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�	Executive Summary



	This paper is prepared primarily to provide information and discussion on the reliability of measurement in the Consumers Price Index (CPI).  It includes any factors considered to contribute to bias in the CPI, but also covers other elements of measurement reliability.  



	This paper explores the factors that may limit the reliability of the measurement of price change as represented by the CPI and the steps taken to manage these limitations.



	There are three aspects to any statistic. These are:

the situation that is required to be measured; 

the model designed to measure the situation; and

the actual measure achieved. 



The limitations to measurement reliability fall into two categories:

those involved with the calculation of the actual measure compared to the model; and 

those which arise when the model is used to measure a particular situation. 



The types of measurement limitation in each of these two categories and the importance of these categories are examined. 



The differences in the limitations to measurement reliability for different uses of the CPI are discussed.  The effect of the  five documented index biases listed below are examined:

Commodity Substitution Bias

Outlet Substitution Bias

New Goods Bias

Elementary Index Bias

Quality Adjustment Bias



	Other forms of limitations involved in the construction, collection and processing of weight and price information are examined.  The effect of these limitations on the reliability of the CPI is discussed.



	A summary of the results from overseas studies into measurement limitations is included in an appendix.  The appendices contain more technical material and the paper is designed to be read without reference to them.  



	The conclusion is drawn that the most important source of limitation to address is the proper treatment of changes in quality.  Other forms of  limitation can be minimised or taken into account when interpreting the CPI. Changes in quality limit the measurement reliability of any price index, regardless of the formula used.  

�	Issues for the Revision Advisory Committee



1. 	Does Statistics New Zealand provide enough information and assurance on the quality of the Consumers Price Index?



2. 	Are the steps taken by Statistics New Zealand to maintain the quality of the Consumers Price Index adequate?



	Should the basket of goods be selected and weighted with greater frequency? Should procedures be set up to identify and introduce new goods sooner into the Consumers Price Index basket? Should the annual review be extended to cover more areas? Should the New Zealand Consumers Price Index be annually chain linked (this is not current practice)?



3.	Are the quality assessment and control methods used by Statistics 

	New Zealand adequate?



	Are the methods used to identify and assess quality change in the Consumers Price Index sufficient for current needs? Are there any areas where quality changes are being missed? How much emphasis should Statistics New Zealand give to new methods of quality adjustment and on-going assessment of quality adjustment?



4.	Should an attempt be made to comprehensively measure the level of accuracy in the New Zealand Consumers Price Index?



	Measures of accuracy range from monitoring of adherence to good practices to applying a comprehensive framework of causes of error on an occasional basis. How far should Statistics New Zealand proceed in measuring the accuracy of the New Zealand Consumers Price Index? What guidance can the committee give to the balance of resources allocated to the production of the Consumers Price Index and the integrity of the Consumers Price Index? Statistics New Zealand has made no attempt to measure the possible bias in the New Zealand Consumers Price Index. Would such a measure be of use in limiting bias in the Consumers Price Index? What priority should such a measure be given versus attempts to limit the bias? How much will this cost and who should fund any such study? Is such a study possible? 

�Recommendations



1. Statistics New Zealand should publish documentation on Sources and Methods of quality adjustment in the New Zealand Consumers Price Index. 



2. Statistics New Zealand should review practices and extend the annual review to reflect changing expenditures patterns between major revisions.



3. Statistics New Zealand develop experimental indexes using alternative quality adjustment methods.



4. 	Statistics New Zealand should give more emphasis to measuring the level of accuracy in the New Zealand Consumers Price Index, given the precision required for policy setting in the current low inflation environment.
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�MANAGING MEASUREMENT LIMITATIONS IN THE CONSUMER PRICE INDEX



	1	Introduction



	All statistical measures have some limitations to their reliability. Some of these arise from the relevance of the measure, the statistical formula applied and the reliability of the information collected and processed. Five biases (called theoretical index biases in this paper) are identified in price index literature. There also exist a range of sampling and non-sampling errors that cause limitations to the reliability of the CPI, by increasing its variability, or causing bias. 



	Most of the comments on bias have been raised in the context of the CPIs of other countries, particularly the USA. The most recent highly reported investigation on the issue relates to the Boskin commission established by the US Senate with respect to the United States Consumers Price Index.  Inevitably this has led to comment in the local media as to the reliability of the New Zealand CPI. However, much of the comment about the New Zealand CPI has been based on overseas experience and is not necessarily relevant to the New Zealand situation.  As a consequence it is important to assure the New Zealand public that their confidence in the New Zealand CPI is not misplaced. In this respect an understanding of the steps taken to minimise the measurement limitations is an important objective. Refer to appendix 6 for further comment on the Boskin Report.



	This paper does not compare the quality of Cost of Living indexes compared to measures of price change, and the difference between the CPI as a measure of price change and a true ‘Cost of Living’ index in the economic sense�.



Statistics New Zealand policy is to continually focus on reducing quality adjustment bias. Quality adjustment bias can specifically affect the measurement of prices in a quarter and requires continued attention. The other four types of index bias are all due to the relevance of the basket in the base period compared to the current period, or the choice of elementary aggregate formula. These can be reduced by one-off changes or by regular reviews of the CPI basket. 



The paper covers the following:

Discussion of whether measurement limitations in the CPI are a problem.

Comparison of the limitations in the New Zealand CPI with those of other countries.

Minimising any theoretical index bias effect.



	To explore the above questions, later sections outline the types of biases that can occur in a Consumers Price Index.  The effect each form of bias has on a CPI is investigated.  Measures that can be taken to remove or minimise each form of bias is discussed.  The current methods and assumptions used by Statistics New Zealand to minimise bias are detailed.

�2	Background Information on the Consumers Price Index



2.1	Consumers Price Index formula and construction



	The current CPI is a fixed weight index.  This means that of the two characteristics of any precisely defined commodity, quantity and price, the quantity bought is assumed to be constant or fixed at the base period of the index, for the life of the index.  The life of the index in New Zealand is the five- year period between revisions



	In a fixed weight index no account is taken of any changes in consumer tastes to buy more or less of a particular good.  It will only show changes in the prices of these goods.  The longer the interval between fixing the quantities of the goods purchased, the greater the chance that the weighting in the index does not reflect the true mix of goods and services purchased over time.



	2.2	The Laspeyres index



	The New Zealand CPI uses the Laspeyres index formula.  In using this index formula New Zealand is similar to almost all countries in the world.  The Laspeyres index formula is a fixed base formula and measures: 



	the changing cost over time of purchasing the same basket of commodities purchased in some prior historical period.



	Theoretical studies� show that the Laspeyres index formula can overstate the actual price movements occurring when prices are rising and understate them when prices are falling. 



	There are other price index formulae that may be used for the calculation of the CPI.  The most well known are the Paasche index formula and the Fisher Ideal index formula�.



	2.3	The Paasche index



		The Paasche index compares the cost of purchasing the current basket of goods and services with the cost of purchasing the same basket in an earlier period.  The Paasche has a current base and calculates an index for the current and a previous period for comparison. The weights used change each period.

	

	The Paasche index  shows



	how much it would have cost to purchase the same basket of goods and services, if the same basket purchased currently had been purchased in the previous period. 



	Theoretical studies show that the Paasche index formula can understate the actual price movements occurring when prices are rising and overstate them when prices are falling.  It is usually impractical to measure the weights in the current basket of goods in a cost-effective manner.



	2.4	‘Ideal’ indexes and the Fisher ‘Ideal’ index



	There are a number of index formulae which are classified as ideal because the met a range of tests or axioms which have been identified as important for indexes.  The most well know of these is the Fisher ‘Ideal’ index. Other examples are the Tornqvist, Stuvel and Marshall-Edgeworth indexes�.



	The Fisher 'Ideal' index is the geometric mean of the Paasche and Laspeyres indexes.  That is the square root of the product of multiplying the Laspeyres index by the Paasche index. 



	The Fisher ‘Ideal’ index is a method for estimating a mid-point between the Paasche and the Laspeyres Indexes.  This index will, when prices are increasing, average the theoretically overstating Laspeyres result and the theoretically understating Paasche result.  This is considered to give a more accurate measure of price change.  It is, however, only an average of the Laspeyres and Paasche index.  It is not known whether a ‘true’ measure is closest to the Fisher ‘Ideal’ index, the Laspeyres index, or the Paasche index.  It is usually impractical to calculate a CPI using the Fisher ‘Ideal’ index, as it is to calculate a CPI using the Paasche index. 

	2.5. Choice of index for Consumers Price Index calculation



The previous section implies that of the three index formulae examined, the Fisher ‘Ideal’ index is often considered the better formula to use to remove any over- or under-statement of price movement�. However Statistics New Zealand and most other countries use Laspeyres indexes for the calculation of their CPIs for reasons of cost, timeliness and understanding.  The need for an alternative formula is lessened by an emphasis on limiting the magnitude of the likely size of theoretical bias.



Cost



The amount of information needed to be collected, to calculate the index, drives the cost for a statistical office.  Obtaining detailed information on the quantity weights for the latest reference period, at a sufficient level of reliability, would pose a significant respondent load and alter the cost of the index dramatically.  In particular, the collection and  processing of the additional information would increase the cost.  For a disproportionately smaller increase in quality, comparable reductions in theoretical bias could be made. 



