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Chapter 13

Computation of National Annual Averages

In the International Comparison Program (ICP), 
price deflators, specifically purchasing power 
parities (PPPs), are calculated based on the 
national annual average prices of a set of pre-
designated products and services. In household 
final consumption surveys in which prices are 
collected on a quarterly basis, annual prices 
for  the reference year are computed by taking 
the arithmetic means of the prices collected 
quarterly. National prices are derived from aver-
aging prices collected from multiple locations 
within an economy. It is important to note that 
price sets are first nationalized every quarter 
and then annualized—not the other way 
around. Computing annual prices before nation-
alizing them will yield different results if regional 
weights vary quarter by quarter. In reality, 
though, all four quarterly prices are not always 
available from every selected location. At times, 
data are only partially available, depending on 
the regional and product-specific situations.

Not all surveys, however, follow the same 
frequency of data collection. Some surveys, 
such as compensation of employees, construc-
tion, or education, collect prices once a year. 
Thus they provide annual average prices. If 
education surveys are conducted in multiple 
locations in an economy or data on compensa-
tion of government employees are collected for 
both the central and local governments, it is 
important to annualize the data first before 
nationalizing them, which differs from the 

guidelines for household consumption surveys. 
Sometimes, midyear prices are regarded as 
annual prices, which is the case for machinery 
and equipment and construction surveys.

Because the household final consumption 
survey serves as the main survey of ICP data col-
lection, this chapter focuses more on this survey 
and its quarterly price collection. The sections 
that follow explain the basics of computing 
national annual average prices and examine 
 special cases for dealing with missing data points.

Computation of national averages

Calculation of national average prices is carried 
out along two perpendicular dimensions: space 
and time. Spatial averaging is aligned with the 
geographical stratification of price surveys, 
whereas temporal averaging reflects the survey 
schedule. Both averaging processes are carried 
out in keeping with the quarterly and annual 
sequencing of data validation, submission, and 
processing (see figure 13.1).

Although economies may choose or may be 
encouraged to compute monthly averages for 
validation purposes—that is, to see how col-
lected prices have evolved from month to month 
during a given quarter and whether this escala-
tion is consistent with the monthly consumer 
price indexes (CPIs) in the context of the ICP—
monthly averaging is not a mandatory step in 
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the overall averaging process. Monthly averages 
are not shown in figure 13.1, and they are only 
mentioned here for the sake of exhaustiveness.

The national coordinating agencies are encour-
aged to conduct price collection in multiple loca-
tions within an economy so that the outcomes 
are representative of the national average prices. 
If the price collection is conducted as recom-
mended, outlets will be evenly selected from 
both urban and rural areas. In most economies, 
urban areas are generally more populous than 
rural areas, and a good portion of the population 
may be concentrated in just a few cities. When 
prices are collected in multiple locations with dif-
ferent population distributions that yield differ-
ent levels of economic activity, the question 
arises of how to take into account this inequality 
in population density and economic activity. 
Economies should opt to use weights at various 
levels—national, regional (subnational), urban/
rural, location/outlet type—depending on the 
data availability at those levels. The following 
section uses examples in discussing what the 
options are and how weights should be treated in 
computation.

Without Geographical Weights

Difficulties arise in assigning weights to various 
locations because weights differ by product or 
group of products, and information at the detail 

level or even at higher levels may not necessar-
ily be available all the time. Therefore, for 
 practical reasons it is easier to treat every loca-
tion equally—that is, assign an even weight of 
1/n to every location, if price collection takes 
place in n locations. This is equivalent to assign-
ing no weights because no factors other than 
the products' prices are taken into account dur-
ing the averaging process. The method applied 
in ICP 2005 was to take simple arithmetic aver-
ages of prices from all locations. This method 
may not accurately reflect reality, but it can still 
be assumed that weights are implicitly taken 
into consideration. Because of their higher den-
sities of population, more outlets are likely to be 
priced in populous areas, and a higher level of 
sales is likely to occur in these areas. It is recom-
mended that economies design their surveys in 
a self-weighted way, ensuring that a larger 
number of outlets are included from populous 
regions, thereby yielding a larger number of 
price quotations with a bigger impact on the 
overall average prices.

