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Executive Summary

Executive Summary

Heathrow Airport Ltd commissioned NERA Economic Goliing (NERA) to estimate the
cost of equity for Heathrow airport for the H7 gricontrol period, which will set charge caps
at Heathrow airport for the period 1 January 2@231 December 2025.

Overall, we estimate a real pre-tax cost of eqiatyHAL for H7 of 10.5 to 11.4 per cent,
assuming no changes in the regulatory frameworkliibcompared to Q6 and no investment
in the third runway.

Werely on long-run historical realised returnsto derivea TMR of 6.5to 7.1 per cent, and
combined with an RfR of -0.9 to 1.5 per cent, an implied ERP of 7.4 to 5.6 per cent

We use a TMR approach to estimating the RfR and, E€d@gnising the substantial body of
empirical and academic evidence supporting thergeveelationship between the two
components of equity market returns. Our apprascbnsistent with the approach followed
by UK regulators including the CMA.

We estimate a TMR based on long-run historicalisedlreturns for the UK market, drawing
on different holding periods and averaging techegjas considered by the CMA in its
Northern Ireland Electricity (NIE) 2014 determiraati This supports a real TMR range of
6.8 to 7.1 per cent (RPI-deflated). We apply anleard adjustment of O to 30 bps to the
historical returns data to reflect 2010 changebédONS methodology of data collection
(“formula effect”), which is expected to increasBIRnflation going forward relative to the
historical period. Our adjustment takes into actdbe uncertainty around the magnitude of
the effect of the change in data collection on &Rl the appropriateness of applying a single
known adjustment, which ignores all other potertrenges over the 100+ years of historical
data.

We also consider forward-looking evidence on theRTbased on the dividend growth model
(DGM) by the Bank of England, consistent with thd&As approach in its 2014 NIE
determination. The Bank of England DGM suppontead TMR estimate of 7.2 to 8.1 per
cent (RPI-deflated) based on forward-looking dater dhe past five years. We recommend
that forward looking DGM evidence should be treatdth caution, given the sensitivity of
the results to dividend growth assumptions. Westioee propose to rely primarily on long-
run historical returns in estimating the cost afigg although we consider that the DGM-
based TMR might provide support for setting the TRtRI allowed cost of equity in the
upper-part of the range indicated by the historlddR estimates.

Overall, we estimate a TMR in the range of 6.5.toper cent, where the bottom end of our
range is consistent with the TMR determined byGMA in its 2014 NIE and 2015 Bristol
Water determinations.

Our TMR estimates are higher than the range ofdb516 set out by PwC in its November
2017 report for the CAA on the WACC for H7, whictlies on its own subjective forward-
looking DGM and market-to-asset ratio (MAR) anadysAs set out in an earlier NERA
report for Heathrow from October 2017, we find tRatC’s DGM results are downward
biased due to low assumptions regarding divideoavtyr rates based on UK GDP growth.
This assumption ignores the fact that FTSE compsategive more than 70 per cent of their

NERA Economic Consulting i



Executive Summary

earnings from outside of the UK, where expected @@fvth is higher as well as ignores
short run dividend forecasts from independent gcanlysts, which the Bank of England
uses in its DGM analysis. In relation to PwC’s MARalysis, we find that PwC fails to
adjust stock market data for key drivers of watanpanies’ valuations (unrelated to the cost
of equity) which fully explain PwC'’s estimated MARVe also note that PwC makes
calculation errors when converting its “adjustedARIof 1.1 to an implied TMR,
understating the result by 140-180 bps.

In its November 2017 report for the CAA, PwC alsesents TMR estimates based on
historical long-run returns, including downwardwstment for RPI formula effect and for
investors’ “good fortune” which are going to repésaelf in the future. PwC’s adjustments
for “good fortune” are not based on any empiricalgsis, and are entirely subjective.

We estimate a risk-free rate (RfR) of — 0.9 to #iebcent. The lower bound is based on
current yields of index-linked gilts adjusted t&eanto account expected increases in gilt
yields over the H7 period based on evidence franvdod markets. The upper bound is
based on long-run evidence, adjusted for curremk@@onditions and recent precedent. We
estimate an ERP of 5.6 to 7.4 per cent as theuakithat is, calculated as the difference
between the TMR and RfR under our TMR approach.

We estimate an asset beta for HAL in a range between 0.55 and 0.6, drawing on betas for
listed comparators Fraport and AdP

We estimate an asset beta for Heathrow for H7 d¢hguan betas for listed airport
comparators Fraport and AdP, which include Frarldirport and Charles de Gaulle (CDG)
airports as the largest airports in the group, tviwe consider the closest available
comparators for Heathrow, in line with the CAA apgech in Q6 (see Table 1).

Table 1
Asset beta estimates for Fraport and AdP

1Y beta 2Y beta 5Y beta
AdP 0.71 0.55 0.51
Fraport 0.59 0.50 0.44

Source: NERA analysis of Bloomberg and annual rspdata. Estimation date: 19 January 2017.
Note: The asset betas are calculated by regresstimgk returns against the local index (Eurostoxsguaming
0.05 debt beta and annual reports net debt.

We first consider to what extent the Fraport and® Atoup betas reflect the risk of the large
hub airports, Frankfurt and Paris airports respebtj within the group. For Fraport, we find
that the share of Frankfurt airport in the ovegatiup is around 80 per cent (measured as
share in revenues EBITDA and group assets). F&, A find that the overall share of

Paris airports is around 64 per cent based on pgsseumbers, and increases to over 80 per
cent if we include other hub airports such as Adihare in Schipol or Istanbul Ataturk
airports. We also find that beta proxies for theaining secondary airports are no higher
than the respective group betas, and thereforeowelude that the beta of Fraport and AdP is
a reasonable proxy of the beta for Frankfurt armisRérports.

NERA Economic Consulting ii



Executive Summary

To estimate an asset beta for Heathrow based @oiffr@nd AdP betas, we assess the
relative risk of Heathrow versus its comparatomglthe dimensions of demand and
revenues risk, cost recognition risk and qualitg@idvice incentives. We conclude Heathrow
is higher risk compared to Frankfurt, as Frankffias the right to request a re-determination
of revenues of its choosing, e.g. where demandastdrisk deviates from expectations, and
has limited exposure to quality of service inceeiv We conclude that Heathrow is at least
as risky as CDG, and reasonably higher risk givath bre subject to a five-year price cap,
but CDG benefits from additional demand risk sh@rnmechanisms, and also faces smaller
guality of service incentives compared to Heathr@wur assessment of relative risk is
consistent with our empirical beta estimates, wistcbw that Fraport beta is lower compared
to AdP’s beta.

We note that in its November 2017 report for theACRwC concluded that Heathrow is
lower risk than Frankfurt and CDG airports basedt®@analysis of demand volatility at the
three airports. We explain that PwC’s analysisased on selective evidence and crucially
ignores the impact of the regulatory regime ongating demand risk at Frankfurt and CDG.

Given the relative risk positioning of Heathrowe thsset beta for H7 should therefore be
higher than the beta for Fraport and at least est@s the beta for AdP. We conclude on an
asset beta of 0.55 to 0.6 for H7, where the loveami is towards the upper end of the range
for Fraport, reflecting our conclusion that HALgeeater risk than Fraport, while the upper
bound is consistent with the broad evidence basad®, reflecting our conclusion that HAL
is at least as risky as AdP.

Overall, we estimate a real (RPI-deflated) pre-tax cost of equity of 10.5 t011.4 per cent

Based on the above CAPM parameters, and assunmotjo@al gearing of 60 per cent (in
line with Q6) and a tax rate of 17 per cent (irelimith latest government proposals), we
estimate a real pre-tax cost of equity for HAL fof of 10.5 to 11.4 per cent (as shown in
Table 2 below).

Our cost of equity estimate is higher than CAA’8rmeate of 7.1 to 9.5 real pre-tax at Q6.

The main reason is our higher beta range of 0.868¢based on 0.05 debt beta) compared to
CAA'’s point estimate of 0.5 (based on 0.1 debt hetawell as our higher TMR range of 6.5
to 7.1 per cent compared to CAA’s determinatio®.@b per cent. As we set out in this
report, there are compelling reasons for the CAtoease its beta estimate from Q6, given
the evidence that HAL is higher risk than Frapant at least as risky as CDG, contrary to
the CAA’s conclusions at Q6, as well as increas@ MR for consistency with long-run

market evidence.
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Executive Summary

Table 2
We estimate a real post-tax cost of equity for Heatow for H7 of 10.5 to 11.4 per cent

Low High
Tax rate 17% 17%
Gearing 60% 60%
Total market return 6.5% 7.1%
Risk-free rate -0.9% 1.5%
Equity risk premium 7.4% 5.6%
Asset beta 0.55 0.60
Debt beta 0.05 0.05
Equity beta 1.3 1.4
Real cost of equity (post-tax) 8.7% 9.5%
Real cost of equity (pre -tax) 10.5% 11.4%

Source: NERA analysis
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Introduction

1. Introduction

Heathrow Airport Ltd commissioned NERA Economic Goliing (NERA) to estimate the
cost of equity for Heathrow airport for the H7 mricontrol period, which will set charge caps
at Heathrow airport for the period 2021 to 2025.

In our estimation of the cost of equity, we haveuased the following:
= We estimate the cost of equity assuming Heathrosvaips the two existing runways, i.e.

our estimate does not account for risk arising feopotential third runway investment;

= We assume that there are no changes to the regutatpme relative to the Q6 price
control period; and,

= We assume H7 will cover a period of five yearststgrfrom 1 January 2021, in line with
the latest proposals from the CAA.
1.1. Methodology

Our methodology for estimating the cost of equdlyHeathrow relies on the application of
the Capital Asset Pricing Model (CAPM). The CAP#tssout that the investor’s required
return on equity can be calculated from two comptsie

= A Risk-free Rate: which compensates investorsifertime value of money, i.e. the fact
that they commit capital today to an investment thaxpected to pay off in the future;
and

= Arisk premium — which compensates investors ferféct that the future return on their
investment is uncertain. Under the CAPM framewtik, only risk that investors are
compensated for is the company’s non-diversifi@olsystematic risk, referred to as beta
risk. The premium for risk is calculated as betees the equity risk premium, defined as
the expected return on the market portfolio lessrisk-free rate.

Algebraically, CAPM can be written as :
R, = RfR+ * (TMR-RfR

where R is the return on equity, RfR is the risk-free r@ites the measure of the systematic
risk of the company’s equity and TMR is the tottlurn on the market portfolio.

The rest of the report is structured as follows:

= Section 2 sets out our estimate of the Total maRedtirn (TMR) and its constituent
elements the risk-free rate (RfR) and the equdl premium (ERP);
= Section 3 sets out our estimate of the asset betddathrow Airport;

= Section 4 sets out our approach to gearing;

CAA (June 2017), Consultation on core elementb@fregulatory framework to support capacity exmanat
Heathrow, para 23.

NERA Economic Consulting 1



Introduction

= Section 5 draws conclusions on the cost of eqoityHeathrow during H7.
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Total Market Return

2. Total Market Return

In this section, we set out our estimate of thaltatarket return (TMR) for the H7 period and
its constituent elements the risk-free rate (RfR) the equity risk premium (ERP).

2.1. We use a TMR approach to estimate the cost of  equity
2.1.1. Empirical evidence supports stability of TMR over long time-frame

There are two principal approaches to estimatiegigk-free rate and ERP components of
the CAPM: (i) estimate the risk-free rate and gRRlPameters separately, and in combination
derive the market cost of equity; (ii) estimate TiMR directly, and the risk-free rate, and
derive the ERP as the residual (referred to aSTthER approach”). As we discuss in this
section, we adopt the second approach, consisténtive approach used by the CMA and
other UK regulators.

