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2010. Our findings reveal that there are high levels of firm-specific risk for toll roads in
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subsequently increasing during the operations phases. The evidence presented in this study

provides new insights regarding the risk of PPPs.
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1 Introduction

Current thinking suggests that the equity financing of a Public Private Partnership (PPP) is
riskier during the construction phase than the operations phase, due to the absence of revenue
streams in the early stages of a PPP project (Blanc-Brude and Strange, 2007). However, to
date, there has been no empirical literature that has examined the equity investment risk of
PPPs. Previous literature by Grimsey and Lewis (2002) and Bain (2010) have shown that
different risks are present during the two distinct phases of a PPP, that is, the construction
period and the operations period. However, this research has not considered the role that
systematic risk factors play in explaining PPP stock returns. This lack of research is

surprising given the widespread prevalence of PPPs within Australia and around the world."

Australia is recognised as a leader in providing infrastructure through PPPs. The wide-spread
acceptance of the ability of the private sector to provide infrastructure as well as historical
financing decisions have resulted in Australia having a history of listed PPPs that exists
nowhere else in the world. It is for this reason we will examine the Australian listed PPPs in
our attempt to address the paucity of research on the risks and returns of the equity of PPPs.
We examine the nature of both systematic and idiosyncratic risk of a unique sample of four

Australian PPPs listed on the Australian Securities Exchange (ASX).

This study provides three original contributions to the literature. First, this study is the first
that examines whether asset pricing models can explain the variation of PPP equity returns.
Second, this study examines the time-variation of idiosyncratic risk of publicly listed PPPs.
By examining the idiosyncratic risk of individual PPP projects, it is possible to discover
company specific risk estimates independent of systematic risk factors. These risk estimates
provide an insight into the changing risk of PPPs through time. This is the first time that such
an analysis has been applied to PPPs. We show that the time-variation of idiosyncratic risk at
the commencement of PPP projects tends to be low. When PPPs progress from the
construction phase to the operations phase, we demonstrate empirical evidence of an increase
in the idiosyncratic risk of PPPs. More specifically, when demand for the services of these
PPP projects does not meet ex-ante expectations at the commencement of the operations
phase, we document an increase in idiosyncratic risk. This research provides an in-depth

perspective of the time-variation of idiosyncratic risk of Australian listed PPPs.

! Infrastructure Australia (2013a) reports that since 2005 more than $34 billion has been invested in 51 PPPs in
Australia.



The third and final contribution of this study is the evaluation of liquidity biases on the
estimation of idiosyncratic risk on PPPs. This study orthogonalises the idiosyncratic risk
estimates by employing two common liquidity proxies. It is demonstrated that the increase in
idiosyncratic risk observed in two of the three PPPs is the result of liquidity effects.
Furthermore, this study demonstrates that the increase in idiosyncratic risk of one of the PPPs
examined is due to changes in company specific risk of the project at the beginning of the

operations phase.

The remainder of this study is organised as follows. Section 2 reviews the related literature
while Section 3 discusses the methodology of the study. In Section 4, the data employed in
this study is discussed. Section 5 presents the results of the analysis and Section 6 concludes

with a synopsis of the key findings and areas for future research.
2 Related Literature

PPPs are designed and built to provide infrastructure or a service for a pre-specified period of
time. According to English (2006), once this period of time has passed, ownership of the
infrastructure or the facilities employed to provide the service reverts back to the public
sector. According to Grimsey and Lewis (2002), this lifecycle of design, construction,
operation and transfer of the assets exposes PPP investors to a variety of risks. The risks
during the design and construction period according to Grimsey and Lewis (2002) are
different to the risks encountered during the operations period. These changing risks lead to

the conclusion that the equity risk in PPPs is time-varying.

The question therefore arises, in which stage of the lifecycle of a PPP, the construction or
operations phase, exhibits the higher risk? Evidence provided by the pricing of debt for
project finance and PPPs suggests that the construction period is expected to exhibit the
higher risk. Sorge (2004) finds that credit risk for project finance loans is highest at the

beginning of the project and reduces throughout the life of the project.

Empirical research on PPP debt by Blanc-Brude and Strange (2007) found that the average
spread of PFI (the term employed for PPPs in the United Kingdom) debt decreases over the
life of the PPP.2 The higher interest rate at the beginning of the PPP implies that the

construction phase of the PPP exhibits the highest risk. The rationale behind these findings is

2 According to Spackman (2002) PFI (Private Finance Initiative) projects are a form of PPP specific to the
United Kingdom.



questioned by Bain (2010) which found that the construction period is not very risky in
practice. In a survey of recent literature on PPP cost overruns, Bain (2010) found that just
14% of the PPPs examined exhibited a cost overrun in the construction period. Instead, Bain
(2010) argues that the risks in the operations phase are far greater and this should be reflected

in the pricing of both debt and equity returns.

The review of literature raises three questions that have not been addressed. To date, no
literature has examined whether systematic risk factors in Australian equity returns can
explain the variation in returns of individual PPPs in Australia. Therefore, the first question
that this study aims to answer is, do systematic risk factors explain the variation of individual

PPP equity returns in Australia?

