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1 Executive summary 

In May 2010, Ofcom published a report by Analysys Mason, BrandScience and Professor Gregory 

Crawford („the Consortium‟) entitled An econometric analysis of the TV advertising market („the 

Report‟). We understand that Ofcom plans to use some outputs from the Report as the basis for its 

own analysis in its upcoming review of the Code on the Scheduling of Television Advertising (the 

COSTA rules). Stakeholders were therefore invited to submit their views on the suitability of the 

Report for this purpose. 

In response to the Report, submissions were made to Ofcom by Channel 4 („C4‟) and the Satellite 

and Cable Broadcasting Group („SCBG‟), amongst others. These submissions included reports by 

Professor Patrick Barwise („the Barwise report‟), for C4, and by FTI („the FTI report‟), for the 

SCBG. Both the Barwise report and the FTI report raised concerns over various aspects of the 

econometric approach taken by the Consortium. 

In particular, the Barwise and FTI reports have raised a number of points, both about the overall 

conceptual approach adopted in our econometric study and also about some specific aspects of the 

econometric modelling. In a specification document provided to Analysys Mason, Ofcom asked us 

to focus on six main issues:  

 The conceptual structure of the advertising demand model; 

 Potential model endogeneity; 

 Omitted variable bias in relation to non-PSBs; 

 Issues around the specification of the econometric model; 

 The viewer demand model; 

 The derivation of long-run elasticities. 

In this supplementary report by Analysys Mason and Professor Gregory Crawford, we address 

these six specific points. 

We have investigated in detail some of the concerns raised by the Barwise and FTI reports. Whilst 

some of the concerns raised have substance, (noting that Ofcom has only asked us to look at the 

most substantive and relevant concerns), we believe that appropriate care has been taken in our 

modelling approach. 
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In summary: 

 We believe that conceptually, our advertising demand model is well suited to analyse the UK 

advertising market. In our view, the expected price of commercial impacts is the key driver 

behind any commercial negotiations between channels and advertisers. Advertisers‟ budgets 

(and thus prices) will vary depending on developments in the supply of commercial impacts, 

demand by advertisers and other key variables. 

 We acknowledge that features of the advertising market may introduce measurement error into 

both prices and impacts in our econometric specification. We account for the potential biases 

this can cause by estimating further IV specifications, using lagged impacts as instruments for 

impacts. This is appropriate, as these are the same variables used by industry participants when 

forming expectations of commercial impacts necessary to make decisions in the market. Our 

approach is further supported by the results of standard (first-stage and over-identification) 

econometric tests for IV estimation. 

– These results are broadly supportive of the conclusion that any bias introduced by 

measurement errors is likely to be small. For the vast majority of the key parameters, we 

cannot reject the hypothesis that the OLS and IV estimates are the same. Furthermore, 

recalculating the price inverse elasticities at the heart of the analysis exclusively using the 

IV estimates provides broadly similar results, in both the short-run and the long-run, the 

only difference being a prediction that demand for non-PSB channels is marginally elastic 

instead of marginally inelastic. 

 We do not believe that there is strong evidence to suggest that our advertising demand model 

suffers from endogeneity. Looking at a range of different approaches (time-lagged variables, 

general instruments such as temperature and BBC viewing), the results of various Hausman 

tests provide some support for our assumption of exogeneity. We found strong evidence for 

our assumption based on the use of time-lagged variables, as reported above. With regard to 

our testing using general instruments, we found further strong support for ITV1 but had to 

reject the assumption of exogeneity at the 5% level for the non-PSB grouping. For C4 and 

FIVE, we were unable to identify a suitable number of general instruments. 

 We reject claims in the FTI report that the non-PSB equation in our advertising demand model 

suffers from omitted variable bias. Furthermore, we are satisfied that aggregating all non-PSB 

channels into one channel grouping is appropriate in terms of the use of the model, the 

mechanics of the market, and the data available. 

 Standard econometric tests show that our assumptions of stationarity, normality as well as the 

non-existence of autocorrelation and heteroskedasticity in the advertising demand model are 

valid. 

 There remain some conceptual concerns regarding the viewer demand model. However, we 

believe that these concerns are not material, due to the fact that any viewing effect is highly 
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likely to be small (as has been acknowledged by the Barwise report). Most importantly, we 

believe that the model does address the correct questions and does control for competing 

programmes. 

Hence, while there are some areas where we could not provide fully conclusive evidence in favour 

of our assumptions, we have provided sufficient evidence, often both theoretical and practical, to 

lend support to our modelling assumptions.  

We therefore continue to believe that the conclusions concerning the validity of our econometric 

approach to modelling the UK TV advertising market are not materially affected by the points of 

criticism raised by the FTI and Barwise reports. Our model is both conceptually appropriate and 

sufficiently accurate for Ofcom to rely on as one of several tools for the purposes of informing its 

policy analysis.  

However, we recommend that Ofcom addresses some of the remaining uncertainty through 

sensitivity testing in its policy analysis. To that end, this report provides a range of relevant point 

estimates, such as the range of inverse price elasticities provided in Section 3.2. These additional 

test outputs can be used as sensitivity inputs to Ofcom‟s modelling process. Understanding 

whether these sensitivities affect the qualitative conclusions of the policy analysis should be an 

important input to Ofcom‟s decision making process. 
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2 Introduction 

In May 2010, Ofcom published a report by Analysys Mason, BrandScience and Professor Gregory 

Crawford („the Consortium‟) entitled An econometric analysis of the TV advertising market („the 

Report‟). We understand that Ofcom plans to use some outputs from the Report as the basis for its 

own analysis in its upcoming review of the Code on the Scheduling of TV Advertising (the 

COSTA rules). Stakeholders were therefore invited to submit their views on the suitability of the 

Report for this purpose. 

In response to the Report, submissions were made to Ofcom by Channel 4 („C4‟) and the Satellite 

and Cable Broadcasting Group („SCBG‟), amongst others. These submissions included reports by 

Professor Patrick Barwise („the Barwise report‟), for C4, and by FTI, for the SCBG. Both the 

Barwise report and the FTI report raised concerns over various aspects of the econometric 

approach taken by the Consortium. 

In particular, the Barwise and FTI reports have raised a number of points, both about the overall 

conceptual approach adopted in our econometric study and also about some specific aspects of the 

econometric modelling. In a specification document provided to Analysys Mason, Ofcom asked us 

to focus on six main issues:  

 The conceptual structure of the advertising demand model; 

 Potential model endogeneity; 

 Omitted variable bias in relation to non-PSBs; 

 Issues around the specification of the econometric model; 

 The viewer demand model; 

 The derivation of long-run elasticities. 

In this supplementary report by Analysys Mason and Professor Gregory Crawford, we address 

these six specific points. For each of the points listed above, we provide further arguments and 

outputs from the econometric model to help address them. The aim of this report is to provide 

Ofcom with a solid evidence base as to whether our econometric analysis provides robust findings, 

which can be used by Ofcom to carry out a rigorous policy analysis.  

The remainder of this document addresses the six main points of interest, in turn: 

 Section 3 discusses the conceptual structure of the model and evaluates the fit of our 

methodology with the dynamics of the UK advertising market. It also assesses a potential 

measurement error caused by the market mechanisms. 

 Section 4 evaluates the validity of our assumption that there is no endogeneity 

 Section 5 assesses the claims of FTI that our model might potentially suffer from omitted 

variable bias. 
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 Section 6 provides the outputs to some standard econometric tests for the advertising demand 

model.  

 Section 7 discusses some of the properties of the viewing demand model in more detail. 

 Section 8 clarifies our approach to determining the long-run inverse elasticities 

 Section 9 concludes our analysis.  
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3 The conceptual structure of the advertising demand model 

In this section, we discuss several conceptual concerns, which were raised with Ofcom in response 

to the publication of the Report.  

The Barwise report argues that the “conceptual structure of the AM [Analysys Mason] advertising 

model differs significantly from the reality of the market”. In his report, Professor Barwise 

specifically argues that our approach of treating the price of commercial time (CPT) as the 

dependent variable, with revenue being derived by multiplying CPT by the number of commercial 

impacts, is flawed, as advertisers first decide their TV budgets and allocate these budgets across 

different channels. He concludes that CPT is, in fact, derived after the event by dividing revenues 

by the number of commercial impacts. It is concluded that this gives rise to a “serious econometric 

issue” in that CPT as a derived variable will, by definition, be inversely related to commercial 

impacts.  

Further to this, the FTI report argues that the model does not reflect actual market dynamics. It 

argues that the demand for individual channels would be inter-related because advertisers‟ budgets 

were fixed, and that there was a hierarchy for channel selection. 

In order to address these issues, this section addresses the two main points of criticism and 

discusses:  

 the fit of our model with the dynamics of the TV advertising market in UK 

 the risk of a potential measurement error, caused by the nature of the price negotiations.  

These issues are discussed in more detail below. 

3.1 Fit of the advertising demand model with the UK advertising market 

Both reports argue that our model does not accurately reflect the dynamics of the advertising 

market in that: 

 Advertising campaigns are based on a fixed, lump-sum payment. As a result, CPT is a derived 

variable based on the number of commercial impacts delivered. 

 Advertisers‟ total TV budget is fixed and, as a result, the main decision is one on the 

distribution of this fixed budget, rather than a decision on overall budget. 

We address these two points below.  
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3.1.1 The role of CPT in commercial negotiations 

There are several key factors that we believe will guide the commercial negotiations for airtime. 

Although each individual advertising campaign is based on a fixed, lump-sum payment, a key 

variable in any negotiation for a specific campaign is the price of commercial impacts. Channels 

and advertisers enter negotiations to agree on an expected (fixed) amount of commercial impacts, 

which have to be delivered against the budget of a campaign. This decision is driven by the value 

(i.e. the price) both parties assign to each commercial impact. At the end of the campaign, it is 

evaluated whether the contracted number of commercial impacts has been delivered and there are 

mechanisms in place to compensate either party in case of over or under-delivery against the 

contract metrics.  

An econometric analysis of the advertising market is complicated by the fact that there are 

effectively two different prices in the UK advertising market: 

 The expected price of commercial impacts: This is the price on which all budget negotiations 

for advertising campaigns are based. It could be measured by assessing the overall advertising 

budget against the expected volume of commercial impacts, but this data is not available to us.  

 The actual price of commercial impacts: At the end of each month, the actual CPT is derived 

by comparing the number of commercial impacts delivered against the overall budgeted 

revenues. This is referred to by Professor Barwise as the „derived CPT‟. 

As negotiations in the advertising market are based on expected quantities, months with a limited 

supply of commercial impacts will see relatively fiercer competition for expected commercial 

impacts, and as a result, higher expected prices. In contrast, in months with a larger supply of 

expected commercial impacts, expected prices will be lower. Further to this, the availability of 

commercial impacts on other channels will increase the options available to advertisers and reduce 

the price for advertising. 1  Our model captures these dynamics by including the effect of 

commercial impacts delivered on own channels but also on competing channels. Negotiations will 

also be influenced by shifts in the relative demand for commercial impacts. In order to cover this 

demand variation, we have introduced a number of explanatory variables. For example, the 

monthly dummy variables cover seasonal changes in demand. 

The aim of our analysis is to understand the relationship between the expected quantity of 

commercial impacts supplied and the expected price for commercial impacts, as it is this 

relationship which drives negotiations in the advertising market. Understanding this relationship 

will allow Ofcom to assess the effect of changing the advertising minutage allowance on each 

channel grouping in the market. Given that data on expected prices (and impacts) is not available 

to us, we have used actual prices (and impacts) as an approximation of these. Our implicit 

assumption is that, due to careful inventory management by broadcasting channels, there is only 

limited variation between these two sets of values.  

                                                   

1
 We note at this stage the differing results for channel FIVE, which are explained in the Report in more detail. 
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The implication of our assumption is that, in case the actual number of commercial impacts 

significantly differs from the expected number of commercial impacts, expected prices will differ 

significantly from actual prices. This is further complicated by existing compensation 

mechanisms, which are in place to adjust for deviations in the number of commercial impacts 

delivered. In such instances, our methodology could potentially suffer from a bias to our estimates 

due to measurement error in both impacts and prices. We discuss the implications of such a 

measurement error in Section3.2.  

3.1.2 The overall budget for TV advertising 

Both, the Barwise and the FTI reports, claim that TV advertisers have a fixed budget and that the 

main decision faced by advertisers is one of distribution across channels rather than overall 

investment in the TV market.  

We acknowledge that, within a given month, an advertisers‟ TV budget is likely to be broadly 

fixed. This means that we do not expect significant changes in the overall budget of most 

advertisers for a given month on short notice. In addition, the annual „share of broadcast‟ 

negotiations indicate that advertisers plan in advance to ensure an optimal use of their budget.  

However, the assumption of fixed advertising budgets is clearly too restrictive on any econometric 

model and would not enable Ofcom to carry out a rigorous policy analysis of the TV advertising 

market in the UK. Effectively, this assumption would mean that, regardless of Ofcom‟s decision 

concerning the amount of allowed advertising minutage, overall market revenues would remain 

relatively constant, and the effect of any policy changes would merely be reflected in a 

redistribution of income. As indicated by the Barwise report, this assumption would lead to a strict 

inverse relationship between advertising revenues and the number of commercial impacts 

provided, with a market inverse elasticity of -1. Consequently, such an assumption would assume 

the impact on the market rather than assess the underlying market effects that would result from 

any policy changes. 

In contrast, in our advertiser demand model, we have assumed that, despite the fact that 

advertisers‟ TV budgets are broadly fixed, we expect some short-term responses in advertisers‟ 

demand to shocks in the supply of commercial impacts. Some evidence of this is reported below.  

In reality, a television sales house predicts its monthly station average price (SAP) on the basis of 

estimations of expenditure commitments and audience levels. The sales house then places 

advertisements booked on a selection of spots in order to achieve the required number of impacts 

to fulfil the advertiser‟s deal, including any discounts or negotiated premiums. If the sales house 

does not achieve sufficient commercial impacts to fulfil the deal, in effect, the advertiser is paying 

a higher price than agreed, and the sales house has over-traded (or under-delivered). This results in 

the sales house having to give the advertiser extra impacts in a future month. In contrast, if the 

sales house delivers more impacts than the advertiser has paid for, the sales house has undersold 

(over-delivered) and will have to achieve fewer impacts for the advertiser in a future month. In 

practice, deal debt situations such as the above do not occur very frequently, as a broadcaster 
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monitoring its deal situations during the month would take action before the month‟s end. For 

example, if a sales house is expecting to have over-traded (under-delivered) towards the end of the 

month, any company wishing to advertise at short notice will be charged a high premium. This 

will increase the realised price paid by all advertisers. Likewise, if the sales house has undersold 

(over-delivered), it will sometimes offer late bookings at a lower price, lowering the end-of-month 

price paid by all. This is exactly the effect one would expect to happen in the face of supply 

shocks, and is indicative of the presence of a proper advertising demand curve. 

