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1 Introduction

1. I have previously been engaged by Transpower New Zealand Limited to review the material on

the cost of capital in the Commerce Commission’s “Draft Reasons Papers” released as part of

the Input Methodologies project, with a particular focus on how the Commission should deal

with measurement error in its estimates of Transpower’s cost of capital. This work resulted in a

paper entitled “Measurement Error and Regulated Firms’ Allowed Rates of Return”, which was

submitted to the Commission by Transpower (Guthrie, 2010). Transpower has now requested

that I review the paper by Officer and Bishop (2010), and examine its implications for my earlier

work, in the context of the Revised Draft Commerce Act (Transpower Input Methodologies)

Determination 2010 (referred to as the “Revised Draft Determination” below).

2. I am providing my advice in accordance with the Code of Conduct for expert witnesses con-

tained in the High Court Rules, and my curriculum vitae is attached as an appendix to this

report. I do not comment on all issues relating to the Input Methodologies project and no in-

ference should be drawn concerning my views on matters on which I do not comment.

2 Placing the Officer-Bishop and Guthrie submissions in context

3. The Commission has recognised that the costs to society associated with errors in measuring

regulated firms’ cost of capital are asymmetric.1 Specifically, if Transpower’s allowed rate of

return is lower than its cost of capital then it will not be able to recover the full costs associated

with its investment programme, leading to under-investment by Transpower and creating a

relatively large welfare loss. In contrast, if the allowed rate of return is greater than Transpower’s

cost of capital then, while Transpower will have no incentive to under-invest, consumers will

end up paying too much for Transpower’s services; this creates a relatively small welfare loss.

1See, for example, para 59 of the Commission’s Revised Draft Guidelines: The Commerce Commission’s Approach to Esti-

mating the Cost of Capital, where it states that “[a]s a general principle, the Commission considers that the social costs of

setting allowed returns too low likely outweigh the social costs of setting them too high.”
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Average welfare losses can be minimized by setting the allowed rate of return at some point

above the midpoint of the range of plausible values, since this reduces the probability of the

relatively large welfare losses from under-investment, at the cost of increasing the probability

of the relatively small welfare losses from overcharging.

4. This has motivated the Commission to decompose its calculation of Transpower’s allowed rate

of return into two parts.

• Mid-point estimate: First, it calculates a “mid-point estimate” of Transpower’s weighted-

average cost of capital (WACC), using the approach specified in Sections 3.5.1-3.5.4 of the

Revised Draft Determination. The Commission calculates the mid-point estimate using

a series of mathematical formulae that yield a theoretical estimate of Transpower’s cost

of capital from various parameters. Some of these parameters (such as the tax rate) are

observable, but most (for example, a measure of the risk associated with Transpower’s

business, known as the “asset beta”) are unobservable and must be estimated from data

on quantities such as stock returns.

• Measurement-error adjustment: Second, the Commission calculates an increment to re-

flect the asymmetric social costs of measurement error, using the approach described in

Sections 3.5.5-3.5.7 of the Revised Draft Determination. The Commission adds this in-

crement to the mid-point estimate to obtain Transpower’s allowed rate of return. The

appropriate adjustment is largest in situations where there is likely to be the largest mea-

surement error. The Commission has decided to calculate this adjustment using another

series of mathematical formulae, which gives a theoretical estimate of the likely magni-

tude of the measurement error (referred to as the “standard error” of the WACC) in terms

of various parameters that the Commission estimates.

5. The Officer and Bishop (2010) and Guthrie (2010) submissions on behalf of Transpower each

focus on a separate part of this calculation.

• Officer and Bishop (2010) evaluate the Commission’s calculation of the mid-point esti-

mate of Transpower’s WACC and set out their own calculation of this quantity. Officer

and Bishop obtain different values for the mid-point estimate from the Commission be-

cause they make different assumptions regarding the parameters that are input into the

series of mathematical formulae. They adopt the Commission’s approach to calculating

the measurement-error adjustment.