Timeliness



	Users require the index to be released close to the reference period.  The volume of information and analyses required for a Fisher ‘Ideal’ index means the CPI would be published considerably later than that of a Laspeyres index. This arises because current expenditure patterns as well as current prices must be obtained on a regular basis.



	A more timely index could be produced using the Fisher ‘Ideal’ formula with some delay (or lag) in the weights used.  This may produce a timely index, but there will be a trade-off in that the index will not be a strictly true Fisher ‘Ideal’ index.

	

	Understanding



	Ease of understanding what the index is measuring, together with the interpretation of results, are important in the choice of index type.  An index that is theoretically better at measuring the required change, but is difficult to explain or conceptualise, may not have public confidence.



	An increase in complexity of the index may result in a reduction of theoretical bias and an increase in sampling or other errors.



	Choice of index



	Cost, timeliness and ease of understanding give the Laspeyres index a practical advantage over the Fisher ‘Ideal’ index and Paasche index, as both latter indexes involve the collection of substantial additional data compared with the Laspeyres.  Hence the Laspeyres index,  is used by most statistical agencies. 



	All index formulae are subject to theoretical bias.  The Laspeyres index formula has some theoretical bias in being a fixed weight index.  However, it remains the best, and in reality the only, formula available to produce a timely, easily understood and cost-efficient CPI.  In addition, there is potential bias in all indexes which needs to be effectively managed to produce a reliable index.



	Statistics New Zealand does not apply a pure Laspeyres formula to the CPI. There are regular reviews of the items and outlets, as well as a five yearly cycle of revisions to the basket.  These procedures reduce the effect of the potential theoretical bias that can occur in a pure Laspeyres formula.

�3	Measurement limitations



	To understand the measurement limitations in the CPI, a definition of what the CPI is attempting to measure is necessary.  This definition depends on the use to which the CPI is to be put.  The New Zealand CPI is currently designed primarily as a “general measure of household inflation”.  The relative importance attached to the various uses of the CPI has changed over time and continues to change.  Uses of the CPI include:

	(i) a general measure of inflation for the management of monetary policy,

	(ii) a basis for determining the level of adjustment to social welfare and similar payments, 

	(iii) a proxy for a measure of the change in the cost of living, and 

	(iv) as a measure of purchasing power�. 

	The measurement limitations of the CPI depend on its use.



	There are two aspects to the measurement limitations of a price index (or any surveyed statistical measure).  The first is the reliability of the price index, the second is the relevance of the price index.



	The difference between reliability and relevance is illustrated by comparing three factors:

the situation that is required to be measured; 

the model designed to measure the situation; and

the actual measure achieved. 

	

	The situation that is required to be measured



	This is the variable or situation that is to be measured.  This is sometimes called the ideal index�.  Examples of what a CPI may be required to measure are changes in inflation, purchasing power, and the cost of living. 



	The model designed to measure the situation



	To measure the situation of interest, a model is set up.  As an approximation, a number of decisions are made in setting up the model.  For the CPI these include such things as the index formula, whether to fix the basket or allow it to change, and how to account for some of the changes that may be occurring in reality. 



	These changes can include such things as the items priced, the outlets where prices are collected, the quantities of items purchased, the population distribution, the levels of satisfaction, the quality, the seasonality of supply and others.  In determining the model a decision may be made to ignore or specifically target some of these variables depending on the practicalities of obtaining information or the importance of these variables to the situation of interest.  The resulting model produced is called the exact�  index. 



	The actual measure achieved



	The calculated measure (the published index) may differ from that designed in the model due to a number of measurement limitations such as the survey used to collect information, accounting for quality changes, treatment of pricing strategies such as specials or discounts, treatment of regional variations and timing of price collection. 



	Table 1 below illustrates the differences.
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	The relevance and reliability of the CPI changes depending on what is wanted to be measured.  The current CPI is designed to measure the general level of price change as it impacts on households.  A change in this primary use of the CPI will affect the relevance of the index because what is priced in the index may not be totally relevant to the new use.  Items that are included in the CPI in order for it to be more relevant for its new use may introduce measurement problems which could alter the reliability of the CPI.

	3.1 	Relevance



	Relevance is how well the index approximates the concept desired to be measured.  This can be seen as the difference between what is attempted to be measured and what is wanted to be measured�. 



	Examples of relevance are how well the CPI approximates the changes in the Cost of Living of a population, or how well the current CPI measures the general level of household inflation.  Relevance is determined by how closely the most reliable price index will approximate the concept desired to be measured.

	

	To begin to talk about relevance, a definition of the ideal index in question must be clearly stated.  With a robust definition of what is to be measured, the relevance of the index in question can be assessed.  The relevance is determined by the representativeness of the items in the exact index, and the choice of index formula for the exact index.  How these two factors determine the relevance will be examined in turn. 

	Representativeness of items�



	The representativeness of the items priced in the index impacts on the relevance of the index.  If the desired explicit purpose of an index is the cost of producing motor vehicles, then including items normally purchased by households such as sporting club fees would not be relevant. 



	The reverse situation is also true.  The price of each component that goes to construct a motor vehicle such as an articulated truck would not be directly relevant to the changing prices affecting households.  Indirect effects from the cost of assembling a truck on transportation costs for items a household purchases would be better measured by pricing these items directly.

	Choice of index formula



	The choice of index formula affects the relevance of the index.  This leads to a discussion of measurement limitations, referred to as theoretical index bias in the CPI. Defining theoretical index bias� and the possible effect of types of bias on the relevance and overall measurement reliability are examined later in this paper.



	Theoretical index bias is not all the bias contained in any index, but it describes the bias in measuring price levels by applying known index formulae and adopting commonly used practices.  Theoretical index bias can be reduced, offset or added to by other biases common to all statistical measurements.

	3.2 Reliability



	Reliability can be described as the likelihood that what is actually measured is what the model seeks to measure.  This is dependent on sampling and non-sampling errors, the items priced and weights determined for each item. Reliability is determined by choices made in the selection of what data to collect, from where, and how the data is to be collected.



	Some measurement limitations occur regardless of the desired use of the index.  They arise because of the decisions made in the index construction. Index literature has identified limitations that fall into this category.  These are commonly called biases.  Two of these are the elementary index bias and quality adjustment bias, and are usually associated with fixed-base price indexes.  These and other types of errors are problems in the reliability of the measurement of the CPI. 



	Reliability issues can be split into two: those concerned with the decisions made in setting up the CPI, and those concerned with the collection and processing of data for the CPI.



�	4	 Relevance of the Laspeyres Index



	Fixed-based indexes like the Laspeyres index have a number of possible measurement limitations.  These are sometimes called theoretical index bias�. They are not due to any limitation in the CPI itself, but occur when the CPI is used for a particular purpose.

	

4.1 	Theoretical index biases depend on what the index tries to measure



	Theoretical index bias affects the relevance of the CPI.  Relevance is the match between what the index seeks to measure and the situation, or aspect of the situation, which is desired to be measured.  To assess the effect of the theoretical index bias for relevance, a comparison between these is needed. Theoretical index biases result from the construction of the index, but the importance of the theoretical index bias is determined by the use to which the index is put.



	The CPI is used for many purposes by a range of users.  The use of the CPI as a measure of price change, as a cost of living measure, as a measure of purchasing power, and as a general measure of inflation are seen as significant.  These measures are defined below.

	

	Price Change Measure



	A price change measure is a measure of the changes in the prices of a set of items.  This set of items could be all household expenditure as in the case of the CPI All Groups, or of a set of distinct transactions such as telecommunication charges. 



	The New Zealand CPI is designed to measure changes in the prices of a basket of items. While the methodology of the CPI is based on a fixed base weighted Laspeyres index, some account is taken of changes in consumers preferences between revision periods to that the price changes being reflected remain relevant.	



	The Cost of Living index 



	A Cost of Living index is an index measuring the changing cost of purchasing a varying set of commodities which will provide a fixed level of consumer satisfaction, in line with changing householders' tastes�. 



	Such an index would take account of changes in technology, fashion, choice and expectations as well as price changes, and possible varying levels of satisfaction afforded by changing real net disposable income. 



	Most overseas studies of theoretical index bias have focused on the relevance of the CPI as a cost of living measure.



	The methodology employed by Statistics New Zealand takes some account of changes in consumer preferences which improve the CPI as an approximation to a Cost of Living index.



	Purchasing Power Measures



	Purchasing power measures are designed to measure how much a set amount of money will purchase.  Purchasing power is usually expressed in "real dollar terms".  For example, the actual money value of the gross national product over a period of time may increase, but the extent to which this increase is actually felt in the economy depends upon the change in the value of money over the same period.  "Real" values are often expressed using a particular year as the ‘base year', i.e. the year to which the values in other years are related in order to discount movements in prices.  This purchasing power is of interest and can also be used as a basis for adjusting incomes to compensate for the effects of price-level changes.



	The methodology employed by Statistics New Zealand takes some account of changes in consumer preferences which improve the CPI as a purchasing power measure.

	

	General Measure of Inflation



	A general measure of inflation is a measure of the change in prices throughout an economy.  It is designed to measure the market prices for goods acquired at a point in time by all transactors in the economy. 



