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Calculation of elementary indices in the CPI, the treatment of missing prices, seasonal products and quality changes
Introduction 

The paper describes briefly the calculation of elementary indices in the CPI and provides an overview of methods in which to treat missing prices, seasonal products and quality changes. The paper draws mainly on the CPI Manual
, to which interested readers are referred for further details and explanations. 

1. Calculation of elementary price indices
CPI calculated
 in two stages

The CPI is calculated in two stages. In the first stage the so-called elementary aggregate price indices are calculated for groups of relatively homogenous goods and services, on the basis of the collected prices. In the second stage, indices at higher level of aggregation, up to the overall CPI, are calculated by weighting together the elementary aggregate indices with their relative expenditure shares. 

Formation of
 elementary aggregates

The elementary aggregate indices are the basic building blocks of the CPI. In the formation of elementary aggregates some key points should be noted:

· Elementary aggregates should consist of groups of goods or services that are as similar as possible, and preferably fairly homogeneous.

· The items selected should be ones for which price movements are believed to be representative of all the products in the elementary aggregate.

· They should consist of items expected to have similar price movements to minimize the dispersion of price movements within the aggregate.

· The number of items within each elementary aggregate should be large enough for the estimated price index to be statistically reliable.

· The object is to track the price of an item for as long as it continues to be representative. The items selected should therefore be expected to remain on the market for some time, so that like can be compared with like and problems with replacements and quality changes be reduced. 

The most common practice is to calculate the elementary indices without using explicit weights for the individual observations. Three index formulas are common in used:

Carli index

The Carli index is the unweighted arithmetic mean of the price ratios:
(1)
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Dutot index

The Dutot index is the ratio of the unweighted arithmetic mean prices:

(2)
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Jevons index

The Jevons index is the unweighted geometric mean of the price ratios, identical to the ratio of the unweighted geometric mean prices:
(3)
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The Carli and Jevons are independent of the price levels. The Dutot index depends on the price levels in the reference period. 

The Dutot index requires prices to be averaged. Hence, it should only be applied for elementary aggregates consisting of homogenous products nominated in the same measurement unit.

Table 1 shows an example of an elementary aggregate calculated by the three index formulas.