• Guthrie (2010) uses the Commission’s value for the mid-point estimate and focusses in-

stead on evaluating the Commission’s calculation of the measurement-error adjustment

and augmenting it to better capture the measurement error associated with the Commis-

sion’s calculations. I obtain different values for the measurement-error adjustment from

the Commission because I use a more sophisticated approach to calculating the magni-

tude of measurement error and because I do not make several of the Commission’s sim-

plifying assumptions.
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6. Although we investigated the two components of the allowed rate of return separately in our

original submissions, the calculations of the two parts should be performed together since

they share some common parameters. For example, both the mid-point estimate and the

measurement-error adjustment depend on the maturity adopted for the risk-free interest rate.

Since Officer and Bishop use a different maturity from the Commission, my analysis of the

measurement-error adjustment appropriate for the Commission’s mid-point estimate is not

directly applicable to the Officer-Bishop mid-point estimate. Therefore, in this submission I

implement my method for calculating the measurement-error adjustment using the parame-

ter values and assumptions adopted in Officer-Bishop. This provides a more complete picture

of the implications of the analysis in Guthrie (2010) and Officer and Bishop (2010).

3 Understanding the measurement-error adjustment

7. In my original submission I explained that Transpower’s cost of capital at an arbitrary date

within the five-year regulatory cycle can be expressed as the sum of four terms:2

• The Commission’s mid-point estimate of Transpower’s WACC.

• The statistical error associated with the estimated WACC at the start of the current regu-

latory cycle. This error arises because some of the inputs into the Commission’s formulae

are essentially random variables. For example, the estimate of the “equity beta” of a firm

is the slope of the “line of best fit” on a graph showing returns of the firm’s shares on one

axis and returns on a diversified portfolio on the other axis. These two returns evolve un-

predictably, so that the slope of the line of best fit varies with the particular set of returns.

The particular sample used to estimate the equity beta may have an unusually steep re-

lationship in one case and an unusually flat relationship in another. In the first case, the

estimated equity beta will be higher than the true value; in the second case the estimated

equity beta will be lower than the true value. Since many of the inputs into the WACC cal-

culation exhibit such sampling variation, the output—that is, the mid-point estimate of

Transpower’s cost of capital—will also exhibit sampling variation. This variation is what

we mean by the statistical error associated with the cost of capital estimate.

• Intra-cycle variation in Transpower’s actual cost of capital since the start of the current

regulatory cycle. This arises because the Commission’s estimate of Transpower’s cost of

capital is being held constant throughout the entire five years of each regulatory cycle,

while the factors that determine the actual cost of capital—such as the levels of New

Zealand and overseas interest rates and risk premia—fluctuate throughout the period.

Even if the Commission was able to measure Transpower’s cost of capital perfectly at the

start of the regulatory cycle (and it is not able to do so), the inevitable fluctuation in Trans-

power’s cost of capital over the ensuing five years would introduce a wedge between the

Commission’s estimate of the cost of capital and Transpower’s actual cost of capital.

2See para 14-21 of Guthrie (2010).
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• Model error, which is caused by factors that affect Transpower’s actual cost of capital not

being incorporated in the simple theoretical model known as the CAPM. The classical

form of the CAPM, as well as the modification used by the Commission, predicts that the

only aspect of a firm’s risk that affects the expected rate of return required by investors

is so-called “systematic risk”, which is the component of the firm’s net cash flows that is

correlated with the return on the “market portfolio” (the hypothetical portfolio made up

of all risky assets available to investors) and is measured by the quantity known as “beta”.

However, there is extensive empirical evidence showing that other factors also affect in-

vestors’ required rates of return. Such factors include (but are not limited to) various ratios

involving share prices, earnings, asset market values, and asset book values.3

8. Officer and Bishop (2010) deal with the first of these four terms, whereas my original submis-

sion deals with the remaining three.

9. Since the sum of the four terms is Transpower’s actual cost of capital, and the first term is the

Commission’s mid-point estimate of its cost of capital, it follows that the sum of the three re-

maining terms is the measurement error. That is,

measurement error= statistical error+ intra-cycle variation+model error

equals the difference between the Commission’s mid-point estimate of the cost of capital and

Transpower’s actual cost of capital.