The reason for adopting a TMR approach is the seveglationship between the RfR and
ERP elements of the TMR. Estimating the two patarseseparately therefore creates the
risk of combining inconsistent estimates, e.g. # Based on low short-term market data
with a long-run historical ERP, providing an ovéiR which is biased downwards.

Finance theory explains that the negative relalignsetween the RfR and the ERP is
associated with increased risk aversion and trealed “flight to safety” effect during
periods of economic and financial crisis. At tineé®conomic uncertainty, investors dispose
of risky assets such as equity in favour of riefassets such as government bonds. This
reduces the price of equities and increases thrigr®r holding risk while reducing yields
on risk free assets, giving rise to the negativeetation between the ERP and the RfR.
Empirically, a number of studies find a positiveat®nship between volatility and expected
equity returns and a negative relationship betwkerRfR and ERP while the TMR remains
stable over tim&. As an example, some of the most compelling exidés provided by
Siegel (1998), who analysed 200 years of US stoaiket data, which shows a remarkable
degree of stability in equity returns over timegcontrast to the risk-free rate and by
extension the ERP:

2 See for example: (1) Campbell and Cochrane (1838lorce of habit: A consumption-based explanatibaggregate
of stock market behaviour, Journal of Political Eomy, 107, 205-51; (2) Wright, S. et al. (Septenf296), Report
on the Cost of Capital — provided to Ofgem, Smitt&f3So Ltd; (3) Harris, Robert, and Marston, Felici®99) , The
Market Risk Premium: Expectational Estimates Usimglists’ Forecasts, Darden Business School WorkapePNo
99-08; (4) Maddox, F., D. Pippert and R. Sulliva@93), An Empirical Study of ex ante Risk Premiumstfe electric
Utility Industry,” Financial Management, 89-95.

8 See for example: (1) Graham and Harvey (2010, &duity risk premium in 2010. (2) Cochrane ana&iai (2008),
Decomposing the yield curve, Graduate School of igss, University of Chicago. Working Paper; (3) WtjdMason,
Miles (2003), A Study into Certain Aspects of the GafsCapital for Regulated Utilities in the UK, Smitls &
Company Limited.; (4) Scruggs (1998), Resolving thezting intertemporal relation between the markgt premium
and conditional market variance: A twfactor approach. The Journal of Finance, 53(2);&¥%; (5) Siegel W(1998),
Stocks for the Long Run McGraw Hill, Second Edition.

4 Siegel (1998), Stocks for the Long Run. McGrawkHiécond edition, p.11, 13.
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Total Market Return

“the growth of purchasing power in equities notydbminates all other assets hsit
remarkablefor itslong-term stability. [...] This remarkable stability of long-term real
returns is acharacteristic of mean reversion, a property of a variable to offset its short-term
fluctuations so as to produce far more stable loegn returns. [...]As stable as the long-
term real returns have been for equities, same cannot be said of fixed-income assets.”

Consistent with financial literature, prominent Bomic institutions such as the Bank of
England have recognised that low interest ratesesandomic uncertainty have led to
increased ERP%.Indeed, the Bank of England’s estimates of th® ERrived from its
dividend growth model (DGM) have increased markedhp the recent fall in interest rates
(see Figure 2.1).

Figure 2.1
Bank of England DGM shows reduction in RfR offset |y increases in ERP over recent
period
12% -
ERP

10% -

8% -

6% -

4% -

2% -

RFR
O% T T T T T T T T T T T T T T

——ERP (BOE) =——LT nominal RFR
Source: NERA analysis of Bank of England data

The German Bundesbank also noted that there reagshegative correlation between ERP
and risk free rate$:

“[...] the correlation between returns from stocks #&mtly-term government bonds is a
suitable measure of risk aversion... In times aflmened risk aversion, it is therefore often
possible to observe that investors demand higheityegsk premiums or undertake shifts

5  See for example, Bank of England, (August 20X#jation Report, p.1; Bank of England, (August 2016jlation
Report. The report statesTHere remains, however, substantial uncertainty atioeinature of the UK'’s future
trading arrangement and the implications for conipetness. This may have increased the risk premagmuired by
investors to hold sterling-denominated asseéts.

5  Deutsche Bundesbank, (Nov 2007), Monthly Report.
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from stocks into secure government bonds (safenhiémes). The resulting contrasting price
developments of stocks and government securiteea@ompanied by a negative
correlation”

2.1.2. GB regulators use TMR approach

The CMA and other UK economic regulators have askedged the negative correlation
between the ERP and RfR and the relative stalufithe TMR as the principal reason for
estimating the TMR directly. For example, the Cl¥plained that its reason for adopting
such an approach is that it provides more stahimates:’

“Our preferred approach is to deduct our estimatéhefRFR from our estimate of the equity
market returfTMR] to derive the ERP. There are two principal reastor preferring to
calculate the ERP in this manner: first ERP estesacan vary depending on the class of
risk-free instruments used in the calculation; setthe market return has tended to be less
volatile than the ERP [...], and there is some evidenf the ERP being negatively correlated
with Treasury bill rates over the short tefm.

The CMA and other UK regulators made extensiveresiee to the analysis of Mason, Miles
and Wright in their 2003 study of the cost of cahitommissioned by a consortium of GB
regulators (“Smithers report®). Drawing on a wide body of research, Smithers&n@ted
that there was strong evidence that the realisgteggte stock market return, and by
implication the expected market return, has beerarkably stable both over long historical
samples and in a wide range of markets. The asitwifirm that given the body of evidence
on the stability of the TMR, the best approachestimating future TMR is to draw on
realised long term historical averages.

2.1.3. Ofgem re-affirmed use of TMR at most recent  GB review (RIIO-ED1)

As part of Ofgem’s review of the cost of equity2@14, Ofgem asked Smithers & Co to
review their earlier methodology for estimating #MdR. The authors argued, as they had in
2003, that realised returns are made up of expeetachs and a “surprise factor”, and over a
long enough period, the surprises should cancetougfive the average expected return. The
report recognised that long run averages shoultpdated for the latest market evidence
(which was up to 2000 for its 2003 report), anddertain changes to the ONS calculation of
RPI. However, the authors did not consider angh&rrdownward adjustment was required
for current market evidence, e.g. lower risk-fraees:

“We conclude that there is no plausible case forfarther downward adjustment in the
assumed market cost of equity based on recent neonein risk-free rates (or indeed any
other “recent market evidence™).

” CMA (March 2014), NIE Limited price determinatiqn,13-16, para. 13.82.
8 Mason, Miles and Wright (February 2003), A stilp certain aspects of the cost of capital fouteted utilities in

the UK.
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In light of the Smithers review, Ofgem concludegwing on Smithers & Co., that the long-
run higtory of realised returns remains the bept@gch to assessing the equity market
return

Overall, we support a “TMR approach” for estimatthg RfR and ERP components of the
CAPM cost of equity, consistent with regulatorygqadent by the CMA and other UK
regulators as well as financial literature whiclpgorts an inverse relationship between the
RfR and the ERP with the TMR being relatively seabVer time. In the next section, we
consider latest empirical estimates of the TMR.

2.2. Latest evidence on the TMR

There are two principal approaches to estimatiegltMR: to draw on long run historical
evidence, or to draw on forward looking estimatasdal on dividend growth model (DGM).
We discuss current estimates of the TMR based @twb approaches in the following
sections.

2.2.1. Historical estimates of the TMR

The most common approach to estimating the TMRR draw on historical realised returns.
This approach assumes that historical realisedngfurovide an unbiased estimate of the
expected return over long time periods. As disedss the previous section, the relative
stability of the TMR over time supports the usdooig run historical returns as a basis of
estimating the expected TMR going forward.

We present long-run historical estimates of the ThéRed on data from Dimson, Marsh and
Staunton (DMS) database, which provides long-témme series data on returns on stocks,
bonds, bills as well as inflation over the periatte 1900, i.e. including 117 years of data in
the latest publication. The DMS database is thedsrd reference point for UK regulators
including the CMA as well as financial practitioné?

The simplest approach to estimating the TMR basekigtorical data is to calculate the
arithmetic average of historical returns over thagest available period. The use of
arithmetic averages is appropriate when the fotegaperiod is short relative to the
observation period and there is no auto-correlataeturns, which appears justified in the
context of estimating the TMR for the H7 periddThe use of arithmetic mean is also
supported by Brealey & Myers, authors of the preremt “Corporate Finance” textbook,

®  Wright and Smithers (2014Fhe cost of equity capital for regulated compargeseview for Ofgenp.2

10 See e.g. CMA (March 2014), NIE Limited price detgration, para 13.139

1 DMS finds limited auto-correlation in returns owtrort time-frames concluding th#te mean reversion effect is, at

best, of modest magnitude” (.implying that“for forecasting the long-run equity premium, sthard to improve on
extrapolation from the longest history that is dable....” E. Dimson, P. R. Marsh and M. Staunton, (2002)uffiph
of the Optimists: 101 Years of Global Equity Retdriginceton University Press, and E. Dimson, PM@Arsh and M.
Staunton, (2012): “Credit Suisse Global InvestmentiRs Yearbook 2012", Credit Suisse Research Inst{DMS
2013 Yearbook), Table 10, p. 28 and p. 38.
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who state: [f the cost of capital is estimated from historicadurns or risk premiums, use
arithmetic averages, not compound annual rateetfrn?

Using updated data from the DMS 2017 databasesitijgle average provides an estimate of
the TMR for the UK market of 7.1 per cent (real RBI

In its 2014 NIE decision, the CMA also presenteditmhal alternative historical TMR
estimates using a number of different averagingrtiepies and holding period$.Table 2.1
below shows an update of the CMA calculations usiaig over the period 1900-2016 from
the latest DMS 2017 publication.

Table 2.1
The latest long-run DMS’ TMR estimates lie in rangeof 6.2 to 7.7 per cent, a slight
increase relative to evidence presented by CMA atIN 2014

Simple Overlapping Blume JKM
1Y holding 7.1 7.1 7.1 7.1
2Y holding 7.5 7.0 7.1 7.1
5Y holding 7.2 6.8 7.0 6.9
10Y holding 6.7 6.7 0.1V 6.9 6.7
20Y holding 7.7 6.8 0.1V 6.8 6.2

Source: NERA calculations using DMS (February 2(Qr&dit Suisse Global Investment Returns Yearbook
2017 (DMS data since 1988 converted to real RPlatkd figures as explained in footnote 13), CMAL20
Northern Ireland Electricity price determinationirfal Determination, p. 13-27, Table 13.7.

Note: The figures in black in the table repregdifferent historical estimates considered by the/ACidr NIE

(2014), calculated using updated DMS data up to2® The figures circled in green represent the défere
between the updated estimates and the estimatssriesl by the CMA in NIE (2014).

As shown in Table 2.1 , the historical TMR estinsdte in a range between 6.2 and 7.7 per
cent, depending on the averaging technique andrgpfeeriod. The figures circled in green
represent the difference between the updated dstsnaad the estimates presented by the

12 Brealey. & Myers (2007), Principles of Corporatadfice, & ed., p. 151.

13 Dimson, Marsh and Staunton (February 2017), CRulitse Global Investment Returns Yearbook 2017,79220.
We note that the 2017 DMS publication includes retlrns for the UK market since 1988 which haverbealculated
using CPI as opposed to RPI inflation. (See DM®(&ary 2017), Credit Suisse Global Investment Ret¥eerbook
2017, p.212. As a result, the DMS reported historical real metior the UK market of 7.3 per cent over the perio
1900-2016 should not be interpreted as a real Rititde measure. To ensure consistent treatmenflafion, we
have re-calculated the real UK historical retumbe based on a RPI deflated basis. This proddesstimate of
historical real returns of 7.1 per cent for the biidrket over the period 1900-2016.