Table 1. Calculation of elementary indices

	
	January
	February
	March
	April
	May
	June
	July

	
	Prices

	Item A
	6,00
	6,00
	7,00
	6,00
	6,00
	6,00
	6,60

	Item B
	7,00
	7,00
	6,00
	7,00
	7,00
	7,20
	7,70

	Item C
	2,00
	3,00
	4,00
	5,00
	2,00
	3,00
	2,20

	Item D 
	5,00
	5,00
	5,00
	4,00
	5,00
	5,00
	5,50

	Arithmetic mean
	5,00
	5,25
	5,50
	5,50
	5,00
	5,30
	5,50

	Geometric mean
	4,53
	5,01
	5,38
	5,38
	4,53
	5,05
	4,98

	
	Monthly price ratios

	Item A
	1,00
	1,00
	1,17
	0,86
	1,00
	1,00
	1,10

	Item B
	1,00
	1,00
	0,86
	1,17
	1,00
	1,03
	1,07

	Item C
	1,00
	1,50
	1,33
	1,25
	0,40
	1,50
	0,73

	Item D 
	1,00
	1,00
	1,00
	0,80
	1,25
	1,00
	1,10

	Carli – arithmetic mean of price ratios

	Monthly index
	100,0
	112,5
	108,9
	101,9
	91,3
	113,2
	100,1

	Chained monthly index
	100,0
	112,5
	122,5
	124,8
	113,9
	128,9
	129,0

	Direct index
	100,0
	112,5
	125,6
	132,5
	100,0
	113,2
	110,0

	Dutot – ratio of arithmetic mean prices

	Monthly index
	100,0
	105,0
	104,8
	100,0
	90,9
	106,0
	103,8

	Chained monthly index
	100,0
	105,0
	110,0
	110,0
	100,0
	106,0
	110,0

	Direct index
	100,0
	105,0
	110,0
	110,0
	100,0
	106,0
	110,0

	Jevons – geometric mean of price ratios = ratio of geometric mean prices

	Monthly index
	100,0
	110,7
	107,5
	100,0
	84,1
	111,5
	98,7

	Chained monthly index
	100,0
	110,7
	118,9
	118,9
	100,0
	111,5
	110,0

	Direct index
	100,0
	110,7
	118,9
	118,9
	100,0
	111,5
	110,0


Direct and 
chained indices

In a direct elementary index, the prices of the current month are compared directly with those of the price reference month (January). In a chain index, prices in each month are compared with those of the previous month, and the resulting short-term indices are multiplied, or chained, together to obtain the long-term index

On the basis of the example in Table 1 the following points may be noted:

· The chained Carli index is upward biased and should not be used. In May all prices have returned to the initial level, but the chained Carli shows an increase of almost 14%. In July, all prices have increased by 10% while the chained Carli shows an increase of 29%.

· Jevons and Dutot are transitive – the direct index is equal to the chained index. The Carli index is not transitive.

· Jevons is always below the Carli.

· Carli shows an increase in case of ‘price bouncing’, i.e. the prices change between items but are otherwise equal, as from March to April.

From a statistical viewpoint the Jevons index appear to have better properties; it satisfies more tests in the so-called axiomatic approach to index number theory.

From an economic interpretation Carli and Dutot are fixed basket indices that maintain the underlying quantities unchanged. The Jevons index allow for some degree of substitution.

It is up to the statistical office to decide whether to calculate the elementary indices as direct of chained indices. In practice the use of monthly chained indices seems to have some advantage. When a new or replacement item is included in a direct index, it will often be necessary to estimate the price of the item in the price reference period, which may be some time in the past. In a chain index, new items are linked into the index as part of the ongoing index calculation by including the item in the monthly index as soon as prices for two successive months are obtained. 

Some particular problems with the Dutot index

Unlike Carli and Jevons the Dutot index depends on the price levels in the reference period. In Dutot, the price ratios are weighted according to the price levels in the reference period, as can be seen by re-writing equation (2) as: 

(2’)
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The calculation of a Dutot index and the implicit weighting by the price levels is illustrated in Table 2.
Table 2: Calculation of a Dutot index
	
	December
	January
	Index

	
	                     Prices
	

	Product 1
	25,53
	16,06
	62,9

	Product 2
	69,5
	69,5
	100,0

	Product 3
	201,67
	221,67
	109,9

	Av. Price
	98,9
	102,4
	

	
	
	
	

	Dutot =
	                      102,4/98,9 * 100  = 
	103,5

	Carli =
	                (62,9+100+109,9)/3 * 100 =
	90,9

	
	
	
	

	The price changes are weighted according to the price in the reference period:

	
	Price
	Price weight
	

	Product 1
	25,53
	0,09
	

	Product 2
	69,5
	0,23
	

	Product 3
	201,67
	0,68
	

	Sum
	296,7
	1,00
	

	
	
	
	

	Dutot  =                              62,9*0,09+100*0,23+109,9*0,68  =
	103,5


In the Dutot index, the big price decrease on product 1 has a weight of only 9%, while the price increase of product 3 has a weight of 68%! The Dutot index gives more weight to price increases on relative expensive products, which may not reflect the actual consumption pattern. 
The recommendation, in general, is that the Dutot index should only be used for elementary aggregates consisting of homogenous products. As the example illustrates, the implicit weighting in the Dutot index may lead to biased results.
Calculation of weighted elementary indices

If weighting information about the individual items is available this can be exploited by calculating the elementary aggregates using the weights. Thus, the elementary aggregates can be calculated as Laspeyres indices or as so-called geometric Laspeyres indices:

(4)
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(5)

[image: image7.wmf]0:

0

,1

i

w

i

GLai

t

t

i

p

Pw

p

æö

==

ç÷

èø

å

Õ


Note that expenditure weights should not be attached to individual price observations in a Dutot Index, since this would conflict with the implicit weighting of the price changes in this index.

