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[bookmark: _Toc135755864]Overview and summary
In considering prices to set for the renewal of spectrum licences, the ACMA may need to adjust prices observed from comparable sales to reflect different licence durations and commencement dates. This paper sets out analysis and findings in relation to the financial inputs used by the ACMA to adjust the prices of licences to ensure that like-with-like comparisons can be made.
Licences provide spectrum users with the ability to earn a series of net cash flows. Prices paid for licences will therefore reflect values up to the present value of the net cash flows that can be earned. To compute the present value of the net cash flows, spectrum licence purchasers will take into account two key financial inputs: the discount rate, which reflects the value of future cash flows relative to current cash flows, and cash flow growth, which reflects changes in the earning potential of the licence over time.
In this paper, we step through:
The basis for the ACMA’s existing formula for making duration adjustments to licences, for shorter/longer periods and for part years, and how that formula should be applied or altered in specific circumstances.
How to adjust international benchmark spectrum prices where the licence duration is the same, and where it is different.
The WACC formulation that should be used for the discount rate, where we find that the ACMA should:
Adopt a nominal vanilla WACC formulation, because (a) this after-tax formulation is most consistent with how bidders would conceive of cash flows earned, and (b) it accounts for the deductibility of interest on debt used to fund the licence fee; and
Use a long run estimate of the WACC, consistent with the approach of the NSW regulator IPART, as this will produce a more stable WACC that is more consistent with how we think purchasers of licences would allocate value of licences over time. The ACMA can readily adopt, and, if necessary, adapt, parameters for the WACC produced by regulators such as the AER and the ACCC to estimate the long-term WACC.
How the ACMA could estimate cash flow growth over historical and future periods. We recommend using public sources of data on population growth, average revenue per user (ARPU) growth and cost inflation. The ACMA should prefer longer-term, more stable estimates of cash flows as we consider that is likely to be how investors in 15-20 year licences would conceive of cash flows for valuation purposes.


[bookmark: _Toc170474022]Introduction
[bookmark: _Toc170474023]Background and context
Between June 2028 and October 2032, many spectrum licences issued under the Radiocommunications Act 1992 will expire. The ACMA intends to conduct benchmarking analysis of international spectrum prices/benchmarks (from either auctions or trades) for the purposes of estimating the value of expiring spectrum licences.
The ACMA has sought advice about the financial inputs required to appropriately adjust international spectrum prices/benchmarks. In particular, the ACMA has sought advice about:
appropriate use of weighted average cost of capital (WACC) and cash flow growth assumptions when adjusting (standardising) licences of different durations, and 
discounting or inflating values to common or contemporaneous timeframes.
[bookmark: _Toc170474024]Overview of the issue and current approach
The ACMA has published an approach for adjusting for valuations of different licence durations. This approach was set out in a series of regulatory instruments relating to the renewal of 1800 MHz licences.[footnoteRef:2]  The approach: [2:  	For example, Radiocommunications (Spectrum Access Charges - 1800 MHz Band) Determination 2012 (No. 2). Payment due date was 8 Nov 2013 (see near end of Explanatory Statement). The approach was also applied to further licence renewals with different payment due dates (30 November 2013, 30 April 2014, and 30 July 2014). ] 

begins with the price paid for the spectrum licence – the full present value (FPV);
converts that price to a series of annual cash flows over the life of the licence – based on assumptions about the WACC and the annual rate of growth in the cash flows; and
computes the part-period present value (PPV) – that being the present value of the cash flows over the first part of the licence period.    
In particular, the ACMA published a formula that derives the present value of the cash flows over the first n years of a licence granted for a total of n+m years.
The extract that is reproduced in Figure 1 below shows that the part-period present value (PPV) is determined with reference to the value for the full licence (FPV), the length of the part period (n) relative to the remaining years (m), the discount rate (r) and the growth rate in cash flows (z).
The derivation of this formula is set out in Appendix B to this report.
[bookmark: _Ref169104132][bookmark: _Toc170474042]Figure 1: Tilted annuity formula
[image: ]
Source: Explanatory Statement: Radiocommunications (Spectrum Access Charges – 1800 MHz Band) Determination 2013 (No. 2)
This formula is used to ‘adjust’ license periods to enable like-with-like comparisons.  If, for example, the task is to estimate the value of a certain MHz licence of 10 years duration and a comparable sale in another jurisdiction involved a 15-year licence, the above formula can be used to estimate the value attributable to the first 10 years.  It would be standard to then divide by population and report the price as $/Pop for the same MHz band.    
This approach is known as $/MHz/Pop and is a standard comparison assessment method between jurisdictions.  It allows for differences in exchange rates, particular spectrum bands (as the MHz will be assessed for the same bands) and population size covered (reflecting the greater earning power of larger populations / subscribers).
The ACMA formula accounts for three factors:
The relative length of the licence: longer part periods (n) produce higher values.
The discount rate applied to the initial valuation of spectrum by the purchaser (r). Higher discount rates increase the relative value of part-duration licences as later cash flows have relatively lower present values.
The earning potential of the licence, noting that earning potential would be expected to increase over time as population, prices, etc. increase (z). Higher cash flow growth reduces the value of part-duration licences as it allows for backloading of recovery of value. 
The ACMA has a number of questions about the application of this formula, including:
Whether it is accurate for the purposes of licence duration adjustments;
Whether the inputs into the formula remain suitable or should be updated;
How the formula and inputs should be applied to historical benchmarks; and
How licence values should be updated for different starting times (e.g., 2028 vs 2032).
[bookmark: _Toc170474025]Duration adjustments 
In this section, we address the question of whether the ACMA formula used for duration adjustments remains fit for purpose – or whether there are other appropriate methods to adjust/standardise spectrum values or benchmarks.
Tilted annuity construction
The essence of a tilted annuity formula and timing truncations and extensions can be explained by stepping through the particular calculations.
We start with a lump sum licence value Z, where Z reflects the sum of the values of the annual cash flows (A1, A2,...,AN) that can be earned from the licence over the licence life (L) – say 15 years. In that case,
Z = A1 + A2 + A3 … + A15.
If A1 = A2= … = A15 = A and there is no discounting, then the problem of a truncated licence duration is straightforward. If we call that value Z^ and remaining years [L^ = L – elapsed years], then Z^ = L^ x A.  In this case, for example, if a third of the licence period would account for a third of the value of the licence. 
In practice, mobile licence purchasers would make two adjustments to this simple calculation to reflect the time value of money and risk (a discount rate, r), and for the effects of changing cash flows (a growth rate, z).  In this case, each cash flow is a fraction z higher than the previous and each of those cash flows must be ‘discounted’ back to its present value.
This can be shown as value Z being a function of the first cash flow in the series A, as well as r, and z:


The value of the first cash flow A can be derived as:

That is, an observed licence value (Z) together with assumed discount and growth rates (r and z) produces a unique series of cash flows starting with A defined above. 
The tilted annuity values can then be recovered for A2 = A(1 + z), A3 = A(1+z)2 and so on. 
As an example, we can fully specify these values as per Table 1 from the example in Figure 1.