Furthermore, there are clear shocks to advertising demand which indicate that budgets are not 

fixed. For example, if Tesco decides to open 25 new stores and launches a large TV advertising 

campaign, prices will be influenced. Other advertisers must then pay more to buy the same number 

of commercial impacts in that particular month as they may have bought for a lower price in other 

months, due to the increase in demand for advertising. 

In contrast to the approach suggested in the Barwise report, we have assumed that the overall 

supply of commercial impacts in the market is likely to be one of the key factors in determining 

the TV budget of advertisers. The fact that advertisers‟ budgets are not fixed over time is indicated 

by the trend of advertising revenues over the period modelled, illustrated in Figure 3.1. In addition 

to the significant monthly fluctuations, we also observe some variation in the yearly average. At 

the same time, we observe significant fluctuation in the supply of commercial impacts. 

 

Figure 3.1: Total monthly advertising revenues [Source: OMG, 2010]  

Whilst our model assumes that the supply of commercial impacts has a significant impact on the 

fluctuations in advertising revenues, a range of other factors are also likely to contribute to the 

buying decisions of advertisers. The general economic climate and the availability of alternative 
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advertising channels (e.g. the Internet) are examples of such contributing factors. Our analysis 

attempts to capture these effects by introducing additional relevant variables, e.g. the FTSE index 

as an indicator of general economic climate and the number of online page impressions as a means 

to measure the threat of substitution from alternative media.  

3.2 The risk of a potential measurement error 

As mentioned above, there are two types of price points we consider in the advertising market: the 

expected and the actual price of commercial impacts. The aim of our analysis is to model the 

relationship between the expected quantity of commercial impacts provided and the expected price. 

However, the data available to us is based on actual prices, which are derived by dividing the fixed 

budget of a campaign by the actual number of commercial impacts.  

The main concern with our analysis is that both variables (commercial impacts and prices) are 

measured with error due to unexpected shocks in demand and supply. The measurement error on 

commercial impacts is particularly problematic as it could potentially introduce a bias to both 

variables. This is illustrated in Figure 3.2, in a simplified model with just one price and one 

quantity.  

 

 

Figure 3.2: Illustrative 

example of the potential 

bias in coefficient 

estimates due to the 

measurement error 

[Source: Analysys 

Mason] 

As shown in Figure 3.2, in those months where more commercial impacts are delivered than 

originally contracted, our approach will underestimate the negotiated (expected) price, while the 

opposite is the case in months where fewer than expected commercial impacts are delivered. This 
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measurement error might limit the applicability of our model in conducting a rigorous analysis of 

the UK advertising market. Please note that the above example is purely illustrative, and is not 

intended to suggest a direction of any potential bias in advertisers‟ demand due to the 

measurement error. 

“Classical" measurement errors have the tendency to bias the estimated coefficient towards zero. 

However, the measurement error in commercial impacts also influences actual prices by virtue of 

how these are calculated in the marketplace. It would, therefore, have the tendency to bias the 

estimated coefficients in a negative direction (i.e. away from zero). It follows that we are unable to 

sign the direction of this bias, even in the simple case of a single dependent variable and a single 

explanatory variable. This difficulty becomes even more prevalent when forced to introduce 

additional explanatory variables, some of which are themselves measured with error.  

While this may appear discouraging, we would like to note that, based on industry sources, the 

magnitudes of any such measurement errors are likely to be small. Following discussions with 

industry experts, some of which were members of the Consortium, we understand that, on average, 

actual deviations between expected and actual commercial impacts and prices are generally 

between 0 and 3%.2 In addition, the latest decision from the Competition Commission (CC) on 

Contract Rights Renewal (CRR) described in detail the relevant process.3 Most importantly, the 

CC‟s decision refers to a continual optimisation process which advertising sales houses incur to 

ensure that over- or under-delivery does not occur. 4  As a result, we believe that real-world 

variations between actual and expected prices and quantities are relatively small. Despite this 

promising market evidence that the potential measurement error might be negligible, we have 

further assessed this aspect from an analytical perspective in the sections below.  

Impact of the measurement error on OLS regression 

In an ideal scenario, we would like to regress expected prices in period t, yt*, on expected impacts 

in this period, xt*.Using a simple linear regression model, this would mean, 

yt* = α + β × xt*+εt.   (1). 

However, we are not able to observe these expected values for prices and commercial impacts. 

Instead, actual impacts, xt are measure with error ηt. Therefore 

xt = xt*+ ηt.   (2). 

                                                   

2
 It is inherently difficult to measure these deviations exactly since buyers of advertising will constantly update models of expected 

prices and impacts meaning that the records of what was expected at different times prior to the end of a month are not generally 

kept 

3
 Competition Commission (May 2010) Review of ITV’s Contracts Rights Renewal Undertakings. Available at: http://www.competition-

commission.org.uk/rep_pub/reports/2010/557ITV.htm 

4
 Please refer to sections 2.28 to 2.31 and Footnote 41 of the CC’s decision for further detail on this. 

http://www.competition-commission.org.uk/rep_pub/reports/2010/557ITV.htm
http://www.competition-commission.org.uk/rep_pub/reports/2010/557ITV.htm
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We also observe actual prices, yt,, which are measured with error ρt. It thus follows that  

yt = yt*+ρt.   (3). 

The error in actual prices, ρt, could originate from one of either two sources: 

 a shock to actual prices due to deviations in revenues from expectations, or  

 a shock to actual prices due to deviation in impacts from expectation, as expressed by the term 

ηt.in Equation (2).  

It follows from the second point that any positive shock to expected impacts (leading to higher 

than expected actual impacts) will have a negative effect on actual prices compared to expected 

prices. This implies a negative correlation between the measurement error in commercial impacts, 

ηt, and the error term for the price of commercial impacts,ρt.. Technically speaking, Corr(ρt, ηt) < 0, 

which means that Corr(ρt,xt) < 0. This is one of the measurement errors that we intend to evaluate.  

Using some arithmetic manipulations, we can rewrite Equation (1) as follows: 

yt*+ ρt = α + β × (xt*+ ηt.)+(εt+ ρt – β × ηt.)(4). 

We can now apply our previous definitions for the measurement error, as defined in Equations (2) 

and (3) and substitute these into our the amended Equation (4). This provides  

yt = α + β × xt + ( εt+ ρt – β × ηt.)(5). 

Equation (5) confirms that, due to the measurement error, we have three potential sources of error 

in our standard ordinary least squares (OLS) approach: 

 εt, which is the true error term as captured by our standard advertising demand equation; 

 ρt, which is the measurement error to the CPT which could be caused by deviations in 

revenues or impacts; 

 β ×ηt, which is also an effect of the measurement error of the commercial impacts 

Following the argument provided above, we are particularly interested in the impact of the error in 

actual impacts, ηt. This error will directly affect two terms in Equation (5), namely ρt and β × ηt. 

Our analysis will therefore focus on understanding whether this impact measurement error will 

introduce a bias into our equation. 

The use of lagged commercial impacts as instrumental variables 

Similar to our concerns on endogeneity, discussed in Section 4, below, we address the commercial 

impact measurement error by applying a set of instrumental variables (IVs) to our standard OLS 

equations. In order to address the measurement error, we require an instrument which is correlated 

with expected commercial impacts, x*, for each of the four channel groupings but uncorrelated 

with any of the three error terms mentioned above.  
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We consider the monthly time lags for commercial impacts to be a suitable IV. Advertisers as well 

as broadcasters use historic trends and data points to predict future expected commercial impacts. 

In particular, trends over the previous months as well as annual trends are likely to be key factors 

in estimating the future supply of commercial impacts. In addition, we strongly believe that these 

lags are not correlated with any of the error terms mentioned above, in particular, with the effect of 

the commercial impact measurement error, ηt., on ρtand β × ηt. The measurement error in 

commercial impacts for a specific month is caused by the (incorrectly estimated) relative 

attractiveness of programmes compared to other programmes, or other factors such as sudden 

weather shocks. In our view, it is highly unlikely that there is a correlation of errors in a particular 

month, t, with lagged commercial impacts from previous months.  

The only case where this assumption would be violated would be if there was serial correlation in 

the measurement errors, eta_t and rho_t.  We think this very unlikely to be the case. As advertisers 

and broadcasters closely track market developments over time, any unexpected supply shock in the 

past will trigger an adjustment of expectations and therefore should not lead to a similar shock in 

an upcoming month. This will also eliminate any concerns about serial correlation in the 

measurement errors themselves. 

To account for the possible problem introduced by measurement error, we have re-estimated our 

full advertising demand model using combinations of 1-, 2-, and 12-month lags of impacts as 

instruments. In particular, for all PSB equations, our final IV specification included 1-month, 2-

month and 12-month lags for the commercial impacts. For the non-PSB channel grouping, we 

limited our analysis to 1-month and 12-month lags.5 This means that we only have 8 IVs for the 

non-PSB channel grouping, while we have used 12 IVs for the other three channel groupings. 

In the first stage (FS) regressions, we defined the suspected endogenous independent variables (i.e. 

the quantity of commercial impacts supplied by the four main channel groupings) as the dependent 

variable. We then took the remaining independent variables from the original advertising demand 

specification and the identified instruments as „right-hand side variables‟ and carried out an OLS 

regression for each of the potentially endogenous variables. This test was carried out for each of 

the four quantity variables (denominated FS1 to FS4) across all four advertising demand 

equations, giving a total of 16 FS regressions. The results of the FS regressions are summarised in 

Annex A. 

The aim of these FS regressions is to understand whether the IVs explain some of the variation in 

the potentially endogenous variables and could therefore be considered suitable instruments. In 

addition to the individual significance tests for each instrument, as given by the results of the FS 

regressions, we have also applied a Wald Test to assess whether our set of chosen IVs is jointly 

significant in each equation. 

                                                   

5
 We tested for various combinations of lag structures following the same principles described in Section 6.2.1 below. We found that 

restricting the non-PSB instrumenting strategy to 1-month and 12-monthl lags had the strongest properties for our Hausman tests. 
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The results of the Wald Test lend strong support to our assumption that lagged commercial 

impacts are suitable IVs. This is shown by the consistently significant results for the four first-

stage regressions (FS1 to FS4), reported in Figure 3.3, below.6 

 CPT (ITV1) CPT(C4) CPT (FIVE) CPT (Non-PSB) 

Null hypothesis: The set of chosen IVs is not jointly significant within the FS specification 

     

F-Test (FS1 – 

Impacts ITV1) 

6.420 4.938 9.659 16.271 

Probability (FS1 – 

Impacts ITV1) 

0.000 0.000 0.000 0.000 

F-Test (FS2 – 

Impacts C4) 

10.143 4.294 2.080 2.965 

Probability (FS2 – 

Impacts C4) 

0.000 0.000 0.052 0.007 

F-Test (FS3 – 

Impacts FIVE) 

12.356 5.922 7.247 13.710 

Probability (FS3 – 

Impacts FIVE) 

0.000 0.000 0.000 0.000 

F-Test (FS4 – 

Impacts Non-PSB 

1.238 1.071 6.786 25.491 

Probability (FS4 – 

Impacts Rest of 

market) 

0.292 0.396 0.000 0.000 

Figure 3.3: Wald test for joint significance of instruments [Source: Analysys Mason, Professor 

Gregory Crawford] 

The results in Figure 3.3 indicate that for 13 of the 16 FS regressions, we could reject the null 

hypothesis that our IVs are jointly insignificant at the 5% level.7 Even in cases where the F-test 

was not itself significant, as for the non-PSBs in the ITV1 and C4 equations, there are individual 

instruments that are very significant (especially the 12-month lag of non-PSB impacts). For these 

cases, reported in Annex A, closer inspection of the influence of individual instruments was very 

encouraging. In the case of the rest-of-market impacts (FS4) in the ITV1 equation, each of the 

lagged, 12-month ITV1 impacts and lagged, 12-month rest-of-market impacts were individually 

significant at the 5% level. Similarly, in the case of the impacts for the non-PSBs channel grouping 

in the C4 equation, lagged 12-month rest-of-markets impacts were also significant at the 5% level. 

This suggests that including the 10 or 11 other less-powerful instruments was the main reason for 

rejecting the test for joint significance.  

                                                   

6
 We have not reported the full outputs for each individual instrument to maintain the clarity and lucidity of presentation. 

7
 We note that our results are so strong that we can reject the null hypothesis at the 1% level for all 13 equations. 
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Whilst we could have customised the specification of the instrument set for each equation, this 

would have required a re-specification to identify a suitably large set of significant instruments 

that would also allow for passing the Wald test for joint significance. We believe that the 

qualitative support from having the simpler symmetric specification (as presented below) 

outweighs the slight disadvantage of not having statistically significant results for every one of our 

first-stage regressions  

Results from over-identification (J) and Hausman tests 

As mentioned above, we implicitly make two assumptions when introducing an IV:  

 the IV is correlated with the potentially endogenous variable 

 the IV is not correlated with the error term. 

The fact that the number of our instruments exceeds the number of potentially endogenous 

explanatory variables allows us to test the latter of the two assumptions for some of the IVs. We do 

so using a J-test of over-identifying restrictions. 

To implement the J-test, we carried out our Instrumental Variables (TSLS) regression for each of 

our inverse demand equations and obtained the fitted residuals from those equations. Next, we 

regressed those residuals on all exogenous variables in each equation (both explanatory factors and 

instruments). Under the null hypothesis that our instruments are uncorrelated with the error in each 

equation, the number of observations times the R-squared from this regression should be 

distributed as a chi-squared random variable with degrees of freedom given by the number of 

instruments less included right-hand-side endogenous variables. The intuition of the test is that if, 

indeed, our instruments are valid, then they should be uncorrelated with the unobserved shock in 

each inverse demand equation. While we cannot observe the true error term in each equation, we 

estimate this term with the fitted residual. If the instruments are uncorrelated with this residual, 

then the R-squared from a regression of the residual on the instruments (and all other explanatory 

factors in each equation) should be (roughly) zero. 

The results of the J-Test for each of the four TSLS equations are presented in Figure 3.4, below.  