2. Treatment of missing prices

Missing prices are

 inevitable, and have
 to be dealt with 

Missing prices occurs regularly since is not always possible to collect all prices for the goods and services in the sample. Prices will be missing because outlets are closed or have stopped selling a product, products have disappeared from the market, temporarily or permanently, or the price collector was ill. A special type of temporary unavailability occurs with seasonal items such as fruit, vegetables, clothing and package holidays. Seasonal items are dealt with in section 3.
2.1 Temporarily missing prices
In the case of missing observations for non seasonal items one of four actions may be taken:

· Omit the item for which the price is missing so that a matched sample is maintained, even though the sample is depleted.

· Carry forward the last observed price.

· Impute the missing price by the average price change of the prices that are available in the elementary aggregate.

· Impute the missing price by the price change of a comparable item.

Omit the item

One should be careful to omit too many observations as this will lead to a depletion of the sample.

Carry forward 

Carrying forward prices biases the rate of change of the CPI towards zero. Thus, prices should only be carried forward for a limited period of time. When the item reappears, the whole of the price change should be included in the index.

Imputation 
by group

Imputing by the average price change of those goods and services for which prices have been recorded assumes that the price of the missing item would have moved as the average price change of the available items. 

Imputation 
by another item

In some cases it may be more appropriate to estimate the price change of the missing price by the price change of another similar item, which may be known or expected to move in similar way.

Table 3 illustrates the calculation of the price index for an elementary aggregate consisting of three items where one of the prices is missing in March. Section (a) of Table 3 shows the indices where the missing price has been omitted from the calculation. The direct indices are therefore calculated on the basis of items A, B and C for all months except March, where they are calculated on the basis of items B and C only. The chained indices are calculated on the basis of all three prices from January to February and from April to May. From February to March and from March to April the monthly indices are calculated on the basis of items B and C only.

For both the Dutot and the Jevons indices, the direct and chain indices now differ from March onwards. The first link in the chain index (January to February) is the same as the direct index, so the two indices are identical numerically. The direct index for March completely ignores the price decrease of item A between January and February, while this is taken into account in the chain index. As a result, the direct index is higher than the chain index for March. On the other hand, in April and May, when all prices are again available, the direct index captures the price development, whereas the chain index fails to track the development in the prices.
Table 3. Imputation of temporarily missing prices
	
	January
	February
	March
	April
	May

	
	Prices

	Item A
	6.00
	5.00
	
	7.00
	6.60

	Item B
	7.00
	8.00
	9.00
	8.00
	7.70

	Item C
	2.00
	3.00
	4.00
	3.00
	2.20

	(a) Omit missing item from the index calculation

	Carli index – the arithmetic mean of price ratios 

	Direct index
	100.00
	115.87
	164.29
	126.98
	110.00

	Dutot index – the ratio of arithmetic mean prices 

	Month-to-month index
	100.00
	106.67
	118.18
	84.62
	91.67

	Chained monthly index
	100.00
	106.67
	126.06
	106.67
	97.78

	Direct index
	100.00
	106.67
	144.44
	120.00
	110.00

	Jevons index – the ratio of geometric mean prices = geometric mean of price ratios

	Month-to-month index
	100.00
	112.62
	122.47
	81.65
	87.31

	Chained monthly index
	100.00
	112.62
	137.94
	112.62
	98.33

	Direct index
	100.00
	112.62
	160.36
	125.99
	110.00

	(b) Imputation
	
	
	
	
	