Second, prior literature has shown that risks in PPPs change through time. The work of
Sorge (2004) and Blanc-Brude and Strange (2007) found that the cost of financing is higher
in the construction phase compared to the operations phase. This implies that the risk of a
PPP is higher in the construction period rather than the operations period. However, Bain
(2010) challenges this evidence with regards to cost overruns and the issue of PPP failures.
To the author’s knowledge, no study has quantified the risk of a PPP through time in an asset
pricing framework. Therefore, it is currently impossible to identify or measure whether the
construction or operations phase exhibits the higher risk. This study makes an original
contribution to the asset pricing and infrastructure literature by measuring the idiosyncratic of
Australian PPPs through time to determine whether the construction or operations phases
exhibit the higher risk.

The third and final contribution of this study is that it quantifies the proportion of
idiosyncratic risk that can be explained by liquidity variables. Research on idiosyncratic risk
by Han and Lesmond (2011) demonstrated that liquidity factors can bias estimates of
idiosyncratic risk. As a result of these findings, this study will examine whether liquidity
effects do impact on the estimates of idiosyncratic risk of PPPs and whether these liquidity
variables can explain the changing idiosyncratic risk of PPPs. To the author’s knowledge,
this is the first study that quantifies the idiosyncratic risk of PPPs and its effects due to
liquidity biases.



3 Methodology

Due to the paucity of literature on infrastructure investment and PPPs, it is important to first
examine whether conventional asset pricing methods can explain Australian PPP returns.
This is achieved by employing the Fama and French (1993) three-factor model described in
Eq. (1) below. This study examines whether the Fama and French (1993) three-factor model
can explain value-weighted portfolio of equity PPP returns as well as individual PPP returns.
The Fama and French (1993) model can be mathematically expressed as:

Tig= Vg = a;t bi(Rm,t - 7}{[) +5,.SMB, + h,HML, + ¢;, (1)

where:

r;, is the daily return of stock i;

1y, 1s the risk-free rate;

R, . s the market return;

SMB, is the Australian Fama and French (1993) size factor; and,

HML, is the Australian Fama and French (1993) book-to-market factor.

Following the examination of whether systematic risk factors can explain the variation of
returns of individual PPPs and the value-weighted PPP portfolio, this study next turns to
analysing the time-varying firm specific risk of the PPP. Specifically, this study is seeks to
determine whether there are differing levels of risk in a PPP between the construction and
operations periods. More specifically, this study employs idiosyncratic risk to identify
whether there are differences in risk between these two periods in individual PPP equity

returns.

In the context of this study, the idiosyncratic risk of the PPPs is estimated over time. The
time period which exhibits the lowest idiosyncratic risk is identified as the period of time in a
PPP’s life cycle with the lowest risk. Idiosyncratic risk in this study is estimated consistent
with the methodology employed Ang, Hodrick, Xing and Zhang (2006, 2009), Fu (2009) and
Han and Lesmond (2011) and measures idiosyncratic risk with the following regression

equation:



Fig=Tpe= @+ bi,t(Rm’, - rf;,) +5;,SMB, + h; HML, + ¢;, (2)
where:
r; . is the daily return of stock 7;
ry. is the risk-free rate;
Tyt is the market return;

SMB, is the Australian Fama and French (1993) size factor; and,
HML, is the Australian Fama and French (1993) book-to-market factor.

Following the notation of Fu (2009), t is the subscript for the day and # is the subscript for the
month, z € ¢ and b;,, s;,, and h;, are factor sensitivities or loadings. The idiosyncratic
volatility is calculated as the standard deviation of the regression residuals ¢;, which is
consistent with Ang et. al., (2006, 2009) and Han and Lesmond (2011). Idiosyncratic
volatility is only estimated when there is a minimum of thirteen days where trading volume is
greater than zero per month, this reduces the impact of infrequent trading. The standard
deviation of daily return residuals is transformed into a monthly return residual by
multiplying the daily standard deviation by the square root of the number of trading days in
that month, which is consistent with Fu (2009).

Tests for breaks in idiosyncratic risk

Having established estimates of the idiosyncratic risk of the PPPs, five tests are performed to
empirically measure whether a significant change exists between the construction and
operations phase. The first of these is a test for a difference in means of idiosyncratic risk
between the construction and operations phase. Owing to the different variance in
idiosyncratic risk, the Welch (1947) t-test is employed. The r-test test statistic is described in
Eq. (3) below:

SX;- X,
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s# is the variation of idiosyncratic risk during the construction phase;

sZ is the variation of idiosyncratic risk during the construction phase;

n, is the number of observations of idiosyncratic risk during the construction phase;
n, is the number of observations of idiosyncratic risk during the operations phase;

Welch (1947) argues that the degrees of freedom for the t-test are obtained from the

following equation:
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The second test employed to determine whether a difference in idiosyncratic risk is present is
the Wilcoxon (1945) signed rank test. To estimate the test critical value first the difference
between the observations in the first group and second group need to be calculated. The
absolute values of these differences are then ranked with any difference value equal to zero
discarded. The number of observations in this ranking is equal to »n’. Once these scores are
ranked, the sign from the original difference calculation are then reassigned. Only the

positive ranked differences are then employed to calculate the test statistic below:
W = 3%, Rank; (5)
where:
n' is the number of nonzero observations in the sample; and,
Rank; is the rank of positive observation i in the difference calculation.

The standard deviation of the test statistic is given by:



n'(n’+1)(2n + 1)

Gy = “ (6)

The third difference test employed in this sample is the test for a difference in variance

described in Equation 7 below.
F = s?/s? (7
where:
s? is the variance of the subgroup with the largest variance,
sZ is the variance of the subgroup with the smaller variance,

The degrees of freedom for this F-test are obtained by n;, — 1 and ng — 1 where n; is the
number of observations in the subgroup with the highest variance and ng is the number of

observations in the subgroup with the lowest variance.