10. Measurement error is a random variable. When we refer to its “75th percentile” we mean the

number such that the probability that the measurement error turns out to be less than this

number is 75% and the probability that it turns out to be greater than this number is 25%.

Similarly, the 90th percentile is the number such that the measurement error turns out to be

less than this number with probability 90% and greater than this number with probability 10%.

11. As I show in my original submission (para 7–10 of Guthrie (2010)), if the 75th percentile is cho-

sen as the measurement-error adjustment then, when viewed from the start of each regulatory

cycle, in 25% of the situations in which a firm might try to raise capital during the forthcoming

cycle, that firm will face a cost of capital that exceeds its allowed rate of return; that is, in 25%

of cases, the firm will want to under-invest. This would seem to lead to considerable under-

investment and in my opinion a higher percentile might be appropriate, especially given the

new purpose statement from Part 4 of the Commerce Act 1986, which notes that regulated firms

should “have incentives to innovate and to invest, including in replacement, upgraded, and

new assets” (s.52A(1)(a)). For example, if the Commission adopted the 90th percentile then in

only 10% of cases would the firm have an incentive to under-invest. In my calculations below,

I therefore report the measurement-error adjustments that correspond to the 75th and 90th

percentiles.

12. Of the three components making up the measurement error associated with the Commission’s

cost of capital estimate, the Commission makes an allowance for only one. Specifically, the

3See Fama and French (2004) for a review.
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Commission allows for statistical error, but it makes no allowance for model error and com-

pletely ignores intra-cycle variation in Transpower’s cost of capital. Furthermore, as I explained

in my original submission, the Commission does not calculate the allowance for statistical er-

ror appropriately, partly because it does not calculate the standard errors of the inputs to its

WACC calculation correctly, and partly because it does not combine the individual standard

errors correctly.4

13. The adjustments for statistical error and intra-cycle variation are reasonably straightforward to

estimate, as I demonstrated in my original submission. The magnitude of model error is much

more difficult to quantify. Indeed, I am not aware of any formula that allows it to be calcu-

lated. However, we do know that the magnitude of model error is not zero and that setting it

equal to zero (which is what the Commission implicitly does) will underestimate its true value.

This will in turn lead the Commission to underestimate the appropriate measurement-error

adjustment, which will lead to under-investment occurring more often than is implied by the

chosen percentile. For example, if the Commission uses the 75th percentile, the probability of

under-investment will be larger than 25%, potentially by a substantial margin.

14. I discuss these issues in more detail below. First, I use the method in my original submission to

calculate the measurement-error adjustment that correctly reflects statistical error and intra-

cycle variation. Second, I discuss various sources of model error, especially as they relate to

Transpower’s particular circumstances.

4 Measurement-error adjustment for Commission and Officer-Bishop

mid-point estimates

15. In this section I calculate the measurement-error adjustments to the mid-point estimate of

the Commission’s so-called “vanilla WACC”.5 My analysis in this section focusses solely on the

adjustment due to statistical error and intra-cycle variation. I carry out the exercise using two

sets of assumptions regarding the mid-point estimate: first, the Commission’s assumptions (as

described in Officer and Bishop (2010)); second, the assumptions used by Officer and Bishop

themselves. These are summarized in the first table of Officer and Bishop (2010). There are four

key differences between the two approaches:

• The Commission assumes leverage of 40%, whereas Officer and Bishop assume leverage

of 60%.

4For example, with respect to the asset beta, the Commission states that it calculates one thing (“the standard error...of

the average asset beta”) but calculates something else (Guthrie, 2010, para 23.2); it assumes that leverage is measured with

perfect accuracy when that is not the case (ibid., para 46-50); and it uses a deeply flawed methodology to calculate the

standard error of the market risk premium (ibid., Appendix C).
5My original submission carried out this exercise for the post-tax WACC, using the Commission’s assumptions underly-

ing its calculations of the mid-point estimate.
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• The Commission assumes that the risk-free rate has a maturity of five years, whereas Of-

ficer and Bishop assume a maturity of ten years.6 In the specific example developed by

Officer and Bishop, the five-year rate is 4.70% and the ten-year rate is 5.48%.