	The New Zealand CPI covers the household sector and so is only a general measure of household inflation. Some changes, due to changing consumer preferences for the items being traded and where items are traded, can be accounted for between five-yearly revisions to improve the relevance of the CPI as a general measure of inflation







4.2 	Short term versus long term focus



The use of an index must also be considered when making judgements between longer term and short term accuracy.  Introducing  changes to item, outlet and population weighting and correcting for past errors of measurement can give pre-eminence to the accurate movement between the current and base period (a long term focus) or between the current and recent previous periods (a short term focus)?



For monetary and fiscal policy the need is for a measure which reflects accuracy over the most recent quarter. With a measure for indexing the purchasing power of incomes a longer term perspective is required.  



Information for outlet and population weighting comes available only after a year or more.  Hence adjustment is always historical and the choice has to be made between  introduction by way of “butting” or “splicing”�.  



Butting recognises that over the period  since the last weighting adjustment, any changes have not been reflected in the index.  Bringing  in the accumulated change at one point of time will more correctly reflect price changes over the full period.  However such an change will appear to occur between two quarters and consequently distort the short term movement.



Using splicing effectively removes any price change between the base period and the current period which would have been due to changing item, outlet or population weights. This will produce a more precise short term movement, but will also preserve any accumulated bias or error due to the gradually changing situation in the index. 



Hence there is a balance between short term and long term accuracy and has implications for the management of bias in the CPI.



In particular for the substitution biases (commodity substitution bias, outlet substitution bias and new goods bias), of the five theoretical index biases described in section 5 below. Changes in weights can be made to better reflect represent consumer preferences in the index. By focusing on the long term movement any bias due to substitution can be removed from the index. If the focus is on short term movement this effects of substitution biases are not removed from the index. 



This also applies for quality adjustment bias when latter information provides a superior view of the value of quality changes and the appropriate of the quality adjustment made initially. 

�5	Types of Theoretical Index Bias



	As discussed earlier there are five types of theoretical index bias.  These are:

commodity substitution bias;

outlet substitution bias;

new goods bias;

elementary index bias; and

quality adjustment bias.



	5.1	Commodity substitution bias



	Commodity substitution bias (or product substitution bias as it is sometimes called) occurs when a change in consumer preferences is not captured in the index, as some commodities or products are substituted for others. 



	The basket of commodities priced in a fixed-weight index is determined in the base period.  The prices of these commodities are collected periodically and may not represent those that are currently popular with consumers.



	A Laspeyres index, by definition, has no commodity substitution bias because it was not intended to measure the effect of commodity substitution. Commodity substitution bias is a problem when comparing how close the CPI is to a cost of living measure, or general measure of inflation, but less so for a purchasing power measure.



	Can commodity substitution bias usually be ignored?  The answer appears to be yes in the short term, but not in the longer term. It is impossible to account for all commodity substitution effects in the CPI.  Over time the degree of variation of the CPI from a desired use will increase.  In the short term the variation may well be within general limits of reliability, but may grow in size over time, and reduce the reliability of the index in total.



	Theoretical Considerations



	Studies into commodity substitution bias have identified three factors that can determine the level of commodity substitution bias in a CPI.  These factors are:



The frequency of revision of the basket of goods and services for a CPI. A more frequently revised basket can have a potentially lower commodity substitution bias.  In the base period, the CPI will be a very close approximation to what was wanted to be measured.  The weights and commodities priced will have a high degree of relevance to those actually being purchased by households (assuming that current data is used to calculate the weights).  The longer the period between a review of the basket, the less likely it is to represent reality.

Volatile prices.  A high degree of price volatility means that consumers are likely to substitute lower priced items for higher priced items, and hence the potential for commodity substitution bias is larger.



The level of disaggregation of the CPI basket.  The lower (finer) the level of disaggregation the higher the potential for commodity substitution bias. Commodity substitution bias is more of a problem in frequently purchased goods with a wide range of brand options available.  For example, food items which are regularly purchased have a greater tendency for commodity substitution than goods purchased less frequently, such as cars.



	Results from studies of various countries and discussion of different methods between countries are detailed in appendix 3. 



	5.2	Outlet substitution bias



	Outlet substitution bias is the name given to the exclusion of price changes due to changes in the outlets from which consumers make their purchases. Over time the type of outlets consumers purchase from may change.  With a fixed-base index, the outlets priced remain fixed and so any price change due to a change in consumers’ preferences for outlets remains unrecorded.



	In the base period the outlets surveyed will be those that represent the range of outlets used by the population.  If weights are given to each outlet type or chain, these will reflect the actual market shares of each type of chain of store in that period.  As time passes, shifts in sales may occur that are not reflected by the existing outlet weights.  New retailers may not even be represented in the CPI.  The speed with which the outlet weights become unrepresentative will depend on how fast people’s preferences for using different or new outlets change, the geographical location of the different store types in relation to the consumers’ homes, and the availability to the population of transport to the different store types. 



	In some cases the change from a higher priced retailer to a lower priced retailer (or vice versa) may be accompanied by a change in the level of service provided.  For example a higher priced, full-service supermarket which packs shopping bags and delivers them to the customers’ cars, can be contrasted with a lower priced supermarket where the customer is required to pack their own, or even provide their own shopping bags.  In this case, a quality adjustment may mean that the prices are equivalent, i.e. there is no price change caused by the shift to another outlet.



	Not all of the basket of goods and services in the CPI will be subject to consumer changes in the preferred outlet for purchase. For certain items there may be only a few or even a single outlet in a geographical region for the item. An item that is available through local or national monopolies will not suffer from outlet substitution bias.  However, some items such as food which are more frequently purchased have a greater tendency for outlet substitution bias as there may be intense outlet competition.



	In the short term any bias due to outlet substitution is likely to be within acceptable limits, but outlets and weights should be reviewed regularly to reduce bias in the long term.  In the New Zealand CPI the opening and closure of outlets has always been accounted for. Additionally, since 1996 the weighting applied to different outlets has been adjusted annually to reflect changes in market share.  This reduces the effect of outlet substitution bias in the New Zealand CPI.



	5.3	New goods bias



	The introduction of a new good into the market may be at a different price to existing goods.  It may be an improvement over existing goods, or a distinct new good.  New goods bias is the term used for a failure of a price index to account for the introduction of new goods into the market.  New goods bias can occur with both goods and services. 



	New goods will not be included in the base basket.  If the price change pattern for the new good is the same, as that for to existing goods (in the basket), there is no new goods bias.  However, new goods generally enter the market at higher prices and display relative price decreases following their introduction.  These price movements are not captured in the price index and so can produce a bias if they are not captured from the time the items have an impact in the pattern of household expenditure.



	An example of a possible new goods bias in the New Zealand CPI is cellular telephones.  These are currently not priced in the CPI, have become cheaper (and improved quality) over time, and are more popular now than when first introduced onto the New Zealand market.  By not capturing the fall in price and rise in popularity, a bias may have been introduced into the New Zealand CPI.  The size of any bias so introduced is also dependent on the importance of the new good.  If the importance (and hence the weight) of the new good is small any bias will also be small or nil.



	Defining what is  a new good can cause difficulty.  For example is a combined telephone facsimile machine a distinct new good or an improvement to the existing telephone by the addition of a facsimile component?  New goods bias can combine a substitution effect with quality change of an existing product. 



	To remove any possible new goods substitution bias it is necessary to identify the new good on entering the market and obtain prices and the importance of this new good in the market place (i.e. its weight).  As this information, especially that on weighting, is not available in a timely manner the new good may exhibit a price history that is not shown in the CPI.



	Empirically it can be assumed that on entry into the market place most new goods would have high (relative) prices and a low share of the market.  As time goes on, and assuming the new goods remain on the market, the relative price falls with an increase in the market share as the new good becomes more affordable.  Eventually the new good is no longer new in the sense that it has been on the market for some time and its price will follow that of other similar products.



	There is also the potential for an “old goods bias” in the Laspeyres price index.  If the old good is sold at discounted prices to remove stocks and has a weight in the index representing a previous higher volume of expenditure, the resulting price change shown by the index may be lower than that actually experienced by consumers. 



	A true Laspeyres index ignores the new good for the life of a particular basket of goods and services.  The point at which (if ever) the new good is included in the CPI also determines the effect of any bias.  The earlier the new good is included in the basket of the CPI the lower any possible bias.  However, the weight of the item needs to be adjusted over time as the market share of the item changes.  This effects the timeliness and cost of the index.



	In general, new goods bias is managed in the New Zealand CPI by ensuring that the base basket is reviewed every five years. 



5.4	Elementary index bias (elementary aggregate bias or formula bias)



	Prices are collected for a range of items at a range of outlets.  The first step in constructing a price index from this data is to combine the prices received for the same item in a geographic area.  For example, the prices of baked beans from various outlets in Auckland are combined or aggregated into an average price for baked beans for Auckland.  This first step is known as elementary aggregation.  Any bias from the process of averaging prices at this lowest level is referred to as elementary index bias.



	Types of formulae



	Three calculation formulae are commonly used to derive elementary aggregates.  Each is a form of modified Laspeyres index�.  There are other possible formulae such as the harmonic mean of ratios�.