14 CMA (March 2014), NIE Limited price determinatiqm,13-27, Table 13.7.

15 The simple approach calculates the arithmeticnieasuccessive time periods (and therefore therdew

observations for long holding periods) and the lamring approach is identical other than it alldarsoverlapping

time periods. For holding periods greater thandr,yihe simple approach first calculates the comgded nth period
return (e.g. for a 5-year holding period, it caftak the 5-year compound return earned in the cotige periods 1-5,
6-10, 10-15 etc.), and then takes an average sétheeriod compound returns. The overlapping ambrés identical
other than it allows that the compound 5-year retsicalculated for periods 1-5, 2-6 etc. The Bladpistment takes a
weighted average of the arithmetic and geomettioms, and the JKM is a statistical approach thatiges efficient
estimates for small samples, but this adjustmesnt effectively produces unbiased estimates of theeriod return as
a weighted average of the geometric and arithnasticages over the observation period.
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CMA in the NIE 2014 determination. On average,updated estimates show a marginal
increase relative to the estimates presented bgim& in 2014. At the NIE 2014 decision,
the %wA concluded that the long run historical datpported a TMR range of 6 to 7 per
cent:

Table 2.1 shows that the assumed holding periad important factor in estimating the
TMR. We consider evidence supports the use ofivelg short averaging periods for the
following reasons:

= GB regulators such as Ofgem and Ofwat have typicalhsidered the TMR for a holding
period of 1 year.

= The use of short-term holding periods is consistétit evidence from a survey of equity
market participants by the CFA Institute UK thaggests that the average holding period
is between 1-2 year$.

= Helm and Tindall (2009} find that most utilities are held by private eguor
infrastructure funds, where the former have anayeholding period of 4-5 years while
the latter tend to be more long-term.

Overall, we consider the historical evidence sufgarTMR range of 6.8 to 7.1 per cent.

The top end of our range is based on the simpleageeof historical realised returns, as used
by regulators in the past and supported by finatitéaature. For the bottom end of our
range, we draw on the range of alternative avegagiochniques and holding periods
considered by the CMA in its NIE 2014 decision Wwith the exception of: i) simple average
estimates based on long holding periods, as trstgeates are based on a small number of
observations; ii) very long holding periods of Iilanore years which are not supported by
empirical evidence on investor behaviour. Thispgufs a bottom end of the TMR range of
6.8 per cent.

2.2.1.1. Changes to the calculation of RPI, and conclusions on historical TMR

At recent reviews regulators have discussed chaogesw RPI inflation is measured and the
implications for setting real RPI allowed rate efurn going forward. In 2010 the ONS
modified the way certain clothing and footwear priedices were collected. The change in
data collected raised the variation of the relegamples and had an impact on the relative
difference between RPI and CPI, because they égelated using different formulae at the
lowest level of aggregation: arithmetic and geormetreans respectively. The ONS
concluded that, going forward, the wedge betweehaR& CPI attributed to differences in
the formulae (“the formula effect”) increased byab32bps as a result of this charige.

16 CMA (March 2014), NIE Limited price determinatiqn,13-27, para. 13.141.

17 Kay Review of UK Equity Markets and Long-Term Dsioh Making, Interim Report, Feb 2012I; CFA UK respe to
the Kay Review of UK Equity Markets and Long-Termcid&on Making — Call for Evidence

18 Helm and Tindall (November 2009), The evolutidrindrastructure and utility ownership and impliicats, Oxford

Review of Economic Policypl 25, pp 411 — 434
19 ONS (December 2010), CPI and RPI: Increased ingfatbie formula effect in 2010, p. 1.
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We have considered whether there is a clear rdédarnan adjustment to the real historical
realised return data to reflect the relative insesim RPI post 2010. Primarily, we note that
the 2010 change in the way RPI is measured refdsesaly one of potentially many changes
to RPI over the historical period since 1900. baldhe DMS returns data relies on RPI as a
measure of inflation only from 1962 onwards with“erdex of retail prices” used for earlier
years? If the CAA makes a change for the 2010 adjustrfentonsistency, it needs to
analyse and correct for all other historical metilodical changes to RPI and its predecessor
indices, some of which may have had large quaivi&ffects. For example, the ONS
publishes a new Consumer Price Indices Technicaludleevery year detailing many other
changes, which may have opposite and off-settifegtst.

However, it is not practicable for the CAA to catesi all changes to RPI and its predecessors.
To take a recent example, a 2015 OBR report shioatghie OBR has revised downwards its
estimate of the RPI-CPI wedge because of a downreaidion to the “weights effect” from
0to-0.4 per cerftt As OBR notes, part of this differentrepresents interactions between
categories, in particular between the formula arelghts effect”. This shows the change in
the weights effect may have potentially offsetrmerease in the “formula effect” arising from
the 2010 changes to the method for collecting atgthas identified by ONS as 32 bps. In
practice it is simply not possible for the CAA &view every change in RPI over the past
100 years and adjust the historical real returtia decordingly, not least due to data
limitations. Furthermore, the CAA would also neede informed about every
guantitatively important change to RPI in the fettw avoid “cherry-picking” a single
negative adjustment. The ONS has an ongoing pmageaof reviewing price index
collection, which may reverse the formula effectha future.

In the absence of a detailed review of all hisarghanges to the RPI (and its predecessors),
we consider 30bps to be the maximum value for alysement? Given that the RPI has
undergone other structural changes in the pastwahdontinue to do so in the future, it

would be selective to adjust for this effect withoansidering the possible effect of other
changes to the way RPI is (or will be) calculat@a. reflect the uncertainty over other
adjustments and the impracticality of identifyirlgadanges, we consider that it is reasonable
to make no adjustment at all.

20 Dimson, Marsh and Staunton (February 2017), CRuise Global Investment Returns Yearbook 20172p.2

2L OBR (March 2015), Economic and fiscal outlook, p.&nk: http://obr.uk/docs/dim_uploads/March2015EFO_18-03-
webvl.pdf

2 Qur estimate is based on the difference betwedra®PRPIJ at the time of the change to the straafiRPI. As we
explain in a previous NERA report, a comparison Bf Bnd RPIJ is a more appropriate method for esitigngéhe
increase in RPI due to the methodological change@NS implemented in 2010. By contrast, the “fdareffect”, as
defined and calculated by ONS, can be summarisétheslifference between the CPI and RPI” arisiragrf different
formulae used to aggregate price changes. Howtheformula effect measures the difference betvtieeractual CPI
and a recalculated CPI using the RPI formula. Puoplg, it is the effect of the RPI formula on the CRot the effect
of the RPI formula on the RPI. Since the two irdidiffer in other ways (e.g. they include diffdréams and place
different weights on the items they both includese two effects may not be identical. See: NEFOA42 Review of
Ofgem’s Estimate of the RPI Formula Effect, Secfohink:
https://www.spenergynetworks.co.uk/userfiles/filppd4_201408_NERA_ReviewOfOfgemEstimateRPIFormulaEffec
t.pdf
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In conclusion, assuming the maximum value for ti@stment for the RPI formula effect of
30 bps, we conclude historical data supports aldeand TMR of 6.5 per cent, equal to the
6.8 per cent lower bound historical TMR minus 38 byr the RPI effect. We make no
adjustment to our upper-bound value of 7.1 per tereflect the uncertainty over other off-
setting adjustments.

2.2.2. Forward looking estimates

As an alternative to the long-run historical appigahe TMR can be calculated based on
forward looking evidence, as derived using theddwd growth model (DGM). At previous
reviews, the CMA as well as other regulators usedesce from the DGM as a cross-check
on the TMR estimated from long-run historical dzta.

The DGM solves for a discount rate which equategtiesent value of future expected
dividends to the current stock price. If appliedhe entire market index (e.g. FTSE 100),
the discount rate implied by the DGM reflects tlkpexted return on the whole market (i.e.
the TMR).

Figure 2.2 below shows estimates of the TMR fromBlank of England. The Bank of
England estimates the TMR for the FTSE 100 indsiygiequity analyst estimates of short-
term dividend growth and a long-run dividend groa#isumption based on long-run GDP
growth estimates for the different regions from ethiFTSE 100 companies derive their
earnings.

3 See e.g. Ofwat (January 2014), Setting pricerotmfor 2015-20 - risk and reward guidance, sec8i@.4 or CMA
(March 2014), NIE Limited price determination, pa@&137.
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Figure 2.2
Bank of England DGM shows TMR has been relativelytable, with elevated values
during GFC and Greek Euro crisis
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Source: NERA analysis of Bank of England (2017)improved model for understanding equity
prices, Quarterly Bulletin 2017Q2, p.94 and Banlafjland yield curve data.

Note: The Bank of England estimates the DDM usitigne varying risk-free rate for all maturities
(where available) and a long-run risk-free rate @sgption. We calculate a TMR as the sum of the
Bank of England’s reported ERP and an i) averagthefreal risk-free rate for all available
maturities and 2) the real risk-free rate at thedest maturity available.

As can be seen from Figure 2.2, the TMR estimate fhe DGM has been relatively stable
over time, with the exception of the global finaalarisis period as well as the Greek euro
crisis period where it showed elevated values. rekaive stability of the TMR supports the
theory that the recent reductions in the risk-fiadge have been offset by increases in the ERP
resulting in a stable TMR over time (as discussedeitail in section 2.1).

Table 2.2 below shows the current estimates oT MR based on Bank of England DGM
data. To smooth for volatility in equity marketge present evidence of the forward-looking
TMR for spot (March 2017 in line with latest datarh the BoE) as well as 1 and 5 year
historical averaging periods.
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Table 2.2
Bank of England DGM support a real TMR in the rangeof 7.2 to 8.1 per cent
Spot 1Y average 5Y Average
(Mar 2017) (Mar 2017) (Mar 2017)
BoE TMR (average RfR) 7.2 7.3 7.8
BoE TMR (LT RfR) 7.6 7.6 8.1

Source: NERA analysis of Bank of England (2017)improved model for understanding equity prices,
Quarterly Bulletin 2017Q2, p.94 and Bank of Englameld curve data using March 2017 as cut-off dideer
data from BoE on the TMR not available)

Note: The Bank of England estimates the DDM uaitigne varying risk-free rate for all maturities ifere
available) and a long-run risk-free rate assumptidVe calculate a TMR as the sum of the Bank ofdBdts
reported ERP and an i) average of the real rislefrate for all available maturities and ii) the Haésk-free
rate at the longest maturity available.

Depending on the averaging period, the forward-loglestimates of the real TMR based on
the Bank of England’s DGM lie in a range betweeéhahd 8.1 per cent. The forward
looking estimates are therefore higher comparetdddistorical estimates discussed in
section 2.2.1.

2.3. TMR — conclusion

In deriving the TMR for HAL for the H7 period, wecommend to rely on long-run historical
averages as the primary source of evidence, withidi@ looking estimates based on the
DGM used only as a cross-check.

We consider forward looking evidence should betéavith caution, given the relative
sensitivity of the results to the long-term dividegrowth assumption, for which there are no
equity analyst forecasts available. The use dbhcal evidence as a measure of the
expected TMR is supported by the stability of thMR over time as documented in financial
literature.