The fourth and fifth tests examine whether an autoregressive model of idiosyncratic risk
exhibits a difference between the construction and operations periods. Autoregressive
models have been employed previously to model idiosyncratic risk. Chua, Goh, and Zhang
(2010) employ a rolling autoregressive model of idiosyncratic risk to develop an estimate of
expected idiosyncratic risk.®> This study will employ two autoregressive models to determine

whether there is a break in idiosyncratic risk between the construction and operations periods.

The fourth test employs an AR (2) process regression with a dummy variable equalling one
when the PPP is in the operations phase and zero otherwise. The equation for the regression

is represented below:
[Risk;, = B,+ B Irisk; . ; + B,Irisk;  , + B,OpsDummy, , + ¢, 8)
where:

IRisk; , is the idiosyncratic risk estimate for PPP i at time ¢, and,

% Chua et. al,, (2010) employ the autoregressive regression to obtain an expected idiosyncratic risk variable.
This study employs the same methodology to examine idiosyncratic risk during the construction and operations
phase of a PPP. It is important to be aware that unexpected changes in idiosyncratic risk may impact on our
ability to identify whether there is a difference in between these two phases, therefore, we have chosen to
employ the Chua et. al., (2010) methodology to model expected idiosyncratic risk.

8



OpsDummy, ~is a dummy variable which equals 1 when the PPP is in the operations period

and 0 otherwise.

The fifth and final test to measure the difference in idiosyncratic risk between the
construction and operations periods is a Chow test on the AR(2) regression. The equation for

the regression is mathematically expressed as:

[Risk;,; = B,+ B Irisk; ., + B,lrisk;, , + & 9)
where:
IRisk; , is the idiosyncratic risk estimate for PPP i at time ¢.

The Chow (1960) test is defined below as:

o RSS- (RSS; + RSS,)/ k
~(RSS, +RSS;) (n; +n, - 2k)

(10)
where:

RSS,. is the Residual Sum of Squares for the regression described in Eq. (9) estimated on the

idiosyncratic risk for both the construction and operations periods;

RSS; is the Residual Sum of Squares for the regression described in Eg. (9) estimated on the

idiosyncratic for the construction period,;

RSS, is the Residual Sum of Squares for the regression described in Eg. (9) estimated on the

idiosyncratic for the operations period;

k is the number of parameters employed in Eq. (9);

n; is the number of observations within the construction period; and,
n, is the number of observations within the operations period.

The Chow (1960) test follows a F-distribution with £ and n; + n, - 2k degrees of freedom.



Liquidity and idiosyncratic risk of PPPs

Han and Lesmond (2011) show that idiosyncratic risk estimates can be biased due to liquidity
factors. For this reason, the idiosyncratic risk estimates employed earlier in the study are
transformed to remove the possibility of liquidity effects. Han and Lesmond (2011) estimate
a cross-sectional regression to orthagonalise idiosyncratic risk to remove liquidity effects. As
this study is examining only four PPPs (see the data section) and in some time periods only
one PPP is listed on the ASX, a cross-sectional methodology will not adequately remove the
liquidity effects. Therefore, this study will remove the liquidity estimates on a time-series
basis rather than cross-sectionally. This study will employ the liquidity proxies which are the
proportional bid-ask spread and the percentage of zero returns days consistent with Han and
Lesmond (2011). Two further liquidity proxies were employed in Han and Lesmond (2011),
which are the squared proportional bid-ask spread and the spread multiplied by the
percentage of zero return days. Han and Lesmond (2011) employ two further variables in the
orthagonalisation process, namely, Spread” and Zero Returns*Spread. Both variables exhibit
a high correlation between the variables, Spread and Zero Returns we therefore seek to
minimise the problems of collinearity in our regressions and both are excluded from this
analysis.*

The general form of the time-series regressions is mathematically expressed as:

[Risk;, = oy + a;Spread; , + a;%ZeroReturns;, + &;,
’ (11)

where:

IRisk; , is the estimated idiosyncratic volatility for firm i at time ¢,

Spread, , is the average proportional bid-ask spread for firm i at time #; and,

%ZeroReturns; , is the percentage of zero returns for stock i within month z.

* One approach of removing the problem of mulicollinearity would be to orthagonalise the independent
variables of the regression. However, given that the Spread’ and Zero Returns*Spread independent variables
are transformations and interaction variables of Spread and Zero Returns, the information content of these
variables is already present in the regression.

10



4 Data

This study seeks to examine both the systematic and idiosyncratic risk of road PPPs in
Australia. Four PPPs listed on the ASX are identified in the period to January 1991
December 2010 sample period, namely, Connecteast, Hills Motorway, Rivercity Motorways
and Transurban. At the time of this study, one other PPP is listed on the ASX, namely,
Brisconnections, however, this PPP is tightly held with 98% of the shares held by four
institutions (Brisconnections, 2011). With such a concentrated ownership, the ability to draw
any meaningful conclusions from Brisconnections is limited. This next section will examine
the individual PPPs separately and provides a brief background. The first PPP examined is