[bookmark: _Ref169592065][bookmark: _Toc170474032]Table 1: Tilted annuity cash flows
	Year
	Cash flows
$/MHz/Pop
	Discount factor

	Cash flows x discount factor
	Present value factor 


	1 / A
	 0.0239 
	0.923
	0.022
	0.92

	2
	 0.0245 
	0.851
	0.021
	0.87

	3
	 0.0251 
	0.785
	0.020
	0.82

	4
	 0.0257 
	0.724
	0.019
	0.78

	5
	 0.0264 
	0.668
	0.018
	0.74

	6
	 0.0270 
	0.616
	0.017
	0.70

	7
	 0.0277 
	0.569
	0.016
	0.66

	8
	 0.0284 
	0.525
	0.015
	0.62

	9
	 0.0291 
	0.484
	0.014
	0.59

	10
	 0.0298 
	0.446
	0.013
	0.56

	11
	 0.0306 
	0.412
	0.013
	0.53

	12
	 0.0313 
	0.380
	0.012
	0.50

	13
	 0.0321 
	0.350
	0.011
	0.47

	14
	 0.0329 
	0.323
	0.011
	0.45

	15
	 0.0338 
	0.298
	0.010
	0.42

	Sum
	
	
	0.23
	

	Sum 
(discounted @ 8.4%)
	0.23
	
	
	


Source: Frontier Economics calculations.
Notes: Figures in bold are used in calculations in section 3.1.2.
Duration adjustment – truncated term
The market value of a term-truncated licence should reflect the value that the original purchaser would have attributed to the remaining licence years. For example, the value at the start of year 3 should reflect the present value (at that time) of the remaining cash flows.
The value of a licence that is purchased to begin at, say, the start of year 3 and covering 13 years would need to account for these adjustments. The most straightforward way to do this is to solve for A, and then calculate the remaining value Z^ as follows (again using Figure 1 for reference):
First cash flow is 




[bookmark: _Ref169861899]Duration adjustment – longer term
For a longer term, the adjustment works in an analogous manner to described above, where there is an additional 5 years of cash flow growth and discount rate. For the example from Figure 1, and assuming a licence commenced in year 1, the value of a 20-year licence would be calculated as:

Duration adjustment – for part years
The explanation of the current formula as applied in several 1800MHz band pricing instruments states that the variable PPVn is the “nominal spectrum value of the initial part period of n years at the beginning of the initial part-period.”
Surrounding information in the 2013 instrument identifies that:
The amount set by the Pricing Direction for licences in the 1800 MHz band is $0.23/MHz/Pop, based on a 15-year licence period. However, the licences to which this Determination relates will be reissued for a shorter duration of 13 years and 45 days, in order to align their expiry date with that of the Tranche 1 re-issued spectrum licences (17 June 2028).
This makes clear that the purpose of the formula is to calculate a shorter duration licence from a longer duration, but that the licences should commence immediately. 
For completeness, it is useful to highlight that the formula is different from that which would be relevant to a licence purchaser that sought to acquire a licence part way into the period – for example, 1.88 years into the 15-year licence period. As highlighted in the calculations above, the value for a full 13 years from the start of year 3 would be $0.2199, and the value of the additional 0.12 years would be a small increment to that, and we obtain a total value using the same formula as outlined below of $0.2207. A close approximation to this value can also be obtained by taking the value from the ACMA formula ($0.2106) and multiplying it by , which brings the value forward.
700MHz proposals – draft Ministerial direction
The ACMA has also made us aware of a 2016 document released by the Department with proposed calculations for the valuation of residual 700MHz spectrum.[footnoteRef:3] The following calculations are said to be based on the 2014 ACMA model. [3:  	https://www.infrastructure.gov.au/sites/default/files/consultation/pdf/additional-information-700mhz-spectrum.pdf ] 

[bookmark: _Toc170474043]Figure 2: Additional information – 700MHz spectrum
[image: ]
Source: Department of Communications, 2016.
Putting the relevant inputs into the ACMA model suggests that it is consistent with Approach A. However, this produces a value that is too low for the investor that seeks to purchase a licence commencing after 3.24579 years with a remaining life of 11.75421 years.
We can also use this example to highlight the changes to licence value to adjust for part years. The first adjustment is to the cash flow for the part year. The second is to adjust the WACC, reflecting that while a part-year cash flow is earned, it is also earned within that part year.
To take the figures for the 700 MHz as an example, where a licence would commence in the fourth year (A4):
The first cash flow is 




The implicit assumption here is that cash flows occur at the end of each year after the licence is awarded.  In the above example, we seek to value the licence in the case where 0.754 of the fourth year remains.  The new licence holder is assumed to be entitled to 0.754 of the Year 4 cash flow, which amount will be received at the end of that year.  The new holder will then receive the full cash flow for Year 5 at the end of that year, and so on. 
Note that $1.25 can also be obtained by rolling forward the $1.15 value obtained from the ACMA’s formula by (1+2.5%)3.246. 
So, we conclude that the $1.25 value (approach B) is correct for the relevant valuation question (i.e. the value of a licence commencing part way through year 4 to year 15), and we note that this is the approach adopted in the later exposure draft.[footnoteRef:4] [4:  Radiocommunications (Spectrum Licence Allocation—Residual 700 MHz Band One) Direction 2016] 

More generally we can say if we have days y remaining until the first cash flow then the discounting and cash flow calculations for a period of annual cash flows from years 1...n would be:

Appendix B to this report explains how the formula can be adjusted to account for monthly or even daily cash flows, which obviates the need for special adjustments to account for part-periods.
Cash flow timing assumptions
With respect to the modelling of cash flows, the discounting assumptions shown so far presume that cash flows are earned at the end of each year (and this is also consistent with the standard NPV settings in Microsoft Excel). There is a case that this assumption is not realistic, as mobile operators earn cash flows through the year.  Thus, the year-end cash flow assumption will tend to understate the present value of cash flows and therefore the licence. 
This issue could be addressed by increasing the frequency of cash flow modelling, say by using months and a monthly discount rate, or daily cash flows and discount rates, as set out in Appendix B. Although this approach will not change results (to any material degree), it is more mechanical and allows for easier duration adjustments that the use of part-period cash flows and WACCs.
Adjustment of international benchmarks for spectrum values
Benchmarking, duration and timing adjustments
The Government’s overall objective with spectrum is to allocate the spectrum efficiently. In the present context, this means allocating licences to those that value them the most. For a renewal of a licence, this poses an obvious challenge because there is no direct market testing of value, as there would be if the spectrum was re-auctioned.
Benchmarking of spectrum prices in other markets can help to resolve the market value problem, if the prices are derived from markets and market structures that are broadly similar to those in Australia. For example, a price achieved for a similar band in the UK may be used as a benchmark, so long as it is adjusted for population, MHz block, exchange rates and any other key differences in licence terms, and any differences in conditions are not so material as to invalidate the price (e.g. due to service or coverage obligations). 
Duration is one key difference: a shorter (longer) licence term would reduce the value of a licence because of reduced (increased) earning power. The extent to which the shorter (longer) time period reduces the earning capacity of the licence would also depend on:
how entities in the benchmark assessment discounted the value of future earnings from the licence (e.g. using their WACC); and
whether that discount implicitly took account of changes in earning capacity over time (i.e. accounting for cash flow growth).
A further key difference is timing – for example, if the UK price was derived from 2015, but the licence in Australia is renewed from 2028, it would be necessary to consider how the price may have changed from 2015 to 2028.
Adjustments where the licence duration is the same
In principle, the use of benchmarks for licences of the same duration is straightforward. There is no issue about the timing of cash flows, as we are effectively comparing two lump sum figures (discounted cash flows). Assuming one is comfortable with the other dimensions of comparability (e.g. licence terms), the main task is to consider how the price paid at the time of transaction would evolve to contemporary Australian conditions. That is, the steps would be:
Identify the benchmark price in Local currency / MHz / Pop.
Convert the benchmark to $AUD / MHz / Pop (using PPP exchange rates[footnoteRef:5] for the relevant year). [5:  	PPP exchange rates are more relevant to non-traded goods such as mobile services.] 

