

ce file were identified as multiple entries.

By province, this rate varied from 0.5% to 1.9~6. Only 0.4~6 of multiple

records were reported by two different registr ies. There was agreement down

to the 4th digit level of the diagnosis code in 88.4% of cases.

7 The national Cancer incidence System does not carry out routine checks on
such duplication.
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By cancer site, if only sites with more than fifty records are considered, the

rate of multiple primaries varied from 1.0% for cancer of the stomach and pan-

creas to 3. 6~6 for breast cancer. The high rate for breast cancer is not

surprising since the current rules for reporting of multiple primary cancers

require separate reports for cancers in both sides of (most) bilateral organs.

On the whole it IS felt that while there is some inconsistency arising from

multiple primary and duplicate reporting, this is very small compared with

that arising from undercover age •

4. SUMMARY

The techniques described in this paper have been successful at identi fying

differing levels of quality of cancer incidence and mortality data. It has

been found that the mortality-incidence ratios, in particular, can be used to

assess coverage errors, which are one of the major concerns of a high quality

cancer incidence system. The data quality for those who are registered on the

incidence system is sufficiently high that it is possible to assess the quali-

ty of the cause of death classi fication on the mortality system through a

micro-data match. In fact a computer ized micro-data match could be used to

evaluate the undercover age because the number of cancer deaths without pre-

vious registration on the NCIR system could be ascertained.
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Table 1

Cancer Mortality - Incidence Ratios

Deaths in Period (Mortality) as Percentage of New Cases Registered (Incidence)
Canada (excluding Ontario) and Prov inces with the Highest and Lowest Ratios.

Males Lead inq Sites by Age Group and Sex

1969 - 1973 1974 - 1978
Cancer Age
Site Canada Highest Lowest Canada Hiqhest Lowest

Ratio Ratio Ratio Ratio

Lung Total 96 110 83 95 101 80
(162 ) 0-24 27 37* - 70 - 100*

25-44 89 96 83 85 75 82
45-64 94 106 81 88 86 78
65+ 100 118 83 101 118 82

Prostate Total 44 55 35 39 54 33
(185) 0-24 71* 13.3 - 71* - 100*

25-44 39 54 - 22 - -
45-64 27 32 3.3 24 30 20
65+ 48 62 .35 43 60 36

Colon Total 76 101 54 67 86 56
(153 ) 0-24 56 60 - 40 - -

25-44 61 76 40 53 87 45
45-64 66 86 41 58 61 56
65+ 84 115 61 73 100 58

Bladder Total 35 42 26 28 35 23
(188) 0-24 20 25* 33* 3 - -

25-44 7 9 10 6 - -
45-64 23 30 16 18 22 13
65+ 44 5.3 32 36 45 29

Stomach Total 104 124 82 90 112 80
(151) 0-24 29* - - 86* - -

25-44 82 102 54 74 40 77
45-64 93 102 79 80 89 80
65+ 112 144 86 96 130 80

All Cancers Total 69 83 56 64 77 56
(140-209) 0-24 58 64 45 48 49 56
excluding 25-44 51 62 39 45 55 37
skin (17.3) 45-64 65 78 53 60 65 50

65+ 74 94 59 69 90 60

- Either mortality, incidence or both are zero.
* Ratios based on fewer than 10 cases for both mortality and incidence.



- 70 -

Table 2

Cancer Mortality - Incidence Ratios

Deaths in Period (Mortality) as Percentage of New Cases Registered (Incidence)
Canada (excluding Ontario) and Provinces with the Highest and Lowest Ratios.

Females Lead ing Sites by Age Group and Sex

1969 - 1973 1974 - 1978
Cancer Age
SIte Canada Highest Lowest Canada Highest Lowest

Ratio Ratio Ratio Ratio

Breast Total 40 47 31 37 46 31
(174 ) 0-24 14 13 - 6 50* -

25-44 28 33 26 23 30 17
45-64 37 44 31 35 43 29
65+ 50 62 35 46 55 38

Colon Total 73 94 50 67 80 50
(153) 0-24 15 20 - 27 33* -

25-44 48 49 41 41 64 34
45-64 63 77 43 55 57 42
65+ 83 114 55 74 95 55

Uterus Total 27 38 17 20 26 15
(182 ) 0-24 33 40* 20* - - -

25-44 13 19 7 11 15 9
45-64 16 25 9 12 15 10
65+ 49 64 33 35 43 26

Cervix Uteri Total 39 45 29 32 48 27
(180) 0-24 12 20* 17* 5 - 4

25-44 21 17 12 15 25 10
45-64 39 54 32 34 49 33
65+ 66 64 51 53 65 50

Ovary Total 69 79 54 69 78 63
(183) 0-24 20 33* - 28 100* -

25-44 43 41 26 30 38 20
45-64 68 74 52 64 72 55
65+ 87 105 77 95 98 106

All Cancers Total 57 67 46 53 64 45
(140-209 ) 0-24 46 49 43 37 44 28
exclud ing 25-44 .3.3 39 27 27 35 22
skin (173 45-64 48 56 38 44 51 39

65+ 75 94 58 69 85 58

- Either mortality, incidence or both are zero.
* Rat ios based on fewer than 10 cases for both mortality and incidence.
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Table 3

Match of Mortality with Incidence Records

Disease Classification on the Cancer Incidence File for a Sample of Lung Cancer Deaths
(Percentage Distribution)

Canada (excluding Ontario) and
Provinces with the Highest and Lowest Rates of Lung Cancer Incidents among the r~tches.

ICDA-8 CLASSIFICATION ON THE INCIDENCE FILE CANADA HIGHEST LOWES T
- - = =

1. CANCER (F THE RESPIRATORY SYSTEM 95.2 100.0 83.7

162.1 (a) LUNG; Primary 92.5 100.0 74.4

160-163 (b) OTHER RESPIRATORY SYSTEM; Primary 1.0 4.7

197.0-197.3 (c) RESPIRATORY SYSTEM; Secondary 1.7 4.7

2. OTHER CANCERS 4.8 16.3

174 (a) BREAST 0.7 2.3

(b) LYMPHA TIC PHEMATOPOIETIC SYSTEM
200-209 Primary 0.7 0.0

196 Secondary 1.0 4.6

(c) OTHER SPEC IFlED PRIMARY SITE 1.9 9.3

195,199 (d) ILL DEFINED OR UNDEF INED SITE 0.5 0.0

TOTAL 100.0 100.0 100.0

SAMPLE SIZE FOR MATCHES 415 54 43

MATCH SUCCESS RATE (%) 82.3 96.4 76.8
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Table 4

Match of Incidence with Mortality Records

Cause of Death Classi ficat ion for a Sample of Lung Cancer Cases from the Cancer Incidence file
(Percentage Distribution)

Canada (excluding Ontario) and
Provinces with the Highest and Lowest Rates of Lung Cancer Deaths among the Matches.

ICDA-8 CLASSIFICATION ON THE MORTALITY FILE CANADA HIGHEST LOWEST

= - = = -

1. CANCER OF THE RESPIRATORY SYSTEM 92.0 100.0 85.3

162.1 (a) LUNG; Primary 91.4 100.0 82.9

160-163 (b) OTHER RESPIRATORY SYSTEM; Primary 0.3 0.0

197.0-197.3 (c) RESPIRATORY SYSTEM; Secondary 0.3 2.4

2. OTHER CANCERS 4.3 9.8

174 (a) BREAST 0.3 0.0

(b) LYMPHATIC PHEMAToPoIETIC SYSTEM
200-209 Pr imary 0.3 0.0

196 Secondary - 0.0

(c) OTHER SPEC IFlED PRIMARY SITE 3.1 9.8

195,199 (d) ILL DEFINED OR UNDEFINED SITE 0.6 0.0

3. NOT CANCER 3.7 4.9

TOTAL 100.0 100.0 100.0

SAMPLE SIZE FOR MATCHES 350 45 41

MATCH SUCCESS RATE (%) 69.4 80.4 73.2
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Cancer Incidence
Availability and Completeness of Data Items

Canada (excluding Ontario) and
Provinces with the Highest and Lowest Percentages of Data Completeness

DATA ITEM YEAR or DIAGNOSIS CANADA HIGHEST LOWEST
PERCENT PERCENT- = = - =

DATE or BIRTH

Day 1969 - 197.3 63.7 99.8 0.0
1974 - 1978 71.6 99.8 4.0
1969 - 1978 68.0 99.3 2.2

Month 1969 - 197.3 65.6 98.8 0.0
1974 - 1978 73.3 99.8 4.1
1969 - 1978 69.8 99.4 2.2

Year 1969 - 1973 92.9 100.0 15.9
1974 - 1978 96.3 100.0 21.9
1969 - 1978 94.7 100.0 19.1

Complete Birthdate 1969 - 197.3 63.6 98.7 0.0
1974 - 1978 71.6 99.8 4.0
1969 - 1978 68.0 99.3 2.2

AGE 1969 - 1973 99.4 100.0 98.6
1974 - 1978 100.0 100.0 100.0
1969 - 1978 99.7 100.0 99.4

BIRTHPLACE 1969 - 197.3 15.2 19.8 0.0
(Country or Prov ince) 1974 - 1978 24.4 71 .1 0.0

1969 - 1978 20.2 46.0 0.0

RESIDENCE 1969 - 197.3 89.6 100.0 4.1
Census Division 1974 - 1978 89.6 100.0 82.8

1969 - 1978 89.6 100.0 49.0

Census Subdivision 1969 - 1973 16.6 43.2 0.0
1974 - 1978 32.3 76.4 0.0
1969 - 1978 25.2 61.6 0.0
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Cancer Mortality
Availability and Dompleteness of Data Items

Canada (excluding Ontario) and
Pruvinces with the Highest and Lowest Percentages uf Data Completeness

DATA ITEM YEAR IF OCA TH CANADA HIGHEST LOWEST
PERCENT PERCENT

= -
DA TE IF BIRTH

Day 1969 - 1973 96.6 99.4 0.0
1974 - 1978 97.8 99.7 43.9
1969 - 1978 97.2 99.6 23.0

Munth 1969 - 1973 97.0 99.7 0.0
1974 - 1978 98.1 99.9 44.2
1969 - 1978 97.6 99.8 23.2

Year 1969 - 1973 100.0 100.0 99.2
1974 - 1978 99.9 100.0 99.6
1969 - 1978 99.9 100.0 99.4

Complete Birthdate 1969 - 1973 96.6 99.4 0.0
1974 - 1978 97.8 99.7 43.9
1969 - 1978 97.2 99.6 23.0

AGE 1969 - 1973 100.0 100.0 100.0
1974 - 1978 99.9 100.0 99.6
1969 - 1978 100.0 100.0 99.8

BIRTH PLACE 1969 - 1973 98.3 100.0 98.9
(Country or Pruv ince) 1974 - 1978 52.2 99.9 0.0

1969 - 1978 73.9 99.9 46.2

RESIDENCE 1969 - 1973 99.8 100.0 99.6
Census Dlv ision 1974 - 1978 99.7 100.0 99.8

1969 - 1978 99.8 100.0 99.7

Census Subdivision 1969 - 1973 92.2 99.9 51.9
1974 - 1978 99.7 99.5 99.4
1969 - 1978 96.2 99.7 77.1



Table 7

- 75 -

Cancer Incidence
1969 - 1978

Multiple Primaries Within Each Site
(Canada excluding Ontario)

Mult iple Primar ies

ICDA Cancer Site Percent Percent Percent
Number of Same With Same

Incidence Registry 4aTr Dig it
ICOA Code

Total All Sites (except skin, 173) 6,113 1.7 76.8 88.4

140 Lip 87 1.4 90.8 83.9
141 Tongue 30 1.6 63.3 63.3
142 Salivary Gland 8 0.6 12.5 75.0
143 Gum 8 1.5 100.0 62.5
144 Floor of Mouth 18 1.8 94.4 N.A.
145 Mouth, Other and Unspec ified 16 1.4 75.0 62.5
146 Oropharynx 14 1.[) 92.9 78.6
147 Nasopharynx 8 1.1 62.5 N.A.
148 Hypopharynx 3 0.5 100.0 33.3
149 Pharynx, Lnspec ified 3 1.3 66.7 N.A.

150 Oesophagus 37 1.1 75.7 N.A.
151 Stomach 178 1.0 71.9 74.2
152 Small Intest ine 12 1.2 91.7 91.7
153 Lge. Intestine Excl. Rectum 623 1.9 82.3 44.0
154 Rectum 256 1.4 77.0 74.6
155 Liver 11 0.6 63.6 90.9
156 Gall Bladder 22 0.7 77.3 77.3
157 Pancreas 96 1.0 70.8 54.2
158 Peritoneum 6 0.7 100.0 100.0
159 Unspec. Digestive Organs 1 0.3 100.[J N.A.

160 Nose, Etc. 5 0.7 80.0 80.0
161 Larynx 94 2.0 77.7 57.4
162 Trachea, Bronchus, Lung 795 1.9 75.0 99.5
163 Resp. Organs, Other & NOS 7 0.7 85.7 85.7

170 Bone 28 2.0 78.6 82.1
171 Connective Tissue 32 1.3 81. 3 75.0
172 Melanama of Skin 61 1.4 78.7 54.1
174 Breast 1,791 3.6 84.4 N.A.
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Cancer Incidence
1969 - 1978

Multiple Primaries Within Each Site
(Canada excluding Ontario)

Multiple Primaries

ICOA Cancer Site

180 Cervix Uteri
181 Chorionepithelioma
182 Other, of Uterus
183 Ovary, Etc.
184 F. Genital Organs, other
185 Prostate
186 Testis
187 M. Genital Organs, Other
188 8ladder
189 Urinary org., Other & NOS

190 Eye
191 Brain
192 Other Nervous System
193 Thyroid Gland
194 Other Endocrine Glands
195 III - Defined Sites
196 Sec. & Unspec. Lymph Nodes
197 Sec., Resp. & Digestive
198 Other Secondary
199 Without Spec. of Site

200 Lymphosarcoma, Etc.
201 Hodgkin's Disease
202 Other of Lymphoid Tissue
203 Multiple Myeloma
204 Lymphatic Leukaemia
205 Myeloid Leukaemia
206 Monocytic Leukaemia
207 Other & Unspec. Leukaemia
208 Polycythemia Vera
209 Myelofibrosis

Number

133
1

149
126
31

464
27
9

274
119

13
93
6

49
5
4
5
9
1
12

68
85
22
45
64
32
4
11
1
1

Percent
of

Incidence

1.4
1.0
1.1
1.5
1.5
1.6
1.5
1.4
1.6
1.5

1.1
1.6
0.4
1.5
0.6
0.6
0.3
0.3
0.1
0.3

1.1
2.2
0.8
1.3
1.5
1.0
1.0
0.7
0.2
0.4

Percent
Same

Reqistry

60.9
0.0

73.8
80.2
71.0
69.2
44.4
88.9
77.7
72.3

46.2
46.2
33.3
55.1
80.0

100.0
100.0
88.9
100.0
75.0

60.3
55.3
90.9
64.4
62.5
53.1
75.0
81.8

100.0
100.0

Percent
With Same
4a1T Oiqit
ICDA Code

N.A.
N.A.
91. 3
97.6
83.9
N.A.
N.A.

100.0
N.A.
79.8

N.A.
N.A.
66.7
N.A.
100.0
100.0
100.0
77 .8

100.0
83.3

97.1
N.A.
72.7
N.A.
84.4
90.6
100.0
90.9
N.A.
N.A.
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Stephen E. Fienberg and Elizabeth A. Stasny2

The Canadian Labour Force Survey is a household survey conducted
each month for the purpose of producing point-in-time estimates of
the number of persons employed, unemployed and not in the labor for-
ce. The survey has a rotating panel design in which all individuals
in a sampled household location are interviewed each month, for six
consecutive months. In the past, little use has been made of this
longitudinal structure, although considerable interest has been ex-
pressed in the month-to-month gross flows (transitions) amongst the
labour force status categories. In this paper we discuss methods
being considered by Stat istics Canada for the product ion of gross
flow estimates, but from a model-based perspective.

1. INTRODUCTION

The Canadian Labour Force Survey is a monthly household survey used to produce

cross~sectional or point-in-time estimates of labour force participation.

This survey, however, like the Current Population Survey in the United States

and many other large scale sample surveys, is designed using a panel structure

so that the subjects are interviewed a number of times before being dropped

from the sample. Although the survey is used mainly to obtain cross-sectional

estimates, it has long been recognized that information from the repeated

interviewing of subjects provides an additional longitudinal data base that

could be exploited to give estimates of change over time for a very small

additional cost (see, for example Kalachek, 1979, and Fienberg and Tanur,

1983) •
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Some attempts have been made to use the longitudinal data obtained from panel

surveys. For example, the longitudinal data from the Current Population

Survey has been used since 1948 to produce tables showing gross movements of

individuals between labor force categories from one month to the next.

Although these tables are produced each month, they have not been published

since 1952 because of statistical problems. Smith and Vanski (1979) discuss

the production of gross change data using the longitudinal structure of the

Current Population Survey.

Recently, Statistics Canada has initiated an investigation of possible uses of

the longitudinal data available as a by-product from the Canadian Labour Force

Survey. They, too, would like to find a method for producing reliable

estimates of gross movements between labour force categor ies. In this paper,

we discuss the methods being considered by Statistics Canada for the

production of such gross change data.

In Sect.ion 2, we give a brief description of the coverage and design of the

Labour Force Survey, and we describe the structure of the resulting data.

Then in Section 3 we outline the proposed method for gross flow estimat ion

developed by Statistics Canada, which depends on the used of sample-based

weights, adjustment for inflows to and outflows from the population of

interest, consistency adj ustments, and bias correction for misclassi fication

error. By developing some simple models for the gross flow process, we

explore in Section 4 the implications of Statistics Canada's proposed method.

Finally, in Section 5 we describe some work on handling non-response in gross

flow estimation.

2. DESCRIPTION OF THE LABOUR FORCE SURVEY

2.1 Survey Coverage

Approximately 56,000 households, chosen from the ten provinces of Canada, are

included in the Labour Force Survey sample each month. Questionnaires are
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completed for all civilian, non-institutionalized members of sampled house-

holds who are 15 years of age and older. The survey questions primarily rela-

te to the subjects' work related activities during the reference week which is

the week prior to the survey week and usually contains the fifteenth day of

the month. Responses to the survey questions are used to classify subjects as

employed, unemployed, or not in the labour force. For a discussion on classi-

fication of labour force status, see Guide to Labour Force Survey Data,

Statistics Canada, (1979).

2.2 Survey Design

The labour Force Survey was designed to enable estimation of levels and rates

of employment and unemployment for each of the ten provinces separately.

Thus, except for the constraint on the total sample size, each province is

sampled independently.

Economic regions (ER's), areas of similar economic structure, form the primary

strata within provinces. ER's are divided into self-representing units

(SRU's) and non-self-representing units (NSRU's). SRU's are large urban cen-

ters and NSRU's are generally composed of a small urban center and a rural

area. Sampling is carried out separately in SRU's and NSRU's.

SRU's are sampled using a strati fied, two-stage sampl ing design. NSRU's are

sampled using a stratified multi-staged sampling scheme. In addition to the

SR and NSR areas, some sample units are selected from an apartment frame and a

special area frame. The final sampling units for the Labour Force Survey are

households. A detailed description of the sampling plan fur the survey can be

found in Methodology of the Canadian Labour Force Survey 1976, Statistics

Canada (1977).

Households selected for the Labour Force Survey are included in the survey for

six consecutive months and are then dropped from the sample. For example,

households rotated into the survey in January are interviewed for six consecu-

tive months, and then dropped from the sample after the June interview. Each
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group of households that rotated into and out of the sample together makes up

a panel. In anyone month, individuals from six different panels are included

in the Labour Force Survey sample.

2.3 Sampled-Based Weights

The cross-sectional data, information for a given month from all subjects in

the six panels interviewed in that month, is used to produce monthly estimates

of labour force participation. The monthly estimates are weighted averages of

values for each person in the sample. A weighted average is used because each

sampled person is thought of as "representing" a number of people in the popu-

lation of interest. The weight assigned to an individual's record corresponds

to the number of persons in the populat ion that the person in the sample re-

presents.

Let Wt . be the weight assigned to surveyed individual i in the month t. If
,1

individual i is classi fied as outside the population of interest in month t,

then Wt,i = O. Otherwise, the assigned weights are determined by the probabi-

ty of selecting the cluster, the probability of selecting the household within

the cluster, nonresponse within the month, rural/urban factors, sub-sampling

adj ustment for fast-growing areas, and ratio adj ustments for prov ince/ age/sex

factors.

An ind i vidual's assigned weight can chanqe from month to month because 0 f

replacement of 1/6 of the sample each month, non-response, and, to a lesser

extent, because of changes in the size of the population of interest. Thus,

for anyone individual, i, it may be the case that Wt 1 . = Wt .•- ,1 ,1

2.4 Longitudinal Structure and Gross Flow Estimation

Although the main prupose for the Labour Force Survey is to produce point-in-

time estimates of labour force participation, the panel structure of the sur-

vey design results in a longitudinal data base, with approximately 5/6 of the
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household locations sampled in cny one month being in the sample for the fol-

lowing month. Naturally, fewer than 5/6 of the surveyed individuals or fami-

lies are the same in two consecutive months due to non-response and moving.

However, Statistics Canada is interested in the possibility of using informa-

tion from those individuals who do respond in two consecutive months to produ-

ce estimates of gross flows among labour force categories.

Estimates of gross flows are useful for answering questions such as a) How

much of the increase in unemployment is due to persons losing jobs and how

much is due to persons formerly not in the labour force starting to look for

jobs? or b) How many unemployed persons become discouraged and leave the

labour force?

We discuss the problem of estimating gross flows among labour force categories

in the next two sections.

3. STATISTICS CANADA'S PROPOSED METHOD FOR GROSS flOW ESTIMATION

In this section we describe the multi-stage estimation procedure for gross

flows developed by Statistics Canada (e.g. see Macredie and Veevers, 1977;

Wong, 1983). Our description of the procedure includes various interpreta-

tions of the impact of individual stages.

3.1 Data Needed to Estimate Gross Flows

Statistics Canada has proposed estimating gross flows using a 4x4 matrix as

shown below:
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Labour Force Status in !'bnth t

E U N o

Labour Force E XEE XEU XEN XED
Status in

Month t-1 U XUE XUU XUN XUO

N XNE XNU XNN XNo

a XOE XOU XON XOO

where E = employed

U = unemployed

N = not in the labour force

0 = outside the population of interest, and
x .. = estimated number with labour force status i in monthIJ

t-1 and status j in month t.

The final monthly Labour Force Survey files from two consecutive months can be

used to obtain the data for estimating the 4x4 matrix of gross flows. In or-

der to use these data to produce gross flow estimates, Statistics Canada must

match individual records from the two consecutive monthly files using the uni-

que identification numbers assigned to sampled individuals for the duration of

their time in the study.

An individual appearing on the data file for one month may be missing from the

file for the other month due to rotation into or out of the sample or because

the person moved, was not at home, or refused to respond. The sample weights

described in Section 2.4 include an adjustment for non-response within each

month. When dealing with gross flows, we also need to consider the month-to-

month non-response. Statistics Canada proposes to reweight records for indi-

viduals who responded in both months t-1 and t to compensate for this addi-

tional non-response.
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After the reweighting is completed, Statistics Canada will have a single data

file that includes information for all persons who were respondents in two

consecutive months. That file will contain geographic and demographic infor-

mation for each individual as well as the individual's labour force status and

assigned weights for both month t-1 and month t.

3.2 Differences in Weights

As we noted in Section 2.3, an individual's sample-based \'oeight can change

from month to month because of the rotation replacement structure, non-

response, and changes in the size of the population of interest. Even when the

adjustment factor for non-response is computed on the basis of month-to-month

data, for any individual i, it may still be the case that Wt 1 .:F Wt .• Some
-,1 ,1

method is needed for handling this di fference in \'oeights if data are to be

used for estimating gross flows.

Statistics Canada proposes to resolve this dilemma by assuming that differen-

ces in the two weights occur only as a result of inflows to and out flows from

the population of interest. Thus, differences in weights are added to the ap-

propriate cell in either the last row or last column of the gross flow matrix.

This procedure depends heavily on the interpretation of the weights suggested

in Section 2.3, namely that sample individual i represents Wt . persons in
,1

the population in month t.

As an illustration of the procedure, suppose an individual is classified as

employed in both months t-1 and t but Wt_1,i = 300 and Wt . = 305. The mini-,1

mumweight, 300, is added to the EE cell of the gross flow table. The di ffe-

renee, Wt . - W . , of 5 is added to the DE cell since those 5 would be,1 t-1,1

thought of as having been outside the populat ion of interest during the month

t-1 and then having moved in the population as employed persons for month t.
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If, on the other hand, the individual is employed in both months but Wt l' =
- ,1

305 and Wt . = 300, then 300 is again added to the EE cell but the excess
,1

weight of 5 is added to the EO cell. Here, the difference between weights re-

presents 5 persons who were employed in month t-1 and then moved outside the

population of interest in month t.

An individual who is classified as outside the population of interest in month

t-1 and is then, say, employed in month t will have Wt 1 . = o. If Wt . =300,
- ,1 ,1

then 300 is added to the OE cell. Individuals classified as outside the popu-

lation of interest in month t are treated similarly with Wt 1 ., being added
- ,1

to the appropriate cell in the last column of the gross flow matrix.

Because persons outside the population of interest are assigned a weight of

zero, a person who is classified as such in both months t-1 and t would

have Wt_1,i = 0 and Wt,i = O. Therefore, XOO' the entry in the 00 cell of the

gross flow matrix, must always be zero.

3.3 Adjustment of the Inflow and Outflow Cells

Adding differences in weights to the inflow and out flow cells of the gross

flow matrix provides a method for handling the changes in sample-based weights

from one month to the next and gives estimates of inflows to and outflows from

the population of interest. Independent estimates of inflows and out flows,

available from Census data, suggest that this method overestimates the actual

amount of movement into and out of the population of interest. Thus,

Statistics Canada plans to adjust the XOE' XOU' XON' XEO' XUO' and XNO entries

in the gross flow matrix. These cells will be proportionally adjusted so that

total inflows and out flows shown in the gross flow matrix equal the Census es-

timates of inflows and outflows respectively.

Let I be the independent census estimate of inflows to the population of inte-

rest and F be the census estimate of out flows from the population. Call the
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sum of estimated inflows XO+ = XOE+ XOU+ XON and the sum of estimated out-

flows X+O = XED+ XUO+ XNO• The proportionally adjusted inflows are:

Yo. = XO.I/XO+
J J

for j = E,U,N. (1)

The proportionally adj usted out flows are

Y.O = X'OF/X+OJ J
for j = E,U,N. (2)

3.4 Consistency of Gross Flow Estimates With Mpnthly Totals

Statistics Canada would like their gross flow estimates to be consistent with

the published monthly estimates of labour force participation totals. Thus,

the row totals for the gross flow matrix must be the month t-1 estimates of

labour force participation and the column totals must be the month t cross-

sectional estimates. The marginal totals of the gross flow matrix constructed

as described above are not consistent with the monthly labour force totals.

Statistics Canada plans to use the method of iterative proportional scaling,

originally proposed by Deming and Stephan (1940), and described in detail by

Bishop, Fienberg, and Holland (1975), to adjust the gross flow matrix to agree

with the monthly labour force totals. When used to adjust the gross flow ma-

tr ix, iterative proportional scaling al ternati vel y 1) constrains the rows of

the matrix to sum to the month t-1 estimates and then 2) constrains the co-

lumns to sum to the month t estimates. Steps 1) and 2) are repeated until the

entries in the matrix do not change from one step to the next.

Testing at Statistics Canada has shown that cell changes resultinq from the

application of iterative proportional scaling were both absolutely and relati-

vely small and fell roughly within the bounds of samplinq variability associa-

ted with the cells. This suggests that the consistency adj ustment does not

seriously distort the gross flow estimates.
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3.5 Bias Correction for Misclassification Error,

Statistics Canada proposed method for estimating gross flows also includes a

step correcting for misclassi fication bias. This is the bias that results

from the incorrect assignment of an individual's labour force status. A tech-

nique developed by Fred Wong (1983) at Statistics Canada uses reinterview data

to correct for the misclassification bias.

4. IMPLICATIONS OF STATISTICS CANADA'S PROPOSED METHOD

4.1 Modeling Gross Flows

Each step of Statistics Canada's proposed method descr ibed in the previous

section is a logical attempt to correct problems that arise concerning the

production of good estimates of gross flows. It is not clear, however, what

effect the var ious adj ustments have on the final estimated gross flow matr ix •

In order to better understand Statistics Canada's proposal to treat differen-

ces in weights as being due to inflows to and out flows from the population of

interest, in this section we develop a model for the gross flow process. Our

discussion centers on the quantities in the inflow and outflow cells of the

estimated gross flow matrix since the problems with Statistics Canada's propo-

sed method seem to occur in those cells. Because the design of the Canadian

Labour Force Survey is quite complex, we begin with a set of simpli fying as-

sumptions. In the following we assume that

1. a single stage stratified sample is chosen,

2. there is no response error, and

3. non-response occurs only because random individuals move between

strata or because of rotation into or out of the sample.

4.2 Allocation of Net Population Changes to Inflow and Outflow Cells

Suppose that the population of interest is divided into S strata indexed by

s = 1,2, ••• S. Let
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s
Nk = population size in strata s In month k.

Each month, a simple random sample is chosen from each stratum for the survey

and sampled individuals are interviewed for six consecutive months before

being dropped from the survey. Our goal is to estimate gross flows from month

t-1 to month t.

For the purpose of estimating gross flows, only individuals who are inter-

viewed in both month t-1 and t will be used. This excludes individuals who

rotate into or out of the sample and persons who move between strata. let

s
rt-1,t = number of sampled individuals from stratum s who were

interviewed in both months t-1 and t.

Each of the r~_1, t respondents in stratum s is assigned the following weights

in months t-1 and t respectively for the purpose of gross flow estimation:

W~_1 = Nt-1 / rt-1,t and wf = Nt / rt-1 ,t.

As long as movements between strata and selection of panels are "random pro-

cesses," these weights represent the inverse of the probability that an indi-

vidual within a stratum is interviewed in both months t-1 and t. Since all

individuals within a stratum have the same weight in any given month, aggrega-

tes for each stratum may be used. Therefore, we let

s
nij = number of sampled individuals from stratum s classified as

hav ing labour force status i in month t-1 and status j in

month t for i,j = E,U,N,O.

The methodology proposed by Statistics Canada requires that the minimum of the

months t-1 and t weights for each indiv idual be added to the appropriate cell

in the gross flow matr ix. The di fference is added to the appropr iate in flow
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cell if the month t weight is greater than the weight in month t-1 and to the

appropriate outflow cell otherwise. Thus, for example, the stratum s entry in

the EE (employed to employed) cell of the gross flow matrix is:

min(Wf_1,Wf)n~E min [ (Nf-1
s s s ] s

= / rt-1,t), (Nt / rt-1,t) nEE

min (Nf-1' Nf)
s / s= nEE rt-1,t

min (Nf-1 , Nf)
s= fEE (4)

swhere fEE = fraction of all individuals from stratum s,

interviewed in both months t-1 and t, who

where employed in both months.

The contribution from stratum s to the DE cell for the matrix from individuals

employed in month tis:

(5)

Di fferences from individuals falling in the UE and NE cells will also contri-

bute to the DE cell. Thus, the total contribut ion to the DE cell from stratum

sis:

= max(D,Nf

(6)
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where f;E = fraction of all individuals from stratum s,

interviewed in both months t-1 and t, who

were employed in month t.

We obtain total for all cells in the gross flow matrix in a similar manner.

The resulting gross flow matr ix is as follows:

Gross FlOri Mitrix - M:Jntht-1 to M:Jntht

f'.bnth t

E u N o

M:Jnth

t - 1

E

u

N

o

s s s s S s s s S s s s S s s sr rnin(N ,N)f r rnin(N ,N)f r rnin(N ,N)f r max(O,N -N)f
8=1 t-1 t EI 8=1 t-1 t ElJ 8=1 t-1 t EN s=1 t-1 t E+

S s s s S s s s S s s s S s s sr rnin(N ,N)f r rnin(N ,N)f r rnin(N ,N)f r max(O,N -N)f8=1 t-1 t l£ 8=1 t-1 t w s=1 t-1 t 1.N s=1 t-1 t u..
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Notice that each term in the summations for the nine in-population cells (the

cells showing gross flows between employed, unemployed, and not in the labour

force) is the product of the net size of the strata and the observed fraction

of subjects who had the various labour force classifications in months t-1 and

t. The out-of-population to employed cell of the gross flow matrix contains

a sum of terms from each strata that grew from month t-1 to month t. Each

term is the product of the net increase in size for the strata and the frac-

tion of the subjects in the strata who reported being employed in month t. The
out-of-population to unemployed and not in the population of interest cells
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contain the sums of similar terms except that the net increase in size for

each strata is multiplied by the fraction of subjects in the strata who were

unemployed or not in the labour force in month t respecti vel y. In other

words, the net increase in size for each strata is proportionally allocated to

the three inflow cells of the gross flow matrix based on the observed frac-

tions of employed, unemployed, and not in the labour force in month t. Simi-

larly, the net decrease in size for each strata that shrank between months t-1

and t is proportionally allocated to the outflow cells of the matrix based on

the observed fractions of employed, unemployed, and not in the labour force in

month t-1.

In this model we have assumed that the only way for counts to appear in the

inflow and out flow cells is as a result of di fferences in weights. In practi-

ce, a small number of individuals who move in and out of the population-of-

interest show up in the sample and their assigned weights are added to the ap-

propriate inflow and outflow cells. The effect of such individuals on the es-

timates is very small.

The fractions f~E' f~U' f~N' fE+' fU+' and fN+ are estimated using individuals

who appear in the sample in both months. Almost all ind i viduals classified,

for example, as DE could not be respondents in both months because they are

not sampled by design or because they are movers. Thus, these people who

could not have been respondents in both months are represented by people wilo

did respond in both months. To the extent that these groups differ, the pro-

portional allocation of net increases and decreases in strata size may result

in biased estimates in the inflow and outflow of the gross flow matrix.

4.3 Effects of Movements Between Strata

The weights used for the purpose of gross flow estimation, as shown in expres-

sion (3), are determined by the number of respondents in both months t-1 and

t, a quantity that remains constant for the two months, and by the stratum po-

pulation. The population of a stratum changes if a) individuals enter from
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outside the population of interest, such as when persons reach their 15th

birthday or leave the full-time military, b) individuals move outside the po-

pulation of interest, as when persons enter the military or an institution, or

c) individuals in the population of interest move between strata. This sub-

section describes the effects of such changes in population size on the quan-

tities in the gross flow matrix.

As in the preceding subsection, we suppose that the population of interest is

divided into S strata. Again, individuals are sampled at random from each

stratum every month, interviewed for six consecutive months, and then dropped

s
from the sample. Let rt-1,t be, as before the number of individuals from

stratum s who are interviewed in both months t-1 and t.

Next we suppose that there are s
Nt_1 individuals in stratum s in month t-1.

Let movements into and out of strata between months t-1 and t be denoted by

mu,v = number of individuals who move from u to v, u "* v, between

interviews for months t-1 and t where u and v may take

on the values.

s = stratum s for s = 1,2, ••• Sand

o = outside the population of interest.

Using this notation, the population in stratum s in month t is

s s (Nt = Nt 1 + E.... mu s - ms u).- UrS' , (7)

The weights assigned to individuals in stratum s in months t-1 and t respecti-

vely are
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Since our focus in this section is on movement into and out of the population

of interest, it is not necessary for us to divide those in the population of

interest into employed, unemployed, and not in the labour force. Thus, the

gross flow matrix used here is a 2 x2 matrix formed by collapsing the first

three rows and columns of the 4x4 gross flow matrix used in the preceding sub-

section.

The entry for stratum s in the in-population to in-population cell is

(9)

The entry for stratum s in the out-of-population to in-population, or inflow,

cell is

max(O,Wt - ~-1)rt-1,t = max[O,Lu*s (mu,s

=max[O,L4- (mus-msu)].u.•.s , ,
(10)

The entry for the in-population to out-of -population, or out flow, cell is

found similarly. Thus, the 2x2 gross flow matrix is as follows:
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Month t

In-Population Out-of-Population

Month In
t-1 population

Out-of-

population

~ {Nt-1+rnin[0,E (mus-msu)]}
S
E max[O,E (mu s-ms u)]

s=1 u*s ' , s=1 u*s"

S
E (mu s - ms u)]E max [0, 0

s=1 u*s' ,

s s
E Nt-1
s=1

Let us consider the quantity in the in flow cell of this gross flow matrix.

This cell should contain the net increase in population from outside the po-

pulation of interest, m - m 0' for each stratum that gained members fromO,s s,

outside the population. What the cell does contain is E (mu s - ms,u) for
u*s '

each stratum s that grew as a result of movements between strata and from out-

side the population of interest. The summation, E (mu,s - ms,u), does in-
u*s

clude the quantity mO,s - ms,O but it may also contain other terms.

For example, suppose the population is made up of three strata called A, 8,

and C. If strata A and B grew from month t-1 to month t and stratum Clost

members, then the inflow cell contains

( 11)
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Note that the movements between strata A and B cancel out but the terms show-

ing the movement between strata A and C and strata Band C remain in the sum-

mation.

In general, the inflow cell contain extra terms of the form mv,u-mu,v for each

stratum v that loses population while stratum u gains population. Similarly,

the outflow cell contains extra terms of the form mx,y-my,x for each stratum y

that grows while stratum x loses population.

In the inflow cell, the quantity L ~ emu s-ms u) for each strata s that gainsu.•.s , ,

population from month t-1 to t will be positive, although each individual term

in the summation need not be positive. If

then the contribution to stratum s is more than the inflow to stratum s from

outside the population of interest. This excess comes from terms of the form

mu,v - mv,u as described above. That is, the overestimate is due to movements

between strata within the population. A similar result holds for the in-

population to out-of-population cell of the matrix.

Statistics Canada staff report that the method they proposed for handling dif-

ferences in weights from month to month does appear to give overestimates in

the inflow and out flow cells of the gross flow matrix. Although they are

based on simplifying assumptions, the results here give a possible explanation

for the overestimation, i.e. the overestimation may be due to movements within

the population of interest.

Finally we note that, in the 2 x2 gross flow matrix shown above, the in-

population to in-population cell must contain an underestimate equal to the

overestimate in the outflow cell. Whatever the amount of underestimation, it

is spread over the nine in-population to in-population cells in the 4x4 gross

flow matrix. Moreover, the size of the overestimation is small in comparison
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to the total size of the nine in-population cells.

4.4 Comments on the Proposed Gross Flow Estimation Method

The results described in the preceding two subsections illustrate problems

with the proposed method of handling month-to-month differences in weights for

the purpose of gross flow estimation. These results do not come as a surprise

to Statistics Canada. Because of their experience with Labour Force Survey

methods and data, they realized that the movements in individuals within the

population might explain some of the overestimation in the inflow and outl fow

cells of the gross flow matrix. The results obtained by modelling the process

reinforce their beliefs and make it clear just how the movements of indivi-

duals effects the estimates. In addition, the modelling brought to light a

problem about which Statistics Canada had not been aware: the compensating

underestimation spread over the nine in-population to in-population cells of

the gross flow matrix.

In section 4.2, we saw that the net increases in strata are allocated to the

inflow cells while the net decreases are allocated to the outflow cells accor-

ding to the fractions of observed individuals classified as employed,

unemployed, and not in the labour force in month t and month t-1,

respectively. The estimation of inflows and out flows in this manner is valid

only if individuals who move in and out of the population of interest are a

random sample of individuals and, hence, "the same" as individuals who remain

within the population of interest. Sampled individuals WlO are classified as

outside the population of interest appear in the sample by accident rather

than by design; the Labour Force Survey is not designed to estimate numbers of

persons outside the population of interest. If we want to obtain reasonable

estimates for the inflow and out flow cells of the matrix, it may be necessary

to include individuals outside the population of interest in the Labour Force

Survey sample or to use a special, supplementary sample.

In section 4.3, we saw that the overestimates in the inflow and out flow cells
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could be a result of movements of individuals between a strata ~ose popula-

tion grew and a strata whose population shrank. The fact that it was move-

ments between strata that caused the problem is a result of the simpli fying

assumptions which we made. We assumed that the final sample was randomly cho-

sen from within each strata. Hence, the weights assigned to individuals sam-

pled from a single strata were equal. If, instead, we assumed that the strata

had been divided into clusters and random samples of individuals had been cho-

sen from within the clusters, then all individuals sampled from a single clus-

ter would have been assigned the same weight and the overestimate would come

as a result of movements between clusters.

To correct for the overestimate, and corresponding underestimate, directly in

the case ~ere final samples are chosen at random from within strata, we would

need estimates of the number of movers between each pair of strata where one

strata grew and the other strata lost population. If the final samples are

chosen at random from within clusters, similar estimates would be required for

each pair of clusters. This is a considerable amount of information. A fur-

ther complication is that, in practice, the ratio adjustments applied to the

weights make it possible for individuals within one household to have unequal

weights.

As was suggested earlier, if individuals outside the population of interest

were included in the sample, we could obtain estimates of movement into end

out of the population of interest directly. One other possibility that should

be considered is to discard the monthly weights for the purpose of gross flow

estimation and derive a longitudinal weight for each individual in the Labour

Force Survey sample in either of the two months.

As statisticians, we are quite comfortable with estimates of gross flows that

do not have the published monthly labour force participation totals as margi-

nal totals; however, we realize the problems that might arise if gross flow

estimates, that were not consistent with the monthly totals, were published.

Nevertheless, it should not be assumed automatically that the monthly estima-

tes are correct and that the problem lies solely in the gross flow estimates.
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As we noted in section 3.5, the gross flow matrix is adjusted to correct for

misclassi fication errors. The monthly estimates, however, are nqt corrected

for misclassification bias. Thus, when iterative proportional fitting is used

to adjust the gross flow matrix to agree with the monthly totals, the matrix

is being altered to be consistent with biased values. We feel that it would

be more appropriate to address the problem of misclassification of labour for-

ce status in the monthly data where it occurs rather than just in the estima-

tes of gross flows.

