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https://doi.org/10.24187/ecostat.2020.517t.2017
https://doi.org/10.24187/ecostat.2022.530.2063


Summary

• Fixed access charges are payments for accessing goods and services, but are not dependent on 
the amounts ultimately purchased. 

• This relatively neglected topic is increasingly important given the growth in telecommunications, 
data and entertainment services that use an access charge model. 

• Develop models based in alterative consumer behaviour frameworks

• Using UK telecommunications data, we show that the choice of treatment can be very 
consequential empirically for price indexes.

• It is also consequential for the measurement of national output, consumption and productivity.



Notation

𝑝𝑡 ≡ 𝑝1
𝑡 , … , 𝑝𝑁

𝑡 and 𝑞𝑡 ≡ 𝑞1
𝑡 , … , 𝑞𝑁

𝑡 : 

the period t price and quantity vectors for the purchases of 
the goods or services that the payment of the access charge 
allows the consumer to purchase

𝑃𝑡 > 0: the access charge

𝑒𝑡: expenditure on the actual goods and services purchased 

𝑣𝑡: total expenditures on the group of commodities (𝑒𝑡) plus 
the access fixed charge (𝑃𝑡)

𝑚𝑡: ratio of 𝑃𝑡 to 𝑒𝑡, i.e. the fixed cost margin

𝑒𝑡 = 𝑝𝑡 ⋅ 𝑞𝑡 = 

𝑛=1

𝑁

𝑝𝑛
𝑡 𝑞𝑛

𝑡 ;

𝑣𝑡 = 𝑝𝑡 ⋅ 𝑞𝑡 + 𝑃𝑡 = 𝑒𝑡 + 𝑃𝑡;

𝑚𝑡 = 𝑃𝑡/𝑒𝑡 .



Consumer Behaviour Model 1

Access charge is a charge on the “income” that the consumer allocates to the 𝑁 commodities in the 
group of commodities.

Utility maximization problem:

max
𝑞

𝑓 𝑞 : 𝑝𝑡 ⋅ 𝑞𝑡 ≤ 𝑣𝑡 − 𝑃𝑡 = 𝑒𝑡; 𝑞 ≥ 0𝑁

The corresponding CPI subindex would be appropriate for deflating the actual commodity 
expenditures 𝑒𝑡. 

But the subindex would not be appropriate for deflating actual group expenditures (including the 
fixed charges), 𝑣𝑡.



Consumer Behaviour Model 2

Access charge as a separate commodity that gives utility to consumers even if they do not consume 
any products or services that the access charge enables.  

The new utility function is 𝑓∗ 𝑞, 𝑄 where 𝑄 = 1 represents the contribution of access to overall utility 
for the subgroup of commodities under consideration.

Utility maximization problem:

max
𝑞

𝑓∗ 𝑞, 1 : 𝑝𝑡 ⋅ 𝑞 + 𝑃𝑡 ≤ 𝑣𝑡; 𝑞 ≥ 0𝑁

The subindex that is a result of using this approach can be used to deflate expenditures 𝑣𝑡 on the 
commodity class. 



Consumer Behaviour Model 3

Allocate the fixed charge 𝑃𝑡 in a proportional-to-expenditure manner across the “usage” prices 𝑝𝑡.

The margin (𝑚𝑡 = 𝑃𝑡/𝑒𝑡) is then treated the same way that a general sales tax is treated; it is 
added on to the period 𝑡 usage prices 𝑝𝑡.

Utility maximization problem:

max
𝑞

𝑓 𝑞 : 1 + 𝑚𝑡 𝑝𝑡 ⋅ 𝑞 ≤ 𝑣𝑡; 𝑞 ≥ 0𝑁



Notation: Reprise

𝑝𝑡 ≡ 𝑝1
𝑡 , … , 𝑝𝑁

𝑡 and 𝑞𝑡 ≡ 𝑞1
𝑡 , … , 𝑞𝑁

𝑡 : 

the period t price and quantity vectors for the purchases of 
the goods or services that the payment of the access charge 
allows the consumer to purchase

𝑃𝑡 > 0: the access charge

𝑒𝑡: expenditure on the actual goods and services purchased 

𝑣𝑡: total expenditures on the group of commodities (𝑒𝑡) plus 
the access fixed charge (𝑃𝑡)

𝑚𝑡: ratio of 𝑃𝑡 to 𝑒𝑡, i.e. the fixed cost margin

𝑒𝑡 = 𝑝𝑡 ⋅ 𝑞𝑡 = 

𝑛=1

𝑁

𝑝𝑛
𝑡 𝑞𝑛

𝑡 ;

𝑣𝑡 = 𝑝𝑡 ⋅ 𝑞𝑡 + 𝑃𝑡 = 𝑒𝑡 + 𝑃𝑡;

𝑚𝑡 = 𝑃𝑡/𝑒𝑡 .



Empirical Implementation: Model 1

Consumers regard an access charge as a charge on income. They then decide the expenditure on
products using the remaining net income.

The price index is then constructed only over products purchased, excluding fixed charges.

Laspeyres Price index:

𝑃𝐿1 ≡
𝑝1 ⋅ 𝑞0

𝑝0 ⋅ 𝑞0



Empirical Implementation: Model 2

Consumers regard the access charge as a separate product that gives utility even if they do not
purchase any products that the access charge allows them to purchase.