 ITV1 C4 FIVE Non-PSB 

Null hypothesis: All independent variables are jointly significant 

     

Probability 0.075 0.346 0.105 0.067 

Degrees of 

freedom 

8 8 8 4 

Figure 3.4: J-Test for over-identification [Source: Analysys Mason, Professor Gregory Crawford] 
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Across all equations, we pass the J-Test for over-identification at the 5% level.8 

Based on this confirmatory set of results, we conclude that our instruments are valid. Having 

reached this conclusion, we can then also test for the endogeneity of impacts in our original, OLS, 

specification. We do so using the commonly-applied Hausman Test (e.g. Wooldridge (2009). 

The Hausman test assesses whether the assumption of exogeneity is fulfilled. It effectively does so 

by comparing the results of the OLS and TSLS specifications. If impacts are truly exogenous, then 

both estimators yield consistent results (with the OLS results being more efficient). If impacts are 

not exogenous, however, our TSLS remain consistent, but our OLS results are not. In this case, it 

is likely that the OLS estimates will differ from the consistent TSLS estimates. Comparing the 

difference between them therefore allows one to make statistical inferences about the validity of 

the exogeneity assumption. 

We implement the Hausman Test following standard practice. For each of our inverse demand 

equations, we first regress each of our (four) potential endogenous right-hand side variables on all 

of the other explanatory variables in the model and our instruments for that equation (as described 

in more detail above). We then include the fitted residuals from each of these regressions in our 

previously-specified OLS regression. The Hausman Test amounts to a hypothesis test on the joint 

significance of the parameters on those residuals. If our right-hand-side variables are exogenous, 

then we should not be able to reject the hypothesis that those coefficients are zero.9 The key results 

of this test10 are summarised in Figure 3.5, below.   

 ITV1 C4 FIVE Non-PSB 

Null hypothesis: All variables within the channel grouping are exogenous 

     

F-test statistic 

(Joint significance) 

3.840 4.929 2.446 0.693 

Degrees of freedom 

(Joint significance) 

(4, 68) (4, 61) (4, 64) (4, 67) 

Probability 

(Joint significance) 

0.007 0.002 0.055 0.600 

Figure 3.5: Results of the Hausman test for endogeneity [Source: Analysys Mason, Professor 

Gregory Crawford] 

                                                   

8
 However, we note that if we would introduce a 10% threshold, we would fail two of the tests. This means that there is some chance 

that we are making a Type II error (not rejecting the null hypothesis although it is false). However, as mentioned before, we believe 

that the results lend support to our approach and that we can continue our analysis on the basis of these results. 

9
  The intuition of the Hausman Test is that the residuals capture that portion of the potential endogenous right-hand-side variables that 

may be correlated with the error in the original specification (as they are the residuals of each variable from a regression on all the 

explanatory factors and instruments). If endogeneity is a problem, we would likely be able to reject the hypothesis that the residuals 

have no effect; if it is not, we would likely not be able to reject that hypothesis. 

10
 Given the significant number of instruments in our analysis, we were forced to restrict the summary of our outputs. 
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The results show that we reject the null hypothesis of exogeneity for ITV1 and C4 at the 5% level. 

As a result, we would suspect that there could be a measurement error introduced into our 

calculations. In contrast, we pass the Hausman test (fail to reject the null hypothesis of exogeneity) 

for FIVE and the non-PSB grouping at the 5% level.11  

Consequently, we have assessed in more detail for which parameters we expect the measurement 

error to occur. In order to test this, we have conducted another set of Hausman tests on each of the 

individual FS residuals in each equation. These FS residuals effectively assess whether the 

individual quantity variable for the concerned channel is exogenous. The p-value of this test for 

the four potentially endogenous variables across the four specifications is summarised in Figure 

3.6, below.  

 CPT (ITV1) CPT(C4) CPT (FIVE) CPT (Non-PSB) 

Null hypothesis: The individual variables for each channel grouping are exogenous 

     

Impacts (ITV1) 0.582 0.940 0.882 0.254 

Impacts (C4) 0.016 0.047 0.560 0.916 

Impacts (FIVE) 0.224 0.918 0.023 0.410 

Impacts (Non-PSBs) 0.673 0.559 0.409 0.143 

Figure 3.6: Probability of differences in OLS and IV estimates [Source: Analysys Mason, Professor 

Gregory Crawford] 

Our analysis indicates that we fail to reject the null hypothesis of exogeneity for 13 of the 16 

variables at the 5% level (variables for which we cannot reject the hypothesis are highlighted in 

red).12 This constitutes strong support to our assumption that there is no endogeneity and that the 

measurement error does not bias the result from our OLS specification. The test results, 

summarised in Figure 3.6, further indicate that there are effectively three instances where we are 

particularly worried that a measurement error is introduced.  

In order to further understand how any of the identified differences, in particular for the three 

likely endogenous variables, might affect our point estimates for the price inverse elasticities, we 

present the relevant point estimates for both sets of model specifications – OLS and IV – below.  

Figure 3.7 and Figure 3.8 provide an overview of the point estimates for the short-run price inverse 

elasticities, with estimates based on coefficients which are significant at the 5% level being clearly 

highlighted. 

                                                   

11
 The evidence of our tests is strongest for the non-PSB equation. Even if we were to introduce a 10% threshold for our significance 

testing, which would reduce the likelihood of a Type II error (not rejecting the null hypothesis although it is wrong), we would not 

reject our assumption of exogeneity.  

12
 Again, please note that this conclusion would remain unchanged if we were to introduce a 10% threshold to reduce the likelihood of 

a Type II error. 
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 ITV1 C4 FIVE Non-PSB 

ITV1 -1.05 -0.25 -0.43 -0.17 

C4 -0.41 -0.88 -0.05 -0.34 

FIVE 0.28 -0.07 -0.75 0.32 

Non-PSB -0.20 -0.18 -0.08 -1.10 

Figure 3.7: Point estimates for the short-run own and cross price inverse elasticities – based on OLS 

estimation [Source: Analysys Mason, BrandScience] 

 ITV1 C4 FIVE Non-PSB 

ITV1 -1.21 -0.36 -0.46 -0.37 

C4 -0.84 -0.32 -0.03 -0.30 

FIVE 0.54 -0.19 -0.31 0.41 

Non-PSB -0.15 -0.24 -0.05 -0.90 

Figure 3.8: Point estimates for the short-run own and cross price inverse elasticities – based on IV 

estimation[Source: Analysys Mason, Professor Gregory Crawford] 

An initial comparison of the values presented in both matrices suggests that the values are very 

close for a significant number of the point estimates. Unfortunately, as often occurs with these 

specifications, the IV coefficient estimates exhibit significantly more sampling error than the OLS 

estimates. This impacts their overall significance and discourages the use of the IV specification as 

the underlying final model. 

To further assess the relationship between the outputs of both models, we have also calculated the 

corresponding 95% confidence intervals for these point estimates. The results are summarised in 

Figure 3.9 and Figure 3.10 below. 

 ITV1 C4 FIVE Non-PSB 

ITV1 [ -1.361 : -0.736 ] [ -0.625 : 0.12 ] [ -0.678 : -0.172 ] [ -0.462 : 0.13 ] 

C4 [ -0.628 : -0.185 ] [ -1.086 : -0.679 ] [ -0.227 : 0.132 ] [ -0.591 : -0.08 ] 

FIVE [ 0.025 : 0.537 ] [ -0.364 : 0.216 ] [ -1.145 : -0.363 ] [ 0.041 : 0.602 ] 

Non-PSB [ -0.409 : 0.012 ] [ -0.384 : 0.019 ] [ -0.289 : 0.122 ] [ -1.388 : -0.809 ] 

Figure 3.9: 95% confidence intervals surrounding short-run own and cross-price inverse elasticities – 

based on OLS estimation [Source: Analysys Mason, BrandScience] 
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 ITV1 C4 Five Non-PSB 

ITV1 [ -1.649 : -0.763 ] [ -0.988 : 0.27 ] [ -1.202 : 0.289 ] [ -0.835 : 0.089 ] 

C4 [ -1.231 : -0.449 ] [ -0.796 : 0.156 ] [ -0.655 : 0.598 ] [ -0.939 : 0.33 ] 

Five [ 0.089 : 0.984 ] [ -0.893 : 0.513 ] [ -0.919 : 0.289 ] [ 0.06 : 0.767 ] 

Non-PSB [ -0.463 : 0.17 ] [ -0.577 : 0.097 ] [ -0.332 : 0.241 ] [ -1.293 : -0.505 ] 

Figure 3.10: 95% confidence intervals surrounding short-run own and cross-price inverse elasticities – 

based on IV estimation[Source: Analysys Mason, Professor Gregory Crawford] 

We are confident that our conclusions are not significantly altered by the newly introduced 

methodology. Most notably, the majority of the relevant coefficients are within the corresponding 

confidence intervals, and therefore confirm our assumption that there are no substantial differences 

between the OLS and IV estimates. 

In addition to the short-run price inverse elasticities, we have repeated our analysis for the point 

estimates and confidence intervals for the long-run price inverse elasticities. The methodology 

applied for deriving the long-run price inverse elasticities from our short-run estimates is presented 

in Section 8.1. The results are presented in an analogous fashion to the short run price inverse 

elasticities and are presented in Figure 3.11 to Figure 3.14 below.  

 ITV1 C4 FIVE Non-PSB 

ITV1 -1.075 -0.247 -0.456 -0.412 

C4 -0.417 -0.865 -0.051 -0.832 

FIVE 0.288 -0.072 -0.809 0.799 

Non-PSB -0.204 -0.179 -0.09 -2.726 

Figure 3.11: Point estimates for the long-run own and cross-price inverse elasticities – based on OLS 

estimation [Source: Analysys Mason, BrandScience] 

 ITV1 C4 FIVE Non-PSB 

ITV1 -1.291 -0.253 -0.482 -1.01 

C4 -0.895 -0.546 -0.197 -0.823 

FIVE 0.545 -0.045 -0.295 1.119 

Non-PSB -0.18 -0.235 -0.041 -2.432 

Figure 3.12: Point estimates for the long-run own and cross-price inverse elasticities – based on IV 

estimation [Source: Analysys Mason, Professor Gregory Crawford] 
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 ITV1 C4 FIVE Non-PSB 

ITV1 [ -1.52 : -0.631 ] [ -0.627 : 0.132 ] [ -0.719 : -0.193 ] [ -1.313 : 0.49 ] 

C4 [ -0.665 : -0.168 ] [ -1.119 : -0.611 ] [ -0.241 : 0.139 ] [ -1.816 : 0.151 ] 

FIVE [ 0.002 : 0.575 ] [ -0.355 : 0.21 ] [ -1.154 : -0.464 ] [ -0.155 : 1.752 ] 

Non-PSB [ -0.419 : 0.012 ] [ -0.383 : 0.025 ] [ -0.304 : 0.125 ] [ -4.232 : -1.22 ] 

Figure 3.13: 95% confidence intervals surrounding long-run own and cross-price inverse elasticities – 

based on OLS estimation [Source: Analysys Mason, BrandScience] 

 ITV1 C4 Five Non-PSB 

ITV1 [ -1.875 : -0.706 ] [ -0.701 : 0.195 ] [ -1.137 : 0.173 ] [ -2.742 : 0.723 ] 

C4 [ -1.376 : -0.415 ] [ -0.907 : -0.186 ] [ -0.701 : 0.307 ] [ -3.086 : 1.44 ] 

Five [ 0.02 : 1.071 ] [ -0.618 : 0.528 ] [ -0.976 : 0.386 ] [ -0.395 : 2.633 ] 

Non-PSB [ -0.521 : 0.16 ] [ -0.537 : 0.068 ] [ -0.333 : 0.251 ] [ -4.209 : -0.656 ] 

Figure 3.14: 95% confidence intervals surrounding long-run own and cross-price inverse elasticities – 

based on IV estimation [Source: Analysys Mason, Professor Gregory Crawford] 

Again, we are confident that our conclusions are not significantly altered by the newly introduced 

methodology. There is a significant amount of overlap between the different confidence intervals, 

in particular for the own-price inverse elasticities but also for the majority of the cross-price 

inverse elasticities. As a result, we would like to point out that none of the qualitative conclusions 

change dramatically from our previous analysis, as presented in the Report: 

 ITV1 continues to appear roughly  unit elastic 

 C4 and FIVE both appear elastic 

 the price inverse elasticity for the Non-PSB channel grouping has changed from being 

marginally inelastic to being marginally elastic. However, this uncertainty was already 

covered previously by the boundaries of our (short-run) confidence interval and is confirmed 

by our IV estimates. 

 although the absolute values of some of the cross-price elasticities change, we would draw the 

same qualitative conclusions for practically all estimates. For example, we continue to observe 

negative and elastic cross-price effects in general with positive cross-price effects of FIVE‟s 

commercial impacts on the price of ITV1 and the non-PSB grouping. 

Our analysis has thus evaluated in-depth the concern of a measurement error. We have identified 

analytically the source of the measurement error and have evaluated a number of different lag 

structures to adequately address this concern. Our analysis fails to reject the hypothesis of no 

differences in means for all coefficients at the 1% level. As a result, we continue to believe that 

there is evidence that our original OLS estimates will provide Ofcom with unbiased estimates of 

the dynamics of the UK TV advertising market.  
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Additionally, even if there had been a measurement error of the type described here we believe the 

effects would have been likely to be small due to the small average deviations between actual and 

expected impact volumes. As mentioned above, we understand that, on average, real-world 

deviations between expected and actual impacts are generally between 0 and 3%.13 In addition, the 

latest decision from the Competition Commission (CC) references to a continual optimisation 

process which advertising sales houses incur to ensure that over- or under-delivery does not 

occur.14  

As a result, we believe our IV results are largely confirmatory and support the use of our OLS 

estimates as presented in the original model. Our econometric analysis finds evidence of a problem 

with the OLS estimates in a very small set of cases and, even allowing for these, using the IV 

estimates as a whole yields economically similar point estimates of flexibilities compared to those 

from OLS. 

3.3 Conclusion concerning the conceptual structure of our model 

We believe that, from a conceptual standpoint, our econometric model is well-suited to analyse the 

UK advertising market: 

 In our view, the expected price of commercial impacts is the key driver behind any 

commercial negotiations between channels and advertisers. 

 Despite budgets being potentially fixed in the short term, historic fluctuations in advertising 

revenues have shown that advertisers‟ budgets will vary depending on developments in the 

supply of commercial impacts and other key variables. There is also strong evidence that the 

price for advertising is based on the laws of supply and demand. 

The fact that there is a demand curve for advertising encourages the use of a systems approach. It 

follows that the price of ITV does not only depend on the amount of commercial impacts supplied 

by ITV but is also dependent on the amount of commercial impacts supplied in the market by the 

remaining channels – C4 and Five (and their corresponding portfolio channels) as well as all non-

PSB channels. We estimate this system on an equation-by-equation basis. 