• The Commission assumes a (tax-adjusted) market risk premium of 7%, whereas Officer

and Bishop assume one of 9.53%.

• The Commission assumes an equity beta of 0.57, whereas Officer and Bishop assume one

of 0.70.

16. In order to calculate the measurement-error adjustment, I need to choose values for several pa-

rameters that measure the magnitude of statistical error in individual inputs to the WACC calcu-

lation, as well as the magnitude of intra-cycle variability. When calculating the measurement-

error adjustment for the Commission’s WACC estimate, I choose values derived in Guthrie

(2010).7 When dealing with Officer and Bishop (2010), I make appropriate modifications to

the assumptions in my original submission:

• Because Officer and Bishop use the ten-year rate as the risk-free rate—and the ten-year

rate is less volatile than the five-year rate—the intra-cycle variability in Transpower’s cost

of capital will be smaller. When I carried out the exercise described in para 58 of my orig-

inal submission, I calculated that the standard error of the five-year risk-free interest rate

is 1.06%. When I repeat this exercise for the ten-year risk-free interest rate, I calculate that

the standard error is 0.83%. In my calculations below, for the Commission case I use a

risk-free interest rate of 4.70% with a standard error of 1.06% and for the Officer-Bishop

case I use a risk-free interest rate of 5.48% with a standard error of 0.83%. That is, the

longer-term rate is higher, but less volatile.

• Officer and Bishop use leverage of 60%, which I understand is much closer to Transpower’s

actual leverage than the figure of 40% used by the Commission for all of the firms that it

regulates. As I explained in Guthrie (2010, Section 4.2), when using a single leverage fig-

ure for all firms it is necessary to recognise that this economy-wide figure will most likely

be inappropriate for any particular firm. Thus, there will be a wedge between a firm’s

actual leverage and the level estimated by the Commission. I therefore assumed that an

individual firm’s leverage parameter was normally distributed with an average of 40% and

standard deviation of 11%, where the latter figure was estimated from the Commission’s

sample of firms in the electricity sector. I retain that assumption here when consider-

ing the Commission’s mid-point estimate. In contrast, I am interpreting the 60% figure

used by Officer and Bishop as being much closer to Transpower’s actual leverage and so

6The Commission actually uses two different maturities in two different parts of its calculations. It uses the five-year rate

where the risk-free rate appears directly and the ten-year rate where it appears indirectly in the market risk premium. Along

with many other external experts, I have highlighted the inconsistency in this approach and advocated that the Commission

adopts a single maturity when it uses the CAPM. See, for example, paras 23-30 of Boyle et al. (2006).
7I used four slightly different approaches to estimate one parameter (the standard error of Transpower’s beta) in my

original submission. As Table 3 of that submission shows, the approaches lead to almost identical results. Therefore, for

the calculations here I use just one of those approaches (based on the distribution of the estimated equity betas for all

comparison firms used by the Commission for its own analysis). My final results are not sensitive to this choice.
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I assume an average of 60% and standard deviation of 0% when considering the Officer-

Bishop mid-point estimate.8

• I argued in my original submission that the Commission’s approach to calculating the

standard error of its asset beta estimate is unclear. I demonstrated one approach to es-

timating the standard error, and calculated a value of 0.12. I continue to use that value

here.

• I explained in my original submission why I believe the Commission’s value for the stan-

dard error of its market risk premium (MRP) estimate is unreliable. I proposed a much

simpler and far more conventional approach to calculating this standard error and I con-

tinue to use those estimates here.

17. As in my original submission, I consider several different scenarios, that vary according to (i)

the precision with which we can estimate the market risk premium and (ii) the probability of

under-investment that the Commission is willing to tolerate.

18. I consider three scenarios with respect to the accuracy of the market risk premium:

• Optimistic scenario: the standard error of the estimate of the MRP equals 30% of the point

estimate of the MRP.