	The Carli index



	The Carli formula uses an average of price relatives.  A price relative is the price of the item at a particular store divided by the price of that item at that store in the base period.  The Carli formula is sometimes referred to as the price relatives formula or mean of relatives formula.



	The Dutot index



	The Dutot formula is the ratio of the average aggregate price in the current quarter divided by the average aggregate price in the base period.  The Dutot formula is sometimes called the arithmetic formula or the relative of means formula.  This formula is currently used in the New Zealand CPI.



	The Jevons index



	The Jevons formula is the geometric mean of the price relatives.  The Jevons formula is sometimes referred to as the geometric formula or geometric mean of relatives formula.  This formula is used by a number of countries including Canada.



	Theoretical studies



	The Carli index



	Theoretical and empirical studies have shown that the arithmetic average of price relatives formula (Carli) produces a higher average price change than either the price relatives of arithmetic averages (Dutot) or geometric average of price relatives (Jevons).  This happens because an arithmetic average is always equal to or greater than the corresponding geometric mean.  The less proportional the price relatives are (the greater the variation between the prices for the two periods) the greater the difference between the geometric and arithmetic averages.



	The Carli formula is now not recommended for elementary aggregate indexes.  However, some countries still calculate their CPI with the Carli formula in the elementary aggregate indexes (see table 2).



	The Dutot index 



	The Dutot and Jevons formulae are considered to be better formulae to use than the Carli.  The Dutot can suffer from a problem called implicit weighting.  This is where one outlet in a geographical centre has a much higher price than the others.  This higher price can lead to the importance of that particular price being overstated, and hence it will produce an overstated average.  The effects of implicit weighting are greatest when each outlet is equally weighted in a geographic centre.  Implicit weighting can lead to a bias in Dutot-type indexes. 



	The Dutot formula allows the use of outlet weights where each price in a centre is weighted to represent the share of the geographical market for that item that a particular outlet has.  The use of outlet weighting can minimise any possible implicit weighting effect. Where outlet weighting is not used in the New Zealand CPI, the prices from each outlet are equally weighted�.



	The issue of variability in the precision of specification across outlets occurs in the calculation of elementary indexes.  To obtain a greater volume of individual measures of price change the specification may have to be widened.  This introduces increased variability of each observation in a period.  Implicit weighting is one example of this problem of variability across outlets.  Consequently price relative methods may be preferable in the calculation of elementary indexes.



	The Jevons is preferred to the Dutot by some statistical offices� and may be better than the Dutot.  As the Jevons is the geometric mean of the price relatives, the problem of implicit weighting does not arise.  The change from the base period to the current period is shown in the price relative.  The level of the base price has no effect on the calculation.



	The Jevons index 



	The Jevons calculation, while providing the best means of producing elementary indexes, is a more complicated index to explain.  An average price produced by a weighted arithmetic average (Dutot formula) is readily understood by most people.  A weighted geometric mean can be a harder concept for people to visualise.  This is a concern if users of the CPI are interested in a geographic average price for an item resulting from the base aggregation.  However, the Jevons formula does provide an average price if such is needed.  There may be difficulties for long-term series of average prices in switching from a Dutot-derived average price to a Jevons-derived average price.



	Empirical studies on the United States CPI have shown that the Dutot calculations provides a higher index number than the Jevons, but the differences are very small.  The same studies have shown that the Carli type index produces a result higher than either of the Dutot or Jevons indexes.



	International practices



	The United States CPI and the Australian CPI use the Carli formula to calculate their elementary indexes.  The recent congress investigation into the United States CPI concluded that the elementary index bias was the largest source on bias in the CPI.  An estimate of 0.5 percent per year was accepted by the Congress committee.  Among the many recommendations of the Boskin Report is a move to a Jevons formula for elementary indexes in the United States of America (US) CPI.



	The Australian Bureau of Statistics is currently investigating moving from a Carli elementary index to a Jevons elementary index.



	The British CPI used both Carli and Dutot formulae.  Homogenous goods are aggregated using the Dutot formula, while other goods and services use the Carli formula.



	Table 2: 	Elementary Index Formulae used in Different Countries



Country�Elementary Aggregate formula�Higher level Aggregate formula�Elementary Index Bias problem

�Estimated bias per year��Canada�Jevons (since December 1994, formerly Dutot)�Carli�no�n/a��USA�Carli�Dutot�yes�0.5 % pa��Australia�Carli�Carli�yes�not estimated��Great Britain�Homogenous goods - Dutot

Other goods and services - Carli�Dutot�some�not estimated��New Zealand�Dutot�Carli�Very little. Impact of implicit weighting could be of concern�n/a��	

	

	5.5	Quality adjustment bias



	The Laspeyres index assumes that the quality of items in the basket of goods priced remains constant over time.  As this is not the case, using a Laspeyres index means that changes in quality must be adjusted for in order to keep the quality of the basket constant. This is so that only changes in prices and not changes in quality are measured.



	The choice of a base-weighted formula (like the Laspeyres) means that changes to the goods in the basket must be accounted for in the price index to ensure that the item being priced is comparable to that priced in the base period.



	Quality adjustment bias can occur when an item being priced is replaced by a new version or model.  The earlier item may have undergone a change in quality (either an increase or a decrease). 



	In a fixed-base index such as the CPI, the quality of the goods in the basket is assumed constant�.  Any change in quality should be taken into account when calculating the price movement of the item concerned.  Thus, a change in price between the old version and new version of the item would be lowered if there was an improvement in quality or raised if a quality decrease.  Quality adjustment bias occurs when the quality change is not adequately adjusted for.

	

	The bias can range from making no adjustment (ignoring or not detecting the quality change) through to an adjustment that is correct.  Thus, unlike some of the other biases discussed above, quality adjustment bias can be upward or downward depending on the situation.  It is commonly stated in the literature that overall quality adjustment bias is upward. 



	The concern about quality adjustment bias is mainly driven by the rate of technological changes currently occurring in the world.  An assumption of bias implies that the majority of quality changes are improvements for which correct adjustments are not made.  It ignores areas of quality decrease (such as clothing or housing), and the fact that that quality adjustment, practices used in CPI calculation may also overstate the improvement leading to a downward bias.



	The actual level of any bias due to a particular quality change (whether an improvement or a decline in quality) is hard to quantify due to the nature of defining what is quality.  Quality always has a subjective element because of differences in individual preferences.  However quality adjustment must be done continuously to ensure that the index captures price movements only.



	5.6	Overall Effect of Theoretical Biases



	Overseas studies have attempted to estimate the aggregate impact of the biases and their indexes.  A summary of these results for some countries is shown below. 



�Table 3:	Estimated Overall Biases in selected CPIs

	

Country�Item substitution bias�Outlet substitution bias�Elementary index bias�New goods bias�Quality adjustment bias�Overall bias percent points per year��USA

(Senate Finance Committee)

Range�



0.2 -0.4%



�



0.1 - 0.3%



�



0.3 - 0.7%



�

0.2 - 0.7%



�



0.2 - 0.6%���Conservative estimate�0.3%�0.2%�0.5%�0.3%�0.2%

�1.5%��Canada

(Crawford)�0.1 - 0.2%�0.1%�nil�0.1%�0.2%�0.5-0.6%��

	No aggregate assessment of the level of bias has been made in New Zealand.

�6	Managing theoretical index bias in the New Zealand Consumers Price Index





	A discussion on the sources of theoretical index bias affecting the relevance of the CPI leads to some conclusions about how each type of bias may be eliminated or managed down to acceptable levels.



	Substitution biases - Commodity, Outlet and New Goods



	Three biases (commodity substitution, outlet substitution and new goods) deal with changes in the preferences of consumers after deciding on the basket of goods for a Laspeyres index.  They are problems only if the items or outlets outside the basket exhibit different price movements to those items in the basket.  These biases are also only of concern with respect to the use being made of the CPI.



	The use being made of the CPI determines the impact of these biases.  For a general measure of inflation the goods actually being traded in the economy are of particular interest.  For a measure of this type, substitution-type biases may be a significant limitation and should be managed by frequent reviews of the basket.



	The impact of substitution bias may be different on different sub-groups of the population of consumers.  For example, beneficiaries may not purchase as many items that are prone to product substitution, or they may not have access to cheaper store types.  This would suggest that if indexation of benefits were to be carried out, then the index used for this purpose should be designed to precisely fit the spending of that population, and the selection of items in the index should represent what that particular population purchases.



	To eliminate any bias from these changes in preferences, the basket and importance of the items in the basket would need revision each time the index is calculated.  This would produce a situation similar to that required to calculate the Fisher ‘Ideal’ index.  As discussed above, the effect on cost and timeliness of the index makes the elimination of bias impractical. 



	However, the overall  bias due to these three separate biases can be minimised by frequent and regular review of the basket of goods with current consumer expenditure.  The more frequent the review the less the bias.  The decision on how frequently to review the basket faces a trade-off between lowering the bias and the time and cost involved in doing so.



	Currently Statistics New Zealand undertakes an annual review to address substitution biases. The annual review looks at selected areas where consumer expenditure preferences may have changed. If necessary, the review will change item weights below published regimen level, the outlet weights between store types and introduce new items into the index. 



	An alternative to more regularly revising the whole basket could be to publish the weighting information of the CPI (the published regimen) at a higher level. Where necessary the weighting and items priced below the published regimen level could be changed to obtain the most relevant price index at these lower aggregation levels. This may mean that the level of information available about what is priced and its importance (weight) in the CPI is reduced, or may be amended between major revisions.