However, our system does not assume that there is a clear hierarchy for channel selection by 

advertisers. We believe that this is too prescriptive of the modelling outcome and would 

unnecessarily restrict our analysis. We could not find evidence of such a hierarchy in our 

discussions with industry experts. Instead, we allow for an unconstrained effect of (e.g.) ITV1 

impacts on the CPT for C4. The various coefficients for competing channels in the inverse demand 

equation directly measure the cross-price flexibility of these channels. This is analogous to a cross-

                                                   

13
 It is inherently difficult to measure these deviations exactly since buyers of advertising will constantly update models of expected 

prices and impacts meaning that the records of what was expected at different times prior to the end of a month are not generally 

kept 

14
 Please refer to sections 2.28 to 2.31 and Footnote 41 of the CC’s decision for further detail on this. 
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price elasticity in a standard (i.e. non-inverse) demand system. The different magnitudes in 

response measure the effect of one channel's price to the impacts in the market provided by 

another channel and thereby express the level of substitutability between channels. 

Further to these concerns, there could potentially be some risk of a measurement error given that 

our model attempts to depict the „true‟ relationship between expected prices and commercial 

impacts with the help of actual market data. However, we have analytically assessed this problem 

and fail to reject the hypothesis of no differences in coefficients at the 1% level. In addition, 

market evidence suggests that the actual errors between expected and actual commercial impacts 

are within small error bounds (typically between 0% and 3%) 

As a result of this analysis, we believe that our initially reported OLS model provides robust and 

unbiased estimates of the relevant factors that influence the decision process in the UK TV 

advertising market. 
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4 Potential model endogeneity 

In this section, we examine whether our advertising demand model suffers from endogeneity and 

present in more detail the robustness tests that were previously carried out to address these 

concerns. 

The FTI report argues the econometric model did not address whether CPTs and impacts were co-

determined in a “satisfactory manner”. The FTI argues that the original econometric study used a 

two-stage least squares (TSLS) methodology – incorporating instrumental variables – to test for 

the presence of endogeneity and concluded that the restricted TSLS regression supported the 

assumption of exogeneity for ITV1, but was largely inconclusive for the other channels. 

In response to these arguments, this section covers the following aspects: 

 Section 4.1 provides a qualitative discussion of the instruments we have used in our robustness 

tests. 

 Section 4.2 summarises the key outputs from the Hausman test for endogeneity. 

4.1 Qualitative discussion of available instruments 

As mentioned in Section 4.1.4 of the Report, and in addition to the measurement error analysed in 

Section 3.2, there might be other unspecified sources of endogeneity in our model. This means that 

our estimated OLS coefficients could be biased, as they would include variations caused by other, 

unobserved factors. 

We have addressed these concerns by introducing an instrumental variables (IV) approach using 

two-stage least square regressions (TSLS) in a restricted model of the effect of impacts on prices.15 

The rationale behind the chosen IVs is that these are factors which we expect to potentially shift 

the supply of commercial impacts (i.e. viewer demand) while being uncorrelated with the error 

term of our inverse demand equations for the different channel groupings (this error term 

effectively measures shocks to advertising demand).  

We have tested the results of the IV strategy (using TSLS) against the previously estimated OLS 

coefficients. Our hypothesis is that the estimated coefficients will not be influenced by the 

introduction of IVs (i.e. we assume exogeneity). Only if we measure a significant difference in our 

estimates can we reject the assumption of exogeneity. 

The availability of suitable instruments was discussed at length within the project team and it was 

agreed that, in practice, there are only two relevant instruments which can be used in this analysis: 

 significant weather events, captured by deviations from expected temperatures 

 BBC audiences. 

                                                   

15
 This restricted model was necessary due to a paucity of available instruments.  We discuss this further in Section 4.2 below. 
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Both instruments are explained in more detail below. 

Temperature as an instrumental variable 

We would expect significant deviations from average monthly temperatures to have the potential 

to cause spontaneous shocks to the supply of commercial impacts. For example, a colder than 

average summer will induce more people to stay at home and watch television. In contrast, warmer 

winter months are likely to lead to fewer people spending their free time watching TV.   

We therefore expect that significant deviations from average temperatures will have an impact on 

the supply of commercial impacts in a given month. At the same time, these spontaneous shocks 

are unlikely to have an effect on aggregate advertiser demand. As a result, these deviations can be 

used as an instrumental variable. 

From an econometric perspective, we would expect the impact of the temperature IV in the first 

stage regression to be negative.16 The warmer a particular month is compared to the expected 

average temperatures, the lower the resulting audiences. 

BBC audiences as instrumental variable 

We would also expect BBC audiences to have an effect on the supply of commercial impacts. 

However, we do not expect that there is as clear a relationship as with the temperature, but that 

either one of two effects could take place: 

 BBC viewing as a substitute to viewing on other channels: For a given audience size, more 

BBC viewing will reduce viewing on other channels. This leads to a decrease in the supply of 

commercial impacts and would imply a negative coefficient in the first stage regressions.  

 BBC as an independent measure of random shocks: At the same time, changes in BBC 

viewing could also pick up unobserved shocks to overall viewer demand (i.e. the supply of 

commercial impacts) for watching television. An unobserved shock to overall viewing would 

lead to more viewing on BBC, as well as on other channels, and we would therefore expect a 

positive coefficient in the first-stage regressions. For example, higher BBC viewing could pick 

up changes in weather events not captured by our temperature variable. 

Regardless of the observed effects described above, it is crucial that BBC viewing does not affect 

advertisers‟ demand. As the BBC is not allowed to sell advertising, we are confident that this is the 

case. As a result, BBC viewing should be a suitable second instrument for our analysis. 

                                                   

16
 First stage regressions take the suspected endogenous variables as dependent variables and regress these on all other right-hand 

side variables as well as the identified instruments. 
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4.2 Summary outputs of the Hausman test 

We have consequently tested the two IVs in the context of our model. As already stated in the 

Report, the existence of only two IVs poses a challenge in the context of our model. Econometric 

theory dictates that the number of instruments should be at least equal to the number of potentially 

endogenous variables. We have, therefore, re-specified our equation to account for the effect of 

own-channel impacts as well as „rest-of-market‟ impacts. This approach places strong restrictions 

on the nature of the advertiser demand model. However, given the limited number of available 

IVs, this was a necessary assumption in our analysis. 

The results of the first stage regressions are summarised in Figure 4.1. 

 ITV1 C4 FIVE Non-PSBs 

 Own-

channel 

(FS1) 

Rest of 

market 

(FS2) 

Own-

channel 

(FS1) 

Rest of 

market 

(FS2) 

Own-

channel 

(FS1) 

Rest of 

market 

(FS2) 

Own-

channel 

(FS1) 

Rest of 

market 

(FS2) 

Null hypothesis: The specified instrument is insignificant 

         

Sign  

(Temperature IV) 

- - - - - - - - 

Probability 

(Temperature IV) 

0.000 0.000 0.024 0.000 0.025 0.000 0.000 0.000 

Sign  

( BBC IV) 

+ - - + + + - + 

Probability 

(BBC IV) 

0.006 0.865 0.893 0.176 0.665 0.231 0.158 0.076 

Null hypothesis: The set of chosen IVs is insignificant within the FS specification 

         

F-test statistic 

(Joint significance) 

41.102 31.276 2.801 16.636 3.397 15.697 83.051 36.382 

Probability 

(Joint significance) 

0.000 0.000 0.068 0.000 0.039 0.000 0.000 0.000 

Figure 4.1: Results of the first stage regressions [Source: Analysys Mason, BrandScience] 

Across all equations, the coefficient for the temperature IV is negative and significant (at least) at 

the 5% level. This is fully in line with our expectations, and confirms the validity of using this 

instrument. 

However, the results for the BBC viewing variable place restrictions on our ability to test for 

endogeneity. We can only reject the null hypothesis at the 5% level for ITV1 (in FS1). For all 

other channels, we cannot reject the hypothesis that BBC viewing is an insignificant instrument (at 

the 5% level). For the non-PSB grouping we find that, although BBC viewing is not considered a 

significant instrument at the 5% level, we could reject the null hypothesis at the 10% level. 
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Although we note that we have typically used the 5% level as a threshold for significance across 

our analysis, we have progressed our analysis in this instance to understand the endogeneity 

concern in more detail. 

While we can therefore continue to test for the presence of endogeneity in the case of ITV1 and 

the non-PSB channel grouping, the equations for C4 and FIVE are effectively not identified under 

an IV approach. This is due to the limited significance of the BBC instrument. As we only have 

one instrument available for these channel groupings, we would violate the relevant conditions in 

that we require at least as many instruments as potentially endogenous variables. 

We have consequently progressed with carrying out the second-stage regressions. We have used 

the Hausman test to assess the endogeneity concerns, similar to the approach applied in Section3.2. 

The results are presented for both potentially endogenous variables – own channel commercial 

impacts (FS1) and „rest of market commercial impacts‟ (FS2) – across all four channel groupings. 

The results of our analysis are summarised in Figure 4.2 below. For completeness, we have also 

added the results for Channel 4 and FIVE, bearing in mind the limited applicability of an IV 

approach, due to the limitations described above. 

 ITV1 C4 FIVE Non-PSB 

Null hypothesis: The individual variables tested are exogenous 

     

Sign 

(Residuals FS1) 

+ + - + 

Probability  

(Residuals FS1) 

0.233 0.815 0.837 0.029 

Probability  

(Residuals FS2) 

+ - + - 

Probability  

(Residuals FS2) 

0.876 0.972 0.773 0.071 

Null hypothesis: All tested variables within the channel grouping are exogenous 

     

F-test statistic 

(Joint significance) 

1.448 0.090 1.184 2.581 

Probability 

(Joint significance) 

0.242 0.914 0.312 0.083 

Figure 4.2: Results of the Hausman test for endogeneity [Source: Analysys Mason, Professor 

Gregory Crawford] 

Our results provide limited further evidence to the assumption of exogeneity. For ITV1, we cannot 

reject the null hypothesis of exogeneity at the 5% level.17 On the contrary, we find that we reject 

the assumption of exogeneity for the own-channel impacts (FS1) at the 5% level for the non-PSB 

                                                   

17
 We also note that we would not reject the exogeneity assumption at the 10% level, further limiting the danger of a Type II error. 
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channel grouping. As a result, our additional analysis on endogeneity has presented us with limited 

support in favour of our assumption: 

 For ITV1, we have strong evidence in favour of exogeneity 

 For C4 and FIVE, we cannot specify a relevant IV equation using the available instruments 

 For the non-PSB channels, we do not find further evidence supporting our assumption of 

exogeneity.  

However, we should keep in mind that the analysis on the measurement error, carried out in 

Section 3.2 has provided strong support to our assumption of exogeneity using time-lagged 

variables as IVs. As a result, we remain confident that endogeneity is not a significant concern in 

our analysis. 
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5 Omitted variable bias in relation to non-PSBs 

In this section, we discuss the concerns raised by the FTI as to whether our advertising demand 

model suffers from omitted variable bias (OMV).  

More specifically, the FTI argues in its report that the non-PSB equation only contains the impacts 

of ITV1, C4 and FIVE and therefore implicitly assumes that changes in the impacts of the three 

portfolio channel groups18 have had no effect on the CPT of the non-PSBs. The FTI report argues 

that this is incorrect and that our model consequently suffers from omitted variable bias. 

The FTI report goes on to argue that it is not appropriate to group all non-PSB channels together 

because there is, in fact, considerable variation between channels within this grouping. 

Within this section, we will address the concerns raised by FTI through:  

 presenting the results of our econometric analysis for a different specification of the non-PSB 

equation 

 discussing the aggregation of channels into a single, non-PSB grouping.  

5.1 Results for a different specification of the non-PSB equation 

The FTI correctly points out that the relevant advertising demand model equation for the non-PSB 

channel grouping in our report did not include the commercial impacts generated by the PSB 

portfolio channels.  

However, as part of our advertising demand model, we developed another specification of the 

reported equation, which included the impacts of the entire channel family (rather than only the 

commercial impacts of the PSB flagship channel). Figure 5.1 summarises the results for both of 

these equations and allows us to compare the results.  

                                                   

18
 ITV, C4 and Five portfolio channels are three channel groupings used within our econometric model. For example the ITV portfolio 

channels include ITV2, ITV3 and ITV4. 
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Variable Specification including PSB 

flagship channels only 

Specification including impacts of 

entire PSB family 

Constant 
5.408 

(6.190) 

9.660 

(6.176) 

June 2006 
-0.401 

(0.080) 

-0.381 

(0.087) 

July 2006 
-0.475 

(0.076) 

-0.475 

(0.078) 

January 
0.913 

(0.188) 

0.865 

(0.206) 

February 
0.449 

(0.111) 

0.425 

(0.116) 

March 
0.647 

(0.074) 

0.650 

(0.077) 

April 
0.488 

(0.069) 

0.488 

(0.062) 

May 
0.582 

(0.063) 

0.602 

(0.062) 

September 
1.121 

(0.130) 

1.136 

(0.124) 

October 
0.527 

(0.084) 

0.578 

(0.078) 

November 
0.765 

(0.085) 

0.801 

(0.082) 

LN (Internet impacts) 
0.071 

(0.218) 

-0.062 

(0.218) 

FTSE index 
0.000 

(0.000) 

0.000 

(0.000) 

LN (SOCI – Non PSBs) 
2.156 

(0.722) 

2.837 

(0.726) 

Impacts (ITV1 / ITV family) 
-0.000000021 

(0.000000019) 

-0.000000027 

(0.000000023) 

Impacts (C4 / C4 family) 
-0.000000102 

(0.000000040) 

-0.000000060 

(0.000000030) 

Impacts (Five / Five Family) 
0.000000147 

(0.000000065) 

-0.000000110 

(0.000000069) 

Impacts (Non PSBs) 
-0.000000187 

(0.000000025) 

-0.000000176 

(0.000000034) 

Lagged prices (t-1) 
0.608 

(0.116) 

0.585 

(0.115) 

   

R-squared 0.95 0.95 

Adjusted R-squared 0.94 0.93 

Figure 5.1: Comparison of results for different specifications of the advertising demand model for the 

non-PSB channel grouping [Source: Analysys Mason, BrandScience] 
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An evaluation of the results of the two equations highlights that the differences between the 

reported coefficients for both equations are marginal. In fact, testing for differences between any 

of the respective coefficients does not provide significant results at the 5% level.19 

This alternative specification for the non-PSB channel grouping shows that the effect of 

commercial impacts on the portfolio channels is highly unlikely to be significantly different to the 

impact of the flagship channels. This interpretation is supported by the fact that we cannot 

establish a significant statistical difference between our coefficients in both equations. 