In summary, we recommend a TMR in the range betvdegiand 7.1 per cent for H7, in line
with our estimates based on historical data. Faiwa@oking evidence supports a higher
TMR estimate between 7.2 and 8.1 per cent. Wethatehe bottom end of our TMR range
is consistent with the latest precedent on TMRHgy@MA from its 2014 NIE and 2015
Bristol water determinatiorfs.

2.4. Comment on PwC estimates of the TMR presented  for the CAA

In its November 2017 report prepared for the CAW(Ppresented a preliminary view of the
cost of capital for H7 including a view of the TMR.In its report, PwC argues that the low
risk-free rate environment resulted in reductionthe TMR and recommends a real TMR

2 CMA (March 2014), NIE Limited price determinatiqn,13-39, Table 13.11 and CMA (October 2015), Brigfater
plc, A reference under section 12(3)(a) of the Whitdustry Act 1991, Report, p332, para 10.186.

% pwC (November 2017), Estimating the cost of cafitaH7: A report prepared for the Civil Aviationuthority (CAA),
link: http://publicapps.caa.co.uk/docs/33/PwC_H7InitialWA&Qye.pdf
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estimate of 5.1 to 5.6 per cent (RPI-deflatedH@rbased owrurrentapproaches (DGM and
market-to-asset ratio analysis). PwC’s recommeosito the CAA on the TMR for H7
largely draw on PwC'’s earlier report prepared féw& on cost of capital for water
companies for PR19 (2020-2024) published in Jul& 2(hd updated in December 2G17.

2.4.1. PwC current (forward-looking) estimates are unreliable

In our October 2017 NERA report for HAY’, we demonstrated that PwC's approach to
estimating the TMR in its June 2017 report for Gfigdlawed and leads to a substantial
understatement of the TMR. Our criticisms applyadty to PwC'’s estimated TMR range for
H7, which draws on the same methodology as applydéwC in its June 2017 report for
Ofwat.

In our October 2017 report, we demonstrated thexetis no evidence that the TMR has
declined in the current market environment as atdnyePwC in its June 2017 report for
Ofwat. PwC presents evidence seemingly showinechre inrealisedequity or total

market return over recent periods for the UK, whiatonsiders demonstrates that investors’
expectedeturns are lower in the current period of lowenest rates. In our report, we
showed that PwC'’s evidence is weak and selectittzat only slight changes to its
approach, e.g. the period selected, can substgrdie@nge the results of the analysis. We
also show that in most major equity markets thésed TMR has increased over the recent
period, a direct contradiction of PwC’s conclusioh8e also note that it is unsafe to draw
conclusions from short-term market data, givermtiatility of stock market returns and the
high standard errors of the means, an accepted ipdime academic literatuf&.

In October 2017 report, we also highlighted erinrBwC’s DGM and MAR calculations
which result in a substantial understatement oflti& recommended by PwC. As we
explain below, PwC failed to address these erroitsiNovember 2017 report for the CAA.

24.1.1. PwC has failed to correct for its errors in DGM

In our October 2017 report, we showed that PwC’$vD&stimate of the TMR of 5.4 to 5.8
per cent (real RPI) is low compared to independstitates from the Bank of England,
which support a range of 7.2 to 8.1 per cent, aset®ut in Table 2.2 above. We explained
that PwC’s DGM is understated, due to implausibly hssumptions around dividend growth
rates, a key determinant of the implied TMR. PvgSuanes that FTSE dividends grow in
line with short-term and long-term nominal gromthdK GDP, but provides no basis for its
assumption that UK GDP forecast growth rates ayecal proxy for investors’ expectations
of dividend growth rates. PwC’s assumption is #dwnot least because FTSE companies
derive over 70 per cent of their earnings from ioet®f the UK, which have higher forecast

% pPwC (June 2017), Refining the balance of incentiee®R19, link:https://064f1d25f5a6fh0868ac-
0df48efcb31bcf2ed0366d316cab9ab8.ssl.cf3.rackcdnvep-content/uploads/2017/07/PwC-Balance-of-incesiv
June2017.pdand PwC (December 2017), Updated analysis on tteof@quity for PR19, link:
https://www.ofwat.gov.uk/wp-content/uploads/2017P\RC-Updated-analysis-on-cost-of-equity-for-PR19-Dec

2017.pdf
NERA (October 2017), A review of PwC's approaclsatting cost of equity in a “lower for longer” era.

2 NERA (October 2017), op. cit., section 2.3

27
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GDP growth than the UK. In addition, UK GDP forstgrowth rates in the short term are
somewhat depressed (e.g. due to Brexit) and asgastially lower than independent analyst
forecasts of dividend growth rates for FTSE stoeksch are used by the Bank of England
to forecast short-term dividend growth in its D&M

In its December 2017 updated report for Ofwat, Rseknhowledged that FTSE companies
derive a substantial portion of its earnings framsale of the UK but argued that its reliance
on UK GDP growth as a proxy of future dividend gtbws appropriate, as its objective is to
derive a TMR for the UK market, as opposed to aladvdMR.>® PwC’s approach is illogical:
In drawing on a FTSE stock market value and FT$ildnd payments for its DGM, both of
which reflect UK and foreign earnings, PwC must as®nsistent dividend forecast, i.e. also
based on UK and foreign GDP. The alternative wanaldo construct a UK only FTSE index
and UK only dividend payments, to which PwC cotidrt apply a UK only GDP growth
rate3! But this is not PwC'’s proposed approach norialskg one.

2.4.1.2. PwC MAR'’s estimates also inconsistent with independent forecasts, and
based on error

In relation to the MAR analysis presented by Pw@srdune 2017 report for Ofwat, our
October 2017 report showed that PwC fails to adedyiadjust for important drivers of
water companies’ valuations, including value of megulated activities, value of regulated
activities unrelated to wholesale, value of pensleficit/surplus, as well as expected
outperformance. The value of these adjustmersighgect to substantial uncertainty, but
evidence from independent analyst reports suggfestshe regulatory capital value (RCV)
premium calculated by PwC is fully explained byséactors, and there is therefore no
evidence that the “adjusted” MAR for listed watempanies is different from ¥

We also showed that even if we were to accept Pwélilation of the “adjusted” MAR for
listed UK water companies of around 1.1 (which wendt), PwC’s calculations of the
implied TMR of 4.7 to 5.2 per cent based on thisRIiiclude two methodological errors,
confusing real and nominal terms and ignoring gealth in RCV, which lead to PwC
understating the implied TMR by 140-170bps.

2 NERA (October 2017), op. cit., section 3.2.
30 pwC (December 2017), Updated analysis on theaf@sjuity for PR19, para 4.30-4.31.

31 In other words, PWC uses the DGM to calculatergsiied TMR for the UK stock market index (FTSE). i§ts done
by calculating the discount rate which equatestireent value of the FTSE index to the discounteghsn of expected
future dividends paid by FTSE companies. As ackadged by PwC, FTSE companies derive a substamtitibp of
their earnings from outside of the UK. The valfi¢he FTSE index is therefore, by definition, affet by companies’
expected earnings from the UK and abroad. To &stscfuture dividends for FTSE companies, it isdfoge
necessary to take into account both the evoluti@xpected earnings from their UK and foreign ofierss. Relying
on UK GDP growth only, which is lower than forecgebwth from abroad, results in an understatemétiteoimplied
TMR by PwC. This is because the value of the FTSExnby definition, includes the effect of FTSE quamies’
foreign operations, while PwC'’s projections of didls do not.

%2 NERA (October 2017), op. cit., section 3.3.

33 NERA (October 2017), op. cit., section 3.4. Sfiemlly, PwC incorrectly interprets the MAR to repees a ratio of the
allowed rate of return and investors’ expected obstapital nominal as opposed to real terms, wisdhcorrect for
UK water companies and leads to an understatenfighhé MR by PwC. In backing out the implied expectest of

NERA Economic Consulting 14



Total Market Return

In its December 2017 updated report for Ofwat, Ranglied that it did not ignore growth in
RCV in its MAR analysis. Specifically, PwC statibat in estimating the present value of
expected cost and incentive outperformance, iutations included an assumption on
future g3£owth in the RCV and there is thereforeneed for an adjustment to reflect RCV
growth:

Taking into account growth in RCV in calculatingthalue of cost and incentive
outperformance only partially addresses the impaatgrowing RCV on the observed MAR.
RCV growth must also be taken into account wherkibgoout the “implied” TMR from the
“adjusted” MAR, even after having adjusted for RGMwth on cost and incentive
outperformance. Any “outperformance” of the casequity will result in a higher observed
MAR the higher the expected real growth in R®¥cause the effect of this outperformance
is compounded with the expected growth in the R@¥.we show in our report, PwC fails to
take this RCV growth into account in backing o MR, resulting in its implied TMR
being understated.

In our report, we concluded that PwC'’s errors $"DGM and MAR analysis result in a
substantial understatement of the TMR under theenti{forward-looking) approaches and
conclude the only reliable approach is to drawralependent estimates by the Bank of
England which support TMR of 7.2 to 8.1 per cestgaown in Table 2.2).

2.4.2. PwC adjustments to long-run historical evide = nce are unjustified

In its November 2017 report for the CAA, PwC alsegents TMR estimates based on long-
run histscgrical averages, but makes two adjustmentse long-run average historical
returns:

= RPI Formula effect: PwC adjust historical retudoesvnward by 30 bps to reflect changes
in how RPI is measured since 2010 (see sectiot 2 discussion of the RPI formula
effect).

= Forward looking returns adjustment: PwC state Bhatson, Marsh and Staunton (the
source for the long-run historical returns datdjelve that half of long-run historical
dividend growth for global equities arises fromtggeod fortune” embedded in long-run
historical equity returns data. PwC argues tH@maxadnce for “good fortune” should not
be reflected in forward-looking estimates of the Rldnd estimates a 0.4 per cent
downward adjustment to the long-run historical TkdRthe UK.

As discussed in section 2.2.1, in the absencedetailed review of all historical changes to
the RPI (and its predecessors), we consider 3@hihe imaximum plausible value for any
adjustment to historical returns to reflect the @@NS change to RPI. Given that the RPI
has undergone other structural changes in the gradtwill continue to do so in the future, it

equity and TMR, PwC also implicitly assumes zero gealvth in RCV, which results in an understatemerthef
implied TMR given expected positive real growthtie RCV for water companies.

34 pwC (December 2017), Updated analysis on thead@sjuity for PR19, para 5.8.

% PwC (November 2017), Estimating the cost of cafitaH7: A report prepared for the Civil Aviationuthority (CAA),
para 5.38-5.43.
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would be selective to adjust for this effect withoansidering the possible effect of other
changes to the way RPI is (or will be) calculat@d. reflect the uncertainty over other
adjustments and the impracticality of identifyirlgcanges, we consider that it is also
reasonable to make no adjustment at all.

On the forward looking adjustment, we consider #ratdjustment for historical “good
fortune” is not appropriate for estimating equigyurns going forward. PwC’s adjustment is
based on Dimson, Marsh and Staunton, who arguéithaé assume that the historical real
growth rate of dividends on the world index wateast half attributable to past good fortune,
then the prospective premium on the world indeXimest.** As demonstrated by the DMS
guote, the adjustment for good fortune can onlgdoesidered as illustrative, rather than an
objective adjustment based on evidence of histiogicad fortune. In the absence of any firm
evidence that historical growth in dividends maydoe to good fortune (equally, they may
be understated by “bad fortune”), we do not corrsaaleadjustment to historical realised
returns is appropriate.