With Geographical Weights

If weights by region within an economy are 
readily available, it is recommended that, as in 
the ICP 2005 round, the hierarchical weighting 
system be used, meaning that at any level the 
total consists of its components. That approach 

Q2 average Q3 average Q4 average Annual
average Q1 average

National

Regional

Urban or rural area

Average prices by location

Average prices by outlet

Price quotations

Figure 13.1 Sequence of the ICP Price Averaging Process, ICP 2011

Source: ICP, http://icp.worldbank.org/.

http://icp.worldbank.org/
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will produce the required stratification of an 
economy into different regions based on popu-
lation, sales volume, expenditures, and so forth.

Figure 13.2 depicts economy A, which has 
been stratified into two regions, A and B, 
assuming that the most detailed level of obtain-
able information is urban/rural data within a 
region. The hierarchical weighting scheme 
starts from the top—for example, if region A 
has a total weight of 70 (i.e., 70 percent of 
expenditures or sales) and the proportion of 
urban to rural areas is 3:2 for that region, then 
region A–urban has a weight of 3/(3 + 2) × 
70 = 42, and so on. The figures shown in the 
rightmost column of table 13.1 (i.e., the lowest-
level information) are then brought into the 
calculation as the weights of each location. The 
national coordinating agencies should provide 
the weights for the lowest level when they can 
be reliably obtained. If weights are provided as 
sales volumes or other figures that do not sum 
up to 100, the weights can be normalized 
accordingly.

Distinct weights can be associated with each 
product or item. Ideally, weights should reflect 
the quantities of the product sold. Thus if for 
product 1 the urban areas of region A are 
responsible for 42 percent of total sales, that is 

the weight used in determining average prices. 
At the same time, product 2 may have a differ-
ent weight for that particular area. However, in 
many cases it will be difficult to find such 
detailed breakdowns, and some simplified pro-
cedures must be put in place. For example, if it 
is known that the urban areas of region A are 
responsible for 40 percent of national food (or 
personal consumption) expenditures and no 
detailed data on individual products exist, the 
40 percent share for urban areas of region A can 
be used for all products comprising national food 
(or personal consumption) expenditures, so 
that
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Table 13.2 captures the possible options at 
each level, even though the list may not be 
completely exhaustive. In each location, multi-
ple outlets are selected for collection of a num-
ber of prices of a given product. These prices are 
averaged using a simple unweighted arithmetic 
average. This average is usually self-weighted in 
the sense that populous locations tend to have 
more outlets and thus are more heavily sam-
pled. For the higher levels, economies are given 
options to weight prices with sales volume, 
expenditure, population density, or any combi-
nation of these indicators. The same measure 

Table 13.1 Hierarchical Weighting system, iCp 2011

Total 100 

Region A 70
Urban 42

Rural 28

Region B 30 
Urban 20

Rural 10

Source: ICP, http://icp.worldbank.org/.

Table 13.2 Weighting options, iCp 2011

Level Option 1 Option 2 Option 3 Option 4 Option 5

National Unweighted Sales volume Expenditure Population Combination of these indicators

Regional Unweighted Sales volume Expenditure Population Combination of these indicators

Urban/rural Unweighted Sales volume Expenditure Population Combination of these indicators

Location/ outlet type Unweighted (self-weighted)

Source: ICP, http://icp.worldbank.org/.

RuralUrbanRuralUrban

Region A

City A City B Town A Village A

Region B

City  C Village B

Economy A

Figure 13.2 Economy Stratification, ICP 2011

Source: ICP, http://icp.worldbank.org/.

http://icp.worldbank.org/
http://icp.worldbank.org/
http://icp.worldbank.org/
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does not necessarily have to be applied across 
levels. For example, sales volume can be used 
as a weight at the urban/rural level for some 
regions, but population can be used at the 
national level for simplicity's sake. Table 13.2 
applies not only to products but also to higher 
levels such as class, group, and category. If 
weights are not available at the lower levels, 
higher-level weights can be applied to all prod-
ucts within the level in question.