Throughout the analysis, we aimed at developing a larger number of individual channel groupings, 

e.g. individual channel groupings for the non-PSB portfolio channels, in order to allow for as 

granular an analysis as possible. However, the market data that is currently available does not 

allow us to single out the individual effects of some of the smaller groupings. For example, the fact 

that it was not possible to further disaggregate the non-PSB channel grouping is discussed in 

Section 5.2, below. 

As a result, we have attached caveats to the results for the portfolio channel groups and have 

limited our analysis to deriving the respective own-channel price inverse elasticities. We feel that 

we can reasonably defend these estimates and expect that, with a further growth of the „share of 

commercial impacts‟ (SOCI) for these channels, future econometric analyses can evaluate their 

impact in more detail. In any case, the results of our analysis do not support the claims voiced by 

the FTI report that our model suffers from omitted variable bias. 

5.2 Aggregation of channels into a single, non-PSB grouping 

During the initial model development stages, we intended to evaluate some of the larger, non-PSB 

channel families (such as Sky) separately from the remaining non-PSB channels. The intention of 

this disaggregation was to understand whether there would be differences between the different 

non-PSB channels.  

However, as indicated in Section 3.3 of the Report, the data available from Sky‟s sales house 

includes revenues from several third-party channels. For example, it contains commercial impacts 

sold via the Discovery Channel and Nickelodeon, as these channels are also sold via Sky‟s 

platform. It therefore proved impossible to gather sufficiently disaggregated data that would have 

allowed us to develop multiple, non-PSB channel groupings.  

At the same time, we believe that the choice between commercial impacts on PSB and non-PSB 

channels is one of the key decisions faced by advertisers and, more importantly, the main aspect of 

Ofcom‟s policy analysis. Any regulatory changes made by Ofcom to harmonise regulation would 

change the rules equally for all non-PSBs. The average effect across these channels, measured by 

our approach is an adequate measure. In addition to this, we understand from our discussions with 

                                                   

19
 We note that our conclusion continues to hold when setting the threshold to 10%, reducing the risk of a Type II error. 
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industry experts that most of the non-PSB advertising is sold through Sky‟s sales house in any 

case.  

As a result, our decision to aggregate all non-PSB channels into a single channel grouping appears 

to strike a reasonable balance, which adequately reflects the underlying decision-making process 

of Ofcom and advertisers in light of the data available in the market. The current level of 

fragmentation in the market, with few significant non-PSB channels (in terms of overall market 

share) and a single main sales house makes it very difficult to address any potential differences 

through an econometric analysis and will not be necessary, given Ofcom‟s policy focus. 
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6 Issues around specification of the econometric model 

In this section, we address some concerns that have been raised by the FTI report with regard to 

the final specification of the advertising demand model.  

The FTI report made a number of comments in relation to the absence of information concerning 

the outputs of standard econometric tests in our published report. In particular, FTI‟s comments 

referred to tests in relation to: 

 the properties of the time-series data – for example, whether the data series were stationary 

 the presence of autocorrelation and heteroskedasticity – for example, the FTI report comments 

that the use of Newey-West standard errors suggests such testing was done but that the results 

were not reported 

 normality tests – for example, it states that no mention is made of normality tests. 

The FTI also commented on the lack of information as to how the final specification of the 

advertising demand model was developed. The FTI report suggested that further information on 

the following steps would enable a more thorough evaluation of our methodology: 

 explanations on the use of lagged variables and the choice of lag structure used in the final 

model specification 

 the choice of functional form, for example, the FTI comments that there is no discussion of 

what other functional forms were considered and rejected as part of the model specification 

process. 

The FTI report argues that the information in the Report was not sufficient to allow either a proper 

model assessment or an informed assessment of the dynamic specification of the model. 

In order to address the concerns, this section discusses: 

 the results of standard tests which were carried out by the Consortium as part of the initial 

development of the advertising demand model 

 the development of the final functional form of the model.  

Further information on each of these issues is provided below. 

6.1 Results of standard econometric tests 

We would like to highlight that most of the standard econometric tests were carried out in the 

preliminary model development stage and were reported in a conceptual paper, which was 

assessed by Ofcom ahead of proceeding with the Report. We consequently decided not to publish 

this information as part of the final report given the considerable size of the Report as it stood 

without this additional data.  
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Below we will discuss in detail the following issues: 

 the output of unit root tests to test for stationarity 

 the outputs of our tests regarding normality, autocorrelation and heteroskedasticity 

 the results of some additional specifications for the advertising demand model which were run 

to ensure normality of our sample data. 

6.1.1 Stationarity of time-series data 

Figure 6.1 summarises the results of the Philips-Perron unit root test. 

Phillips-Perron test results   

Null hypothesis Unit root (individual unit root process)  

Sample January 2002 – September 2009  

Exogenous variables Individual effects, individual linear trends  

Newey-West automatic bandwidth selection and Bartlett kernel  

Total observations 1302  

Included cross-section 14  

    

Method Statistic Probability  

Fischer – Chi Square 275.91 0.00000  

Choi Z-Statistic -13.60 0.00000  

    

Intermediate Phillips-Perron test results   

Series Probability Bandwidth Observations 

CPT (ITV1) 0.00009  92  93  

CPT( ITV Family) 0.00031  17  93  

CPT (C4) 0.00006  39  93  

CPT (C4 Family) 0.00066  22  93  

CPT (FIVE) 0.00143  21  93  

CPT (Five Family) 0.03407  1  93  

CPT (Non-PSBs) 0.00000  92  93  

Impacts (ITV1) 0.00314  2  93  

Impacts( ITV Family) 0.00280  2  93  

Impacts (C4) 0.00000  19  93  

Impacts (C4 Family) 0.00000  19  93  

Impacts (FIVE) 0.03152  1  93  

Impacts (Five Family) 0.00201  2  93  

Impacts (Non-PSBs) 0.00002  2  93  

Figure 6.1: Outputs of Philips-Perron unit root test [Source: BrandScience, Analysys Mason] 
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As shown by the results in Figure 6.1, we can reject non-stationarity at the 5% level across all 

intermediate and final tests. Most results remain significant, even at the 0.1% level. The results of 

the Philips-Perron (PP) unit root tests thus lend strong support to our assumption of stationarity.20  

6.1.2 Tests on normality, autocorrelation and heteroskedasticity 

In addition to the stationarity assumption, we have carried out testing on the normality assumption 

of our sample as well as on autocorrelation and heteroskedasticity. The results of these tests are 

shown in Figure 6.2, below. 

Results of further standard econometric tests  

Null hypotheses Assumed normality / no autocorrelation / no heteroskedasticity 

    

Probabilities of test results   

Channel Normality 

(Jarque–Bera) 

Autocorrelation  

(Breusch–Godfrey) 

Heteroskedasticity  

(Breusch–Pagan) 

ITV1 0.8065 0.1181 0.3251 

Channel 4 0.1366 0.2037 0.8550 

FIVE 0.8608 0.5620 0.6246 

Non PSBs 0.0000 0.9255 0.3553 

Figure 6.2: Results of further econometric tests [Source: BrandScience, Analysys Mason] 

With regard to the Jarque-Bera goodness-of-fit test for normality, the three PSB channels pass the 

relevant test. However, the test results for the non-PSB grouping indicate that there are some 

concerns regarding the normality distribution of the residuals. We will further address these 

concerns in Section 6.1.3.   

We have used the Breusch-Godfrey tests to test for autocorrelation and the Breusch-Pagan tests to 

test for heteroskedasticity. Across all channel groupings, we are unable to reject the hypotheses 

that our data sample does not suffer from either autocorrelation or heteroskedasticity. This means 

that the outputs of the tests generally lend strong support to our modelling assumptions.  

Nevertheless, given that the probabilities for some of the tests were close to the 10% threshold, we 

considered additional econometric techniques which would assist in strengthening our approach. 

Newey-West standard errors are a general covariance estimator that will remain consistent in the 

presence of both heteroskedasticity and autocorrelation of unknown form. In the context of our 

                                                   

20
 In addition to the PP test, we also carried out an Augmented Dickey Fuller (ADF) unit root tests with automatic lag selection. Our 

results frequently yielded the maximal lag length (of 11), which reduces the power of the unit root test. As a consequence, we could 

not reject the unit root for some of the data series. However, we note that ADF tests that allow too many lags can have low power 

against the implied null hypothesis. This means that the tests can suffer from an inability to reject the hypothesis that there is a unit 

root, even when no unit root exists. Due to this property, we prefer the PP results and are confident that our results provide strong 

support to our assumptions. 
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model, we felt that the introduction of Newey-West standard errors would therefore constitute an 

additional safeguard measure to add to the robustness of our model specification. It should be 

noted that this approach tends to give larger standard errors than the standard OLS formulae. This 

implies that we are more likely to find that some of the coefficients in our OLS approach are 

insignificant, and we might therefore have erred on the side of caution in rejecting some of the 

cross-price effects (and other parameters) as insignificant. 

6.1.3 Further considerations regarding the normality assumption 

As shown in Figure 6.2, the non-PSB channel grouping fails our test for normality. We have 

further investigated this concern. Our analysis showed that June 2002 was a single monthly outlier 

for the non-PSB channel grouping. Because outliers can heavily influence the skewness and 

kurtosis calculated from a data sample, the presence of a single outlier could cause the sample to 

fail a normality test.  

We carried out additional tests which showed that the June 2002 outlier was indeed the underlying 

reason for the non-PSB channel grouping failing the normality test. When running the same test 

adjusting for the outlier by including a „June 2002 dummy‟, the normality test for the residuals 

was passed.  

Throughout the model development process, we have chosen our final specification such that it 

either consistently includes or excludes specific dummy variables to ensure a consistent reporting 

of results. In order to understand whether the advertising demand model should therefore be 

amended to include a June 2002 effect, we developed an adjusted specification of our advertising 

demand model and compared the coefficient estimates, individual significance of variables and 

model diagnostic tests to our full approach. The results are summarised in Figure 6.3.  
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Variable Final specification  Specification including 2002 months 

Constant 
5.408 

(6.190) 

6.407 

(6.324) 

June 2002 - 
0.751 

(0.067) 

June 2006 
-0.401 

(0.080) 

-0.349 

(0.072) 

July 2006 
-0.475 

(0.076) 

-0.457 

(0.076) 

January 
0.913 

(0.188) 

1.023 

(0.175) 

February 
0.449 

(0.111) 

0.503 

(0.094) 

March 
0.647 

(0.074) 

0.682 

(0.064) 

April 
0.488 

(0.069) 

0.509 

(0.063) 

May 
0.582 

(0.063) 

0.600 

(0.061) 

September 
1.121 

(0.130) 

1.150 

(0.124) 

October 
0.527 

(0.084) 

0.521 

(0.088) 

November 
0.765 

(0.085) 

0.792 

(0.080) 

LN (Internet impacts) 
0.071 

(0.218) 

0.032 

(0.223) 

FTSE index 
0.000 

(0.000) 

-0.000 

(0.000) 

LN (SOCI – Non PSBs) 
2.156 

(0.722) 

2.229 

(0.690) 

Impacts (ITV1 / ITV family) 
-0.000000021 

(0.000000019) 

-0.000000030 

(0.000000016) 

Impacts (C4 / C4 family) 
-0.000000102 

(0.000000040) 

-0.000000127 

(0.000000043) 

Impacts (Five / Five Family) 
0.000000147 

(0.000000065) 

0.000000162 

(0.000000060) 

Impacts (Non PSBs) 
-0.000000187 

(0.000000025) 

-0.000000171 

(0.000000020) 

Lagged prices (t-1) 
0.608 

(0.116) 

0.657 

(0.114) 

Figure 6.3: Comparison of results for different specifications of the advertising demand model for the 

non-PSB channel grouping [Source: Analysys Mason, BrandScience] 
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As shown in Figure 6.3, the results between the final specification and the specification including 

the „June 2002‟ dummy variable are not significantly different. Similar to our tests regarding the 

concerns on the omitted variable bias, reported in Section 5.1, our test for differences between the 

coefficients does not provide any significant results at the 5% level.21 

Given the timing of the outlier, we suspected that this outlier might be caused by the Football 

World Cup in Japan and South Korea in June and July 2002. We further tested all channel 

groupings for a general „World Cup 2002‟effect but did not find a significant effect for any of the 

specifications. This is in contrast to the „World Cup 2006‟ effect, which has been included in the 

final model specification through two monthly dummies (June 2006 and July 2006).  

Given that a consistent effect for June 2002 could not be identified across our channel groupings, 

we have not included June 2002 in the final model specification. As shown in Figure 6.3, this does 

not introduce a bias to our estimates.  

6.1.4 Conclusions  

Based on the results of the standard tests, our data appears to be fit for use in an econometric 

analysis: 

 The PP unit root tests lend strong support to our assumption that our time-series data is 

stationary. 

 The tests for autocorrelation and heteroskedasticity show that there is very limited evidence 

for any concerns regarding these two issues. We have further introduced Newey-West 

standard errors as an additional safeguard mechanism.  

 The main concern was with regard to the results of the Jarque-Bera test for normality for the 

non-PSB channel grouping. We initially failed the normality tests for this single channel 

grouping, as shown in Figure 6.2. This was based on a single outlier in June 2002. We tested 

whether this outlier would cause a bias in our estimates, but based on the results presented in 

Figure 6.3, we could reject this hypothesis. We were also unable to find a significant effect for 

this particular month across the other channel groupings and therefore decided not to include 

this variable in our final model specification. 

6.2 Development of the final functional form 

In our model development process, a wide range of alternative functional forms were investigated 

to determine the model specification which would provide the best fit with the UK advertising 

demand market. In carrying out this analysis, we focused in particular on different permutations of 

the functional form based on three aspects: 

                                                   

21
  We note that our conclusions hold at the 10% level, i.e. we are unable to reject the null hypothesis. Again, this reduces the risk of a 

Type II error. 
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 the choice of lag structure 

 the transformation of explanatory factors 

 the choice of a linear model versus logarithmic specifications 

We discuss our approach to each of these aspects in more detail below. Given the variety of tests 

applied, there is an extensive range of different outputs and it is not feasible for us to list the 

specific results to these tests. 

6.2.1 Choice of lag structure 

When testing for the correct lag structure (for both, prices and impacts), we followed a general-to-

specific approach. In particular, we followed two main steps: 

 we included a sufficient number of lags to rule out evidence of autocorrelation (using the 

Breusch-Godfrey test) in conjunction with reasonable limits, given the frequency of the data. 