The price index is then constructed by the addition of the fixed charge, 𝑃𝑡, 𝑡 = 0,1, where the
quantity is equal to one and the charge is the price.

Laspeyres Price index:

𝑃𝐿2 ≡
𝑝1 ⋅ 𝑞0 + 𝑃1

𝑝0 ⋅ 𝑞0 + 𝑃0

Model 2 is a model that applies to a single household. 𝑃𝐿2 neglects the complications that arise
when aggregating over households.



Empirical Implementation: Model 3

Consumers allocate the access charge in a proportional-to-expenditure manner across the usage
prices.

The price index is then constructed using these adjusted prices, where the margin 𝑚𝑡 is the ratio of
access charges 𝑃𝑡 to expenditures 𝑒𝑡 .

Laspeyres Price index:

𝑃𝐿3 ≡
1 +𝑚1 𝑝1 ⋅ 𝑞0

1 +𝑚0 𝑝0 ⋅ 𝑞0



Empirical Implementation: Model 4

This is an alternative empirical approximation to the theoretical consumer framework in Model 2.

The fixed charge is split into price and quantity components.

Unlike in 𝑃𝐿2, the aggregate quantity is not taken to be equal to 1 in both periods.

The price index is calculated using some appropriate quantity, such as the number of line
connections, 𝑞𝑎

𝑡 , as the output measure for the access charge, so that 𝑝𝑎
𝑡 = 𝑃𝑡/𝑞𝑎

𝑡 :

Laspeyres Price index:

𝑃𝐿4 ≡
𝑝1 ⋅ 𝑞0 + 𝑝𝑎

1𝑞𝑎
0

𝑝0 ⋅ 𝑞0 + 𝑃𝑎
0𝑞𝑎

0

This approach is often used by regulators when constructing producer price indexes for the telecom
sector.



UK Fixed Line Retail Data: 

Use a subset of the UK data that are listed in Abdirahman et al. (2022): fixed line retail data from Ofcom’s

Telecommunications Market Data Tables and the Communications Market Reports.

• 1 = UK geographic calls in billions of minutes;

• 2 = International calls in billions of minutes;

• 3 = Calls to mobile phones in billions of minutes;

• 4 = Other calls in billions of minutes;

• 5 = Fixed line access charges; units are the number of lines in thousands.

Year 𝒕 𝒗𝟏
𝒕 𝒗𝟐

𝒕 𝒗𝟑
𝒕 𝒗𝟒

𝒕 𝒗𝟓
𝒕 𝒒𝟏

𝒕 𝒒𝟐
𝒕 𝒒𝟑

𝒕 𝒒𝟒
𝒕 𝒒𝟓

𝒕 𝒆𝒕 𝒗𝒕

2010 935 293 849 824 3259 65134 4850 5642 14736 23752 2901 6160

2011 787 237 675 742 3375 56083 4570 4471 13066 23872 2441 5816

2012 723 198 566 659 3706 51985 4111 3902 11506 24462 2146 5852

2013 673 155 488 620 3964 46191 3455 3351 10681 24970 1936 5900

2014 577 132 430 620 4148 40766 3015 2940 9028 25549 1759 5907

2015 498 123 369 604 4462 35586 2749 2735 8855 26075 1594 6056

2016 428 111 270 596 4776 30471 2169 2811 7826 26482 1405 6181

2017 362 89 228 543 4969 24705 1550 2587 6126 26661 1222 6191



Results: Unweighted Price Indexes
These indexes do not make any use of quantity or value information, so they do not take into account the 
economic importance of each product. This is not a problem if expenditure shares are roughly equal but 
typically this is not the case. 

Figure 1: Model 4 Unweighted Indexes
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Results: Weighted Price Indexes
Direct and chained (CH) indexes for the different approaches:

Figure 2: Alternative Approach Fisher Indexes
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Conclusions

• Considering standard unweighted indexes that an NSI might use, we found that results can differ 
substantially depending on which formula is used, and whether fixed access charges are excluded 
or included as a separate product. 

• We recommend the use of the Jevons index as (when there are no missing prices) this has the 
best properties among the class of unweighted indexes.

• Weighted indexes are preferred over unweighted indexes because they take into account the 
economic importance of the various outputs of the industry.

• The example in this paper also shows that there can be significant differences between weighted 
and unweighted indexes. 



Conclusions

• Model 1 excludes the fixed access charges and hence is not recommended.

• Model 2 assumes that the quantity corresponding to the fixed charge is always equal to one. This

can only be considered as an approximation to an appropriate index when aggregated data are

used. This model is also not recommended in contexts such as our telecommunications example.

• Model 4 needs a quantity variable to be chosen for the fixed access charge. The index results will

be sensitive to the choice of quantity variable. Hence, it is not recommended as a general

solution.



Conclusions

• Model 3 allocates the access charge across the prices of the different products purchased in proportion

to the access charge divided by the total expenditure on the products to which the charge provides

access.

• This is a reasonable approach, as long as households purchase at least one product after paying the

access charge. This implies that there may be problems with the use of this model at the household

level, but not at more aggregated levels, such as when using national data.

• Hence, we recommend the use of Model 3, implemented with the Fisher index if the required data are

available.



Conclusions

• We believe that this paper has contributed to the understanding of choices involved in price index

construction in the presence of fixed access charges.

• Particularly in terms of both the underlying assumptions on consumer behaviour and the

empirical implications.
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