• Typical scenario: the standard error of the estimate of the MRP equals 34% of the point

estimate of the MRP.

• Pessimistic scenario: the standard error of the estimate of the MRP equals 45% of the point

estimate of the MRP.

19. These scenarios are motivated in Section 4.3 of Guthrie (2010). Dimson et al. (2006) report esti-

mates of the MRP for 17 countries for the period 1900-2005, along with measures of estimation

error (specifically, standard errors) for each country. There is substantial variation across the

countries in both the estimates of the MRP and the precision of the estimates. A quarter of the

countries in Dimson et al.’s sample have MRP estimates that are more precise than my “opti-

mistic” scenario, where I am measuring precision here as the ratio of the standard error of the

estimate to the level of the estimate (with low values of this ratio indicating greater precision).

A quarter of the countries have MRP estimates that are less precise than my “pessimistic” sce-

nario, and the median level of precision in Dimson et al.’s sample is equal to my “typical” sce-

nario. In view of the current uncertainty in financial markets, and the difficulty in measuring

the MRP that this uncertainty implies, the “pessimistic” scenario seems the most appropriate.

20. I consider two scenarios with respect to the probability of under-investment. In the first sce-

nario, corresponding to use of the 75th percentile, the probability that Transpower will be under-

compensated is 25%. In the second scenario, the probability that Transpower will be under-

compensated is 10%.

8In reality, of course, Transpower’s leverage will not equal 60% exactly, so there is still some statistical error in the Officer-

Bishop estimate. Thus, my assumption that leverage has standard deviation of zero (that is, that Transpower’s true leverage

is exactly 60%) is conservative. The correct measurement-error adjustment will be larger than the value that I calculate

below, although I expect the difference to be small.
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21. The table below shows the results of implementing these calculations for the two sets of as-

sumptions (Commission and Officer-Bishop), the three scenarios regarding the precision of the

MRP estimate (optimistic, typical, and pessimistic), and the two scenarios regarding the prob-

ability of under-compensation (25% and 10%). Each entry in the table gives the measurement-

error adjustment that should be applied to the mid-point estimate in order to deal with sta-

tistical error and intra-cycle variability. Allowing for model error would increase these results,

perhaps substantially.

Commission Officer-Bishop

Probability of under-compensation 25% 10% 25% 10%

Optimistic MRP accuracy 0.96% 1.81% 0.90% 1.68%

Typical MRP accuracy 0.99% 1.88% 0.94% 1.76%

Pessimistic MRP accuracy 1.10% 2.08% 1.08% 2.02%

Note: The entries in the table assume that the risk-free interest rate has standard error of 1.06% (for

the Commission) or 0.83% (for Officer-Bishop), leverage has standard error of 11% (Commission) or

0% (Officer-Bishop), the asset beta has standard error of 0.12 (both cases), and the ratio of the MRP’s

standard error to its point estimate equals 0.30 (optimistic), 0.34 (typical), or 0.45 (pessimistic).

22. These adjustments should be added to the mid-point estimates of the vanilla WACC reported

on p2 of Officer and Bishop (2010). That is, the numbers in the first two columns should be

added to the Commission’s mid-point estimate of 7.5%, whereas those in the last two columns

should be added to the Officer-Bishop mid-point estimate of 9.3%. Although the Officer-Bishop

mid-point estimate is larger than the Commission’s, the corresponding measurement-error ad-

justment is slightly smaller. There are three main contributors to the reduced measurement-

error adjustment.

• First, Officer and Bishop use the ten-year risk-free interest rate rather than the five-year

rate, and the lower variability of the longer-term rate means there is less intra-cycle varia-

tion in their cost of capital.

• Second, because Officer and Bishop use an estimate of Transpower’s actual leverage level,

rather than an estimate of some industry-wide level as adopted by the Commission, there

is less statistical error in measuring the leverage parameter.

• Third, the estimate of the cost of capital is a weighted average of the cost of debt and the

cost of equity. The use of higher leverage by Officer and Bishop means that the cost of

capital depends more on the cost of debt and less on the cost of equity, and the former is

measured more accurately than the latter.