In the case of our model, this meant that we restricted our analysis to a maximum of 12 lags. 

 we consequently dropped the lagged variables based on two conditions: 

– we ensured that autocorrelation would not be re-introduced by dropping the variables 

(again, we applied the Breusch-Godfrey test at different stages) 

– we based our model selection on a combination of individual significance tests as well as 

considering standard model selection criteria such as the adjusted r-squared, the Akaike 

Information Criteria (AIC) and the Schwarz Bayesian Criteria (SBC). 

During the model specification phase, different factors were tested, such as alternative lags and 

different combinations of lags. These were placed and replaced in the model with the final lag 

structure being selected by comparing the results obtained from the model selection criteria. 

There is a clear rationale underlying the use of model selection criteria. Regardless of its actual 

significance, adding an independent variable to a model necessarily improves the fit of the model. 

However, it was important to assess whether this incremental variable in fact increases the fit of 

the model „well enough‟ to justify its inclusion. This was the purpose of using the model selection 

criteria. For example, the formula regarding the AIC is AIC = 2k + n [ln(RSS)], where k represents 

the  number of variables, n the number of observations, and RSS the sum of squared residuals. 

Adding parameters will increase k but reduce RSS. Throughout our model specification, we 

generally chose the model with the lowest AIC. 

In addition to this, we also tested the forecasting ability of the final model specification to provide 

a further robustness check. As the equations included lagged dependent variables, we used a 

dynamic, multi-step forecast starting from the first period in the forecast sample. The forecast 

sample used was generally based on the last 6-months of data available to us. The assessment of 

the forecasting power of the model specifications was based on the root mean square error, the 

mean absolute (%) error and the Theil inequality coefficient. Further to this, we also considered 

the bias proportion (distance of mean of the forecast from the mean of the actual), variance 
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proportion (difference in variation of forecast to actual) and the covariance proportion (remaining 

unsystematic forecasting errors) to assess the accuracy of the final model specification. 

6.2.2 Transformation of explanatory variables 

In addition to the lag structure, we also assessed whether transforming any of the explanatory 

variables would improve the fit of our model. Typical transformations include applying squares of 

the factors or developing interaction variables.  

We used the same stepwise approach as with the lag structure, and assessed whether the inclusion 

of an additional parameter was justified using conditions such as the individual significance of 

variables, the adjusted r-squared, the AIC and SBC. 

6.2.3 The choice of linear model versus a logarithmic specification 

Further to the testing regarding the correct lag structure and the transformation of explanatory 

variables, we also assessed whether to use a linear regression model or a logarithmic regression 

(log-log or log-linear) as this is a topic often raised in econometrics. The specific use of a 

specification including logs will often be suggested by particular behaviour of the data or due to 

concerns about heteroskedasticity. 

Neither of these concerns evolved in our model. Nevertheless, we assessed the question on the 

correct specification using the MacKinnon, White, Davidson (MWD)
22

 test. This test applies the 

following steps: 

 It obtains the fitted values of the dependent variable,  ̂, through an estimation of a linear 

model. 

 It obtains the fitted values of the log of the dependent variable, log   ̂, through an estimation of 

the log-linear (or log-log) model. 

 It calculates a difference, δ1, by subtracting the  ̂ from log  ̂. 

 It regresses the original dependent variable y on the matrix of independent variables, X, and 

the obtained δ1. If the coefficient on δ1 is significant, the hypothesis the linear form is 

appropriate can be rejected. 

 Following this, it calculates a second difference, δ2  = antilog(δ1). 

 It again regresses the original dependent variable y on the matrix of independent variables, X, 

and the obtained δ2. If the coefficient on δ2 is significant, the hypothesis the log-linear (or log-

log) form is appropriate can be rejected. 

Using this test, we established that the linear functional form was preferred over a log-linear or 

log-log model specification. 

                                                   

22
 MacKinnon, White and Davidson (1983), 'Tests for Model Specification in the Presence of Alternative Hypothesis; Some Further 

Results, Journal of Econometrics, Vol. 21. 
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7 The viewer demand model 

In this section, we discuss some concerns raised by the FTI and Barwise reports regarding the 

viewer demand model. 

The Barwise report argues the viewing model did not address the policy question about the long-

term impact on channel viewing of changing the amount of airtime on each channel. It argues that 

the viewing model serves only to estimate the extent to which, for regular programmes, individual 

episodes with more commercials have lower ratings than episodes of the same programme with 

fewer commercials. The report goes on to argue that there is no reliable way of extrapolating a 

short-term episode effect to address the long-term channel level policy question. It also highlights 

that ratings of limited-run series often exhibit a positive or negative trend over time, and argues 

that Analysys Mason therefore probably underestimated the viewer responses, although conceding 

that the response is likely to be small in any case.  

The FTI report points out that there was no computer output and no reporting of standard 

diagnostic tests for the viewer demand model in the Report. It also argues the model was likely to 

suffer from omitted variable bias in that it did not control for competing programmes. 

In order to address these issues, this section focuses on the two main points of criticism and 

discusses:  

 The Barwise report concerns on how our viewer demand model addresses the policy question 

about the long term impact of airtime changes on channel viewing in Section 7.1. 

 The FTI report concerns on the way in which the model controls for competing programmes 

and the econometric outputs from the model in Section 7.2 

These issues are discussed in more detail below. 

7.1 How the viewer demand model addresses the policy question 

We understand the point being made in the Barwise report about short-term episode effects versus 

long-term channel level effects. However, we believe that there is an important trade-off to be 

made in this regard. 

We could have tried to measure the long-run effects of changes in advertising minutes by 

examining how households shift their viewing in response to the kinds of aggregate numbers of 

advertising minutes we see on particular programmes. For example, we could ask the 

counterfactual question: How many people would still watch a programme that now receives an 

average of 7 minutes of advertising per hour if the amount of advertising increased to 12 minutes 

per hour?  
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In order to address this question we could have looked at the viewing behaviour associated with 

programmes that have 12 minutes of advertising per hour. This would, in theory, be a valid 

approach if the number of advertising minutes was randomly assigned to programmes and we 

could control for differences in programme quality. However, that is clearly not the case. As a 

general rule, more popular programmes tend to air more advertising minutes than less popular 

ones. Therefore, if we ran a regression of viewing on advertising minutes we might even find a 

positive relationship. If one wasn't careful, one may be able to conclude that viewers actually enjoy 

watching advertising. 

Of course, in reality, we do not believe that there is a positive relationship here. What is going on 

is that there are likely to be important unobserved „quality‟ measures of a programme‟s 

attractiveness to viewers that econometricians cannot measure, but which are known to both 

viewers and broadcasters. For a high-quality show, more viewers watch and broadcasters advertise 

more. Not being able to account for this unobserved show-quality effect would therefore 

(positively) bias the causal effect of advertising on viewing. 

In our model, we solve this problem by introducing programme dummy variables (in the same way 

that Wilbur23 did in his work. This controls for constant-across-time aspects of the quality of a 

programme and identifies the effects of advertising on viewing by the variation in ratings across 

time according to whether there are greater or fewer minutes of advertising on a given programme. 

The trade-off mentioned above therefore relates to the inclusion of programme dummy variables. 

The inclusion of these programme dummy variables allows for a much more accurate 

identification of the true effect of advertising minutes on viewing. While it is true that we have 

identified what the Barwise report calls “short-term effects”, we believe that, in the circumstances, 

a well-identified, short-run effect would still be an appropriate method for addressing the 

particular policy issue under consideration. Furthermore, we consider that there would be a 

number of issues concerning the accurate identification of the long-run effect of advertising 

suggested by Barwise. For example, it is not at all clear what instruments one could use. 

The Barwise report also raised the point that it is likely that we underestimate the viewer response, 

as ratings of limited-run series often exhibit a positive or negative trend over time. This argument 

picks up on the point raised before, that if a broadcaster places more advertising minutes on a 

highly rated programme, this will induce a positive correlation between the viewing demand error 

(representing the increase in ratings over time not captured by the model) and the number of 

advertising minutes. This is likely to yield a positive bias on the slope coefficient.  

Again, this suggests that there might be endogeneity concerns with our model. As mentioned in 

Section 4.2.2 of the Report, we tested for this type of endogeneity. We failed to reject the 

hypothesis of exogeneity, implying that it is very unlikely that any such trends would have a 

                                                   

23
 K. C. Wilbur(2008), A Two-Sided, Empirical Model of Television Advertising and Viewing Markets, Marketing Science, 27 (3), 356–

378. 
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material effect on our conclusion that viewer responses to any changes in advertising minutage 

would have an economically significant effect on the UK TV advertising market. 

In addition, we also note that the magnitude of the short-run effect is so small that it isn't 

economically meaningful to consider the impact of advertising on viewing further in the context of 

this study. 

7.2 How the viewer demand model controls for competing programmes 

The FTI report argues that the model is likely to suffer from omitted variables bias in that it did not 

control for competing programmes. This is incorrect in that the viewer demand model did account 

for the effects of competing programmes through the use of the dummy variables which were 

referred to in the Report but were not discussed in detail. The way that these dummy variables 

work is that series of programmes that get higher ratings on average will be estimated to have 

higher dummy variables. For instance, if the scheduling of programmes changed and one such 

series of programmes moved to another time-slot, then the model would predict lower viewing for 

other programmes in that time slot due to the presence of the stronger competing programme.  

In terms of outputs from the viewer demand model, Figure 5.7 in the Report contains the most 

relevant econometric outputs for the viewing demand model. We provide a more extensive 

overview of the outputs of the viewer demand model in Annex B. In order to be mindful of the 

length of our document, and due to their limited intuitive meaning, we have not reproduced the 

individual coefficient for each evaluated programme as part of this report. 

The main standard diagnostic test that needed to be carried out was a normality test. The results of 

this test are shown in Figure 7.1 below. 

 PSB – Peak PSB – Off-Peak Non-PSB – Peak Non-PSB – Off-

Peak 

Panel size 7540 64 057 28 646 198 583 

Skewness -0.345 -0.963 -1.112 -0.997 

Kurtosis 6.103 7.607 11.256 5.919 

Jarque-Bera 3175.081 66546.96 87259.39 103373.1 

Probability 0.000 0.000 0.000 0.000 

Figure 7.1: Normality tests for viewer demand model [Source: Analysys Mason, Brand Science] 

The results show that the test was not passed due to concerns about the shape of the distribution of 

the residuals. In particular, the Jarque-Bera test for normality failed for all four specifications of 

the viewer demand model. Further to that, we have not carried out further tests for autocorrelation 

or heteroskedasticity. However, we would like to highlight that OLS estimates remain unbiased in 

the presence of non-normality, heteroskedasticity, and auto-correlation (conditional on the correct 

specification of the functional form). In particular, 
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 heteroskedasticity and auto-correlation will only influence the correct calculation of the 

standard errors. As we are not using the results of the model to generate any point estimates 

from our results, these tests were not a primary concern to us.  

 with regard to the functional form, we have focused on the Logit model (with a Probit), as it is 

a standard model for discrete decision-making by a population of households. Logit models 

are often criticised because they require cross-price elasticities to only be a function of the 

market shares in the market. For example, if Sky One broadcasts an unattractive programme, a 

Logit model would predict that most people would go to ITV1 because it has the largest 

viewer share in the data, even if there was another broadcaster which was likely a closer 

substitute for Sky One. However, this critique is not particularly relevant as the focus of our 

viewing demand model is to understand the likely own-price elasticities. In this context, the 

Logit model represents a simple model that allows us measure the relevant effects in a credible 

way. 

 finally, as mentioned by Greene,24 "it should be noted that the [normality] test is essentially 

non-constructive. A finding of non-normality does not necessarily suggest what to do next."  

The outputs of the viewer demand model showed very limited effects on audiences for a 

programme given an increase in advertising. Combining this aspect with the three points 

mentioned above, , we concluded that the effects were so small that they were highly unlikely to 

impact Ofcom‟s policy analysis to any significant extent and did not pursue any further alternative 

specifications for the viewer demand model.  

                                                   

24
  W. H. Greene (1997), Econometric Analysis, Prentice Hall, 3

rd
 Edition, p.309. 
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8 Clarifications on long-run price inverse elasticities and 

confidence intervals 

In addition to the points raised in the reports by Professor Barwise and the FTI, which are 

discussed in the sections above, we have discussed with Ofcom a small number of questions 

concerning the derivation of the long-run price inverse elasticities. In this section, we therefore 

provide a number of clarifications on three additional topics: 

 our methodology to derive the long-run price inverse elasticities 

 conceptual concerns on the use of the long-run price inverse elasticities 

 the treatment of PSB portfolio channels. 

8.1 Derivation of long-run price inverse elasticities 

Section 5.1.3 of the Report presents the short-run and long-run price inverse elasticities for our 

main channel groupings. The short-run price inverse elasticity was derived using standard 

economic theory, assessing the immediate effect of a percentage change in the supply of 

commercial impacts on a percentage change in the price of commercial impacts. The derivation 

was based on the results of our advertising demand model.  

Consequently, the long-run price inverse elasticity was derived from this short-run price inverse 

elasticity using a specific conversion factor based on the size of the coefficients for the identified 

price lags. In the following, we will describe the applied methodology and our underlying key 

assumptions in more detail. 

The short-run inverse elasticity, εSR,  is defined as follows: 

,                                          (1) 

with prices in the short-run, pSR, being defined as: 

pSR = α + β1×q+(…).25                                (2) 

Differentiating this equation with respect to quantity, q, leads to: 

.                                                     (3) 

As a result, if follows that: 

                                                   

25
 The term (…) covers all other independent variables which are not related to prices and quantities as well as the error term. 
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.                                               (4) 

In contrast, the long-run inverse elasticity, εLR,  is defined as: 

,                                           (5) 

with prices in the long-run, pLR, being defined as: 

pLR = α + β1×q+ β2×pt-1 + β3×pt-2 +(…)25.   (6) 

At this stage, we apply our main assumption that prices will converge to a single equilibrium price, 

pLR, in the long-run. This implies that: 

pLR=  pt-1 = pt-2 = pt-3 =…                                (7) 

Using the assumption expressed in Equation (7), we can simplify Equation (6) to: 

pLR = α + β1×q + β2× pLR + β3× pLR +(…).      (8) 

Solving Equation (8) for the long run equilibrium pLR gives: 

.                                             (9) 

Deriving Equation (9) with respect to quantity, q, leads to: 

.                                                   (10) 

Inserting Equation (10) into Equation (5) provides: 

.                                             (11) 

Using the definition of the short-run inverse elasticity, as defined in Equation (4), provides the 

final formula for the long-run inverse elasticity, which we have applied in the Report  

 .                                                  (12) 

Please note that the calculations are specific to our model specification with two lagged variables. 