	The introduction of new baskets into the CPI raises other concerns.  A discussion of these concerns is included in Appendix 4 Chain Linking.



	Elementary index bias 



	The use of the Dutot formula in the New Zealand CPI means that elementary index bias can be regarded as being lower than estimated in the US CPI.  The potential for a bias of this form could be further reduced by a move to the Jevons elementary index formula.



	Any move to the Jevons formulae would involve cost in changing the computer programs that produce the elementary indexes.  The benefits of reducing any implicit weighting problems in the Dutot formula would have to be assessed against this cost.  The current CPI processing system developed in 1973 cannot be changed, but its successor which is likely to be introduced at about the same time as this revision, will have the capacity to use the Jevons formula.



	Quality adjustment bias



	The quality adjustment bias is the only theoretical index bias that affects the index regardless of the formulae used.  Quality adjustment bias occurs regardless of the use of the index.  It would appear to be of greater concern than the other biases.  Statistics New Zealand’s focus is on detecting and assessing quality changes when they occur.  The level of any quality adjustment bias is minimised by rigorous effort in identifying, assessing and adjusting for quality change in the CPI.  The details of the Statistics New Zealand methods for managing quality adjustment are discussed in the paper Quality Change and Assessment in the Consumers Price Index.

�7 	Reliability Limits in the Construction of the Consumers Price Index



	Three things are needed to calculate the CPI:

the goods and services to price;

the relative importance of each of these goods and services to the overall CPI and to each other;

the prices of these goods and services over time, from the outlets they are purchased from.



	The methods used to collect this information must be carefully considered to limit any bias or error in the index. There are various forms of sampling and non-sampling errors associated with the collection of any statistical information.  The following are discussed in this section and Section 7.



Sampling errors.  The use of sampling in surveys can affect the accuracy of the result;



Non-representation.  Non-representation of some areas of consumption in the index;



Selection of the items.  The method of selection of the items to be priced in the index can affect the accuracy; 



Under-coverage.  How under-coverage of the prices surveyed for the index can affect the accuracy; and 



Non-response.  How non-response in price surveys can affect the overall accuracy of the measure produced. 



	All of these affect the overall reliability of the measure.



	The remainder of this section deals with these issues as they affect the determination of the weights of the index.  The next section discusses them in the context of the collection of prices for the index.



	Determination of weights in the Consumers Price Index



	The weights of items in the CPI (or any price index) should reflect their relative importance to the overall expenditure by the target group.  In the case of the CPI the target group is defined as private New Zealand households.  The following are needed to derive weights for the CPI:



the total expenditure by private New Zealand households; and

the amount of expenditure on each commodity type by private New Zealand households.



	To obtain this information from every member of the target group is impractical so, in practice, a sample survey is used.  The use of a statistical sample survey (the Household Economic Survey�) introduces a range of sampling and non-sampling errors.  The sampling error can be estimated, whereas many non-sampling errors are unknown. However Statistics New Zealand makes every effort to keep both sampling and non-sampling errors to a minimum.



	The Sample Error of the Survey



	Any randomly derived sample has a sample error.  The sample error estimates how closely the sample result approximates that of the whole population.  For example, the Household Economic Survey (HES) which is used to determine expenditure weights in the CPI has a sample error of 4 percent at the aggregate expenditure level�.  This means that the survey will estimate total aggregate expenditure to within 4 percent of its true value. In general, sampling error decreases as the sample size increases, but as the size of the survey increases, a significantly larger increase in sample size is needed to produce a decrease in the sampling error.



	In general the lower the sample error the better.  However, the absolute value of the weight is less important than its relative weight.  As the relative weight increases, the sample error should be less, to minimise the overall sampling error.



	As the aggregate expenditure is broken down into smaller parts, the number of  respondents who report that type of expenditure falls and the sample error rises. 



	The purchase and construction of new dwellings is an example of where there is both a high weight in the CPI and a high sampling error in the HES.  To increase the reliability of this estimate, a specialised Dwellings Built Survey, which has a much lower sample error  (around 5 percent in total), is used to estimate the weight instead of the HES. 



	Although estimates of the sampling error of the weights are available, no overall sampling error is calculated for the New Zealand CPI.  There is considerable difficulty in aggregating the sampling errors from the great variety of different surveys used to collect information for the CPI, and, more importantly, sample errors cannot be calculated for the purposive surveys used to collect price information (see section 7).

�	Non-sampling Errors



	The main non-sampling errors which may affect the reliability of the CPI are under-coverage; non-represented consumption; non-response and the practical limitations of directly measuring price change for some goods and services.



	Under-coverage



	Under-coverage occurs when the sample frame does not completely cover the population of interest. 



	Groups excluded from the sample may have a significantly different expenditure to the rest of the population, or be a significant part of the total household expenditure in the country.  This could lead to an underestimate of total expenditure. 



	This form of non-sampling error in the HES results from the explicit exclusion of  the direct expenditure of persons under 15 years of age.  This can lead to an under-estimation, or bias caused by under-coverage, in items such as soft drinks and confectionery.  The person completing the survey may not know the expenditure of under 15-year-olds in the household on these items. The expenditure on softdrinks and confectionery from the HES is rated up using estimates of consumption from production and trade data to account for this under-coverage. 



	As long as the excluded groups are a relatively small proportion of the total population’s expenditure, any reliability limit arising from their exclusion will be small as long as their expenditure is not radically different from the rest of the population.  If this is not true, then the under-coverage must be addressed as in the case of expenditure on softdrinks and confectionery by persons under the age of 15.



	Non-represented expenditure



	Some expenditure is explicitly not represented in the CPI.  This exclusion can be for conceptual reasons, and may not be non-representative expenditure if the expenditure is excluded on conceptual grounds (i.e. the CPI is not designed to measure price change for these types of expenditure), or for practical reasons. 



	An example of this in the current CPI is the exclusion of any form of superannuation scheme on the grounds that it is an item of savings, and savings are outside the scope of the CPI.



	Some items are excluded from the CPI because there is no adequate pricing model available.  Examples of this form of non-representation are purchases of pets, antiques and works of art.



	Non-representation can be seen either as a relevance or reliability issue.  The relevance issue is how good an approximation of the desired use is the CPI given that these forms of expenditure are excluded from it?  The reliability issue arises if the excluded expenditure is assumed to be either not important or does not exhibit the same price movements as expenditure whose price movements are captured in the CPI.  The overall level of the excluded expenditure, and the degree (if any) of the variation in its price movement from those priced in the CPI, determine the limits to reliability due to non-represented expenditure.

	

	Non -response



	Non-response results when a respondent or group of respondents fails to provide survey  information when contacted.  Non-response can be total or partial due to a wide range of factors such as:



the way the data is collected; and

the co-operation of respondents.



	Partial non-response is the provision of information on one area of the survey and not on another, or by some respondents and not others.



	Non-response can limit the reliability of the CPI if the non-respondents are not characteristic of the rest of the sample and if the number of non-respondents is significant.



	Non-response and hence under-coverage is affected by factors which include questionnaire design, the ability of the interviewer (where used), and the mode of collection (e.g. interviewer or self completion). Non- response is very low in the New Zealand CPI, which uses interviewer collection and postal surveys for the majority of its collection.



	Some of the factors that affect non-response can be managed to it in a survey. The lower the level of non-response the less likely that non-response will cause a limit to the reliability of the CPI weighting.



	Practical  limitations



	The sample frame for the population may not allow selection of the best sample to fit the population.  The sample frame selected may hold inaccurate or out-dated data.  This can lead to data being obtained from the respondent that is inaccurate or incomplete or of no use to the survey.  This can apply to both weighting and pricing information. 



	�	8 	Price collection in the Consumers Price Index



	Accurate price information is probably the most important factor in the overall reliability of the CPI.  The accuracy of pricing may be affected by a variety of factors.  Both the selection of the items to be priced and the outlets from where the prices are collected are subject to sampling and non-sampling errors.



	Item Selection



	For each item that has a weight in the CPI, a specified commodity (or set of commodities) is selected to be price-surveyed.  The items to be price-surveyed comprise the CPI regimen.  Considerations borne in mind when selecting CPI regimen items are as follows:



Within each of the expenditure groupings the surveyed commodities should collectively comprise a representative sample of the major commodity-types.



The selected commodities should be such that their price movements will accurately reflect those of a broad grouping of similar products.  The commodity should therefore be typical, specifically in terms of its general purpose or function.  Where this principle cannot be applied, similarity of materials and mode of production is taken into account.



The commodities should have a high probability of being available nation-wide over the index life up to the next revision.  This is to reduce the difficulties encountered in assessing linked price movements when items have to be replaced.



	There are two ways of selecting the items to be priced.  These are purposive sampling and probability sampling.



	Purposive sampling is the selection of items by integration of information from a variety of sources to select the best item to price.  It can be seen as an informed best estimate made by the statisticians after consultation with experienced interviewers and some field testing.  The validity of the estimate rests on the judgement of those involved, and no statistical measure of error is possible.