ConnectEast.
ConnectEast

In 2004, ConnectEast was awarded a 39 year concession to build and operate the Mitcham —
Frankston Freeway Project (MFP). The required $2,088 million in debt funding for the
project was provided by a syndicate of banks through three senior bank debt facilities
(ConnectEast, 2004.) The facilities were underwritten by the Joint Lead Arrangers, BOS
International (Australia) Limited, Commonwealth Bank of Australia, Société Générale
Australia Branch and United Overseas Bank Limited (ConnectEast, 2004). According to
ConnectEast (2004), to fund the construction of the road $1,120 million of equity was to be
raised via an Initial Public Offering. Construction was completed in 2008 and the road
opened on 28 June 2008, with an initial one month toll-free period. The average expected
vehicles in 2008, according to ConnectEast’s Product Disclosure Statement (PDS) (2004),
was to be 258,200 vehicles per day. This figure is undiscounted for a period of ‘ramp-up’.’
The ‘ramp-up’ period was expected to be a 15 month period where initial traffic on the road
was expected to be 72% of the steady state traffic forecast (ConnectEast, 2004). By October
2008, four months after opening, ConnectEast was reporting that the average number of trips
per day was 147,414 (ConnectEast, 2008b) which was significantly less than the expected
traffic figures. On 24 November 2008, ConnectEast announced its intention to raise
approximately $450 million through a rights issue and reduce distributions to 2 cents a year

to conserve capital (ConnectEast, 2008a.) The rights issue, according to ConnectEast

® The term “ramp up” refers to the period of time between initial opening of the road and when the road is
carrying its expected traffic figures.
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(2008a), would reduce the company’s gearing level from 45% to between 33% and 34%.
This was followed by another rights issue for $421 million announced on 24 August 2009
(ConnectEast, 2009.) The second rights issue occurred after the write down in the value of
ConnectEast’s tolling rights for the freeway, and a mandatory repayment of $250 million of
debt (ConnectEast, 2009.) The objective of the 2009 rights issue was to reduce gearing from
46% to 35% and to repay all debt that was to mature in 2010.

Hills Motorway

On 26 August 1994, Hills Motorway entered into contracts with the New South Wales State
Government for the construction and operation of the M2 Motorway (Hills Motorway, 1994).
The concession required the provision of 20 kilometres of roadway between the Lower North
Shore and the North West Sydney Region until 2042 (Hills Motorway, 1994). To fund the
concession, Hills Motorway raised $155 million in equity with an additional $30 million from

the project sponsors (Hills Motorway, 1994).

The Hills Motorway opened in May 1997 and actual usage missed the prospectus estimates.
The prospectus estimated that by 1998, an average of 78,287 vehicles per day will be using
the toll road (Hills Motorway, 1994). According to the 1998 annual report, for the period
July 1997 to June 1998, the average usage of the motorway was 56,751 vehicles per day
(Hills Motorway, 1998). Two years later, the average number of vehicles using the
motorway had increased to 66,299 (Hills Motorway, 2000). The overestimation of traffic
usage did not result in the company entering financial distress. By 2002, Hills Motorway was
cash flow positive (Hills Motorway, 2002) and in 2003, Hills Motorway produced its first
profit (Hills Motorway, 2003). In January 2005 Transurban issued a takeover of Hills
Motorway (Transurban, 2005). The bid was increased in April 2005 and was subsequently

accepted and the takeover finalised (Transurban, 2005).
Rivercity Motorway

Rivercity Motorways won the 45 year concession to build the North-South Bypass Tunnel in
Brisbane in 2006 (Leighton, 2006). The North-South Bypass tunnel is a 6.8 kilometre tunnel
linking the north and south banks of the Brisbane River. It is the first PPP in Queensland to
be listed on the Australian Securities Exchange, and debt funding for the project was

provided by a syndicate of banks (Rivercity Motorways, 2006.) In order to fund the tunnel,

12



Rivercity Motorways issued $724 million in equity and organised debt facilities of $1,434
million (Rivercity Motorways, 2006.)

Construction was completed in 2010 and the tunnel was opened to traffic on 16 March 2010.
There was an initial three week toll-free period during which an average of 59,109 vehicles a
day used the tunnel (Rivercity Motorways, 2010a.) The toll was introduced from 6 April
2010 and the average daily number of vehicles fell to 22,559 for June 2010 (Rivercity
Motorways, 2010b.) According to Rivercity Motorways (2010b), the original forecast was
for 60,451 vehicles a day to use the tunnel and it was subsequently disappointed with the
significant shortfall in vehicle numbers. Subsequently, the toll was reduced to $2 per car
from 1 July 2010 (Rivercity Motorways, 2010b.) The shortfall in vehicle numbers led to
speculation as to whether the company would survive. Subsequently, on 25 February 2011,
Rivercity Motorways entered into Voluntary Administration (Rivercity, Motorways 2011).
Whilst this fate appears typical of economic infrastructure PPPs developed in the early 2000s,

other PPPs have survived.®
Transurban

On 29 May 1995, the Transurban Consortium was selected as the preferred tenderer for the
Melbourne City Link Project (Transurban, 1996). The Melbourne City Link Project is a
concession to build, operate and maintain a 22 kilometre toll road in Melbourne until 2034
(Transurban, 2011). To fund the building of the project, Transurban equity investors
provided $455 million for infrastructure bonds, units and shares for Transurban (Transurban,
1996). Furthermore, a total of $1,321 million was raised from debt facilities (Transurban,
1996).