5. NON RESPONSE AND mow FLOW ESlIMA lION

Statistics Canada's proposed method for gross flow estimation compensates for

non-response by adjusting the sample-based weights of respondents. This

method of handling non-response is appropriate if the missing data are missing

at random (e.g., see Rubin, 1976). In order to explore the assumption of

random non-response, we used a longitudinal file for a single panel to produce

the data in Table 1. This table shows the unweighted percentages of

individuals reporting being employed or unemployed in zero to six months

according to the number of months in which they responded to the survey.

Consider the probabilities underlying the observed percentages shown in part

(a) of Table 1. Let

ni = probability that an individual is employed in i out

of 6 months for i = 0,1, ••• 6.

Under the assumption that non-response occurs at random, the probabilities

corresponding to the first column of that table can be written as

P(observing 0 months employed out of 6-k months responding)

k 6= L n. / ( j), for k = 0,1, •••5.
j=1 J

(13)
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Notice that these probabilities increase from the first row of the column to

the last row.

In a similar manner, it can be shown that, if data are missing at random, then

the underl ying probabilities must increase from the top to bottom of each co-

lumn in both tables. The first column of each table deviates from this pat-

tern quite noticeably. In both cases, the observed percentages decrease

through the first four rows of the table and then increase in the last two

rows. It does not seem likely that sampling variability alone could be res-

ponsible for such a pattern in both tables. Thus, it appears as if there is

some evidence that non-response does not occur at random.

Of course, the above analysis is based on just a single panel of Labour Force

Survey data. However, in a larger study using data from 1980 and 1981, Paul

and Lawes (1982) also found evidence of a relationship between employment sta-

tus and non-response. Therefore, there is a need to consider methods for

gross flow estimation that do not require the assumption that non-response oc-

curs at random.

Statistics Canada's proposed method for gross flow estimation only makes use

of the information from individuals who responded in both of the months.

There is also information available from those individuals who responded in

just one of the two months. Stasny (1983) presents a method for month-to-

month gross flow estimation that makes use of the information available from

indi viduals who are respondents in onl y one of the two months and that can be

used when non-response is related to time or employment status. For this

method, we take the observed gross flow data to be the end result of a two-

stage process. In the first stage of the process, which we do not get to ob-

serve, individuals are allocated to the sixteen cells of the gross flow matr ix

according to a single multinomial sampling scheme. Then, in the second stage,

each individual may lose either the month t-1 or month t labour force

classification with some probability. The probability of losing a month's

classification can be modeled to depend on the month, or labour ~rce status,

or both. Maximum likelihood estimates for the parameters of the multinomial
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distribution of the first stage and the probabilities of losing a month's

classification are obtained using iterative methods.

When these models were fit to Labour Force Survey data from a single panel,

Stasny (1983) found that the model where the probability of losing a month's

classification depends on labour force status provides a reasonable fit to the

data for all gross flow matrices with the exception of the months 1-2 matrix.

For the data from month 1 to month 2, the probability of losing a month's

classi fication appears to depend on the month. This may be due to the fact

that there is higher non-response in the first month a panel is in the

survey. We believe that it would be worthwhile to fi t this type of model to

additional data from the Labour Force Survey to see if similar results are ob-

tained over other panels.

Clear 1y, the problem of obtaining good estimates of gross flows from the

Labour Force Survey is not a simple one. The survey is designed to give data

for the production of monthly estimates of labour force participation, not es-

timates of gross flows. A survey designed specifically for the purpose of es-

timating gross flows anong labour force categories would certainly be diffe-

rent from the current Labour Force Survey. Thus, the longitudinal data from

the survey is not ideal for gross flow estimation. The data, however, are

available and, if they can be used to give reasonable estimates of gross

flows, then additional, useful information is produced for a relatively small

cost.
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Table 1

Months Employed

a) 0 1 2 3 4 5 6

6 52.23 3.22 1.93 2.21 2.45 3.55 34.41

5 51.48 3.04 2.17 3.36 4.22 35.73
Months of
Data Present 4 49.26 4.15 3.16 4.83 38.60

3 46.31 6.18 5.62 41 .89

2 51.40 8.32 40.28

1 52.87 47.13

Months Unemployed

b) 0 1 2 3 4 5 6

6 92 .43 3.63 1.65 0.93 0.57 0.43 0.35

5 91 .23 4.46 2.08 1.13 0.72 0.38
Months of
Data Present 4 89.28 5.76 2.17 1.43 1.36

3 89.00 6.42 2.81 1.77

2 91 .33 6.01 2.66

1 91.43 8.57
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The peach, sour cherry and the grape objective yield surveys have
been carried out annually in the Niagara Peninsula since 1964 in
order to forecast the magnitude of change in marketable fruit pro-
duction from the previous year. Timeliness of the estimates is
essential in order to enable the Ontario Tender Fruit Growers
Marketing Board (OTFGMB) and the Ontario Grape Growers Marketing
Board (OGGMB)to establish the marketing strategies well ahead of
the harvest. This paper summarizes the major changes due to the
second redesign initiated in 1982. In particular, the sample de-
sign, data collection operation and modi fications of the estima-
tion procedures are elaborated upon.

1. INTRODUCTION

The decision to switch from a list frame to an area frame survey was made in

the first redesign in 1974 primarily due to the lack of an adequate list of

commercial growers in the Niagara Peninsula. However, in 1981 the Ontario

Ministry of Agriculture and Food (OMAF) has conducted a Tree Fruit Census and

a Grape Vine Census. The availability of the census data makes it possible to

redesign the survey for the second time in order to reflect the changes that

the industry has undergone in the last eight years. Based on discussions with

OMAF, it was decided that the census lists of growers are complete and accu-

rate and that they contain sufficient information to form the sampling frame

for the Tender Fruit Surveys. As a result, the peach, sour cherry and grape

surveys will be conducted employing three independent samples selected from

the 1981 OMAFcensus lists.

The object of all three surveys is to forecast the total amount of fruit ac-

tually sold (as fresh fruit or to processors). These forecast are made by

1 J. Kovar, Business Survey Methods Div ision, Statistics Canada. This work
was done while the author was in the Institutional and Agriculture Survey
Methods Division, Statistics Canada.



- 104 -

estimating a ratio of the number of pieces of marketable fruit in the current

year to the corresponding total for the previous year and applying this ratio

to the previous year's figure of actual anount sold reported as a tonnage by

the Ontario Fruit and Vegetable Statistics Committee. Thus an assumption of

high correlation of fruit weight and fruit count must be made. Secondly due

to the time lag between the surveys and the harvest, it has to be assumed that

any loss of fruit between these two times is consistent from year to year.

2. OVERVIEW OF THE SAMPLE DESIGN

The samples of the three objective yield surveys were selected independently

according to a multistage, strati fied (by geographical region), replicated,

pps (farms and orchards/vineyards were selected with probability proportional

to size), nearly sel f-weighting (all trees/vines have an approximately equal

probability of selection) sample design. Figure 1 provides a visual summary

of the sampling strategy. Note that due to the fact that the weight variables

are collected at various points in time, the design is not exactly self-

weighting.

2.1 Target Population, Sampling Frames and Total Sample Size

The target population for the three objective yield surveys comprises all com-

mercial growers of the respective fruit in the Niagara Peninsula. Commercial

growers for the three surveys were defined by OMAFas operators of those

holdings which reported more than 200 peach trees, 200 sour cherry trees or

5000 grape vines respectively in the 1981 Tree Fruit or Grape Vine Censuses.

Using the above definition, a separate frame was created for each of the three

surveys. The lists for the peach, the sour cherry and the grape surveys con-

tain 423, 145 and 552 commercial growers respectively. The total sample size

(number of orchards/vineyards to be enumerated) for each survey was determined

by OMAF's budget constraints to be in the neighbourhood of 60 for the peach

survey, 55 for the sour cherry survey and 155 for the grape survey. Since for

the grape survey all available varieties of interest are to be sampled on a

selected farm, the final sample size for the grape survey is unknown. How-

ever, based on the 1981 Grape Vine Census, it is estimates that 62 farms will

generate a sample of approximately 155 vineyards.
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FIGURE 1: Sample Design for the Tender Fruit
Objective Yield Surveys

SAMPLING FRAME: ALL COMMERCIAL GROWERS IN THE FOUR
REGIONS ENUMERATED IN THE 1981

OMAF CENSUSES
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2.2 Stratification and Sample Size Allocation to R~gions

The Niagara Peninsula was divided into four regions for which separate estima-

tes are required. These were defined as follows (based on the 1976 Census

boundaries) :

Region 1: Town of Grimsby in the Niagara Regional Municipality and township of

Salt fleet in the Regional Municipality of Hamilton-Wentworth. (Town-

ship 8 of county 29 and township 4 of county 17).

Region 2: City of St. Catherines

Regional Municipality.

and the Town of Lincoln in the

(Townships 5 and 9 of county 29).

Niagara

Region 3: Town of Pelham and the Town of Thorold in the Niagara Regional Muni-

cipality. (Townships 11 and 12 of county 29).

Region 4: City of Niagara Falls and the Town of Niagara-on-the-Lake in the

Niagara Regional Municipality. (Townships 3 and 10 of county 29).

Due to the increasing demand of crop production estimates by geographic area,

an independent sample of farms was drawn in each of the four regions. An

attempt was made to allocate the resources (i. e. number of farms sampled)

optimally between regions. However, due to the unusually small population

size in some regions (see Table 1) a compromise between proportional alloca-

tion, optimal allocation and a rule of "minimum of 2 farms per region per

replicate" was made. The latter rule was deemed appropriate in order to dimi-

nish the possibility of complete nonresponse in a given replicate (as could be

the case if only one farm per replicate was selected). The number of trees!

vines in each farm was used as a measure-of-size variable for the purposes of

allocation as well as for pps selection in the first and second stages. Pre-

vious results [6] indicate that other proxy variables (such as area mder

cultivation) are likely to be no more efficient than the tree-count variable.
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TABLE 1: Population and Sample Sizes for the Tender

Fruit Surveys of Commercial Growers by Region

IPEACH

ISOURCHERRY

IGRAPE
I

IJ REGION 1 I REGION 2 I RE~ION 3 I REGION 4 ~ TOTAL I
IPOPLIN SAMPLE/POPL'N SAMPLEIPOPLIN SAMPLElpOPL'N SAMPLElpOPL'N SAMPLEI

I 15 4 I 198 22 I 15 4 I 195 30 I 423 60 I
I 20 4 I 55 20 I 30 20 I 40 12 I 145 56 I
I 67 4 I 275 32 I 46 4 I 164 22 I 552 62 I
I I I I I ---.J

2.3 First Stage Design

Within each region, for each survey, two independent replicates of farms were

selected systematically (in order to obtainm a representative sample) with

probability proportional to the total number of trees/vines on the holding as

of the 1981 Censuses. The total sample sizes for the two - replicates are dis-

played in Table 1 by region. Since the two replicates are selected indepen-

dently and since large farms are more likely to be selected in the sample, it

is to be expected that a certain amount of overlap between replicates will

exist. In fact, some farms are so large, that not only are they guaranteed to

be in the sample, but they can appear more than once in the same replicate

[4] ). Each such appearance is treated as a separate event and one

orchard/vineyard is selected without replacement every time the farm is selec-

ted. The actual number of distinct farms in the sample is therefore decreased

as indicated in Table 2.

TABLE 2: Total Number of Distinct Farms in the Sample by Region

REGION 1 REGION 2 REGION 3 REGION 4 TOTAL

jIPEACH 3 22 3 27 55

ISOUR
CHERRY 4 17 15 10 46

IGRAPE 4 30 4 20 58
j
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~.4 Second Stage Design

From the second stage on, the sampling strategies involve some field opera-

tion. Once an initial contact with the farmer is made (in the spring of 1983)

it is imperative that every effort be made to obtain the respondent I s co-

operation. It is as this time that the farmer will be requested to aid the

enumerator in listing all orchards and establishing the current size (i.e.

number of trees) of each for the peach and sour cherry surveys. For the grape

survey a similar listing must be prepared for each of the three varieties of

interest: Concord, DeChaunac and "Other". (Note that since some varieties

are grown together, one vineyard can appear on several of the lists. However,

its size for a particular variety listing would be measured by the number of

vines of that variety only).

On each holding, for the peach and sour cherry surveys, one orchard will be

selected with probability proportional to size. For the grape survey one

vineyard will be selected independently for each of the three varieties

actually grown on that holding, again with probability proportional to size.

It cannot be overemphasized that these procedures must be followed faithfully

in order not to jeopardize the validity of the estimates. Selection proce-

dures should be monitored carefully to ensure there is no bias in the selec-

tion towards small orchards or single variety vineyards, which admittedly

would be easier to enumerate.

To avoid an over lap of orchards/vineyards on farms that are selected in both

replicates or more than once in the same replicate, all orchards/vineyards for

a given holding are to be selected at the same time, using a pps systematic

sampling method. The assignment to replicates is to be per formed at random

after this select ion. (Note that for the grape survey, on farms which appear

in both replicates, two vineyards of each variety grown are to be selected).

2.5 Third Stage Design

Once an orchard/v ineyard is selected, its current count

vines is determined and a simple random sample of four

producing vines is selected without replacement.

of producing trees/

producing trees/five

The trees/vines
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are marked for future identi fication since the same units are enumerated from

year to year. (In subsequent years, if a sampled tree/vine has been des-

troyed, pulled up or has died, a replacement tree/vine is selected and enume-

rated. However, it does not contribute to the estimate until its second year

in the sample). Also, each year the producing tree/vine count of selected or-

chards/vineyards is reestablished in order that the industry's growth (decli-

ne) can be monitored. (Note that in the grape survey this implies that only

vines of the particular variety sampled are to be counted in each vineyard).

2.6 Fourth Stage Design

This stage exists only for the sour cherry and grape surveys.

2.6.1 The Sour Cherry Survey

It is operationally impossible to count all sour cherries on a selected tree.

To estimate the total marketable ~uit count, a sample limb (or limbs) is se-

lected with probability proportional to the cross-sectional area of the limb.

A method of selecting a limb in this way is described by Jessen [3]. It con-

sists of selecting a limb at the initial (or primary) branching point of the

trunk with probability proportional to the cross-sectional area and following

the selected limb to the next branching point. This is repeated until the

cross-sectional area of a subsequentl y selected limb is within five to fifteen

percent of the primary limbs cumulative cross-sectional area total. As it is

not always possible to select one such limb, in some instances two limbs will

have to be enumerated. The selected limb(s) on each sample tree are then mar-

ked for future identi fication since the same limbs are enumerated from year to

year.

2.6.2 The Grape Survey

As for sour cherries, it is equally impossible to count all marketable berries

on a sample vine. Thus to estimate this total, the number of bunches of gra-

pes (i.e. those clusters containing more than five berries) is counted and 5

bunches are selected at random without replacement in order to be enumerated.
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As with the other surveys, the vines are marked and are to be visited the

following year.

3. DATA COLLECTION

The actual enumeration will be performed roughly four weeks before harvest

each year. It is of great importance that the selected sample vines, trees

and limbs as well as the orchards and vineyards be well identified in order to

enable the enumerators to complete their job in the short time available. The

enumerators will be required to count all marketable fruit (i .e. excluding

culls wilich are immature or damaged fruit that will not be harvested) on the

sample peach trees and the selected cherry limbs. The fruit on the entire

peach tree is counted primarily due to the fact that the fruit tends to be

distributed much more unevenly on a peach tree than on a sour cherry tree

[2], precluding the possibility of merely enumerating sample limbs.

For the grape survey, all berries on the five selected bunches are to be coun-

ted, excluding culls. Since most bunches are very tightly packed, this will,

in most cases, involve picking the fruit. For this reason and due to time

constraints, it is impossible to enumerate the entire sample vine.

4. REPLACEMENTS

Even though every attempt will be made to return to the same trees, limbs or

vines in the following years, there arise cases wilen this is impossible. (For

example, branches are sawn off, trees or vines are pulled up or are otherwise

destroyed) • If a sour cherry tree limb was sawn off, an attempt will be made

to select another limb on the same tree using the same procedures as before.

In the event that this is not possible, then just as in the case of peach

trees and grape vines, a new tree/vine will be selected at random in the same

orchard/vineyard. In the case that the wilole orchard/vineyard has been des-

troyed a new orchard/vineyard will be selected on the same holding using the

same procedures as described in Section 2.4. In all these cases, the newly
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selected sample limbs, trees, vines, orchards or vineyards will be enumerated,

however they will will not contribute to the estimate until the following

year's data is collected, as only matched observations are considered.

For those hopefully rare, cases where the farmer has ceased to grow the fruit

of interest entirely or where the initial contact resulted in a refusal, a

third "replicate" of much smaller size was selected without replacement for

each of the surveys. The procedures for selecting the orchard/vineyard and

the sample of trees, limbs and vines for each replacement farm are the same as

those described above. The limbs, trees and vines will be enumerated every

year but will contribute to the estimate onl y when it is necessary to rotate

one of them into the sample. The sizes of the replacement sample are indica-

ted in Table 3 by region.

Table 3: Sample Sizes of the Replacement Sample

for the Tender Fruit Survey by Region

I I I I I
IREGION 1jREGION 21REGION 31REGION 41 TOTAL

IIPEACH 1 2 1 3 7

ISOUR
CHERRY 1 2 2 2 7

IGRAPE 1 3 1 2 7
I

5. ESTIMATION FORMULAE

5.1 Estimates of Fruit Count per Tree/Vine

Denote by Y the total number of marketable fruit on a tree (vine) T.
T
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Then for the peach survey, YT is estimated

marketable peaches counted on a sample tree T.

Y is estimated by
T

by YT' the total number of

For the sour cherry survey,

(5.1.1)

where yTt lS the total number of marketable sour cherries counted on the

sample limb(s) t of the selected sample tree T;

and Pt is the probability of selecting the sample limb(s) to

for the grape survey, y is estimated by
T

Finally

n
L T Y Tt

t=1
(5.1.2)

where N is the total number of bunches of grapes on the sample vine T.
T

,

n is the number of bunches of grapes that were enumerated on
T

the sample vine T (typically n = 5);
T

and YTt is the number of berries on a bunch t of the sample vine T.

5.2 Regional Estimates of Fruit Count by Replicate

Denote by Y the estimated total number of marketable fruit in replicatear
r of region (area) a in the current year. For the grape survey,

3= r Yarv
v=1

(5.2.1)
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is the estimated total grape count of variety v in

replicate r of region a.

For the purpose of uniformi ty of the following formulae, for the sour cherry

and peach surveys Y and Y can be used interchangeabl y, sincear arv
there is only one variety of sour cherries and peaches to be estimated. (In

other words, the subscript v can be ignored for the sour cherry and peach

surveys). Then Y can be estimated byarv

83
Narvfx x

N~fvfb

C
Narvfb narvfb

L

narvfb 1"=1
Y arvfb1" (5.2.2)

with Yarvfb1" = the current year's estimated total number of marketable fruit

on the tree/vine 1"(variety v) In orchard/vineyard b, on farm

f, in replicate r, of region a (i.e. Y1");

narv fb = the number of trees/vines (of variety v) sampled in the

current year ln orchard/vineyard b, of farm f, in replicate

r, of region a (typically narv fb = 4 for the sour cherry

and peach surveys and 5 for the grape survey);

narvf = the number of orchards/vineyards (sampled for variety

v in the current year) on farm f, in replicate r of region a

(typically narvf = 1 except for duplicates, i.e. large

farms selected more than once in the same replicate) ;

n = the total number of distinct farms on which variety varv
was sampled in the current year) in replicate r, of region a;

*narv = the total number of orchards/vineyards (sampled for

variety v in the current year) in replicate r of region a
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n
= Earv n f).
f=1 arv'

NC
arvfb

N83
arvfb

N83
arvf

=

=

=

the total current count of producing trees/vines (of

variety v) in orchard/vineyard b, on farm f, in replicate

r, of region a;

the total count of trees/vines (of variety v), in or-

chard /v ineyard b, on farm f, in replicate r of region a

as of the 1982/1983 mapping operation;

the total count of trees/vines (of variety v), on

farm f, in replicate r, of region a as of the 1983 listing

operation;

N81 = the 1981 Census count of total trees/vines (all
arf

varieties) on farm f replicate r, of region a (supplied

with the sample listing)

and = the 1981 Census count of all trees/vines in region a (as

per Table 4)

Table 4: 1981 Census ,Counts of Trees/Vines (N~1)

for the Tender Fruit Surveys by Region

I I I I
I REGION 1 1 REGION 2 REGION 3 1 REGION 4 I TOTAL

I I I I I
IPEACH 1 13,094 I 389,157 10,271 1 411,697 I 824,219

ISOUR 1 I I I
ICHERRY 1 9,496 1 50,888 55,449 1 32,536 I 148,369

IGRAPE 11,142,067 15,660,008 946,509 13,975,202 111 , 729, 786

I j I I I
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5.3 Regional Estimates of Ratio of Change and their Precision

The ratio of change in production in region a from the previous year, denoted

by R , is estimated bya

R = Y /Xa a a (5.3.1)

where Ya = the estimated total marketable fruit count (of peaches,

sour cherries, grapes or grapes of variety v) in region a in

the current year is given by

y
a

1 2
- _ L
2 r=1

y
ar (5.3.2)

in the case of peaches, sour cherries, and total grapes of all

varieties, and by

Ya = Yav =
1 2

L
2 r=1

Yarv (5.3.3)

in the case of grapes by variety, and where X~, Xar,
X are the corresponding previous year's estimates.arv

(Note that the subscript v can now be dropped as all estimates are treated in

the same manner, be it peach, sour cherry, total grape or grapes by variety

estimates.)

Define the variances of Ya and Xa and their covariance by

= (Ya1 = D2 /4ya (5.3.4)

~ ~ ~ 2 D2 /4VeX ) = (X 1 - X 2) /4 =a a a xa

Cov(Y ,X ) = (Y 1-Y 2)(X 1-X 2)/4 = D D /4a a a a a a ya xa

(5.3.5)
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where the numeric subscripts refer to the replicate number. Then the varian-

ce, V( Ra), of the ratio of change estimate, Ra, can be estimated by [1].

VeRa) = ~2 {V(Ya) - 2 Ra eov(Ya,Xa) + R~ V(Xa)}
X a

{ Dya _ 5ya Dxa }2=
5xa 52

xa

with 5 = Ya1 + Ya2ya
A A

D = Ya1 Ya2, etcya

(5.3.7)

(5.3.8)

The coefficient of variation of R is then estimated bya

{VcR )}teveR ) = __ a_
a R

a

x 10m~ (5.3.9)

5.4 Regional Estimates of Total Fruit Production and their Precision

Denoting by XT the previous year's actual yield (tonnage) in region a anda ---
by yT the corresponding current year estimate, then yT is given bya ---- a

yT = XTR
a a a

with its coefficient of variation estimated by

(5.4.1 )

A AT
ev(y-) =

a
x 10m~ = eVeR )a (5.4.2)

5.5 Estimates of Total Fruit Production and their Precision

Denote by yT the estimated total fruit production over all four regions in the

current year. Then yT is given by,
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with a coefficient of variation estimated by

(5.5.1)

{ ~ T 2 " }l" (X) V(R) ~
a=1 a aCV(Y ) = _

"TY

x 1OO?~

6. SUMMARY

(5.5.2)

The first enumeration will take place in 1983, however, it will not be until

the summer of 1984 that the first estimates from the redesigned survey will be

produced. For this reason, it will be necessary to conduct both the old and

the new surveys in 1983 so that estimates will be available for that year.

Even though the survey was designed to be self-weighting, it is only approxi-

mately so due to the time differences of the 1981 Censuses, the 1983 initial

listing operation and the subsequent enumerations. The estimation formulae

presented in the previous section take these time differences into account.

However, due to the appealing simplicity of the self-weighting estimate, an

investigation of its performance has been proposed once the data becomes

available.
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A TIMELY AND ACCURATE POTATO ACREAGE ESTIMATE FROM LANDSAT:

RESULTS or A DEMONSTRATIONl

R.A. Ryerson, J.-L. Tambay, R.J. Brown

and

L.A. Murphy, B. McLaughlin2

This paper describes the procedures used and results of a joint
Canada Centre for Remote Sensing (CCRS) and Statistics Canada pro-
ject to provide a timely potato acreage estimate for New
Brunswick, a major potato producing province in Canada. The pro-
ject has demonstrated that satellite imagery combined with more
traditional potato area estimation procedures can lower respondent
burden, produce timely crop distribution maps and produce reliable
estimates for subregions.

1. INTRODUCTION

Earlier satellite remote sensing work in St. John Valley, New Brunswick by the

Canada Centre for Remote Sensing (CCRS) and the New Brunswick Department of

Agriculture has proved that both an accurate and low cost estimate of potato

crop area could be made using satellite data (Mosher et ale 1978; Ryerson et

a1. 1979; Ryerson et a1. 1980). Interest in this and other CCRS work on

rapeseed-canol a (Brown et ale 1980) resulted in Statistics Canada initiating a

real-time demonstration using data from Landsat satellite in the 1980 crop

year. Statistics Canada, the Federal agency responsible for crop data

collection, wanted to compare traditional and satellite-derived estimates of

crop area in the same region. Potatoes were selected as the subject crop, and

the St. John Valley was the region.

1

2

Originally presented at the fifteenth International Symposium on Remote
Sensing of Environment, Ann Harbor, MI, May 1981.

R.A. Ryerson and J. Brown, Canada Centre for Remote Sensing (CCRS), E.M.R.,
J.-L. Tambay, Business Survey Methods Division (this work was done while
the author was in the Institutional and Agriculture Survey Methods
Division), Statistics Canada, L.A. Murphy, Agriculture Statistics Division,
Statistics Canada, and B. McLaughlin, Agriculture Statistics Division,
Regional office at Truro, Nova Scotia, Statistics Canada.
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The particular benefits of satellite remote semsing which are of interest to

Statistics Canada are improving accuracy of estimates obtained from their re-

gular surveys, possibly at more local levels, lowering of respondent burden by

reducing the number and/or size of questionnaires, and the possibility of pro-

viding maps of small areas containing speciality crops to better plan sampling

methods.

Following a summary of the main results in the next section, the balance of

this paper outlines the remote sensing methodology used in this project, and

describes the existing Statistics Canada data collection system, the project

region, the ground data sample and data collection, the analysis of remotely

sensed data and the verification and analysis of results.

2. MAIN RESULTS

Data collected by satellite were used to produce estimates of the potato area

in the St. John Valley region of New Brunswick. These estimates, expanded to

the provincial level, were within two percentage points of the Statistics

Canada published estimate of 52,000 acres. The published estimate was based

on the results of three independent surveys in the province.

The analysis of satellite data was done In real-time (almost instantaneously)

at CCRS, as much of the work could be initiated prior to data acquisition.

The Agriculture Enumerative Survey (A. E. S.) area sample pro vided the ground

data needed to cal ibrate the system, and was used to obtain ratio and regres-

sion estimates which corrected for biases in the satellite classi fication of

potato fields. Although the demonstration was not carried out in a production

environment, the final estimates could have been produced less than two weeks

after the satellite pass over the test regIon.

Problems in the satellite classification were caused by the presence of clouds

(satellite nonresponse), and by the confusion of potatoes with "similar

appear ing" features on the anal ysis system. The first problem caused loss of
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The second problem was partly resolved by

and by the use of ratio and regression

A comparison of interviewer - collected ground data with data collected

through aerial photographs of sample fields showed that some fields were

missed by the A.E.S. interviewers, as these were not required for A.E.S.

purposes. This resulted in the aerial photography data being used instead of

A.E.S. data for the 1980 satellite estimates. The 1981 A.E.S. enumeration

procedure were changed to accommodate both A.E.S. and remote sensing

requirements.

As a result of the success of this demonstration, the experiment was

repeated in 1981. In addition, a similar experiment was undertaken that year

to estimate the canola acreage in the Peace River District of Alberta and

British Columbia.

3. REMOTE SENSING USING THE LANDSAT SATEllITE

Remote senslng is the sensing or measuring of the characteristics of an object

from a distance, usually from an aircraft or satellite. When satellite data

are used, complete coverage of large areas can be provided quickly at a

relatively low cost. Possible areas of application include agriculture,

forestry, land utilisation, ice formations and general map making.

The United States National Aeronautics and Space Administration Landsat

satellites provided the satellite coverage for this, and an earlier experiment

in New Brunswick. Each Landsat satellite orbits the earth 14 times a day in a

sun-synchronous orbit (permitting coverage of the earth to be done at the same

local sun time). Light reflected from the ground is recorded on four narrow

bands of the spectrum using a Multispectral Scanner (MSS). The data are

transmitted in Canada to one of two receiving stations in Prince Albert,
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Saskatchewan and in Shoe Cove, Newfoundland.

every 18 days by a Landsat satellite (every

used) •

A point on earth is covered once

nine days if two satellites are

The CCRS Image Analysis (CIAS) analyses the data, received on standard pro-

ducts such as Computer Compatible Tapes (CCT's) covering areas of 25,600 squa-

re kilometers. The smallest units for which image data are defined are called

picture elements, or pixels. Each pixel carries its own spectral signature, a

measurement of its reflectance on the four spectral bands. The spectral

signature will depend on the features present in the pixel (roads, crops,

etc.), each of which carries its own signature. Crop signature is a function

of plant structure, type of soil background visible, crop maturity, height,

and leaf density, among other factors.

To obtain estimates of crop areas, it is necessary to identify each pixel be-

longing to a crop of interest. Large known fields of the crop of interest are

located to train the system to identify the crop's signature. All pixels are

then classi fied as belonging to the crop or not, based on their spectral

signatures.

Areas for specific regions are obtained by counting the number of pixels insi-

de the regions that are classified as belonging to the crop. Additional trai-

ning may be done to cover pixels "missed" in the initial classi fication, or to

further separate confusion crops, that is, crops whose spectral signature clo-

sely resembles that of the crop of interest.

Accurate ground data are needed, first, to locate large training fields for

the crop of interest and second, to correct for any biases in the satellite

classi fication. These data can be obtained by trained ground enumerators, or

by using airborne imagery, which is interpreted by image analysts.
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4. CURRENT STATISTICAL DATA COLLECTION SYSTEM

Historically, Statistics Canada has used data obtained from annual mail non-

probability surveys as the primary input into its crop estimation system.

While these surveys are relatively inexpensive and can be completed quickly,

they are limited by varying response rates and possible non-representativeness

of respondents. Probability enumerative surveys were introduced in the mid-

1970' s to overcome some of these problems. These involve enumeration of a

random sample of farmers by personal interviews. In 1980, Statistics Canada's

estimates of potato area in New Brunswick were based on the results of three

surveys: the Mail Survey, the Objective Potato Yield Survey (O.P.Y.S.), and

the Agriculture Enumerative Survey (A.E.S.).

The Mail Survey questionnaires are mailed out in early June to all farmers

listed on a Farm Register maintained by the Agriculture Statistics Division.

Replies are compiled on a county basis and county estimates are derived by

linking annual changes in reported potato acreages to census potato acreages

for the county. The county estimates are aggregated to give provincial esti-

mates by late June.

The O.P.Y.S. is a specialized mail and enumerative survey designed to estimate

potato area and yields in the potato growing region of New Brunswick. The

Survey is conducted in mid-July on a random sample of potato farmers selected

from the Farm Register and potato area estimates are generated by mid-August.

The A.E.S. is a multi-purpose enumerative survey designed to estimate crop,

livestock and farm expemse data at provincial levels. The A.E.S. is a multi-

pIe frame survey consisting of a random list sample of farmers selected from
the Farm Register and a random area sample of segments. Enumerators visit
the sampled farms in late June and early Jul y. Acreage estimates from the
survey are available in early August. Each year about 2a'~ of the segments are

changed.
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During the growing season, two potato crop area est imates are published. The

first, in late June, is based on the mail survey results. The second estima-

te, in earl y September, is based on a rev iew of the estimates from all three

surveys and discussion with provincial authorities. The date of the second

estimate was the target date for generation of a satellite-derived estimate.

5. PROJECT REGION

The area for which an estimate was required is located in the upper St. John

Valley in New Brunswick. It starts in the south at Woodstock in Carleton

County and follows the St. John River for 200 kilometers northwest through

Victoria County to Claire in Madawaska County.

The region is heavily wooded, of varied, rolling terrain. There are some pro-

blems related to stoniness and drainage. Within the area are 70,000 hectares

of improved cropland, of which about 20,000 are usually potatoes. Other major

crops are grains, hay and processing vegetables such as peas, broccoli and

brussels sprouts. Parcel sizes range from 0.1 hectare seed plots to 40 hecta-

re fields.

6. 1980 GROUND SAMPLE AND DATA COLLECTION

The area sample for the A.E. S. in New Brunswick was considered a suitable

vehicle for obtaining ground data for interpreting remote sensing data. This

sample is selected in two stages. At the first stage, census Enumeration

Areas (EA' s), which had farm headquarters in them in the 1976 census (called

Census Agricultural EA's), were stratified based on their potato acreaqes,

cattle, and pig numbers (1976 census data). Within each stratum, two

replicated simple random samples of EA's were selected. Each sampled EA was

segmented into identifiable area units of about 5 to 8 square kilometers using

maps, and a simple random sample of one in 10 segments was selected per EA.

A.E.S. enumerators working in the study region were supplied with old enlarged
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aer ial photos (scale 1" - 832') for each sampled segment. The photos were

obtained from provincial sources. Most of them had been taken in 1976. While

contacting the farmers operating land inside the segment, they were required

to show the photograph to the farmer and identify on it all potato and corn3

fields and note their areas as reported by the farmer. Written instructions

on procedures to be followed were included in the interviewers' manual and

interviewers and supervisors were trained on procedures to be followed.

7. ANALYSIS or REMOTELY SENSED DATA

7.1 Previous Work

Work in the same region using 1975 data has been reported elsewhere (Mosher et

ale 1978), and a detailed description of the approach is available (Ryerson et

ale 1980). In the 1975 work, a test area which contained about twenty percent

of the province's potato crop was selected for detailed analysis from the

potato growing region. This was supported by ground data collection for the

entire test area.

The 125 square kilometer test area and two sub-areas were located on the

colour video display screen of the CCRS Image Analysis System (CIAS)

(Goodenough, 1979). A very simple supervised training scheme was used to

gather the statistics of pixels in three contiguous potato fields in the form

of four one-dimensional histograms. A four-dimensional parallelepiped in fea-

ture space was generated as defined by the limits of each of the histograms

to serve as a decision boundary. All points within the parallelepiped were

classi fied as potatoes, and those outside the region as "other".

One of the major problems was the proper classi fication of boundary pixels.

These present special problems, as they fall on the border of two di fferent

3 Corn fields were also required to be identi fied since earlier remote sen-
sing work indicated that corn was a confusion crop for potatoes (Ryerson et
ale 1980).
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fields. Their reflectance is a function of the anount of each field within

the pixel and the reflectance of each cover material in the two fields. To

attempt to compute the percentage of each cover type present in such pixels is

generally very complicated. However, it was found that by modifying the ori-

ginal decision boundary through adding a second parallelepiped formed by trai-

ning on a number of boundary pixels which appeared to be in potato fields,

reasonable area estimates could be achieved. Selection of the appropriate

boundary pixels to be classed as potatoes was on the basis of subjective vi-

sual interpretation of the display (data from three of the four spectral bands

were merged to form a colour display, with colours simulating those of a

colour infrared film).

Less then four hours of CIAS time ~re required to perform the area estimate

for the entire potato belt. Location, display and analysis of the primary and

sub-test areas required just over one hour. Selection, display and analysis

of the subsequent five subscenes required two and one-half hours, while loca-

tion of the New Brunswick border and elimination of data from outside the pro-

vince required another hour.

Compared to total area of potato fields interpreted and measured from low al-

titude aerial photographs taken at the same time, the 1975 satellite estimates

were 95% accurate (Le., 95~6 of the estimated true value), in the sub-area

containing the training site, 80% accurate in the second sub-area, and 88% ac-

curate over the whole primary test area. On repeated tests using di fferent

training fields, the accuracy over the primary test area ranged from 85~6 to

97~6. The province wide accuracy was 84.5%. Some of the error in the provin-

cial estimate resulted from the fact that some potatoes are grown outside the

potato belt. Other factors contributing to the error are discussed below.

7.2 PROCEDURESTO IMPROVEESTIMATES

Although the previous work was successful, potential sources of error ~re

identi fied for applications requiring accuracies greater than say 85~6. The
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major problems arise in the subjective selection of the potato field boundary

pixels, in the handlinq of small fields, and in the resolution of difficulties

with the crops confused with potatoes.

With regard to confusion crops, ideally one should know the spectral reflec-

tances of potatoes and all of its confusion crops throughout the growing sea-

son. With such information, it is possible to specify the phenological window

during which potatoes can be reliably separated from other crops. Unfortuna-

tely, such a data set does not exist, although knowledge of the region's crops

and the cultural practices does pro vide some general guidelines. In this

case, based on the field experience of the authors, it was hypothesized that

the optimum date for separation of potatoes from other crops in this region

would be from mid-July to mid-August. To test this hypothesis and provide an

indication of the degree of separability of potatoes from other crops, an ana-

lysis was performed of a Landsat MSS Computer Compatible Tape (CCT) acquired

over the St. John Valley on August 8, 1975. Figure 1 shows the Landsat band

radiance values for potatoes, corn, peas, hay, broccoli, pasture, buckwheat,

bare soil and grains. It can be seen from this that potatoes are easily sepa-

rable from the other crops except for the peas, which are usually harvested by

mid to late August. It would therefore appear that the analysis of data col-

lected late in the growing season is likely to lead to the separation and

identification of potatoes.

The problem of small fields and boundary pixels can be handled by an approach

which uses available ground information over a limited area to produce a more

accurate crop area estimate over an extended area. Given the size of the

potato growing region here, the area of potatoes within each of ten to fifteen

segments is required. Each segment is of the order of five to eight square

kilometers in size. The whole area is still classi fied as well as possible,

but the subjective boundary pixel class is not produced. The classification

result for each segment is then used, along with the available ground informa-

tion (the aerial photograph data in 1980, A.E.S. data for future years) to ob-

tain a regression relationship which is applied to the entire area estimate to
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produce a revised estimate (Hanuschak et ale 1979). A ratio estimate, based

. on the total area estimates obtained from sat-ell i te and aer ial photograph

data, is also produced.

7.3 GENERATIONOF THE 1980 ESTIMATEUSING LANDSAT

The generation of a satellite-based potato area estimate can be described as a

three part process: ordering of old and new data, pre-location of A.E.S. seg-

ment boundaries, and image analysis.

The Landsat data ordered where Digital Image Correction (DICS) Computer

Compatible Tapes (CCT' s) using the Sin x / x interpolation for geometric cor-

rection (Guertin et a1. 1979) and Cal 3 radiometric correction (Ahern and

Murphy, 1978). Each CCT covers four 1:50,000 National Topographic System

(NTS) map sheets with a resampled square pixel of 50M. Four CCT's are

required to cover the region. Existing data were ordered for delivery in May

of 1980, while new data were ordered for the appropriate satellite passes from

mid-July to mid-August. The ordering process proceeded smoothly for existing

data, but was complicated for the real-time data by the failure of

Landsat-III. A Landsat-II pass on August 17 was used to create DICS CCT's

which were delivered to the analysis facility on August 22, well ahead of

schecule.

The pre-location of A.E. S. segments was done in the spring of 1980 using the

polygon cursor option on the CCRS Image Analysis System (Goodenough, 1977).

A.E.S. segment boundaries were provided by Statistics Canada on 1:50,000 map

sheets and on photocopies of the airphoto enlargements given to the A.E.S.

enumerators. Although some segments had boundaries which were easy to locate

(streams, forested edges, lakes, etc.), others based on pol it ical or census

boundar ies proved very complex. Segments whose boundaries were a combination

of major roads and/or major rivers could be located, bounded and stored after

less than five minutes work on the enlarged colour display of 128 x 128 50M

pixels on a 512 x 512 monitor. The most complex took up to an hour - with an
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average of 20-25 minutes. Once located, the segment was stored by speci fie

DICS pixel coordinates so that it could be overlaid on new data as it an i ved

to locate both training data and inputs for the estimator. Because of the lo-

cation of some segments on the boundary between two DICS CCT's and other simi-

lar problems, a number of segment boundaries were not located in the prepara-

tory phase. Software is now being written to shorten the time required for

the entire project, especially the pre-location phase. Use of original photo-

graphs in place of photocopies planned for the 1981 project's new segments (15

rotated in for 1981), should also shorten the time required.

Once the 1980 ground data were delivered to the analysis center, potential

training sites (based on field size) were selected. Several fields were

selected from one segment in the north of the region (near St. Andre) \'klile

several others were selected from a segment in the south (near Hartland).

Upon receipt of the 1980 satellite data, it became a relatively simple task to

recall the segment boundaries, over lay them, locate training fields and begin

classi fication using methods described in 7.1. In addition to the selected

training areas, another group of large fields was selected as were areas of

known potato fields which appeared brighter red on the monitor than those in

the training set. As classi fication results were available, crop areas were

recorded for each 512 x 512 pixel subscene and for each of seventeen A.E.S.

segments.

There were four problems encountered during the classi fication; one involving

imputation of crop under scattered cloud and cloud shadow and the other three

related to confusions. The method of imputation of potatoes lllder cloud was

quite straightforward. It was assumed that the percent area of crop under the

clouds was similar to the area of crop in an adjacent "like-appearing"

region. A simple formula was used to determine potato area under cloud, PC:

PC = _ x
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where: PM = potato area measured in the cloud free region; CA = area

in cloud and shadow in the region and TA = total area in the region.

These areas were incorporated into the total satellite estimate, no A.E. S.

segments under cloud were included in the ratio or regression analyses. The

problems with confusions were, for the most part, solved through careful

modi fication of the classi fication parameters. In one case, an unknown form

of widely scattered natural regrowth in forest cut-overs was confused. In

another case, hay fields with regularly spaced piles of stone were similar to

potatoes. Onl y a few fields of clover in one segment and some of the fairways

of a golf course in another remained as confusions after modi fying the

classi fication.

The areas calculated for the region are presented and discussed in more detail

below.

8. RESULTS AND ANALYSIS OF THE 1980 NEW BRUNSWICK POTATO PROJECT

8.1 INTRODUCTION

The analysis of data from the 1980 New Brunswick potato project was done at

the regional, segment, and field levels. Two types of estimates were obtained

for the total potato area of the test region in the St. John Valley using

satell ite data and ground verified measures from high aIt i tude aer ial photo-

graph data (the aerial photography data were obtained and analysed by CCRS).