	Carli index – the arithmetic mean of price ratios

	Impute price for item A in March as 5×(9/8+4/3)/2 = 6.15

	Direct index
	100.00
	115.87
	143.67
	126.98
	110.00

	Dutot index – the ratio of arithmetic mean prices

	Impute price for item A in March as 5×((9+4)/(8+3)) = 5.91

	Month-to-month index
	100.00
	106.67
	118.18
	95.19
	91.67

	Chained monthly index
	100.00
	106.67
	126.06
	120.00
	110.00

	Direct index
	100.00
	106.67
	126.06
	120.00
	110.00

	Jevons index – the ratio of geometric mean prices = geometric mean of price ratios

	Impute price for item A in March as 5×(9/8×4/3)0.5 = 6.12


	Month-to-month index
	100.00
	112.62
	122.47
	91.34
	87.31

	Chained monthly index
	100.00
	112.62
	137.94
	125.99
	110.00

	Direct index
	100.00
	112.62
	137.94
	125.99
	110.00


In section (b) of Table3 the missing price for item A in March is imputed by the average price change of the remaining items from February to March. While the index may be calculated as a direct index, comparing the prices of the present period with the reference period prices, the imputation of missing prices should be made on the basis of the average price change from the preceding to the present period, as shown in the table. Imputation on the basis of the average price change from the base period to the present period should not be used as it ignores the information about the price change of the missing item that has already been included in the index.

2.2 Permanently disappearing prices
Items may disappear permanently for a variety of reasons. The item may disappear from the market because new items have been introduced or the outlets from which the price has been collected have stopped selling the product. Where products disappear permanently, a replacement product has to be sampled and included in the index. The replacement product should ideally be one that accounts for a significant proportion of sales, is likely to continue to be sold for some time, and is likely to be representative of the sampled price changes of the market that the old product covered. 

When to include replacements?
The timing of the introduction of replacement items is important. Many new products are initially sold at high prices which then gradually drop over time, especially as the volume of sales increases. Alternatively, some products may be introduced at artificially low prices to stimulate demand. In such cases, delaying the introduction of a new or replacement item until a large volume of sales is achieved may miss some systematic price changes that ought to be captured by the CPI. It may be desirable to try to avoid forced replacements caused when products disappear completely from the market, and to try to introduce replacements when sales of the items they replace are falling away, but before they cease altogether. 

Table 4 shows an example where item A disappears after March and item D is included as a replacement from April onwards. Items A and D are not available on the market at the same time (no overlap prices). 
Table 4. Disappearing items and their replacements, no overlapping prices
	
	January
	February
	March
	April
	May

	
	Prices

	Item A
	6.00
	7.00
	5.00
	
	

	Item B
	3.00
	2.00
	4.00
	5.00
	6.00

	Item C
	7.00
	8.00
	9.00
	10.00
	9.00

	Item D
	
	
	
	9.00
	8.00

	(a) Imputation

	Carli index – the arithmetic mean of price ratios

	Impute price for item D in January as 9/((5/3+10/7)×0.5) = 5.82

	Direct index
	100.00
	99.21
	115.08
	154.76
	155.38

	Dutot index – the ratio of arithmetic mean prices

	Impute price for item D in March as 9/((5+10)/(4+9)) = 7.80

	Monthly index
	100.00
	106.25
	105.88
	115.38
	95.83

	Chained monthly index
	100.00
	106.25
	112.50
	129.81
	124.40

	Impute price for item D in January as 9/((5+10)/(3+7)) = 6.00

	Direct index
	100.00
	106.25
	112.50
	150.00
	143.75

	Jevons index – the ratio of geometric mean prices = geometric mean of price ratios

	Impute price for item D in March as 9/((5/4×10/9)0,5) = 7.64

	Monthly index
	100.00
	96.15
	117.13
	117.85
	98.65

	Chained monthly index
	100.00
	96.15
	112.62
	132.73
	130.94

	Impute price for item D in January as 9/((5/3×10/7)0.5) = 5.83

	Direct index
	100.00
	96.15
	112.62
	154.30
	152.22

	(b) Omit missing prices

	Dutot index – the ratio of arithmetic mean prices

	Monthly index
	100.00
	106.25
	105.88
	115.38
	95.83

	Chained monthly index
	100.00
	106.25
	112.50
	129.81
	124.40

	Jevons index – the ratio of geometric mean prices = geometric mean of price ratios