The road began to open in segments in 1999, however, construction and delivery difficulties
delayed tolling and full operation of the road (Transurban, 2000). Traffic underperformance
and warranty claims on the constructor of the road continued to impact on the financial
performance of Transurban in subsequent years (Transurban, 2001). The traffic performance
for the CityLink toll-road was mixed. Myer (2003) shows that traffic was overestimated in
some sections of the toll road and underestimated in others. The overestimation of demand
for some sections of the City Link toll road did not pose dire financial implications as it did

for both Rivercity Motorways and ConnectEast.

® Other instances of failures of road PPPs for investors include the Lane Cove Tunnel and the Cross City Tunnel
in Sydney, Australia.
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Over subsequent years, Transurban expanded from a one toll road asset in Melbourne to
several toll roads in Sydney and roads in the United States (Transurban, 2011). This
expansion began with a 40% investment in the Sydney M7 toll road in October 2002
(Transurban, 2003). The M7 toll road subsequently opened in October 2005, ahead of
schedule (Transurban, 2006). Prior to the opening of the M7 toll road, Transurban completed
the takeover of the Hills M2 Motorway in Sydney (Transurban, 2005). Subsequent
expansions have included the purchase of the Sydney Roads Group in 2006 (John, 2006).
The Sydney Roads Group was a portfolio of three toll roads, 51% of the M4 motorway, 50%
of the M5 motorway and 71% of the Eastern Distributor (John, 2006). In 2010, two major
corporate actions occurred. First, Transurban purchased the Lane Cove tunnel out of
receivership. The Lane Cove tunnel, opened in 2007, is a 3.6 kilometre toll road that
connects to the Hills M2 Motorway (Transurban, 2010a). The second major corporate action
occurred in May 2010 with Transurban being the subject of an unsuccessful takeover bid by a
consortium composed of the Canada Pension Plan Investment Board, CP2 Limited and
Ontario Teachers' Pension Plan Board (Transurban, 2010b). Transurban is a partner in the
introduction of High Occupancy Toll lanes in the United States (Transurban, 2011).
Transurban is a partner in two projects, namely, Capital Beltway (1-495) in Washington D.C.
and the 1-95 in Virginia and these are expected to open in 2013 and 2012, respectively
(Transurban, 2011).

Table 1 PPP Return Descriptive Statistics
This table presents the monthly mean, median, standard deviation, maximum and minimum
observations and skewness for the value-weighted PPP portfolio and individual PPPs returns examined
in this study. The sample period is from January 2006 to December 2010 for ConnectEast, January
1996 to May 2005 for Hills Motorway, August 2007 to December 2010 for Rivercity Motorways, and
from April 1996 to December 2010 for Transurban.
Value-

Weighted PPP ConnectEast M Hills Rivercity Transurban
Portfolio otorway Motorways

Mean 0.0118 -0.0101 0.0217 -0.0368 0.0120
Median 0.0162 0.0000 0.0181 -0.0351 0.0148
St Dev 0.0707 0.0946 0.0829 0.1880 0.0773
Maximum 0.2321 0.2458 0.3507 0.3858 0.2122
Minimum -0.2964 -0.3578 -0.2306 -0.4419 -0.3335
Skewness -0.5684 -1.005 0.4912 3.4667 -0.6458

Table 1 reports the summary statistics of the four individual publicly listed PPPs and the
value-weighted PPP portfolio. The average return for the value-weighted PPP portfolio is

positive, however, this is not the case for the PPPs. Two PPPs, (ConnectEast and Rivercity
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Motorways) exhibit an average negative return over the sample period. In the case of
Rivercity Motorways, the average return observed is -3.68% per month. The low return
observed for these two PPPs is consistent with the observation that the financial viability of
both PPPs was questioned when traffic forecasts were lower than expected at the

commencement of the operations phase.

Table 2 Liquidity Descriptive Statistics

This table presents the monthly mean, median, standard deviation, maximum and minimum
observations and skewness for the liquidity variables for individual PPPs returns examined in
this study. Two liquidity variables are examined in this study. The first is the percentage of
zero return days which is defined as the number of trading days within a month where no return
was observed. The second is the proportional bid-ask spread. Panel A presents the summary
statistics for the percentage of zero return days. Panel B presents the summary statistics for the
proportional bid-ask spread. The descriptive statistics are calculated for the periods from
January 2006 to December 2010 for ConnectEast, January 1996 to May 2005 for Hills
Motorway August 2007 to December 2010 for Rivercity Motorways, and from April 1996 to
December 2010 for Transurban.

Rivercity

ConnectEast Hills Motorway M Transurban
otorways

Panel A: Percentage of Zero Return Days

Mean 0.1243 0.0113 0.1978 0.0662
Median 0.1250 0.0000 0.1875 0.0606
Standard Deviation 0.0862 0.0596 0.1112 0.0640
Maximum 0.4516 0.4063 0.4688 0.3226
Minimum 0.0000 0.0000 0.0000 0.0000
Skewness 0.9488 4.6404 0.3752 1.3836
Panel B: Proportional Bid-Ask Spread

Mean 0.0112 0.0143 0.0362 0.0084
Median 0.0113 0.0134 0.0308 0.0076
Standard Deviation 0.0043 0.0052 0.0220 0.0050
Maximum 0.0236 0.0288 0.1147 0.0283
Minimum 0.0048 0.0057 0.0087 0.0021
Skewness 0.7283 0.8655 1.2143 1.4424