The estimates and their variances were then compared to other estimates from

Statistics Canada surveys in New Brunswick. Segment potato acreages reported

by the A.E.S. and by satellite were then compared to the aerial photograph

acreages (which are considered here to be closest to the actual values) to

determine the strength of their relat ionship at the segment level. This ana-

lysis was complemented by examining the variation in A.E.S. reporting of field

acreages for each interviewer's assigned area.
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8.2 ESTIMATIONOF POTATOAREASUSING SATELLITEDATA

A ratio and a regression estimate of the total potato area in the test region

in New Brunswick were obtained using satellite data and the aerial photograph

segment data. Estimates, along with their variances, were calculated using

the A.E. S. sample design. The A.E. S. in New Brunswick is a multiple-frame

strati fied replicated two-stage sample of segments, designed to give accurate

estimates of various items at the provincial level (see sections 4 and 6).

Since the A.E.S. strata did not coincide with the test region boundaries, the

technique of post-stratification was used for estimation, treating the EA's as

a with-replacement-sample. Segments with missing satellite data were not in-

cluded in the sample, nor was one outlier (see Figure 3). These estimates

were based on 40 segments. Finally, since A.E. S. enumerators did not always

collect data on all farms inside the segment (see 8.3), aerial photograph seg-

ment acreages were used for estimation.

Let the label x represent the reported satellite potato data and y represent

aerial photograph data. The ratio and regression estimates of Y, the total

potato area in the test region were calculated as:

YR t. = R X = ~ X, anda 10
X

YR . = Y + ~ (x-i),eg.

where is the design estimate of Y;

X is the design estimate of X, the total uncorrected satellite potato area in

the test region. X is obtained by substituting xh" for Yh" in the
1J 1J

formula for Y;
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Yhij and xhij are the observed values for the jth

the ith selected first-stage unit (EA) from stratum h;

selected segment in

and

.•• , L;

are the total and sampled number of EA's in stratum h,

Mhi and mhi are the total and sampled number of second-stage units

(segments) in the ith selected EA of stratum h;

R is an estimate of Y/X; and,

B = cov (Y,X)/ var (X) is the linear regression coefficient.

The variance estimates of Y and Yare given by:Ratio Reg.

V(YReg.) v(Y) - 28 (Y,X) "'2 '"= cov + B veX),

L Nh
2 nh [~i mhi nh Mhi mhi ] 2

'" 1where v(Y) = ~ ~ L: Yhij
L: ~ Yhijh=1 nh(nh-1 ) i=1 mhi j=1 nh i=1 mhi j=1

and veX) is calculated by substituting xhij for Yhij in v(Y).

It can be seen that B = cov (Y,X)/v(X) lS the value of B which minimizes

v(YR ).eg.

Table 1 shows the ratio and regression estimates, along with other Statistics

Canada estimates of the potato area in New Brunswick. The ratio and regres-

sion estimates, pro-rated to the provincial level, are both very close to the

Statistics Canada published figure of 52,000 acres. There is very little dif-

ference between the two estimates, and they both have the same coefficient of

variation. In order to give an idea of the gain in efficiency obtained by the

ratio estimate, the variance of the ratio estimate was as low as one-fifth of

that of Y, design estimate of Y based on the post-stratified design (area sam-

ple only). It may be noted that the C.V. 's of the ratio and regression esti-
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mates are of the same order as that of the A.E.S. multiple-frame estimate, al-

though the latter is based on a larger sample size;

8.3 COMPARISONOF DATAAT THE SEGMENTANDFIELD LEVEL

Figures 2 and 3 show plots of segment potato acreages, as reported by the

A.E.S. enumerators and by satellite, against aerial photograph acreages. Not

all sample segments were used in the analysis. Satellite data were missing

for 16 segments due to cloud cover and image location. Eight A.E.S. segments,

containing survey non-respondents and very large farms whose field data were

not to be collected by the enumerators, were not used. The two outliers in

the plots are not used in the calculations here and in Section 8.2.

The plots show a strong linear relationship between A.E.S. and aerial photo-

graph data, as well as between satellite and aerial photograph data, at the

segment level, with correlations4 of .991 and .968 respectively5. There is a

tendency for both the A.E.S. enumerators and the satellite classification to

underestimate the acreages. This is less marked for the A.E.S. Causes of

discrepanc ies of satell i te acreages were explained in Section 7. Some seg-

ments with little or no potatoes were over-estimated because of confusion

crops. (The satellite outlier had confused a large hay field with rocks for a

potato field - this error could have been removed by modifying the classifica-

tion). One major cause of A.E.S. underestimation was that the interviewers

did not enumerate some farms in the segment because of the multiple-frame pro-

cedures (these include farms which appeared on the list frame as well as farms

that had land In more than one sample segment). Speci fie instructions have

been written up in the 1981 A.E.S. field procedures to ensure that all farms

in the segment are enumerated for their potato acreages next year when the

test is to be repeated. This is expected to bring the A.E.S. reported acre-

4

5

The correlations were estimated using the sample design weights.

A plot of satellite data against the A.E.S. data looked very similar to
Figure 3, with a correlation of .957.
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ages closer to the aerial photograph acreages. The strong relationship

between the A.E. S. and the aerial photograph data for the sampled segments is

encouraging and supports making adjustments to the satellite estimates using

the data collected by the A.E.S. enumerators.

Another cause of A.E.S. discrepancy with aerial photograph segment data was

the mis-reporting of field boundaries and field sizes. A.E.S. field acreages

were obtained by interviewing farm operators, and thus, were frequently repor-

ted in multiple of five acres. Plots of A.E.S. reported field acreages

against aerial photograph acreages by interviewer assignment areas indicate

that there may be a di fference in field reporting between the assignment

areas. This could be caused by the interviewers themselves, but also by other

factors such as geographic location and structures of fields within sample

segments, or by variation in reporting errors. More variation was observed in

the region east of the St. John River, where average field sizes were general-

ly larger. The relationship between the A.E. S. data and aerial photogrpah

data was stronger at the segment level than at the field level.

9. SUMMARY AND CONCLUSION

Satellite data were used in 1980 to generate a highly accurate potato area es-

timate for the three major potato producing counties of New Brunswick.

Through the project described here, refinements have been identified for field

procedures and analysis methods which should provide even more accurate esti-

mates of crop area with satellite data, reduce respondent burden, and provide

detailed spatial information previously available only in Census years.

10. ACKNOWLEDGEMENTS

The authors would like to acknowledge the technical advice and editorial com-

ments of Mrs. N. Chinnappa of Statist ics Canada and of Drs. J. Cihlar and

F.Ahern of the Canada Centre for Remote Sensing.



- 135 -

11. REFERENCES

[1] Ahern, F.J. and J. Murphy, 1978, "Radiometric Calibration and Correction of
Landsat 1, 2, and 3 MSS Data", CCRS Research Report 78-4, Energy, Mines and
Resources, ottawa, Canada.

[2] Brown, R.J., Ahern, F.J., Ryerson, R.A., Thomson, K.P.B.,
McCormick, J.A. and Teillet, P.M., 1980, "Rapeseed:
Operational Monitoring", 6th Canadian Symposium on Remote
Nova Scotia, Canada, 321-330.

Goodenough, D.G.,
Guidelines for

Sensing, Halifax,

[3] Cochran, W.G., 1977, Sampling Techniques (3rd Edition), John Wiley and Sons
Inc., New York.

[4] Goodenough, D.G., 1979, "The Image Analysis System (eIAS) at the Canada
Centre for Remote Sensing". Canadian Journal of Remote Sensing 5( 1) May
1979, 3-17.

[5] Guertin, F.G., ToJ. Butlin and R.G. Jones, 1979, "Correction geometrique
des images Landsat au Centre canadien de teledetection", Canadian Journal
of Remote Sensing, 5(2), December 1979.

[6] Hanuschak, G., R. Sigman, M. Craig, M. Ozga, R. Luebbe, p. Cook, D.
Kleweno, and C. Miller, 1979, "Crop Area Estimates with Landsat:
Transi tion from Research and Development to Timely Results", Proceedings of
the Fifth Machine Processing of Remotely Sensed Data Symposium, Lafayette,
Indiana.

[7] Mosher, P. N., R. A. Ryerson and W.M. Strome, 1978, "New Brunswick Potato
Area Estimation from Landsat", 12th International Symposium on Remote
Sensing of Environment, Manila, Philippines, April 1978, 1415-1419.

[8] Ryerson, R. A. , P. Mosher, V. Wallen and N. Stewart, "Three Tests 0 f
Agricultural Remote Sensing in Eastern Canada: Results, Problems and
Prospects", Canadian Journal of Remote Sensing, 5(1) 1979, 53-66.

[9] Ryerson, R.A., P.N. Mosher and J. Harvie, 1980, "Potato Area Estimation
Using Remote Sensing Methods", CCRS Users Manual 80-2, Energy, Mines and
Resources, Ottawa, February 1980.



- 136 -

TABLE 1

SURVEY ESTIMATES OF THE TOTAL POTATOAREA FOR THE TEST REGION

AND FOR THE PROVINCE OF NEWBRUNSWICKl

Survey and/or
Estimate

Satellite
Uncorrected
Ratio
Regression

Mail Survey

A.E.S.
Multiple Frame

O.P.Y.S.

Statistics
Canada
Published
(Sept. 5)

Test Region
Estimate

(Acres)

42,354
49,504
49,115

N/A

N/A

47,203

N/A

New Brunswick
Estimate

(Acres)

N/A
51,524
51,119

50,800

53,854

49,129

52,000

Coefficient
of Variation (~O

N/A
5.5
5.5

N/A

5.2

4.59

N/A

1 The test
Victoria,
Brunswick.

region, composed of the counties of Carleton, Madawaska, and
accounts for about 96. 08~~ of the total potato area of New
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FIGURE 1 Comparison of Satellite Band Radiances for Various Crops.

Landsat MSS band radiance (August 8, 1975) for grains (1), buckwheat (2),

pasture 0), hay (4), corn (5), peas (6), potatoes (7), broccoli (8), bare

soil (9), weeds (10). The bands are numbered 4 to 7. The relative distances

between the digital counts in each column indicate how separable the crops are

for the given band.
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FIGURES 2 and 3 - Plots of reported A.E.S. and satellite potato acreages vs.
low altitude aerial photograph acreages for sampled segments
in New Brunswick. The circled observations represent out-
liers.
Legend: • =1 obs. , 0=2 obs. , *=3 obs. , • =11 obs. , and

~ =15 obs.
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SAMPLING ON TWO OCCASIONS WITH PPSWOR

G.H. Choudhry and Jack E. Graham1

1983, VOL. 9 No.1

A theory of sampling on two occasions with unequal probabilities and
without replacement is presented. Fellegi's (1963) method, which
yields the same selection probabilities for a given unit on each
occasion, is used to select the units for the rotation sample. The
variances of composite estimators of the population total on the
second occasion are developed. Numerical results are presented for
small sample sizes and efficiency comparisons are made with a
competing strategy.

1 .: INTROOUCT ION

In surveys of a repetitive nature there are advantages to using a partial

replacement sampling scheme both from the point of view of efficiency of

estimation as well as reduction of respondent's burden. Essentially, after

each sampling occasion a fraction of the units is rotated out of the sample

and is replaced by a fresh subsample from the population. The literature

abounds with discussions of sampl ing procedures and estimators when sampling

on two or more occasions with equal probability. But of particular practical

importance is the situation where units are selected on a given occasion with

unequal probabilities. Thus, consider a finite population of N units

{1,2, ••• ,N} and two sampl ing occasions 1 (the prev ious occasion) and 2 (the

1 and 2 and let Y1

current occasion). Let Y1i and Y2i denote

characteristic y borne by' the i-th unit on occasions

the values of a

and Y2 denote the respective population totals.

known for each of the units in the population.

A size measure x. is
1

Raj (1965) considered the following pps (probabilities proportional to size)

sampling scheme: on the first occasion a sample s of size n is selected with

probabilities p. proportional to the x. values and with replacement
1 1

1 G.H. Choudhry, Census & Household Survey Methods Division, Statistics
Canada and Jack E. Graham, Carleton University.
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(wr) • On the second occasion a simple random sample s1 of m mits is

selected from s without replacement (wor) and an independent pps sample s2

of u = n-m is selected wr from the entire population. Y1 and Y2 are

then respectively estimated by

Y1 = L Y1i/(nPi) and Y;R = Q*Y2u + (1-Q*)V;,
s

where

and Q* is a weight, 0:5.Q*~ 1 •

The minimum variance of Y;R was developed under the assumption that

N
L p. (Yt./p. - yt)2i =1 1 1 1

is the same for t = 1 and 2.

The problem of sampling with ppswor on one occasion has attracted considerable

attention in the literature. A major difficulty lies in the specification of

feasible procedures which lead to specified probabilities at each and every

draw. Fellegi (1963) has proposed a method such that the probability that

unit i is selected on each of the n draws is p. by determining n-1 sets of
1

"working probabilities". This is an extremely desirable feature for rotating

samples where it is essential that the usual pps estimator be unbiased for

Y2; this will not be true for any part ial replacement design that does not

feature a constant p. for each of the n draws. The calculations inherent
1

in Fellegi's scheme have, until recently, been prohibitive for n > 2.

Choudhry (1981) has developed an iterative procedure for implementing

Fellegi's scheme and prepared a computer program to evaluate the working

probabilities when n ~ 5. Although the convergence is fast in terms of the

number of iterations, the amount of computation increases at the rate Nn•
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The program also computes the joint probabilities for the inclusion of both

units i and j in the sample for variance calculation purposes.

Rao, Hartley and Cochran (1962) devised the "random group method" for

selecting a sample with ppswor. The population of N units is split into n

groups of sizes N1 ' N2, ••• , Nn where r Nh = N and a sample of

one unit is drawn independently from each group with probabilities

proportional to the p. 'so Ghangurde and Rao (1969) extended the random
1

group method to sampling on two occasions. For simplicity, the N units were

split into n groups each of size N/n (assumed to be an integer). On occasion

1, one unit is drawn from each random group as above, giving a sample s of n

units. On the second occasion a simple random sample s1 of m matched

units is selected from the n units war and an independent sample s2 of

u=n-m units IS drawn from the whole population by the method used in
..• ,

obtaining s. They form a composite estimator Y2G of Y2 and obtain its

minimum variance under an optimum choice of the weight Q. The optimum value

of A = min is then determined. The authors remarked that it would likely be

more efficient to select s2 from the N-n units in the population that are

not included in s.

Chotai (1974) modified the Ghangurde-Rao (G-R) design on the second occasion;

the n units in s are split at random into m groups of size n/m (assumed to be

an integer). One unit is selected from each of the m groups with probability

proportional to Pi' yielding a sample s1. A sample s2 is obtained

as in the G-R method. The optimum variance of his composite estimator ~~c

is der i ved, the optimum A determined and reI ati ve effie iency compar isons of
"" Ai. ,

Y2c with respect to G-R's and Raj's optimal estimators are made. Y2c
was found to be always more efficient than Y2*Rand, in many cases, Y~G

as well. A brief discussion of the case when n/m is not an integer is

provided. It is worth noting that because A is not a continuous function, the

optimum A should really be determined using integer programming methods. In

what follows a sampling strategy is developed which often results in greater

gains in efficiency over ppswor sampling than previously proposed schemes.
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2. SAMPLING STRATEGY

2.1 SAMPLINGPROCEDURE

From the population of N units, (1,2, ••• ,N), select a sample of n+u units,

u < n, draw by draw and without replacement using Fellegi's Method such that

the probability of selecting the i-th unit at each draw is p., i=1,2, ••• N,
1

L p. = 1. On the first of the two occasions, the first n units are
1

observed from the n+u selected; on the second occasion the first u units are

dropped from the sample and the unused set of u units is rotated into the

sample. Thus m = n-u units are observed on both occasions. The n units

observed on the first occasion are referred to as s, those units observed on

both occasions as s1 (where s1 c s) and the set of unmatched units

observed only on the second occasion as s2. Note that Fellegi' s scheme

guarantees that the selection probabilities for a given unit i are the same on

each draw and hence the same on both occasions. By restricting his attention

to a sub-class of non-homogeneous linear model-design unbiased estimators,

Chaudhuri (1980) has shown that the foregoing sampling scheme yields an

optimal strategy. This is a further motivation for using Fellegi's method.

2.2 ESTIMATIONTHEORY

In what follows,

are proposed and

approach.

composite estimators of Y2,

their variances determined

the current occasion total,

using an indicator variable

1 if unit i, i=1,2, ••• ,N, is selected at draw r,

and a. = 0 otherwise. Since the expectation of
r 1

an unbiased estimator of the first occasion population

=Let a.r 1
r =1,2, ••• , n+u
a. isr 1
total Y1
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1 n N
Then y' = Y + _ E E a (y - y )/p

Z 1 m r=u+1 i=1 r i Zi 1i i

is an unbiased estimator of the second occasion total YZ'

estimator of YZ based on the current observations is

A composite estimator of YZ is the weighted sum

where 0 ~ Q ~ 1•

An unbiased

A Z Al Z A

The variance of YZc' Var(YZc) = Q Var(YZ) + (1-Q) Var(YZ) +

ZQ(1-Q)Cov(V;, YZ)' is derived by using the following properties of

the indicator variable a.:
r 1

Cov(rai 'raj) =

Cov(rai ,taj) =

where E(.) denotes

Now E( a .• ta.) =r 1 J

where p(.) denotes

-PiPj' (i*j),

E(rai • taj) - PiPj' otherwise,

the expected value with respect to the probability design.

P( a .• taO = 1) = P( a. = 1, taO = 1)r 1 J r 1 J

probability.

Let E(k Z. . ') denote summation over all possible ordered (k-Z )-tuples of- , 1,J
different units {i 1,iZ, ••• ,ir_1, ir+1, ••• ,ik_Z,i k-1} included in the sample

from the first k draws

i+1, ••• ,j-1, j+1, ••• ,N}

j-th unit at draw k.

summation.

selected from the N-Z units in the set {1,Z, ••• ,i-1,

such that the i-th unit is selected at draw r and the

There are (N-Z)( N-3) ••• (N-k+ 1) terms involved in the
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As in Fellegi (1963), let {poCR,);
1

probabilities" for selecting a unit at

r with k > r,

i=1,2, ••• ,N} be the set of "working

draw ~, ~=1,2, ••• ,n+u. For draws k and

E( a • a )
r i k j

= r p (1)
(k-2;i,j) i

1

Pi2(2)

1-p. (2)
1
1

Pi 1(r-1)r-

r-2
1 - r p (r-1)

~=1 i~

______________ x
p. (r) p. (r+1 )
1 lr+1

x x
r-1 r-1

1- r p. (r) 1- r p. (r+1 )-p. (r+1)
~=1 l~ ~=1 l~ 1

P . (k)
x J...

r-1 k-1
1- r p. (k) - p. (k) - E p. (k)

~=1 l~ 1
~=r+1 l~

Now

Var (Y2') = ~ var[~ ~ a.y1./p.] + ~ Varr ~ ~ a'(Y2'-Y1')/P']
nL r=1 i=1 r 1 1 1 mL ~=u+1 i=1 r 1 1 1 1

Using the previously cited properties of the

it may be verified that

indicator variables a.r 1

1 varp N 1 N 2 1
P(i , j ES) Z 1i z 1j - Y~;Z r a. Y1./P.] - - r p. z1' +::L E r

r=1 i=1 r 1 1 1 n i=1 1 1 n i*j

1 ~.LN Y1i)/Pi]
1 N 2

ffi2 Var r a.(y2. - r p. (z2' - z1i)
i=1 r 1 1 m i=1 1 1
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1
+:"2m

where Ztj

Also,

= Yt./p., t=1,2 and n-u=m.
J J

1_ Cov
mn

Combining the foregoing 3 terms gives

Also,

(1)

(2)

where s* is the set of n units observed on the second occasion, and

A' A

CoV(Y2,Y2)= E E
i*j

rOES, jES*)

n2
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Expressions (1), (2) and (3), when combined, yield Var(Y2c).

The optimum value of the weight Q which minimizes Var(Y2c) is

The corresponding minimum variance is

A*An alternative composite estimator Y2c of Y2 is

where

n+u N
LEa. Y2' / ( up. ).

r=n+1 i=1 r 1 1 1

A*The variance of Y2c is found by combining (1) with
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2.3 SPECIAL CASE

As a check on the calculations, consider the case of simple random sampling

without replacement.

A'
Then Y2 = N(Y1 + (Y2m - Y1m)) where Y1'Y1m are, respectively, the sample means

based on all the sampled units and all matched units on the first occasion,

and Y2m is the sample mean based on all matched units on the second occasion.

A direct evaluation gives

where, e.g.,

This agrees with the result given by (1) with Pi = 1/N and P(i,j E s) =
n(n-1)/N(N-1) (i*j).

Also, under simple random sampling, Y2 = NY2 (where Y2 is the sample mean

based on all n sampled units on the second occasion) with variance

2N(N-n)S2 •

An evaluation of Var(Y2) from (2) gives the same result. Finally,

from either a direct evaluation or from (3). Similarly, Var(Y~c) may also be
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checked.

3. NUMERICAL EXAMPLES

The composite estimators Y2c and V;c with their optimum Q and Q* values which

minimize their respective variances are compared in efficiency with the pps

estimator Y2 which is based on the current occasion information only. Because
A A*

closed forms for VarCY2c) and VarCY2c) are not available to permit analytic

comparisons to be made, small populations of variate values were employed to

affect these contrasts. (The populations studied were necessarily small, like

those one might encounter in stratified sampling, since differential effect of

sampling with and without replacement is evident only when the sampling frac-

tions are not negligible). Four rotation sampling plans were applied to each

population: (n,m) = (2,1), 0,2), 0,1) and (4,3) where n is the number of

units in the sample on each occasion and m is the number of units in the sam-

ple common between the two occasions. Two of the populations are given in

Murthy (1967) where his single popuiation of 34 villages was subdivided into

two populations of sizes 16 and 17 (one outlier unit being discarded). The

size measure characteristic is x = cultivated acreage in 1961 with Y1 and

Y2 being the acreage under wheat in 1963 and 1964 respectively. A third

population is a set of 14 farms in the prov ince of Saskatchewan with x = 1980

farm acreage and Y1 and Y2 the 1980 and 1981 cropland acreages respec-

tively. Two additional real data sets relating to populations of sizes 15 and

16 respectively are also analyzed.

Table 1 reports the relative efficiencies of Y2c and A*Y2c with respect

to Y2 for each of these 5 populations and 4 sampling plans. A crucial pa-

rameter in each comparison is the correlation Pz between z1i =
Y1'/P' and z2' = Y2'/P':1 1 111
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N
E Piz1iz2i - Y1 Y2
i=1

=-----------------

The

The

populations studied

optimum Q and Q*

yielded Pz values ranging

values are also cited. An

from 0.940 to

investigation

0.213.

of the

efficiencies of Y2c and

planned.

"'*Y2c under non-optimum choice of Q and Q* is

We note the following from these empirical studies:

tend to be larger when Pz is large and as Pz

(1) The optimum Q values

decreases, the optimum Q

moreis

(4) "'t
2c

is more

Y2c

= min is small,

V;c in preference

since Var(Y;c) is

small efficiency

whereas

p values,z
recorded.

values

bothareY~

p •z
to

of

relative

function

Y2c for larger Pz
"'*Y2c for smaller Pz values. (5) If A

plan, then large efficiency gains using

than

losses

than

and

the 0,1)

result for large p 's. For smaller Pz values, the (4,3)z
yields the largest gains using Y2c; the other three schemes give

the same gains.

a monotone

efficient

efficient

hand,

not

e.g. ,

gains

'" "'*tends to decrease in both Y2c and Y2c• (2) The optimum Q value for

Y~c always exceeds that for Y2c. (3) As Pz decreases, the

efficiency of Y2c with respect to Y2 decreases (as expected),

approaching unity as a lower bound under an optimum choice of Q. On the other

"'*no such distinct behaviour for Y2c is evident

For small

to Y2
plan

about
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It is worth remarking that even if one has a good correlation between the

Y1i and Y2i values, composite estimation using can still lead
A

to efficiency losses compared to the use of the pps estimator Y2 based on

current occasion data only. The critical factor is the correlation Pz

between the z1i and the z2i values. One cannot lose using Y2c

under an optimum choice of Q for Y2c = Y2 with Q = O.

Table provides the relative efficiencies of Y2c and
A* in the2 Y2c

ppswor design with the estimator Y;R used by Raj (1965 ) in his ppswr

design described earlier. For more valid comparisons, it was not assumed that

n increases for a given Pz' the efficiency

increases. Finally, we note that Raj realized

with no matching only when Pz > 0.5 whereas

thanefficientmoreare

2; the optimum Q* values

In all cases, as expected,

and

design

utilized.

t = 1

wor

were

the

for occasions

compared

(n ,m) combinations
A A*
Y2c and Y2c in

design. As

war strategy

gains

Raj's

using the

in

estimators

efficiency

v (y) was the samepps t
for the gi ven

A

efficiency gains always resulted using Y2c
situation.

for any in the wor
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TABLE 1

Efficiencies of composite wor estimators relative to ppswor estimator

(n,m) Var(V2) * VarCV 2)
Population N Pz Qopt Qopt

A A*
Var(Y 2c) VarCY 2c)

Murthy 17 (2,1) 0.940 0.443 1.337 0.640 1.476

set 1 (3,2) 0.456 1.230 0.738 1.367

(3,1) 0.419 1.524 0.545 1.656

(4,3) 0.462 1.188 0.793 1.309

Murthy 16 (2,1) 0.867 0.377 1.205 0.615 1.364

set 2 (3,2) 0.402 1.151 0.727 1.296

(3,1) 0.336 1.282 0.499 1.459

(4,3) 0.431 1.191 0.786 1.25.5

Acreages 14 (2,1) 0.546 0.181 1.083 0.466 0.927

(3,2) 0.215 1.070 0.646 0.927

(3,1) 0.137 1.092 0.295 0.933

(4,3) 0.279 1.117 0.736 0.931

Data set 1 15 (2,1) 0.392 0.113 1.019 0.506 1.013

0,2) 0.140 1.017 0.670 1.013

(3,1) 0.082 1.020 0.340 1.013

(4,3) 0.330 1.170 0.752 1.012

Data set 2 16 (2,1) 0.213 0.061 1.007 0.451 0.898

(3,2) 0.078 1.007 0.636 0.896

0,1) 0.042 1.007 0.280 0.908

(4,3) 0.285 1.142 0.730 0.901
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TABLE 2

Efficiencies of composite war estimators relativff to Raj's composite estimator

A* A A* A*Population N (m,m) Pz Var(Y2R)/Var(Y2c) Var(Y2R)/Var(Y2c)

Murthy 17 (2,1) 0.940 1.038 1.146
set 1 (3,2) 1.127 1.252

0,1) 1.215 1.320
(4,3) 1.248 1.375

Murthy 16 (2,1) 0.867 1.001 1.133
set 2 0,2) 1.106 1.246

(3,1) 1.130 1.287
(4,3) 1.309 1.380

Acreages 14 (2,1) 0.546 1.244 1.065
0,2) 1.330 1•151
0,1) 1.351 1.154
(4,3) 1.507 1.257

Data set 1 15 (2,1) 0.392 1.095 1.089
0,2) 1.197 1.192
0,1) 1.200 1.192
(4,3) 1.522 1.317

Data set 2 16 (2,1) 0.213 1.197 1.068
0,2) 1.293 1.152
0,1) 1.280 1.154
(4,3) 1.589 1.254
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5. FORMULES O'ESTIMATION

5.1 Estimations du nombre de fruits par arbre ou par vigne

On represente par

arbre (vigne) T

nombre total de

Y Ie nombre total de fruits commercialisables sur un
T

Dans I'enqu~te sur les p~ches, on estime YT par YT

p~ches commercialisables que l'on compte sur un arbre-

echantillon T.

suivante :

Dans I'enqu~te sur les griottes, on estime YT de la fagon

(5.1.1)

ou YTt est Ie nombre total de griottes commercialisables que 1'on

compte sur une ou des branches-echantillon

echantillon T choisi;

t de l'arbre-

et represente les probabilites de sortie de la ou des branches-

echantillon t. Enfin, dans l'enqu~te sur les raisins,on estime

YT comme suit:

YT =
n
"T
L. Y Tt

t=1
(5.1.2)

est Ie nombre total de grappes de raisins sur la vigne-

echantillon T;

n T est Ie nombre de grappes de raisins qui ont He comptees sur

la vigne-echantillon T (generalement, n = 5);
T

et YTt est Ie nombre de raisins sur une grappe t de la vigne-

echantillon T.
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5.2 Estimations, par region, du nombre de fruits par echantillon repete

On represente par Y Ie nombre total estimear
dans lX1 echantillon repete r d'une region a,

l'enqu8te sur les raisins.

3
Yar = L Yarv

v=1

de fruits commercialisables

pour l'annee courante. Dans

(5.2.1)

au Yarv est Ie nombre total estime de raisins de la variete v dans

l'echantillon repete r de la region a.

Aux fins d'uniformite, on peut utiliser Yar et Yarv l'un pour l'autre pour les

enqu~tes sur les griottes et les p~ches, les estimations ne portant que sur

une seule variete de griottes et de p~ches. (En d'autres mots, on peut omet-

tre l'indice inferieur v pour les enqu~tes sur les griottes et les

p~ches.) Puis, on estime Yarv de la fa90n suivante :

x _Yarv
1 narv

L
f=1

narvf
L

b=1 N81 far

83
Narvfx _
N83arvfb

C
Narvfb narvfb

L
narv fb T=1

YarvfbT (5.2.2)

ou Yarvfb T = Ie nombre total estime de fruits commercialisables sur

l'arbre ou la viqne T (variete v), dans Ie verger au Ie vi-

gnoble b, sur la ferme f, dans I'echantillon repete r,

dans la region a, pour l'annee en cours (c'est-a-dire, YT);
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narvf

C
Narvfb
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= Ie nombre d' arbres ou de vignes (variete v) qui ont fait

l'objet d'un echantillonnage pendant l'annee en cours, dans

Ie verger ou Ie vignoble b, sur la ferme f, dans l'echan-

tillon repete r, dans la region a (generalement, narvfb = 4

dans les enqu~tes sur les griottes et les p~ches et 5 dans

l'enqu~te sur les raisins);

= Ie nombre de vergers ou de vignobles (ou la variete v a

fait l'objet d'un echantillonnage dans l'annee en cours)

sur la ferme f, dans l'echantillon repete r, dans la region

a (generalement, narv f = 1, sauf dans Ie cas des unites

choisies plus d' une fois dans Ie m~me echantillon repete,

par exemple, les grosses fermes);

= Ie nombre total de fermes distinctes (ou la var iete v a

fait l'objet d'un echantillonnage dans l'annee en cours),

dans l'echantillon repete r, dans la region a;

= Ie nombre total de vergers ou de vignobles (ou la variete v

a fait l'objet d'un echantillonnaqe dans l'annee en cours),

dans l'echantillon repete r, dans la region a

* n
(c'est-a-dire, narv - Earv n f).- f=1 arv'

= Ie nombre total, a ce jour, d' arbres producteurs ou de

vignes productrices

vignoble b, sur la

dans la region a;

(variete v) dans Ie verger ou Ie

ferme f, dans l' echantillon repete r,
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83
Narvfb

83
Narvf

= Ie nombre total d'arbres au de vignes (variete v), dans Ie

verger au Ie vignoble b, sur la ferme f, dans l'echantillon

repete r, dans la region a, selon les cartes etablies en

1982-1983;

= Ie nombre total d'arbres au de vignes (variete v), sur la

ferme f, dans l'echantillon repete r, dans la region a, se-

Ion les listes etablies en 1983;

et

81
Narf = Ie nombre total d'arbres au de vignes (toutes les

varietes), sur la ferme f, dans l'echantillon repete r,

dans Ia region a, selon Ie recensement de 1981 (accompagne

de Ia Iiste-echantillon);

= Ie nombre de taus les arbres au de toutes Ies vignes dans

la region a, selon Ie recensement de 1981 (voir Ie tahleau-

4).

TABLEAU 4: Nombre d'arbres au de vignes (N~1 ) par region, etabli lars du
recensement de 1981 et utilise pour les enqu~tes sur Ies fruits
tend res

RrGION 1 RrGION 2 RrGION 3 RrGION 4 TOTAL
= = = = - =
PlCHES 13,094 389,157 10,271 411,697 824,219
GRIOTTES 9,496 50,888 55,449 32,536 148,369
RAISINS 1,142,067 5,666,008 946,509 3,975,202 11,729,786
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5.3 Estimations, par region, du taux de changement et precision de ces

estimations

On estime Ie taux de changement applicable ~ la production de la region a

par rapport a l'annee precedente, represente par R comme suit:a

(5.3.1)

ou = Ie nombre total estime de fruits commercialisables (p~ches,

griottes, tous les raisins ou raisins de la variete v) dans la

region a, pour l'annee en cours (ce nombre correspond ~

1 2
Ya = L Yar2 r=1

(5.3.2)

dans Ie cas des p~ches, des griottes et de tous les raisins de

toutes les varietes, et a

1 2
Ya = Yav = L Yarv

2 r=1
(5.3.3)

dans Ie cas des raisins d'une variete donnee); et ou X ,a

X , X represententar arv
de l'annee precedente.

les estimations correspond antes

(II est a noter qu'on peut omettre l'indice inferieur v, toutes les

estimations etant calculees de la m~me fa90n, qu'il s'agisse des p~ches, des

griottes, de tous les raisins de toutes les varietes ou des raisins d'une

variete donnee.)

On definit les variances de Ya et de Xa ainsi que leur covariance comme suit:
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V(Ya) (Ya1
A 2 2= - Ya2) /4 = Dya/4

V(Xa)
A A 2 2= (Xa1 - Xa2) /4 = Dxa/4

Cov(Ya, Xa) = (Ya1 - Ya2) (Xa1 - Xa2)/4 = Dya Dxa/4

(5.3.4)

(5.3.5)

(5.3.6)

ou les indices inferieurs numeriques correspondent au numero de l'echantillon
A A

repete. Puis, on estime la variance, VeRa)' du taux de changement estime, Ra,

de la fa<;onsuivante [1]

1
{VcYa)

A A A A2
VcXa)}V(Ra) A2

- 2 Ra Cov(Ya,Xa) + Ra
Xa

= {Dya _ Sya Dxa }2
(5.3.7)

Sxa S2
xa

ou Sya = Ya1 + Ya2

Dya = Ya1 Ya2, etc. (5.3.8)

On peut alors etablir Ie coefficient de variation de Ra comme suit

(5.3.9)
R a
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5.4 Estimations, par region, de la production fruitiere totale et precision

de ces estimations

On represente par XT Ie rendement reel (en tonnes de l'annee precedente,
a --

AT
dans la region a, et par Y les estimations correspondantes de I'annee

a
AT

courante. Puis, on estime Y comme suit:____ a

Le coefficient de variation est calcule de la fa90n suivante

(5.4.1)

T
A A

CV(Ya) =
x~ {veRa) }t
T A

Xa Ra
x 10m6 (5.4.2)

5.5 Estimations de la production fruitiere totale et precision de ces

estimations

AT
On represente par Y la production fruitiere totale dans les quatre regions,

pour l'annee courante, que l'on estime comme suit:

Le coefficient de variation est calcule de la fa90n suivante

(5.5.1)

(X~)2 V(Ra)}t
AT
Y

x 10m6 (5.5.2)
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6. R~SUM~

Le premier recensement aura lieu en 1983, bien que ce n' est pas avant l' ete

1984 que paraHront les premieres estimations de I' enqu~te remaniee. Pour

cet te raison, il sera necessaire de mener ~ la fois I' ancienne enqu~te et la

nouvelle enqu~te en 1983 si lIon veut disposer d'estimations pour cette annee-
l~.

Bien qu' on ait con<;u l' enquMe de fa<;on ~ ce qu' elle soit autoponderee, elle

ne l' est pas completement en raison des ecarts temporels entre les recense-

ments de 1981, la con fection ini tiale des listes en 1983 et les recensements

subsequents. Les formules d' estimation presentees a la section precedente

tiennent compte de ces ecarts temporels. Cependant, etant donne la grande

simplicite de l' estimation autoponderee, nous avons propose que I' on etudie

son efficacite, une fois les donnees disponibles.
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UNE ESTIMATION PRtCISE ET RAPIDE DE LA SUPERfICIE
PLANTtE EN POMMES DE TERRE GRACE ~ LANDSAT:

RtSULTATS D'UNE DtMONSTRATIONl

R.A. Ryerson, J.-L. Tambay, R.J. Brown

et

L.A. Murphy, B. McLaughlin2

Cette communication decritIes procedures et les resultats d'un
project conjoint de Statistique Canada et du Centre canadien de
teledetection (CCT) visant a fournir une estimation rapide de la
superficie plantee en pommes de terre au Nouveau-Brunswick,
prov ince qui est lJl important producteur de pommes de terre au
Canada. Le projet a demontre que l'imagerie obtenue par satelli-
te et combinee aux methodes plus usuelles d'estimation des super-
ficies plantees en pommes de terre peut alleger Ie fardeau des
repondants, fournir rapidement des cartes de la distribution des
cultures et permettre I'etablissement d'estimations fiables pour
les sous-regions.

1. INTRODUCTION

Les premieres applications de la te18detection (par satellite) dans la

vallee de la riviere Saint-Jean (Nouveau-Brunswick) par Ie Centre canadien

de teledetection et Ie ministere de l'Agriculture du Nouveau-Brunswick ont

demontre que les donnees obtenues par satellite pouvaient fournir des

estimations precises et peu cooteuses de la superficie plantee en pommes de

1

2

Communication initialement presentee au Quinzieme symposium internatio-
nal sur la t81edetection de l'environnement, Ann Arbor (Michigan), mai
1981.

R.A. Ryerson et R.J. Brown, Centre canadien de teledetection (CCT), EMR;
J.-L. Tambay, Division des methodes d'enqu~te-entreprises (ce travail a
ete fait lorsque l'auteur etait a la Division des methodes d'enqu~te -
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terre (Mosher et aI, 1978; Ryerson et aI, 1979; Ryerson et aI, 1980).

L'inter~t manifeste dans cette etude et dans d'autres travaux du CCT sur Ie

colza (Brown et aI, 1980) a amene Statistique Canada a mettre sur pied un

projet de demonstration en temps reel utilisant les donnees recueillies par

Ie satellite Landsat au cours de l'annee-recolte 1980. Statistique Canada,

qui est l'organisme federal charge d'obtenir des donnees sur les recoltes,

desirait comparer les estimations des superficies plantees obtenues par des

methodes tradi tionnelles avec les estimations obtenues par satellite pour

une m~me region. On a retenu la pomme de terre comme recol te-cible, et la

vallee de la riviere Saint-Jean comme region d'etude.

La teledetection par satellite presente plusieurs attraits pour Statistique

Canada: precision accrue des estimations Hablies a partir d'enqu~tes

regulieres (probablement a des niveaux plus locaux), allegement

du fardeau impose aux repondants (ce qui pourrait se haduire par une

reduction du nombre de questionnaires et des questions) et possibili te de

dresser des cartes pour de petites regions ou poussent des recoltes specia-

les, ceci afin de mieux planifier les methodes d'echantillonnage.

La section suivante resume les principaux resultats de cette demonstration,

et Ie reste de la communication indique en gros les methodes de teledetec-

tion qui ont ete utilisees dans ce projet. On decrit aussi Ie systeme

actuel de saisie des donnees de Statistique Canada, la region visee par

l'etude, l'echant ilIon au sol et la saisie des donnees sur Ie terrain,

l'analyse des donnees obtenues par teledetection et, en dernier lieu, la

verification et l'analyse des resultats.

2. PRINCIPAUX R(SULTATS

Les donnees recueillies par satellite ont servi a estimer la superficie des

cultures de pommes de terre dans la vallee de la riviere Saint-Jean, au

Nouveau-Brunswick. Ces estimations, extrapolees au niveau provincial, cor-

respondaient a 2 % pres aux estimations de 52,000 acres publiees par

Statistique Canada. Ces estimations etaient basees sur les resultats de

trois enqu~tes independantes menees dans la province.
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L'analyse des donnees obtenues par satellite a ete faite en temps reel

(c'est-a-dire presque instantanement) au CCT, car la plupart des travaux

de preparation avaient ete effeetues avant l'acquisition des donnees. La

zone d'echantillonnage retenue pour l'Enqu~te descriptive sur l'agriculture

(EDA) a fourni les donnees au sol necessaires pour l'etalonnage du systeme;

ces donnees ont permis d'etablir des estimations par Ie quotient et par re-

gression pour la correction des erreurs systematiques dans la classi fica-

tion par teledetection des champs de pommes de terre. Bien que cette

demonstration n'ait pas eu lieu dans un cadre operationnel, on aurait pu

produire les estimations definitives moins de deux semaines apres Ie passa-

ge du satellite au-dessus de la region d'etude.

La classi fication par satellite a ete entravee par la presence de nuages

(non-reponse au niveau du satellite) et par la similitude entre la signatu-

re spectrale des pommes de terre et celIe d'autres objets presents dans la

region etudiee. Le premier de ces problemes s'est traduit par une perte de

donnees, et sa correction a necessite une certaine dose d'imputation.

Quant au second probleme, on l'a resolu en partie en corrigeant la classi-

fication et en utilisant des estimateurs par Ie quotient et par regression.

La comparaison des donnees recueillies au sol (par les enqu~teurs), a par-

tir des photographies aeriennes des champs echantillonnes, a revele que

certains champs ont ete omis par les enqu~teurs de I'EDA, car les donnees

sur ces champs n'etaient pas requises pour les besoins de l'EDA. Aussi a-

t-on dO se servir des donnees tirees de photographies aeriennes au lieu des

donnees de l'EDA pour les estimations par satellite en 1980. En 1981, les

procedures d'enumerat ion de l'EDA ont ete modi fiees pour satis faire tant

aux exigences de l'EDA quIa celles de la teledetection.

A la suite du succes rencontre par cette demonstration, l'experience a ete

reprise en 1981. De plus, une experience similaire a aussi ete

entreprise en 1981 afin d'estimer la superficie des recoltes de colza dans

Ie district de Peace River, a la frontiere de l'Alberta et de la

Colombie-Britannique.
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3. T~l~orTECTION~ l'AIDE DES SATEllITES LANDSAT

La teledetection consiste a mesurer les caracteristiques d'un objet a dis-

tance, habituellement a partir d'un aeronef ou d'un satellite. Avec les

donnees captees par satellite, on peut obtenir rapidement la couverture

complete de grandes super ficies, et ce, a un coat relativement faible.