For these reasons, we do not consider that PwQustatents to long-run average historical
returns are reasonable, and conclude that thericesitevidence supports a TMR range of 6.5
to 7.1 per cent (real RPI), as we set out above.

2.5. Division of TMR between RfR and ERP

There are two broad approaches used by UK regaladastimate the RfR (and therefore
ERP) components of the TMR: i) relying on long-historical averages or ii) relying on
short-run market evidence, such as spot or fornates.

2.5.1. Long-run estimates

Long-run estimates of the RfR based on UK goverrirhends yields as calculated by DMS
over the period 1900-2016 suggest a long-run Rffege for the UK of 2.5 per ceft.

2.5.2.  Short-run market evidence

Government bond yields in the UK and internationalve been falling steadily since the
global financial crisis, reflecting the impact @frtral banks’ unconventional monetary policy
and quantitative easing aimed at stimulating ecoaoecovery. In the UK, government
bond yields have fallen further following the Brexote in 2016 and the Bank of England’s
reaction by further loosening of monetary poliagsulting in yields reaching historical lows
around negative 2 per cent (real) since the sunom2016.

However, current market expectations suggest asalvim the trend of falling interest rates
in the future in the UK and internationally, withster than anticipated rate increases. In its
November 2017 statement, the Bank of England arsemlithe first increase in the base rate

%  Credit Suisse Global Investment Returns Yearbodk 2p37.

87 Calculated based on DMS bond returns data, adjpstst 1988 deflated using RP!I inflation. See fotrl3 for
details.
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since 2007 from 0.25 to 0.5 per cent, with marketsecting further increases in the near
future (as shown in Figure 2.3 belot).

Figure 2.3
Bank of England data shows markets expect further &se rate increases in the near
future

International forward interest rates(a)

Solid lines: February Report

| Dashed lines: November Report 120

Federal funds rate(b)

Bank Rate
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Source: Bank of England, (February 2018), InflatiReport, p.4.

Latest data from the Bank of England’s February8flation Report suggests that current
market expectations imply faster than anticipatenidases in UK interest rates compared to
earlier forecasts.

Evidence from forward gilt rates suggests markedseapecting real yields to increase in the
run-up to and during the H7 period. As shown iguFé 2.4 below, current yields on 10Y
government bonds are around -1.8 per cent in egalst and forward rates indicate that the
market3 ggexpects these yields to increase to ardBdoer cent on average over the H7
period:

%  Bank of England (November 2017), Inflation report.

% Calculated based on a 3-month average of forveaedavidence from Bloomberg.
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Figure 2.4
Spot and forward evidence supports a RfR below zerper cent (real)
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Source: NERA analysis of Bloomberg data, Bankngfidhd data and regulatory precedent,
cut-off date 19 January 2018.

As can be seen from Figure 2.4 and Table 2.3 canteeviews, UK regulators generally

placed greater weight on long-run evidence on iy ®Rith some downward adjustment to
long-run data to reflect the lower spot and forwgiedd evidence.
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Regulators have not generally drawn on low spot antbrward yield evidence at recent

reviews
Decision Date Real RfR
Ofwat PR09 April 2009 2.0%
Ofgem DPCR5 December 2009 2.0%
CMA Biristol February 2010 2.0%
CAA NATS October 2010 1.75%
Ofgem RIIO-T1 April 2012 2.0%
Ofgem RIIO-GD1 December 2012 2.0%
Ofcom Openreach March 2013 1.3%
CAA Heathrow/Gatwick Q6 January 2014 0.5%
CMA NIE March 2014 1.5%
CAA NATS RP2 June 2014 0.75%
Ofgem RIIO ED1 November 2014 1.6%
Ofwat PR14 December 2014 1.25%
CMA Bristol October 2015 1.25%
Ofcom LLCC April 2016 1.0%
UREGNI GD17 September 2016 1.25%
UREGNI NIE RP6 June 2017 1.25%

Source: NERA analysis of regulatory determinations

Taking into account the market evidence as welkgslatory precedent, we recommend an
RfR range for H7 of -0.9 to +1.5 per cent. Theeampound of 1.5 per cent for the RfR is

based on long-run historical evidence adjustead@iorent market conditions. The lower
bound of - 0.9 per cent draws on current marketenge of low government bond yields but

allows for an increase relative to the prevailipgtyate to reflect expected future increases
in interest rates in the run up to and during H3elolaon evidence from forward markets.

Table 2.4 summarises our recommendations on the &iMRhow this should be split

between the RfR and ERP components.

NERA Economic Consulting
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Total Market Return

Table 2.4
We recommend a TMR of 6.5 to 7.1 per cent, with afR of -0.9 to 1.5 per cent and an
implied ERP of 5. 6 to 7.4 per cent

Lower bound Upper bound
TMR 6.5 % 7.1%
RfR -0.9% 15%
ERP 7.4% 5.6%

Source: NERA calculations
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3. Beta

In this section, we present our estimate of thetassta for HAL for the H7 period. As
explained in the introduction, we estimate a betdHAL assuming no investment in the
third runway and no changes to the regulatory regiompared to the Q6 period.

The CAPM beta measures the systematic risk ofcksi@. the portion of risk that is
correlated with the market portfolio. For publitisted companies, betas can be estimated
directly by regressing the stock return againstrébern on the market portfolio. However,
following the de-listing of BAA stock in 2006, thggproach is not possible for Heathrow.
Instead, we estimate beta for Heathrow based orriealevidence on betas for relevant
comparator companies. We consider evidence ois f@tdéisted airport comparators in
section 3.1. Beta evidence for comparators alsds&o be carefully interpreted taking into
account differences in relative risk, as we dis¢ossection 3.2.

3.1. Comparator beta evidence

In this section, we present evidence on empiriethdfor listed airport comparators, using
the same comparator set as considered by the CAAsadvisors PwC in Q8.

Figure 3.1 below shows 2-year rolling asset betasiie listed airport comparators.

40 We exclude Rome and Florence airports which werbsted in 2013 and 2015 respectively. We alstuie AENA,
a European airport operator which manages airfio@pain and overseas, which was listed in FebrRaihpb.
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Figure 3.1
2-year rolling asset betas for listed airport compeators

CAA final determination
estimates
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Source: NERA analysis of Bloomberg data

Note: The comparator asset betas are calculatedregahe local/regional index (Stoxx Europe for &pean
airports and local indices for Australian/New Zeadhairports), assuming 0.05 debt beta and Bloominetg
debt

As shown in Figure 3.1, on average, betas fordisigport comparators have on average
increased slightly since the Q6 determination.sThcrease may potentially reflect the
unwinding of the effect of “flight to safety” whiathepressed betas for regulated assets during
the global financial crisis:

We have estimated the betas for the wider setmjpapators using the technical estimation
techniques described below. We have also considkeeskensitivity of beta estimates for
AdP and Fraport, the principal comparators empldye@AA at the last review (as
discussed in section 3.2), for a number of techmssaes as follows:

= Data frequency: We estimate comparator betas wkiilg data. In estimating betas,
there is a trade-off between data of higher frequéa.g. daily), which provide greater
number of observations and lead to statisticallyenmobust beta estimates, and data with

41 During times of financial crisis and heightenedrket volatility, asset betas for regulated asseth as utilities or

indeed airports which are considered as “defenstacks are depressed, due to the reduction diveleolatility
compared to the market. As the world economy nbsempost-GFC and market volatility returns to nalrfavels, we
observe betas for regulated assets return tofheitous pre-crisis levels.
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lower frequency, which may be more appropriatéef televant stock is illiquid where
the use of higher frequency data may result in tstdeéng the co-movement of the stock
and the market due to asynchronous trading. Asouparator set includes major listed
airports with bid-ask spreads below 1 per centdo@ot expect illiquidity to be an issue
and therefore rely on daily data which producesamstatistically robust beta estimates.

Estimation window: We present betas 2 year estonatiindows, but also consider 1 and
5 year estimation windows for AdP and Fraport, Captincipal comparators. The
choice of the estimation window should be suffithgfong to produce robust statistical
estimates and should also take into account thactrgf wider market conditions on beta
estimates (e.g. the impact of the GFC) and to wktgnt these factors are expected to
prevail over the next regulatory period.

Market index: We present beta estimates using moagional indices. For the
European airports, we use a Europe-wide index §SEaxope 600), reflecting the fact
that a European investor is likely to diversify prtfolio across the European market
given common currency in major countries and firiggital movements, while for the
other international airports we use a local indebowever, we also show the sensitivities
for AP and Fraport betas with respect to the wordigx for which we use the FTSE all
world.

Gearing and debt beta: To convert the estimateyelgeta into an asset beta, we assume
a debt beta of 0.05, based on regulatory precaedentange between 0 and 0.1 and
consistent with PwC recommendations for ¥iWe use net debt as reported by
Bloomberg. For Fraport and AdP, our two main corafmas, we also show the results
using net debt as reported in the companies’ amepalkts, which reflects additional
cash-holdings not taken into account by Bloombpagt{cularly relevant for Fraport).

42

For example, the CMA for Bristol water in 2010 usedebt beta between 0 and 0.1, for NIE in 2018t Heta of 0.05
and for Bristol water in 2015 a debt beta of 0.ténNovember 2017 report for the CAA on H7 WACC, PwGnested
betas for airport comparators assuming a debtdf€i®5. Source: CMA (then CC) (August 2010), Bristdter plc,
A reference under section 12(3)(a) of the Wateustiy Act 1991, Report, Appendix N, p N32, para 1CKA

(March 2014), NIE Limited price determination, 3-38, Table 13.10; and CMA (October 2015), Bristolt&valc, A
reference under section 12(3)(a) of the Water Itriglusct 1991, Report, p325, para 10.150.
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Table 3.1

Sensitivity of asset beta estimates for AdP and Fpart, HAL’s principal comparators

European index World index

1y 2y 5Y 1Y 2y 5Y
Bloomberg net debt
AdP 0.71 0.55 0.50 0.90 0.68 0.59
Fraport 0.57 0.48 0.42 0.75 0.66 0.56
Annual report net debt
AdP 0.71 0.55 0.51 0.90 0.69 0.60
Fraport 0.59 0.50 0.44 0.77 0.69 0.59

Source: NERA analysis based on Bloomberg and amepalts data. Estimation date: 19 January 2018.

As can be seen from Table 3.1, the betas for tHe #&dl Fraport differ according to the
specific approach. In terms of technical estimaigsues, we propose to rely on the beta
estimates highlighted in grey which provide a raafe.51 to 0.71 for AdP, and 0.44 to 0.59
for Fraport. These estimates are based on regnssagainst the European index, although
the world index provides for higher estimates, asset betas derived using annual reported
net debt for the following reasons:

At the last review, PwC used net debt figures regabby Bloomberg to estimate
comparators betas. We consider Fraport’s annpalterovides a better estimate of net
debt compared to Bloomberg, given Fraport’s acdogrdata shows that it has
substantial liquidity not captured by BloombergonCeptually, the calculation of net debt
should deduct cash and other liquidity facilitigsieth are not held for operational
purposes but available for debt repayment. Fatlingecognise additional funds held by
Fraport that are available for debt repayment svitrestimate Fraport’s net debt, and
understate its asset beta. For AdP, the use ofiating measures and Bloomberg
provides broadly the same net debt figure and doeaffect our beta estimates; but
Fraport's beta is around 0.02 higher when we canstd actual net debt as stated in the
financial accounts.