Varying Quarterly Weights
Because a survey for the same group of prod-
ucts is conducted once a quarter in the refer-
ence year, seasonal items in the ICP surveys 
such as fruits and vegetables may have different 
consumption patterns by region and by quarter. 
In such a case, weights will be derived in a 
manner similar to that for the previous case but 
for every quarter, and the data requirements 
will be more extensive. All regional and urban/
rural breakdowns will have to be replicated for 
each quarter. Because the national coordinating 
agencies will assign different weights for each 
quarter, the national annual average prices are 
calculated on the basis of a simple weighting 
method covering all quarters and all regions 
(see the section "Annual Weighted Average 
Based on Varying Quarterly Weights" for a 
numerical example):
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Numerical Examples
The computation of national annual averages 
without geographical weights is a simplified 
case in which equal weights are assigned to 
each region/area. The numerical examples 
introduced in this section highlight special cases 
and deal mainly with the regional weighting 
cases for a single quarter.

In table 13.3, all the weights at the regional level 
are available, and thus average prices are com-
puted using the arithmetic mean. Thus the national 
average price for product 1, for example, is

× + × +
× + ×

+ + +
=

99.01   213   51.3   342   99 

 678   78.42   88

213   342   678   88
85.28.

In table 13.4, the weights are missing com-
pletely for products 1 and 4, but are available 
for the remaining products. The national coor-
dinating agencies may choose to use unweighted 
averages for those products only (1 and 4). 
Alternatively, based on experts' opinions, the 
national coordinating agencies could borrow 
weights from a similar product or a group of 
similar products. Weighted averages are calcu-
lated for the remaining products (2, 3, and 5).

In table 13.5, the weights are completely 
missing for products 1 and 4. These two prod-
ucts will be treated as in table 13.4. The weights 
for products 2 and 3 are partially available. If 
the missing weights cannot be retrieved, they 
will be deemed to be zero. Accordingly, the 
average prices for locations with missing weights 
will not be considered in the calculation of the 
average prices for the respective products.

Table 13.3 all Weights and all average prices provided, iCp 2011

Item

Regional quarter prices matrix, 
location

Weights matrix,  
location

National 
averageA B C D A B C D

Product 1 99.01 51.30 99.00 78.42 213.00 342.00 678.00 88.00 85.28

Product 2 50.74 88.60 67.94 77.30 213.00 342.00 678.00 88.00 71.14

Product 3 8.88 33.13 79.98 57.55 213.00 342.00 678.00 88.00 54.89

Product 4 30.66 31.33 57.12 97.40 213.00 342.00 678.00 88.00 48.86

Product 5 92.96 45.84 92.04 89.98 213.00 342.00 678.00 88.00 80.09

Source: ICP, http://icp.worldbank.org/.

http://icp.worldbank.org/
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The case shown in table 13.6 is quite similar 
to that shown in table 13.5, but it differs in the 
sense that some average prices are missing. 
Consider product 2. The average price for region 
B is missing, as well as the weight for region C. 
The price from region C for product 2 will not 
be taken into consideration as explained in the 
previous case, and naturally the missing average 
price for region B will not be used as well.

With Calibration Factors

In practice, many economies collect prices only 
from the capital city or from a limited number 
of locations, and they nationalize such prices 
when the relevant calibration factors are avail-
able. This type of calibration factor can be taken 
from the CPI indexes, ICP 2005 data, or even 
from the ICP exercise in 2009, depending on 

Table 13.4 Weights missing Completely for one or more products, iCp 2011

Item

Regional quarter prices matrix,
location

Weights matrix,
location

National 
averageA B C D A B C D

Product 1 99.01 51.30 99.00 78.42 0.00 0.00 0.00 0.00 81.93

Product 2 50.74 88.60 67.94 77.30 213.00 342.00 678.00 88.00 71.14

Product 3 8.88 33.13 79.98 57.55 213.00 342.00 678.00 88.00 54.89

Product 4 30.66 31.33 57.12 97.40 0.00 0.00 0.00 0.00 54.13

Product 5 92.96 45.84 92.04 89.98 213.00 342.00 678.00 88.00 80.09

Source: ICP, http://icp.worldbank.org/.