Parmi les di fferents domaines d'application de ces donnees, mentionnons

l'agriculture, l'exploitation forestiere, l'utilisation des terres, la for-

mation des glaces et la cartographie en general.

Les satellites americains de la serie Landsat, lances par la NASA, ont

fourni les donnees pour cette experience, et celles utilisees auparavant

pour une experience precedente au Nouveau-Brunswick. Chaque satellite

Landsat fait Ie tour de la terre 14 fois par jour, en orbite heliosynchrone

(ce qui permet ainsi de couvrir les differents points de la terre a la m~me

heure solaire locale). La lumiere reflechie par Ie sol est enregistree

dans quatre bandes spectrales etroites, a l'aide du balayeur multispectral

(MSS). Les donnees transmises au Canada sont captees a l'une des deux sta-

tions de reception situees, respectivement, a Prince Albert (Saskatchewan)

et a Shoe Cove (Terre-Neuve). Chaque point de la terre est survole tous

les 18 jours par un satellite Landsat (si deux satellites sont utilises,

cette frequence de couverture est de neuf jours).

Les donnees sont analysees par Ie Systeme d'analyse d'images du CCT (ClAS);

ces donnees etant codees sur des produits standard comme les bandes d'ordi-

nateur, chaque scene imagee couvrant une superficie de 25,600 kilometres

carres. La plus petite unite de surface imagee est appelee element d'ima-

ge, ou pixel (de I'anglais "picture element"). Chaque pixel est identi fie

par une signature spectrale qui lui est propre, cette signature etant une

mesure de la reflectance de la zone imagee dans les quatre bandes spectra-

lese La signature spectrale depend des objets presents dans Ie pixel (rou-

tes, cultures, etc.), chaque objet ayant une signature particul iere. La

signature des terres cultivees depend de la structure des plantes, du type

de sol apparent, de la maturite des recoltes, de la hauteur des plantes, de

la densite des feuilles et de nombreux autres facteurs.
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Pour estimer la superficie des r~coltes, on doit identifier chaque pixel

qui appartient a un type de r~colte donn~. Des grands champs, que l' on

sait appartenir au type de r~colte qui nous int~resse sont localis~s pour

"l'apprentissage" du systeme. Les donn~es de ces champs permettent d'iden-

tifier la signature particuliere a cette r~colte. Tous les pixels sont en-

suite class~s comme appartenant ou n'appartenant pas a cette r~colte, selon

leurs signatures spectrales.

Pour d~terminer la superficie d'une r~colte dans une r~gion donn~e, on

compte Ie nombre de pixels se trouvant aI' int~rieur de cette r~gion et

ayant ~t~ identi fi~s comme appartenant a la r~col te. Un "apprentissage"

additionnel peut Hre ex~cut~ afin d'identifier les pixels "manqu~s" dans

la classification initiale, ou encore pour r~duire la confusion entre les

recoltes, c' est-8-dire pour mieux separer les recoltes dont la signature

spectrale ressemble fortement a celIe de la recolte d'inter~t.

Des donnees au sol pr~cises sont requises pour deux raisons: en premier

lieu, pour localiser les champs d'apprentissage ~tendus et, en second lieu,

pour corriger toute erreur syst~matique dans la classification des donn~es

obtenues par satellite. Ces donn~es au sol peuvent ~tre obtenues par des

recenseurs sp~cialis~s travaillant sur Ie terrain, ou encore en utilisant

une imagerie a~rienne qui est interpr~t~e par des analystes d'image.

4. SAISIE DES DONNrES STATISTIQUES

Au fil des ans, Statistique Canada a utilis~ les donn~es obtenues par les

enqu~tes postales annuelles comme intrants principaux pour son systeme

d' estimation des r~coltes. Bien que ces enqu~tes soient relati vement peu

coQteuses et qu' elles peuvent Hre r~alis~es rapidement, elles sont limi-

t~es par les taux de r~ponses variables et par la non-repr~sentativit~ tou-

jours possible des r~pondants. Les enqu~tes descriptives probabilistes ont

~t~ introduites au cours des ann~es 1970, afin de pallier a certains de ces

problemes. Ces proc~dures font appel a des enqu~teurs sur Ie terrain pour

Ie d~nombrement d'un ~chantillon al~atoire d'agriculteurs. En 1980,

Statistique Canada a fond~ ses estimations des superficies plant~es en pom-

mes de terre au Nouveau-Brunswick sur les r~sultats de trois enqu~tes:
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l'enqu~te postale, l'enqu~te objective sur Ie rendement des pommes de terre

(EORPT) et l'enqu~te descriptive sur l'agriculture (EDA).

Les questionnaires de l'enqu~te postale sont expedies au debut de JUln a
tous les agriculteurs repertories dans Ie registre des fermes dresse par la

Division de la statistique agricole. Les reponses sont compilees par

comte, et l'on obtient des estimations par comb~ en reliant la variation

annuelle des superficies indiquees a la superficie totale de pommes de

terre determinee d'apres Ie recensement pour chaque comte. Les estimations

par comte sont ensuite additionnees afin de donner les estimations

provinciales pour la fin juin.

L 'enqu~te objective sur Ie rendement des pommes de terre est une enqu~te

specialisee, a la fois postale et descriptive, congue pour estimer la

superficie des recoltes de pommes de terre, ainsi que Ie rendement de la

pomme de terre dans son habitat du Nouveau-Brunswick. L'enqu~te est reali-

see a la mi-juillet sur un echantillon aleatoire de producteurs de pommes

de terre obtenu du registre des fermes; les estimations des superficies de

pommes de terre sont produites vers la mi-aoOt.

L'enqu~te descriptive sur l'agriculture (EDA) est, comme son nom l'indique,

une enqu~te descriptive et polyvalente con9ue pour estimer les recoltes, Ie

betail et les depenses agricoles au niveau provincial. L 'EDA est me

enqu~te a bases multiples realisee a partir d'un echantillonnage aleatoire

d'agriculteurs choisis dans Ie registre des fermes et a partir d'un echan-

tillon areolaire et aleatoire de segments (parcelles de terre). Les agents

recenseurs visitent les fermes echantillonnees a la fin juin et au debut de

juillet. Les estimations des superficies sont disponibles au debut

d'aoOt. Chaque annee, environ 20 % des segments sont renouveles.

Au cours de la saison de croissance, on publie deux estimations de la

superficie plantee en pommes de terre. La premiere, publiee au debut de

juin, est basee sur les resultats de l'enqu~te postale. La seconde estima-

tion, publiee au debut de septembre, est basee sur l'examen des estimations

provenant des trois enqu~tes et de discussions avec les autorites provin-

ciales. Comme date cible pour la publication des estimations obtenues par
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satellite, on a retenu la date de publication de la seconde estimation.

La r~gion vis~e par l'etude est situee dans la vallee superieure de la

riviere Saint-Jean, au Nouveau-Brunswick. CeUe region prend naissance au

sud de Woodstock, dans Ie comb~ Carleton, et suit la riviere Saint-Jean en

direction nord-ouest sur environ 200 kilometres, a travers Ie comte

Victoria, jusqu'a Claire, dans Ie comte de Madawaska.

La region est densement boisee, de topographie variee et accidentee. Le

drainage et la nature pierreuse du sol presentent certains problemes dans

cette region. On y compte quelque 70,000 hectares de terres agricoles ame-

liorees, dont environ 20,000 servent habituellement a la culture de la pom-

me de terre. Les autres cultures import antes de ces regions sont les cere-

ales, Ie fain et les legumes de traitement comme les pais, Ie brocoli et Ie

chou de Bruxelles. La taille des terrains varie des parcelles de semences

de 0.1 hectare aux champs de 40 hectares.

6. SAISIE DES DONNrES ET rCHANTlllONNNAGE AU SOL EN 1980

Dans Ie cadre de l'EDA au Nouveau-Brunswick, l'echantillon areolaire a ete

juge approprie pour obtenir les donnees au sol requises pour l'interpreta-

tion des donnees de teledetection. Cet echantillon a ete compose en deux

phases. Dans la premiere phase, les secteurs de denombrement (SD) du

recensement (lesquels comprenaient les sieges des fermes du recensement de

1976 - appeles SO agricoles du recensement) ant ete stratifies selon la su-

perficie des champs de pommes de terre, l'importance du bet ail et Ie nombre

de porcs (donnees du recensement de 1976). A l'interieur de chaque strate,

on a choisi deux echantillons aleatoires simples par replicat de secteurs

de denombrement. Chaque secteur ~chantillonne a ~te ensui te segmente a
l'aide de cartes, en superficie identifiable d'environ 5 a 8 kilometres

carres, et on a choisi, comme echantillon a1eatoire simple, un segment sur

10 par secteur de denombrement. On a fourni aux agents recenseurs de l'EDA

travaillant dans la region d'etude des agrandissements d'anciennes photo-



- 136 -

graphies aeriennes (echelle de 1" pour 832') de chaque segment echantillon-

ne. Les photographies provenaient de sources prov inciales. La plupart

d'entre elles avaient ete prises en 1976. Ces agents recenseurs devaient

visiter les agriculteurs exploitant des terres a l'interieur de chaque seg-

ment afin de leur presenter les photographies, pour qu'ils puissent identi-

fier tous leurs champs de pommes de terre et de maYs 3; les agents recen-

seurs devaient noter les superficies indiquees par les agriculteurs. Le

manuel des enqu~teurs contenait une section sur les procedures a suivre,

les procedures faisant partie de leur entralnement pour l'EDA.

7. ANALYSE OCS OONNrES lETENUES PAR Tr:lrOCTECTION

7.1 TRAVAUX PRfcfDENTS

Les travaux realises dans cette m~me region a l'aide de donnees de 1975 ont

ete rapportes ailleurs (Mosher et al) et la description detaillee de la me-

thodologie utilisee a ete publie (Ryerson et aI, 1980). Dans les travaux

de 1975, on a retenu une zone d'etude contenant environ 20 9~de toutes les

recoltes de pommes de terre de la province. A l'appui de cette etude, on a

obtenu des donnees de terrain pour toute la region d'etude.

La region d'etude de 125 kilometres carres et deux sous-regions ont ete 10-

calisees sur 1'ecran couleurs du Systeme d'analyse d'images du CCT (ClAS -

Goodenough, 1979). On a eu recours ~ une methode tres simple d'apprentis-

sage dirige pour dresser les donnees des pixels dans trois champs de pommes

de terre sous forme de quatre histogrammes unidimensionnels. Un paralle1i-

pipede quadridimensionne1 a ete defini par les limites de chaque histogram-

me et a servi ~ borner les zones de decisions. Tous les points qui se

trouvent a l'interieur du para11elipipede ont ete classes comme des pommes

de terre, et ceux qui se trouvent a I'exterieur de cette region ont ete

classes sous la rubrique "autres".

Un des principaux problemes rencontres dans 1'analyse des donnees etait la

classi ficat ion adequate des pixels situes sur la bordure des champs. Ces

3 On devait aussi identifier les champs de maYs, car
anterieurs en te1edetection ont indique que Ie maYs
confondu avec les pommes de terre (Ryerson et aI, 1980).

les travaux
pouvait ~tre
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pixels presentent un probleme special, car, comme nous venons de Ie

mentionner, ils chevauchent deux champs differents. La reflectance de ces

pixels depend de la proportion de la superficie du pixel couverte par

chaque champ et de la reflectance du materiau superficiel dans chaque

champ. 11 est normalement tres difficile de calculer Ie pourcentage de

chaque type de materiau present dans ces pixels. Toutefois, on a pu obte-

nir des estimations acceptables des superficies en modifiant la limite ori-

ginale des zones de decision: on y a joint un second parallelipipede forme

par apprentissage sur un certain nombre de ces pixels de chevauchement qui

semblaient appartenir aux champs de pommes de terre. Pour choisir les

pixels de chevauchement appropries et les inclure dans la classe des pommes

de terre, on s'est fonde sur une interpretation visuelle et subjective de

la scene affichee aI' ecran (les donnees de trois des quatre bandes spec-

trales etaient fusionnees pour, former une image dont les couleurs ressem-

blaient a celIe d'une emulsion de couleurs pour l'infrarouge).

L'estimation de la superficie pour toute la ceinture de la pomme de terre a

necessite moins de quatre heures d'utilisation du systeme eIAS. La locali-

sation, l'affichage et l'analyse du secteur primaire et des sous-secteurs

ont pris un peu plus d'une heure. La selection, l'affichage et l'analyse

des cinq sous-scenes choisies ulterieurement ont pris deux heures et demi,

et une autre heure a ete necessaire pour localiser la frontiere du

Nouveau-Brunswick et eliminer les donnees appartenant aI' exterieur de Ia

province.

Par rapport a la superficie totale plantee de pommes de terre qui avait ete

determinee et mesuree a partir des photographies aeriennes a basse altitude

prlses en m~me temps, les estimations obtenues par satellite en 1975

etaient precises a 95 % (c'est-a-dire qu'elles correspondaient a 95 % de Ia

valeur veritable estimee) dans la sous-region contenant Ie site d'appren-

tissage, a 80 9~ dans Ia deuxieme sous-region et a 88 9~ pour l'ensemble de

la region d'etude. Lors d'essais repetes utilisant rleschamps d'apprentis-

sage differents, Ia precision est passee de 85 a 97 % pour la region d'etu-

de primaire, alors que Ia precision pour I'ensemble de la province s'eta-

blissait a 84.5 %. Une partie de la marge d'erreur, dans I'estimation pro-

vinciale, etait due au fait qu'un certain pourcentage des champs de pommes

de terre se trouvaient a I'exterieur de la ceinture dite de la pomme de
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terre. D'autres facteurs ayant contribue a cette marge d'erreur sont dis-

cutes ci-dessous.

7.2 AMtLIORATION DES ESTIMATIONS

Bien que les travaux precedents aient connu un certain succ~s, on a identi-

fie les sources potentielles d'erreur pour des applications necessitant une

precision superieure a, disons, 85 ro. Les principaux probl~mes sont asso-

cies au choix subjectif des pixels de chevauchement des champs de pommes de

terre, a la manipulation des champs de petite taille et a l'elimination des

recoltes presentant des caracteristiques spectrales similaires a celles des

pommes de terre.

En ce qui concerne ce dernier probl~me, l'ideal serait de connaitre preci-

sement la reflectance speetrale des pommes de terre et celIe des autres

recoltes tout au cours de la saison de croissance. A l'aide de ces rensei-

gnements, il serait alors possible d'identi fier la fen~tre phenologique

pendant laquelle les pommes de terre peuvent etre distinguees avec certitu-

de des autres recoltes. Malheureusement, un tel ensemble de donnees

n'existe pas, bien que les connaissances actuelles sur les recoltes et les

pratiques agricoles de la region fournissent des indications generales.

Dans ce cas particulier, l'experience des auteurs sur Ie terrain leur a

permis de supposeI' que la date optimale pour distinguer les pommes de terre

des autres recoltes dans cette region serait entre la mi-juillet et la mi-

aoOt. Pour verifieI' cette hypoth~se et fournir une indication quant au

degre de separabilite des pommes de terre et des autres recoltes, on a ana-

lyse des donnees MSS (Landsat) sur bande d'ordinateur obtenues au dessus de

la vallee de la rivi~re Saint-Jean Ie 8 aoOt 1975. La Figure 1 indique les

valeurs relatives de radiance dans chaque bande Landsat pour les pommes de

terre, Ie mais, les pois, Ie foin, Ie brocoli, Ie p~turage, Ie sarrasin, Ie

sol nu et les cereales. On voit sur cette figure que les pommes de terre

sont aisement separables des autres recoltes, sauf les pois qui sont habi-

tuellement recoltes entre la mi-aoOt et la fin aoOt. 11 semble donc que

l'analyse des donnees recueillies vel'S la fin de la saison de croissance

permettent la separation et l'identification des pommes de terre.
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Quant aux problemes des champs de petite taille et des pixels de chevauche-

ment, on pourrait les resoudre en utilisant davantage de donnees au sol

dans quelques petites surfaces, afin d'obtenir des estimations plus

precises sur la superficie des recoltes dans une region. Vu l'etendue de

la region ou la pomme de terre est cultivee, on doit conna!tre la

superficie des champs de pommes de terre aI' interieur de dix a quinze

segments, chaque segment ayant me superficie qui varie de cinq a huit

kilometres carres. Toute la region serait alors classifiee Ie mieux

possible, mais sans se servir de la classe subjective des pixels de

chevauchement. La classification de ~haque segment serait ensuite

utilisee, avec les donnees au sol disponibles (les photographies aeriennes

prises en 1980, les donnees de l'EDA pour les annees a venir), pour obtenir

une relation de regression appliquee par la suite a I'estimation de toute

la region afin de produire une estimation revisee (Hanuschak et aI, 1979).

On etablirait aussi une estimation par Ie quotient, basee sur les

estimations de toute la region obtenues par photographies aeriennes et par

donnees de satellite.

7.3 PRODUCTION DES ESTIMATIONS DE 1980 A PARTIR DES DONNtES LANDSAT

On peut decrire l'estimation de la superficie plantee en pommes de terre, a
partir des donnees satellite, comme un processus en trois etapes: l'obten-

tion des donnees anciennes et nouvelles, la prelocalisation des frontieres

des segments de l'EDA, et, en dernier lieu, l'analyse des images.

Les donnees Landsat utilisees pour l'estimation etaient codees sur des ban-

des pour ordinateur et traitees sur Ie systeme de correction des images nu-

meriques par l'interpolation (sin x/x) pour la correction geometrique

(Guertin et aI, 1979) et par la correction radiomelr ique CAL 3 (Ahern et

Murphy, 1978). Chaque bande pour ordinateur couvre quatre cartes du

Syst8me topographique national au 1:50,OOOe et comporte des pixels carres

de 50 m. Quatre bandes pour ordinateur sont necessaires pour couvrir la

region. Des donnees existantes avaient ete commandees et elles devaient

Hre Iivrees en mai 1980, alors que de nouvelles donnees avaient ~te com-

mand~es pour les passages du satellite au-dessus de la r~gion entre la mi-

juillet et la mi-aoQt. La commande n'a pose aucun probleme pour les

donnees existantes, mais elle s'est averee plus compliquee pour les donnees
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en temps reel en raison de la panne de Landsat-III. Un passage de Landsat-

-II Ie 17 aoOt a ete utilise pour produire une bande d' ordinateur traitee

sur Ie systeme DICS et livree au Centre d'analyse Ie 22 aoOt, bien avant la

date prevue.

La prelocalisation des segments de I' EDA a ete realisee au pr intemps de

1980 a I' aide de la fonetion "curseur de pol ygonation" sur Ie Systeme

d' analyse des images du CCT (Goodenough, 1977). Les fronti~res des seg-

ments de l' EDA ont ete fournies par Statistique Canada sur des cartes au

1: 50, OOOe et sur des photocopies d' agrandissement de photographies

aeriennes, remises aux agents recenseurs de I' EDA pour leur enumeration.

Bien que les limites de certains segments furent faciles a localiser (ruis-

seaux, lisieres de boises, lacs, etc.), d' autres front ieres geographiques

ou de recensement, etaient beaucoup plus complexes. Pour les segments dont

les limites consistaient en me combinaison de routes principales et (ou)

des rivi~res importantes, on pouvait les localiser, les

delimiter et les mettre en memoire en moins de cinq minutes de travail sur

l'image couleurs de 128x128 pixels de 50m agrandie sur un ecran de 512x512

lignes. Les segments les plus complexes ont necessite jusqu'a une heure de

travail - la moyenne s' etablissant entre 20 et 25 minutes. Une fois loca-

lise, la frontiere du segment etai t mise en memoire selon des coordonnees

de pixel propres au systeme DICS, de sorte qu'elle pouvait ~tre superposee

sur de nouvelles donnees lorsque venait Ie temps de localiser les donnees

d'apprentissage et les intrants des estimateurs. Lors de la phase prepara-

toire, on n' a pu localiser qu' un certain nombre de frontieres de segment,

car les autres segments chevauchaient deux bandes d'ordinateur DICS ou pre-

sentaient d' autres problemes similaires. On travaille actuellement sur un

logiciel qui permettra de reduire Ie temps requis pour tout Ie projet, par-

ticulierement pour la phase de prelocalisation. L'util isation des photo-

graphies originales au lieu des photocopies, prevue pour Ie volet 1981 du

projet (avec 15 nouveaux segments en 1981), devrait aussi permettre de

reduire Ie temps requis.

Une fois

ceda au

champs) •

les donnees au sol de 1980 acheminees au centre d'analyse, on pro-

choix des sites potentiels d' apprentissage (selon la taille des

On a retenu plusieurs champs dans un segment situe au nord de la
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region (pres de Saint-Andre), ainsi que plusieurs autres champs dans un

segment situe au sud de la region (pres de Hartland).

Apres la reception des donnees satellite, il fut relativement aise de rap-

peler les frontieres de segment, de les superposer, de localiser les champs

d'apprentissage et de commencer la classification selon les methodes decri-

tes ~ la section 7.1. En plus du choix des regions d'apprentissage, on a

retenu un autre groupe de champs de grande superficie, ainsi que des sec-

teurs de champs connus de pommes de terre qui apparaissaient plus rouges

sur l'ecran que les champs faisant partie de l'ensemble d'apprentissage. A
mesure que les resultats de la classification devenaient disponibles, les

superficies cultivees etaient enregistrees pour chaque sous-scene de

512 x 512 pixels et pour 17 segments de l'EDA.

Les analystes ont rencontre quatre problemes au cours de la classification;

un de ces problemes avait trait a l'interpolation des recoltes se trouvant

sous des nuages epars et sous 1Iombre des nuages, alors que les trois

autres problemes avaient trait au brouillage par d'autres recoltes. La

methode d'interpolation pour les champs de pommes de terre se trouvant sous

les nuages etait relativement simple. On a suppose que la proportion de

recoltes sous les nuages etait similaire ~ celIe de la region adjacente qui

semblait contenir des pommes de terre. Pour determiner la superficie des

champs de pommes de terre sous les nuages CIa valeur PC), on a utilise la

formule suivante:

PC = -------- x

ou: PM = superficie des champs de pommes de terre mesuree dans la region

sans nuage; CA = superficie recouverte par les nuages et l'ombre des nua-

ges dans la region et TA = superficie totale de la region. Les estima-

tions totales par satellite ont incorpore ces regions, alors qulon nla in-

clus aucun segment EDA sous les nuages dans les analyses pour les
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estimations par Ie quotient et par regression. Quant aux problemes du

brouillage par d'autres recoltes, on les a, du moins pour la plupart, reso-

Ius par une legere modi fication des parametres de classi fication. Dans U1

cas, Ie brouillage etait dO a une forme non-identifiee de repousse naturel-

Ie fortement diffusee dans des regions de coupes forestieres. Dans d'au-

tres cas, des champs de foin dans lesquels se trouvaient des amoncellements

de pierres espaces regulierement ont presente une signature spectrale simi-

laire a celIe des pommes de terre. Apres modi fication de la classi fica-

tion, les seuls elements de brouillage qui demeuraient ~taient dus a quel-

ques parcelles de trefles dans un segment et a certaines allees d'un ter-

rain de golf.

Le calcuI des superficies est presente plus en detail dans les paragraphes

suivants.

8. RrSULTATS ET ANALYSE DU PROJET D'rVALUATION DE LA

SUPERFICIE PLANTrE EN POMMES DE TERRE AU NOUVEAU-BRUNSWICK (1980)

8.1 INTRODUCTION

Dans Ie cadre du projet d'evaluation de la superficie plantee en pommes de

terre au Nouveau-Brunswick, realise en 1980, on a analyse les donnees au

niveau de la region, des segments et des champs. On a obtenu deux types

d'estimation pour la superficie totale des recoltes de pommes de terre dans

la region cible de la vallee de la riviere Saint-Jean. Les estimations

proviennent des donnees recueillies par satellite et de donnees obtenues

par photographies aeriennes en haute altitude, ces dernieres ayant fait

I'objet de verification au sol (les photographies aeriennes ont ete obte-

nues et analysees par Ie CCT). Les estimations et leurs variances ont

ensuite ete comparees aux autres estimations obtenues par Statistique

Canada lors d'enqu~tes realisees au Nouveau-Brunswick. On a ensuite compa-

re les superficies plantees en pommes de terre calculees par l'EDA et par

satellite a celles qui furent calculees a partir des photographies aerien-

nes (et qui representaient, dans ce cas-ci, la meilleure approximation des

valeurs reelles) afin de determiner Ie degre de concordance de ces deux es-
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timations au niveau du segment. Comme complement d'analyse, on a examine

la variation des superficies indiquees lors de 1 'EDA, pour chaque secteur

assigne a un enqu~teur.

8.2 ESTIMATIONDE LA SUPERFICIE PLANTrE EN POMMESDE TERRE 'A LIAIDE DES

DONNrESOBTENUESPAR SATELLITE.

Pour les estimations par Ie quotient et par regression, on a estime la

superficie totale des champs de pommes de terre dans la region d' et'ude du

Nouveau-Brunswick, recourant pour ce faire a des donnees obtenues par

satellite et a des donnees sur les segments obtenues par photographie

aerienne. Les estimations, ainsi que leurs variances, ont ete calculees

selon Ie plan d'echantillonnage de l'EDA. Pour Ie Nouveau-Brunswick, l'EDA

est une enqu~te a base multiple utilisant un echantillon strati fie a deux

degres par replicat de segments, cet echantillon etant con9u pour donner

des estimations precises sur divers caract~res au niveau provincial (voir

les sections 4 et 6). Comme les strates de l'EDA ne coincidaient pas avec

les limites de la region d' etude, on a eu recours a la technique de la

post-stratification afin de calculer les estimations, traitant les secteurs

de denombrement comme des echantillons avec remplacement. On n' a pas

incorpore dans I' echantillon les segments pour lesquels les donnees par

satellite etaient manquantes, ni un segment representant une valeur aber-

rante (voir la Figure 3). Ces estimations ont ete basees sur 40 segments.

En dernier lieu, comme les agents recenseurs de l'EDA ne recueillaient pas

toujours les donnees sur toutes les fermes se trouvant aI' interieur du

segment (voir la section 8.3), on a utilise la superficie du segment calcu-

lee d'apr~s les photographies aeriennes.

Soi t "x" la donnee sur les pommes de terre

donnee obtenue par photographie aerienne.

et par regression de Y, qui represente la

pommes de terre dans la region d'essai, ont

mules suivantes:

obtenue par satellite et "y" une

Les estimations par Ie quotient

superficie totale des champs de

ete calculees a l'aide des for-
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y R Y
quot. = X = X, et

A

X

Y = Y + B (X-X),reg.

L
Nh

nh Mhi
mhi

ou y = L L L Yhij est l'estimation theorique de y.,
h=1 nh i=1 mhi j=1

~ est l'estimation theorique de X, qui represente la superficie totale des

champs de pommes de terre obtenue par satellite et non corr igee pour la

region d'essai.

formule pour Y;

X est obtenu en substituant Xhij pour Yhij dans la

Yhij et Xhij sont les valeurs observees pour Ie j-eme segment choisis

dans la i-eme unite (SO) de premier degre choisie pour la strate h;

Nh et nh sont respecti vement Ie nombre total et Ie nombre echantillonne

de secteur de denombrement dans la strate h, h prenant les valeurs de 1 a
L;

Mhi et mhi sont, respectivement, Ie nombre total et Ie nombre echantil-

lonne d'unites (segments) de second degre dans Ie i-eme SO choisi

dans la strate h;

Rest une estimation de Y/X; et, finalement,

B = cov(Y, X)/var (X) est Ie coefficient de regression lineaire.

Les estimations de variance de Yquot. et Yreg•

relations suivantes:

sont donnes par les

v(Y ) = v(Y) - 2R cov(Y,X) + R2 v(~), etquot.
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v(Y e ) = v(Y) - 28 cov(Y,X) + 82 vex),
r g.

L N 2 nh mhi nh Mhi mhi 2.. h [ Mhi 1
Yhij]ou v(y) = 1: 1: 1: Yhij

1: 1:
h=1 nh(nh-1 ) i=1 mhi j=1 nh i=1 mhi j=1

et veX) est calcule en substituant xho . pour Yho .IJ IJ
dans l'expression pour

On peut voir que B = cov(Y,X)/v(X) est la valeur de B qui minimise v(YReg.).

Le Tableau I illustre les estimations par Ie quotient et par regression,

ainsi que les estimations de Statistique Canada pour la superficie plantee

en pommes de terre au Nouveau-Brunswick. Les estimations par Ie quotient et

par regression, calculees au prorata du niveau provincial, sont tres pres de

la superficie calculee par Statistique Canada, laquelle se chiffre a 52,000

acres. En fait, il Y a tres peu de difference entre les deux estimations,

et elles possedent toutes deux Ie meme coefficient de variation. Afin de

donner une idee du meilleur rendement obtenu gr~ce aI' estimation par Ie

quotient, la variance de cette estimation ne representait que Ie 1/5 de

celIe de Y, qui est l'estimation theorique de Y base sur Ie plan d'echantil-

Ion avec post-stratification (echantillon areolaire seulement). On peut no-

ter que Ie coefficient de variation des estimations par Ie quotient et par

regression sont du meme ordre que celui de l'estimation a bases multiples

obtenu par l'EDA, bien que cette derniere soit basee sur un echantillon plus

important.

8.3 COMPARAISON DES DONN~ES AU NIVEAU DES SEGMENTS ET DES CHAMPS

Les Figures 2 et 3 contiennent les graphes des superficies plantees en pom-
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mes de terre par segment et calcules selon les donnees recueillies par les

agents recenseurs de l'EDA et par satellite, respectivement en fonction des

superficies obtenues d'apres les photographies aeriennes. On n'a pas uti-

lise tous les segments d'tkhantillons dans l'analyse. 11 n'y avait pas de

donnees par satellite pour 16 segments, en raison de la couverture nuageuse

et de la localisation des images. De plus, on n'a pas utilise 8 segments

de I'EDA, car ces segments contenaient des non-repondants ai' enqu~te et

des fermes d'une certaine importance pour lesquelles les agents recenseurs

n'avaient pas a recueillir de donnees sur les champs. Pour les calculs de

cette section et ceux de la section 8.2, nous n'avons pas utilise les deux

valeurs aberrantes de ces graphes.

Ces graphes indiquent une tres forte relation lineaire entre les donnees de

l'EDA et celles obtenues par les photographies aeriennes, mais il en est de

m~me pour les donnees par satellite comparees aux donnees obtenues par pho-

tographie aerienne au niveau de segment: les coefficients de correlation4

sont respectivementS de 0.991 et de 0.968. On note une tendance a la sous-

estimation des super ficies dans Ie cas des agents recenseurs de I'EDA et

dans celui des donnees obtenues par satellite. Cette tendance est cepen-

dant moins marquee pour l'EDA. On a deja explique a la section 7 les cau-

ses des ecarts dans Ie cas des superficies calculees par les donnees satel-

lite. La superficie de certains segments contenant peu ou pas de pommes de

terre a ete surestimee, a cause du brouillage par d'autres recoltes (cer-

taines donnees satellite ont ete rejetees, car elles confondaient un grand

champ de foin parseme de pierre avec un champ de pommes de terre - on

aurait pu eliminer cette erreur en modi fiant la classi fication). Quant a
la sous-estimation dans Ie cas de l'EDA, une des principales causes etait

que les enqu~teurs n'avaient pas enumeres certaines fermes se trouvant dans

les segments a cause des procedures a bases multiples (parmi les fermes

4

5

Les coefficients de correlation ont ete calcules en utilisant la
ponderation du plan d'echantillonnage.

La representation graphique des donnees obtenues par satellite par
rapport aux donnees de l'EDA a ete tres similaire a celIe de la
Figure 3, Ie coefficient de correlation s'etablissant dans ce cas a
0.957.
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omises, on comptai tIes fermes qui etaient exclues de la base areolaire,

ainsi que des fermes dont les terrains couvraient plus d'un segment

d'echantillon). Pour corriger cette situation, Ie guide des procedures sur

les terrains pour l'EDA de 1981 contenait des instructions specifiques pour

s'assurer que toutes les fermes soient repertoriees, en vue des estimations

de superficie qui seront realisees l'an prochain, lars de la reprise du

projet de demonstration. On croit que ces modifications permettront a l'EDA

de fournir des superficies correspondant davantage aux superficies estimees

d'apres les photographies aeriennes. La forte relation entre les donnees

de l'EDA et celIe des photographies aeriennes, pour les segments echantil-

lonnes, est encourageante et justifie la correction des estimations par sa-

tellite gr~ce aux donnees recueillies par les agents recenseurs de l'EDA.

Une description erronee des limites et de la superficie des champs fut une

autre cause de l'ecart entre les donnees EDA et celles des photographies

aeriennes. Les donnees de I'EDA sur la super ficie des champs ont ete

obtenues en interrogeant les exploitants agricoles, et ainsi, elles ont ete

souvent indiquees en multiples de 5 acres. Les graphes des donnees EDA en

fonction des superficies estimees d'apres les photographies aeriennes, par

zone assignee aux enquMeurs, indiquent une di fference possible dans les

declarations des repondants, selon Ie secteur d'affectation. Ces differen-

ces pourraient 8tre attribuables aux enqu8teurs, mais aussi a d'autres fac-

teurs comme I'emplacement geographique, la structure des champs a l'inte-

rieur des segments d'echantillon, ou bien a la variabilite des erreurs dans

les declarations. On a observe davantage de variations dans la region sise

a l'est de la riviere Saint-Jean, ou la superficie moyenne des champs etait

generalement plus grande. La relation entre les donnees EDA et les donnees

recueillies par photographie aerienne etait plus forte au niveau des seg-

ments qu'au niveau des champs.

9. R~SUM~ ET CONCLUSIONS

En 1980, on a utilise des donnees recueillies par satellite pour estimer
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assez precisement la superficie plantee en pommes de terre dans trois

importants comtes producteurs de cette culture, au Nouveau-Brunswick. Tout au

long du projet decrit dans cette communication, les auteurs ont raffine les

methodes d'analyse et les procedures sur Ie terrain, afin d'accro!tre la

precision des estimations, de reduire Ie fardeau impose aux repondants et de

fournir des donnees spatiales detaillees qui n'etaient disponibles auparavant

que pour les annees de recensement.
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TABLEAU I

ESTIMATIONS DE LA SUPERFICIE TOT ALE PLANTrE EN POMMES DE TERRE

DANS LA RrGION D'rTUDE ET POUR LA PROVINCE DU NOUVEAU-BRUNSWICK1

Enqu~te et/ou Estimation pour Estimation pour Ie
moyen la region d'etude Nouveau-Brunswick Coefficient de
d'estimation (en acres) (en acres) variation (ra)

Satellite

Donnees non 42,354 n.d. n.d.
corrigees

Estimation par 49,504 51,524 5.5
Ie quotient

Estimation par 49,115 51 ,119 5.5
regression

Enqu~te postale n.d. 50,800 n.d.

EDA a n.d. 53,854 5.2
bases multiples

EORPT 47,203 49,129 4.59

Estimation de
Statistique Canada
publiee
Ie 5 septembre n.d. 52,000 n.d.

1 La region d'essai, regroupant les comtes de Carleton, de Madawaska et Ie
comte Victoria, represente environ 96.08 ~ri des terrains producteurs de
pommes de terre au Nouveau-Brunswick.
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4 5 6 7

BANDES MSS DU LANDSAT

fiGURE I COMPARAISON DES DIVERSES BANDES LANDSAT POUR Dlff~RENTES R~COLTES

Radiance des bandes MSS de Landsat (8 aoat 1975) pour les cereales (1), Ie
sarrasin (2), les p~turages 0), Ie foin (4), Ie maYs (5), les pais (6), les
pommes de terre (7), Ie brocoli (8), Ie sol nu (9), les herbes (10). Les
bandes sont numerotees de 4 a 7. L Iespacement relati f entre les valeurs
numeriques dans chaque colonne indique Ie degre de separabilite des recoltes
pour une bande donnee.
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FIGURES 2 et 3 - Graphes des superficies estimees, (en acres), respective-
ment, par 11EDA et par satellite en fonction des superfi-
cies estimees d'apres les photographies aeriennes a basse
altitude, pour des segments echantillonnes du
Nouveau-Brunswick. Les points encercles representent les
valeurs aberrantes.

Legende: • = 1 observation, 0 = 2 observations,
* = 3 observations, • = 11 observations et L\ =
15 observations
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~CHANTILLONNAGE A DEUX REPRISES AVEC PPTSR

G.H. Chaudhry et Jack E. Grahaml

On decrit une theorie d'echantillonnage a deux reprises avec proba-
bilites inegales et sans remise. La methode de Fellegi (1963), au a
chaque reprise la m~me probabilite de selection est attribuee a une
unite donnee, est utilisee pour choisir les unites de l'echantillon
de renouvellement. On examine ensuite Ie developpement mathematiqu~
de la variance des estimateurs composites de la valeur globale de la
population a la deuxieme reprise. Des resultats quantitati fs pour
des echantillons de petite taille sont presentes et on compare l'ef-
ficacite de cette methode a celIe d'une technique differente.

1. INTRODUCTION

Dans les enquetes a caractere repetitif, l'utilisation d'un plan d'echantil-

lonnage avec remise partielle presente certains avantages tant du point de vue

de l'efficacite que de la reduction du fardeau du repondant. Essentiellement~

apres chaque tirage d I un echantillon, une fraction des unites sont suppr imees

et remplacees par un nouvel sous-echantillon de la population. Un tres grand

nombre d'ouvrages statistiques examinent les methodes et les estimateurs que

l'on utilise pour l'echantillonnage a deux reprises ou plus avec probabilites

egales. Mais les cas ou les probabil ite.s de selection sont inegales presen-

tent encore plus d'importance du point de vue de la pratique. Ainsi, prenons

une population finie de N unites {1,2,•••,N} qui est echantillonnee a deux re-

prises, soit en periode 1 (l'echantillon precedent) et en periode 2 (l'echan-

tillon courant). Soient Y1i et Y2i les valeurs d'une characteristique Y de la

iieme unite dans les echantillons 1 et 2 et Y1 et Y2 les valeurs

la population calculees a partir des echantillons correspondants.

de taille, xi' est connue pour toutes les unites de la population.

globales de

Une mesure

1 G.H. Chaudhry, Division des methodes de recensement et d I enquetes-
menages, Statistique Canada, et Jack E. Graham, Universite Carleton.
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Raj (1965) a etudie Ie plan d'echantillonnage suivant avec PPT (probabilite

proportionnelle a la taille) : un premier echantillon s de taille nest cons-

titue avec probabilites p. proportionnelles aux valeurs de x. et avec
1 1

remise (AR). Dans une deuxieme periode, un echantillon aleatoire simple sl de

m unites est tire de s sans remise (SR) et un echantillon independant s2 de

taille u = n - m est selectionne avec PPT a partir de l'ensemble de la popula-

tion. Les valeurs de Yl et Y2 sont alors estimees a l'aide des equations

au Y2u = L
s2

et Q* est LJ1 poids, 0 ~ Q* ~ 1.

A*La variance de Y2r

laquelle l'expression

a ete reduite au minimum a partir de l' hypothese selon

est identique pour les temps t = 1 et t = 2.

Les ouvrages statistiques ant pr~te une attention considerable au probleme de

l'echantillonnage a une reprise avec PPTSR. Une des difficultes principales

est la specification de methodes pratiques pour obtenir certaines probabilites

donnees a chaque tirage. Fellegi (1963) a propose une technique au la proba-

bilite de selectionner l'unite i a chacun des n tirages est egale a Pi si l'on

determine n - 1 ensembles de "probabilites de travail". Ce procede est extre-

mement important pour Ie renouvellement d' echantillons, au il est essentiel

que 1I estimateur habituel de Y2 pour les echantillons constitues avec PPT ne

soit pas biaise; cet objectif ne sera pas atteint si Pi n' est pas constant a
chacun des n tirages d' un plan d' echantillonnaqe avec renouvellement partiel.

Jusqu I a recemment, toutefois, les calculs necessaires pour la technique de
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Fellegi etaient beaucoup trap compliques pour n > 2. Chaudhry (1981) a con~u

une methode iterative pour mettre en oeuvre la technique de Fellegi et il a

elabore un programme informatique qui evalue les probabilites de travail pour

n S 5. M~mesi la convergence est rapide du point de vue du nombre d'itera-

tions, Ie nombre de calculs augmente par une proportion egale a N
n
• Le

programme indique aussi pour Ie calcul de la variance la probabilite composee

que les unites i et j soient incluses en m~me temps dans l'echantillon.

Rao, Hartley et Cochran (1962) ant mis au point la "methode des groupes alea-

toires" pour la selection d' un echantillon avec PPTSR. La population de N

unites est divisee en n groupes de taille N1, N2, ••• , Nn ' au L Nh =
N, et un echantillon d' une unite est preleve independamment de chaque groupe

avec probabilite proportionnelle aux valeurs de Pi. Ghangurde et Rao

(1969) ant adapte la methode des groupes aleatoires a l'echantillonnage a deux
reprises. Pour simpli fieI' la description, les N unites sont reparties en n

groupes de taille N/n (nombre qu' on suppose entier). Dans un premier temps,

une unite est tiree de chaque groupe aleatoire, tel qu'il a ete mentionne plus

haut, pour former un echantillon s de n unites. )I. un deuxi~me moment, un

echantilion aleatoire simple S1 de m unites appariees est selectionne SR parmi

les n unites et un echantilion independant s2 de u = n - m unites est recueil-

Ii a partir de I'ensemble de la population par la m~me methode appliquee pour

produire l' echantillon s. Ghangurde et Rao utilisent un estimateur composite

V;G de Y2 pour reduire au minimum la variance de cette caracteristique

a l'aide d'une valeur optimale du poids Q. Ensuite, la valeur optimale de A =
min est determinee. Ces auteurs font remarquer qu'il serait probablement plus

efficace de tireI' s2 parmi les N - n unites de la population non incluses dans

s.