The summary statistics for the liquidity variables employed in this study are presented in
Table 2. Following Han and Lesmond (2011), this study employs the percentage of zero
returns days, (that is, the percentage of days in a month where no return is observed) and the
monthly proportional bid-ask spread as liquidity variables. Panel A of Table 2 reports the
summary statistics for the percentage of zero returns days for each PPP included in this study.
Panel B of Table 2 presents the summary statistics for the monthly proportional bid-ask
spread. The statistics reported in Table 2 imply that Rivercity Motorways is the most illiquid
of the publicly listed PPP stocks examined as it exhibits the highest average proportional bid-

ask spread (3.62%), and the highest percentage of zero return days (19.78%). Table 2 also
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shows that Hills Motorways exhibits the lowest percentage of zero return days (1.13%) whilst
Transurban exhibits the lowest proportional bid-ask spread (0.84%). As a result, identifying
the PPP that is the most liquid is difficult to infer, however, it is clear that Rivercity
Motorways is the most illiquid PPP traded on the ASX.

This section examined the publicly listed individual PPPs stocks and presented the returns
and liquidity variables employed in this study. The next section examines the systematic risk
factors employed in this study. These factors are important for two reasons. First, these
systematic risk factors are employed to estimate the idiosyncratic risk of the PPPs. Second,
these factors will be employed to determine whether systematic risk factors can explain the

variation of PPP returns.

Systematic Risk Factors

The sample employed to construct the systematic risk factors for the Australian Fama and
French (1993) model is from the top 300 companies by market capitalisation listed on the
ASX on the last trading day of each December for the years 1991 to 2010.” Any shares not
fully paid are excluded from the analysis. For the identified companies, the daily returns,
turnover, price and market capitalisation are all obtained from Datastream. The daily bid and
ask close prices are obtained from Thompson Reuters Tick History database maintained by
SIRCA from 1 January 1996.2 Companies that do not exhibit a record in each of the data
fields obtained were excluded from this study resulting in a total of 778 companies included
in the analysis. Australia’s equities markets are dominated by a small number of large firms
and this feature drives the decision to focus only on the top 300 companies by market
capitalisation. Prior studies by Demir, Muthuswamy and Walter (2004) and Hurn and Pavlov

(2004) employ the ASX top 200 stocks and similar filters for the same reason.

The SMB and HML factors are calculated in the manner described in Fama and French
(1993). In December of each year, the firms for the subsequent year’s analysis are ranked by
size and separated into two portfolios, Small and Big. At the same time, the book values
from the Worldscope database were obtained for all companies included in the sample.® The

book-to-market ratio is obtained by dividing the book value by the market value. Companies

" The sample period begins in December 1991 to identify and rank the firms to estimate the SMB, HML and
WML factors. Once the firms are identified and ranked, the portfolio returns are calculated from January 1992.
® The daily bid and ask close prices are not available before 1 January 1996 in the Thompson Reuters Tick
History database maintained by SIRCA.

® Following Han and Lesmond (2011), the book value is equal to the Total Assets - Total Liabilities + Deferred
Taxes + Preferred Stock. In Worldscope, the Preferred Stock line is null for the companies examined.
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with negative book-to-market ratios are excluded from the analysis. The Small portfolio is
divided into three portfolios based on the ranking of the book-to-market ratio with the spilt of
30/40/30 and the value-weighted returns of each portfolio are obtained. This process is
repeated for the Big portfolio. The SMB factor is the simple average of the daily returns for
all the Small firm portfolios less the simple average of the daily returns for all Big firm

portfolios. This methodology follows the work of Fama and French (1993).

The HML factor is estimated by calculating the simple average of the returns for the Small
and Big portfolios with a Low book-to-market ratio. This is then subtracted from simple
average of the returns for the Small and Big portfolios with a High book-to-market ratio.
This methodology follows the work of Fama and French (1993). The Market, HML and

SMB factors are estimated on a daily and monthly basis.

Table 3 Systematic Risk Factors Descriptive Statistics

This table presents the descriptive statistics of the Australian systematic risk factors included in this
study for the period February 1992 to December 2010. Panel A presents the daily mean, median,
standard deviation, maximum and minimum observations and skewness for the market excess return,
SMB and HML factors. Panel B presents the monthly mean, median, standard deviation, maximum
and minimum observations and skewness for these variables. In Panel A, the market excess return is
the difference between the daily All Ordinaries index return and the effective daily 90 day bank
accepted bill rate. The daily SMB and HML factor returns are calculated from the daily portfolio
returns where the portfolios are formed according to the Fama and French (1993) methodology. In
Panel B, the market excess return is the difference between the monthly All Ordinaries Accumulation
index return and the effective monthly 90 day bank accepted bill rate. The monthly SMB and HML
factor returns are calculated following the Fama and French (1993) methodology.