23. In this submission, as in my original one, I am focussing on the size of the measurement-

error adjustment that will have the socially-desirable effect on Transpower’s incentive and abil-

ity to invest. I am not making any recommendation about what level of the mid-point esti-

mate is appropriate. However, as the table above demonstrates, the appropriate level of the

measurement-error adjustment is largely independent of the choice between the mid-point
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estimates derived by the Commission and Officer-Bishop. This reflects the fact that Officer and

Bishop face the same challenge as the Commission when they estimate Transpower’s cost of

capital: some measurement error is unavoidable, no matter what parameter choices are made.

24. As in my original submission, the analysis here suggests that (before any allowance for model

error) if the Commission wants to ensure that the probability that Transpower is allowed to

earn less than its cost of capital is 25% then the Commission should add an increment to its

point estimate in the range 0.9-1.1%. If the Commission wants to reduce the probability of

under-compensation (and hence under-investment) to 10%, the increment should be in the

range 1.7-2.1%. This adjustment would be required even if the Commission were to adopt the

mid-point estimate calculated in Officer and Bishop (2010).

5 Model error

25. The calculations reported in the preceding section give my estimate of the measurement-error

adjustment that is appropriate for Transpower, given the statistical error and intra-cycle varia-

tion in Transpower’s cost of capital. A further increment needs to be added to this adjustment to

reflect model error. This is difficult, if not impossible, to quantify with the same level of rigour

as the adjustments for statistical error and intra-cycle variation. The Commission is appealing

to this difficulty in order to justify its decision to make no allowance for model error when it

calculates the measurement-error adjustment to its mid-point estimate.9 However, the issue of

model error is real and in my opinion it is likely to have a material impact. In particular, model

error has the potential to lead to substantial under-investment if it is not incorporated in the

cost-of-capital calculations, as I discuss in this section.

26. The Commission’s approach of allowing Transpower to earn a rate of return equal to the cost of

capital estimate implied by a form of the CAPM rests on two theoretical pillars for its justifica-

tion.

27. First, a firm’s owners must all agree that management should adopt policies that maximize the

market value of the firm. This implies that a firm would invest in a project only if the value to

the firm’s owners of the firm with the project is greater than or equal to its value to them without

the project. If some additional (and very restrictive) assumptions also hold, then this implies

that the firm will invest if and only if the value of the completed project is greater than or equal

to the cost of acquiring or constructing the project in the first place.10 The Commission then

aims to prevent the firm from recovering any more than this acquisition/construction cost. The

Commission often refers to this as the “NPV=0 rule”.

9For example, in Appendix B of Input Methodologies (Transpower) Draft Reasons Paper, the Commission states that

“. . . model errors cannot readily be observed or estimated. . . . The Commission considers it not appropriate to compensate

suppliers for model errors when these cannot be quantified.”
10See Guthrie (2009, Section 2.1.2).
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28. Second, market values must be able to be obtained by discounting expected future cash flows

using the expected rate of return predicted by a particular form of domestic CAPM, the so-called

“simplified Brennan-Lally” modification of the standard CAPM.

29. Each of these pillars depends on a set of (often quite unrealistic) assumptions. Value maximiza-

tion requires that firms are sufficiently small that their individual actions have no effect on the

prices of financial securities throughout the economy, and that all risks can be hedged (that is,

insured against) by trading in financial securities.11 CAPM-style models require another set of

assumptions, including that investors have a particular way of ranking competing alternatives,

that they can borrow or lend unlimited amounts at the risk-free interest rate, that asset markets

are frictionless and information is costless, that there are no restrictions on short-selling, and

so on.12

30. There is now an extensive academic literature that demonstrates the poor empirical perfor-

mance of the classical form of the CAPM even in circumstances that appear to fit its underlying

assumptions.13 I am not aware of any empirical testing of the particular form of the CAPM used

by the Commission, certainly not to the same standard as tests of the classical form’s empirical

performance. The Commission seems to be using a largely untested CAPM. We have little idea

of how well, or how poorly, the model performs empirically for NZ firms. This lack of knowledge

regarding performance is a very real source of model risk.