In theory, additional price lags to the ones identified by our equation could be added to Equation 

(12), following the same logic presented above.  

There is a potential debate as to whether insignificant price lags should be included in the 

derivation of the long-run inverse elasticities. We agree that in cases where our demand equation 

provides an insignificant coefficient β3 for the non-PSB specification, this should be included 
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because the value of this coefficient is implicit in the estimation of the β2 coefficient. However, 

our specification for the non-PSB channels does not include any coefficient for the second 

monthly price lag (as shown in Figure D.13 in the Report). Therefore, the β3 coefficient could not 

be included for the non-PSB grouping.  

8.2 Conceptual clarifications on long-run price inverse elasticities 

Discussion of the long-run price inverse elasticities 

Standard economic theory suggests that long-run demand curves are typically more elastic than 

short-run demand curves. This is due to the fact that people can more easily adjust their behaviour 

in the long-run than in the short-run. They can consume less when facing higher prices or buy 

more when facing low prices in the long-run. However, when considering our estimates for the 

long-run price inverse elasticities, we find that these are less elastic than the short-run price inverse 

elasticities for ITV1 and the non-PSB channel grouping. While the effect is negligible for ITV1 

(point estimate of -1.05 for the short run compared to -1.075 in the long-run), it is more significant 

for the non-PSB channel grouping.  

As shown in Figure 5.4 of the Report, the long-run, own-price inverse elasticity for the non-PSB 

channel grouping is significantly larger than the price inverse elasticities for all other channels. 

This is due to the fact that, in contrast to all other channel groupings, our final advertising demand 

model specification for the non-PSB channels provided a relatively large coefficient, β2, for the 

first month price lag,26 but did not identify a significant coefficient for the price lag in the second 

month, β3. As is practically always the case in time series modelling, the coefficient β2 for this 

lagged parameter was between 0 and 1. It is therefore not surprising – at least from an econometric 

perspective – that the term 1- β2-β3 is significantly smaller for the non-PSB channel grouping than 

for all other channel groupings. Looking at Equation (12), it follows that the resulting long-run 

price inverse elasticity for the non-PSB channel grouping will be significantly smaller than for all 

other groupings. 

Based on this result – which is understandable from an econometric perspective, but not intuitive 

from an economic perspective – we recommend that Ofcom should carry out some sensitivity 

testing based on the confidence intervals for the non-PSB channel grouping provided in Section 

3.2 (and Figure 3.14 in particular). We note that the upper bound for this interval in the IV 

specification is indeed elastic, which would follow the logic explained above. 

8.3 The treatment of the portfolio channels 

The own-price inverse elasticity for each of the PSB portfolio channels was derived through a 

process of „backing-out‟, as described in Section 5.1.3 of the Report. The „backing out‟ of 

coefficients was required as we were unable to derive significant results when assessing the 

                                                   

26
 A value of about 0.61 compared to values of around 0.2 – 0.3 for all other channel groupings. 
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portfolio channels as individual channel groupings. The process of „backing out‟ uses the directly 

estimated coefficients for the PSB flagship channels and the PSB channel families to estimate an 

indirect coefficient for the PSB portfolio channels.  

We are conscious that the process of „backing out‟ is not as academically rigorous as the direct 

estimates derived from our econometric analysis. We have, therefore, limited the „backing out‟ of 

coefficients to the „own-quantity‟ coefficients (i.e. the estimated effect of a change in the 

commercial impacts for a group of portfolio channels on the price for that portfolio channel 

group). This decision was based on the fact that there is a clear allocation metric for this particular 

coefficient, namely the share of commercial impacts in the overall channel family. For other 

coefficients, such as the coefficient capturing the effect of price lags on the price of a channel, it is 

less clear what the appropriate allocation metric would be. We have consequently refrained from 

„backing out‟ any other parameters.  

From this decision, it follows that we were not able to derive the following estimates for the PSB 

portfolio channels: 

 Long-run price inverse elasticities. This would require an estimation of the effect of the 

relevant price lag coefficients for the PSB portfolio channels. 

 Confidence intervals for short-run price inverse elasticities. This would require an estimation 

of the standard error associated with the backed-out quantity coefficients. 
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9 Conclusion 

In this report, we have investigated in detail some of the concerns raised by the Barwise and FTI 

reports. Although those concerns do raise important issues (noting that Ofcom had asked us to 

focus on six main issues) we believe that appropriate care has been taken in our modelling 

approach. 

In summary: 

 We believe that conceptually, our advertising demand model is well-suited to analyse the UK 

advertising market. In our view, the expected price of commercial impacts is the key driver 

behind any commercial negotiations between channels and advertisers, and that advertisers‟ 

budgets (and thus prices) will vary, depending on developments in the supply of commercial 

impacts, demand by advertisers and other key variables. 

 We acknowledge that features of the advertising market may introduce measurement error into 

both prices and impacts in our econometric specification. We account for the potential biases 

this can cause by estimating further IV specifications using lagged impacts as instruments for 

impacts. This is appropriate, as these are the same variables used by industry participants when 

forming expectations of commercial impacts necessary to make decisions in the market. Our 

approach is further supported by the results of standard (first-stage and over-identification) 

econometric tests for IV estimation. 

– These results are broadly supportive of the conclusion that any bias introduced by 

measurement errors is likely to be small. For the vast majority of the key parameters, we 

cannot reject the hypothesis that the OLS and IV estimates are the same. Furthermore, 

recalculating the price inverse elasticities at the heart of the analysis exclusively using the 

IV estimates provides broadly similar results, in both the short-run and the long-run, the 

only difference being a prediction that demand for non-PSB channels is marginally elastic 

instead of marginally inelastic. 

 We do not believe that there is strong evidence to suggest that our advertising demand model 

suffers from endogeneity. Looking at a range of different approaches (time-lagged variables, 

general instruments such as temperature and BBC viewing), the results of various Hausman 

tests provide some support for our assumption of exogeneity. We found strong evidence for 

our assumption based on the use of time-lagged variables, as reported above. With regard to 

our testing using general instruments, we found further strong support for ITV1 but had to 

reject the assumption of exogeneity at the 5% level for the non-PSB grouping. For C4 and 

FIVE, we were unable to identify a suitable number of general instruments. 

 The results of our analysis do not support the claims voiced by the FTI report that our model 

suffers from omitted variable bias. Furthermore, we are satisfied that aggregating all non-PSB 



Supplementary report on the econometric analysis of the TV advertising market  |  49 

 

Ref: 18602-94 . 

channels into one channel grouping is appropriate in terms of the use of the model, the 

mechanics of the market, and the data available. 

 Standard econometric tests show that our assumptions of stationarity, normality, as well as the 

non-existence of autocorrelation and heteroskedasticity in the advertising demand model are 

valid. 

 There remain some conceptual concerns regarding the viewer demand model. However, we 

believe that these concerns are not material, due to the fact that any viewing effect is highly 

likely to be small (as has been acknowledged by the Barwise report). Most importantly, we 

believe that the model does address the correct questions and does control for competing 

programmes. 

Hence, while there are some areas where we could not provide fully conclusive evidence in favour 

of our assumptions, we have provided sufficient evidence, often both theoretical and practical, to 

lend support to our modelling assumptions.  

We therefore continue to believe that the conclusions concerning the validity of our econometric 

approach to modelling the UK TV advertising market are not materially affected. Our model is 

both conceptually appropriate and sufficiently accurate for Ofcom to rely on as one of several tools 

for the purposes of informing its policy analysis.  

However, we recommend that Ofcom addresses some of the remaining uncertainty through 

sensitivity testing in its policy analysis. To that end, this report provides a range of relevant point 

estimates, such as the range of price inverse elasticities provided in Section 3.2. These additional 

test outputs can be used as sensitivity inputs to Ofcom‟s modelling process. Understanding 

whether these sensitivities affect the qualitative conclusions of the policy analysis should be an 

important input to Ofcom‟s decision making process.  
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Annex A: The risk of a measurement error – additional test results 

In this Annex, we provide further outputs which are relevant to our argument made in Section 3.2 

concerning the question on the existence and impact of a measurement error.  

In particular, the following tables will summarise the key results of the first-stage regressions 

carried out in this modelling process. These will highlight the strong significance of individual 

instruments across some of those equations for which we did not find joint significance across all 

instruments (reported in Figure 3.3.). This is to provide further evidence supporting our claim that 

we are confident to find a set of instruments that would be jointly significant across all 16 

instances in Figure 3.3. 

The results in the following figures provide the first stage results (FS1 to FS4) for each of the four 

channel groupings. 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Sign   

(ITV1 – 1month lag) 

+ + - - 

Probability 

(ITV1 – 1month lag) 

0.0023 0.4283 0.4017 0.4675 

Sign   

(C4 – 1month lag) 

+ + - - 

Probability 

(C4 – 1month lag) 

0.7364 0.0015 0.0028 0.1664 

Sign   

(Five – 1month lag) 

+ + + + 

Probability 

(Five – 1month lag) 

0.0036 0.0060 0.0000 0.1437 

Sign   

(Rest of market – 1month 

lag) 

- - - + 

Probability 

(Rest of market – 1month 

lag) 

0.0139 0.0568 0.4482 0.3914 

Sign   

(ITV1 – 2month lag) 

+ + + + 

Probability 

(ITV1 – 2month lag) 

0.1669 0.4852 0.1516 0.4672 

Sign   

(C4 – 2month lag) 

+ + + + 

Probability 

(C4 – 2month lag) 

0.0004 0.9331 0.3452 0.7633 

Sign   

(Five – 2month lag) 

- - - - 

Probability 

(Five – 2month lag) 

0.1190 0.0011 0.6989 0.0832 

Sign   

(Rest of market – 2month 

lag) 

- + + + 

Probability 

(Rest of market – 2month 

lag) 

0.3359 0.4443 0.3258 0.4161 

Sign   

(ITV1 – 12month lag) 

+ - + + 

Probability 

(ITV1 – 12month lag) 

0.0120 0.0055 0.6579 0.0271 

Sign   

(C4 – 12month lag) 

- + + + 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Probability 

(C4 – 12month lag) 

0.2827 0.0111 0.1966 0.5473 

Sign   

(Five – 12month lag) 

- - + - 

Probability 

(Five – 12month lag) 

0.0148 0.9078 0.1726 0.6358 

Sign   

(Rest of market – 

12month lag) 

+ + + + 

Probability 

(Rest of market – 

12month lag) 

0.0588 0.0399 0.9691 0.0001 

Figure A.1: Results of the first stage regressions for the IV specification for ITV1 [Source: Analysys 

Mason, Professor Gregory Crawford] 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Sign   

(ITV1 – 1month lag) 

+ + + - 

Probability 

(ITV1 – 1month lag) 

0.4699 0.6825 0.7149 0.7197 

Sign   

(C4 – 1month lag) 

+ + - - 

Probability 

(C4 – 1month lag) 

0.1300 0.1761 0.0478 0.2521 

Sign   

(Five – 1month lag) 

+ + + + 

Probability 

(Five – 1month lag) 

0.0063 0.0008 0.0002 0.5818 

Sign   

(Rest of market – 1month 

lag) 

- - - + 

Probability 

(Rest of market – 1month 

lag) 

0.4950 0.3732 0.5208 0.1476 

Sign   

(ITV1 – 2month lag) 

+ - - - 

Probability 

(ITV1 – 2month lag) 

0.6985 0.9276 0.6553 0.7820 

Sign   

(C4 – 2month lag) 

+ + + + 

Probability 

(C4 – 2month lag) 

0.0115 0.3887 0.2401 0.2458 

Sign   

(Five – 2month lag) 

- - - - 

Probability 

(Five – 2month lag) 

0.9202 0.1218 0.8328 0.6595 

Sign   

(Rest of market – 2month 

lag) 

+ - + - 

Probability 

(Rest of market – 2month 

lag) 

0.1189 0.6949 0.1557 0.9597 

Sign   

(ITV1 – 12month lag) 

+ - + + 

Probability 

(ITV1 – 12month lag) 

0.1249 0.1483 0.5674 0.3358 

Sign   

(C4 – 12month lag) 

- + + + 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Probability 

(C4 – 12month lag) 

0.7343 0.2902 0.1891 0.6008 

Sign   

(Five – 12month lag) 

- + - - 

Probability 

(Five – 12month lag) 

0.0214 0.3262 0.9832 0.5952 

Sign   

(Rest of market – 

12month lag) 

+ + - + 

Probability 

(Rest of market – 

12month lag) 

0.0962 0.0467 0.4262 0.0003 

Figure A.2: Results of the first stage regressions for the IV specification for C4 [Source: Analysys 

Mason, Professor Gregory Crawford] 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Sign   

(ITV1 – 1month lag) 

+ + + - 

Probability 

(ITV1 – 1month lag) 

0.0106 0.7477 0.7357 0.1073 

Sign   

(C4 – 1month lag) 

+ + - - 

Probability 

(C4 – 1month lag) 

0.0818 0.0463 0.0085 0.1426 

Sign   

(Five – 1month lag) 

+ + + + 

Probability 

(Five – 1month lag) 

0.5604 0.2984 0.0006 0.4507 

Sign   

(Rest of market – 1month 

lag) 

- - - + 

Probability 

(Rest of market – 1month 

lag) 

0.0090 0.4253 0.3359 0.0015 

Sign   

(ITV1 – 2month lag) 

+ + + + 

Probability 

(ITV1 – 2month lag) 

0.2346 0.9389 0.4834 0.6824 

Sign   

(C4 – 2month lag) 

+ - + + 

Probability 

(C4 – 2month lag) 

0.0229 0.5218 0.4195 0.2727 

Sign   

(Five – 2month lag) 

+ - - - 

Probability 

(Five – 2month lag) 

0.4037 0.4998 0.8217 0.4602 

Sign   

(Rest of market – 2month 

lag) 

- + + + 

Probability 

(Rest of market – 2month 

lag) 

0.9313 0.9917 0.1846 0.1919 

Sign   

(ITV1 – 12month lag) 

+ + + + 

Probability 

(ITV1 – 12month lag) 

0.3914 0.7664 0.2581 0.4171 

Sign   

(C4 – 12month lag) 

+ + + + 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Probability 

(C4 – 12month lag) 

0.0739 0.0655 0.1822 0.7642 

Sign   

(Five – 12month lag) 

- + + + 

Probability 

(Five – 12month lag) 