Rm-Rf SMB HML
Panel A: Daily Returns
Mean -0.000001 -0.000028 0.000126
Median 0.000203 0.000147 0.000124
St Dev 0.009356 0.005965 0.006512
Max 0.060471 0.030630 0.053592
Min -0.085772 -0.045270 -0.047915
Skew -0.5772 -0.4651 0.2802
Panel B: Monthly Returns
Mean 0.000128 -0.001195 0.002114
Median 0.005991 0.000467 0.002337
St Dev 0.039097 0.027086 0.034648
Max 0.074515 0.060199 0.120727
Min -0.155669 -0.152923 -0.165521
Skew -0.8700 -0.9674 -0.2024
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The Market factor is the returns of the Australian Securities Exchange All Ordinaries
Accumulation Index. Data for this factor is obtained from Datastream on a daily basis.
Finally, the short-term risk-free rate is the 90 day bank accepted bill (BAB) rate sourced from
the Reserve Bank of Australia. This follows the work of Brailsford, Handley and
Maheswaran (2008) and removes the need to estimate an Australian federal government risk-

free rate for a significant period of the analysis.*

Table 3 reports the descriptive statistics for both the daily and monthly Fama and French
(1993) factors employed in this study. The daily return series reported in Table 3 are
employed to estimate the idiosyncratic risk of the PPPs. The monthly return series in Table 3
are employed to examine the ability of systematic risk factors to explain the returns of PPPs
in Australia. Panel A of Table 3 presents the daily descriptive statistics for the market excess
returns, SMB and HML factors. Panel B of Table 3 reports the monthly descriptive statistics
for the market excess returns, SMB and HML factors. The average daily returns, reported in
Panel A of Table 3 indicates that the average daily return for the market risk premium and
SMB factor is small and negative. However, when the median return is considered, all
factors exhibit positive returns over the sample period. The rationale to explain the negative
mean returns observed in the market risk premium and SMB factor is provided in the

following paragraph.

The average monthly returns for the systematic risk factors, presented in Panel B of Table 3
are interesting. The market risk premium and HML factor exhibit a positive average and
median monthly return. This contrasts with the SMB factor which exhibits a negative
average and median monthly return. The mean and median returns for the Fama and French
(1993) are consistent however, with Faff (2001). The average SMB and HML factor returns
discovered by Faff (2001) were -0.3163% and 0.4620% per month, respectively. The period
of analysis in Faff (2001) was from January 1991 to April 1999. This suggest that the
negative mean returns in Table 3 are consistent with the findings in Faff (2001). The method
employed to construct the Fama and French (1993) SMB and HML factors according to Faff
(2001), may result in an underrepresentation of the small firms. As this study limits the
analysis to the top 300 firms by market capitalisation, a similar underrepresentation of the

small firms may be impacting on the SMB factor. Furthermore, this study includes the period

10 Following the election of the Howard Government in 1996 there was a policy choice to reduce Government
debt levels. Budget surpluses were produced and the Australian federal government debt was reduced resulting
in Treasury notes no longer  being issued by the  Government in 2003.
http://www.aofm.gov.au/content/_download/Historical_tables/Historical_07_08/TableH14.pdf
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of the Global Financial Crisis in 2008 where the Australian equity market experienced large

negative returns.

Having described the data that is employed in this study the next section will report the
results of the analysis. This analysis begins first with an analysis of whether systematic risk

factors can explain the variation of PPP returns.

Table 4 Fama and French (1993) PPP regression coefficients

This  table presents the regression  coefficients for the  following  regression
Foo= 1= ait bR, - 74) + 5:SMB, + h,HML, + &;, Where r;, is the monthly return of the portfolio or
stock of interest, r;, is the 90 day Bank Accepted Bill rate obtained from the Reserve Bank of Australia
and R, is the monthly return of the ASX All Ordinaries Accumulation index obtained from
DataStream. SMB, is the monthly Australian Fama and French (1993) size factor, HML, is the
monthly Australian Fama and French (1993) book-to-market factor. Regressions are estimated for the
period for January 2006 to December 2010 for ConnectEast, January 1996 to May 2005 for Hills
Motorway, August 2007 to December 2010 for Rivercity Motorways, and from April 1996 to
December 2010 for Transurban. The value-weighted PPP portfolio regression is for the period January
1996 to December 2010. *, ** and ~ denote statistical significance at the 10%, 5% and 1% levels,
respectively.

Value- Hills Rivercity

pppvgglr?fgtﬁg ConnectEast Motorway Motorways Transurban
Panel A: Regression Coefficient
Intercept 0.0067 -0.0080 0.0192 -0.0414 0.0071
Market 0.5099 0.9686 0.2496 -0.5650 0.5337
SMB 0.0770 0.1133 -0.0002 0.8654 -0.0602
HML 0.1684 0.7498 -0.4657 0.0903 0.1482
Panel B: Standard Error
Intercept 0.0049 0.0105 0.0074 0.0367 0.0057
Market 0.1327 0.2623 0.2256 0.8570 0.1512
SMB 0.1895 0.4046 0.2966 1.2959 0.2163
HML 0.1376 0.2472 0.2237 0.8045 0.1552
Panel C: t-statistic
Intercept 1.3548 -0.7518 2.5790" -1.1283 1.2455
Market 3.8416" 3.69234 1.1064 -0.6593 3.5290"
SMB 0.4061 0.2800 -0.0008 0.6678 -0.2782
HML 1.2234 3.03297 -2.0815 0.1123 0.9548
Panel D: Adjusted R’

0.0679 0.2799 0.0246 -0.0967 0.0552
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5 Results

The first analysis in this study examines whether the variation of PPP equity returns can be
explained by generally accepted asset pricing models. This is achieved by employing the
Fama and French (1993) three-factor model. The results of the Fama and French (1993)
regressions described in Eq. (1) are presented in Table 4 for the value-weighted portfolio of

PPPs as well as each individual PPP examined in this study.

The regression results presented in Table 4 show that the market factor is statistically
significant for the value-weighted PPP portfolio. The intercept term (alpha) is statistically
insignificant for the value-weighted PPP portfolio. The insignificant intercept term suggests
(as in Griffin (2002)) that the Fama and French (1993) three-factor model includes all of the
systematic risk factors that explain the variation of PPP equity returns. However, the low r-

square value suggests that the PPP portfolio exhibits high levels of idiosyncratic risk.