Chotai (1974) a modi fie la methode de Ghangurde et Rao (G-R) pour I' echantil-

lonnage a la deuxi~me reprise; les n unites de s sont choisies au hasard pour

former m groupes de taille n/m (nombre qu' on suppose entier). Une unite est

tiree de chacun des m groupes avec probabil i te proportionnelle aux valeurs de

p., pour constituer un echantillon s1. Ensuite, un echantillon s2 est
1
preleve aI' aide de la methode G-R. Une fois que la variance optimale de
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1 'estimateur composite V;c est ca1cu1ee, Chotai determine 1a valeur opti-

male de A et compare l'efficacite relative de V;c par rapport aux estima-

teurs optimaux de Ghangurde et Rao et de Raj. II s' est avere que V;c est

toujours plus efficace que V;R et, dans bien des cas, plus efficace

que V;G. Chotai examine brievement Ie cas au n/m n' est pas un nombre en-

tier. II conv ient de noter que, etant donne que An' est pas une fonction

continue, la valeur optimale de A devrait etre calculee par des methodes de

programmation en nombres entiers. Dans la section sui vante, on presente une

methode d I echantillonnage qui conduit souvent a des resultats plus efficaces

que ceux obtenus au moyen des tecllniques d' echantillonnnage avec PPTSR propo-

sees jusqu'a present.

2. M~THODE D'~CHANTILLONNAGE

2.1 Selection de l'echantillon

Dans la population de N unites (1,2, ••• ,N), choisissons un echantillon qui

contient n + u unites (u < n) tirees une a la fois sans remise selon la metho-

de de Fe11egi, au la probabi1ite de selectionner la iieme unite a chaque tira-

ge est Pi' i = 1,2, ••• ,N, E Pi = 1. Lars du premier echantillonnage, les n

premieres unites des n + u unites sont examinees, tandis qu'au deuxieme echan-

tillonnage, les u premieres unites sont suppr imees de l' echantillon et les u

unites non etudiees la premiere fois sont incluses. Ainsi, m = n - u unites

sont observees dans les deux cas. Les n unites examinees la premiere fois

composent 1 'echantillon s, les unites etudiees a deux reprises constituent

l'echantillon sl (au sIC s) et l'ensemble d'unites introduites seulement a la
deuxieme periode representent l'echantillon s2. Sou1ignons que la methode de

Fellegi garantit que la probabilite de selection d'une unite i est la m~me a
chaque tirage et donc au cours des deux per iodes. Chaudhuri (1980) a etudie

une sous-categorie d' estimateurs non biaises de modeles lineaires non homoge-

nes et il a demontre que Ie plan d' echantillonnage expose plus haut conduit a
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une methode optimale. Ce resultat offre une raison de plus d' utiliseI' la me-

thode de Fellegi.

2.2 Methode d'estimation

Dans cette section, on propose des estimateurs composites de Y2, la valeur

globale courante, et on evalue leur variance a l'aide d'une variable nominale.

Posons que rai = 1 si l'unite i, i = 1,2, ••• ,N est selectionnee au tirage 1',

l' = 1,2, ••• ,n+u et que rai = 0 autrement. Comme l'esperance mathematique de

r8i est egale a Pi' un estimateur non biaise de la valeur qlobale Y1 de la

population calculee la premiere fois s'ecrit :

A 1 n N
Y = L Lay /p •
1 n 1'=1 i=1 l' i 1i i

Done,
Al A 1 n N
Y = Y + _ L L a (y - y )/p
21m r=u+1 i=1 l' i 2i 1i i

est un estimateur non biaise de la valeur globale Y2 obtenue la deuxieme

fois. Un estimateur non biaise de Y2 qui est une fonction des observations

recueillies a la deuxieme reprise est

A 1 u+n N
Y = L Lay /p
2 n r=u+1 i=1 l' i 2i i

Un estimateur composite de Y2 correspond a la moyenne ponderee

ou 0 .$ Q .$ 1.
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est Ie resultat des proprietes suivantes de la variable nominale a.:
r l

Var(rai) = Pi (1 - Pi), (i = 1,2, •••, N, r = 1,2,•••,n+u ),

Cov(rai, tai)
2 (r '" t),= -Pi,

Cov(rai, raj) = -PiPj' (i '"j),

Cov(rai, taj) = E(rai.taj) -PiPj' autrement,

ou E( .) correspond aI' esperance mathematique de l'expressio';l entre

parentheses dans Ie plan d'echantillonnaqe probabiliste. Or E(rai, taj =

P(rai • taj = 1) = P(rai = 1, taj = 1), ou p(.) represente une probabilite.

Soit L la sommation pour toutes les valeurs possibles des(k-2; i,j)
(k-2)-uples formees de differentes unites {i1,i2, •••,ir-1,ir+1, •••,ik_2,ik_1}

incluses dans l'echantillon lors des k premiers tirages a partir des N-2

unites de l'ensemble {1,2,•••,i-1,i+1, •••,j-1,j+1, •••,N}, ou la iieme unite

est selectionnee au tirage r et la jieme unite au tirage k. Cette sommation

comporte (N-2)(N-3) •••(N-k+1) termes.

Comme dans l'analyse de Fellegi (1963), definissons {Pi(t); i=1,2, •••,N} comme

etant l'ensemble des "probabilites de travail" pour la selection d'une unite

au tirage t, t = 1,2, •••,n+u. Aux tirages k et r, ou k > r

E( a • a )
r i k j

= L p (1)
(k-2;i,j) i

1

Pi2(2)

1-p. (2)
l
1

Pi 1(r-1)r-

r-2
1 - L P. (r-1)

t=1 lt

p.(r) p. (r+1)
1 lr+1

x x x
r-1 r-1

1- L p. (r) 1- L p. (r+1)-p.(r+1)
t=1 It t=1 It l



Or

• •• x
r-1

1- L
R,=1
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p . (k)
J

k-1
- p.(k) - L
1 R,=r+1

(Y' ) 1 n N
a.y
1
./p.]

1 Var[
n N

a. (y 2. -y 1 . ) / p .JVar Var [ L L +- L L
2 n2 r=1 i=1 r 1 1 1 m2 r=u+1 i=1 r 1 1 1 1

2 [ 1 N n N
- Y1i )/Pi]+ _ Cav L raiY1i/Pi' L L rai (Y2i

mn r=1 i=1 r=u+1 i=1

A l'aide des praprietes des variables naminales

haut, on peut demantrer que

a.
r 1

presentees plus

1 n N
-2 Var[ L L a.y1./p.]
n r=1 i=1 r 1 1 1

1

n

N 2
L P.z1.
i=1 1 1

L L P Ci , j €s) Z Z _Y 2
i*j 1i 1j 1

1 n N

2
Var [L La. (y 2 . - Y1 .> / p . ]

m r=u+1 i=1 r 1 1 1 1

N
_ ~ L P (z _ z )2
m i=1 i 2i 1i

1 2
+_ LLPCi,j€s)(z -z Hz -z )-(Y -Y),
m2 i *j 1 2i 1i 2j 1j 2 1

au

En outre,
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Si 1 'on substi tue les trois expressions presentees ci-dessus dans 1 Iequation

de Var(V;), on obtient
2

AI N Z2i
VarCY 2)= E Pi [ -- +

1 n

la formule

En outre,

(1)

A 1 212
VarCY2) = - E Pl-z2l-+ -T E E PCi,j£s*)z2-z2' - Y2, (2)

n i nL i*j l J

ou s* est l'ensemble des n unites observees a la dexieme reprise et

AI A

COV(Y2,Y2)= E E
i*j

Si l'on combine les expressions (1), (2) et (3), on obtient Var(Y2c)'

La valeur optimale du poids Q qui reduit au minimum Var(Y2c) est

La variance minimum ainsi obtenue est
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A*Un autre estimateur composite YZc de YZ est

V;c = Q*V; + (1-Q*)YZu'

ou

n+u N
E E a.yz'/(up.).

r=n+1 i=1 r 1 1 1

A*Pour calculer la variance de YZc'

expressions suivantes :

on utilise la formule (1) et les

Z.3 Cas special

Pour verifier les resultats des calculs precedents, prenons Ie cas de

l'echantillonnage aleatoire simple sans remise.

A,
Ainsi, YZ = N(Y1 + (YZm - Y1m»' ou - -Y1 et Y1m sont les moyennes de l'echan-

tillon calculees respectivement pour toutes les unites echantillonnees et pour

toutes les unites appariees a l'echantillon precedent et YZm est la moyenne de

l'echantillon calculee pour toutes les unites appariees de l'echantillon

courant. Une evaluation directe conduit au resultat :
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" ,
VarCY 2) =

au, par exemple

Cette expression concorde avec l'equation (1) dans Ie cas au Pi = 1/N et

P(i,jE:s) = n(n-1 )/N(N-1) (i '"j).

De plus, dans l'echantillonnage aleatoire simple, Y2 = NY2 (au Y2 est la

moyenne de l'echantillon calculee a partir de toutes les n unites de

"l'echantillon constitue a la deuxieme reprise) et la variance de Y2 est

"
Var(Y 2) = 2

N(N-n)S2

Une evaluation de Var (Y2) au moyen de l'expression (2) produit Ie m~me resul-

tat. Enfin, on peut obtenir l'expression suivante soit par une evaluation di-

recte au a partir de l'equation (3) :

" ,
Cov( Y2

"*De far;on semblable, on peut calculer Var (y 2c) •

3. EXEMPLES QUANTITATIFS

" "*On compare ici l'efficacite des estimateurs composites Y2c et Y2c auxquels

correspond une valeur optimale, Q et Q* respectivement, qui reduit au minimum

la variance de I'estimation, et celIe de l'estimateur Y2 calcule a partir des

renseignements courants recueillis aupres d'un echantillon selectionne avec
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PPT. Comme on ne dispose pas d'une forme fermee de Var(Y2c) et de Var(Y2c)

pour permettre des comparaisons analytiques, on a utilise de petites popula-

tions pour obtenir des valeurs de variables et mesurer les contrastes entre

les estimateurs. (Les populations etudiees devaient ~tre de petite taille,

comme celles qu'on trouve souvent dans les echantillons strati fies, puisque

l'effet de l'echantillonnage avec au sans remise se voit seulement quand les

fractions de sandage sont non negligeables.) Quatre plans d'echantillonnage

avec renouvellement ant ete appliques a chaque population (n,m) = (2,1),

0,2), (3,1) et (4,3), au n est Ie nombre d'unites de l'echantillon ~ chaque

reprise et m est Ie nombre d'unites incluses dans l'echantillon a la premiere

et a la deuxieme reprise. Deux populations proviennent de l'ouvrage de Murthy

(1967), qui a divise une seule population de 34 villages en deux populations

de 16 et de 17 villages (une unite extr~me a ete exclue). La caraeteristique

x qui sert a mesurer la taille est Ie nombre d'acres cultives en 1961; Yl et

Y2 sont Ie nombre d'acres de ble en 1963 et en 1964 respectivement. Une troi-

sieme population est un ensemble de 14 fermes dans la province de la

Saskatchewan au x est Ie nombre d'acres des fermes en 1980 et Yl et Y2 sont Ie

nombre d'acres ensemences en 1980 et en 1981 respectivement. On analyse aussi

deux autres ensembles de donnees recueillies parmi une population de 15 unites

et une autre de 16 unites.

A A* A

Le tableau 1 montre l'efficacite relative de Y2c et Y2c par rapport a Y2 pour

chacune des cinq populations et les quatre plans d'echantillonnage. Un para-

metre tres important dans chaque comparaison est la correlation Pz entre

z1i = Y1i/Pi et z2i = Y2i/Pi:

N
~ Piz1iz2i - Y1 Y2
i=1

=-----------------

Les valeurs de Pz calculees pour les populations etudiees varient entre
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0.940 et 0.213. Le tableau 1 indique egalement les valeurs optimales de Q et

Q*. On prevo it effectuer une etude ulterieure qui portera sur l'efficacite de
A A*

Y2c et Y2c lorsque les valeurs choisies pour Q et Q* ne sont pas optimales.

Les conclusions suivantes se degagent de ces donnees empiriques: 1) La valeur

optimale de Q est generalement plus grande quand p est grand et que laz
A A*

valeur optimale de Q diminue, que l'estimateur soit Y2c ou Y2c. 2) La valeur

optimale de Q pour Y2c depasse toujours celIe de Q pour Y2c. 3) Lorsque Pz di-

minue, I'efficacite de Y2c par rapport a Y2 diminue aussi (tel que prevu) et

se rapproche de l'unite comme limite inferieuFe quand la.valeur de Q est opti-

male. Par contre, ce genre de phenomene ne sIobserve pas clairement dans Ie
A* A*

cas de Y2c puisque VarCY2c) nIest pas une fonction monotone de Pz• Pour de

Pz est elevee, alors que

Pz est basse • 5) Si

devaleur

la valeur de

petites valeurs de P , on enregistre de faibles gains et de faibles pertesz
A A* A

d'efficacite par rapport a Y2. 4) Y2c est plus efficace que Y2c quand la

A A*

Y2c est plus efficace que Y2c quand

A = min est faible, comme dans Ie plan

(3,1), on peut realiser d'importants gains d'efficacite si lIon utilise vic au

lieu de Y2 quand la valeur de Pz est elevee. Quand Pz est faible, Ie plan

(4,3) conduit aux meilleurs gains d'efficacite si lIon se sert de Y2c; les re-

sultats des trois autres plans d'echantillonnage sont a peu pres les memes.

II convient de noter que meme s'il existe une bonne correlation entre les va-

leurs de Y1i et Y2i, l1estimateur composite vic peut toujours causer des per-

tes d'efficacite en comparaison de 1Iestimateur V2 calculee a partir de don-

nees recueillies a une seule reprise au moyen de 1Iechantillonnage avec PPT.

Le facteur critique est la correlation Pz entre les valeurs de z1i et z2i. La

meilleure solution est dIutiliser Y2c avec la valeur optimale de Q puisque

V2c = V2 quand Q = O.
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Le tableau 2 indique l'efficacite relative de V2c et Vic dans un plan d'echan-

tillonnage avec PPTSR par rapport a l'estimateur YZR utilise par Raj (1965)

dans son plan d'echantillonnage avec PPTAR decrit plus haut. Pour que les

comparaisons soient plus valables, on n'a pas suppose que Vppt(Yt) etait egal

aux deux reprises t = 1 et t = 2; on s'est servi des valeurs optimales de Q*

pour chaque couple (n,m). Dans tous les cas, tel que prevu, les estimateurs

V2c et Y2c dans Ie plan d'echantillonnage SR s'averent plus efficaces que Y2R

dans Ie plan de Raj. Pour une valeur donnee de p , plus n est grand, plusz
Ie gain d' efficaci te entrafne par l' echantillonnage SR est eIeve. Enfin, on

constate que Raj a realise des gains d'efficacite par rapport aux echantillons

sans appariement seulement quand p > 0.5, alors que qu'on realise tou-z
jours des gains d'efficacite si l'on utilise Y2c dans l'echantillonnage SR,

quelle que soit la valeur de p •z
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TABLEAU 1

Efficacite des estimateurs composites des plans d'echantillonnage SR par

rapport a celle de l'estimateur du plan d'echantillonnage avec PPTSR

Population N (n,m) Qopt
VarC "2)

Qtlpt
VarC"2)

Pz
VarCY2c) varCYic)

Murthy 17 (2,1) 0.940 0.443 1.337 0.640 1.476

Groupe 1 0,2) 0.456 1.230 o.738 1.367

0,1) 0.419 1.524 0.545 1.656

(4,3) 0.462 1.188 0.793 1.309

Murthy 16 (2,1) 0.867 0.377 1.205 0.615 1.364

Groupe 2 0,2) 0.402 1.151 0.727 1.296

0,1) 0.336 1.282 0.499 1.459

(4,3) 0.431 1•191 0.786 1.255

Nombre 14 (2,1) 0.546 0.181 1.083 0.466 0.927

d'acres 0,2) 0.215 1.070 0.646 0.927

0,1) 0.137 1.092 0.295 0.933

(4,3) 0.279 1.117 0.736 0.931

Ensemble de 15 (2,1) 0.392 0.113 1.019 0.506 1.013

donnees 1 0,2) 0.140 1.017 0.670 1.013

0,1) 0.082 1.020 0.340 1.013

(4,3) 0.330 1.170 0.752 1.012

Ensemble de 16 (2,1) 0.213 0.061 1.007 0.451 0.898

donnees 2 0,2) 0.078 1.007 0.636 0.896

0,1) 0.042 1.007 0.280 0.908

(4,3) 0.285 1.142 0.730 0.901
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TABLEAU 2

Efficacite des estimateurs composites des plans d'echantillonnage SR par

rapport a celIe de l'estimateur composite de Raj

Population N (n,m) Pz Var(YZR)/Var(Y2c) VarCYZR )/VarCYZc)

Murthy 17 (2,1) 0.940 1.038 1.146
Groupe 1 0,2) 1.127 1.252

0,1) 1.215 1.320

(4,3) 1.248 1.375

Murthy 16 (2,1) 0.867 1.001 1.133
Groupe 2 0,2) 1.106 1.246

0,1) 1.130 1.287

(4,3) 1.309 1.380

Nombre 14 (2,1) 0.546 1.244 1.065

d'acres 0,2) 1.330 1•151

0,1) 1.351 1.154

(4,3) 1.507 1.257

Ensemble de 15 (2,1) 0.392 1.095 1.089

donnees 1 0,2) 1.197 1.192

0,1) 1.200 1.192

(4,3) 1.522 1.317

Ensemble de 16 (2,1) 0.213 1.197 1.068

donnees 2 0,2) 1.293 1•152

0,1) 1.280 1.154

(4,3) 1.589 1.254
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4. REMPLACEMENTS

Bien que l'agent recenseur doive s'efforcer de recenser les m~mes arbres,

branches ou vignes les annees subsequentes, cela peut s'averer impossible dans

certains cas (par exemple, lorsque des branches ont ete coupees, des vignes ou

des arbres arraches ou detruits d'une autre fa90n). Si une branche de griot-

tier a ete coupee, on doit choisir une autre branche, sur Ie m~me arbre, en

suivant la methode decrite precedemment. Si cela ne peut se faire, on doit,

tout comme pour les p/khers et les vignes, choisir de fa90n aleatoire un'nou-

vel arbre dans Ie m~me verger. Si tout Ie verger ou tout Ie vignoble a ete

detruit, on doit choisir un nouveau verger ou un nouveau vignoble, sur la m~me

ferme, en suivant la methode decrite a la section 2.4. Dans tous les cas, on

fera Ie recensement des branches, arbres, vignes, vergers ou vignobles nouvel-

lement selectionnes; toutefois, les resultats obtenus ne serviront pas aI' e-

tablissement des estimations de l'annee courante, mais bien seulement de l'an-

nee suivante, car seules les donnees appariees sont considerees.

Dans les cas (peu frequents, esperons-le) ou Ie producteur a cesse complete-

ment la culture du fruit vise ou refuse de collaborer des Ie contact initial,

on doit choisir, pour chacune des enqu~tes, un troisieme echantillon repete de

taille beaucoup moins import ante , sans remplacement. Les methodes a suivre

pour choisir Ie verger ou Ie vignoble et les arbres, branches ou vignes-

echantillon pour chaque remplacement sont les m~mes que celles qui sont

decrites dans les paragraphes precedents. Chaque annee, on recense ces

branches, ces arbres et ces vignes, mais les donnees obtenues ne servent a
etablir les estimations que lorsqu' il est necessaire d'inclure une de ces

unites dans l'echantillon. L'effectif de l'echantillon de remplacement, par

region, figure au tableau 3.

Tableau 3: Effectif de l'echantillon de remplacement, par
region, pour les enqu~tes sur les fruits tendres

RlGION 1 RlGION 2 RlGION 3 RlGION 4 TOTAL
- = - = =

rCHES 1 2 1 3 7
RIOTTES 1 2 2 2 7
AISINS 1 3 1 2 7

=
P
G
R
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2.6.2 Enqu~te sur les raisins

Comme pour les griottes, il est egalement impossible de compter tous les rai-

sins commercialisables sur une vigne-echantillon. Par consequent, pour esti-

mer Ie total des raisins, on compte les grappes de raisins (celles qui ont

plus de 5 raisins) et on choisit au hasard, sans remplacement, 5 grappes dont

on compte les fruits un a un. Comme pour les autres enqu~tes, les vignes sont

marquees pour identi fication future, les m~mes unites etant recensees d'une

annee aI' autre.

3. COLLECTE OCS OONNrES

Le recensement lui-m~me a lieu environ quatre semaines avant la recolte, cha-

que annee. II est tres important que les vignes, les branches et les arbres

qui ont ete seleetionnes, de m~me que les vergers et les vignobles, soient

bien identi fies afin de permettre aux agents recenseurs de faire leur travail

dans Ie court laps de temps dont ils disposent. Les agents recenseurs doivent

compter tous les fruits commercial isables (c' est-a-dire, tous les fruits a

l'exception des fruits de qualite inferieure non parvenus a maturite ou des

fruits endommages qui ne seront pas recoltes) sur les p~chers-echantillon et

sur les branches de griottiers qui ont ete selectionnees. On compte tous les

fruits d'un p~cher principalement parce que la distribution des fruits sur cet

arbre tend a ~tre beaucoup plus inegale que celIe des fruits sur un griottier

[2], ce qui exclut la possibilite de simplement recenser des

branches-echantillon.

Pour l'enqu~te sur les raisins, on compte tous les raisins composant les cinq

grappes choisies, a l'exception des fruits de qualite inferieure. Comme les

raisins sont souvent groupes de fa90n tres serree sur la grappe, il faut, la

plupart du temps, recolter les fruits. Cette raison, ajoutee a des

contraintes temporelles, fait qu'il est impossible de recenser toute la

vigne-echantillon.
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identification future, car les memes unites sont recenses d'une annee a

l'autre. (Les annees subsequentes, si une vigne ou un arbre echantillonne a

ete detrui t ou arrache ou qu'il est mort, on choisi t un arbre ou une vigne de

remplacement qu'on inclut dans Ie recensement. Cependant, les donnees sur cet

arbre ou cette vigne de remplacement ne servent a etablir les estimations qu'a

partir de la deuxieme annee.) En outre, chaque annee, on recompte les vignes

ou les arbres producteurs faisant partie des vignobles ou des vergers

selectionnes afin de rendre compte de l'evolution de l'industrie. (II est a
noter que, dans Ie cas de l'enquete sur les raisins, on compte seulement les

vignes de la variete echantillonnee, dans chaque vignoble.)

2.6 Plan d'echantillonnage - 4e degre

Cette etape ne s'applique qu'aux enquetes sur les griottes et les raisins.

2.6.1 Enqu~te sur les griottes

Il est techniquement impossible de compter toutes les griottes sur un arbre

selectionne. Afin d'estimer Ie nombre total de fruits destines a la vente, on

choisit une ou plusieurs branches-echantillon, avec probabilite proportionnel-

Ie a la surface de la coupe transversale d'une branche. Jessen [3] decrit

cette fat;on de choisir une branche. Cela consiste a selectionner une branche

au point initial (ou primaire) de ramification du tronc, avec probabilite

proportionnelle a la surface de la coupe transversale, et a suivre la branche

choisie jusqu' au prochain point de rami fication. On repete cette operation

jusqu'a ce que la surface de la coupe transversale d'une branche choisie

subsequemment soit egale a au moins cinq pour cent et a au plus quinze pour

cent de la surface totale cumulative des coupes transversales des branches

primaires. Comme il n'est pas toujours possible de choisir une telle branche,

il faut, dans certains cas, recenser deux branches. La branche choisie dans

chaque arbre-echantillon est marquee pour identi fication future, etant donne

que la meme unite est recensee d'une annee a l'autre.
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les p~ches et les griottes, l'agent recenseur demande au producteur de l'aider

~ enumerer tous ses vergers et ~ etablir la taille (c'est-a-dire, Ie nombre

d'arbres) de chacun. Dans Ie cas de l'enqu~te sur les raisins, il lui demande

dresser une liste similaire pour chacune des trois varietes de raisins qui

nous interessent, nommement Concord, DeChaunac et "Autres". (11 est a noter

que, certaines varietes etant cultivees ensemble, un vignoble peut figurer sur

plusieurs listes. Cependant, la taille declaree du vignoble pour une variete

particuliere est fonction du nombre de vignes de cette variete seulement.)

Dans Ie cas des enqu8tes sur les p8ches et les griottes, on choisit, dans cha-

que ferme-echantillon, un verger avec probabilite proportionnelle a la

taille. Dans Ie cas de l'enqu8te sur les raisins, on choisit de faqon inde-

pend ante un vignoble pour chacune des trois var ietes effecti vement culti vees

sur la ferme, egalement avec probabilite proportionnelle ~ la taille. Souli-

gnons a quel point il est important de sui vre ces methodes avec soin afin de

ne pas compromettre la validite des estimations. 11 faut surveiller de pres

I' etape de la selection afin de s' assurer qu' aucun biais n' est introdui t en

faveur des petits vergers ou des vignobles ~ variete unique, bien entendu,

plus faciles a recenser.

Afin d'eviter un chevauchement des vergers ou des vignobles faisant partie des

fermes tirees dans les deux echantillons repetes ou tirees plus d' une fois

dans Ie m~me echantillon repete, on choisit en m~me temps tous les vergers ou

les vignobles pour une ferme donnee, en se servant d'une methode d'echantil-

lonnage systematique, avec probabilite proportionnelle a la taille. Suite a
cette selection, on procede, de fac;on aleatoire, ~ l' inclusion des vergers ou

des vignobles dans les echantillons repetes. (11 est a noter que, dans

l'enqu8te sur les raisins, on choisit, pour les fermes figurant dans les deux

echantillons repetes, deux vignobles de chaque variete cultivee.)

2.5 Plan d'echantillonnage - 3e degre

Une fois la selection d'un verger ou d'un vignoble terminee, on procede au

comptage des vignes ou des arbres producteurs, et on tire un echantillon

aleatoire simple, sans remplacement, de quatre arbres producteurs ou de cinq

vignes productrices. Les vignes ou les arbres choisis sont marques pour
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2.3 Plan d'echantillonnage - 1er degre

Pour chaque enqu~te, nous avons tire systematiquement, dans chaque region,

deux echantillons repetes et independants de fermes Cafin d'obtenir un echan-

tillon representati f), avec probabilite proportionnelle au nombre total d'ar-

bres ou de ~ignes declare par l'exploitant dans Ie recensement de 1981. Les

effecti fs totaux des deux echantillons repetes, par region, figurent dans Ie

tableau 1. ttant donne que les deux echantillons repetes sont tires de fa90n

independante et que les fermes plus importantes ont plus de chance d'~tre

choisies, on s'attend a un certain chevauchement entre les echantillons repe-

tes. En fait, certaines fermes sont teliement grosses qu'elles ont non seule-

ment la garantie de faire partie de I'echantiIlon mais egalement la possibiIi-

te de figurer plus d'une fois dans Ie m~me echantillon repete [4]. Chaque

inclusion dans I'echantillon est consideree comme un evenement distinct, et

chaque verger ou vignoble est tire sans rempiacement chaque fois qu'une ferme

est choisie. Par consequent, Ie nombre reel de fermes distinctes faisant

partie de l'echantillon se trouve diminue, comme on peut Ie voir au tableau 2.

TABLEAU 2: Nombre total de fermes distinctes faisant
partie de l'echantillon, par region

RtGION 1 RtGION 2 RtGION 3 RtGION 4 TOTAL
= - - = - -
PlCHES 3 22 3 27 55
GRIOTTES 4 17 15 10 46
RAISINS 4 30 4 20 58

2.4 Plan d'echantilionnage - 2e degre

A partir du deuxieme degre, me certaine partie du travail d'echantillonnage

se fait sur Ie terrain. Une fois que Ie contact initial avec Ie fruiticulteur

est etabli Cau printemps de 1983), il est important de consentir tous les

efforts necessaires pour obtenir sa cooperation. Dans Ie cas des enquetes sur



- 115 -

Region 3: Villes de Pelham et de Thorold dans la municipalite regionale de
Niagara (Townships 11 et 12, dans Ie comte 29)

Region 4: Villes de Niagara Falls et de Niagara-on-the-Lake, dans la munlclpa-
lite regionale de Niagara (Townships 3 et 10, dans Ie comte 29)

rtant donne la demande croissante d'estimations de la production fruitiere par

aire geographique, nous avons tire un echantillon distinct de fermes pour cha-

cune des quatre regions et cherche a repartir les effecti fs de I' echantillon

(c'est-a-dire, Ie nombre de fermes choisies) de fa90n optimale entre les re-

gions. Cependant, etant donne l'effectif exceptionnellement reduit de la po-

pulation dans certaines regions (voir Ie tableau 1), nous avons fait un com-

prom is entre une repartition proportionnelle, une repartition optimale et me

regIe etablissant un "minimum de 2 fermes par region, par echantillon

repete". Cette derniere regIe nous a semble appropriee, puisqu' elle reduit la

possibilite d'obtenir une non-reponse totale dans un echantillon repete donne

(comme cela pourrait Hre Ie cas si on ne choisissai t qu' une seule ferme par

echantillon repete). Le nombre d' arbres ou de vignes, dans chaque ferme, a

serv i de variable pour mesurer la taille de la ferme, aux fins de la reparti-

tion de l'echantillon et de la selection de celui-ci, avec probabilite propor-

tionnelle a la tail Ie, aux 1er et 2e degres. Des resultats anterieurs [6]

indiquent que d' aut res variables de substitution (telles que la superficie

cultivee) ne sont probablement pas meilleures que la variable fondee sur Ie

nombre d'arbres pour mesurer la taille de la ferme.

TABLEAU 1 Effectifs de la population et de l'echantillon, par
region, pour les enqu~tes sur les fruits tend res

RrGION 1 RrGION 2 RrGION 3 RrGION 4 TOTAL

POPU- rCHAN- POPU- rCHAN- POPU- rCHAN- POPU- rCHAN- POPU- rCHAN-
LATION TILLON LATION TILLON LATION TILLON LATION TILLON LATION TILLON
- = = - = = = = = =

P~CHES 15 4 198 22 15 4 195 30 423 60
GRIOTTES 20 4 55 20 30 20 40 12 145 56
RAISINS 67 4 275 32 46 4 164 22 552 62
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2.1 Population cible, bases de sondage et effectif total de l'echantillon

La population cible des trois enqu~tes sur Ie rendement prevu comprend tous

les fruiticulteurs commerciaux de la peninsule de Niagara. Le MAAOa defini

les ~uiticulteurs commerciaux comme etant ceux qui ont declare plus de 200 _

p~chers, 200 griottiers ou 5,000 vignes lors du recensement des fruiticulteurs

(arbres fruitiers et vignes) de 1981. A partir de cette definition, nous

avons etabli une base de sondage distincte pour chacune des trois enqu~tes.

Les listes servant aux enqu~tes sur Ie rendement en peches, en griottes et en

raisins comptent respectivement 423, 145 et 552 fruiticulteurs commerciaux.

Les contraintes budgetaires du MAAOont servi ~ determiner l'effectif total de

l'echantillon (nombre de vergers et de vignobles a recenser) pour chaque

enqu~te, soit environ 60 vergers de p~ches, 55 vergers de griottiers et

155 vignobles. Dans Ie cas de l'enqu~te sur les raisins, comme toutes les va-

rietes de raisins qui nous interessent doi vent ~tre echantillonnees sur une

ferme choisie, il est impossible de connaHre d' avance I' effectif final de

l'echantillon. Cependant, en nous fondant sur Ie recensement des vignobles de

1981, nous estimons que 62 fermes fourniront un echantillon d' env iron 155 _

vignobles.

2.2 Strati fication et repartition des effecti fs de l' echantillon entre les
regions

La peninsule de Niagara a ete divisee en quatre regions, pour lesquelles il

faut faire des estimations distinctes. Les quatre regions ont ete definies

comme suit (selon les limites etablies lors du recensement de 1976) :

Region 1: Ville de Grimsby dans la municipalite regionale de Niagara et
township de Salt fleet dans la municipalite regionale de
Hamilton-Wentworth (Township 8, dans Ie comte 29, et township 4
dans Ie comte 17)

Region 2: Villes de St. Cathar ines et de Lincoln dans la munic ipal i te
regionale de Niagara (Townships 5 et 9, dans Ie comte 29)
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Figure 1. Plan d'echantillonnage des enqu~tes
sur Ie rendement prevu en fruits tendres

BASE TOUS LES FRUITICULTEURS COMMERCIAUX
DE SONDAGE: DES QUATRE RtGIONS VIStES PAR LE

RECENSEMENT DE 1981 DU MAAO

--------------------------------------------_!_-------------------------------

STRATIFIER L'tCHANTILLON PAR RtGION, ET
COMPENSER PAR UNE RtPARTITION OPTIMALE DES

EFFECTIFS DE L'tCHANTILLON ENTRE LES QUATRE STRATES,

I--------------------------------------------- --------------------------------

DANS CHAQUE STRATE, CHOISIR LES FERMES EN
TIRANT UN rCHANTILLON RtPtTt, SYSTtMATIQUE,

AVEC PoPoTo, EN FONCTION DU NOMBRE D'ARBRES OU
DE VIGNES DtCLARt DANS LE RECENSEMENT DE 1981

--------------------------------------- 1 -- _

2e DEGRt: POUR CHAQUE FERME-tCHANTILLON, CHOISIR UN
VERGER OU UN VIGNOBLE, AVEC PoPoTo, EN FONCTION

DU NOMBRE D'ARBRES OU DE VIGNES (DANS LE CAS
DE L'ENQUrTE SUR LES RAISINS, CHOISIR UN VIGNOBLE
POUR CHACUNE DES VARItTtS DE RAISINS CULTIVtES

SUR CETTE FERME)

---------------------------------------------,--------------------------------

3e DEGRt: TIRER UN rCHANTILLON ALtATOIRE DE 4 ARBRES
OU DE 5 VIGNES DANS CHACUN DES VERGERS OU DES

VIGNOBLES StLECTIONNtS

--------------- 1 ----------------- 1 _

4e DEGRt: ENQUtTE SUR ENQUtTE SUR ENQUtTE SUR
LES GRIOTTES LES ptCHES LES RAISINS

CHOISIR, SUR CHAQUE ARBRE
StLECTIONNt UNE BRANCHE-
tCHANTILLON, AVEC PROBA-
BILITt PROPORTIONNELLE A
LA SURFACE DE LA COUPE

TRANSVERSALE

1------------------------- -------------------

TIRER, SUR CHAQUE
VIGNE StLECTIONNtE,

UN rCHANTILLON
ALtATOIRE SIMPLE DE
5 GRAPPES DE RAISINS

I-------------- -----------------

COLLECTE
DES DONNtES :

COMPTER TOUS LES FRUITS COMMERCIALISABLES SUR
TOUTES LES UNITtS CHOISIES (BRANCHES DE
GRIOTTIERS, prCHERS, GRAPPES DE RAISINS)
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etaient completes et precises et qu'elles contenaient suffisamment de

renseignements pour constituer la base de sondage des enquAtes sur les fruits

tendres. Par consequent, nous util iserons dorenavant, pour les enquAtes sur

Ie rendement en p~ches, en griottes et en raisins, trois Bchantil10ns

independants tires des listes du recensement mene par Ie MAAOen 1981.

Les trois enquAtes ont pour objet de prevoir la quantite totale de fruits

effectivement vendue (pour la vente fraiche ou la transformation). Nous

etablissons ces previsions en estimant Ie rapport entre Ie nombre de fruits

destines a la vente pour l' annee courante et Ie total correspondant pour

l' annee precedente et appliquons Ie ratio obtenu a la quantite de fruits, en

tonnes, effectivement vendue l' annee precedente (donnee fournie par Ie comite

de la statistique sur les fruits et les legumes de l'Ontario). Ainsi, nous

supposons qu'il y a une correlation import ante entre Ie poids des fruits et Ie

nombre de fruits. E:tant donne l' Bcart temporel entre les enquAtes et la

recolte, nous supposons en outre que toute perte de fruits entre ces deux

evenements est constante d'une annee a l'autre.

2. VUE ~~RAlE (lJ PLAN D'~CHANTIllONNAGE

Les echant illons des trois enqu~tes sur Ie rendement prevu ont ete tires de

fac;on independante, conformement a un plan d' echantillonnage strati fie (selon

les aires geographiques), presque completement autopondere (tous les arbres et

toutes les vignes ont a peu pres la mAmechance d' Atre choisis), a plusieurs
degres, avec echantillons repetes et avec p.p.L (les fermes de mAmeque les

vergers et les vignobles sont choisis selon une probabilite proportionnelle a
leur taille). Un schema du plan d'echantillonnage est presente a la

figure 1. II est a noter que, comme les variables de ponderation sont

recueillies a des moments di fferents, Ie plan d' echantillonnage n' est pas

parfaitement autopondere.
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REMANIEMENT DE L'ENQU£TE SUR LE RENDEMENT PR~VU EN FRUITS TENDRES

DANS LA PrNINSULE DE NIAGARA

J. Kovar 1

Des enqu~tes sur Ie rendement prevu en p~ches, en griottes (cerises
acides) et en raisins sont menees chaque annee, depuis 1964, dans la
peninsule de Niagara; elles servent a prevoir l'amplitude des varia-
tions, d' une annee a 1I autre, dans la production de fruits destines
a la vente. II est essentiel d'etablir a temps les estimations afin
de permettre a I' Office de commercialisation des fruits tendres de
l'Ontario et ~ l'Office de commercialisation des raisins de
l'Ontario de dresser leurs plans de commercialisation bien avant la
recolte. Dans Ie present rapport, nous expliquons les pr incipales
modi fications apportees a 1I enqu~te par suite du deuxieme reman ie-
ment effectue en 1982. Nous examinons plus particulierement Ie plan
d'echantillonnage, la collecte des donnees et les formules d'estima-
tion.

1. INTRODUCTION

Lors du premier remaniement, en 1974, il avait ete decide de changer la base

de sandage de l' enqu~te, soit de se fonder sur des aires geographiques plub~t

que sur une liste, principalement parce qu'on ne disposait d'aucune liste

complete des fruiticulteurs commerciaux dans la peninsule de Niagara.

Toutefois, en 1981, Ie ministere de l'Agriculture et de l'Alimentation de

l'Ontario (MAAO)a fait Ie recensement des fruiticulteurs (arbres fruitiers et

vignes) • Avec les donnees ainsi obtenues, nous pouvons remanier 1I enqu~te
pour la deuxieme fois afin de tenir compte des changements survenus dans

l'industrie au cours des huit dernieres annees. Suite a des entretiens avec

Ie MAAO, il a ete decide que les listes du recensement des frui ticul teurs

1 J. Kovar, Division des methodes d I enqu~tes-entrepr ises,
Canada. Ce travail a ete fait lorsque 1I auteur etait a
des methodes d' enqu~te-institutions et agriculture,
Canada.

Statistique
la Division
Statistique
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Tableau 1

Mois Occupe

a) 0 1 2 3 4 5 6

6 52.23 3.22 1.93 2.21 2.45 3.55 34.41

5 51 .48 3.04 2.17 3.36 4.22 35.73
Mois ou les donnees
sont presentes 4 49.26 4.15 3.16 4.83 38.60

3 46.31 6.18 5.62 41.89

2 51.40 8.32 40.28

1 52.87 47.13

Mois en ChClmage

b) 0 1 2 3 4 5 6

6 92 .43 3.63 1.65 0.93 0.57 0.43 0.35

5 91.23 4.46 2.08 1.13 0.72 0.38
Mois ou les donnees
sont presentes 4 89.28 5.76 2.17 1.43 1.36

3 89.00 6.42 2.81 1.77

2 91.33 6.01 2.66

1 91.43 8.57
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Ie but d'estimer des flux bruts entre les categories de la population active

serait certainement differente de l'enquete sur la population active. Ainsi,

les donnees longi tudinales de l' enqu~te ne sont pas ideales pour les estima-

tions des flux bruts. Les donnees, cependant, sont disponibles, et si elles

peuvent etre utilisees pour fournir des estimations raisonnables des flux

bruts, alors on produit des renseignements supplementaires utiles ~ un coat

relativement peu eleve.
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n'utilise que les renseignements des individus qui ont repondu les deux mois.

II y a egalement des renseignements disponibles des individus qui n'ont repon-

du qu'un seul de ces deux mois. Stasny (1983) presente une methode d'estima-

tion des flux bruts d'un mois a l'autre qui emploie les renseignements dispo-

nibles des individus qui ont repondu seulement un de ces deux mois et qui peut

~tre utilisee lorsque la non-reponse est reliee au temps ou au statut d'acti-

vite. Dans cette methode, nous considerons les donnees de flux bruts observes

comme Ie resultat final d'un processus a deux etapes. Dans la premiere 8tape

du processus, que nous n'avons pas l'occasion d'observer, les individus sont

distribues entre les 16 cellules de la matrice des flux bruts conformement a
un schema d'echantillonnage multinomial simple. Ensuite, dans la deuxieme

etape, chaque individu possede une probabilite quelconque de perdre son statut

d'activite soit dans Ie mois t-1 ou dans Ie mois t. On peut etablir Ie modele

de la probabilite de perdre Ie statut d'activite d'un mois selon Ie mois, ou

Ie statut d'activite, ou les deux. Les estimations de probabilite maximale

pour les parametres de la distribution multinomiale de la premiere etape et

les probabilite de perdre Ie statut d'un mois sont obtenues au moyen de metho-

des iteratives.

Lorsqu' on a applique ces modeles aux donnees de l'enquete sur la population

active provenant d'un seul panel, Stasny (1983) a trouve que Ie modele oD la

probabilite de perdre Ie statut d'activite d'un mois depend du statut d'acti-

vite correspond raisonnablement aux donnees pour toutes les matrices de flux

bruts a l'exception de la matrice des mois 1-2. Pour les donnees du mois 1 au

mois 2, la probabilite de la perte du statut d'activite d'un mois semble

dependre du mois. Ceci peut Mre dO au fait qu'il y a un taux de non-reponse

plus eleve Ie premier mois qu'un panel est insere dans l'enqu~te. Nous

croyons qu'il vaudrait la peine d'appliquer ce genre de modele a des donnees

supplement aires de l'enqu~te sur la population active pour verifier si l'on

obtient des resultats sembI abIes avec d'autres panels.

11 est clair que Ie probleme d'obtenir de bonnes estimations des flux bruts

a partir des donnees de l'enqu~te sur la population active n'est pas un pro-

bleme simple. L'enqu~te est organisee pour fournir des donnees pour la pro-

duction des estimations mensuelles de l'activite sur Ie marche du travail, et

non des estimations des flux bruts. Une enqu~te organisee specifiquement dans
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Considerons les probabilites sous-jacentes aux pourcentages observes presentes

dans la partie a) du tableau 1. Soit

1Ti = la probabilite qu'un individu soit Occupe pendant i de 6

mois pour i = 0,1,.•• 6.