	Monthly index
	100.00
	96.15
	117.13
	117.85
	98.65

	Chained monthly index
	100.00
	96.15
	112.62
	132.73
	130.94


To include the new item in the index from April onwards, an imputed price needs to be calculated for the base period (January) if a direct index is being calculated, or for the preceding period (March) if a chain index is calculated. In both cases, the imputation method ensures that the inclusion of the new item does not in itself affect the index. In the case of a chain index, imputing the missing price by the average change of the available prices gives the same result as if the item is simply omitted from the index calculation until it has been priced in two successive periods. This allows the chain index to be compiled by simply chaining the month-to-month index between period t-1 and t, based on the matched set of prices in those two periods, onto the value of the chain index for period t-1. In the example, no further imputation is required after April, and the subsequent movement of the index is unaffected by the imputed price change between March and April. 

In the case of a direct index, however, an imputed price is always required for the reference period in order to include a new item. In the example, the price of the new item in each month after April still has to be compared with the imputed price for January. As already noted, to prevent a situation in which most of the reference period prices end up being imputed, the direct approach should only be used for a limited period of time.

The situation is somewhat simpler when there is an overlap month in which prices are collected for both the disappearing and the replacement item. In this case, it is possible to link the price series for the new item to the price series for the old item that it replaces. Linking with overlapping prices involves making an implicit adjustment for the difference in quality between the two items, as it assumes that the relative prices of the new and old item reflect their relative qualities. For perfect or nearly perfect markets this may be a valid assumption, but for other markets this may not hold. The overlap method is illustrated in Table 5.
Table 5. Disappearing and replacement items with overlapping prices

	
	January
	February
	March
	April
	May

	
	Prices

	Item A
	6.00
	7.00
	5.00
	
	

	Item B
	3.00
	2.00
	4.00
	5.00
	6.00

	Item C
	7.00
	8.00
	9.00
	10.00
	9.00

	Item D
	
	
	10.00
	9.00
	8.00

	Carli index – the arithmetic mean of price ratios

	Impute price for item D in January as 6/(5/10) = 12.00

	Direct index
	100.00
	99.21
	115.08
	128.17
	131.75

	Dutot index – the ratio of arithmetic mean prices

	Chain the monthly indices based on matched prices

	Month-to-month index
	100.00
	106.25
	105.88
	104.35
	95.83

	Chained month-to-month index
	100.00
	106.25
	112.50
	117.39
	112.50

	Divide item D’s price in April and May by 10/5 = 2 and use item A’s price in January as base price

	Direct index
	100.00
	106.25
	112.50
	121.88
	118.75

	Impute price for item D in January as 6/(5/10) = 12.00

	Direct index
	100.00
	106.25
	112.50
	109.09
	104.55

	Jevons index – the ratio of geometric mean prices = geometric mean of price ratios

	Chain the monthly indices based on matched prices

	Month-to-month index
	100.00
	96.15
	117.13
	107.72
	98.65

	Chained month-to-month index
	100.00
	96.15
	112.62
	121.32
	119.68

	Divide item D’s price in April and May with 10/5 = 2 and use item A’s price in January as base price

	Direct index
	100.00
	96.15
	112.62
	121.32
	119.68

	Impute price for item D in January as 6/(5/10) = 12.00

	Direct index
	100.00
	96.15
	112.62
	121.32
	119.68


In the example in Table 5 overlapping prices are obtained for items A and D in March. Their relative prices suggest that one unit of item D is worth two units of item A. If the index is calculated as a direct Carli, the January base period price for item D can be imputed by dividing the price of item A in January by the price ratio of items A and D in March.