We do not propose to place weight on estimate®tafsousing the world index as the
reference market, due to evidence in financiatdiiere on the existence of so called
“home bias”, i.e. the tendency for investors todnaldisproportionately high proportion
of domestic equities, despite the benefits of dldbzersification. For example, recent
evidence for the UK suggests a significant homs bfa76 per cent in 2018. We
therefore consider that the assumption of the agiekeference market for the marginal
investor to be the world market does not appeaifig.

43

Schoenmaker Dirk, and Chiel Soeter, (Septembet)20lew evidence on the home Bias in European Imerst DSF
Policy Briefs, No 34.
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In the next section, we discuss the relative ris@athrow versus the comparators to assess
the appropriate beta for the H7 period.

3.2. Relative risk

In this section, we assess the systematic riskeattitow relative to the comparators
considered in the previous section. Out of thedomparator set, we consider the two most
relevant comparators are Fraport and AdP, whicludecFrankfurt and Paris Charles de
Gaulle (CDG) airports respectively as the largegtoats within the group. Both Frankfurt
and CDG are large regulated European internatimnalairports, which appear most similar
to Heathrow.

We compare Heathrow, Frankfurt and CDG airportaglive dimensions of demand and
revenue risk, cost recognition risk, and qualitefvice incentives, which jointly determine
systematic risk exposure for Heathrow and its caatpes. Out of the three risk dimensions,
we place the greatest weight on demand and assde@tenue risk, which we consider is the
most important source of systematic risk for aitpor
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In Table 3.2, we summarise our assessment of thiveerisk of the three airports. Based on
our analysis, we conclude that Heathrow is ristian Frankfurt airport and at least as risky
as CDG airport?

Table 3.2
HAL is riskier than Frankfurt, and at least as risky as CDG

HAL Frankfurt CDG

Demand and Medium Low Medium/Low

revenue risk

= Hub status = Hub status = Hub status

= Option to call for
review when
demand/revenues
move adversely

= 5 yr price cap but
mitigation via demand
risk sharing + re-
determination

= 5 yr price cap within no
within period demand
risk mitigants;
asymmetric downside

Cost rec overy Medium Low Medium
risk
= Recognition of efficient = Light-touch regime = Full recognition of capex
capex overspend, but with Frankfurt overspend at review
||m|ted upSide proposing own cost- " Bonuslpena|ty for ear'y
* Penalties for capex based charges completion/delay in
delays capex
= Allowed opex based on = Allowed opex based on
benchmarking actuals in base-year
= No sharing of opex = No sharing of opex
out/underperformance out/underperformance
within period, penalty
from overspend beyond
dead-band for base-year
Incentives High Low Medium/Low

= No material incentive
arrangements

= Asymmetric penalties = Asymmetric penalties

= Large revenue at risk = Small revenue at risk

Source: NERA analysis of regulatory decisions

Demand and revenue risk

Heathrow is subject to a price cap regulatory regibearing the full risk of demand and
revenue volatility within the regulatory period figally lasts for 5 years). Demand risk at
Heathrow may be mitigated due to the runway capadihstraint, although the existence of
the capacity constraint also exposes Heathrowytmaeetric downside risk from negative
shocks without any corresponding upside.

44 We note that the description of the regulatogime for CDG also applies to the second Paris &i@dy.

NERA Economic Consulting
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In contrast, Frankfurt is subject to a light-touelgyulatory regime, with Fraport proposing its
own cost-based charges and without a defined regylperiod. When the assumptions
associated with the existing price levels changenlurt can call for a tariff review, which

is subject to user consultation and approval by¢elator*> Frankfurt has the option to

call for a review at almost any time, and we woengect it to do so whenever demand falls
below the assumptions associated with the exigtiiog levels, thus mitigating the impact of
demand deviations on revenues and préfiGiven this option, we conclude that Frankfurt's
demand and revenue risk is considerably lower coetp® Heathrow.

CDG, like Heathrow, is subject to a five-year prozg regulatory regime which exposes it to
demand risk within period. However, CDG benefits1 risk-sharing and re-openers where
demand deviates from the regulator’'s demand piriojechade at review. Specifically,

outside a dead-band around the central demandciomjedemand risk is shared 50 per cent
on the upside and 20 per cent on the downsidéhelevent of more substantive deviations of
demand relative to the central projection, CDG calhfor a re-set! Given the benefits of

risk sharing afforded to CDG under its regulatagime, we conclude Heathrow is exposed
to greater demand and revenue risk.

Cost recovery risk

Heathrow faces considerable risk in relation td cesognition. In relation to operating costs,
allowances are determined by the CAA based on lmeadhng and Heathrow bears the full
cost of out/underperformance within review. Irat@n to capital expenditure, any
overspend within period is recognised in the RABhatend of the review, subject to an
efficiency review. Moreover, Heathrow faces peealfor delays via capex triggers.

In contrast, Frankfurt can call for a tariff revievhenever the operating cost of capex
assumptions associated with the existing tarifelehange, and does not face any penalties
from capex delays. Similarly to demand risk, theapto call a tariff review to mitigate the
impact of changes in underlying costs implies #rankfurt’s risk in relation to cost recovery
is substantially lower than Heathrow’s.

CDG, like Heathrow, has a fixed operating cost eagex allowance for each year of its
regulatory period. Operating cost allowances aexe are determined using actual opex of

4 See article on regulator’s website on most repene review:

https://wirtschaft.hessen.de/verkehr/luftverketmiggbericht-zur-genehmigung-der-entgeltordnung-2066
flughafens-frankfurt, accessed 8 November 2017.

% The relevant German law (“Luftverkehrsgesetz’pases some restrictions on the timing for callingta case (Art.

19b 3.1 & 3.2). Fraport has to consult with usixsmonths before the start of new charging pesiod file proposal
with regulator at least five months before (butrtdmtime period allowed in “extraordinary circumstes”). Link to
law (in German): http://www.gesetze-im-internetldi#yg/ _19b.html, accessed 8 November 2017.

47 CDG is subject to a price cap, with 50% upsideatahisk sharing and 20% downside demand risk shanitside a

dead-band around the central scenario (dead-bdabé on reference growth rates +/-0.5 percempiaiges), but the
impact of risk sharing is capped at +0.2 and -@i5gent of the annual price cap. Where AdP oFtleach state
requests a re-set, and the other party does ne¢ aiye airport advisory commission will decide thiee a re-set is
necessary. See Contrat de Regulation Economiqueleéeatat et Aeroports de Paris 2016-202C¢htrat”), 111.2.3.3,
V.2.1.
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the last year of previous regulatory period asstaeting point® Like for Heathrow, there is
no sharing of opex out or underperformance witlgriqu. In addition, CDG faces a penalty
for opex underperformance in the base-year useckfeetting allowances at the next review
(2018). If CDG overspends beyond 105 per ceni@filowed opex in 2018, this will lead
to a reduction in the 2020 tariff level, but thesalnte impact cannot exceed 1 per cent of the
reference tariff level® In relation to capex, any overspend within peiotecognised at the
next tariff review?® CDG retains the benefit of capex underspend withileadband, beyond
which underspend is shared with usér§. CDG also faces an incentive mechanism that
rewards capex completed in advance and penalis@gsdbut any net penalty cannot exceed
-0.1 per cent of the tariff levéf. Overall, we conclude that Heathrow appears te &milar
risk in relation to cost recovery as CDG.

Incentives

Heathrow is exposed to incentive rewards/penalimeter the service quality rebate and
bonuses (SQRB) scheme, with a maximum penaltyafrat 7 per cent and a maximum
reward of 1.44 per cent of airport charges, exgpsieathrow to asymmetric downside riék.

In comparison, Frankfurt does not face materialiyuaf service incentives and is hence
lower risk compared to Heathrow.

Similarly to Heathrow, CDG is subject to asymmeinicentives in relation to quality of
service, but the overall revenue at risk from thasentives is substantially lower than for
Heathrow: the maximum penalty is 0.52 per cent,thednaximum reward is 0.24 per cent
of airport charge?> As a result, we conclude that Heathrow is moteyrtan CDG in
relation to quality of service incentives.

48 AdP proposes an opex trajectory, which is reviétwe a consultative body. The regulator can detideet the

allowance below AdP's proposed level if they fihdttthe trajectory is not ambitious enough. Howgasithe
allowance will be re-set at the actual level atribgt review, the regulator’s view of the right @fejectory does not
prevail beyond the regulatory period.

49 The size of the reduction in the tariff level 2620 will be 50 per cent of the difference betwaetual opex and 105

per cent of the planned amount in 2018. For thpgae of this adjustment, certain costs are exclérded opex (taxes,
energy charges, de-icing and winter service, agatriment of persons with disabilities). See Conltia2,3.6, Annex 7.

%0 The RAB of AdP is calculated based on net bookesalvhich implicitly reflects historical actual @pspend. Source:

Economic Regulation Agreement between the GovernarahtAeroports de Paris 2016-2020, Appendix 8, p81.

51 |f actual capex over 2016 to 2018 does not fallb 85 per cent of planned capex for this peribere is no sharing of

outperformance with users. If actual capex is tkas 85% of planned capex over 2016-2018, 70%eoftiifference in
capex (with respect to both depreciation expensdgtee return component) over the contract peritidoe deducted
from the price-cap in year 2020. Contrat, Ill.2.37Bnex 6.

%2 In addition, if CDG wants to make capital expenidis beyond the planned projects, it can requeisicagase in its

allowance during the period, but this will be subje approval by the French state. Adjustmentbtekle into account
the difference between actual demand and refem@rand at the time. CDG can only request an upwdjustanent if
50 per cent of any upside from higher demand doesaver the additional capex. This rule is symioea downward
adjustment can only be made if the decrease relatiplanned capex exceeds 50 per cent of thetieddom any
shortfall in demand. Contrat, I11.4.4.

% Contrat, 111.2.3.5, Annex 6.

5 CAA (2013), Economic regulation at Heathrow fromrih2014: final proposals, p195, 198.

% Contrat, 111.2.3.4.
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In summary, we conclude Heathrow is higher risk parad to Frankfurt, because Frankfurt
regime allows it to propose its own cost-basedgémand the regulatory regime allows it to
mitigate demand and cost risk by requesting teeHfets, and it does not face material risk
from quality of service incentives. We concludatthleathrow is at least as risky as CDG,
and reasonably higher risk: both are subject teeayfear price cap, but CDG benefits from
additional demand risk sharing, and also faceslsem@lality of service incentives compared
to Heathrow (and similar risk in relation to costovery).

3.3. Decomposition of AdP and Fraport group betas

In this section, we consider the evidence on whdtiegroup betas for Fraport and AdP are
representative of the risks for the main airportsin the group, Frankfurt and CDG, which
we consider as the closest comparators to Heathfmado this, we first discuss the share of
Fraport and CDG in the overall group beta and ttmrsider evidence on the riskiness of the
other airports included within the group.