En postulant que la non-reponse se produit au hasard, les probabilites corres-

pondant a la premiere colonne de ce tableau peuvent s'ecrire:

P (qu'on observe 0 mois Occupe sur 6-k mois de reponse)

k 6
= E 1Tj/ ( j ), pour k = 0,1, ••• 5.
j=1

(13)

A noter que ces probabilites augmentent de la premiere ~ la derniere ligne de

la colonne.

De m~me, on peut montrer que, si les donnees manquent au hasard, alors les

probabilites sous-jacentes doivent augmenter de fa90n descendante dans chaque

colonne dans les deux tableaux. La premiere colonne de chaque tableau devie

de ce comportement de fa90n tres nette. Dans les deux cas, les pourcentages

observes diminuent tout au long des quatre premieres lignes du tableau et aug-

mentent dans les deux dernieres. II ne semble pas probable que les variations

d'echantillonnage par elles-m~mes puissent etre responsables d'un tel compor-

tement dans les deux tableaux. Par consequent, il semble bien que la non-

reponse ne se produise pas au hasard.

Bien entendu, cette alalyse n'est basee que sur un seul panel des donnees de

l'enqu~te sur la population active. Cependant, dans une etude plus considera-

ble utilisant des donnees de 1980 et 1981, Paul et Lawes (1982) ont egalement

trouve des preuves d'une relation entre Ie statut d'activite et la non-

reponse. Par consequent, il est necessaire d'envisager des methodes d'estima-

tion des flux bruts qui ne necessitent pas Ie postulat que la non-reponse se

produit au hasard.

La methode que propose Statistique Canada pour l'estimation des flux bruts
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et a l'ext~rieur de celle-ci. Une autre possibilit~ qui devrait etre prise en

consid~ration est l'~limination des poids mensuels aux fins de l'estimation

des flux bruts, et Ie calcuI d'un poids longitudinal pour chaque individu

inclus dans l'~chantillon de l'enqu8te sur la population active dans l'un ou

l'autre des deux mois.

En tant que statisticiens, nous acceptons facilement des estimations des flux

bruts dont les totaux marginaux ne correspondent pas aux totaux de l'activit~

sur Ie march~ du travail publi~s mensuellement; cependant, nous sommes con-

scients des problemes qui pourraient etre soulev~s si on publiait des estima-

tions des flux bruts non convergentes avec les totaux mensuels. N~anmoins, on

ne devrait pas postuler automatiquement que les estimations mensuelles sont

justes et que Ie probleme se situe miquement dans les estimations des flux

bruts. Comme nous l'avons ~ot~ dans la section 3.5, la matrice des flux bruts

est corrig~e pour tenir compte des erreurs de classification. Les estimations

mensuelles, cependant, ne sont pas corrig~es pour Ie biais d'erreur de classi-

fication. En cons~quence, lorsque l'ajustement proportionnel it~ratifest

utilis~ pour corriger la matrice des flux bruts pour la faire correspondre aux

totaux mensuels, on change la matrice pour la faire converger avec des valeurs

biais~es. Nous croyons qu'il serait plus appropri~ de faire face au probleme

des erreurs de classification du statut d'activit~ dans les donn~es mensuelles

l~ oD elles se produisent plutet qu'uniquement dans les estimations des flux

bruts.

5. NON-R~PONSE ET ESHMA HON OCS FLUX BRUTS

La m~thode propos~e par Statistique Canada d'estimation des flux bruts corrige

la non-r~ponse en ajustant les poids des r~pondants en fonction de l'~chantil-

Ion. Cette m~thode de traitement de la non-r~ponse est correcte si les don-

n~es manquantes sont distribu~es au hasard (voir Rubin, 1976). Pour explorer

Ie postulat de la r~partition au hasard de la non-r~ponse, nous avons utilis~

un fichier longitudinal pour m seul panel pour produire les donn~es du ta-

bleau 1. Ce tableau indique les pourcentages non pond~r~s des individus in-

terview~s occup~s au en chdmage entre 0 a 6 mois selon Ie nombre de mois oD

ils ont r~pondu a l'enquete.
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active n' est pas conl;ue pour l' estimation de nombres de per sannes aI' exte-

rieur de la population etudiee.Si nous voulons obtenir des estimations raison-

nables pour les cellules d' entree et de sortie de la matr ice, il peut devenir

necessaire d'inclure des individus de l'exterieur de la population etudiee

dans l'echantillon de l'enqu~te sur la population active au d'utiliser un

echantillon special supplementaire.

Dans la section 4.3, nous avons vu que les surestimations des cellules d'en-

tree et de sortie pouvaient resulter de mouvements des indi vidus entre une

strate dont la population a augmente et une autre dont la population a dimi-

nue. Le fait que ce sont les mouvements entre les strates qui ant cause les

problemes resulte des postulats simplificateurs qui ant ete poses. Nous avons

postule que l' echantillon final a ete choisi au hasard aI' interieur de chaque

strate. Par consequent, les poids attribues aux individus inclus dans 1 'e-
chantillon provenant d' une m~me strate etaient egaux. Si, a la place, nous

avions suppose que les strates avaient ete di visees en grappes et que les

echantillons aleatoires d'individus avaient ete choisis dans ces grappes,

alors taus les individus inclus dans l'echantillon provenant d'une m~megrappe

se seraient vu attribuer Ie meme poids et la surestimation aurait ete produite

par les mouvements entre les grappes.

Pour carriger cette surestimation et les sous-estimations correspondantes,

direetement lorsque les echantillons finals sont choisis au hasard de l' inte-

rieur des strates, nous aurions besoin d' estimations du nombre de sujets qui

se sont deplaces entre chaque paire de strates lorsque la population d' une

strate a augmente et que celIe d' une autre a diminue. Si les echantillons

finals sont choisis au hasard aI' interieur de grappes, des estimations sem-

blables seraient necessaires pour chaque paire de grappes. Ceci exige une

quantite considerable de renseignements. Une complication supplementaire est

que, en pratique, les corrections proportionnelles appliquees aux poids ren-

dent possible l' attr ibution de poids di fferents aux divers membres d' un meme

menage.

Commeil a ete suggere plus t8t, si des individus a l'exterieur de la popula-

tion etudiee etaient inclus dans l'echantillon, nous pourrions obtenir direc-

tement des estimations des mouvements aI' interieur de la population etudiee
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Finalement, nous notons que dans la matrice des flux bruts 2x2 presentee ci-

haut la cellule Dans-la-population ~ Dans-la-population doit contenir une

sous-estimation egale a la surest imat ion de la cellule de sortie. Quelle que

soit la taille de cette surestimation, elle est etalee sur les neuf cellules

Dans-Ia-population a Dans-la-population de la matrice des flux bruts 4x4. De

plus, la taille de la surestimation est petite en comparaison avec la taille

totale des neuf cellules Dans-la-population.

4.4 Commentaires sur la methode dlestimation des flux bruts proposee

Les resultats decrits dans les deux sous-sections precedentes illustrent des

problemes de la methode proposee pour Ie traitement des differences des poids

entre les mois aux fins de l' estimat ion des flux bruts. Ces resul tats ne

constituent pas une surprise pour les chercheurs de Statistique Canada. Gr~ce

a leur experience des methodes et des donnees de l' enqu~te sur la population

active, ils savaient que les mouvements des individus ~ l'interieur de la po-

pulation pourraient expliquer une partie de la surestimation des cellules

d'entree et de sortie de la matrice des flux bruts. Les resultats obtenus en

basant Ie processus sur U1 modele confirment cette 0plnlon et precisent dans

quelle mesure les mouvements des individus influencent les estimations. De

plus, l'etablissement du modele a fait surgir un probleme dont Statistique

Canada n'etait pas conscient: la sous-estimation compensatoire etalee a
travers les neuf cellules Dans-la-population a Dans-la-population de la

matrice des flux bruts.

Dans la section 4.2, nous avons vu que les augmentations nettes des strates

sont attr ibuees aux cellules d I entree alors que les diminutions nettes sont

attribuees aux cellules de sortie en fonction des fractions des individus ob-

serves classes comme Occupes, Ch6meurs et Inacti fs au cours du mois t et du

mois t-1 respectivement. Cette technique d'estimation des entrees et des sor-

ties n'est valide que si les individus qui entrent dans la population etudiee

et qui en sortent constituent un echantillon aleatoire des individus et, par

consequent, sont "identiques" aux individus qui demeurent aI' interieur de la

population en question. Les indi vidus inclus dans 11echant ilIon qui sont

classes comme Hors-de-la-population etudiee apparaissent dans l' echantillon

accidentellement plut~t qu'intentionnellement; llenquete sur la population
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= mO A - mA 0 + mO B - mB 0 + mC A - mA C + mC B - mB C., , , , , , , ,

A noter que les mouvements entre les strates A et B s'annulent, mais que les

termes indiquant les mouvements entre les strates A et C et les strates B et C

demeurent dans la somme.

En general, les cellules d'entree contiennent des termes supplementaires de

forme mv,u - mu,v pour chaque strate v qui a perdu des sujets alors que la

strate u a gagne des sujets. De m~me, la cellule de sortie contient des ter-

mes supplementaires de forme mx,y - my,x pour chaque strate y qui a augmen-

te alors que la strate x a perdu des sujets.

Dans la cellule d'entree, la quantite L ~ (m - m ) pour chaque strate su.•..s U,s s,u

qui a gagne des sujets entre les mois t-1 et t sera positive, bien que chaque

terme distinct de la somme ne soit pas necessairement positif. Si

(12)

alors la contribution a la strate s est superieure a l'entree dans la strate s

en provenance de l'exterieur de la population etudiee. Cet excedent provient

des termes de forme mu,v - mv,u comme decrit ci-haut. C'est-a-dire que la

surestimation est due a des mouvements entre les strates a l'interieur de la

population. On obtient un resultat sembI able pour la cellule Dans-la-

population a Hors-de-la-population de la matrice.

Les analystes de Statistique Canada signalent que la methode qu'ils ant propo-

see pour Ie traitement des differences de poids entre les mois semble produire

des surestimations des cellules d'entree et de sortie de la matrice des flux

bruts. Bien qu'ils soient bases sur des postulats simplificateurs, nos resul-

tats indiquent une explication possible pour cette surestimation, qui peut

~tre imputable a des mouvements a l'interieur de la population etudiee.
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est trouvee de la meme fac;on. Ainsi, la matr ice des flux bruts 2x2 se presen

te comme suit

Mois t

Dans-la-population Hors-de-la-population

Mois
t-1

Dans-la-
population

Hors-de-la

population

~ {Nf+min[0, I: (mu s-ms u)]}
S
I: max[O,I: (mu s-ms u)]

s=1 u*s" s=1 u*s"

S
max[0, I: (mu s - ms u)]I: 0

s=1 u*s' ,

S s
I: Nt-1
s=1

pourI: (m - m )u*s u,s s,u

chaque strate s qui a augmente a la suite de mouvements entre les strates et

en provenance de I' exter ieur de la population etudiee. La somme

I: -4- (m - m ) inclut la quantite m - m mais elle peut egalement
UrS u,s s,u D,s s,O

Considerons la quantite qui se trouve dans la cellule entree de cette matrice

des flux bruts. Cette cellule devrait contenir l' augmentation nette de la

population qui de la population qui provient de l'exterieur de la population

etudiee, mO - m , pour chaque strate qui a rec;u des sujets de l' exterieur,s s,O

de la population. Ce que cette cellule contient est

contenir d'autres termes.

Par exemple, supposons que la population est constituee de trois strates appe-

lees A, B et C. Si les strates A et B ont augmente entre Ie mois t-1 et Ie

mois t, et que la strate C a perdu des sujets, alors la cellule d' entree con-

tient
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(7)

Les poids attribues aux individus dans la strate s dans les mois t-1 et t res-

pectivement sont

s
Wt-1

s s s= Nt-1 / rt-1,t et Wt (8)

rtant donne que nous nous attachons dans cette section au mouvement d'entree

dans la population etudiee et de sortie de celle-ci, il n'est pas necessaire

pour nous de diviser les membres de la population etudiee entre Occupes, Ch~-

meurs et Inactifs. Ainsi, la matrice des flux bruts utilisee ici est une ma-

trice 2 x 2 formee par la sommation des trois premieres lignes et des trois

premieres colonnes de la matrice des flux bruts 4x4 utilisee dans la sous-

section precedente.

L'entree pour la strate s dans la cellule Dans-la-population a Dans-la-

population est de

= N~_1 + min[O,E (mu s - ms,u)].
u*s '

(9)

La valeur de la strate s dans la cellule Hors-de-la-population a Dans-la-

population, au entree est

max(O,W~ W~-1)r~_1,t = max[O,E (mu,s
u*s

= max[O,E (mu s - ms u)].
u*s ' ,

(10)

La valeur de la cellule Dans-la-population a Hors-de-la-population, au sortie
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taille des strates peut produire des estimations biaisees des cellules

d'entree et de sortie de la matrice des flux bruts.

4.3 Effets des mouvements entre les strates

Les poids utilises aux fins de l'estimation des flux bruts figurant dans l'ex-

pression (3) sont determines par Ie nombre de repondants des deux mois t-1 et

t, une quantite qui demeure constante pour les deux mois, et par la population

des strates. La population d'une strate change si a) des individus y entrent

venant de l'exterieur de la population etudiee, comme lorsque les gens attei-

gnent leur quinzieme annee ou quittent les Forces armees a plein temps, b) des

individus sortent de la population etudiee, comme lorsqt,J'ilsentrent dans les

Forces armees ou une institution, ou c) des individus de la population etudiee

changent de strate. La presente sous-section decrit les effets de ces change-

ments de la taille de la population sur les valeurs de la matrice des flux

bruts.

Comme dans la sous-section precedente, nous supposons que la population etu-

diee est divisee en 5 strates. Encore une fois, les individus de l'echantil-

Ion sont tires au hasard de chaque strate chaque mois, sont interv iewes six

mois consecuti~ et sont ensuite retires de l'echantillon.Soit r~-1,t, comme

auparavant, Ie nombre d'individus de la strate s qui sont interviewes dans les

deux mois t-1 et t.

Ensuite, nous supposons qu'il y a N~_1

du mois t-1. Indiquons les mouvements

entre les mois t-1 et t par:

indi vidus dans la strate s au cours

vers cette strate et hors de celle-ci

mu,v = nombre d'individus qui passent de u a v, u '" v, entre les en-

trevues pour les mois t-1, et t ou u et v peuvent prendre les

valeurs

s = strate s pour s = 1,2, ••• 5 et

H = hors de la population etudiee.

En employant cette notation, la population de la strate s dans Ie mois test
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A noter que chaque terme de la somme des neuf cellules de sujets dans la

population active (les cellules qui indiquent les flux bruts entre Occup~s,

Ch6meurs, et 1nactifs) est Ie produit de la taille nette de la strate et de la

fraction observ~e des sujets qui avaient les diverses classi fications de la

population active dans les mois t-1 et t. La cellule Hors-de-la-population

vers Occup~s de la matr ice des flux bruts contient la somme des termes de

chaque strate qui a augmente entre Ie mois t-1 et Ie mois t. Chaque terme est

Ie produit de l'augmentation nette de la taille de la strate et de la fraction

des sujets de la strate qui se sont declares Occupes Ie mois t. Les cellules

Hors-de-la-population a Ch~meurs et a 1nactifs contiennent les sommes de

termes semblables sauf que l'augmentation nette de la taille de chaque strate

est multipliee par la fraction des sujets de la strate qui etaient Chfimeurs ou

1nactifs respectivement Ie mois t. En d'autres mots, l'augmentation nette de

la taille de chaque strate est attribuee proportionnellement aux trois

cellules d'entree de la matrice des flux bruts sur la base des fractions

observees des Occupes, des Ch~meurs et des 1nacti fs au cours du mois t. De

m~me, la diminution nette de la taille de chaque strate qui a diminue entre

les mois t-1 et test attribuee proportionnellement aux cellules de sortie de

la matrice sur la base des fractions observees des Occupes, des Ch6meurs et

des 1nactifs au cours du mois t-1.

Dans ce modele, nous avons postule que la seule fac;on pour des

chiffres d'appara!tre dans les cellules d'entree et de sortie est une

difference de poids. En pratique, un petit nombre d'individus qui entrent et

sortent de la population etudiee apparaissent dans I'~chantillon et les poids

qui leur sont attribues sont ajoutes aux cellules d'entree et de sortie

appropriees. L'effet de ces individus sur les estimations est tres petit.

. s s s s s s
Les fractlOns f+0, f+C, f+1, fO+, fC+ et f1+ sont estimees en utilisant les

individus qui apparaissent dans l'echantillon au cours des deux mois. Presque

tous les individus classes, par exemple comme HO, ne pourraient pas etre

repondants dans les deux mois parce qu'ils n'ont pas ete choisis comme sujet a
cause du plan ou parce qu'ils ont demenage. Ainsi, les gens qui n'auraient pu

etre repondants les deux mois sont representees par des individus qui ont ete

repondants ces deux mois. Dans la mesure ou ces groupes sont differents,

l'allocation proportionnelle des augmentations et des diminutions nettes de la
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s s s s
= max(O,Nt - Nt-1) non / rt-1,t.

Les differences des individus tombant dans les cellules CO et 10 contribueront

egalement a la cellule HO. Ainsi, la contribution totale de la cellule HO de

la strate est:

(6)

ou ~O = fraction de tous les individus de la strate s, interviewes dans

dans les deux mois t-1 et t, qui etaient occupes dans Ie mois t.

On obtient les totaux de toutes les cellules de la matrice des flux bruts de

fa90n semblable. La matrice des flux bruts qui en resulte est la suivante:

Matrice des flux bruts - MJis t-1 a mois t

MJis t

o C I H

MJis

t - 1

o

C

I

H

s s s s S s s s S s s s S s s s
L min(N ,N)f L min(N ,N)f L min(N ,N)f L max(O,N ~)f
8=1 t-1 t m s=1 t-1 t OC s=1 t-1 t or 8=1 t-1 t 0+-

S s s s S s s s S s s s S s s s
L min(N ,N)f L min(N ,N)f L min(N ,N)f L max(O,N ~)f
8=1 t-1 t m s=1 t-1 t cc s=1 t-1 t CI s=1 t-1 t C+

S s s s S s s s S s s S s s s
L min(N ,N)f L min(N ,N)f L min(N ,N)f L max(O,N ~)f
s=1 t-1 t 10 s=1 t-1 t Ie 8=1 t-1 t IH s=1 t-1 t 1+

S s s s S s s s S s s s
L max(O,N~ )f L max(O,N~ )f L max(O,N~ )f 0
8=1 t t-1 ;() s=1 t t-1 +C 8=1 t t-1 +1

s s s
L N f
8=1 t-1 0;.

s s s
EN f
s=1 t-1 C+

s s s
EN f
8=1 t-1 1+

s s s
L N f
s=1 t -+0

s s s
L N f
s=1 t +C

s s s
LNf
s=1 t +1
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= NS / st rt_1,t. (3)

Aussi longtemps que ces mouvements entre les strates et la selection des grou-

pes constants sont des "processus aleatoires", ces poids representent l'inver-

se de la probabilite qu'un individu a l'interieur d'une strate soit interviewe

dans les deux mois t-1 et t. ttant donne que tous les individus a l'interieur

d'une strate ont Ie m~me poids un mois donne, on peut utiliser des agregats

pour chaque strate. Par consequent, nous definissons:

nombre d'individus inclus dans l'echantillon de la strate s clas-

see dans la categorie d'activite i au mois t-1 et a la categorie j

au mois t pour i,j = O,C,I,H.

La methodologie proposee par Statistique Canada exige que Ie minimum des

poids des mois t-1 et t de chaque individu soit ajoute a la cellule appro-

priee dans la matrice des flux bruts. Cette di fference est ajoutee a la cel-

lule d I entree appropriee si Ie poids dumois t est superieur au poids du mois

t-1 et a la cellule de sortie appropriee dans Ie cas contraire. Ainsi, par

exemple, l'entree de la strate s dans la cellule 00 (occupes a occupes) de la

matrice des flux bruts est:

min(Wf_1,Wf)nBo min [Nf-1 / rf-1,t), (Nf / rf-1 ,t )]
s= nOD

min (Nf-1' Nf)
s

/rf-1,t= NOD

min ( s s s= Nt-1' Nt) fOO (4)

ou s
fOO = fraction de tous les individus de la strate s, inter-

viewes les deux mois t-1 et t, qui etaient Occupes ces

deux mois.

La contribution de la strate s a la cellule HO de la matrice des individus oc-

cupes dans Ie mois test:

max(O,Wf - Wf_1) nOD = max[O,(Nf - Nf-1 / rf-1,t)] nOD (5)
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ltant donne que Ie plan de l' enqu~te sur la population active est plutdt com-

plexe, nous commenc;ons avec une serie de postulats simplificateurs. Dans

notre modele, nous postulons que:

1. on choisit un echantillon strati fie a un seul degre

2. il n'y a pas d'erreur de reponse et

3. les non-reponses ne se produisent que parce que des indi vidus au hasard

changent de strates ou ~ cause de leur insertion ou de leur retrait de

l'echantillon.

4.2 Attribution des changements nets de population aux cellules d'entree et et

sortie

Supposons que la population etudiee est divisee en S strates identifiees par s

= 1,2, ••• S. Soit

sNk = taille de la population dans la strate s au mois k.

Chaque mois, un echantillon aleatoire simple est choisi de chaque strate pour

l'enqu~te et les individus choisis sont interviewes six mois consecutifs avant

d'etre retires de l'echantillon. Notre but est d'estimer les flux bruts entre

Ie mois t-1 et Ie mois t.

Aux fins de l'estimation des flux bruts, seuls les individus qui sont inter-

viewes dans les deux mois t-1 et t seront utilises. Ceci exclut les individus

qui sont in seres dans l' echantillon ou retires de celui-ci et les personnes

qui passent d'une strate a l'autre. Soit

rf-1,t = Ie nombre d'individus inclus dans l'echantillon de la strate

s interviewee dans les mois t-1 et t.

Chacun des rf-1,t repondants de la strate s rec;oit les poids suivants dans

les mois t-1 et t respectivement aux fins de l' estimation des flux bruts:
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d'une etape a l'autre.

Des veri fications a Statistique Canada ant montre que les changements de cel-

lules resultant de l'application de la remise a l'echelle proportionnelle ite-

rative etaient petits en valeur absolue et en valeur relative et se situaient

generalement a l'interieur des limites de variation de 1'echanti11on associees

aux ce11ules. Ceci laisse croire que la correction pour la convergence ne

biaise pas serieusement les estimations des flux bruts.

3.5 Correction du biais d'erreur de classification

La methode proposee par Statistique Canada pour l' estimation des flux bruts

comprend egalement me etape de correction du bia.is d' erreur de classi fica-

tion. Il s'agit du biais qui resulte de la mauvaise attribution du statut

d'activite d'un individu. Une technique mise au point par Fred Wong (1983) a
Statistique Canada utilise les donnees d' une nouvelle entrevue pour carriger

Ie biais d'erreur de classification.

4. CONSrQUENCE OC LA ~THODE PROPOSrE PAR STATISTIQUE CANADA

4.1 Les modeles des flux bruts

Chaque Hape de la methode proposee par Statistique Canada decrite dans la

section precedente constitue me tentative logique de carriger des prob1emes

concernant 1a production d'estimations va1ides des flux bruts. On ne connalt

pas exactement, cependant, l'effet des diverses corrections sur les estima-

tions finales de la matrice des flux bruts. Pour mieux comprendre la proposi-

tion de Statistique Canada de traiter les differences de poids comme etant at-

tribuables aux entrees dans la population etudiee et aux sorties de celle-ci,

nous exposerons dans la presente section un modele du processus de flux

bruts. Notre discussion se centrera sur les valeurs des ce11ules d'entree et

de sortie de la matrice des flux bruts estimes, etant donne que les problemes

affectant la methode proposee par Statistique Canada semblent se produire

dans ces ce11ules.
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proportionnellement de far;on que les entrees et les sorties totales indiquees

dans la matrice des flux bruts soient egales aux estimations du recensement

des entrees et des sorties respectivement.

Soit I l'estimation independante du recensement des entrees dans la population

etudiee et F les estimations du recensement des sorties de cette population.

Appelons la somme des entrees estimees XH+ = XHO + XHC + XHI et la

somme des sorties estimees X+H = XOH + XCH + XIH' Les entrees ajus-

tees proportionnellement sont

pour j = 0,C, 1. (1)

Les sorties ajustees proportionnellement sont

po ur j = 0, C, 1. (2)

3.4 Convergence des estimations des flux bruts avec les totalisations

mensuelles

Statistique Canada aimerait que les estimations des flux bruts convergent avec

les estimations mensuelles publiees des taux d'activite totaux. Ainsi, les

totaux des lignes de la matrice des flux bruts doivent ~tre les estimations du

taux d'activite du mois t-1 et les totaux des colonnes doivent etre les esti-

mations ponctuelles du mois t. Les totaux marginaux de la matrice des flux

bruts etablis comme on l'a decrit ci-haut ne convergent pas avec les totaux

mensuels de la population active.

Statistique Canada aI' intention d'utiliser la methode de remise aI' echelle

proportionnelle iterative, originellement proposee par Deming et Stephan

(1940) et decrite en detail par Bishop, Fienberg et Holland (1975), pour cor-

riger la matrice des flux bruts en fonction des totaux mensuels de la popula-

tion active. Lorsqu'elle est utilisee pour corriger la matrice des flux

bruts, la remise a l'echelle proportionnelle iterative successivement 1) ajus-

te les lignes de la matrice a la somme des estimations t-1 et ensuite 2)

ajuste les colonnes a la somme des estimations du mois t. On repete les

etapes 1) et 2) jusqu'a ce que les donnees de la matr ice ne changent pas
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difference, W
t
. - Wt 1 . , est ajoutee a la cellule HO, etant donne qu'on
,1 - ,1

estimerait que ces cinq personnes se trouvaient en dehors de la population

etudiee au cours du mois t-1 et se sont ajoutees a la population comme person-

nes occupees au cours du mois t.

Si, par ailleurs, l'individu est Occupe les deux mois, mais que Wt 1 .
- ,1

= 305

et que Wt . = 300, alors on ajoute encore me fois Ie 300 a la cellule 00 mais
,1

Ie poids supplementaire de 5 est ajoute a la cellule OH. lei, la difference

entre les poids represente 5 persannes qui etaient Occupees au cours du mois

t-1 et qui sont sorties CHars) de la population etudiee au cours du mois t.

Un individu classe comme Hors de la population etudiee dans Ie mois t-1 et qui

est ensuite, disons, Occupe dans Ie mois t, aura un Wt 1 . = O. Si Wt . = 300
- ,1 ,1

alors on ajoute 300 a la cellule HO. Les individus classes comme Hors-de-la

population etudiee au cours du mois t sont traites de la meme fa<;on, en ajou-

tant Wt 1 . a la cellule appropriee dans la derniere colonne de la matrice des
- ,1

flux bruts.

Parce que les persannes Hors de la population etudiee se voient attribuer un

poids zero, une personne classee ainsi dans les deux mois t-1 et t auraient

done Wt 1 . = 0 et Wt . = O. Par consequent, xHH, la valeur de la cellule
- ,1 ,1

HH de la matrice des flux bruts doit toujours etre de zero.

3.3 Correction des cellules d'entree et de sortie

L'addition des differences des poids aux cellules d'entree et de sortie de la

matrice des flux bruts fournit une methode de traitement des changements des

poids bases sur l'echantillon d I un mois aI' autre et fournit des estimations

des entrees dans la population etudiee et des sorties de celle-ci. Des esti-

mations independantes des entrees et des sorties, disponibles a partir des

donnees du recensement, laissent croire que cette methode surestime la valeur

reel Ie des mouvements dans et hors de la population etudiee. Ainsi,

Statistique Canada a l'intention d'ajuster les XHO' XHC' XHl' XOH'

XCH' et XlH dans la matrice des flux bruts. Ces cellules seront corrigees
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non-reponse d'un mois a l'autre. Statistique Canada propose de reponderer les

fichiers des individus qui ant repondu dans les deux mois t-1 et t pour com-

penser pour cette non-reponse supplementaire.

Lorsque la reponderation sera terminee, Statistique Canada aura en main un fi-

chier de donnees uniques comprenant des renseignements provenant de toutes les

persannes qui ant repondu deux mois consecuti fs. Ce fichier contiendra des

renseignements geographiques et demographiques pour chaque individu ainsi que

Ie statut d'activite de 1I individu et la ponderation qui lui est attribuee

pour les mois t-1 et t.

3.2 Differences de poids

Comme nous l'avons note dans la section 2.3, Ie poids attribue a un individu

peut changer d'un mois a l'autre a cause de la technique de rotation utilisee,

de la non-reponse et des changements dans la taille de la population etudiee.

M8me lorsque Ie facteur de correction pour la non-reponse est calcule sur les

donnees d'un mois a l'autre, il peut encore arriver, pour un individu quelcon-

que i, que Wt 1 . "* Wt . • Si l'on veut utiliser les donnees pour estimer
- ,1 ,1

les flux bruts, il est essentiel d'avoir une methode pour traiter cette diffe-

rence de ponderation.

Statistique Canada propose de resoudre ce dilemme en postulant que les diffe-

rences entre les deux poids ne se produisent que comme result at des entrees et

des sorties de la population etudiee. Ainsi, les differences des poids sont

ajoutees a la cellule appropriee soit dans la derniere rangee au la derniere

colonne de la matrice des flux bruts. Cette procedure est fortement dependan-

te de l'interpretation des poids suggeres a la section 2.3, c'est-8-dire que

1I individu i de l'echantillon represente Wt,i persannes de la population au

cours du mois t.

Pour illustrer cette procedure, supposons qu'un individu soit classe comme Oc-

cupe dans les mois t-1 et t, mais que Wt 1 . = 300 et Wt. = 305. Le poids
- ,1 ,1

minimum, 300, est ajoute a la cellule 00 du tableau des flux bruts. Cette
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4x4 comme ci-dessous:

Statut d'activite pour Ie mois t

o C I H

Statut 0 XOO XOC XOI XOH
d' activ ite

pour Ie mois t-1 C XCO XCC XCI XCH

I XIO XIC XII X1H

H XHO XHC XHI XHH

ou: 0 = Occupe

C = CMmeur

I = Inacti f

H = Hors de la population etudiee, et
X.. = nombre estime de personnes ayant Ie statut d' acti-lJ

tivite i dans Ie mois t-1 et Ie statut j dans

Ie mois t.

On peut utiliser les dossiers finals de l'enqu~te sur la population active

pour deux mois consecuti fs pour obtenir les donnees d' estimation des flux

bruts de la matr ice 4x4. Pour utiliser ces donnees pour la production des

estimations des flux bruts, Statistique Canada do it apparier les dossiers

individuels extraits des deux fichiers mensuels consecutifs a l'aide des

numeros d'identification personnels attribues aux individus enquetes pour la

duree de leur passage dans l'enquete.

Un indi vidu present dans Ie fichier des donnees dans m mois donne peut etre

absent du fichier dans un autre mois a cause de son insertion dans l'echantil-

Ion ou de son retrai t de celui-ci ou pour avoir demenage, avoir ete absent de

la maison ou avoir refuse de repondre. La ponderation de l'echantillon decri-

te dans la section 2.4 comprend me correction pour la non-reponse chaque

mois. Dans Ie traitement des flux bruts, nous devons egalement considerer la
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n'est pas necessairement vrai que Wt 1 . = Wt .•
- ,1 ,1

2.4 Structure longitudinale et estimation des flux bruts

Bien que I'objectif principal de I'enquete sur la population active soit de

produire des estimations ponctuelles de l'activite sur Ie marche du travail,la

technique du panel de l'enquete produit une base de donnees longitudinales

dans laquelle environ les cinq sixiemes des menages enqu~tes un mois donne se

retrouvent dans 1'echantillon Ie mois suivant. tvidemment, on rejoint moins

des cinq sixiemes des individus ou des menages de l'echantillon au cours de

deux mois consecutifs a cause de la non-reponse et des demenagements. Cepen-

dant, Statistique Canada s'interesse a la possibilite d'utiliser les rensei-

gnements des individus qui ont repondu deux mois consecutifs pour produire des

estimations des flux bruts entre les categories de la population active.

Les estimations des flux bruts servent a repondre a des questions telles que

a) quelle proportion de l'augmentation du chOmage est due a des pertes d'em-

ploi et quelle proportion est due a des personnes non auparavant actives com-

menc;ant a se chercher un emploi? ou b) combien de personnes en chOmage se

decouragent et quittent la population active?

Nous discutons du probleme de l'estimation des flux bruts entre les categories

de la population active dans les deux prochaines sections.

3. M~THODE PROPOS~EPAR STATISTIQUE CANADA POUR L'ESTIHATION

DES flUX BRUTS

Dans cette section, nous decrivons la procedure a plusieurs degresd'estimation

des flux bruts mise au point par Statistique Canada (voir Macredie et Veevers,

1977; Wong, 1983). Notre description de la procedure comprend diverses inter-

pretations de l'effet des divers degres.

3.1 Donnees necessaires a l'estimation des flux bruts

Statistique Canada a propose d'estimer les flux bruts a l'aide d'une matrice
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popul ation act i ve sont les menages.

plan d' echantillonnage de 11enqu8te
population active, 1976, Statistique

On trouvera une description detail lee du

dans Methodologie de l' enquHe sur la

Canada (1977).

Les menages choisis pour 11enqu~te sur la population active font partie de

l'enqu8te pendant six mois consecutifs et sont ensuite retires de l'echantil-

Ion. Par exemple, les menages integres a llechantillon en janvier sont inter-

viewes six mois de suite, et ensuite retires de llechantillon apres l'entrevue

de juin. Chaque groupe de menages ainsi integre a l'echantillon et retire en-

suite constitue un panel. Chaque mois, l' echantillon de l' enquHe ~ur la

population active comprend des sujets de six groupes constants differents.

2.3 Ponderation basee sur l'echantillon

Les donnees ponctuelles, les renseignements d' un mois donne pour taus les

sujets dans les six panels interviewes au cours de ce mois, sont utilisees

pour produire les estimations mensuelles de llactivite sur Ie marche du tra-

vail. Les estimations mensuelles sont des moyennes ponderees des valeurs pour

chaque individu de 11echantillon. On utilise une moyenne ponderee parce que

chaque sujet est considere comme "representant" un certain nombre de per sannes

dans la population etudiee. Le poids attribue au dossier d' un individu cor-

respond au nombre de per sannes de la population que cet individu de l'echan-

tillon representee

Soit Wt i Ie poids attribue aI' individu i au mois t. Si l' individu i est,
classe comme a 11exterieur de la populat ion etudiee au cours du mois t, alors

Wt i = O. Sinon, les poids attribues sont fixes par la probabilite de selec-,
tion de la grappe, la probabili te de selection du menage aI' interieur de la

grappe, la non-reponse aI' interieur du mois, les facteurs rural/urbain, les

corrections de sous-echantillonnage pour les zones dont la croissance est ra-

pide et l'ajustement des rapports pour les facteurs province, ~ge, sexe.

Le poids attribue a un individu peut changer d'un mois a llautre a cause du

fai t que chaque mois, on remplace un sixieme de l' echantillon, a cause egale-

ment de la non-reponse et, dans une moindre mesure, a cause des changements de

la taille de la population etudiee. Ainsi, pour un individu donne, i, il
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2. DESCRIPTION DE L'ENQUtTE SUR LA POPULATION ACTIVE

2.1 Champ d'application de l'enquete

Environ 56,000 menages, choisis dans les dix provinces canadiennes, sont in-

clus chaque mois dans l'echantillon de l'enquete sur la population active. Un

questionnaire est rempli pour chaque membre des menages de l'echantillon ~ge

de 15 ans et plus, ne faisant pas partie des forces armees et ne vivant pas en

institution. Les questions de l'enquete concernent principalement les activi-

tes du sujet reliees au travail au cours de la semaine de reference, qui est

la semaine precedant la semaine de l'enquete et qui contient generalement Ie

15e jour du mois. Les reponses aux questions de l'enquete sont utilisees pour

classer les sujets comme occupes, ch5meurs au inactifs. Pour une discussion

sur la classification de l'activite, voir Guide d'utilisation des donnees de

l'enquete sur la population active, Statistique Canada (1979).

2.2 Conception de l'enquete

L 'enquHe sur la population active a ete con9ue pour permettre 1'estimation

des niveaux et des taux de l'emploi et du chomage pour chacune des dix provin-

ces individuellement. Ainsi, excepte en ce qui concerne les exigences pour la

taille totale de l'echantillon, les echantillons de chaque province sont inde-

pendants.

Les regions economiques (Rt), zones de structure economique semblables, for-

ment la strate fondamentale a l'interieur des provinces. Les Rr sont divisees

en unites autorepresentatives (UAR) et unites non autorepresentatives (UNAR).

Les UAR sont des centres urbains import ants et les UNAR sont generalement com-

posees d'un petit centre urbain et d'une zone rurale. L 'echantillonnage est

effectue separement pour les UAR et les UNAR.

L'echantillon des UAR est un echantillon stratifie a deux degres. L'echantil-

lonnage des UNAR est effectue selon un schema d'echantillonnage strati fie a
plusieurs degres. En plus des UAR et des lJ\JAR,certaines unites d'echantil-

lonnage sont tirees d'un univers des immeubles d'appartements et d'un univers

des zones speciales. Les unites d'echantillonnage finales de l'enquete sur la
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multiples des sujets fournissent une base de donnees longitudinales addition-

nelle qui pourrait ~tre exploitee pour fournir des estimations des changements

dans Ie temps pour des coats supplement aires minimes (voir, par exemple,

Kalachek, 1979, et Fienberg et Tanur, 1983).

On a fait quelques tentatives d Iutiliser les donnees longitudinales tirees

des enqu~tes par panel. Par exemple, les donnees longitudinales de la

Current Population Survey sont utilisees depuis 1948 pour produire des ta-

bleaux montrant les mouvements bruts des individus entre les diverses catego-

ries de la population active d' un mois ~ I' autre. Bien que ces tableaux

soient produi ts chaque mois, ils n' ant pas ete publies depuis 1952 ~ cause de

problemes statistiques. Smith' et Vanski (1979) discutent la production de

donnees des variations brutes en utilisant la structure longitudinale de la

Current Population Survey.

Recemment, Statistique Canada a commence une etude sur les utilisations possi-

bles des donnees longitudinales disponibles comme sous-produits de I' enqu~te

sur la population active. Eux aussi souhaiteraient trouver une methode de

production d'estimations fiables des mouvements bruts entre les categories de

la population active. Dans Ie present document, nous discutons les methodes ~

l' etude a Statistique Canada pour la production de ces donnees des variations

brutes.

Dans la section 2, nous donnons une breve description du champ d'application

et de la conception de I' enqu~te sur la population active, et nous decrivons

la structure des donnees produites. A la section 3, nous decrivons les metho-

des proposees d'estimation des flux bruts mises au point par Statistique

Canada, qui necessitent l' utilisation de poids fonction de l' echantillon, de

corrections pour les entrees dans la population etudiee et les sorties de

celle-ci, de corrections pour l'homogeneite et de corrections pour Ie biais

cause par les erreurs de classification. En mettant au point certains modeles

simples pour Ie processus des flux bruts, nous analysons dans la section 4 les

consequences de la methode proposee par Statistique Canada. Finalement, dans

la section 5, nous decrivons certains travaux sur Ie traitement de la non-

reponse dans les estimations des flux bruts.



TECHNIQUES D'ENQUrTE

l'ESTIMATION DES FlUX BRUTS MENSUElS

DE l'ACTIVIT~ SUR LE MARCH~ DU TRAVAIll

1983, Vol. 9 No. 1

Stephen E. Fienberg et Elizabeth A. Stasny2

L'enqu~te sur la population active au Canada est une enqu~te sur les
m~nages effectu~e chaque mois dans Ie but de fournir des estimations
ponctuelles du nombre de personnes occup~es, en chClmage au inacti-
ves. L'enqu~te utilise une technique de groupe constant avec renou-
vellement dans laquelle taus les individus d'un m~nage inclus dans
l'~chantillon sont interview~s chaque mois, six mois de suite. Dans
Ie pass~, cette structure longitudinale a et~ peu exploit~e, bien
qu'on ait montrd beaucoup d'int~r~t pour les flux bruts d'un mois ~
l'autre (transitions) entre ces diverses cat~gories d'activit~.
Dans Ie pr~sent texte, nous discutons des m~thodes de production des
estimations des flux bruts aI' ~tude a Statistique Canada, mais a
partir du point de vue de la production d'un modele.

1. INTRODUCTION

L 'enqu~te sur la population active au Canada est une enquete mensuelle sur

les m~nages utilisde pour produire des estimations ponctuelles, au transversa-

les, de l'activitd sur Ie marchd du travail. Cette enquete, cependant, comme

1a Current Population Survey aux t:tats-Unis et beaucoup d'autres enqu~tes par

~chantillonnage d'envergure, utilise la technique du panel au les sujets sont

interview~s plusieurs fois avant d'etre retir~s de l'~chanti11on. Bien que Ie

principal but de I'enqu~te soit l'obtention d'estimations ponctuelles, on a

depuis longtemps constat~ que les renseignements provenant de ces interviews

1 Cette recherche a ~t~ financ~e en partie par un contrat avec
Statistique Canada. Les auteurs d~sirent remercier Murray Lawes,
Larry Swain et Richard Veevers pour leurs explications de la m~thodo-
logie de l'enquete sur la population active et de ses donn~es ainsi
que l'~diteur et un evaluateur pour leurs comment aires et suggestions
utiles.