Convert the benchmark to $AUD / MHz by multiplying by the relevant Australian population at the time of the benchmark price.
Update the benchmark for the actual and expected growth in cash flows in Australia between the benchmark year and the renewal year.
Convert the benchmark for actual and/or forecast Australian population growth.
That is, the approach should be to update the assumption regarding base year cash flows, by multiplying that by the estimated growth in cash flows since that time. So, for example, if a benchmark licence was sold in year 1, and the Australian licence is sold/renewed in year 10, the price would be directly inflated by (1+z)9. Population growth could either be accounted for by estimating cash flow growth per capita, or by adjusting directly for population as per Table 2.
[bookmark: _Ref169255250][bookmark: _Toc170474033]Table 2: Example of updating benchmark for licence of same duration (indicative figures)
	Input
	Calculation
	Value

	Benchmark price ($USD) / yr 1
	1
	 7,000,000 

	MHz
	2
	10

	Population
	3
	5,000,000

	Benchmark price / MHz / Pop ($USD)
	4=1/2/3
	 0.14 

	Benchmark price / MHz / Pop ($AUD)
	5 = 4 / XR
	 0.20 

	Australia population yr 1
	6
	 25,000,000 

	Benchmark price ($AUD) / MHz
	7 = 5 x 6
	 5,000,000 

	Estimate of cash flow growth yr 1 – yr 10
	8
	2.50%

	Benchmark prices ($AUD) / MHz yr 10
	9 = 7 x (1+8)9
	 6,244,315 

	Australia population yr 10
	10
	 26,000,000 

	Price / MHz / Pop yr 10
	9/10
	 0.24 


Source: Frontier Economics.
Adjustments where licence duration is not the same
Using benchmarks from licences of different durations requires further calculations to ensure that the benchmarks are comparable to market values in Australia. 
The ACMA’s current model allows for duration adjustments using a discount rate (r) equivalent to an estimate of the domestic WACC for mobile operators, as set by the ACCC periodically for regulatory purposes, and a cash flow adjustment reflecting growth in cash flows over time. 
The ACMA’s model provides a reasonable basis for duration adjustments for domestic licences where: 
a. it is applied to domestic price benchmarks (e.g. as for the 700MHz band) and
b. the WACC estimated by the ACCC is a reasonable estimate for the actual WACC for mobile operators at the time of bidding. 
Direct transposition of an international benchmark would effectively assume that the price paid by the mobile operator internationally used similar cash flow and discount rate assumptions as would be relevant to Australia. Whether that assumption is reasonable is something that can only be judged with respect to the particular circumstances of the comparable transaction.
If an otherwise comparable transaction has been identified but there are concerns about the implicit WACC or cash flow assumptions, either: 
the comparator could be dropped; or 
the benchmark could be adjusted to make it more comparable with contemporary Australian conditions. 
The judgement regarding dropping the comparator should be informed by matters including the amount and quality of other comparable prices/values.
With respect to adjustments, we have already discussed the process of duration adjustments. For adjustments to cash flow growth or discount rate differences, the best approach would be to derive an annual value of the licences using estimated WACC and cash flow adjustment for that domestic jurisdiction – that is, to find ‘A’ in the formulas above. (We would accept that WACCs and cash flow assumptions for international benchmarks are not likely to be easily accessible). The annual values could then be converted to Australian dollar equivalents and then multiplied by the number of years using appropriate, contemporary Australian values for discount rates and cash flow growth. 
To provide an example of how adjustments might work, we outline the steps in Table 3.
[bookmark: _Ref169269596][bookmark: _Toc170474034]Table 3: Example of a duration adjustment for an international benchmark
	Step
	Example
	Example value
	Notes

	From total paid, calculated per MHz figure (divide by Pop & MHz)
	Value (converted to AUD)	 
pop	 	 
mhz		
$mhz/pop	
	$10,000,000
3,000,000
20
$0.167
	We assume the benchmark has these characteristics

	Calculate A, using benchmark market values for WACC and tilt
	licence period	
WACC		
tilt 		
A		
	15
12.0%
5.0%
$1,128,691
	We work out the value of ‘A’ – the value of cash flows in the first year which provides for NPV of the licence value with growing annuity cash flows. This uses the discount (WACC) assumptions. (A can be converted to $AUD and rolled forward to the relevant time period at this point).

	Change WACC, tilt and/or life assumptions
	WACC		
tilt 		
licence period	
	8.4%
2.5%
20
	To convert the value to a contemporary Australian value, we can apply the WACC and tilt assumptions to apply from the commencement of the licence, as well as adjust the licence duration (to 20 years).

	Re-estimate value for different duration licence
	20 yr		
	$12,884,170
	The totals use the cash flow in the first year (A) and increase this value in line with the tilt assumptions, and then discount back with the different WACC.
The duration adjustment for a shorter licence period calculates values using cash flows for years 1 – 10.

	Recalculate per MHz figure (/ Pop / Mhz)
	20 yr		
	$0.215
	The 20-year version assumes that the expected cash flows continue for another 5 years and are discounted accordingly.