31. Making matters worse, Transpower’s circumstances are not a good fit for the assumptions un-

derlying the Commission’s theoretical framework, and one of the main causes is the combina-

tion of the size of Transpower and the Commission’s use of a domestic CAPM.

32. The value-maximization result is fundamental to the Commission’s entire approach, and a key

assumption required for that result to hold is that the firm in question is a price-taker. That is,

the firm is assumed to be able to issue securities and undertake investment projects without af-

fecting the prices of, and expected rates of return on, other securities. The scale of Transpower’s

investment programme is so large that it is not credible to assume that, in the NZ market repre-

sented by the Commission’s domestic CAPM, Transpower would be a price taker. For example,

if a NZ firm decided to undertake an investment programme of comparable scale and finance it

solely from NZ capital markets, the prices of existing corporate debt would be likely to fall as the

market was flooded with newly-issued bonds. Likewise, the prices of construction-firm shares

would be likely to rise substantially in anticipation of the greater future profitability that they

would experience. Shareholders in the investing firm would not necessarily agree on whether

this investment programme was desirable: shareholders with a separate shareholding in con-

struction firms would be more likely to support the investment programme due to its positive

impact on the construction firms in their portfolio, whereas shareholders with large bond port-

folios would be more likely to oppose it due to its negative impact on the other bonds in their

portfolio. Without unanimous shareholder agreement that the firm should maximize its market

11See Arnold and Shockley (2002) and Guthrie (2009, Section 2.1.1).
12See Copeland and Weston (1988, p 194).
13See, for example, Fama and French (2004).
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value, there is no theoretical justification for evaluating projects by comparing their expected

rate of return with the cost of capital derived from a domestic CAPM.

33. The only way to recover shareholder unanimity, and to recover any justification for using a

CAPM-style model, is to assume that the firm raises capital in international capital markets,

since it is much more reasonable to assume that a firm of Transpower’s scale is a price-taker

in global capital markets than to assume that it is a price taker in the NZ market. Returning to

the example of a NZ firm undertaking a large investment programme, but this time financing

it offshore, the world prices of existing corporate debt and shares in construction firms will be

unchanged by the firm’s actions: it is a price-taker in global capital markets. As a result, regard-

less of the composition of their portfolios, the firm’s shareholders (who are now internationally

diversified) will agree that the firm should undertake the investment if and only if doing so

would increase its market value. In this case, therefore, it is appropriate to evaluate the firm’s

investment programme by comparing the expected rate of return with the cost of capital de-

rived from a CAPM-style model, but it must be a CAPM for global markets, not for a closed

domestic market. That is, for a firm of Transpower’s scale, the entire cost of capital approach to

project evaluation is justified only if an international form of the CAPM is used.

34. The scale of Transpower’s investment programme poses another challenge to the assumptions

underlying the Commission’s approach. The CAPM implies that the only type of risk that affects

investors’ required rate of return is that component of risk that is correlated with the market as a

whole; the component of risk that is uncorrelated with the market as a whole does not affect the

required rate of return because investors are assumed to be able to diversify that component

away. This is one of the central insights of the CAPM. However, if a firm’s securities make up

a sufficiently large proportion of a market then the component of the securities’ returns that

is not correlated with the market will be too large to be diversified away, in which case both

systematic and unsystematic risk will affect required rates of return.

35. If Transpower is assumed to raise capital only domestically, which is an implicit assumption in

the Commission’s choice of a domestic CAPM, then its scale is such that it may be unreasonable

to assume that its unsystematic risk can be diversified away by investors. The market is sim-

ply not large enough for full diversification to be achievable. Investors will therefore demand

a premium for bearing this unsystematic risk, so that the Commission’s domestic CAPM is in-

appropriate. If we recognise that a firm the size of Transpower raises capital in global markets

then we can exploit the fact that the owners of its securities will be able to diversify its unsys-

tematic risk away. However, once more this requires the use of an international CAPM, not the

Commission’s chosen domestic CAPM.