Table 13.5 Weights partially missing for one or more products, iCp 2011

Item

Regional quarter prices matrix,
location

Weights matrix,
location

National 
averageA B C D A B C D

Product 1 99.01 51.30 99.00 78.42 0.00 0.00 0.00 0.00 81.93

Product 2 50.74 88.60 67.94 77.30 213.00 342.00 0.00 88.00 88.00

Product 3 8.88 33.13 79.98 57.55 213.00 0.00 678.00 88.00 62.50

Product 4 30.66 31.33 57.12 97.40 0.00 0.00 0.00 0.00 54.13

Product 5 92.96 45.84 92.04 89.98 213.00 342.00 678.00 88.00 80.09

Source: ICP, http://icp.worldbank.org/.

Table 13.6 some average prices missing, iCp 2011

Item

Regional quarter prices matrix,
location

Weights matrix,
location

National 
averageA B C D A B C D

Product 1 99.01 51.30 99.00 78.42 0.00 0.00 0.00 0.00 81.93

Product 2 50.74 0.00 67.94 77.30 213.00 342.00 0.00 88.00 58.51

Product 3 0.00 33.13 79.98 57.55 213.00 0.00 678.00 88.00 77.40

Product 4 30.66 31.33 57.12 97.40 0.00 0.00 0.00 0.00 54.13

Product 5 92.96 45.84 92.04 89.98 213.00 342.00 678.00 88.00 80.09

Source: ICP, http://icp.worldbank.org/.

http://icp.worldbank.org/
http://icp.worldbank.org/
http://icp.worldbank.org/
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the regional practice. When using CPI indexes 
to render the capital city prices national, the 
national coordinating agencies should be cau-
tious because the classification of ICP products 
may not follow their classification in the 
national CPI. Once calibration factors are veri-
fied for a given group of products, national 
average prices can be estimated by multiplying 
the surveyed prices by these calibration factors. 
Some economies may reveal a certain degree 
of  differences between capital city average 
prices and national average prices, whereas for 
others this difference may be less significant. 
Table 13.7 provides a numerical example of the 
calculation of national average prices using cali-
bration factors.

Computation of annual averages

Annual Weighted Average Based on Varying 
Quarterly Weights

In an ideal scenario in which the national coor-
dinating agencies are able to reasonably esti-
mate varying quarterly weights, especially for 
seasonal products, the national annual average 
price would be computed based on all available 
weights and prices simultaneously. The ways in 
which missing weights and missing prices are 
treated would not differ from those in the cases 
illustrated earlier.

If the national coordinating agencies price 
national data every quarter and then try to 
annualize those quarterly prices (table 13.8), it 
is essential that they apply different weights for 
each quarter, as in

P

41.03  213 31.18  342

85.32  678 84.32  88

213 342 678 88
64.10,national,

quarter1
=

× + × +
× + ×

+ + +
=

and

=

× + × +
× + ×
+ + +

=P

64.10 1,321 38.80 1,405

31.15 1,370 52.37 1,200

1,321 1,405 1,370 1,200
46.20.national,

annual

Annual Average without Varying Quarterly 
Weights

In practice, once all prices have been validated, 
annual average prices are computed based on 
clean data sets of quarterly prices without vary-
ing quarterly weights. This annual averaging 
has to correspond to the reference year. If price 
collection has taken place in a year other than 
the reference year, the necessary adjustments 
have to be made. Similarly, if the average prices 
for some quarters are missing, adjustments 
have to be made. As mentioned earlier, the 
ideal case is one in which all four quarterly 
average prices are available and a simple arith-
metic average can be computed. Consider the 
example in table 13.9 in which an economy 
collects prices for four products (1, 2, 3, and 4) 
and nationalizes quarterly prices.