A monthly chain index of arithmetic mean prices will be based on the prices of items A, B and C until March, and from April onwards on the prices of items B, C and D. The replacement item is not included until prices for two successive periods are obtained. Thus, the monthly chain index has the advantage that it is not necessary to carry out any explicit imputation of a reference price for the new item. 

If a direct index is calculated defined as the ratio of the arithmetic mean prices, the price of the new item needs to be adjusted by the price ratio of A and D in March in every subsequent month, which complicates computation. Alternatively, a reference period price of item D for January may be imputed. This, however, results in a different index because the price ratios are implicitly weighted by the relative base period prices in the Dutot index, which is not the case for the Carli or the Jevons indices. For the Jevons index, all three methods give the same result, which is an additional advantage of this approach.
3. The treatment of seasonal products
A seasonal product is defined here as product that is not available for purchase throughout the year, so that prices cannot be collected in all months. There are two approaches in which to deal with seasonal items:
The fixed weight approach

In the fixed weight approach the weights reflect the average annual consumption pattern and are kept constant throughout the year. The CPI measure the changing cost from month to month of buying the same annual basket of goods and services. The problem in this approach is that some of the goods and services are not sold in all months. Therefore, in out-of season periods, an artificial price has to be estimated or imputed.

The variable weights approach

In the variable weights approach weights are allowed to change over the year to reflect seasonal changes in consumption pattern. The problem with this approach is that it requires monthly weights which may not be available, and in theory a CPI based on this approach could change because of changes in the weights, even if all prices remain constant!
The CPI Manual on seasonal products 

The CPI Manual in chapter 10 provides some useful and practical examples of various ways in which to handle seasonal products, taking clothing as an example. Chapter 22 on seasonal products goes more into the theory and technical details. The four methods most common in use, all based on the fixed weights approach, are described briefly below.
Model 1: 

Carry forward last observed price and include the price change from the carried forward price to the price of the product when it reappears
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Model 2: 

In the first month a product becomes unavailable, impute the introduction or “normal” price, carry this forward, and include the price change from the carried forward price to the price of the product when it reappears
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For model 1 and 2 the following may be concluded:
· while prices are carried forward, the monthly changes of the CPI will be biased towards zero

· the 12 months rate of changes will be (largely) unaffected

· in the long-term, the CPI will show the correct development

Model 3: 

Impute the missing price by the average change of available products and include the price change from the imputed price to the price of the product when it reappears
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Model 4: 

In the first month of unavailability take the price back to the introduction or “normal” price, move this forward by imputation, and include the price change from the imputed price to the price of the product when it reappears
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Chained monthly indices and
 imputation

When calculating the elementary indices as chained monthly indices based on matched month-on-month prices, imputation can be made simply by leaving out the seasonal product when it disappear. This corresponds to assuming that the price would have moved as the average of the recorded prices in the elementary aggregate. When the product reappears in month t, the imputed price of month t-1 has to be included in the calculation of the index from t-1 to t. The following may be concluded:
· imputation instead of carrying forwards avoid (or at least reduces) the bias of the monthly changes of the CPI

· the 12 months rate of changes will be (largely) unaffected

· in the long-term, the CPI will show the correct development

The four models are all “self-correcting”; they ensure that the index will return back to the correct level, and will not cause long-term bias in the CPI. 