	Probability sampling is a statistical selection where every item has a certain

	chance (probability) of being selected.  The selection can be designed to take into account the popularity or dominance of one item over others in the population.  Probability selection enables sample errors to be estimated.  However, until adequate data sources of all items and some history of price movements are available, a robust statistical sample cannot be designed.



	Currently the New Zealand CPI uses purposive sampling for the selection of items to price.  To select the items to be price-surveyed involves both technical and statistical investigation.  It also involves consultation with manufacturers and retailers on developments in the market which are affecting the relative popularity of various goods and services.  The 1991 Revision Advisory Committee investigated purposive and probability sampling and recommended that:



		Purposive sampling methods continue to be used as the basis for the 	selection of the regimen commodities to be price-surveyed in the CPI�.



	Purposive sampling is only as good as the person selecting the sample’s knowledge of the market in question.  If the person has expert knowledge of the market, then a purposively selected sample is probably at least as accurate as a probability selected sample.  If the knowledge of the market is less than expert then a purposive sample could lead to the introduction of a limitation that would not occur in a probability selected sample.



	Outlet selection



	The outlets in which the specified items are priced is another determinant of the reliability of the index.  The choice of outlets should account for the relevant range and importance of the types of outlets from which the index population make purchases.  For many purchases of services and household durables the question of outlet type is irrelevant.  It is, however, a significant factor for items such as food and non-food groceries.



	The correct mixture of outlets therefore needs to be surveyed for each type of commodity for the CPI to accurately represent the changes in the average price level experienced by the index population.



	Either purposive or probability sampling can be used with the data obtained from the Household Economic Survey for outlet selection.



	Current practice in the New Zealand CPI is to use a mix of both probability and purposive sampling to select outlets.  The 1991 Revision Advisory Committee discussed the selection of outlets and recommended that:



		The Department consider the use of probability sampling for the 	selection of outlets for CPI price surveys where an appropriate 	sampling frame is available and there is assurance that the total error 	of average price estimates will be thereby reduced.�



	Statistics New Zealand currently uses probability sampling for the construction cost survey and the use of probability sampling will be expanded where possible in the future.



	The current practice is to increase the use of outlet weights for commodity types.  Outlet weights are used in situations where one representative outlet is priced and given a weight relating to the importance of that type of outlet. This allows fewer outlets to be priced but still maintains the relative importance of outlet types in the CPI.



	Outlet weights are currently applied to the areas of food and non-food groceries.  For these items, all supermarket chains in an urban area are priced. Each outlet representing a chain is given a weight relating to the importance of that chain in the area.  The addition of all the supermarket weights compared to the weights of selected other store types (e.g. butchers, grocers,  and diaries) gives the overall importance of supermarkets to the other store types.



	The use of outlet weights has required less price data to be collected, reducing the cost of producing the CPI.  Outlet weights may also reduce the chances of implicit weighting affecting the calculation of elementary indexes.  The annual reviewing of outlet weighting should also limit the possible effects of outlet substitution bias on the CPI. 



	Outlet weights may be extended to other commodity types in the future. The effects of reviewing outlet weights on outlet substitution bias will be discussed later in the paper.



�9	Limiting Measurement Problems in the New Zealand Consumers Price Index



	There is some limitation to the measurement reliability of the CPI, because of the factors discussed above. In practice some degree of bias will always be present in the CPI.  The magnitude of this bias can be limited by the use of such methods as:



frequent re-selection and re-weighting of the CPI basket of goods and services.  This will limit item substitution bias and possibly allow earlier introduction of new goods to limit new goods bias.



frequent reviews of the outlets used to collect prices.  This will limit outlet substitution bias, but may be costly to implement. Any increase in the quality of the CPI arising from this move may need to be traded-off against the increase in cost.



the use of probability sampling for outlet substitution.  This will allow sample errors for the price surveys to be calculated as a guide to improving reliability.



avoidance of the Carli formula in elementary indexes which may have an upward bias.



the application of alternative methods of quality adjustment, such as hedonic methods, to provide more tools for quality adjustment.  This may limit quality adjustment bias for areas of difficulty such as computers and clothing.



	The current system of annual reviews of the New Zealand CPI allows the first two points to be addressed.  The current annual reviews focus on specific elements of these.  A more systematic, extensive (and costly) annual review programme could increase the ability to limit biases in the CPI.  The ultimate development of this for item, outlet and new goods bias would be annual re-weighting as undertaken in the United Kingdom Retail Price Index.  This, however, may not provide the most cost effective method of minimising bias and as discussed under chain-linking, can preserve biases in the long-term series.



	Each five yearly revision includes a re-design of the surveys used to collect the prices for the CPI.  This re-design includes looking at ways to minimise the sampling and non-sampling errors for the surveys.  It is intended to introduce a rolling programme of survey redesign over the next five year period, to spread the work.  However, the programme has not always been completed due to resource constraints and some surveys are overdue for redesign.



	Statistics New Zealand has a more extensive programme for addressing these issues that can be advanced depending on the priorities of the Advisory Committee and funding commitments.  There is more that can be done to limit biases.  However, the value of any new measures must be assessed against the extra cost of these additional measures and the impact that any new measures would have on the index.  The value to New Zealand of managing CPI bias has to be seen in the context of the opportunity cost from the loss of existing statistics, given that funding is generally unavailable for improving official statistics in New Zealand. 



	

�Appendix One - A Definition of Bias



	In order to debate the issue of bias, bias has to be defined.  The use of the word bias in the context of price indexes is the statistical meaning.  According to “A dictionary of Statistical Terms� that meaning is:



	“Generally, an effect which deprives a statistical result of representativeness by systematically distorting it, as distinct from a random error which may distort on any one occasion but balances out on the average”.



	For the 1991 CPI Revision Advisory Committee, bias was defined as:



	“A tendency for errors to occur in the same direction for whatever reason.”

	In this definition “errors” refers to statistical errors.



	From the first definition, it is clear that any discussion of bias is looking at statistical differences in the Consumers Price Index as a model of price change compared with the real world price change result.  The second definition leads to a definition looking at combined bias in one direction.



	For the purpose of this paper theoretical index bias in the CPI is defined as:



	The cumulative difference, in one direction, between the actual level of price change experienced by consumers and the published CPI result, due to the construction of the price index.



	The above definition confines this paper to looking at:



the overall or net effect of bias in the CPI.  This means that if two biases of equal magnitude but in opposite directions occur in the CPI, then they can be assumed to cancel each other out and lead to no overall bias occurring; and



the differences caused by the type of index formula chosen, the methods employed in measuring price change, and the types of bias in the CPI.



It does not include any discussion on the effect of price error (i.e. prices that are wrong) on the index.  Errors in prices from respondents would be treated similarly to a random error.  They would distort on any one occasion but balance out on average�. 





	Appendix Two - Index Formulae



1	Simple aggregate unweighted index

	Index =� EMBED Equation.2  ���( 1,000

	Where 	Pit = Price of item i (i = 1,.....,m) in period t

			Pio = Price of item i (i = 1,.....,m) in the base period

			

2(a)	Laspeyres index

	Index =� EMBED Equation.2  ���( 1,000

	Where 	Pit = Price of item i (i = 1,.....,m) in period t

			Pio = Price of item i (i = 1,.....,m) in the base period

			Qio = Quantity of item i purchased  in the base period

	

2(b)	Laspeyres price relative index

	Index = � EMBED Equation.2  ���( 1,000

	Where 	Pit = Price of item i (i = 1,.....,m) in period t

		Pio = Price of item i (i = 1,.....,m) in the base period

		Eio = Expenditure on item i purchased in the base period 

		     = PioQio

	Note This formula is the same as 2(a)		

3	Paasche index

	Index =� EMBED Equation.2  ���( 1,000

	Where 	Pit = Price of item i (i = 1,.....,m) in period t

		Pio = Price of item i (i = 1,.....,m) in the base period

		Qit = Quantity of item i purchased  in period t





	4	Fisher index



	Index = � EMBED Equation.2  ���

		



	5	Marshall-Edgeworth index



	Index = � EMBED Equation.2  ���( 1,000

	Where 	Pit = Price of item i (i = 1,.....,m) in period t

		Pio = Price of item i (i = 1,.....,m) in the base period

		Qit = Quantity of item i purchased  in period t

		Qio = Quantity of item i purchased  in the base period



	6	Tornqvist ‘Cost of Living’ index:

	

	� EMBED Equation.2  ���



	Where 	� EMBED Equation.2  ���= Price of item i (i = 1,.....,m) in period t

		� EMBED Equation.2  ���= Price of item i (i = 1,.....,m) in the base period

		� EMBED Equation.2  ��� = Quantity of item i purchased in period t

		� EMBED Equation.2  ��� = Quantity of item i purchased in base period

�	7	Carli elementary price index:



	� EMBED Equation.2  ���

	Where 	� EMBED Equation.2  ���= Price of item n (n= 1,.....,N) in period 1

		� EMBED Equation.2  ���= Price of item n (n= 1,.....,N) in the base period (period 0)



	8	Dutot elementary price index:



� EMBED Equation.2  ���



	Where 	� EMBED Equation.2  ���= Price of item n (n = 1,.....,N) in period 1

		� EMBED Equation.2  ���= Price of item i (i = 1,.....,M) in the base period (period 0)



	9	Jevons elementary price index:





	� EMBED Equation.2  ���



	Where 	� EMBED Equation.2  ���= Price of item n (n = 1,.....,N) in period 1

		� EMBED Equation.2  ���= Price of item n (n= 1,.....,N) in the base period (period 0)



�Appendix Three - Results of Overseas Bias Studies



	The CPI of each country is different.  Differences in the construction, conceptual biases and methodology used for the CPI can lead to bias being a greater or lesser problem.  The obvious example of this is elementary index bias, which can be greater (if the Carli formula is used) or lesser (using the Dutot or Jevons formulae). 