Source: Frontier Economics.
Updating cash flow assumptions
The discussion in the preceding section has not specifically addressed the question of the different timing of the licence awards and the Australian renewal. Suppose, for example, that we were able to convert a benchmark from country Y to Australia by changing assumptions on WACC, tilt factors and licence duration. What this would reflect is the value of the licence if that licence sold at the same time as in Australia.
The approach should be to update the assumption regarding base year cash flows, by multiplying that by the estimated growth in cash flows since that time. So, for example, if a benchmark licence was sold in 2014, and the Australian licence is sold in 2028, there would be an additional step (at Step 3) to increase A by (1+t)13, and then calculations performed as before from steps 4 and 5.
[bookmark: _Toc170474026]WACC formulation and cash flow growth assumptions
In this section, we address the following questions posed by the ACMA:
What type of WACC (e.g., pre-tax, post-tax, vanilla WACC) and what rate of WACC and projected cash flow growth should we be using for duration adjustments and why? 
We note that we have most recently used a 5.5% post-tax WACC and 2.5% cash flow growth those inputs have not been updated for several years.
The choice of appropriate WACC and cash flow growth estimates has two key elements:
The particular specification of the WACC; and
How WACC parameters should be estimated and updated.
WACC specification
Current ACMA approach 
We have found relatively little information about whether ACMA currently has a preferred specification of the WACC and about the rationale for that specification.
There was some discussion on this issue in relation to Vodafone Hutchison Australia’s (VHA) offer to the government for some of the unsold spectrum from the Digital Dividend auction. The VHA offer used instalments rather than upfront payment.  
ACMA staff have noted that regarding tax treatment for calculating instalment payments in this instance, internal discussion included that VHA’s proposal could have resulted in annual payments being considered deductible for corporate tax purposes, which would mean that the tax status of the cash flows to be discounted would need to be considered in applying NPV equivalence. The ACMA outlined that in similar cases prior to this proposal, such as converting longer-term spectrum access charges to annual apparatus licences taxes, its position had been to apply a post-tax WACC with post-tax cash flows to achieve NPV equivalence. 
The principle of adopting the WACC specification that best corresponds to the cash flows that would actually be available to the licence holder is consistent with our analysis below.
Pre-tax vs. post-tax specifications of cash flows and WACC 
The first issue to consider is whether a pre-tax or post-tax specifications of the cash flows and WACC should be used.
In our view, this question is determined by the role of the WACC within the ACMA framework.  Specifically, the WACC is used to derive a set of annual cash flows that have a present value equal to the amount paid for a particular spectrum licence.  Those cash flows are then used to attribute the price paid for the licence as between different periods covered by the licence.
Thus:
If a pre-tax WACC is used, what will be derived is a set of pre-tax cash flows that has a present value equal to the price paid for the licence; and
If a post-tax WACC is used, what will be derived is a set of post-tax cash flows that has a present value equal to the price paid for the licence.
To see which of these might be preferred, consider the case where spectrum licences are being auctioned at the same point in time in two different jurisdictions.  Suppose that the licences are identical in all respects (same frequency band, same term, same population etc.).  Also suppose that the licences are expected to produce identical revenue streams for the licence owners (adjusted to a common currency).  But suppose that one jurisdiction applies a materially higher tax rate.
In this scenario, we would expect to see a lower price paid for the licence in the high-tax jurisdiction.  This is because it is the net after-tax cash flows that will determine the value of the licence.  The licence will have value to the holder to the extent that it is able to generate cash flows to the holder. 
The goal of the exercise is to take the observed licence fee and to derive a set of cash flows to ‘explain’ the quantum of that fee.  The fee depends on the cash flows that it will generate for the holder – which are after-tax cash flows.  This, in turn, requires the use of an after-tax WACC.
The alternative is to use pre-tax cash flows and pre-tax WACCs.  In the example above, this would require materially different estimates of the pre-tax WACC as between jurisdictions.  Specifically, the high-tax jurisdiction would require a materially higher pre-tax WACC – reflecting the fact that pre-tax cash flows are less valuable in that jurisdiction.  
Such a pre-tax approach would tend to allocate a materially higher proportion of value to the early years of the licence period in high-tax jurisdictions in the ACMA framework.  This is because higher discount rates would be used in higher-tax jurisdictions.  Consequently, the allocation of value to each year of the licence period would depend upon the tax rates applied in the jurisdictions from which comparator sales are drawn.
For the reasons set out above, we prefer the use of an after-tax discount rate to generate a set of after-tax cash flows.    
Two post-tax approaches available
There are two variations of the after-tax approach that are applied in practice.  Both of these approaches involve cash flows after corporate taxes have been deducted.  They differ only in terms of whether the tax benefit from the deductibility of interest expense is accounted for in the cash flows or in the WACC. 
The classic after-tax WACC, which is defined as:

adjusts the required return on debt to reflect the deductibility of interest.  If debt investors, require a return of , but that payment reduces the firm’s corporate tax bill by  (where  is the corporate tax rate) the net cost to the firm of servicing the debt is .
Because the classic WACC accounts for the benefit of the deductibility of interest, it is important that this benefit is not also accounted for in the definition of cash flows – because that would amount to double counting.  Consequently, the classic WACC is applied to cash flows defined as the ‘free cash flow,’ which does not reflect the deductibility of interest.  
By contrast, the vanilla WACC, which is defined as:

does not adjust the required return on debt to reflect the deductibility of interest.  Consequently, it is important that this benefit is accounted for in the definition of cash flows. For this reason, the vanilla WACC is applied to cash flows defined as the ‘free cash flow plus tax benefits,’ which does reflect the deductibility of interest.  
These two approaches are summarised in Table 4 below.
[bookmark: _Ref169151761][bookmark: _Toc170474035]Table 4: Summary of approaches to WACC and cash flows
	
	Classic after-tax WACC
	Vanilla WACC

	Cash flow definition
	Free cash flow.
	Free cash flow plus tax benefits.

	Discount rate definition
	
	

	Treatment of tax benefit from deductibility of interest
	Incorporated in discount rate.  Cash flow assumes tax is paid on entire EBIT – no reflection of deductibility of interest.
	Not incorporated in discount rate.  Cash flow uses actual tax paid, including the benefit of deductibility of interest.


Source: Frontier Economics.
It is important to note that both of these approaches involve cash flows after deducting corporate tax.  The only difference is that the Vanilla WACC approach accounts for the deductibility of interest in the cash flows rather than the discount rate.
These two approaches to discount rates and cash flows are both used in practice and documented in standard textbooks.  For example, it is common corporate practice to use the classic after-tax WACC and the corresponding definition of free cash flows, and it is common practice among Australian economic regulators to use the Vanilla WACC and the corresponding definition of cash flows.  
Appendix A sets out a worked example from the market leading textbook of Berk and DeMarzo.[footnoteRef:6]  That example shows that the two approaches produce identical estimates of present value – so long as the definitions of cash flows and WACC are paired appropriately. [6:  Berk, J., and P De Marzo, 2024, Corporate Finance: 6th Global Edition, Pearson, pp. 678-689.] 