Missing Monthly or Quarterly Prices

It is possible that some economies have not priced 
all four quarters because of, for example, political 
or socioeconomic circumstances. If some quar-
terly price information is missing, the CPI indexes 

Table 13.7 Computation of national average prices using Calibration factors, iCp 2011

Economy 1 Economy 2 Economy 3

Item

Capital city 
average 
prices

Calibration 
factor

National 
average 
prices

Capital city 
average 
prices

Calibration 
factor

National 
average 
prices

Capital city 
average 
prices

Calibration 
factor

National 
average 
prices

Product 1 199.01 0.95 189.06 78.42 1.00 78.42 8.56 0.98 8.39

Product 2 250.74 0.95 238.20 77.30 1.00 77.30 13.20 0.98 12.94

Product 3 140.30 0.95 133.29 57.55 1.00 57.55 7.40 0.98 7.25

Product 4 250.66 0.84 210.55 97.40 1.00 97.40 16.06 1.00 16.06

Product 5 192.96 0.84 162.09 89.98 1.00 89.98 15.94 1.00 15.94

Source: ICP, http://icp.worldbank.org/.

http://icp.worldbank.org/
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should be used to impute the missing data points, 
provided that the national coordinating agencies 
are able to provide sound CPI data. Table 13.10 
illustrates an economy in which the quarterly 
average prices are partially missing.

In the table, the first quarter average price is 
missing from the original price collection. This 
missing average price is imputed using CPI 
indexes from the next available quarter. If the 
second quarter price is also missing, then the 
third quarter data can be used for imputation 
and so on. In this case, the first quarter average 
price can be computed as 7.17 = 7.25 × 
(102.3/103.5). For product 4, three quarterly 
average prices are computed using one data 
point and the relevant CPI indexes.

Backcasting Prices to Reference Year

A similar approach can be applied when econ-
omies conduct price collection in periods 
before or after the reference year. This may 
arise when  a few economies or regions lag 
behind in price collection because of adminis-
trative or preparatory difficulties, or when the 

regional coordinating agencies agree with 
economies on survey cycles in which only a 
portion of the surveys take place in the refer-
ence year.

Table 13.11 depicts an economy in which all 
price collection would have taken place in 2012 
instead of 2011. The quarterly national average 
price for Q3 2012 is 7.23, which is higher than 
that of Q2 2012 (7.2), and the CPI indexes are 
actually higher in Q2 2012 (103.5) than Q3 
2012 (103.4). This is not an unlikely result 
because CPI indexes are often available at 
higher levels but not at the individual product 
level. When backcasting 2012 quarterly prices 
to 2011, it is important to keep in mind that 
imputation should be on a quarter-on-quarter 
(QOQ) basis. Thus in this example, Q1 2011 
would be 7.08 = 7.12 × (101.7/102.3); Q2 2011 
would be 7.12 = 7.2 × (102.4/103.5), and so on.

If prices as well as CPI indexes are available 
for every month, it is better to impute data for 
missing months by applying monthly CPI indexes 
rather than using quarterly indexes so that sea-
sonality is reflected in a more accurate way. The 
method for imputation of missing months is 
exactly the same as that for quarterly average 
prices—that is, CPI indexes are to be applied at 
the lowest category available in which products 
with missing prices belong, and backcasting is 
based on the month-to-month basis. For exam-
ple, in table 13.12 the January 2011 average 
price is imputed as 7.05 = 7.12 × (101.6/102.6).

Averaging Methods

In mathematics, various methods can be used to 
calculate averages. Among them, the most com-
mon methods are arithmetic mean, geometric 

Table 13.8 annual average with varying Quarterly Weights, iCp 2011

Product 1

Regional quarterly prices matrix Weights matrix Annual 
average 

priceQ1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Region A 41.03 20.83 48.87 95.89 213.00 250.00 225.00 200.00

46.20
Region B 31.18 42.31 10.51 41.02 342.00 300.00 380.00 300.00

Region C 85.32 39.17 34.30 45.74 678.00 780.00 675.00 600.00

Region D 84.32 80.80 50.32 39.10 88.00 75.00 90.00 100.00

Quarterly national 
prices/weights 64.10 38.80 31.15 52.37 1,321.00 1,405.00 1,370.00 1,200.00

Source: ICP, http://icp.worldbank.org/.