For Fraport group, the annual reports data shoveakidown of revenues, EBITDA as well
as assets for Frankfurt airport compared to thieafethe group. According to all these
measures, Frankfurt airport accounts for arounge8Gent of the overall grodp. The key
other airports included in the rest of the Fragooup include Lima airport (Peru) and
Antalaya (Turkey), with around 8 and 3 per centsliaoverall revenues, with the
remainder including a number of airports in Eurapd Asia>’

For AdP group, the annual report data does notigecw breakdown which allows us to
estimate the share of CDG in the overall groupmaes, EBITDA or assets. The only
comprehensive information on share of differenp@rits in the AdP group includes
breakdown by number of passengers. Drawing orepgss share data is likely to understate
the weight of CDG in the group beta, given thatexpect revenues and therefore profits per
passenger at CDG to be higher than at the smailpmres in the group. Nevertheless, we use
passenger shares as the only comprehensive measiieble. Based on passenger share,
the Paris airports (CDG and Orly) account for atb@4 per cent of the overall passengers in
the AdP group® However, the AdP group also includes sharestiardarge European
international hub airports, Istanbul Ataturk and gtexdam Schiphol airports which in the top
five busiest airports in Europe together with Heah Fraport and CD& These two

airports are also likely to have comparable riskléathrow, e.g. they are both regulated hub
airports, and their inclusion does not compronfigeuse of AdP group beta to inform HAL's
risk. Taking together, the passenger share foP#res, Ataturk and Schiphol airports
represents an 82 per cent share in the AdP grobprimeasured by passenger numbers).
The remainder of the group includes a number gioais across the world, with the greatest

% NERA calculations based on Fraport Annual Repot62pp.56 and 107.
57 NERA calculations based on Fraport Annual Repol62pp.56.

%8 NERA calculations based on ADP Group Annual Repotis, p.86 and Schiphol website
https://www.schiphol.nl/en/schiphol-group/page/faahd-figures/

% Groupe ADP (2016): Strategy & Results. 2016 Reporactivity and sustainable development, pp 09.
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share of Turkish airports Ankara and Izmir (aroénger cent) and Santiago de Chile (around
5 per cent) when measured on a passengerBasis.

In summary, we find that the overall share of Ffartkairport in the Fraport beta is around
80 per cent when measured by share of revenue3,[IEB&nd group assets. For AdP group,
we find that the overall share of Paris, Schiphmal Ataturk airports (large European hub
airports included in AdP group which are relevamnhparators for Heathrow) is around 82
per cent when measured in passenger numbers (vehlikRly to understate the overall share
in the group beta given we expect average revernfé/per passenger to be higher for large
international airports). We also find that the a#mder of the airports in the Fraport and AdP
groups includes airports in South America (Peru@hile) as well as Turkey.

3.3.1. Empirical evidence on comparator betas fors  econdary airports in
AdP/Fraport Groups

Notwithstanding the low share of secondary airpiorthie wider groups betas, we have also
considered the evidence on whether the betaséddtiuth American and Turkish airports are
different from the AdP and Fraport group betas. itéatified three listed comparator
airports in South America (Grupo Aeroportuario Batifico SAB de CV, Grupo
Aeroportuario del Sureste SAB de CV, and Grupo pertuario del Centro Norte SAB de
CV) and one in Turkey (TAV Havalimanlari Holding®\). In addition to airport
comparators, we also consider betas for airlinesgifically Turkish Airlines and LATAM
airlines. Table 3.3 sets out the beta estimatethé&oSouth American and Turkish
airport/airline as composite estimates.

8 NERA calculations based on ADP Group Annual Repotis, p.86 and Schiphol website
https://www.schiphol.nl/en/schiphol-group/page/faahd-figures/
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Table 3.3
Asset beta estimates for secondary airport comparats lower than AdP and Fraport
Group betas:
Implies CDG and Frankfurt betas at least as high as&roup estimates

1y 2Y 5Y
South American airport comparators 0.30 0.23 0.25
Turkish comparators (airport/airline comparators) 0.56 0.52 0.48

Source: NERA analysis based on Bloomberg datamasitin date: 19 January 2017.
Note: The asset betas are calculated by regressiimck returns against the S&P Latin America 40South
American comparators and Borsa Istanbul 100 forKishr comparators;, assuming 0.05 debt beta and

Bloomberg net delSt

As can be seen from Table 3.3, the evidence frampewmator airports as well as airlines for
South America and Turkey does not support the cerah that the betas for the rest of the
Fraport and AdP group airports are higher tharatregage beta estimated for the group as a
whole. Indeed, the empirical beta estimates terizetlower than those reported in Table 3.1
for the group.

Taking this evidence together with the fact thatshare of Frankfurt airport and Paris plus
other large European hub airports in the FrapattAaiP group betas is more than 80 per
cent, we conclude that the beta of Fraport and iBdPreasonable proxy of the beta for
Frankfurt and CDG+Orly airports.

3.4. HAL asset beta for H7

As discussed in the previous section, we consltentost relevant comparators for
estimating the asset beta for Heathrow at H7 aapdft and AdP and which in turn we
consider represent reasonable approximations didtees for Frankfurt airport and CDG
airport. Table 3.4 summarises our asset beta atssior Fraport and AdP for the European
index and based on financial account net debt astisn(a sub-set of the wider estimates
shown in Table 3.1 above).

51 The individual asset betas are as follows:

1Y 2Y 5Y
Grupo Aeroportuario del Pacifico SAB de CV 0.35 0.24 0.25
Grupo Aeroportuario del Sureste SA de CV 0.27 0.22 250
Grupo Aeroportuario del Centro Norte SAB de CV 0.27 250. 0.25
TAV Havalimanlari Holding A.S. 0.65 0.67 0.52
Turkish airlines 0.48 0.38 0.44
LATAM airlines 0.57 0.46 0.48

Source: NERA analysis of Bloomberg data. Estimadiate: 19 January 2017
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Table 3.4
Asset beta estimates for Fraport and AdP

1Y 2Y 5Y
AdP 0.71 0.55 0.51
Fraport 0.59 0.50 0.44

Source: NERA analysis of Bloomberg and annual rspdata. Estimation date: 19 January 2017.
Note: The asset betas are calculated by regresstimgk returns against the local index (Eurostoxsguaming
0.05 debt beta and annual reports net debt.

As discussed in the previous section, we conclhdeHeathrow is more risky than Frankfurt
airport and at least as risky as CDG, and reasgrmadpher risk. Our assessment of relative
risk is consistent with our empirical beta estirsatghich show that Fraport beta is lower
compared to AdP’s beta. Given the relative risgifianing of Heathrow, the asset beta for
H7 should therefore be higher than the beta fopémtaand at least as great as the beta for
AdP.

Drawing on the asset beta estimates for the twecal comparators set out in Table 3.4, we
conclude on an asset beta for HAL in a range dd @9.6. The lower bound of 0.55 is
towards the upper end of the range for Fraporéd(€4).59), reflecting our conclusion that
HAL investors face far greater risk than FrapoFRor our upper-bound, we assume a value of
0.6, consistent with the broad evidence base fd?,Adflecting our conclusion that HAL is at
least as risky as AdP.

3.5. Comment on PwC beta and relative risk analysis presented for
the CAA

In its November 2017 report, PwC presents evidenceslative demand risk exposure for
HAL, Frankfurt and CDG and concludes that HAL ipesged to lower risk compared to the
other two comparatof8. PwC'’s conclusions are based on its analysis ak-pe-trough
variation in demand during the 2008 financial erigeriod, sensitivity of passenger growth to
GDP growth, and revenue growth at the three aispdPwC concludes that HAL experienced
the lowest peak-to-trough demand reduction duttvegfinancial crisis, lowest passenger
demand elasticity relative to GDP and greatestmeggrowth.

PwC'’s analysis and conclusions are flawed. Insssg relative risk, PwC considers
demand volatility only, ignoring the impact of tregulatory regime on how demand
volatility translates into volatility of profits ahcash-flows at the three airports, which
ultimately determine risk to investots.When assessing relative risk, it is thereforgazti to

52 PwC (November 2017): Estimating the cost of cafitaH7, p49-p51.

% pPwC also considers growth in revenues, as repartedmpanies accounts, which is also not a diyeetevant metric

for assessing relative risk. Growth in revenuetriigen by a number of factors, e.g. changes imaltbcosts,
regulatory re-sets, differences in the regimes {adgxation of the RAB for HAL) as well as systemnatemand risk
(but only as one element). In addition, it is theasure of net profit/cash-flow growth (or net pefish-flow variation)
that is relevant to measuring the beta risk. PwC
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consider the specific regulatory regime and homiiigates or accentuates the impact of
demand volatility on profits and cash-flows.

As explained in section 3.2, Frankfurt airportxpesed to a light-touch regulatory regime
which allows it to call for a tariff review in thevent demand falls below expectations, thus
mitigating the impact of demand deviations on sodind cash-flows. As a result,
underlying demand volatility at Frankfurt is noleneant for assessing relative risk, as the
impact of demand volatility on profits and cashafiois mitigated by the regime. Due to the
effect of demand mitigation offered by the regime,conclude Frankfurt is lower risk
compared to Heathrow.

In relation to CDG, PwC compares demand volatdity1AL and CDG considering peak-to-
trough passenger numbers associated with the 288&cfal crisis as well as sensitivity of
passenger growth to GDP. PwC'’s conclusions a@liact and based on selective evidence.
First, PwC considers peak-to-trough change in pggsenumbers associated with the 2008
financial crisis, showing HAL experienced lower wetlon in passenger numbers than CDG
in absolute and relative terms, suggesting HAlovedr risk. PwC’s analysis is based on the
impact of a single economic shock (2008 financiei€) over a limited period of two years
from which it draws general conclusions about retatisk. However, PwC’s conclusions
are not robust to the choice of an alternative fo@eod. For example, as we show in Table
3.5, using PwC’s own metric of peak-to-trough pagse numbers, we show that looking at
the impact of the Eurozone debt crisis (2012-2@K3)ell as the financial and Eurozone
crisis together (2008-2013), HAL has been more tneglg affected than CDG in absolute
and relative term& On the basis of PwC’s own metric but taking iabzount a wider set of
time period, HAL faces greater risk.

54 We note our results are not sensitive to theusioh of months associated with the volcanic astugiion in 2010.
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Table 3.5
Peak-to-trough passenger numbers during Eurozone w@@is and Financial and Eurozone
and crisis show HAL higher risk than CDG

Impact of Financial

Impact of Financial Impact of Eurozone "
= . crisis and Eurozone
crisis (PwC) crisis -
Crisis
2008-2009 2010-2013 2008-2013
HAL CDG HAL CDG HAL CDG
Eggls‘en ors 68.0 61.2 72.3 62.1 72.3 62.1
(m) 9 (Feb-08) (Oct-08) (Dec-13) (Dec-13) (Dec-13) (Dec-13)
;;‘?Susgez ors 65.7 57.9 64.8 57.1 64.8 57.1
) 9 (Jun-09)  (Dec-09)  (May-10)  (Apr-10)  (May-10)  (Apr-10)
(Dn'gerence 23 3.3 75 5.0 75 5.0
(I?)/l(l)‘;erence -3.4% -5.3% -10.4% -8.0% -10.4% -8.0%
conclusion HAL lower risk than HAL higher risk than HAL higher risk than
CDG CDG CDG

Source: Airport traffic statistics from ADP(httpaivw. parisaeroport.fr/en/group/finance/investor-
relations/traffic), and Heathrow(https://www.headlr.com/company/investor-centre/results-and-
performance/traffic-statistics), Note: Figures repent rolling 12-month sums of total passengers.

Second, PwC considers the relationship betweenoeaicrgrowth and passenger growth for
HAL and CDG by estimating a single-factor regressab passenger growth and GDP growth.
PwC concludes that the slope coefficient for HAllower than CDG, concluding HAL has
lower systematic risk. However, PwC'’s regressinalysis is simplistic and fails to include
most of the relevant explanatory variables for ¢dasting demand, resulting in limited
explanatory power (Raround 20 per cent for HAL). For example, the DR forecasting
models include factors such as foreign GDP, impamts exports, fuel costs, non-fuel costs,
air passenger duty or carbon prié&sThe omission of relevant explanatory variableslegs
PwC'’s estimated coefficient of sensitivity of pasger growth to changes in GDP biased and
misleading. As a consequence, PwC'’s regressidysasigs not reliable for assessing
systematic risk for HAL.