The most appropriate approach
When selecting between the two post-tax approaches, we return to the role that the WACC plays in the ACMA framework.  We noted above that the WACC is used to derive a set of annual cash flows that have a present value equal to the amount paid for a particular spectrum licence.
Thus:
If the classic WACC is used, what will be derived is a set of cash flows that do not reflect the tax benefits from interest deductibility that has a present value equal to the price paid for the licence; and
If the vanilla WACC is used, what will be derived is a set of cash flows that do reflect the tax benefits from interest deductibility that has a present value equal to the price paid for the licence.
Because the latter better identifies the cash flows actually available to the licence holder, we prefer that approach.  To the extent that licence holders do benefit from the deductibility of interest on debt used to fund the licence fee, those benefits would be factored into any bid for the licence. 
For these reasons, our preferred approach is to use the vanilla WACC – the same specification of WACC that is generally used by Australian economic regulators.
Having identified this preferred approach on conceptual grounds, we note that the choice between different after-tax WACC specifications is likely to have a limited impact on the allocation of value over a licence period.  To show this, we consider the example that is summarised in Table 5 below.
[bookmark: _Ref169786090][bookmark: _Toc170474036]Table 5: Illustrative example
	WACC parameters
	

	Risk-free rate
	4%

	Market risk premium
	6.50%

	Beta
	0.8

	Return on equity
	9.20%

	Return on debt
	6.00%

	Gearing
	40%

	Corporate tax rate
	30%

	WACC classic
	7.20%

	WACC vanilla
	7.92%

	Project parameters
	

	License fee ($)
	100

	Term (years)
	15

	Growth (% p.a.) 
	2.50%


Source: Frontier Economics.
The ACMA framework takes the information above and derives a set of 15 annual cash flows that has a present value equal to the licence fee ($100 in this example).  Each of those cash flows is 2.5% greater than the previous.  The cash flow for the first year is derived as:

where:
 represents the relevant WACC;
 represents the growth rate (2.5% in the example above);
 represents the term of the licence (15 years in the example above); and
 represents the licence fee ($100 in the above example).
Having derived the stream of 15 cash flows, each can be discounted back to present value and the sum of those present values will (by construction) equal the $100 licence fee.  This provides an indication of the proportion of the total present value that is referable to each year of the licence period. 
Figure 3 below shows the allocation of present value using the two different specifications of after-tax cash flows and WACC.  In both cases, more distant cash flows have relatively lower present values.  This effect is slightly more pronounced when using the (higher) vanilla WACC.  That is, the vanilla WACC attributes slightly more value to the cash flows from early in the term of the licence.  
[bookmark: _Ref169786956][bookmark: _Toc170474044]Figure 3: Allocation of present value by year
[image: ]
Source: Frontier Economics.
Parameters to be estimated
We note that the vanilla WACC approach requires estimation of a limited set of parameters where:

and where:

Thus, the set of parameters to estimate is summarised in Table 6 below.
[bookmark: _Ref169788814][bookmark: _Toc170474037]Table 6: Vanilla WACC parameters
	Parameter
	Symbol

	Risk-free rate
	

	Market risk premium
	

	Beta
	

	Return on debt
	

	Gearing
	


Source: Frontier Economics.
This approach has the added benefit that it requires the estimation of relatively few parameters.  For example, it does not require a detailed assessment of the corporate tax framework in each jurisdiction and it does not require an estimate of other tax-related parameters such as the value of dividend imputation tax credits (gamma).  
This is because the vanilla WACC, when used within the ACMA framework, will produce a set of annual cash flows that can be interpreted as the final cash flows actually available to the licence holder, net of all tax effects including imputation credits.   
Estimation of WACC parameters
Rate-on-the-day or long-term average parameters
The NSW economic regulator IPART has identified that there are two internally consistent approaches when estimating WACC: 
A long-run average WACC can be computed by taking long-run average values of each parameter; and
A prevailing ‘rate-on-the-day’ WACC can be computed by taking prevailing rate-on-the-day estimates of each parameter.
IPART concludes that infrastructure investors with long-lived assets tend to have regard to both approaches when making investment decisions.
The differences between the two approaches pertain primarily to interest rates and the MRP.  In particular, IPART notes that:
The yields on government and corporate bonds vary materially over time as financial market conditions change; and
When interest rates are lower than average, the prevailing forward-looking MRP tends to be higher than average, and vice versa.
In this regard, IPART explains that:
…estimated risk premiums are not stable through time. Risk premiums tend to move in the opposite direction to the risk free rate. As investors may respond to recent losses on riskier assets by shifting to safer assets, prices of those assets are likely to fall, increasing the expected rate of return for a given flow of future dividends. In periods of high risk aversion there is a flight from risky assets to safe assets (such as the risk free rate). This tends to push up the price of safe assets, thereby pushing down their yields. Thus, in these circumstances, a falling risk free rate tends to be associated with rising equity risk premiums (and vice versa).
To the extent there is a negative relationship between the risk free rate and the risk premiums on listed equities, the required return of the equity market (being the sum of risk free rate and the market risk premium) is relatively more stable than its individual components.[footnoteRef:7] [7:  IPART, Review of method for determining the WACC: Dealing with uncertainty and changing market conditions, December 2012 (IPART discussion paper), pp. 57-58.] 

This leads IPART to conclude that it would be improper to pair the prevailing risk-free rate (reflecting market conditions at a point in time) with a long-run average estimate of the MRP (which reflects the average market conditions over some historical period):
We consider it would be invalid to combine a current risk-free rate with a historic MRP, because the result of that calculation would not represent the state of the equity market at any point of time. By combining a current estimate of the risk-free rate with a current MRP estimate, we can approximate the current market price of equity. Likewise, by combining a historic estimate of the risk-free rate with a historic MRP estimate, we can approximate the historic average market price of equity. Either of these benchmarks would be a valid point of reference. When we combine the risk-free rates and MRP estimates in this time-consistent way, the current cost of equity is closer to the historic average cost of equity than either of them is to the time-inconsistent sum.[footnoteRef:8] [8:  	IPART 2018 WACC methodology, pp. 51-52.] 

We agree with IPART’s analysis and with the importance of adopting a set of WACC parameters that is internally consistent.
In the context of the ACMA framework, the WACC effectively determines the allocation of value as between each year of the licence period.  A higher WACC allocates relatively more value to the early years of the licence period, and vice versa.  Thus, an approach that produces materially different WACC estimates over time will result in materially different allocations of value across time.  This is unlikely to be a useful feature within the ACMA framework.  In particular:
The long-run average approach to WACC estimation produces figures that remain relatively stable over time; whereas
The approach of (inconsistently) pairing a rate-on-the-day risk-free rate with a long-term average MRP (the current approach of the AER) produces volatile WACC estimates.  This approach has been referred to as a ‘risk-free rate lottery’ as the resulting WACC varies one-for-one with changes in government bonds yields.  
For the reasons set out above, our preferred approach is to adopt a long-run average WACC in the context of the ACMA framework.
Proposed estimation
Indicative long-run average WACC parameter estimates can be obtained as follows:
The risk-free rate can be estimated as the average yield on 10-year government bonds.  The average since the mid-1990s (when the RBA inflation target of 2-3% was introduced) is approximately 5% p.a.;
The MRP can be estimated as the average of historical excess returns.  The AER publishes such figures in its annual updates.[footnoteRef:9]  The current figure adopted by the AER is 6.2%. [9:  	https://www.aer.gov.au/news/articles/communications/2023-rate-return-annual-data-update-released. ] 

[bookmark: _Ref170465015]Beta can be estimated via regression analysis applied to comparable businesses.  In 2020, the ACCC  performed this exercise and concluded that an appropriate estimate for mobile network operators was 0.8.[footnoteRef:10]  [10:  	https://www.accc.gov.au/system/files/MTAS%20FAD%20final%20report%20-%20October%202020.pdf. 
For completeness, we note that the ACCC’s views and estimates of appropriate betas for mobile networks for regulatory purposes have changed over time. In the 2015 benchmarking for MTAS, the ACCC preferred an equity beta of 0.7, whereas in in 2007 values between 1.1 – 1.32 were adopted in LRIC cost modelling. In our view, large changes in beta estimates over time are more likely to be due to statistical noise and sampling error than genuine changes in systematic risk. While we think that the ACCC’s value of 0.8 calculated using 5 years’ of returns data appears reasonable in light of its other estimates, a beta estimate that took into account longer time periods (e.g. 10- or 20-year) would likely be superior. We recommend that if this became a material issue in the ACMA’s considerations, it would be worth estimating a longer-term beta.] 