36. Many of these problems arise because the Commission is treating Transpower in much the

same way that it treats a relatively small electricity lines business: the Commission sets the two

firms’ estimated leverage both equal to 40%, when Transpower’s actual leverage is much higher;

the two firms have estimated costs of capital that are calculated using a domestic CAPM, yet

only the small lines business is a price-taker in the NZ capital market and has shareholders that
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are able to diversify away the unsystematic risk associated with owning the firms’ shares. The

Commission has adopted an overly simple theoretical framework and is applying it to all firms,

regardless of scale.

37. To summarize the discussion above, the classical CAPM performs very poorly empirically, even

when it is applied to securities for which we might expect its performance to be relatively good.

Moreover, the empirical performance of the particular form of the CAPM adopted by the Com-

mission is largely unknown. Finally, the situation to which the Commission is applying the

CAPM is incompatible with the underlying assumptions needed to support the theory. There is

no reason to believe that the Commission’s theoretical formulae will do a good job, and plenty

of reasons to believe they will do a poor one. In short, all the ingredients are present for model

error to be very substantial.

38. Given this situation, I believe that there are two paths that the Commission can follow. It can

either modify its theoretical framework to one that is consistent with the economic realities

facing Transpower, or it can continue to use its domestic CAPM.

• If the Commission adopts a better theoretical framework (for example, an international

CAPM would seem to be more appropriate) then I would expect model error to be re-

duced. However, model error would not be eliminated, since moving from a domestic

CAPM to an international one eliminates just one of the many limitations of theoreti-

cal models of firms’ costs of capital. Moreover, the new framework would probably be

more complex, the underlying parameters more difficult to estimate, and therefore the

new framework would lead to a relatively high statistical error.

• If the Commission retains its domestic CAPM then it needs to recognise that the model

error is substantial.

39. It is not clear ex ante which of these two approaches would be superior. However, either ap-

proach would be better than what the Commission is proposing to do, which is to retain its

domestic CAPM and make absolutely no allowance for model error. In short, the Commission

wants to have its cake (the simplicity and relatively low statistical error of its current domestic

CAPM) and eat it too (the relatively low model error of a more complex theoretical framework).

The Commission can have one or the other, but it cannot have both. Its current approach is

incompatible with the Commission’s stated acceptance of the asymmetric social costs of mea-

surement error: by ignoring model error, the Commission is underestimating the measurement

error in its cost of capital estimate, and therefore underestimating the size of the adjustment

needed to minimize the social costs of under-investment.

40. I accept that the Commission is likely to continue to use its domestic form of the CAPM. This

leaves the issue of choosing a value for the size of model error that is appropriate for this ap-

proach. As I have explained above, model error cannot be quantified with the same level of

rigour as the adjustments for statistical error and intra-cycle variation. However, it is possible

to get some understanding of what a sensible adjustment might entail. For example, if model

error is of the same magnitude as the combination of statistical error and intra-cycle variation
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(which we can quantify), then it is straightforward to calculate the size of the measurement-

error adjustment. Since

measurement error= statistical error+ intra-cycle variation+model error,

it follows that the variance of measurement error equals the sum of (1) the variance of the com-

bination of statistical error and intra-cycle variation and (2) the variance of model error.14 If

these two variances are equal—that is, model error is of the same magnitude as the combi-

nation of statistical error and intra-cycle variation—then the variance of measurement error

equals two times the variance of the combination of statistical error and intra-cycle variation.

Equivalently, the standard deviation of measurement error equals 1.4 (the square root of two)

times the standard deviation of the combination of statistical error and intra-cycle variation. I

have calculated above that the appropriate adjustment just for statistical error and intra-cycle

variation is an increment of 0.9–1.1% using the 75th percentile, and 1.7–2.1% using the 90th

percentile. It follows that if model error is of the same magnitude as the combination of sta-

tistical error and intra-cycle variation, then the corresponding increments are 1.25–1.55% and

2.40–2.95%.
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