2 Stephen E. Fienberg et Elizabeth A. Stasny,
University, Pittsburgh, Pennsylvania, PA 15213.

Carnegie-Mellon
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Tableau 7 (suite)

Incidence du cancer
1969-1978

Cancers primitifs multiples de chaque si~ge
(Cana9a h l'exclusion de l'Ontario)

Cancers primitifs multiples

5ibge du cancer ICDA % d'in- % dans •.. ayant'"Nombre cidence Ie m~me Ie m~me 4\1
registre chiffre du

code ICDA

180 Col de l'ut~rus 133 1.4 60.9 5/0
181 Chorio~pith~lionie 1 1.0 0.0 5/0
182 Autre: de l'ut~rus 149 1.1 73.8 91.3
183 Ovaire, etc. 126 1.5 80.2 97.6
184 Org. g~n. f~m., autres 31 1.5 71.0 83.9
185 Prostate 64 1.6 69.2 5/0
186 Testicule 27 1.5 44.4 5/0
187 Org. g~n. mssc., autres 9 1.4 88.9 100.0
188 Vessie 274 1.6 77.7 5/0
189 Org. urin. autres et sans autre

pr~cision 119 1.5 72.3 79.8
190 Oeil 13 1.1 46.2 5/0
191 Cerveau 93 1.6 46.2 5/0
192 Autre systbme nerveux 6 0.4 33.3 66.7
193 Glande thyroide 49 1.5 55.1 5/0
194 Autres glandes endocrines 5 0.6 80.0 100.0
195 Si~ges mal d~finis 4 0.6 100.0 100.0
196 Glanglions lymphatiques sec. et non

sp~cifi~s 5 0.3 100.0 100.0
197 Secondaires; Resp. et Digestif 9 0.3 88.9 77.8
198 Autres secondaires 1 0.1 100.0 100.0
199 Sans pr~cision du sibge 12 0.3 75.0 83.3

200 lymphosarcome, etc. 68 1.1 60.3 97.1
201 Maladie de Hodgkin 85 2.2 55.3 5/0
202 Autre, du tissu lymphoide 22 0.8 90.9 72.7
203 My~lome multiple 45 1.3 64.4 5/0
204 leuc~mie lymphatique 64 1.5 62.5 84.4
205 leuc~mie de la moelle 32 1.0 53.1 90.6
206 leuc~mie monocytaire 4 1.0 75.0 100.0
207 leuc~mie, autre et non sp~cifi~ 11 0.7 81.8 90.9
208 Polyglobulie essentielle 1 0.2 100.0 5/0
209 My~lofibrose 1 0.4 100.0 5/0
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Tableau 7

Incidence du cancer
1969-1978

Cancers primitifs multiples de chaque si~ge
(Canada h l'exclusion de l'Ontario)

Cancers primitifs multiples

5i~ge du cancer ICDA % d'in- % dans '" ayant'"Nombre cidence Ie m~me Ie ~me 4\1
registre chiffre du

code ICDA'

Total des si~ges (except~ la peau, 173) 6,113 1.7 76.8 88.4

140 L~vre 87 1.4 90.8 83.9
141 Langue 30 1.6 63.3 63.3
142 Glande salivaire 8 0.6 12.5 75.0
143 Gencive 8 1.5 100.0 62.5
144 Plancher buccal 18 1.8 94.4 5/0
145 Bouche, autre et non sp~cifi~ 16 1.4 75.0 62.5
146 An i~re-gorge 14 1.0 92.9 78.6
147 Rhinopharynx 8 1.1 62.5 5/0
148 Laryngopharynx 3 0.5 100.0 33.3
149 Pharynx, non sp~cifi~ 3 1.3 66.7 5/0

150 Oesophage 37 1.1 75.7 5/0
151 Estomac 178 1.0 71.9 74.2
152 Petit intestin 12 1.2 91.7 91.7
153 Gros intestin, h I'exclusion du rectum 623 1.9 82.3 44.0
154 Rectum 256 1.4 77.0 74.6
155 Foie 11 0.6 63.6 90.9
156 V~sicule biliaire 22 0.7 77.3 77.3
157 Pancr~as 96 1.0 70.8 54.2
158 P~ritoine 6 0.7 100.0 100.0
159 Organes digestifs non sp~cifi~s 1 0.3 100.0 5/0

160 Nez, etc. 5 0.7 80.0 80.0
161 Larynx 94 2.0 77.7 57.4
162 Trach~e, bronches, poumon 795 1.9 75.0 99.5
163 Org. resp. autres et sans autre

pr~cision 7 0.7 85.7 85. T
170 Os 28 2.0 78.6 82.1
171 Tissus conjonctifs 32 1.3 81.3 75.0
172 M~lanome de la peau 31 1.4 78.7 54.1
174 5ein 1,971 3.6 84.4 5/0
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Tableau 6

Hortalit~ du cancer
Disponibilit~ et int~gralit~ des donn~es ~l~mentaires

Canada (8 l'exclusion de l'Ontario) et les provinces comptant les pourcentages
les plus ~lev~s et les moins ~lev~s d'int~gralit~ des donn~es

POURCENTAGE POURCENTAGE
DONNtES ~L(MENTAIRES ANNtE oc occts CANADA LE PLUS tLEV( LE MOINS tLEV(

= = = = =
DATE DE NAISSANCE

Jour 1969 - 1973 96.6 99.4 0.0
1974 - 1978 97.8 99.7 43.9
1969 - 1978 97.2 99.6 23.0

Mois 1969 - 1973 97.0 99.7 0.0
1974 - 1978 98.1 99'.9 44.2
1969 - 1978 97.6 99.8 23.2

Ann~e 1969 - 1973 100.0 100.0 99.2
1974 - 1978 99.9 100.0 99.6
1969 - 1978 99.9 100.0 99.4

Date de naissance 1969 - 1973 96.6 99.4 0.0
complete 1974 - 1978 97.8 99.7 43.9

1969 - 1978 97.2 99.6 23.0

AGE 1969 - 1973 100.0 100.0 100.0
1974 - 1978 99.9 100.0 99.6
1969 - 1978 100.0 100.0 99.8

LIEU DE NAISSANCE 1969 - 1973 98.3 100.0 98.9
(Pays ou province) 1974 - 1978 52.2 99.9 0.0

1969 - 1978 73.9 99.9 46.2

R~SIDENCE 1969 - 1973 99.8 100.0 99.6
Division du recen- 1974 - 1978 99.7 100.0 99.8
sement 1969 - 1978 99.8 100.0 99.7

Subdivision du 1969 - 1973 9'2.2 99.9 51.9
recensement 1974 - 1978 99.7 99.5 99.4

1969 - 1978 96.2 99.7 77 .1
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Tableau 5

Incidence du cancer
Disponibilit~ et int~gralit~ des donn~es 61~mentaires

Canada (~ l'exclusion de l'Ontario) et les provinces comptant les pourcentages
les plus 6lev6s et les mains 6lev6s d'int6gralit6 des donn6es

POURCENTAGE POURCENTAGE
DONNtES tLtMENTAIRES ANNtE DE DIAGNOSTIC CANADA LE PLUS tLEVt LE MOINS tLEVt
- - = - =

DATE DE ~ISSANCE

Jour 1969 - 1973 63.7 98.8 0.0
1974 - 1978 71.6 99.8 4.0
1969 - 1978 68.0 99.3 2.2

Mois 1969 - 1973 65.6 98.8 0.0
1974 - 1978 73.3 99.8 4.1
1969 - 1978 69.8 99.4 2.2

Ann6e 1969 - 1973 92.9 100.0 15.9
1964 - 1978 96.3 100.0 21.9
1969 - 1978 94.7 100.0 19.1

Date de naissance 1969 - 1973 63.6 98.7 0.0
complMe 1974 - 1978 71.6 99.8 4.0

1969 - 1978 68.0 99.3 2.2

AGE 1969 - 1973 99.4 100.0 98.6
1974 - 1978 100.0 100.0 100.0
1969 - 1978 99.7 100.0 99.4

LIEU DE ~ISSANCE 1969 - 1973 15.2 19.8 0.0
(Pays ou province) 1974 - 1978 24.4 71.1 0.0

1969 - 1978 20.2 46.0 0.0

RtSIDENCE 1969 - 1973 89.6 100.0 4.1
Division du recen- 1974 - 1978 89.6 100.0 82.8
sement 1969 - 1978 89.6 100.0 49.0

Subdivision du 1969 - 1973 16.6 43.2 0.0
recensement 1974 - 1978 32.3 76.4 0.0

1969 - 1978 25.2 61.6 0.0
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Tableau 4

ApparieMent des dossiers incidence aux dossiers mortalit~

Classification des causes de ~~s pour un 6chantillon de cas de cancer du pou.on
tir~s du fichier incidence du cancer (Distribution de pourcentage)

Canada (A l'exclusion de l'Ontario) et les provinces comptant les taux d'appariement les
plus ~leves ou les mains eleves de cas de cancer du poumon parmi les appariements

ICDA-8 CLASSIFICATION SELON LE FICHIER MORTALITt CANADA TAUX LE TAUX LE
+ tLEV~ - rLEV~- - = -1. CANCER DE L'APPAREIL RESPIRATOIRE 92.0 100.0 85.3

162.1 (a) POUMON; primitif 91.4 100.0 82.9

160-163 (b) AUTRES PARTIES DE L'APPAREIL RESPIRATOIRE;
primitif 0.3 0.0

I I
1197.0-197. 31 (c) APPAREIL RESPIRATOIRE; secondaire 0.3 2.4

I
12• AUTRES CANCERS 4.3 9.8

1
174 I (a) SEIN 0.3 0.0

I
I (b) SYSTtME LYMPHATIQUE ET ~MA TOPOr~T IQUE;

200-209 Primitif 0.3 0.0

I
196 I Secondaire 0.0

j
I (c) AUTRE SItGE PRIMITIF SprCIFI~ 3.1 9.8

I
195,199 1 (d) SItGE MAL ~FINI OU NON ~FINI 0.6 0.0

1p. PAS DE CANCER 3.7 4.9

I
I TOTAL 100.0 100.0 100.0
I

I
ITAILLE DE L'tCHANTILLON POUR LES APPARIEMENTS 350 45 41

I
ITAUX DE RtUSSITE DES APPARIEMENTS (%) 69.4 80.4 73.2
I
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Tableau 3

Appariement des dossiers mortalit~ aux dossiers incidence

Classification des MBladies selon Ie fichier mortalit~ cancer pour un 6chantillon
de ~~s dua au cancer (Distribution de pourcentage)

Canada (li I'exclusion de I'Ontario) et les provinces comptant les taux d'appariement les
plus ~lev~s ou les moins ~lev~s de cas de cancer du paumon parmi les appariements

ICDA-8 CLASSIFICATION SELON LE FICHIER MORTALITr CANADA TAUX LE TAUX LE
+ t:LEVr - t:LEVr

- - = = =
1. CANCER DE L'APPAREIL RESPIRATOIRE 95'.2 100.0 83.7

162.1 (a) POUMON; primitif 92.5 100.0 74.4

160-163 (b) AUTRES PARTIES DE L'APPAREIL RESPIRATOIRE;
primitif 1.0 4.7

I
197.0-197.31 (c) APPAREIL RESPIRATOIRE; secondaire 1.7 4.7

I
12• AUTRES CANCERS 16.3

I 4.8

174 I (a) SEIN 2.3

I 0.7

I (b) SYSTtME LYMPHATIQUE ET HrMATOPOrrTIQUE;
200-209 Primitif 0.7 0.0

I
196 j Secondaire 1.0 4.6

I
I (c) AUTRE SItGE PRIMITIF SprCIFIr 1.9 9.3

I
195,199 I (d) SItGE MAL orFINI OU NON orFINI 0.5 0.0

I
I TOTAL 100.0 100.0 100.0

I

I
ITAILLE DE L'rCHANTILLON POUR LES APPARIEMENTS 415 54 43

IITAUX DE RrUSSITE DES APPARIEMENTS (%) 82.3 96.4 76.8

I
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Tableau 2
Ratios mortalit~-incidence du cancer

~c~s au cours de 18 ~riode (MOrtalit~) en pourcentage des
nouveaux cas enregistT~s (incidence)

Canada (~ l'exclusion de l'Ontario) et les provinces comptant les taux
les plus ~lev~s au les mains ~lev~s.

Femmes Principaux si~ges selon Ie groupe d'Age et Ie sexe

1969 - 1973 1974 - 1978
Si~ge du Age
cancer Canada taux Ie taux Ie Canada taux Ie taux Ie

plus ~lev~ mains ~lev~ plus ~lev~ mains ~lev~

Sein Total 40 47 31 37 46 31
(174) 0-24 14 13 - 6 50* -

25-44 28 33 26 23 30 17
45-64 37 44 31 35 43 29
65+ 50 62 35 46 55 38

COlon Total 73 94 50 67 80 50
(153) 0-24 15 20 - 27 33* -

25-44 48 49 41 41 64 34
45-64 63 77 43 55 57 42
65+ 83 114 55 74 95 55

Ut~rus Total 27 38 17 20 26 15
(182) 0-24 33 40* 20* - - -

25-44 13 19 7 11 15 9
45-64 16 25 9 12 15 10
65+ 49 64 33 35 43 26

Col de Total 39 45 29 32 48 27
l'ut~rus 0-24 12 20* 17* 5 - 4
(180) 25-44 21 17 12 15 25 10

45-64 39 54 32 34 49 33
65+ 66 64 51 53 65 50

Ovaire Total 69 79 54 69 78 63
(183) 0-24 20 33* - 28 100* -

25-44 43 41 26 30 38 20
45-64 68 74 52 64 72 55
65+ 87 105 77 95 98 106

Taus les
cancers Total 57 67 46 53 64 45
(140-209) 0-24 46 49 43 37 44 28
~ l'exclusion 25-44 33 39 27 27 35 22
du cancer 45-64 48 56 38 44 51 39
de la peau 65+ 75 94 58 69 85 58
(173)

- Soit la mortalit~. soit l'incidence soit les deux sont nulles.
* Taux bas~s sur mains de 10 cas tant pour la mortalit~ que pour l'incidence
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Tableau 1
Ratios mortalit~-incidence du cancer

~c~s au cours de la ~riode (mortalit~) en pourcentage des
nouveaux cas enregistr~s (incidence)

Canada (~ l'exclusion de l'Ontario) et les provinces comptant les taux
les plus ~lev~s au les mains ~lev~s.

Hommes Principaux si~ges selon Ie groupe d'age et Ie sexe

1969 - 1973 1974 - 1978
Si~ge du Age
cancer Canada taux Ie taux Ie Canada taux Ie taux Ie

plus ~lev~ mains ~lev~ plus ~lev~ mains 8lev~

Poumon Total 96 110 83 95 101 80
(162 ) 0-24 27 37* - 70 - 100*

25-44 89 96 83 85 75 82
45-64 94 106 81 88 86 78
65+ 100 118 83 101 118 82

Prostate Total 44 55 35 39 54 33
(185 ) 0-24 71* 133 - 71* - 100*

25-44 39 54 - 22 - -
45-64 27 32 33 24 .30 20
65+ 48 62 35 43 60 36

COlon Total 76 101 54 67 86 56
(153) 0-24 56 60 - 40 - -

25-44 61 76 40 53 87 45
45-64 66 86 41 58 61 56
65+ 84 115 61 73 100 58

Vessie Total 35 42 26 28 35 23
(188) 0-24 20 25* 33* 3 - -

25-44 7 9 10 6 - -
45-64 23 30 16 18 22 13

65+ 44 53 32 36 45 29

Estomac Total 104 124 82 90 112 80
(151 ) 0-24 29* - - 86* - -

25-44 82 102 54 74 40 77

45-64 93 102 79 80 89 80
65+ 112 144 86 96 130 80

Tous les Total 69 83 56 64 77 56

cancers 0-24 58 64 45 48 49 56

(140-209) 25-44 51 62 39 45 55 37

II l'exclusion 45-64 65 78 53 60 65 50

du cancer 65+ 74 94 59 69 90 60

de la peau
(173 )

_ Soit la mortalit~, soit l'incidence soit les deux sont nulles.
* Taux baB~s Bur mains de 10 cas tant pour la mortalit~ que pour l'incidence
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fet, les regles actuelles sur la declaration des cancers primiti fs multiples

exigent des rapports distincts sur les cancers affectant les deux c~tes de la

plupart des organes bilateraux.

Dans l'ensemble, nous croyons que m~me s'il existe une certaine inconsistance

provoquee par la declaration des cancers primitifs multiples et par les decla-

rations en double, Ie probleme est tres negligeable en regard de celui qui est

provoque par la sous-representation.

4. SlJfMAIRE

Les techniques decrites dans cet article ont permis d'identi fier les niveaux

differents de qualite des donnees sur l'incidence et la mortalite du cancer.

Nous avons trouve que les ratios mortalite-incidence en particulier peuvent

servir a evaluer les erreurs de representation qui constituent l'une des prin-

cipales preoccupations des responsables d'un systeme de bonne qualite pour de-

terminer l'incidence du cancer. La qualite des donnees touchant ceux qui sont

inscrits dans Ie systeme de declaration des cas de cancer est suffisamment

bonne pour qu'il soit possible d'evaluer la qualite de la classi fication des

causes de deces dans Ie systeme de mortalite, par Ie biais d'un appariement de

micro-donnees. En fait, un appar iement informatise de micro-donnees pourrait

servir a evaluer la sous-representation parce que l'on pourrait determiner Ie

nombre de deces dus au cancer non inscrits auparavant au Systeme national de

declaration des cas de cancer.
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Les regles sur la declaration des cancers primitifs multiples sont difficiles

a interpreter; aussi doit-on s'attendre a certaines di fferences a cet egard

parmi les provinces.

L'inscription involontaire en double du m~me cas de cancer peut survenir si un

bureau provincial ne peut determiner si Ie m~me cas a ete inscrit auparavant

(peut-~tre parce que l'information sur l'identite est insuffisante) ou si Ie

m~me cas est declare par deux bureaux differents7• Nous avons limite notre

recherche sur les cancers primiti fs multiples aux entrees multiples decrivant

Ie m~me siege du cancer (au niveau a 3 chiffres du code ICDA).

Nous n'avons pas tente de separer les inscriptions en double des cas de can-

cers primitifs multiples, bien que l'on puisse presumer que la majorite des

cas declares par deux bureaux differents font double emploi alors que les cas

declares par Ie m~me bureau sont davantage susceptibles d'~tre des cancers

primitifs multiples, surtout dans Ie cas de ceux dont Ie 4e chiffre du code de

diagnostic est different.

En nous servant de criteres tres stricts d'appariement et en excluant les can-

cers de la peau (autres que Ie melanome de la peau) nous avons determine que

1.7 % (6113) des dossiers formant Ie fichier sur l'incidence du cancer entre

1969 et 1978 constituaient des inscriptions multiples.

Ce taux variait de 0.5 96 a 1.9 96 selon la province. Seulement 1.4 % des dos-

siers multiples avaient ete declares par deux bureaux differents. Dans 88.4 %

des cas, il y avait concordance jusqu'au niveau du 4e chiffre du code de dia-

gnostic.

Quant au siege du cancer, si I'on ne tient compte que des sieges figurant dans

plus de cinquante dossiers, Ie taux des cancers primitifs variait entre 1.0 %

pour Ie cancer de l'estomac et du pancreas et 3.6 96 pour Ie cancer du sein.

Le taux eleve en ce qui concerne Ie cancer du sein n'est pas etonnant; en ef-

7 Le Systeme national de declaration des cas de cancer ne procede pas a des
verifications regulieres de ce genre de double emploi.
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et 1974-1978), on reIeve une certaine amelioration au cours de la periode plus

recente.

Dans les dossiers sur la mortalite du cancer pour la m~me periode, une date de

naissance complete existe dans plus de 95 96 des cas. Toutefois au moins une

partie de ce taux eleve est due au fait que Ie systeme de mortalite impute une

date de naissance tiree de l'age et de la date de deces lorsque la date de

naissance n'est pas declaree. En 1976, Ie taux d'imputation etait de 11.5 96

(5). On ne procede pas a des imputations de ce genre dans Ie cadre du systeme

de declaration des cas de cancer6•

Les analyses de petites regions ou il se produit des cas de cancer necessitent

une information detail lee sur Ie lien de residence. Les donnees sur la morta-

lite liee au cancer sont bien plus utiles a ces fins parce que les codes de

residence dans la division de recensement (comte) figurent dans 99.8 96 des

dossiers et les codes de subdivision de recensement (cite, ville, village)

dans 96.2 % des dossiers. Par contre, dans Ie fichier sur l'incidence du can-

cer, les codes de division figurent dans 89.6 % des dossiers et les codes de

subdivision dans seulement 25.2 96 des dossiers. Dans Ie fichier en question,

il y a eu au coms de la deuxieme periode une amelioration quant aI' informa-

tion fournie sur la subdivision de recensement.

3.2.4 Inscriptions multiples dans Ie systeme de declaration des cas de cancer

(Tableau 7)

La possibilite de comparer les donnees sur les cas de cancer est affectee s'il

existe des differences dans la declaration des cancers primiti fs multiples

chez la mAme personne et dans une inscription involontaire faisant double em-

ploi.

6 Les imputations peuvent etre utiles, a des fins statistiques mais elles sont
trompeuses dans les etudes de post-observation, a moins qu'il ne soit
precise que l'information est basee sur une imputation.
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Pour ce qui est des dossiers dont l'appar iement a reussi, il y avait concor-

dance du diagnostic d'un cancer primitif du poumon dans 91.4 ~~ des cas, taux

tres semblable a celui que nous avons trouve dans la comparaison inverse. Les

echantillons destines aux deux comparaisons avaient ete choisis de fa~on inde-

pendante; il est donc rassurant de constater la concordance des resultats en

ce qui cone erne Ie diagnostic. Parmi les cas restants, 4.3 % presentaient la

cause sous-jacente du deces attribuee a des sieges de cancer autres que l'ap-

pareil respiratoire et 3.4 % une cause qui n'etait pas Ie cancer. Dans Ie cas

de ce dernier groupe, il est possible que Ie certificat de deces ait mentionne

Ie cancer comme une cause ayant contribue au deces. Cette analyse est faisa-

ble, mais nous ne l'avons pas entreprise.

3.2.3 Disponibilite et integralite des donnees (Tableaux 5 et 6)

Une mesure de la qualite et de l'utilite des fichiers de donnees est la

frequence d'une information valide pour des donnees elementaires specifiques.

Cette mesure est brute parce que Ie terme "valide" , selon la definition que

nous vous en donnons ici, signifie valide conformement aux contr~les d'edition

informatises et n'exclut pas l'invalidation de l'information par l'imputation

de l'information manquante ou des erreurs de definition ou de classification

de la donnee elementaire.

Sous reserve de ce qui precede, la mesure en question peut se reveler utile en

faisant ressortir s'il y a eu des ameliorations dans Ie temps dans la declara-

tion des donnees elementaires et ou ces Clneliorations se sont produites et

s'il est possible ou non de soumettre les donnees a des analyses particulie-

res. Par exemple, l'information sur la date de naissance rev@t de l'importan-

ce dans les analyses purement statistiques (specifiques a l'~ge) des donnees

ainsi que dans les etudes post-observation qui dependent de l'exaetitude de

l'information sur l'identite des personnes.

Dans Ie fichier incidence du cancer, une date de naissance complete (jour,

mois et annee) ne figure en moyenne que dans 68 ~6 des dossiers relati fs a la

periode 1969-1978. Si l'on considere separement les deux periodes (1969-1973
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des fichiers (ou peut-Mre Ie fait qu' un cancer du poumon ai t ~te diagnostique

pour la premiere fois avant 1969, suivi par l'inscription ulterieure d' un

autre cancer primitif) explique Ie manque de concordance. Parmi les provin-

ces, Ie taux de concordance des diagnostics variait entre 74.4% et 100%.

II est interessant de noter que pour la province present ant une concordance

totale des diagnostics, nous avons aussi enregistre Ie taux de succes Ie plus

eleve (96. 4 9~) pour reperer les dossiers correspond ants dans les deux fi-

chiers. Cela pourrait eventuellement indiquer une liaison ~troite entre Ie

bureau provincial de l'etat civil et Ie bureau d'enregistrement des cas de

cancer dans la province. Lors d'un appariement inverse d'un ~chantillon de

dossiers sur l'incidence du cancer avec des dossiers sur la mortalite (d~crit

a la partie 3.2.2), c'est la m8me province qui presentait Ie taux Ie plus ele-

ve d' appariements reussis ainsi qu' une concordance tot ale en matiere de dia-

gnostic.

3.3.2 Recherche dans Ie fichier incidence/mortalite

La recherche inverse, basee sur Ie fichier incidence pour les annees 1969 a
1978, comme point de depart, et visant a reperer un dossier correspondant dans

Ie fichier complet de mortali te pour la m8me periode, a produi t un taux de

succes de 69.4 9~ de I' echantillon de 504 cas etudies ou Ie diagnostic indi-

quait un cancer primitif du poumon. Le tau x d'appariements manques ~tait donc

plus eleve que dans Ie cas des appariements mortalite/incidence pour to utes

les provinces et il variait de 19.6 9~ a 44.6 9~. Les raisons possibles de ce

manque d' appariement sont a) soit que Ie patient etait toujours en vie a la

fin de l'annee 1978, b) soit que l'information sur son identite n'est pas

suffisante pour permettre l'appariement. En regIe generale, il est moins pro-

bable que I' on trouve un dossier correspondant lorsqu' on recherche dans Ie fi-

chier incidence/mortalite, car certaines personnes chez qui on a diagnostique

Ie cancer du poumon surv i vent effecti vement, alors que toutes les personnes

qui meurent de ce cancer devraient etre inscrites comme des cas nouveaux soit

avant Ie deces soit au moment du deces.
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en entreprenant par exemple des recherches sur la precision du codage sur Ie

terrain de la cause du dec~s et du diagnostic, comme Ie decrivent deux rap-

ports americains (8) et (9), cela faciliterait l'interpretation des resultats

des recherches epidemiologiques.

3.2.1 Recherche dans Ie fichier mortalite/incidence

Pour l'echantillon de 504 enregistrements de dec~s indiquant Ie cancer du pou-

man comme cause sous-jacente de dec~s entre 1969 et 1978, nous avons trouve

415 enregistrements correspond ants (82 %) dans Ie fichier incidence du cancer

pour les annees de diagnostic 1969-19785• Le taux des appariements manques

variait entre 3.6 % et 26.8 % parmi les neuf provinces. Ce taux est influence

par quatre facteurs principaux:

a) Ie fait que Ie cancer ait ete diagnostique pour la premiere fois avant

1969, b) Ie fait qu'il refl~te une sous-representation des nouveaux cas, c) Ie

fait que l'information sur l'identite ne suffisait pas pour permettre l'appa-

riement des dossiers, ou d) Ie fait que Ie code de la cause du dec~s indiquait

par erreur Ie cancer. Nous ne disposions pas de donnees suffisantes pour eva-

luer Ie poids relatif de chacun de ces facteurs.

Parmi les 415 enregistrements de dec~s pour lesquels nous avons trouve des

dossiers correspondants dans Ie fichier incidence, il y avait concordance du

diagnostic (cancer primitif du poumon) dans 92.5 % des cas. II y avait une

concordance de 95.2 % sur la presence d'un cancer de l'appareil respiratoire.

Les quelques autres dossiers du fichier "incidence" indiquaient des diagnos-

tics de si~ges autres que l'appareil respiratoire. II est generalement recon-

nu que l'information sur Ie diagnostic qui figure dans les registres du cancer

est plus precise que l'information sur la cause du dec~s figurant aux certi fi-

cats de dec~s. Toutefois, etant donne l'envergure de cette etude, il n'etait

pas possible de determiner si une classi ficat ion erronee dans l'un ou l'autre

5 Dans six cas, il existai t pour la m~me
correspond ant dans Ie fichier mortalite.
dossiers comme un appariement reussi.

personne plus d'un enregistrement
Nous avons retenu un seul de ces
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les patients plus ~ges, la sous-representation de la population plus ~gee est

plus marquee dans les bureaux qui disposent generalement de systemes d'ins-

cription moins complets.

Les donnees recueillies au Canada vont donc dans Ie sens des recommandations

de 1 IUnion internationale contre Ie cancer (1970) et du Centre international

de recherche sur Ie cancer (1976) et de la reiteration de la recommandation

faite dans un recent article de Doll et Peto (7), a savoir "que 1 Ion n'obtient

des comparaisons suffisamment dignes de foi (de l'incidence du cancer) que si

ces comparaisons se limitent aux hommes et aux femmes de l'~ge moyen".

3.2 Appariement des dossiers mortalite et incidence (Tableaux 3 et 4)

Comme Statistique Canada est responsable de la gestion des fichiers de donnees

tant sur l'incidence que sur la mortalite attribuable au cancer, il est possi-

ble de comparer les inscriptions sur les personnes qui figurent dans les deux

registres distincts pour verifier l'information qui y est consignee.

Pour cette partie de 1 I etude sur la qualite des donnees, la precision de la

determination du diagnostic et de la cause du deces presentait un interet

particulier. Dans Ie cadre de l'etude, on ne peut que decrire les resultats -

les raisons qui expliquent les divergences decouvertes demeurent inconnues.

Toutefois, nous estimons que les resultats sont rev81ateurs et qu I ils indi-

quent que, dans Ie cas du cancer particulier choisi aux fins d'analyse (cancer

du poumon), la concordance de diagnostics entre les deux fichiers est genera-

lement elevee (plus de 90 %).

Notre etude indique aussi qu'il serait possible de proceder a un appariement

sur une plus grande echelle pour evaluer la precision des codes de diagnostic

et de cause de deces. rvidemment, si une etude sur une plus grande echelle

etait basee sur un echantillon, il serait preferable de strati fier celui-ci

selon l'annee de diagnostic ou l'annee de deces. En theorie, si l'on se sert

de techniques informatisees d'appariement, il est possible d'appliquer ce type

d'analyse a tous les sieges de cancer. Si l'on voulait completer cette etude
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Parmi les principaux sieges du cancer qui ont ete examines pour les hommes,

les cancers du poumon et de l'estomac allaient de pair avec les ratios

mortalite-incidence les plus eleves dans tous les bureaux, mais la variation

interprovinciale des ratios etait la plus elevee pour les cancers du c~lon

(rectum exclu), de la prostate et de la vessie. Dans les etudes visant a met-

tre en relief les differences de risque du cancer selon la region geographique

(province), l'emploi des donnees sur l'incidence du cancer constituerait donc

une methode plus fiable dans Ie cas des deux premiers sieges de cancer cites.

Pour les femmes, parmi les principaux sieges examines, les cancers du c~lon et

de l'ovaire correspondaient aux ratios les plus eleves dans tous les bureaux.

La variation interprovinciale des ratios etait la plus elevee pour Ie cancer

de l'uterus et du col de l'uterus ainsi que pour Ie cancer du dUon. Aux fins

de comparaisons interprov inciales, les donnees sur l'incidence du cancer du

sein et du cancer de l'ovaire seraient donc plus fiables.

Dans Ie cas des sieges du cancer de 1 I uterus (autre que celui du col) et du

cancer du col, les ratios indiquent de grandes variations interprovinciales si

l'on tient compte des sieges separement. La variation se reduit considerable-

ment si l'on combine les deux sieges, ce qui laisse entendre qu'il existe des

differences dans la precision du diagnostic et la determination de la cause du

deces dans Ie cas de ces deux sieges.

Pour les principaux groupes d'~ge, nous avons examine les ratios mortalite-

incidence specifiques au siege. Les taux les plus eleves se sont invariable-

ment manifestes dans Ie cas des personnes ~gees (65 ans et plus) dans tous les

bureaux et pour tous les sieges indiques. II s I agit la d'un phenomene normal

puisque Ie risque de deces augmente avec 1 I ~ge; proportionnellement, il y a

donc plus de deces que de nouveaux cas de cancer parmi les personnes ~gees.

II est aussi reconnu qu'il est generalement plus difficile de diagnostiquer et

de declarer les cancers chez les personnes ~gees. Toutefois, l'augmentation

relative des ratios dans Ie cas de ces personnes est bien plus elevee pour les

bureaux qui ont, au depart, les ratios moyens les plus 8leves. Cela indique

que meme si tous les bureaux peuvent eprouver certaines difficultes a inscrire



- 67 -

general, les bureaux qui se servent d'un plus grand nombre de sources

differentes d'inscription n'ont pas plus d'inscriptions multiples pour Ie m~me

siege que les bureaux qui se servent d'un nombre moins eleve de sources.

Les ratios mortalite-incidence du cancer dans les six autres bureaux se res-

semblaient davantage. Dans ces bureaux, nous n'avons pas releve une tendance

systematique selon laquelle m bureau presentait des rapports plus eleves ou

moins eleves pour tous les sieges et pendant toutes les deux periodes a l'etu-

de.

11 existe de nombreux faeteurs qui peuvent influencer les variations des

ratios observes selon Ie site du cancer. Parmi les facteurs qui tendent a
produire me inscription moins complete des nombreux cas - et par consequent,

des ratios mortalite-incidence plus eleves - il faut citer la difficulte de

diagnostiquer Ie cancer (par exemple dans les organes profondement enfouis) et

Ie manque d'acces a des sources specifiques de donnees (tels que les rapports

d'hematologie confirmant un diagnostic de leucemie).

Les facteurs qui peuvent provoquer la surinscription des nouveaux cas et des

rapports moins eleves sont les programmes de depistage de masse (qui peuvent

aboutir aI' inclusion des cas repandus, surtout dans Ie cas des tumeurs a

croissance lente), les inscriptions qui se chevauchent, l'inclusion de cancers

in situ ainsi que l'inclusion de cancers latents decouverts seulement au mo-

ment de l'autopsie (tel est notamment Ie cas du cancer de la prostate) •. Par

ailleurs, les differences de precision dans la determination du diagnostic ou

de la cause du deces peuvent mener a des differences artificielles. Par exem-

pIe, les certi ficats de deces peuvent porter l'inscription "cancer de l'ute-

rus, non speci fie" ou "leucemie, non speci fiee" comme etant la cause du deces

alors qu'un bureau d'inscription du cancer disposera souvent d'une information

plus precise et affectera des codes plus precis (6). C'est pourquoi une ana-

lyse des ratios mortalite-incidence au niveau du diagnostic plus detaille

pourrait reveler des divergences importantes.
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siege, un sexe ou un groupe d' age donne, il faut se douter qu' il y a des di f-

ferences sur Ie plan de l'integralite des inscriptions de nouveaux cas de can-

cer. Un rapport plus 8leve, qui signi fie une proportion plus elevee de deces

en regard des nouveaux cas pendant la m~me periode peut indiquer une inscrip-

tion moins elevee de ces cas.

Pendant toutes les deux periodes, il y avait deux bureaux ou l' on relevait

constamment les taux les plus cHeves pour tous les sieges reunis et pour la

plupart des principaux sieges indiques. II n'y a guere de doute que ces taux

eleves sont dus a une so us-representation de nouveaux cas; en effet, ces bu-

reaux sont les seuls qui ne se servent pas de certificats de deces comme sour-

ces d'inscription. En outre, l'un de ces bureaux ne se sert que d'une seule

source de donnees, ~ savoir les rapports des Mpi taux, pour inscrire les cas

de cancer. Le bureau en question avait auparavant presente les conclusions

d' une etude speciale qui montrait que ce bureau ne recevait des avis que sur

un pourcentage estime a 70 % des victimes du cancer admises dans les h~pitaux

jusqu'~ la fin de 1976. A la suite de cette etude, d'importants changements

ont ete apportes en vue d' am81iorer Ie systeme de declaration. Depuis 1977,

ce bureau declare un nombre plus eleve de cas de cancer, ce qui se traduit par

une reduction marquee des ratios mortalite-incidence.

Tous les autres bureaux d'inscription du cancer au Canada se servent des sour-

ces multiples de declaration, ce qui est considere essentiel pour couvrir lJ1

vaste champ d'observation et ce qui pourrait avoir une incidence positive sur

l'integralite et la qualite des donnees elementaires. Pour mener notre etude,

nous avons examine l' integralite des donnees elementaires declarees (voir

so us-sect ion 2.3). Toutefois, il se trouve que Ie seul bureau qui a recours a
une seule source de donnees occupe en fait un rang passablement eleve sur Ie

plan de l' integralite de l' information touchant de nombreuses donnees elemen-

taires.

Le recours a des sources multiples d'inscription comporte un risque: Ie dou-

ble emploi. Toutefois, l' analyse des inscriptions multiples concernant la

m~me per sonne et Ie m~me siege de cancer ne confirme pas ce risque. En
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Parmi ces dossiers, nous avons releve les inscriptions multiples comme suit:

I'annee, Ie mois et Ie jour de naissance etaient indiques et concor-

daient, ou

Ie jour de naissance n'etait pas indique sur au moins un dossier mais

les mois de naissance concordaient.

Nous avons aussi veri fie 8 la main tous les groupes compren~nt au moins trois

personnes o~ l'information sur Ie mois et Ie jour ne concordait pas et tous

les groupes de deux personnes o~ l'information sur Ie mois ou Ie jour manquait

dans au moins un dossier.

En tout, nous avons fini par relever 6,113 dossiers susceptibles de faire dou-

ble emploi. Ces dossiers correspondent a 5,947 personnes. (A noter que cer-

taines personnes faisaient double emploi plus d'une fois). Nous n'avons pas

juge s'il s'agissait 18 d'inscriptions multiples valables ou effectivement de

doubles emplois.

Pour chaque valeur ICDA-B de 3 chiffres, nous presentons dans Ie tableau 7 la

ventilation de ces doubles emplois possibles selon qu'il s'agit de dossiers

provenant du m@me bureau ou de bureaux differents et s'il s'agit du nombre de

doubles emplois possibles qui ont Ie m~me quatrieme chiffre de la classifica-

tion ICDA-B.

3. DISCUSSION

3.1 Ratios mortalite-incidence (tableaux 1 et 2)

Les ratios mortalite-incidence du cancer peuvent fournir une indication sur

l'integralite des inscriptions. Dans tous les bureaux, ces taux varient selon

Ie siege du cancer (les taux les plus eleves correspondant aux taux de survie

les moins eleves), et selon l'~ge et Ie sexe. Toutefois si une comparaison

des ratios des differents bureaux indique de grandes differences pour un
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provinces qui ont la deviation la plus elevee par rapport a la moyenne
nationale. Pour Ie dossier mortalite, nous indiquons les resultats uniquement
pour les deces dus au cancer dans les neuf provinces autres que l'Ontario afin
que la comparaison avec Ie SNDCC soit plus valable.

2.4 Inscriptions multiples au systeme de declaration des cas de C8ncer

Le principe du Systeme national de declaration des cas de cancer est de consi-

gner tous les cas nouveaux de neoplasmes malins • Une personne devrai t ~tre

inscrite plus d'une fois lorsqu'il se developpe chez elle des neoplasmes

malins multiples. Min d'eviter la double inscriptiO'lldu m~me cas ou la

double declaration des patients inscrits dans plus d'une province, tous les

responsables des registres provinciaux de cas de cancer suivent des procedures

reglementaires. Il peut arriver malgre cela que Ie m~me cas de cancer soit

declare deux fois. Dans Ie but d'evaluer l'ampleur des doubles emplois, nous

avons recherche les dossiers susceptibles de faire double emploi. Notre re-

cherche a ete loin d'~tre exhaustive, de sorte que Ie nombre de doubles possi-

bles que nous avons trouves est en de98 du chi ffre reel. Parmi les 457,158

dossiers, nous avons elimine ceux qui indiquaient des noms ou des annees de

diagnostic invalides. Pour les dossiers ou il manquait l'annee de naissance,

nous avons determine l'annee en question a partir de l'~ge si celui-ci etait

connu. Nous avons aussi elimine les dossiers sur Ie cancer de la peau (ICDA-

8: 173) puisque lIon sait que ce type de cancer appara!t a de multiples occa-
sions.

Parmi les dossiers restants, nous avons retenu ceux qui remplissaient toutes

les conditions suivantes:

Concordance parfaite des annees de naissance ou des annees de naissance
calculees

- concordance parfaite des noms

- exactitude des quatre premieres lettres du prenom

- conformite du code de trois chiffres ICDA-8.
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Le taux moyen d'appariements reussis a ete de 69.4 %. Les taux variaient

entre 55.4 % et 80.4 ~6 parmi les neuf provinces. Sur les appariements

reussis, 92.0 % avaient la m~me classi fication a 4 chiffres (ICDA-8). Ces

taux variaient entre 74.4 ~6 et 100.0 ~6. Pour les provinces ayant les taux

d'appariements les plus eleves ou les moins eleves comportant la m~me classi-

fication ICDA-8, nous indiquons au tableau 4 la ventilation des causes obser-

vees des deces classifies.

2.3 Disponibilite et integralite des donnees

La frequence relative de donnees valides pour des elements d'information spe-

cifiques offre une mesure simple de la qualite des fichiers de donnees. Dans

Ie cas du Systeme national de declaration des cas de cancer et dans Ie cas des

deces dus au cancer consignes dans Ie fichier mortalite, nous nous concentrons

sur les elements d'information suivants:

date de naissance (jour, mois, annee)

- ~ge

lieu de naissance

- comte et subdivision de residence

Nous choisissons ces elements pour souligner A quel point il serait facile ou

di fficile d'appar ier des dossiers provenant d'autres fichiers (ex. partie

2.2) ou de creer des tabulations speciales telles que des statistiques sur de

petites regions. Pour chaque element d'information, nous classifions les don-

nees en donnees val ides et en donnees invalides. Outre les valeurs nulles,

des donnees invalides apparaissent lorsque l'on trouve des caracteres alphabe-

tiques dans une variable numerique ou que la valeur numerique depasse l'inter-

valle de variation. Nous avons groupe les frequences relatives en deux ensem-

bles de cinq ans (1969-1973 et 1974-1978) afin de pouvoir observer si la qua-

lite a change de maniere appreciable au cours des annees ulterieures.

Dans les tableaux 5 et 6, nous presentons les moyennes nationales pour les

deux fichiers centraux; nous indiquons egalement les valeurs pour les
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2.2.2 Rapport incidence-mortalite

Nous avons aussi choisi un echantillon de dossiers tires du SNDCC et les avons

apparies au fichier mortali te. Nous avons choisi au hasard dans chacun des

bureaux de 1I etat civ il 56 dossiers indiquant des neoplasmes malins du poumon

et des bronches (lCDA-8: 162.1) et rassemble ainsi un echantillonnage de 504

dossiers. Nous avons ensuite verifie les dossiers apparies pour determiner la

cause sous- jacente du deces d Iapres Ie fichier complet mortali te de 1969 a
1978. Pour cette etude, nous n I avons pas veri fie la cause du deces figurant

sur Ie certificat original de deces, mais on pourrait proceder a cette verifi-

cation pour les prochaines etudes.

Les resultats tires de cet appariement manuel peuvent etre classes comme suit:

(a) on ne trouve pas de dossier apparie,

(b) on trouve un appar iement, mais la cause du deces est autre que Ie

cancer,

(c) on trouve un appariement ou Ie cancer est la cause du deces mais non

Ie cancer du poumon ou des bronches,

(d) on trouve un appariement indiquant la m~me cause de deces.