[bookmark: _Ref170464971]The ACCC has performed an analysis of comparator businesses and concluded that an appropriate benchmark credit rating for a mobile phone operator is A-.[footnoteRef:11]  The average spread between the yield on 10-year A- rated Australian corporate bonds and corresponding government bonds is approximately 1%.  This produces an average required return on debt of 6% p.a.  [11:  https://www.accc.gov.au/system/files/MTAS%20FAD%20final%20report%20-%20October%202020.pdf. ] 

Gearing can be estimated as the average gearing employed by comparator businesses.  The ACCC has performed this exercise and concluded that an appropriate estimate is 37%.[footnoteRef:12] [12:  https://www.accc.gov.au/system/files/MTAS%20FAD%20final%20report%20-%20October%202020.pdf.  ] 

These estimates and estimation approaches are summarised in Table 7 below.
[bookmark: _Ref169794043][bookmark: _Toc170474038]Table 7: Indicative WACC parameter estimates
	Parameter
	Source
	Indicative estimate

	Risk-free rate
	Long-run average 10-year government bond yield.
	5%

	Market risk premium
	Long-run average of historical excess returns.  Published annually by AER.
	6.20%

	Beta
	Regression estimates from comparable businesses.  Published by ACCC.
	0.8

	Return on debt
	Long-run average of yield on 10-year corporate bonds with A- rating.
	6%

	Gearing
	Average gearing of comparable businesses.  Published by ACCC. 
	37%

	Vanilla WACC
	
	8.49%


Source: Frontier Economics.
Projected cash flow growth assumptions
In publications to date, the ACMA has used cash flow growth assumptions of 2.5% to make adjustments to licence values. The ACMA appears to base the current 2.5% on “expected long-term population growth; expected mobile penetration; expected growth in the average revenue per user (ARPU); and expected growth in mobile data applications.” (Digital dividend, 700MHz spectrum).
In thinking about cash flow growth, it is first relevant to consider what kind of cash flow that would be relevant to a purchaser of a spectrum licence. In a competitive setting, bidders would rationally bid up to the present value of the ‘excess cash flow’ that would be generated by ownership of the licence.  To explain this concept, first note that the holder could use the licence to generate a series of revenues from customers in each year of the licence period.  Those revenues would first need to be sufficient to cover the operating costs and capital costs incurred by the license holder (not including the licence fee yet), to cover any taxes, and to provide a fair return on capital invested commensurate with the risk involved.  That is, there is a series of annual revenues that would be just sufficient to make the licence holder whole – just enough to cover all costs including capital costs (ex licence fee) and a fair return on capital.  Define these to be the ‘base cash flows.’  
Any cash flows beyond what is required to make the licence holder whole are ‘excess cash flows.’  A bidder for the spectrum licence would rationally be prepared to pay up to the present value of those ‘excess cash flows.’  In that case, the bidder would be just made whole in total in that the revenues that can be generated by the licence are just sufficient to cover all operating costs, taxes, capital costs (including the purchase of the licence) and provide a fair return on capital invested.
It follows that the path of excess cash flows over time is therefore likely to track revenue and operating costs in the short term, and revenue and total costs in the longer term. 
Two proxies for measuring the growth in excess cash flow are free cash flow and EBITDA. Both have the advantage that they are common financial metrics with well understood definitions: 
Free cash flows (ex any payments for licence fees) has the advantage that it accounts for both revenues and all kinds of costs incurred by the mobile operator – capital and operating. The disadvantage of this measure is that free cash flow is highly variable due to lumpy capital investments. As a consequence, a reasonably long series of free cash flows would be required to estimate cash flow growth accurately.
EBITDA measures revenues less operating costs. As EBITDA is measured before capital investments, it has the advantage of being more stable and predictable. A downside of EBITDA is that it is not clear that EBITDA can be readily obtained and verified for Australian mobile operators over a significant historical timeframe.
Turning back to the ACMA’s current approach, we can see that it takes a slightly different approach to measurement of cash flow growth. The method is essentially a more structural approach using different features that might be expected to affect growth in cash flows. Importantly, most of the variables referred to can be derived from public information. While it is not clear precisely how the ACMA has developed the 2.5% assumption, we envisage that a model of the tilt factor could be developed by estimating the following equation with inputs for population growth, average revenue per user, and cost inflation.[footnoteRef:13] [13:  	This would need to exclude any costs associated with spectrum licences to avoid circularity.] 


With respect to these inputs:
Historic and forecast population growth are readily available from the ABS
ARPU growth is generally easier to track than growth in cash flow, as it is a widely used reporting metric for mobile operators (noting there while will be some differences in definitions between operators, the key issue is consistency of definition over time)
Cost inflation could be estimated through a combination of cost input indices from ABS data (wholesale and/or retail) measuring changes in wages, other operating costs and capital costs.
The inclusion of population growth in the above equation raises the question of whether that could be ‘double counting’ if the ACMA will already be taking into account population growth when re-setting the licence value. 
This point may be illustrated using the following example. Suppose that we estimate the following for the ten years between 2018 and 2028:
Population growth 		1.4%
ARPU growth 		2.5%
Cost inflation		1.5%
According to the equation above, these inputs would product a tilt factor of 2.0%, and a tilt factor excluding population growth of 0.6%.
For a lump sum figure (e.g. $1,000,000 for 40 MHz), and where the tilt factor is used to adjust a lump sum value between time periods, we would use the tilt factor including population growth. While this would result in the lump sum value growing at the tilt factor (i.e. 2.0%), in $/MHz/Pop terms the growth would only be 0.6%.
[bookmark: _Toc170474039]Table 8: Example of adjusting tilt factors
	Year
	Population
(1.4% growth)
	MHz
	$ lump sum
	$/MHz/pop