Considering the difficulty in estimating the systgin element of overall demand risk, an
alternative approach for assessing relative rigkAdt and CDG is to look at measures of
absolute risk (as measured e.g. by standard dewiafipassenger growth). We calculate
standard deviations of year-on-year passenger gratthe two airports over the period 2003
to 2017 (the longest available peri8)We find that the standard deviations for HAL and

8 Airports Commission (February 2013), Discussiopd?@1: Aviation Demand Forecasting, p28; Departrf@n

Transport (January 2013), UK Aviation Forecasts.

% The use of year-on-year growth rate addressessality in monthly passenger volume data and ptesbe passenger

growth rate on a comparable basis. We note thatnetnic of year-on-year passenger growth is coesistith PwC's
approach for assessing demand volatility in itsr€)rt for the CAA. (PwC (October 2013), Estinmatihg cost of
capital for designated airports, A report prepdoedhe Civil Aviation Authority (CAA), Appendix 8, 119-120.
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CDG are at a similar level of 4.7 and 5.0 per cespectively. Furthermore, if we consider
passenger volatility for both Paris airports CD@ &rly, which are both part of AdP group,
the standard deviation falls to 4.8 per cent Bhiggests that HAL and CDG/the Paris
airports are exposed to similar levels of demaskl rHowever, as we explain in section
3.2,the regulatory regime for CDG includes provisidor demand risk-sharing and re-
openers where demand deviates from the regulatertseand projection made at review,
mitigating the impact of demand risk on CDG’s pt®find cash-flow§’ In contrast, HAL
does not benefit from any demand risk mitigantggesting greater risk exposure for HAL.

PwC also presents historical volatility in revemguewth, as reported in companies’ accounts,
as a basis of assessing relative risk. We doamider volatility in revenue growth
represents a relevant metric for assessing relaskeas it is driven by a number of factors,
e.g. changes in allowed costs, regulatory re-défsrences in the regimes (e.g. inflation
indexation of the RAB for HAL) as well as systensatemand risk (but only as one element).
It is the measure of net profit/cash-flow growth ifet profit/cash-flow variation) that is
relevant to measuring beta risk.

In addition, PwC’s conclusion that HAL's historigalvenue variability is lower compared to
AdP, implying that AdP is greater risk, is flaweBwC notes that over the whole period
2006-2014, the standard deviation of revenue gréatHAL and AdP is similaf® It then
argues that the result for HAL is driven by theluseon of 2009, which shows a substantial
increase in revenues following the regulatory rg-@ed that excluding 2009, HAL shows a
lower variation in revenue growth compared to Adfihlying AdP is greater risk. However,
PwC fails to observe that the alleged greater tianiaof AdP revenue growth compared to
HAL is entirely driven by the inclusion of 2011,which PwC presents a substantial revenue
reduction of around 8 per cent for AP Our review of AdP’s financial accounts reveals
that the alleged reduction in AdP revenues for 281d fact driven by a change in
accounting policy in this year, while on a consistgccounting basis, AdP accounts show a
revenue increase in 2011 compared to 2010sing PwC'’s data reported in Figure 5.11, but
excluding 2011 (as the PwC data reflects an aceaynhange and not an actual change in
revenues) as well as 2009 (as argued by PwC) stimtvthe standard deviation of revenue
growth for HAL and AdP are similar, as shown in TEaB.6 below, which does not support
PwC'’s conclusions that AdP is greater risk compaoddAL.

57 The same demand risk sharing applies to Orlyosigs CDG and Orly are regulated under the samizamin

%  pwC (November 2017): Estimating the cost of cafitaH7, para 5.84.

% pwC (November 2017): Estimating the cost of cafitaH7, para 5.84 and Figure 5.11.

0 AdP Consolidated financial statements 2011, p; hittp://www.parisaeroport.fr/docs/default-sourcelgre-

fichiers/finance/relations-investisseurs/informatimanci%C3%A8re/r%C3%A9sultats-et-chiffre-
d'affaires/archives/2011_full_year results constéd accounts.pdf?sfvrsn=c2093ebd_2http://www.aaréport.fr/d
ocs/default-source/groupe-fichiers/finance/relagiimvestisseurs/information-financi%C3%A8re/r% C3%Atxs-et-
chiffre-d'affaires/archives/2011 full_year resudtsnsolidated accounts.pdf?sfvrsn=c2093etah®AdP
Consolidated financial statements 2010, p4, Iitip://www.parisaeroport.fr/docs/default-sourcelgre-
fichiers/finance/relations-investisseurs/informatimanci%C3%A8re/r%C3%A9sultats-et-chiffre-
d'affaires/archives/2010 full_year results constéd_accounts.pdf?sfvrsn=1a083ebd_2
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Table 3.6
Standard deviation of revenue growth: Removing 201{driven by accounting change)
and 2009 (as argued by PwC) shows similar variatioaf revenue growth for AdP and

HAL
Period AdP HAL
2006 - 2014 5.4% 7.0%
2006 - 2014, excluding 2009 5.6% 2.8%
2006 - 2014, excluding 2009 and 2011 2.9% 2.9%

Source: NERA calculations based on PwC (Novemb&rREstimating the cost of capital for H7, par85.
and Figure 5.11

However, as explained above, we do not considéhiltorical revenue variability is a
reliable metric for assessing relative risk, agnee growth is affected by a number of
factors unrelated to systematic risk exposure. ififpact of changes in accounting policies
on companies’ reported revenues, as overlookedusy fier AdP in 2011, highlights one of
the many issues with this metric.

Overall, PWC’s analysis provides no reason to chang view of relative risk as presented in
section 3.2, namely:

= HAL is more risky than Frankfurt airport, given Rkdurt benefits from demand risk
mitigation and a light-touch regulatory regime; and

= HAL is at least as risky as CDG and reasonablydrigisk, given CDG and HAL
experienced similar demand volatility over the per2003 to 2017, but CDG benefits
from demand risk-sharing and re-openers withinqeewhile HAL does not.
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4. Gearing and tax

In this section, we discuss the gearing and taxmapson for estimating the cost of equity
(pre-tax) for the H7 period.

4.1. Gearing

Heathrow’s actual gearing is close to 70 and 8Qcpat for junior and senior debt
respectively, reflecting the airport’s securitigggncial structuré?

However, regulators typically do not take actuahficial structure into account and instead
set gearing based on a notional gearing assumf@ssummarised in Table 4.1).

Table 4.1
GB utility regulators

Determination Notional gearing
Ofgem GDPCR?7 (2007) 62.5%
Ofgem DPCR5 (2009) 65%
Ofwat PR09 WaSCs (2009) 57.5%
Ofwat PR09 WoCs (2009) 52.5%
CC Bristol (2010) 60%
RIIO GD1 (2012) 65%
CAA Heathrow (2014) 60%
CAA Gatwick (2014) 55%
CMA NIE (2014) 45%
RIIO ED1 (2014) 65%
Ofwat PR14 (2014) 62.5%
CMA Bristol (2015) 62.5%

Source: NERA analysis of regulatory determinations

When compared to other UK regulated companiespotienal gearing assumption for
Heathrow should reflect its relative risk positioAs Heathrow is exposed to greater risk
compared to conventional utilities such as wateremergy networks, it correspondingly
needs to exhibit stronger financial metrics, inahgdgearing, to achieve a comparable credit
rating. As a result, the notional gearing for Hieaiv should be set at a lower level compared
to conventional utilities.

™ Heathrow Finance Plc (2017), Annual report andritial statements for the year ended December, P01
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At previous reviews, the CAA set the notional gegrior Heathrow at 60 per cent. We
conclude that a notional gearing of 60 per centaiamappropriate for Heathrow for the H7
period. This is lower than notional gearing of%t 65 per cent set by Ofwat and Ofgem in
recent determinations, reflecting the greater eigosure of Heathrow compared to
conventional utilities.

We note that it is important for the CAA to deteninotional gearing for Heathrow at a
level which allows it to maintain the target cre@diting used in the determination of the cost
of debt element of the WACC. The notional geaasgumption should therefore be
confirmed via CAA'’s financeability analysis.

4.2. Tax

We estimate a tax rate of 17 per cent for H7,ne lvith the expected corporation tax rate for
the H7 period as per latest government propdsals.

2 HM Revenue & Customs (March 2016), Policy Paperp@@tion Tax to 17% in 2020.

NERA Economic Consulting 38



Cost of Equity

5. Cost of Equity

Table 5.1 summarises our cost of equity estimatélfel for H7. As shown, drawing on our
estimated range of the TMR of 6.5 per cent to erlgent, RfR estimate of -0.9 to 1.5 per
cent, ERP calculated as the difference betweeiiMie and the RfR, and a range of 0.55 to
0.60 for the asset beta, we estimate a real preesixof equity of 10.5 to 11.4 per cent.

Our cost of equity estimate is higher than CAA’'8rmeate of 7.1 to 9.5 real pre-tax at Q6.

The main reason is our higher beta range of 0.868¢based on 0.05 debt beta) compared to
CAA’s point estimate of 0.5 (based on 0.1 debt hetsiwell as our higher TMR range of
6.5-7.1 per cent compared to CAA’s assumption 25 er cent.

As we set out in this report, there are compelfgagons for CAA to increase its beta
estimate from Q6, given the evidence that HAL ghler risk than Fraport, and at least as
risky as CDG, contrary to CAA’s conclusions at @8,well as increase its TMR for
consistency with long-run market evidence.

Table 5.1
We estimate a real pre-tax cost of equity of 10.®tl11.4per cent

Low High
Tax rate 17% 17%
Gearing 60% 60%
Total market return 6.5% 7.1%
Risk-free rate -0.9% 1.5%
Equity risk premium 7.4% 5.6%
Asset beta 0.55 0.60
Debt beta 0.05 0.05
Equity beta 1.3 1.4
Real cost of equity (post-tax) 8.7% 9.5%
Real cost of equity (pre -tax) 10.5% 11.4%

Source: NERA analysis

NERA Economic Consulting 39



Report qualifications/assumptions and limiting
conditions

This report is for the exclusive use of the NERABE@MIic Consulting client named herein.
This report is not intended for general circulatarpublication, nor is it to be reproduced,
guoted or distributed for any purpose without thierpwritten permission of NERA
Economic Consulting. There are no third party bierefes with respect to this report, and
NERA Economic Consulting does not accept any lighib any third party.

Information furnished by others, upon which allpartions of this report are based, is
believed to be reliable but has not been indepéhdeerified, unless otherwise expressly
indicated. Public information and industry andistatal data are from sources we deem to be
reliable; however, we make no representation éise¢@ccuracy or completeness of such
information. The findings contained in this repardy contain predictions based on current
data and historical trends. Any such predictiomssaibject to inherent risks and uncertainties.
NERA Economic Consulting accepts no responsibittyactual results or future events.

The opinions expressed in this report are vali¢ éml the purpose stated herein and as of the
date of this report. No obligation is assumed tasesthis report to reflect changes, events or
conditions, which occur subsequent to the datedfere

All decisions in connection with the implementatimmuse of advice or recommendations
contained in this report are the sole respongyilitthe client. This report does not represent
investment advice nor does it provide an opiniaggarding the fairness of any transaction to
any and all parties.
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