4. Quality changes

The CPI shall reflect only ‘real’ price changes. Thus, price changes that are due to quality changes as a matter of principle should not be included in the CPI. Quality adjustments can be undertaken in a variety of ways:

a) Direct comparison: The price of the new item is compared directly with the price of the old one. It is thus assumed that the two items are of comparable quality and the whole of the price change is included in the index. 

b) ’Link to show no change’: The price of the new item is linked into the index. The price change is assumed to equal the quality change and thus not included in the index calculation. 

c) Overlapping prices: With overlapping prices the new item can be linked into the index. This assumes that the price difference reflects the value of any quality difference between the two items. 

d) Imputation: The price development of the new item is imputed by the price development of similar items or groups of items. 

e) Monthly re-sampling and chaining: The sample is updated regularly on monthly basis and a chained index is calculated on the basis of the matched monthly prices.

f) Adjustment for quantity changes: For items where the quantity change a proportionate change should be made in the price.

g) Experts judgement: Persons with detailed product knowledge are requested to value the difference between the new and old product, and appropriate adjustment are made in the recorded prices.

h) Hedonir regression.
Hedonic 
regressions

Hedonic regression is a special way to adjust for quality changes in which the relationship between the price of an item and its price determining characteristics is estimated in a regression equation. The estimated coefficients reflect the influence on the price from the price determining characteristics. For a product with new values of the characteristics, for example a PC with more RAM, the quality adjusted price can then be determined. Hedonic regressions are relatively resource demanding, require relatively large amount of observations and regular updating. 

Examples of methods a) – e) are provided below; it is assumed that the elementary index is calculated as a monthly chained index.

Direct comparison (include the whole of the price change) 

	
	March
	April
	May

	Item A
	200
	220
	

	Item B
	
	220*
	190

	Monthly index
	100,0
	110,0
	87,4

	Chained index
	100,0
	110,0
	96,1


* Adjusted price

In May item A is replaced by item B. It is assessed that there is no quality difference, and the whole price difference is included in the index by using the price of A as previous price of B.  

’Link to show no change’

	
	March
	April
	May

	Item A
	200
	220
	

	Item B
	
	400*
	400

	Monthly index
	100,0
	110,0
	100,0

	Chained index
	100,0
	110,0
	110,0


* Adjusted price

In May item A is replaced by item B. It is assessed that the whole of the price change is due to a quality change, and B is included in the index with an unchanged price from April to May, so that the replacement does not affects the index.

Overlapping prices

	
	March
	April
	May

	Item A
	200
	220
	

	Item B
	
	400
	420

	Monthly index
	100,0
	110,0
	105,0

	Chained index
	100,0
	110,0
	115,5


Overlapping prices are recorded for April. This allows the price of the new item to be linked into the index, assuming that the price ratios in April reflect only quality changes. 

Imputation

	
	March
	April
	May
	June

	Item A
	190
	210
	200
	190

	Item B
	400
	400
	400
	380

	Item C
	300
	300
	 
	 

	Item D
	 
	 
	240
	240

	Monthly index
	100,0
	103,4
	97,6
	96,6

	Chained index
	100,0
	103,4
	100,9
	97,5


Note: The indices are calculated on the basis of geometric means
From March to April the index is calculated on the basis of the prices for items A, B and C. The monthly index for April-May is calculated on the basis of prices for A and B only. The new item D is included in the monthly index for May-June (calculated on the basis of A, B and D), which is then linked onto the value of the chained index in May.

Monthly re-sampling and chaining

	
	Month 0
	Month 1
	Month 2
	Month 3
	Month 4

	Item A
	a0
	a1
	a2
	a3
	

	Item B
	b0
	b1
	b2
	b3
	b4

	Item C
	c0
	c1
	c2
	c3
	c4

	Item D
	
	d1
	d2
	d3
	d4


In this method the index is calculated by multiplying the monthly indices, each based on a set of matched prices including only the prices obtained in both periods. Using geometric means, the index in month 4 would be calculated as:
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The method assumes a competitive market and requires a relatively large number of observations.
� ILO, IMF, UNECE, OECD, Eurostat and the World Bank: Consumer Price Index  Manual: Theory and Practice. ILO 2004, Switzerland. The manual is available in English from ILOs website: � HYPERLINK "http://www.ilo.org/public/english/bureau/stat/guides/cpi/index.htm" ��http://www.ilo.org/public/english/bureau/stat/guides/cpi/index.htm�
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