	2018
	24,500,000
	40
	$100,000,000
	$0.102

	2019
	24,843,000
	40
	$102,001,809
	$0.103

	2020
	25,190,802
	40
	$104,043,690
	$0.103

	2021
	25,543,473
	40
	$106,126,446
	$0.104

	2022
	25,901,082
	40
	$108,250,895
	$0.104

	2023
	26,263,697
	40
	$110,417,871
	$0.105

	2024
	26,631,389
	40
	$112,628,226
	$0.106

	2025
	27,004,228
	40
	$114,882,828
	$0.106

	2026
	27,382,287
	40
	$117,182,563
	$0.107

	2027
	27,765,639
	40
	$119,528,334
	$0.108

	2028
	28,154,358
	40
	$121,921,063
	$0.108

	CAGR
	2.0%
	0.6%


Source: Frontier Economics
It follows that where a $/MHz/Pop value is updated, then the rolled forward value should exclude population growth so long as an estimate of population growth at 2028 is used, as when the figure is converted into a lump sum that population growth will be accounted for, i.e. $0.108 x 40 x 28,154,358 = $121,921,063.
In addition, for making a licence duration adjustment, the tilt factor is used to distribute cash flows across the relevant licence period. As licence purchasers will consider all sources of growth in cash flows, we think that the cash flow growth used in the tilt formula should include all cash flow (i.e. not discounted to remove population growth). 
[bookmark: _Toc170474027]Rates to use during duration adjustments
The ACMA further asks what its approach should be when analysing prices for older licences used as benchmarks; in particular, should it be using historic or current WACC and cash flow growth inputs for duration adjustments? 
With respect to the WACC, we have suggested that the ACMA use a long-term WACC. The approach we suggest is not subject to significant movements over time. Therefore, we believe this value could be applied consistently to past and future cash flows for Australian mobile operators.[footnoteRef:14] A possible caveat might be to reflect whether licences purchased at a particular point in time were subject to unusual financial conditions (e.g., GFC or Covid caused significant disruption in financial markets and some adjustment may be required to long term values to reflect that short term disruption. [14:  	Noting that there has been some differences over time in the ACCC’s parameter estimates for inputs such as beta; see footnote 9.] 

With respect to cash flows, we suggest that the ACMA construct a series of historic cash flows that could used to (a) provide a baseline for long term growth in cash flows and (b) to make duration adjustments that would have been more consistent with assumptions at the time when licences were purchased. 
To take an example similar to that already discussed in section 3.1.3, suppose we have a value for a 1- year licence purchased in 2015 and wish to convert this to a 20 year licence commencing in 2028. The process would be to:
Derive the cash flow values for the 2015 sale using WACC and cash flow growth assumptions.
Extend the licence duration by calculating another 5 years of cash flow growth, and then discounting to derive a licence value. 
Estimate the updated licence value by rolling forward using estimated cash flows from 2015 to 2028 (note: this estimate should ensure the appropriate assumption is made regarding population growth in cash flows).
This process would require (a) a reasonable estimate of cash flow growth that would have been expected in 2015 and (b) a reasonable estimate of cash flow growth that has been experienced since 2015 to 2024 and is likely to arise between 2024 and 2028.
In our view, it would be beneficial for the ACMA to construct some estimates of cash flow growth extending back for 10-20 years, and then to apply a simple and transparent forecasting methodology to consistently estimate how mobile operators might have foreseen cash flow growth. For example, a 10-year moving average or similar would enable the ACMA to apply different growth rates for different periods of time and provide for stability in estimation.
[bookmark: _Toc170474028]New licence commencement dates	
The ACMA’s question is: What options should we consider in determining prices for ESLs that reflect the timing of the new licence commencement dates? For example, how do we set a nominal price for a new licence starting in 2028 versus 2032?
We understand that this question is about, assuming all licences have the same length, whether there should be differences in licence prices depending on the starting period. Our initial view is that one should look for the best contemporary evidence to inform the value of the licence. That would mean reflecting differences in nominal prices if: 
Earnings in the future become more or less valuable due to risk and the time value of money; and
Earnings in the future increase or decrease through changes in inflation, larger markets, higher WTP etc.
It follows from our previous analysis that:
The WACC used by mobile operators for the purposes of valuing licences is likely to be relatively stable and reflected in the long-term WACC estimate which we recommend the ACMA uses. We therefore recommend that a the same WACC estimate should be used historically and for future periods. 
Other things equal, the value of licences will differ over time periods by the expected cash flows that can be earned from the licence. Therefore, the difference in values between 2028 and 2032 or other intermediate periods should reflect the ACMA’s best available estimate of cash flow growth in these periods.
[bookmark: _Toc170474029]Other considerations	
Are there other considerations that we should be mindful of when adjusting and comparing international benchmarks for estimating the value of particular spectrum licences/bands?
In developing our analysis and recommendations, we have given further consideration to literature on approaches to benchmarking and standardisation of benchmarks. There is relatively little literature that bears on the ACMA’s decisions, and our review highlighted that jurisdictions have developed many different approaches to matters such as licence duration extensions and adjustments. The most apposite study is highlighted in Box 1.
	

	[bookmark: _Ref48547613][bookmark: _Toc170474046]: Dotecon for Ofcom
Consultants Dotecon were engaged by Ofcom to collect evidence to assist Ofcom to establish the market value of 900 MHz and 1800 MHz spectrum in the UK. This included review of spectrum awards in different frequency bands and jurisdictions. Of most relevance, Dotecon sets out a methodology for adjusting for differences in licence duration so that all prices are for a common 20-year basis, expressed in base year 2013 prices. Dotecon indicates that the following steps were undertaken:
Adjust for duration based on an equal monthly profit stream (note, this means that the effective assumption is a flat annuity, not a tilted annuity) using a nominal, pre-tax WACC as used by Ofcom in the modelling of call termination. Results are also reported using a post-tax WACC, perhaps indicating some uncertainty as to the appropriate approach. As we have argued in this paper, we think a post-tax WACC should have been preferred.
Conversions from foreign currency use PPP, involving a USD conversion, and then prices in nominal US dollar were adjusted to US inflation using CPI to convert to 2013 terms
Prices were then converted to GBP using a PPP rate for 2013 extrapolated from historical rates.
Dotecon also notes that it would be preferable to use the operator-specific and country-specific WACC in order to calculate the discounted stream of annual fees, but that such information may not be generally available.
Source Dotecon, International benchmarking of 900MHz and 1800MHz spectrum value - September 2013

	




[bookmark: _Ref169158097][bookmark: _Toc170474030]Equivalence of after-tax and vanilla WACC methods
To demonstrate the equivalence of the after-tax and vanilla WACC methods, we use the simple worked example set out in the market-leading textbook by Berk and DeMarzo.[footnoteRef:15]   [15:  Berk, J., and P De Marzo, 2024, Corporate Finance: 6th Global Edition, Pearson, pp. 678-689.] 