	Other differences that can affect the bias include�:

the frequency of revision of the basket;

the methods used in selecting the items in the basket; and

the methods used in selection of the surveyed outlets.



	Academics and statistical agencies in some countries have estimated the level of bias in their CPI.  A selection of some of these studies is listed in the bibliography attached to this paper.  The majority of these studies have been in the USA and Canada.  There have been no comparable studies on the New Zealand or Australian CPIs.



	Selected studies into the level of bias are summarised below. For more detail on the methodology used in these studies refer to the appropriate paper.



	Canadian Studies



	The most detailed study into the level of bias in the Canadian CPI was undertaken by Crawford (1993).  Crawford investigated the sources of commodity substitution bias, outlet substitution bias, new goods bias and quality assessment bias in the Canadian CPI.  He also attempted to quantify the level of each bias and the overall level of bias.



	Crawford based some of his work on an earlier study by G(n(reux (1983) into commodity substitution bias.



	The results of Crawford’s and G(n(reux’s studies are summarised in table 4 below. 



  	United States of America Studies 



	Several authors have undertaken studies into various biases in the United States’ CPI.  Studies of note are those of Azicorbe and Jackman (1993), Braithwait (1980), Kokoski (1987)  and Manser and McDonald  (1988)  into commodity substitution bias.  There appears to be consensus among authors that commodity substitution bias in the United States CPI is around the magnitude of 0.2 percent per year.

	Reinsdorf (1993) investigated outlet substitution bias in the US CPI. He estimated upper limits for outlet substitution bias in both food and energy.



	Studies into quality adjustment bias in the United States include those by Gordon (1980)� which study was used by Crawford for his Canadian study, Griliches and Cockburn (1993), Diewert (1995), and the report of the Bureau of Labor Statistics to the United States House Budget Committee (1995). There is a considerable range in the estimated level of quality adjustment bias in the US CPI from these studies. 

	

	Recently there have been separate investigations for the United States Senate� into the overall level of bias in the US CPI culminating in the Boskin Commission’s final report� to the US Senate Finance Committee�.  The results of these studies are also summarised in Table 4.



	French Studies



	Saglio (1994) looked at average food prices from the results of the survey of household food consumption and compared these with price indexes.  He estimated a “point of purchase” effect for the French CPI due to outlet substitution.



	Swedish Studies



	Statistics Sweden� compared indexes for clothing after the application of a hedonic quality adjustment� to those produced using  a previous quality control method.  The higher result produced by the new indexes (using hedonic treatment) implies that the old method led to an understatement (negative bias) of price change in clothing items.  This may be seen as supporting evidence for Triplett’s (1988) statement that clothing, housing and new automobiles are examples of components that exhibit downward biases.

�Table 4:	 Summary of Results of Overseas Studies



Study�Commodity Substitution bias�Outlet Substitution bias�New Goods Bias�Elementary Index bias�Quality Adjustment bias�Overall estimated bias�����Canada�����G(n(reux (1983)�0.2% per year

(1957-1978)�������Crawford

(1993)�0.1 - 0.2 % per year

�up to 0.1 % per year�< 0.1% per year��0.2 % per year�0.5 - 0.6% per year�����United States�����Manser & McDonald

(1988)�0.14 - 0.2 %

per year�������Kokoski

(1993)�0.16% per year�������Braithwait

(1980)�0.1 % per year�������Azicorbe & Jackman (1993)�0.2 % per year�������Lebrow, Roberts & Stockton (1994)�0.1 - 0.2 % per year��at most 0.5 % per year�0.3 - 0.5 % per year�at most 0.3% per year�0.4 - 1.5% per year��Wynne & Sigalla (1994)�at most 0.2 % per year�����< 1 % per year��Reinsdorf (1993)��food & energy 0.25% per year������Gordon (1980)

�����Consumer durables

0.1 % per year���Griliches & Cockburn (1993)

�����Pharmaceutical prices

15% per year���Diewert (1995)�0.2 % per year�0.25 - 0.4 % per year�see quality bias�0.5 % per year�combined new goods and linking (quality) bias 0.35 - 0.6% per year�1.3 - 1.7 % per year��Boskin et al (1996)�Upper substitution bias 0.15 % per year�New outlet substitution bias 0.1 % per year�see quality bias�Lower substitution bias 0.25% per year�combined New goods and quality bias 0.6% per year�1.1 % per year�����France�����Saglio (1994)��Food consumption

0.4 % per year�������Appendix Four - Chain linking



	More frequent revisions of the CPI basket can reduce the effects of biases such as item substitution, outlet substitution and new goods bias.  However, this reduction is only during the life of the particular basket of goods.  The method employed to introduce the change in the basket also has an effect on bias in the long-term series. 



	The usual method employed to introduce a new basket into the CPI (or any price index) is chain linking.  Chain linking is the linking of a chain of short- term inter-temporal independent indexes into a long-term series.  The linking consists of calculation of overlap indexes on the old and new baskets.  The index on the old base is divided by the index on the new base to generate a linking factor.  This linking factor is applied to all previous indexes. 



	Chain linking involves equating the values of expenditure of two baskets of goods and services that could be significantly dissimilar.  This can cause problems with the long-term series.



	Due to the linking of the short-term indexes, the long-term series movement is not a “pure” price index.  Any use of CPI series that crosses basket changes should be done with this in mind.  Very long-term comparisons using the CPI can be meaningless as like is not being compared with like in the baskets.  An example of this is the number of new technological items included in the CPI since the 1950s (these include television sets, video recorders, and personal computers).  It would, however, be meaningless in measuring price change today to have a basket of goods purchased in the 1950s excluding these items.



	The second problem is that chain linking can contribute to bias in the long-term series.  Because of the nature of chain linking, any bias existing in the old index series (i.e. that using the old basket) is preserved in the long-term series. The impact of new items is not measured.



	Some biases such as quality adjustment bias are not dependent on the frequency of revision.  New goods bias can be seen as having a substitution effect and a quality effect.  The substitution effect is partially addressed by changing the basket to include the new good.  However, the linking in of the new basket (including any new goods), while making the resulting new index more relevant, may actually introduce a quality bias as any quality change in these new goods will not be adjusted for when introduced in the new basket. 



	A third potential problem with chain linking indexes is that overseas empirical studies show the annual chain linked Laspeyres index has a greater movement than the unchained fixed base Laspeyres index�. This is possible when the prices of similar items are volatile. Consumer preferences change in response to increased prices for items which produce volatile changes in the weights given these items in chain linking the index. This is known as the “bounce” or “bouncing ball” phenomenon. 



	A more statistically correct procedure would be to calculate the overall bias and revise the previous indexes to remove it during the basket change.  This, however, is not practical given the large amount of information that would be note such calculations and the legal nature of some uses of the CPI (such as adjustment of contract clauses, pensions and social welfare benefits).  These uses of the CPI require that it not be revised to remove overall bias. In addition, frequent revisions of the CPI would undermine confidence in it. 



	So, how effective is more frequent revision of the base in limiting the overall long-term bias in the CPI?  More frequent revisions will limit the magnitude of any bias during the life of the particular index.  Chain linking of particular indexes will not remove any bias in the particular indexes.  Rather, it will preserve it in the resulting long-term series.  Chain linking can introduce new goods into the basket without making an assessment for any quality change in the new goods, this may cause a potential quality adjustment bias.



	The overall magnitude of the bias (using G(n(reux’s findings in Canada as a basis) is reduced with more frequent revisions.  There appears to be a “diminishing return” on bias reduction with increasing frequency of revisions. The move from a ten-year revision to a five-year revision may reduce the magnitude of bias to a significant extent, but the move from five-yearly to annual revisions may not produce as significant a reduction in the magnitude of the bias.  It should be remembered that any bias that occurs in the year between annual reviews is preserved by the chain linking of the index.  There is no information on the extent of the difference in bias of, say, a five-yearly reviewed index with a chain linked annually reviewed index.



�Appendix Five - Treatment of Respondent Error



	A large number of prices are collected in any period to calculate the CPI.  The vast majority of these prices are provided in an accurate and timely manner by the variety of respondents surveyed.  Editing procedures carried out by Statistics New Zealand identify suspicious prices, investigate them and where appropriate correct them prior to the calculation of the CPI for that period. 



	Although Statistics New Zealand places a high importance on the accuracy of the data collected, at times an error in price collection may be discovered after the calculation of the CPI for that period.  For example, a respondent may report a wrong price and correct in the following quarter.  These errors have no effect on the CPI All Groups for that period.  They may have an effect on indexes below the All Groups level.  The more disaggregated the index the greater the potential for an error of this nature to have an effect.



	The treatment of such errors depends on whether the focus is on short term or long term movement. This focus will depend on the use being made of the index. In general the where such errors are discovered they are treated in a manner that preserves the long-term movement of that price series from the base.   