0.0267 0.1172 0.3298 0.9005 

Sign   

(Rest of market – 

12month lag) 

+ - - + 

Probability 

(Rest of market – 

12month lag) 

0.2007 0.9842 0.2885 0.0398 

Figure A.3: Results of the first stage regressions for the IV specification for Five [Source: Analysys 

Mason, Professor Gregory Crawford] 
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 Impacts  

(ITV1 – FS1) 

Impacts  

(C4 – FS2) 

Impacts  

(Five – FS3) 

Impacts  

(Rest of market – 

FS4) 

Null hypothesis: The specified instrument is insignificant 

Sign   

(ITV1 – 1month lag) 

+ - + + 

Probability 

(ITV1 – 1month lag) 

0.0000 0.4955 0.4356 0.5246 

Sign   

(C4 – 1month lag) 

+ + - + 

Probability 

(C4 – 1month lag) 

0.1851 0.3231 0.0146 0.8029 

Sign   

(Five – 1month lag) 

+ + + + 

Probability 

(Five – 1month lag) 

0.0360 0.0164 0.0000 0.3898 

Sign   

(Rest of market – 1month 

lag) 

- - - + 

Probability 

(Rest of market – 1month 

lag) 

0.1033 0.3462 0.0547 0.7028 

Sign   

(ITV1 – 12month lag) 

+ - + + 

Probability 

(ITV1 – 12month lag) 

0.4833 0.3460 0.2546 0.0612 

Sign   

(C4 – 12month lag) 

+ + + + 

Probability 

(C4 – 12month lag) 

0.6146 0.0641 0.5583 0.6505 

Sign   

(Five – 12month lag) 

- - + + 

Probability 

(Five – 12month lag) 

0.3816 0.2574 0.1330 0.5883 

Sign   

(Rest of market – 

12month lag) 

+ + + + 

Probability 

(Rest of market – 

12month lag) 

0.0036 0.0309 0.3439 0.0000 

Figure A.4: Results of the first stage regressions for the IV specification for the non-PSB grouping 

[Source: Analysys Mason, Professor Gregory Crawford] 
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Annex B: Outputs of viewer demand model 

OLS Regression output 

Dependent Variable: Market share of a programme (Non-PSB channels in off-peak hours) 

Method: Least Squares 

Periods included 3505 

Cross-sections included 5845 

Total observations 198 583 

 

 Coefficient Std. Error t-Statistic Prob.   

Constant -7.7599 0.0170 -455.4819 0.0000 

Advertising minutes -0.0236 0.0012 -19.1764 0.0000 

Time (0.30) -0.2622 0.0185 -14.2047 0.0000 

Time (1.00) -0.4540 0.0195 -23.2404 0.0000 

Time (1.30) -0.7110 0.0202 -35.2222 0.0000 

Time (2.00) -0.9302 0.0210 -44.3049 0.0000 

Time (2.30) -1.1489 0.0218 -52.7904 0.0000 

Time (3.00) -1.3873 0.0232 -59.7701 0.0000 

Time (3.30) -1.3730 0.0239 -57.4067 0.0000 

Time (4.00) -1.4794 0.0259 -57.2057 0.0000 

Time (4.30) -1.4821 0.0265 -55.9137 0.0000 

Time (5.00) -1.5581 0.0267 -58.3625 0.0000 

Time (5.30) -1.6976 0.0266 -63.7641 0.0000 

Time (6.00) -1.5028 0.0252 -59.5593 0.0000 

Time (6.30) -1.4212 0.0242 -58.7034 0.0000 

Time (7.00) -1.0257 0.0232 -44.2053 0.0000 

Time (7.30) -0.9336 0.0225 -41.5789 0.0000 

Time (8.00) -0.7733 0.0220 -35.1494 0.0000 

Time (8.30) -0.8258 0.0214 -38.5682 0.0000 

Time (9.00) -0.5697 0.0211 -26.9797 0.0000 

Time (9.30) -0.4209 0.0212 -19.8750 0.0000 

Time (10.00) -0.1939 0.0207 -9.3610 0.0000 

Time (10.30) -0.1648 0.0206 -8.0059 0.0000 

Time (11.00) -0.1301 0.0204 -6.3764 0.0000 

Time (11.30) -0.0758 0.0204 -3.7221 0.0002 

Time (12.00) 0.0023 0.0203 0.1120 0.9109 

Time (12.30) 0.0498 0.0203 2.4558 0.0141 

Time (13.00) 0.1134 0.0203 5.5943 0.0000 

Time (13.30) 0.1300 0.0202 6.4231 0.0000 

Time (14.00) 0.2393 0.0200 11.9575 0.0000 

Time (14.30) 0.2563 0.0201 12.7842 0.0000 
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Time (15.00) 0.3500 0.0200 17.5122 0.0000 

Time (15.30) 0.4210 0.0200 21.0478 0.0000 

Time (16.00) 0.5489 0.0201 27.3629 0.0000 

Time (16.30) 0.6442 0.0201 32.1037 0.0000 

Time (17.00) 0.7418 0.0203 36.6001 0.0000 

Time (17.30) 0.7764 0.0205 37.8658 0.0000 

Time (23.00) 0.5915 0.0190 31.1208 0.0000 

Time (23.30) 0.2621 0.0186 14.1181 0.0000 

January 0.1778 0.0106 16.7180 0.0000 

February 0.1404 0.0107 13.1044 0.0000 

March 0.0665 0.0104 6.4084 0.0000 

April 0.0338 0.0104 3.2579 0.0011 

May 0.0428 0.0102 4.1857 0.0000 

June 0.0172 0.0104 1.6451 0.1000 

July 0.0770 0.0103 7.4899 0.0000 

August 0.0472 0.0101 4.6633 0.0000 

     

R-squared 0.6916     Mean dependent var -8.0097 

Adjusted R-squared 0.6822     S.D. dependent var 1.6909 

S.E. of regression 0.9533     Akaike info criterion 2.7713 

Sum squared resid 175096.6     Schwarz criterion 3.0739 

Log likelihood -269279.3     Hannan-Quinn criter. 2.8604 

F-statistic 73.3728     Durbin-Watson stat 1.1718 

Prob(F-statistic) 0.0000     Hannan-Quinn criter.  

Figure B.1: Results for programmes shown on non-PSB channels in off-peak hours [Source: Analysys 

Mason, BrandScience]  
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OLS Regression output 

Dependent Variable: Market share of a programme (PSB channels in off-peak hours) 

Method: Least Squares 

Periods included 908 

Cross-sections included 2337 

Total observations 28 646 

 

 Coefficient Std. Error t-Statistic Prob.   

Constant -5.1681 0.0235 -219.9975 0.0000 

Advertising minutes -0.0204 0.0017 -11.9477 0.0000 

Time (0.30) -0.3624 0.0226 -16.0464 0.0000 

Time (1.00) -0.7475 0.0241 -31.0024 0.0000 

Time (1.30) -1.0838 0.0251 -43.2380 0.0000 

Time (2.00) -1.3719 0.0257 -53.4228 0.0000 

Time (2.30) -1.6651 0.0260 -63.9550 0.0000 

Time (3.00) -1.8991 0.0265 -71.7917 0.0000 

Time (3.30) -2.0541 0.0267 -76.8117 0.0000 

Time (4.00) -2.1034 0.0276 -76.0884 0.0000 

Time (4.30) -2.1971 0.0293 -74.9586 0.0000 

Time (5.00) -2.2310 0.0298 -74.8843 0.0000 

Time (5.30) -2.3411 0.0334 -70.1260 0.0000 

Time (6.00) -1.9369 0.0362 -53.5739 0.0000 

Time (6.30) -1.4888 0.0384 -38.7261 0.0000 

Time (7.00) -0.9631 0.0364 -26.4330 0.0000 

Time (7.30) -0.7022 0.0348 -20.1684 0.0000 

Time (8.00) -0.5730 0.0345 -16.6202 0.0000 

Time (8.30) -0.5710 0.0351 -16.2645 0.0000 

Time (9.00) -0.2874 0.0331 -8.6708 0.0000 

Time (9.30) -0.0346 0.0313 -1.1076 0.2681 

Time (10.00) -0.0378 0.0311 -1.2132 0.2251 

Time (10.30) -0.1147 0.0318 -3.6119 0.0003 

Time (11.00) -0.0141 0.0323 -0.4373 0.6619 

Time (11.30) -0.0768 0.0319 -2.4074 0.0161 

Time (12.00) 0.1505 0.0319 4.7184 0.0000 

Time (12.30) 0.1641 0.0305 5.3758 0.0000 

Time (13.00) 0.2474 0.0311 7.9471 0.0000 

Time (13.30) 0.8619 0.0329 26.1681 0.0000 

Time (14.00) 0.7792 0.0323 24.1512 0.0000 

Time (14.30) 0.7691 0.0332 23.1905 0.0000 

Time (15.00) 0.9181 0.0333 27.5636 0.0000 

Time (15.30) 0.9890 0.0331 29.8470 0.0000 

Time (16.00) 1.1798 0.0337 34.9810 0.0000 

Time (16.30) 1.2493 0.0356 35.1145 0.0000 
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Time (17.00) 1.4877 0.0380 39.1033 0.0000 

Time (17.30) 1.6524 0.0355 46.5895 0.0000 

Time (23.00) 1.0155 0.0266 38.1691 0.0000 

Time (23.30) 0.5481 0.0235 23.3401 0.0000 

January 0.1425 0.0119 11.9503 0.0000 

February 0.1626 0.0118 13.8181 0.0000 

March 0.1752 0.0161 10.9091 0.0000 

April 0.0513 0.0116 4.4183 0.0000 

May 0.0330 0.0114 2.8970 0.0038 

June 0.0100 0.0114 0.8771 0.3804 

July 0.0478 0.0112 4.2858 0.0000 

August -0.0112 0.0113 -0.9909 0.3218 

     

R-squared 0.9258     Mean dependent var -5.5157 

Adjusted R-squared 0.9191     S.D. dependent var 1.3808 

S.E. of regression 0.3928     Akaike info criterion 1.0485 

Sum squared resid 4052.1     Schwarz criterion 1.7358 

Log likelihood -12634.4     Hannan-Quinn criter. 1.2695 

F-statistic 137.5726     Durbin-Watson stat 1.5057 

Prob(F-statistic) 0.0000     Hannan-Quinn criter.  

Figure B.2: Results for Programmes shown on PSB channels in off-peak hours [Source: Analysys 

Mason, BrandScience]  
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OLS Regression output 

Dependent Variable: Market share of a programme (Non-PSB channels in peak hours) 

Method: Least Squares 

Periods included 1202 

Cross-sections included 3894 

Total observations 64 057 

 

 Coefficient Std. Error t-Statistic Prob.   

Constant -6.8448 0.0178 -385.1907 0.0000 

Advertising minutes -0.0411 0.0017 -24.4451 0.0000 

Time (18.30) 0.1619 0.0137 11.8156 0.0000 

Time (19.00) 0.2774 0.0156 17.8124 0.0000 

Time (19.30) 0.3682 0.0158 23.2787 0.0000 

Time (20.00) 0.4844 0.0161 30.0355 0.0000 

Time (20.30) 0.5476 0.0163 33.5871 0.0000 

Time (21.00) 0.7418 0.0167 44.4629 0.0000 

Time (21.30) 0.6907 0.0170 40.5363 0.0000 

Time (22.00) 0.6038 0.0177 34.0642 0.0000 

Time (22.30) 0.3998 0.0182 21.9878 0.0000 

January 0.2996 0.0153 19.5352 0.0000 

February 0.3186 0.0154 20.7172 0.0000 

March 0.2713 0.0148 18.2872 0.0000 

April 0.1659 0.0149 11.1197 0.0000 

May 0.0691 0.0147 4.7037 0.0000 

June 0.0422 0.0150 2.8176 0.0048 

July 0.0515 0.0147 3.4979 0.0005 

August 0.0016 0.0144 0.1089 0.9133 

     

R-squared 0.8295     Mean dependent var -6.4941 

Adjusted R-squared 0.8184     S.D. dependent var 1.7015 

S.E. of regression 0.7252     Akaike info criterion 2.2543 

Sum squared resid 31626.9     Schwarz criterion 2.8080 

Log likelihood -68288.3     Hannan-Quinn criter. 2.4257 

F-statistic 74.7927     Durbin-Watson stat 1.3861 

Prob(F-statistic) 0.0000     Hannan-Quinn criter.  

Figure B.3: Results for Programmes shown on Non-PSB channels in peak hours [Source: Analysys 

Mason, BrandScience]  
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OLS Regression output 

Dependent Variable: Market share of a programme (PSB channels in peak hours) 

Method: Least Squares 

Periods included 439 

Cross-sections included 872 

Total observations 7540 

 

 Coefficient Std. Error t-Statistic Prob.   

Constant -3.1138 0.0223 -139.6844 0.0000 

Advertising minutes -0.0122 0.0020 -5.9753 0.0000 

Time (18.30) -0.0965 0.0235 -4.1118 0.0000 

Time (19.00) -0.0493 0.0247 -1.9920 0.0464 

Time (19.30) 0.0540 0.0241 2.2405 0.0251 

Time (20.00) 0.0310 0.0244 1.2683 0.2047 

Time (20.30) 0.1656 0.0246 6.7286 0.0000 

Time (21.00) 0.2293 0.0249 9.1970 0.0000 

Time (21.30) 0.2200 0.0248 8.8544 0.0000 

Time (22.00) -0.0952 0.0247 -3.8534 0.0001 

Time (22.30) -0.3475 0.0228 -15.2536 0.0000 

January 0.3082 0.0170 18.1662 0.0000 

February 0.3086 0.0171 18.0845 0.0000 

March 0.2705 0.0230 11.7488 0.0000 

April 0.1367 0.0163 8.4013 0.0000 

May 0.0165 0.0163 1.0124 0.3114 

June 0.0029 0.0161 0.1836 0.8543 

July 0.0138 0.0157 0.8794 0.3792 

August -0.0128 0.0157 -0.8144 0.4154 

     

R-squared 0.9097     Mean dependent var -3.0504 

Adjusted R-squared 0.8976     S.D. dependent var 0.8207 

S.E. of regression 0.2626     Akaike info criterion 0.2738 

Sum squared resid 458.4     Schwarz criterion 1.0915 

Log likelihood -142.1     Hannan-Quinn criter. 0.5545 

F-statistic 75.3709     Durbin-Watson stat 1.7167 

Prob(F-statistic) 0.0000     Hannan-Quinn criter.  

Figure B.4: Results for Programmes shown on PSB channels in peak hours [Source: Analysys 

Mason, BrandScience]  

 

 