That example considers the case where the classic after-tax WACC is:

and where the vanilla WACC is:

The classic after-tax WACC is used to discount the free cash flows, as set out in Table 9 below.
[bookmark: _Ref169103689][bookmark: _Toc170474040]Table 9: Present value calculation using classic after-tax WACC
	Year
	0
	1
	2
	3
	4

	Sales
	
	60.00
	60.00
	60.00
	60.00

	Less Cost of goods sold
	
	-25.00
	-25.00
	-25.00
	-25.00

	Gross profit
	
	35.00
	35.00
	35.00
	35.00

	Less Operating expenses
	-6.67
	-9.00
	-9.00
	-9.00
	-9.00

	Less Depreciation
	
	-6.00
	-6.00
	-6.00
	-6.00

	Earnings before interest and tax (EBIT)
	-6.67
	20.00
	20.00
	20.00
	20.00

	Less tax (at corporate rate)
	1.67
	-5.00
	-5.00
	-5.00
	-5.00

	Unlevered net income
	-5.00
	15.00
	15.00
	15.00
	15.00

	Add back Depreciation
	
	6.00
	6.00
	6.00
	6.00

	Less Capital expenditure
	-24.00
	
	
	
	

	Free cash flow
	-29.00
	21.00
	21.00
	21.00
	21.00

	Discount rate
	7.25%
	
	
	
	

	NPV
	41.73
	
	
	
	


Source: Berk and DeMarzo example.
Table 9 shows that free cash flow is calculated without having regard to the tax deductibility of interest payments – it assumes that the entire EBIT is taxed at the corporate rate.  This definition of cash flows is then paired with the classic after-tax WACC which does account for the deductibility of interest.  Thus, the tax benefits associated with the deductibility of interest are accounted for exactly once, as required.
The vanilla WACC is used to discount the free cash flows including the tax benefits from the deductibility of interest, as set out in Table 10 below.
[bookmark: _Ref169104244][bookmark: _Toc170474041]Table 10: Present value calculation using vanilla WACC
	Year
	0
	1
	2
	3
	4

	Sales
	
	60.00
	60.00
	60.00
	60.00

	Less Cost of goods sold
	
	-25.00
	-25.00
	-25.00
	-25.00

	Gross profit
	
	35.00
	35.00
	35.00
	35.00

	Less Operating expenses
	-6.67
	-9.00
	-9.00
	-9.00
	-9.00

	Less Depreciation
	
	-6.00
	-6.00
	-6.00
	-6.00

	Less Interest
	
	-2.12
	-1.65
	-1.14
	-0.59

	Taxable income
	-6.67
	17.88
	18.35
	18.86
	19.41

	Less tax (at corporate rate)
	1.67
	-4.47
	-4.59
	-4.72
	-4.85

	After-tax profit
	-5.00
	13.41
	13.76
	14.15
	14.56

	Add back Depreciation
	
	6.00
	6.00
	6.00
	6.00

	Add back interest
	
	2.12
	1.65
	1.14
	0.59

	Less Capital expenditure
	-24.00
	
	
	
	

	Free cash flow plus tax benefits
	-29.00
	21.53
	21.41
	21.29
	21.15

	Discount rate
	8.00%
	
	
	
	

	NPV
	41.73
	
	
	
	


Source: Berk and DeMarzo example.
Table 10 shows that taxable income is calculated after having regard to the tax deductibility of interest payments.  This definition of cash flows is then paired with the vanilla WACC which does not account for the deductibility of interest.  Again, the tax benefits associated with the deductibility of interest are accounted for exactly once, as required.
Importantly, so long as the definition of cash flows and WACC are consistently and appropriately paired, the net present value of the series of cash flows is computed correctly.

[bookmark: _Ref169707449][bookmark: _Ref169707464][bookmark: _Toc170474031]Derivation of the ACMA formula 
Derivation for annual cash flows at year end
The general specification of the formula for the present value of a tilted annuity of annual cash flows is:

where:
 represents the amount of the first cash flow in the series;
 represents the growth rate – the extent to which each cash flow is larger than the previous expressed in per cent per annum;
 represents the discount rate expressed in per cent per annum; and
 represents the number of cash flows in the series.
We now consider the case where there are two tilted annuities as set out in Figure 4 below. 
[bookmark: _Ref169186066][bookmark: _Toc170474045]Figure 4: Back-to-back tilted annuities
[image: ]
Source: Frontier Economics.
In this case, the present value of the first n-period annuity is given by the formula above.
The present value of the second m-period annuity is given by:

Note that the formula begins with the first cash flow in the relevant series, which is  for the second annuity.
Also note that the formula delivers the present value as at one period before the first cash flow in the stream.  For the second annuity, the first cash flow occurs at time , so the present value is computed as at time .  That figure must then be discounted back to time 0 – hence the additional term at the end of the formula.
Next note that the ratio of the present value of the second annuity to the present value of the first is given by:

Consequently, the ratio of the present value of the first annuity to the total present value of both is:

which is the ACMA formula. 
This formula produces the proportion of the total present value of all  cash flows that is due to the first  of those cash flows.
Derivation for mid-year annual cash flows
The above derivations use the standard formula for the present value of a tilted annuity.  When applied to annual cash flows, this formula produces the present value one year before the first cash flow in the series.  The derivations above assume that the first cash flow in the series occurs at the end of the first year (as set out in Figure 4) such that the present value is as at Time 0, as required.
In practice, it is often assumed that cash flows are not received in a single lump sum at the end of each year, but rather uniformly throughout the year.  In such cases it is common to treat each annual cash flow as occurring mid-way through the year.  
If that timing were applied, the first-year cash flow would occur at Time 0.5 (i.e., half-way through the first year).  Thus, application of the above formulas would produce present values as at Time -0.5 (six months prior to the valuation date, that being one full year prior to the first cash flow in the series).
This mistiming can be easily remedied by multiplying both of the present value calculations in the formula by  – to move the present value calculation forward to Time 0.
But because the same adjustment would be applied to  and , the ratio will be unchanged and no adjustment to the ACMA formula would be required.
Exponents in the formula (n and m) must be whole numbers
The exponent in the formula for the present value of a tilted annuity identifies the number of cash flows in the series.  It does not represent the time at which the last cash flow is received. 
For this reason, the exponent parameter in the formula must be a whole number – being the number of cash flows received.  Thus, when cash flows, returns and growth rates are all measured in annual terms, the exponent must refer to the number of annual cash flows, all of which are evenly spaced a year apart.
If a part-year payment does occur, that payment would have to be separately discounted.  For example, using the standard formula with an exponent of say 5.25 (to reflect five full-year cash flows and one quarter-year cash flow) produces only an approximation of the true present value.
Part-year cash flows can be more precisely accommodated by using periods shorter than a year.  For example, if it were assumed that cash flows were received monthly, the formula would require a monthly discount and growth rates and the exponents (n and m) would then reflect the number of monthly cash flows in each period.  In this case, an annual discount rate could be converted to an equivalent monthly discount rate as:

and similarly for the growth rate.  The resulting formula would then be appropriate for a series of monthly cash flows, where each cash flow is larger than the previous one. 
The same approach could be applied to weekly or even daily cash flows.  For example, converting an annual rate into the equivalent daily rate would require:

Using shorter periods obviates the need to either:
Separately account for part year cash flows; or
Use part period inputs in a formula that does not technically accommodate anything other than whole period cash flows that are evenly spaced.
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