Si l'on ne"trouve pas d'appariement, cela indique l'insuffisance du processus

d'appariement, a moins que Ie deces n'ait eu lieu apres 1978 ou a l'exterieur

du Canada ou encore que la personne soit toujours en vie.

Si l'on trouve un appariement ou la cause sous-jacente du deces est differen-

te, cela indique l'une des possibilites suivantes:

(a) un risque concurrent a prevalu,

(b) Ie cancer a ete une cause contribuant au deces, mais non la cause

sous-jacente, ou encore

(c) la cause sous-jacente du deces indiquee par Ie fichier central morta-

lite etait inexacte, ou bien Ie siege du cancer indique par Ie SNDCC

etait inexact (ce dernier cas etant cense ~tre moins probable).
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(a) on ne trouve aucun dossier apparie

(b) on trouve un appariement mais Ie dossier indique un siege different

pour Ie cancer

(c) on trouve un appariement et Ie dossier indique Ie m~me siege pour Ie

cancer.

Si on ne trouve aucun appariement cela indique qu'il y a une sous-

representation, ou que Ie cancer a ete diagnostique pour la premiere fois en

Ontar io ou aI' exterieur du Canada ou bien avant 1969, ou encore que Ie deces

n'etait pas reellement attrihuable au cancer. 11 est possible aussi comme on

l'a deja indique, que Ie processus d'appariement proprement dit ne soit pas

par fait. Si l'on trouve un appar iement, mais que les dossiers indiquent des

sieges differents pour Ie cancer, cela peut indiquer une erreur soit dans Ie

fichier mortalite, soit dans Ie SNDCC. Comme nous l'avons deja mentionne, on

croit generalement que Ie dossier mortalite offre une classification plus pre-

cise des maladies en raison du taux eleve de confirmations histologiques.

Nous avons entrepris une etude a echelle reduite pour mesurer ce phenomene.

Dans chacune des provinces, aI' exception de l'Ontar io, nous avons choisi un

echantillon aleatoire de 56 dossiers indiquant un neoplasme malin du poumon ou

des bronches comme la cause sous-jacente du deces (ICDA-8: 162.1) et rassem-

ble ainsi un echantillonnage de 504 dossiers. Nous avons retenu seulement les

deces survenus entre 1969 et 1978.

AI' echelle nationale, Ie taux d'appar iements reussis etait de 82.3 ~~. Les

taux variaient entre 73.2 % et 96.4 % parmi les neuf provinces. Sur les appa-

riements reussis, 92.5 % avaient la m~me classification a 4 chiffres

(ICDA-8). Ces taux variaient entre 74.4 % et 100 %. Pour les provinces ayant

les taux d'appariements les plus eleves ou les moins eleves comportant la m~me

classification ICDA-8, nous indiquons au tableau 3 la ventilation des classi-

fications de maladies observees.
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Comme points de depart, nous avons choisi dans les deux fichiers les dossiers

faisant etat de neoplasmes malins du poumon ou des bronches (ICOA-84: 162.1)

pour les annees 1969 a 1978. Ce choix a ete base sur des considerations d'in-

cidence elevee, de mortalite elevee et de courtes periodes de survie; les con-

ditions etaient donc favorables pour trouver des dossiers apparies dans les

deux fichiers. Malgre cela, en raison du temps ecoule entre Ie diagnostic et

deces il est vrai que les deces provoques par Ie cancer au cours des premieres

annees et les cancers nouvellement diagnostiques au cours des annees ulterieu-

res sont moins susceptibles de faire l'objet d'un dossier correspondant dans

Ie fichier apparie. L'analyse des resultats serait amelioree dans les pro-

chaines etudes si la conception de l'echantillon permettait de contrOler l'an-

nee du deces et l'annee du diagnostic.

Nous avons choisi deux echantillons independants: l'un du fichier de la morta-

lite et I'autre du fichier du Systeme national de declaration des cas de can-

cer (SNOCC).

2.2.1 Rapport mortalite-incidence

Tous les deces dus au cancer entre 1969 et 1978 devraient avoir, du moins en

theorie, un dossier correspondant dans Ie fichier du SNOCC. Les principales

exceptions a cette regIe sont les cas ou Ie cancer a ete diagnostique pour la

premiere fois en Ontario ou a l'exterieur du Canada ou bien les cas ou Ie can-

cer a ete diagnostique pour la premiere fois avant 1969. Observation faite de

ces exceptions, l'absence d'un dossier correspondant dans Ie SNOCC indique une

sous-representation. On suppose, bien entendu, que la cause sous-jacente du

deces qui figure dans Ie fichier mortalite est depourvue d'erreur.

Par consequent, si lIon choisit un echantillon de deces dus au cancer et si on

les apparie au SNOCC, on est en presence d'un certain nombre de possibilites:

4 International Classification of Oiseases (Classification internationale des
maladies) adaptee pour les ttats-Unis, huitieme revision.
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Si les ratios mortalite-incidence sont trop differents pour la plupart des

sieges, on pourra negliger de tenir compte des differences de taux en a) et

b). Quant aux taux d'erreur (c), les etudes sur l'erreur de codage de la cau-

se sous-jacente du deces ont fait ressortir des taux d'erreur de moins de 10 %

(5). Dans un rapport non publie, on a trouve que ces taux d'erreur pourraient

varier entre 3 % et 18 % parmi les bureaux de l'etat civil. Toutefois, les

differences observees parmi les ratios mortalite-incidence (voir tableaux 1 et

2) ne peuvent entierement s'expliquer par ces taux d'erreur. Par ailleurs,

comme presque 90 % des inscriptions de nouveaux cas de cancer sont confirmees

sur Ie plan histologique, Ie taux d'erreur en d) est negligeable. Aussi, ces

ratios mortalite-incidence donnent-ils une indication sur I'erreur de repre-

sentation dans Ie Systeme national de declaration des cas de cancer.

En nous concentrant sur les sieges les plus frequemement diagnostiques (8

l'exception du cancer de la peau) d'apres Ie fichier SNDCC, nous presentons

aux tableaux 1 et 2, pour chaque sexe, les ratios mortalite-incidence 8

l'echelle nation ale ainsi que les provinces comptant les ratios les plus ele-

yes ou les moins eleves, pour deux periodes de cinq ans, ainsi qu'une ventila-

tion par groupes d'~ge. Nous excluons l'11e-du-Prince-rdouard de notre etude

parce que Ie nombre de cas observes dans cette province est trop faible pour

permettre une comparaison valable.

2.2 Appariement des dossiers mortalite et incidence

Pour etablir la possibilite d'evaluer les erreurs de classification des causes

de deces, ou les erreurs de classification des sieges du cancer, on peut tirer

un echantillon des inscriptions provenant soit du fichier mortali te, soit du

fichier incidence, et ensuite rechercher dans l'autre fichier des dossiers ap-

paries. La recherche manuelle ne garanti t pas que l'on trouvera tous les

appariements valables et, en fait, Ie taux d'appariement peut ~tre different

d'un bureau de l'etat civil 8 l'autre, parce que Ie niveau de detail des vari-

ables d'appariement peut varier d'un bureau a l'autre. (Voir a la partie 2.3

une etude sur la disponibilite des donnees).
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2 • DESCRIPT ION OCS t£SURES

Dans cette partie, nous d~crivons certaines m~thodes pour ~tudier la qualit~

des donn~es contenues dans les registres sur la mortalit~ et l'incidence du

cancer.

2.1 Ratios mortalit~-incidence

En vue d I~tudier les taux relati fs de sous-repr~sentation parmi les inscrip-

tions de l'incidence du cancer, nous consid~rons les ratios entre les deces et

les cas de cancer. nant donne qu'au Canada tous les d~ces sont enregistr~s

selon la cause du deces et que suivant Ie "Systeme national de declaration des

cas de cancer" (SNDCC), tous les nouveaux cas de neoplasme malin sont enregis-

tres3, si les deux systemes de consignation ~taient de la m~me qualite dans

tous les bureaux de l'etat civil on devrait s'attendre a ce que la proportion

entre les taux de mortalite et les taux d'incidence relati fs a un siege donne

soit passablement uniforme au sein d'une population d'un ~ge et d'un sexe don-

nes et au cours de periodes suffisamment longues. (Nous calculons ces propor-

tions de deces et de cas pour des p~riodes de cinq ans et de dix ans afin de

r~duire I'effet du d~calage dans Ie temps entre la d~claration d'un cas de

cancer et Ie d~ces). Cette proportion manquerait de coh~rence si I'un ou

l'autre des taux ci-dessous differait d'un bureau de l'etat civil a l'autre.

(a) taux de survie ou accroissement soudain du taux d'incidence,

(b) taux de mortalite aS80ci~e a d'autres risques concurrents,

(c) taux d'erreur de codage de la cause sous-jacente de deces

(d) taux d'erreur dans la classi fication du siege du cancer dans Ie cas

des nouveaux cancers

(e) taux de sous-representation ou de sur-representation des cas de can-

cer

3 Exceptionnnellement, on enregistre les cancers metastatiques lorsque Ie
siege primaire est inconnu.



- 57 -

du cancer et Ie sous-ensemble de dossiers tires du fichier sur la mortalite,

lequel fait appara!tre Ie cancer comme cause sous-jacente du deces.

Voici les aspects de la qualite des donnees que nous avons retenus pour notre

etude:

1. L'integralite des inscriptions de nouveaux cas de cancer par Ie

biais d'une comparaison entre la mortalite attribuable au cancer

et l'incidence du cancer pendant la meme periode. Cette compa-

raison constitue un indicateur tres approximatif (mais couram-

ment utilise) de l'integralite des inscriptions.

2. La compatibilite des codes de determination du diagnostic et de

la cause du deces par Ie biais d'un appariement des dossiers in-

dividuels formant les deux fichiers.

3. La disponibilite et l'integralite des donnees e1ementaires par

Ie biais d'une analyse de la frequence a laquelle des valeurs

valides apparaissent dans les fichiers.

4. L'inscription des cas de cancer primitifs multiples par Ie biais

d'un appariement des dossiers formant Ie registre.

Notre etude couvre la periode comprise entre 1969 et 1978 pour laquelle on

dispose des donnees sur l'incidence du cancer. Nous avons exclu l'Ontar io

du champ de toutes nos recherches etant donne que Ie Systeme national de

declaration des cas de cancer comprend des donnees sur cette province

uniquement pour la periode qui s'etend de 1969 a 19712•

La 2e partie de cet article expose la methode adoptee pour les recherches et

la 3e partie les conclusions de l'etude.

2 L'Ontario a cree un systeme passif d'inscription qui fait appel aux rapports
sur les victimes du cancer, prepares a d'autres fin. Cette province prepare
actuellement les donnees relatives aux dernieres annees.
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d'autres aspects de la qualite des donnees telles que Ie detail de 1 I informa-

tion sociodemographique et geographique qui est fournie. Par ailleurs, les

donnees sur 1 I incidence du cancer sont sensibles a des facteurs tels que les

programmes de depistage de la masse qui menent aI' inclusion de cas repandus

non diagnostiques auparavant.

Les redacteurs de "Cancer Incidence in Five Continents" utilisent et expli-

quent plusieurs indices qui peuvent servir a determiner si les donnees consi-

gnees sont completes et fiables (4). Parmi ces indices, il faut citer les ra-

tios mortalite-incidence du cancer en tant qu'indicateur de l'integralite des

inscriptions (voir parties 2.1 et 3.1 de cet article).

La declaration des deces est me obligation legale dans la plupart des pays

developpes; on suppose donc que les erreurs d I enregistrement y sont minimes.

Aux fins de la recherche epidemiologique sur Ie cancer, les limitations con-

nues ou presumees des donnees sur la mortalite comprennent un manque d'infor-

mation sur les cancers non mortels, une information moins precise sur Ie dia-

gnostic et des erreurs de classi fication plus frequentes attribuables a l'ex-

plication et au codage de la cause sous-jacente des deces, d'ol! une precision

moindre en comparaison de 1 I information sur Ie diagnostic dans les statisti-

ques sur l'incidence du cancer.

Une evaluation de la qualite des statistiques de l'etat civil entreprise sous

forme d'etude pilote fournit certaines indications sur la qualite des donnees

concernant la mortalite au Canada (toutes les causes), notamment sur les taux

d'erreur dans Ie codage de la cause sous-jacente du deces. Ce taux

d'erreur s'elevait a 7.2 % en 1976. Pres des deux tiers des erreurs portaient

sur Ie premier et Ie deuxieme chiffres du code de la cause du deces, lequel

comprend 4 chiffres. La variation du taux d'erreur selon les causes specifi-

ques du deces n'a pas ete etudiee.

Dans Ie present article, nous evaluerons la possibilite de mesurer certains

aspects touchant la qualite des deux fichiers de donnees de Statistique Canada

qui servent aux etudes epidemiologiques, a savoir Ie fichier sur l'incidence
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2. Donnees sur l'incidence du cancer aI' echelle nationale basees sur les

declarations des registres provinciaux des cas de cancer. Cette serie de

donnees a ete etablie en 1921.

La bonne qualite des statistiques fournissant des renseignements fiables sur

les differentielles de risque depend de l'integralite et de la precision des

cas de cancer enregistres et de la comparabilite des donnees entre les diffe-

rents bureaux de l'etat civil et les differentes periodes. En tant qu'indice

du risque reel lie au cancer, chacune des donnees sur l'incidence du cancer et

la mortalite due a cette maladie presente de l'interet tout en ayant des

limites qui lui sont propres.

Les donnees sur l'incidence du cancer se pr~tent particulierement bien aI' e-

tude epidemiologique de cette maladie parce qu'elles fournissent des ren-

seignements sur tous les cancers et non uniquement sur ceux qui sont mortels,

parce qu'elles permettent de prevoir les prob18mes naissants et parce que

l'information sur Ie diagnostic est generalement detaillee et de tres bonne

qualite. Par exemple, la publication "Cancer Incidence in Five Continents (1)

"souligne Ie r61e que jouent les comparaisons de cette incidence aI' echelle

internationale en fournissant des indices sur les causes du cancer en depit de

certaines limitations bien connues des donnees. Parmi ces restrictions,

citons la difficulte d'obtenir la declaration de tous les nouveaux cas de can-

cer et les differences entre les bureaux de l'etat civil lorsque les nouveaux

cas sont bien declares. Les principaux faeteurs qui influent sur Ie reIeve

effeeti f des cas sont les suivants: quels sont Ie nombre et les types de

sources de donnees utilisees, dans quelIe mesure on procede a une recherche

active des cas, depuis combien de temps Ie bureau de l'etat civil existe et si

la declaration des cas de cancer constitue ou non une obligation legale dans

la region ou est situe Ie bureau. Au Canada, les bureaux d'enregistrement des

cas de cancer emploient une methodologie passablement heterogene pour la col-

lecte de leurs donnees, mais ils essaient tous de suivre les directives tant

internationales (2) que nationales (3) pour la consignation normalisee des

donnees sur l'incidence du cancer. Les differences de sources et de

techniques influencent non seulement Ie champ d'observation mais aussi
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CERTAINS ASPECTS DE LA QUALIT~ DES STATISTIQUES SUR LA

MORTALIT~ DUE AU CANCER ET L'INCIOENCE DE CETTE MALAOIE

D. Binder et A. Malhotra1

Depuis 1921, Statistique Canada, organisme central de regroupement
de statistiques au Canada , compile des donn6es sur la mortalit6 h
1'6chelle nationale, notamment celles qui touchent la mortalit6 due
au cancer. II dispose 6galement de donn6es sur l'incidence du
cancer qui remontent a 1969.
On peut 6valuer de diverses fa90ns la qualit6 des donn6es de ces fi-
chiers. Les rapports entre la mortalit6 due au cancer et
l'incidence de cette maladie donnent ceitaines indications sur les
erreurs de repr6sentation. L 'appariement des micro-donn6es entre
les fichiers "incidence" et "mortalit6" donnent un aperc;u des
erreurs de classification. De m@me, les inscriptions multiples de
l'incidence du cancer posent Ie probleme du double emploi. Par
ailleurs, l'int6gralit6 et la disponibilit6 des donn6es el6mentaires
revetent de l'importance dans Ie cas d '6tudes sp6c.iales.

Dans cet article, nous 6tudions la possibilite de nous servir de ces
mesures de la qualit6 des donn6es et les cons6quences que peuvent
avoir les mesures en question.

1. INTRODUCTION

Les statistiques d6mographiques du cancer servent de base aux recherches

6pid6miologiques sur la distribution et les d6terminants de cette maladie

ainsi qu'aux programmes de sant6 visant la pr6vention, Ie diagnostic et Ie

traitement du cancer. Statistique Canada, organisme central de regroupement

de statistiques, compile deux types de statistiques de ce genre sur Ie cancer:

1. Donn6es sur la mortalit6 ai' 6chelle nationale bas6es sur les rapports

provenant des registres provinciaux de 1'6tat civil. Ces donnees

remontent a 1921.

1 D. Binder, Division des m6thodes d'enqu@te-institutions et agriculture,
Statistique Canada et A. Malhotra, Division de la sant6, Statistique Canada.
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d'echantillonnage est inferieure a 1m6 quand il est necessaire d'inclure des

donnees imputees dans l'estimation du nombre global de passagers dans un

marche. Ainsi, l'inclusion de fj au lieu de 0.10 dans l'expression de la

variance d'une estimation produit un coefficient ajuste qui s'applique aux

estimations globales relatives a un marche.

Cette methode tient compte du fait que des donnees d'echantillonnage sont

utilisees dans la technique d'attribution, mais elle est fondee, comme Ie pro-

cede qui determine les estimations elles-memes, sur l'hypoth~se que les voya-

ges DOD tronques representent bien Ie trafic sans correspondance.

8. PROJETS A L'rTUDE

Le besoin de disposer de renseignements sur les marches des transports aeriens

pour les negociations bilaterales sur les services internationaux a ete

explique dans une des sections precedentes. L'echange de statistiques

constitue un des elements negociables prevus dans les accords sur Ie transport

aerien, et des ententes permettant de tels echanges existent deja entre Ie

Canada et plusieurs pays. Les notions que ces pays appliquent dans leurs

enquetes ainsi que la qualite de leurs donnees nous laissent croire que ces

chiffres pourraient ~tre utilises dans Ie syst~me d'estimation de l'ASIPOD.

De telles donnees fourniraient un echantillonnage des trajets non denombres

dans l'univers des billets emis pour les vols internationaux. Des etudes de

faisabilite actuellement en cours tentent de determiner si Ie nombre de pays

qui pourraient echanger ces statistiques contribuerait a ameliorer la preci-

sion d'un nombre d'estimations suffisant pour justifier l'expansion du syst~me

d'estimation de l'ASIPOD en vue d'inclure des "donnees echangees".
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7.2 Variance des estimations globales relatives a un marche

La methode de calcul des coefficients de variation pour l'ensemble d'un marche

doit assurer que les donnees imputees sont une fonction des donnees de

l'echantillon. Autrement dit, des echantillons differents produisent des

valeurs di fferentes des donnees imputees et, en consequence, des grandeurs

differentes des estimations glob ales relatives a un marche. La reutilisation

de certaines parties de l' echantillon a un effet sur la distribution d' echan-

tillonage des estimations.

La methode que nous proposons corrige la fraction d'echantillonage de 10% pour

qu'elle cor responde au pourcentage de passagers reellement echantillonnes dans

chaque domaine d'inter~t. Comme on prend pour acquis l'application de la

technique d'attribution, on suppose egalement que les voyages DOD tronques

representent bien Ie trafic sans correspondance. Notre mesure de fiabilite

constitue une mesure de precision seulement si cette hypothese est valable.

Il est donc raisonnable de recti fier les poids des voyages DODechantillonnes

a fin de prendre en consideration Ie tra fic sans correspondance. Ainsi, la

fraction d' echantillonnage necessaire pour I' estimation du je domaine

d'inter~t serait fj' comme definie dans l'equation (1) plus haut. Dans

1 'equation (2), fj remplacerait f pour Ie calcul de var(d), ce qui donne la

formule pour la variance des estimations globales relatives a un marche:

n
(-2L Xi - x) •

i=1

Ensuite, Ie coefficient de variation des estimations globales relatives a un

marche serai t :

cv(d~) = ~/v~r(d~) / d~
J V J J

Signalons que fj < 0.10 lorsque aj > o. Ce qui signifie que 1a fraction
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L'enqu~te sur l'origine et la destination des passagers payants utilise

effectivement un echantillon aleatoire simple de 10%, puisque

(i) Ie choix des volets dont Ie numero d'ordre se termine par "0" produit un

echantillonnage systematique, et

(ii) la distribution des billets ne comporte aucun cycle qui causerait une

relation entre Ie nombre de passagers estime par l'enqu~te et Ie dernier

chiffre du numero d'ordre.

L'estimation de la variance peut donc s'ecrire:

A A 2 1
var(d) = N - (1-f) Vsn

1 n - 2= .L (Xi - x)
n-1 l=1

et x 1
n

et Ie coefficient de variation peut s'exprimer sous la forme:

A noter que var(d) peut s'ecrire egalement:

varCd) = (1-f)

f2

n
L
i=1

(2)

ou n est suppose suffisamment grand pour que n/(n-1) eqale approximati vement

1 •
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Prenons les estimations du nombre total de passagers sortants et entrants,

sans distinguer la direction du voyage. Parmi les diverses paires dlorigines

et de destinations, Ie billet en question ajouterait des passagers aux domai-

nes suivants:

Domaine d'inter~t

Winnipeg - Londres
Toronto - Londres
Canada - Londres
Canada - Europe
Est du Canada - Europe
Ouest du Canada - Europe

Nombre de passagers

1
1
2
2
1
1

Notons que Ie nombre de passagers par billet depend du niveau de repartition

geographique et, par consequent, de llorigine et de la destination

(clest-a-dire des domaines d'inter~t) pour lesquelles des estimations du

trafic sont calculees.

On peut trouver a, 11estimation du nombre de passagers qui voyagent entre une

origine et une destination en particulier, d I apr~s l'enquMe sur 11 origine et

la destination des passagers payants, a l'aide de la formule suivante:

n
d = L

i=1

x.
1

f

ou Xi est Ie nombre de voyages simples appartenant a une paire dlorigi-

nes et de destinations pour Ie ie billet.

n est Ie nombre total de billets dans l'echantillon, et

N est Ie nombre total de billets dans la population de llenquete

sur llorigine et la destination des passagers payants.

fest la fraction d'echantillonnage, c'est-a-dire, n/N = 0.1.
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7. ESTIMATION OC LA VARIANCE

L'application de la technique d'attribution a 1 'estimation des marches

internationaux represente une solution nouvelle pour un probleme de taille.

Elle ne regIe pas completement les difficultes causees par la non-exhaustivite

du denombrement, mais elle constitue un grand pas en avant, comme d'ailleurs

la production de statistiques sur la variance des estimations. Les chiffres

sur la variance devraient a la fois tenir compte de la technique d'attribution

et de ses hypotheses, et fournir une mesure claire de la fiabilite des estima-

tions relatives aux DOD.

L'estimateur de la variance des estimations du trafic international par paires

d'origines et de destinations est une modi fication simple de l'estimateur de

la variance utilise dans l'enqu@te sur l'origine et la destination des

passagers payants.

7.1 Variance de l'estimation du trafic avec correspondance

Le calcul de l'estimateur de la variance des estimations de l'origine et de la

destination des passagers payants depend du nombre de passagers que chaque

billet attribue aux paires d'origines et de destinations (c'est-a-dire au

domaines d'inter@t). Rappelons que chaque billet est choisi avec une probabi-

lite de 0.1 et que l'itineraire peut ~tre divise en plusieurs segments au vo-

yages DOD. Un billet peut faire inscrire 0, 1, 2, etc. passagers dans un

domaine d'inter~t donne. Par exemple, l'itineraire

YWG - AC ~ LON - SA - YYZ

serait coupe, selon Ie programme qui ealcule les points de division, en deux

voyages simples:

YWG - AC - LON
et

LON - SA - YYZ
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croient que de telles erreurs dans cette enqu~te sont petites. Toutefois, des

consultations sont actuellement en cours avec les grands transporteurs aeriens

canadiens pour trouver des fa90ns de reduire les exigences des orqanismes

gouvernementaux en matiere de declarations. Au terme de ces discussions, l'ac-

tivite aeroportuaire pourrait devenir l'objet d'une enqu~te-echantillon. Lors-

que viendra Ie moment d'etablir Ie plan de sondage, il faudra tenir compte de

l'importance d'obtenir des donnees precises sur Ie volume des passagers aux

points d'entree ou de sortie.

La technique d'attribution suppose que tout Ie trafic des passagers non-

denombres est pris en compte dans Ie trafic sans correspondance. Une fa90n

interessante de verifier cette hypothese serait de comparer, pour une m~me

periode de reference, Ie nombre de passagers d'un transporteur canadien decla-

re dans l'enqu~te sur l'activite aeroportuaire et une estimation faite a
partir de l'echantillon de l'enqu~te sur l'origine et la destination des voya-

geurs. Cette estimation correspondrait au nombre total de passaqers dont les

voyages DOD comportent Ie meme transporteur pour Ie trajet international et Ie

m~me aeroport canadien comme point d'entree ou de sortie. II faudrait pouvoir

dire si les ecarts entre Ie chiffre declare et les estimations proviennent de

differences entre les notions appliquees par ces enqu~tes et, dans l'affirma-

tive, verifier si ces differences sont prises en consideration dans Ie systeme

d'estimation de l'ASIPOD. Si Ie systeme n'en tient pas compte, cela pourrait

con firmer que l'hypothese selon laquelle tout Ie trafic des passagers non

denombres est compris dans Ie trafic sans correspondance souleve des proble-

meso

L 'etude d'un bon nombre de ces lacunes devrait donc ~tre poussee. Le systeme

actuel comporte de serieuses lacunes, mais on n'a pas encore reussi a trouver

une solution de rechange a la technique d'attribution, etant donne les

contraintes de temps et de coat. Neanmoins, les ameliorations apportees aux

estimations du trafic pour chaque marche par Ie systeme d'estimation de

l'ASIPOD seront appreciables.
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La technique d'attribution est fondee sur Ie postulat que les voyages OOD

tronques representent bien Ie trafic sans correspondance. Examinons l'exemple

hypothetique que nous venons d'illustrer afin de voir si cette hypoth~se est,

par intuition, raisonnable. La technique d'attribution suppose que les passa-

gers qui partent de Montreal a bard d'un vol d'un transporteur etranger parti-

culier auront la m~me destination finale que les passagers dont l'origine est

Winnipeg au Toronto et qui passent par Montreal. Cela revient a utiliser Ie

comportement des voyageurs des communautes ethniques, comme les groupes polo-

nais de Toronto et allemands de Winnipeg, pour tracer Ie comportement des com-

munautes a predominance fran9aise de Montreal. En outre, Ie caractere douteux

du postulat de similitude entre les voyages avec et sans correspondance a ete

demontre empiriquement dans une etude-pilote (Rosen et Conroy (1977» effec-

tuee par la Commission canadienne des transports, en 1977. Bref, il existe

des arguments non seulement intuiti fs, mais aussi empiriques qui refutent Ie

postulat de base de cette technique.

La precision des estimations du nombre de passagers par paire d'origines et de

destinations est mise en cause par toute exception aI' hypoth~se que les

voyages OOD tronques representent bien Ie trafic sans correspondance. Or,

comme dans Ie cas du tableau 1, de grands volumes de passagers sont attribues

a des paires d'origines et de destinations a partir d'un echantillon "reel" de

petite taille. Par exemple, la fraction d'echantillonnage "reeIle" du marche

forme entre Ie Canada et la region no 7 n'est pas 1m~, comme dans l'enqu~te

sur Ie trafic interieur, mais 5.7'}f, (c'est-a-dire (100'}f, .•. 42.7'}f,) x 10%), a
cause de l'exclusion du trafic sans correspondance de l'univers. Par conse-

quent, un echantillon de mains de 1O~~sert a repartir un grand volume de pas-

sagers. L 'existence d'exceptions a I'hypoth~se en question pourrai t donc

causer de grands biais dans les estimations.

Comme les chiffres tires de l'enqu~te sur l'activite aeroportuaire constituent

des rep~res sur Ie volume du trafic, leur precision est tr~s importante. Bien

qu'aucune evaluation n'ait ete entreprise concernant l'ampleur du biais

attribuable a des erreurs d'observation dans les chiffres sur l'activite

aeroportuaire, les economistes qui analysent les statistiques sur l'aviation
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1
2

- 45 -

Estimation du nombre

de passagers

10

20

DOD

YWG-AC-YMX-SA-LON-LO-WAW

YYZ-CP-YMX-SA-LON-LH-HAM

ou les codes doivent ~tre interpretes comme suit:

Code

YWG
YMX
LON
WAW
YYZ
HAM
AC
SA
LO
CP
LH

Desiqnation

Winnipeg
Montreal (Mirabel)
Londres
Varsovie
Toronto
Hambourg
Air Canada
Sritish Airways
LOT
CP Air
Lufthansa

Ainsi, Di = 3 et Ai = 120 - (1/.1) x 3 = 90.

Les voyages DOD tronques, la proportion de ces voyages inclus dans Di' Ie

nombre de passagers a repartir et les estimations totales pour Ie marc he sont

donc:

Voyages DOD tronques

YMX - SA - LON - LO - WAW

YMX - SA - LON - LH - HAM

Proportions

1/3

2/3

Passagers a
repartir (all

30

60

6.4 Lacunes de la technique d'attribution

Cette technique comporte toutefois certaines lacunes.
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ou f. =J

(1)

et OU f.
J est la fraction d'echantillonnage corrigee pour la je paire

d'origines et de destinations dans l'enquHe sur l'origine et

la destination des passagers payants;

dj est Ie nombre de passagers des vols internationaux pour la je

paire d'origines et de destinations dans l'echantillon de l'en-

qu~te sur l'origine et la destination des passagers payants, et

aj est Ie nombre de passagers attribues a la je paire d'origines

et de destinations.

Il convient de souligner que, conformement au point (iii) ci-dessus, aj peut

s'exprimer:

ou

et

d.
J

a. = x A. , j£iJ D. 1
1

L d. = D.
J 1

j £i

L a. = A.
J 1

j £i

6.3 Un exemple d'application de la technique d'attribution

Prenons un exemple simple pour illustrer comment fonctionne la technique

d'attribution. Les donnees sur l'activite aeroportuaire fournies par British

Airways revelent que 120 passagers sont embarques a Montreal a destination de

Londres. Dand ce cas, Ci = 120. Supposons que I'enqu~te sur l'origine et la

destination des voyageurs payants n'indique que deux suites de voyages DOD:



- 43 -

denombree de la population cible, sont appelees des voyages 000 sans corres-

pondance, puisqu'il s'agit de paires d'origines et de destinations de voyages

simples assures par des transporteurs etrangers qUI n'ont pas de correspondan-

ces avec un transporteur participant canadien. Selon la technique d'attr ibu-

tion, on impute les voyages 000 sans correspondance au ie groupe de la fac;:on

suivante:

(i) Une liste de tous les voyages 000 inclus dans Di est dressee (c'est-a-

dire au m~me aeroport, par Ie m~me transporteur etranger et dans la'm~me

direction) •

(ii) Les trajets interieurs sont elimines (c'est-a-dire les trajets entre un

point canadien et un point d'entree ou de sortie canadien). (Ces trajets

etant faits par un transporteur canadien, ils sont pris en compte dans

l'enqu~te sur l'origine et la destination des passagers payants. Les

voyages ainsi "tronques" sont alors sans correspondance.)

(iii) Le volume des passagers non denombres, Ai' est reparti parmi les voyages

DOD ainsi "echantillonnes", selon la proportion de ces voyages dans Di.

De nouveaux totaux de passagers classes par origine et destination de voyages

simples sont produits, et il s'agit alors de "passagers repartis".

La technique d'attribution repose sur l'hypothese que les voyages DOD tronques

representent bien Ie trafic sans correspondance, ce qui donne plus de poids a

certaines paires d'origines et de destinations que dans l'enquHe qui porte

seulement sur l'origine et la dest ination des passagers payants. On peut donc

trouver l'estimateur dJ, qui correspond au nombre total de passaqers observes

sur Ie marche pour la je paire d'origines et de destinations, en corriqeant

la fraction d'echantillonnage de la maniere suivante:

a1 = (1/f.) x d.
J J J
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g est Ie nombre d'aeroports canadiens qui servent de point d'entree ou

de sortie, et

ni est Ie nombre de transporteurs etrangers (non americains) detenant

un permis d'atterrissage, qui desservent Ie ie aeroport canadien

de point d'entree ou de sortie.

L 'enqu~te sur I'origine et la destination des passagers payants permet, par

recoupement des transporteurs et des aeroports canadiens, d'obtenir un classe-

ment semblable des passagers entrants et sortants par origine et destination

du voyage simple. Ainsi, l'echantillon de cette enquete fournit egalement b

comptages.

A la premiere etape de la technique d'attribution, Ie volume de passagers non

denombres, Ai' inclus dans Ie groupe d'attribution i, peut etre estime au

moyen de l'equation suivante:

(i = 1, ••• , b)

ou C.
1

f

D.1

A.1

est Ie volume total des passagers dans Ie groupe i, selon l'enquete

sur l'activite aeroportuaire;

est la fraction d'echantillonnage de l'enquete sur l'origine et la

destination des passagers payants (c'est-a-dire 1/10);

est Ie nombre echantillonne de passagers des vols internationaux

dans Ie groupe i;

correspond ainsi a l'estimation du nombre de passagers deplaces par

un transporteur etranger et qui tombent dans Ie ie des b groupes

d' attr ibution, mais pour lesquels il manque des renseignements sur

l'origine et la destination.

A l'etape suivante, on attribue Ie volume des passagers non denombres a des

paires d'origines et de destinations. Ces paires reliees a la partie non
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monde, on obtiendrait de plus hauts pourcentages de non-denombrement pour

chaque region du monde. Donc, il semble que, de faGon generale, plus les

regions geographiques sont desagregees, plus Ie pourcentage de non-denombre-

ment est eleve. Pour citer un exemple, Ie pourcentage de non-denombrement des

passagers qui ont voyage entre l'Est du Canada et la region no. 7 est de 55%

contre 42.7% pour l'ensemble du Canada (tableau 1). Afin de clarifier l'affir-

mation qu'un haut degre d'agregation geographique dans Ie choix des paires

d'origines et de destinations produit generalement un faible pourcentage de

non-denombrement, il faut souligner que Ie non-denombrement existe seulement

dans Ie cas des vols des transporteurs etrangers qui prennent fin ~ un point

d'entree au Canada. Le denombrement du trafic de papsagers est exhaustif

lorsque la partie canadienne des paires d'origines et de destinations n'est ni

un point d'entree, ni un point de sortie. Ainsi, lorsque Ie degre d'agregation

geographique augmente, on inclut plus de vols avec correspondance, ce qui fait

diminuer Ie pourcentage de non-denombrement.

6.2 La technique d'attribution

La technique d'attribution consiste d'abord b estimer Ie volume de passagers

non denombres, pour ensuite repartir ce volume dans des paires d'origines et

de destinations.

A partir de l'enqu~te sur l'activite aeroportuaire, on effectue b comptages

reperes des passagers entrants et sortants aux aeroports canadiens, par trans-

porteur. La valeur de b, Ie nombre de categories auxquelles on peut attribuer

un volume de voyageurs, se definit de la fa90n suivante:

9
b = 2 x L ni

i=1

ou Ie "2" s'explique par Ie fait qu'il y a deux comptages, un pour les passa-

gers qui entrent au Canada et un pour ceux qui sortent du pays,
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probleme pour Ie systeme d'estimation de l'ASIPOD a cause de l'absence de don-

n~es sur l'origine et la destination de la partie non d~nombr~e de la popu-

lation cible.

Le tableau suivant donne un indice du volume de passagers qui se d~placent

entre Ie Canada et neuf r~gions du monde. (Ces chiffres sont des estimations

annuelles pour 1979. Les neuf r~gions du monde ne sont pas nomm~es parce que

ces donn~es sont confidentielles.)

Tableau 1 - Passagers des vols internationaux - estimations, 1979

Entre Ie Canada

et ...
Origine et

destination des

passagers payants

Non-d~nombrement (Ie

pourcentage du total

est entre parentheses)

Total

la r~gion no 1 116,050 495 (0.4) 116,545
la r~gion no 2 325,200 2,020 (0.6) 327,220
la r~gion no 3 99,010 12,628 (11.3) 111,638
la r~gion no 4 67,200 14,558 (17.8) 81,758
la region no 5 575,010 126,076 (18.2) 703,086
la r~gion no 6 205,180 101,464 (33.1) 306,644
la r~gion no 7 1,221,040 908,876 (42.7) 2,129,916
la region no 8 54,410 56,807 (51.1) 111,217
la region no 9 45,330 57,267 (55.8) 102,597

Total mondial 2,708,430 1,282,191 (32.1) 3,990,621

D 'apres les pourcentages de non-denombrement, il est ~vident que ce probleme
est important.

Si ce tableau etait fait pour 1'Est du Canada et les neuf m~mes regions du
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contrale de ces erreurs d'observation, erreurs peu faciles a corriger,

n'est pas un objectif de ce programme de revision.

(ii) Mettre au point un systeme de calcul simple, facile a utiliser et qui

fournit des messages indicateurs sommaires.

Quelque 625,000 enregistrements d'origine et de destination, et quelque

820,000 enregistrements concernant l'activite aeroportuaire doivent ~tre

traites annuellement avec un minimum d'intervention manuelle. Etant

donne qu'une multitude de passagers est repartie parmi un nombre consi-

derable de paires d'origines et de destinations, les messages imprimes a
chaque etape du systeme doivent resumer Ie traitement jusqu'a ce point,

tout en indiquant les problemes eventuels.

(iii) Fournir des tableaux des estimations du nombre de passagers sur les vols

internationaux, soit regulierement ou au besoin, de maniere a simplifier

les analyses que les utilisateurs doivent effectuer.

(iv) Produire des estimations, dont la fiabilite est mesurable, sur l'origine

et la destination des passagers a bord des vols internationaux a horaire

fixe.

Bien qu'on ait cru dans Ie passe que la fiabilite de ces statistiques

etait variable, elle etait de fait inconnue jusqu' a present. L'estima-

tion de la fiabil ite de ces donnees permettra de mieux conna.ttre la

force des conclusions qu'on peut tirer de leur analyse. Les deductions

faites sans une mesure de la fiabilite des donnees peuvent Hre en fait

fort trompeuses.

6. R~SOlUTION DU PROBltME DE NON-EXHAUSTIVIT~

6.1 Importance du probleme

Comme dans d'autres enqu~tes, la non-exhaustivite du denombrement pose un
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Supposons egalement que deux suites de voyages simples sont possibles:

Winnipeg - Air Canada - Toronto - Air France - Montreal - Air France - Paris

Toronto - Air France - Montreal - Air France - Paris - British Airways -

Londres

Le point de sortie canadien dans cet exemple serait Toronto, puisque c'est 18

que les passagers empruntent Ie transporteur etranger.

5. OBJECTIFS OC LA OCVISION

Les quatre principaux objecti fs vises par Ie projet de revision, dont Ie

quatrieme sera analyse en detail dans ce document, sont les suivants:

(i) Eliminer les problemes signales dans Ie systeme actuel.

Comme Ie systeme actuel ne prevoit pas d'imputation dans Ie cas des

codes de transporteur inscrits de fa90n illisible sur Ie valet des bil-

lets d'avion, la categorie "transporteurs inconnus" devient la troisieme

en importance dans les totalisations. En outre, il n'y a aucune verifi-

cation des codes qui permette de determiner si un transporteur vole en

direction au a partir d'aeroports au il est effectivement autorise 8

atterrir. Compte tenu des besoins des totalisations actuelles, il faut

donc prevoir la veri fication et l'imputation des donnees illisibles ou

fausses inscrites sur les valets internationaux, en plus des corrections

necessaires aux coupons de vol exclusivement interieurs.

D'autres erreurs d'observation ant ete relevees, mais il est difficile

de les carriger a l'aide d'un systeme d'estimation. Ce type d'erreurs

inclut les cas au les transporteurs interpr8tent mal les instructions

relatives aux coupons de vol; des erreurs frequentes dans les numeros

d'ordre des billets, qui sont utilises pour Ie choix de l'echantillon;

des erreurs dans les systemes de traitement des transporteurs, etc. Le
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americains) qui exploitent des services internationaux a horaire fixe a
destination ou en provenance du Canada. Depuis Ie 1er janvier 1982, 10

transporteurs americains et 21 transporteurs etrangers remplissent une decla-

ration pour chaque aeroport canadien qu' ils desservent. Tout nouveau trans-

porteur etranger qui obtient un permis d'exploitation de services a horaire

fixe au Canada est automatiquement inclus dans Ie systeme de colleete des

donnees sur l'activite aeroportuaire.

Les donnees sur Ie flux de passagers dans I' ensemble du trafic aerien sont

extraites des renseignements sur l'activite aeroportuaire. Par "flux de passa-

gers", on entend Ie nombre de personnes qui, pendant une periode determinee,

voyagent a bord d' un transporteur donne entre un aeroport canadien declarant

et un point adj acent, c' est-8-dire Ie dernier aeroport visite ou Ie prochain

point prevu a l'itineraire. La technique d'attribution ne tient compte que

des declarations fournies par les transporteurs etrangers (non aTlericains).

Les elements d'information extraits de cette enquete, qui sont utilises pour

determiner les marches formes par des paires d r origines et de destinations,

sont Ie nombre de passagers payants embarques ou debarques au Canada, Ie

transporteur au point d' entree ou de sortie canadien et Ie nom du point d' en-

tree ou de sortie canadien. Par "point d' entree ou de sortie canadien", nous

entendons un aeroport qui participe a l'enquete et ou un transporteur etranger

(non americain) arrive au Canada ou en sort.

Cependant, d' apres I' enquete sur I' or igine et la destination des passaqers

payants, Ie point d'entree/de sortie canadien pour les transporteurs canadiens

et americains est Ie premier/dernier point canadien dans un itineraire pour

les vols a destination/en provenance du Canada. Quant aux transporteurs etran-

gers, Ie point d'entree ou de sortie correspond au point 8 l'interieur du

Canada ou un passager emprunte les services d'un transporteur etranger ou s'en

separe. Prenons l'exemple suivant:

Supposons qu'Air France assure un service Toronto - Montreal Paris, et qu'il

y a embarquement de certains passagers a Toronto et d'autres a Montreal.
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