Table 13.9 annual average without varying 
Quarterly Weights, iCp 2011

Item

Quarterly national average prices 
matrix Annual 

average 
priceQ1 Q2 Q3 Q4

Product 1 7.22 7.25 7.21 7.23 7.23

Product 2 7.22 7.2 7.23 7.2 7.21

Product 3 7.22 7.25 7.25 7.23 7.24

Product 4 7.2 7.2 7.2 7.2 7.2

Source: ICP, http://icp.worldbank.org/.

http://icp.worldbank.org/
http://icp.worldbank.org/
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mean, and harmonic mean. In previous ICP 
rounds as well as the 2011 round, average prices 
were computed using any of these three 
methods.

To illustrate, suppose there are n quotations 
for a product. The average prices can be com-
puted as follows:

n
Parithmetic mean

1

i

n

i

1
∑=

=
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Pgeometric mean  
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n

in
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n
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1∑
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Although in ICP 2011 the national coordi-
nating agencies could choose the method they 

wished to adopt, the recommended method 
was the arithmetic mean for its simplicity and 
to ensure consistency across economies and 
regions.

speCial surveys: Compensation of 
government employees and private 
eduCation

For ICP special surveys, including those on 
compensation of government employees and 
private education, the surveyed information is 
likely to cover two calendar years. When the 
government fiscal year differs from the calendar 
year, the survey on compensation of govern-
ment employees will inevitably contain salary 
information from two fiscal years. Similar logic 
applies to the survey on private education 
because the academic year differs from the cal-
endar year for more than half of economies. 
Because these two special surveys pose a similar 

Table 13.10 Quarterly average prices partially missing, iCp 2011

Item

CPI matrix Quarterly national average prices matrix
Annual average 

priceQ1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Product 1 102.3 103.5 103.4 103.3 7.17 7.25 7.21 7.23 7.22

Product 2 102.3 103.5 103.4 103.3 7.12 7.2 7.23 7.2 7.19

Product 3 102.3 103.5 103.4 103.3 7.12 7.2 7.25 7.23 7.20

Product 4 102.3 103.5 103.4 103.3 7.12 7.2 7.19 7.19 7.17

Source: ICP, http://icp.worldbank.org/.
Note: CPI = consumer price index.

Table 13.11 Backcasting Quarterly national average prices, iCp 2011

2011 2012

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

CPI matrix 101.7 102.4 102.0 102.1 102.3 103.5 103.4 103.3

Quarterly national average prices 7.08 7.12 7.13 7.12 7.12 7.2 7.23 7.2

Source: ICP, http://icp.worldbank.org/.
Note: CPI = consumer price index.

Table 13.12 Backcasting monthly national average prices, iCp 2011

2011 2012

Jan. Feb. Mar. Apr. Jan. Feb. Mar. Apr.

CPI matrix 101.6 101.2 102.3 102.5 102.6 101.7 102.6 104.3

Monthly national average prices 7.05 7.08 7.11 7.12 7.12 7.11 7.13 7.24

Source: ICP, http://icp.worldbank.org/.
Note: CPI = consumer price index.

http://icp.worldbank.org/
http://icp.worldbank.org/
http://icp.worldbank.org/
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question, figure 13.3 shows what is required in 
both cases.

Assume one academic year (or fiscal year) 
stretches from one calendar year to the next. 
First compute how many days or months, 
depending on availability, fall into calendar 
year 2011 and then multiply a percentage of 

days/months in 2011 by the price for that aca-
demic (or fiscal) year. Adding up the calendar 
year portions from two academic (or fiscal) 
years produces the annualized prices for the 
reference year of the ICP. However, this is not a 
weighted method but a simple summation of 
parts.

2010 2011 2012

2010/2011 2010/2012

A = a1 + a2 B = b1 + b2

a1 b2a2 b1

Calendar year

Academic (or fiscal) year

Tuition (or salary) for each year

Days/months allocated to  
calendar year 2011 (shown in 
dark blue) 

Estimated tuition (or salary) for 
calendar year 2011

BA
a1 + a2 b1 + b2

a2 b1
+

Figure 13.3 Calculating Tuition/Salary for the Reference Calendar Year, ICP 2011
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