	However, this means that the inter-quarterly movement shown may be incorrect, and an incorrect quarterly movement may be shown to remove the effect of the error from the long-term movement. The introduction of the correction must be done in a manner to avoid any significant impact of the correction on the inter-quarterly movement shown.



	Rarely will these errors, and any effect from their correction of the long-term series, have a detectable effect on the CPI.

�Appendix Six - Comment on the Boskin Report



	In December 1996, the report Towards a More Accurate Measure of the Cost of Living from the Advisory Commission to Study the Consumer Price Index  was presented to the US Senate Finance Committee.  This report was commissioned because of concerns in the US about their CPI, particularly about the cost of indexing on the Federal budget. The US report (also known as the Boskin Report, after the chair of the commission) makes some strong statements about the level of bias in the US index.  It recommends, as a result, some significant changes to the US index.

	Comment in New Zealand about this report, and in particular in the Dominion (27 March 1997) has assumed that the conclusions of the report apply in New Zealand. “Adjustments of the sort proposed by Boskin and as outlined in the Dominion article as relevant to New Zealand, are simply political arithmetic and nothing to do with official statistics” said Len Cook, Government Statistician. “Governments produce CPI’s to the standards necessary for their uses and the adjustment proposed by Boskin are crude and rough fiddling by comparison with the methods adopted by Statistics New Zealand in producing the CPI”.

	In New Zealand, the CPI is not used to the same extent to index social welfare payments, nor are income thresholds for tax purposes adjusted for cost of living changes.  Much of the focus in New Zealand is on the index as a general indicator of inflation and price movements, as well as on the CPI's role as a measure of the changing cost of maintaining a standard of living.  Some of the features of the US CPI that have drawn criticism in the Boskin Report are not characteristic of the New Zealand CPI.  Furthermore, some of the improvements recommended in the US CPI are already in place in New Zealand.

	The Boskin Report suggests that the US CPI has an upward bias of around 1 percent when compared with a theoretical index measuring change in the cost of maintaining a constant level of consumer satisfaction.  There is, of course, a considerable element of subjective judgement involved in adapting a practicable index methodology to the measurement of "consumer satisfaction".  Apart from this, the measuring and significance of 'bias' in the CPI depends on one's view of what it is that the CPI seeks to measure.  In fact, recent comment in US financial markets has suggested that the US CPI has always been a measure of price change, and has never purported to be a "cost of living index".  Methodological stability is more important to financial markets than bias based on the imperfect alignment of index practice to an economic cost of living concept.

	The Boskin report has not been universally accepted even in the United States because some of its conclusions do not take into account the practices of the Bureau of Labor Statistics in compiling their CPI. And it is not possible to directly apply the conclusions of the Boskin Report to New Zealand because of the differences in methodology.  "The CPI in the United States is not updated as frequently as in New Zealand. Bias against a cost of living maintenance concept in the New Zealand CPI is likely to be far less than that for the US, and I do not believe that the level of bias estimated in the Boskin report for the US CPI is relevant to New Zealand", Government Statistician Len Cook said.

	While a detailed study has not been undertaken into the level of bias in the New Zealand CPI.  Statistics New Zealand has investigated possible types of bias in CPIs generally, their likely effects on the New Zealand CPI, and measures to manage their impact. All statistics involve a variety of measurement errors and these can be controlled. For example it is well known that fixed base indexes, such as the CPI, are potentially subject to upward bias. This is because while the behaviour of people is altered by price change, price index bases are not. Users of the CPI are well able to take this into account in making decisions.  

	 Methodological biases are only one part of the difficulty in measuring inflation, and may be offset by bias in the other direction.  The Boskin Report is noticeably silent on factors which generate downward bias, such as the deteriorating quality of some types of services, especially for disadvantaged population subgroups. 

	Statistics New Zealand currently takes a range of steps to keep the CPI as accurate as possible as a general measure of inflation facing householders:



To limit bias due to item substitution and the introduction of new goods, the basket of the CPI is reviewed five-yearly at each CPI revision (compared to 10-yearly or less frequently in the USA).  Also, areas where consumers’ preferences have undergone considerable change since the last revision are investigated in annual reviews of selected areas in the CPI.



Possible bias due to changes in outlets is minimised by annually monitoring changes between store types and changes in the market shares of some major store chains.



Where it is possible to do so, quality change is identified and accounted for in the measurement of price change.  The methods used to do this are equivalent to those of similar overseas statistical agencies.  New methods of evaluating quality are always under consideration.
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� For more information on this topic the reader is referred to What Should the Consumers Price Index Measure? A companion paper to this one. 

� For more information on the theoretical biases of the Laspeyres and Paasche indexes, the reader is referred to Pollak (1989)

� Formula for different indexes (Laspeyres, Paasche, Fisher “ideal” and others) are shown in Appendix 2. More information on the different types of index formulae is contained in Calculation and Structure of the Consumers Price Index which has been released by Statistics New Zealand as a companion to this paper.

� For a detailed discussion of ideal indexes the reader is be referred to the following references Diewert (1976), Fisher (1922) and Balk (1995)

� Other index formulae which use both current and base period weights (e.g. Tornqvist, Marshall-Edgeworth) are also considered theoretically better than either the Laspeyres or Paasche indexes.

� More information on the uses of the Consumers Price Index is included in the paper: The Consumers Price Index as a Price Measure and as a part of a Statistical System. This is a companion paper to this one for the 1997 Revision Advisory Committee.

� See Dalen (1995) for a definition of ideal and exact indexes

� See Dalen (1995) for a definition of ideal and exact indexes

� Another way to think of relevance is the difference between the ideal and exact indexes.

� The representativeness of the items priced in the CPI and how these items are selected is covered in Obtaining Representative Prices in the Consumers Price Index. This is a paper for the 1997 Revision Advisory Committee and is available upon request.

� A formal definition of bias and theoretical index bias is included in Appendix 1

� Bias is defined in appendix 1

� A economic definition of a true or pure cost-of-living index is: A Cost of Living index measures the change in the cost of maintaining a fixed level of utility or satisfaction.  This can be constructed using the expenditure function which measures the cost of obtaining a level of utility, or indifference curve, at a set of prices.  Given a change in prices, the expenditure function measures the cost of maintaining the same utility, at the new set of prices. The ratio of the expenditure functions gives a true cost-of-living index.  If it costs more in the later period to attain the same level of utility, then the cost-of-living has increased. (See Connolly 1996)



� For more information on butting and splicing refer to Obtaining representative prices in the Consumers Price Index and Quality Change and Assessment in the Consumers Price Index, both companion papers to this one

� The mathematical formula for each of these calculations: the Carli; Dutot; and Jevons are listed in

Appendix 2 of this paper.

� For a detailed discussion on the choice of elementary index formulae refer to Schultz (1994)	

� For more information on weighting and outlet selection, refer to Methods of Outlet Selection and Weighting in the Consumers Price Index, a companion paper to this one

� Canada now uses a Jevons formulae, Australia is investigating the use of the Jevons formulae.

� Quality in the CPI is discussed in Quality Change and Assessment in Consumers Price Index, which has been released as a companion to this paper.

� For more information on the Household Economic Survey (HES) refer The Household Economic Survey, a companion paper to this one.

� Sample errors are usually quoted for a 95 percent confidence interval, i.e. if the sample error is 4% this means that the result is within +/- 4% of the stated value with 95 percent confidence.

� Recommendation 23, Report of the 1991 Revision Advisory Committee to Parliament

� Recommendation 16, Report of the 1991 Revision Advisory Committee to Parliament

� A Dictionary of Statistical Terms, 5th edition ,by  F. H. C. Marriott (1989) Longmann Scientific and Technical

� For more information on  Statistics New Zealand’s treatment of these errors refer to Appendix 5; Treatment of respondent error

� More information on the CPIs of selected countries is contained in the Calculation and Structure of the Consumers Price Index. This is released as a companion volume to this publication.

� Gordon R, (1990) “The Measurement of Durable Goods Prices”, National Bureau of Economic Research. Chicago: University of Chicago Press.

� These include: Lebrow, Roberts and Stockton (1994) at the Board of Governors of the Federal Reserve System; Wynne and Sigalla (1994), Federal Reserve Bank of Dallas; and a report by the Congressional Budget Office (1994) entitled “ Is the Growth of the CPI a Biased Measure of Changes in the Cost of Living?”

� Boskin et al (1996), Towards a More Accurate Measure of the Cost of Living, Final Report to the Senate Finance Committee from the Advisory Commission to Study the Consumers Price Index.

�  A Statement by Statistics New Zealand on the Boskin Report is included in Appendix 6.

� A Norberg (1995) “ Quality adjustment in the Swedish Price Index for Clothing”, Paper presented at the second meeting of the International Working Group on Price Indices, Stockholm 15-17 November 1995

� For more information on hedonic quality adjustment refer to the paper Quality Change and Assessment in the Consumers Price Index, A companion publication to this one.

� For example Azicorbe and Jackman (1993) produced a product substitution bias of approximately

0.2 percent per year for the period 1982 -1991 in the fixed based Laspeyres index. The chained

Laspeyres index produced a substitution bias of 0.27 percent.
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