When the individual PPP equity regressions are considered the conclusion that the systematic
risk factors explain the variation of returns of PPPs is difficult to sustain. The regression
coefficients for Rivercity Motorways in Table 4 are all statistically insignificant. The lack of
significant risk factors is further highlighted by the negative adjusted r-square value.
Furthermore, the statistically significant alpha for Hills Motorway implies that there are other
undiscovered systematic risk factors with an ability to explain returns. In untabulated results,
the Carhart (1997) four-factor model reports similar results. The insignificant alphas reported
and the low adjusted r-square values reflect high levels of idiosyncratic risk for the PPPs
examined. These individual regression results should be treated with caution as Black ,
Jensen and Scholes (1972) demonstrated that regressions for individual assets are
econometrically inefficient. Instead, Black et. al, (1972) recommend that asset pricing
models should be evaluated by employing a portfolio approach. This is the rationale for
combining the four individual PPP equity returns into a value-weighted PPP portfolio in
Table 4.

The results in Table 4 establish that the Fama and French (1993) three-factor model can
explain the systematic risks of PPP portfolio returns despite the presences of high
idiosyncratic risk. As a result, the Fama and French (1993) three-factor model will be
employed to estimate the idiosyncratic risk of PPP returns. The next section will graphically

illustrate these estimates of idiosyncratic risk for PPPs through time.
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5.1 Idiosyncratic risk of Australian Public Private Partnerships

Figures 1 to 4 illustrate the idiosyncratic risk estimates of the four PPPs examined in this
study. The idiosyncratic risk estimates are calculated using daily time series employed in Eq.
(2). Each graph clearly differentiates the idiosyncratic risk of the construction and operations

phases separately. The first PPP examined is Rivercity Motorways.

Figure 1: Rivercity Motorways ldiosyncratic Risk (Std. Dev. of Residuals)
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Figure 1 displays the idiosyncratic risk for Rivercity Motorways from the time fully paid
shares first traded in August 2007 to December 2010. On first inspection, the idiosyncratic
risk for Rivercity Motorways during the construction period was lower than the operations
period. The major spikes in idiosyncratic risk during the construction period correspond with
the collapse of Bear Stearns and Lehman Brothers investment banks in March and September
2008, respectively. The collapse of these banks resulted in periods of significant disruption
in financial markets. Following these periods, the idiosyncratic risk of Rivercity Motorways
decreases until October 2009. Once operations begin, idiosyncratic risk rises again. In April

2010, where tolling was introduced, idiosyncratic risk jumps as actual traffic failed to meet
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projections.”* Figure 1 illustrates for the first time, that the construction phase for this PPP
exhibits relatively low idiosyncratic risk compared to the operations period. This is in
contrast with the findings of Sorge (2004) and Blanc-Brude and Strange (2007) where risk is
considered highest during the construction period of a project. The differences in findings
can be explained by the two methodologies employed to assess the risk of PPPs. Sorge
(2004) and Blanc-Brude and Strange (2007) employ debt spreads to identify the perceived
risk of a project. Both studies find that interest rates for project finance loans are highest
during the construction phase and decrease during the operations phase. The examination of
loan interest rates is, as result a point estimate. Loan interest rates are constant for the term of
the loan. As a result, it is difficult to observe the time-variation in risk of project finance and
PPP investments from interest rates from the Sorge (2004) and Blanc-Brude and Strange
(2007) studies. In an alternative methodology, this study empirically examines the
idiosyncratic risk of the equity issued by PPPs in an asset pricing framework. This approach
allows the assessment of the time-variation of idiosyncratic risk for PPP equity returns.
Overall, it is argued that the empirical evidence presented in this study is more robust than

the evidence provided previously.

Figure 2: ConnectEast Idiosyncratic Risk (Std. Dev. of Residuals)

40.00%
35.00% |
30.00% { h
ho
ho,
5 25.00% o
[ |
p oy
£ 20.00% _ v P
g s
s ' '
2 15.00% oo ;! "l
I, V’ AN
v / \
10.00% \ \
/
'\ . e \
\/ \
5.00% / V2N
0.00%
31/01/2006 31/01/2007 31/01/2008 30/01/2009 30/01/2010
Construction == == Operations

" Rivercity Motorways, (2010b)
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The Rivercity Motorways case study is affected by the fact that the firm entered voluntary
administration in early 2011, and is considered a financial failure for equity investors. Whilst
this fate appears typical of economic infrastructure PPPs developed in the early to mid-2000s,
other road PPPs have been able to avoid voluntary administration or receivership.* The
remaining PPPs examined in this study concentrate on those who have survived and were
listed on the Australian Securities Exchange for a significant period of time. The first PPP

examined that has not entered into voluntary administration or receivership is ConnectEast.

Figure 2 illustrates the idiosyncratic risk of ConnectEast from January 2006, which was the
first full month the shares commenced trading on a fully paid basis, to December 2010.
Figure 2 shows that like Rivercity Motorways, the idiosyncratic risk of ConnectEast is lower
during the construction phase. Once operations began, the estimate of idiosyncratic risk
increased as the realised traffic demand was significantly lower than the expected traffic
demand. This is demonstrated by the jump in idiosyncratic risk in July 2008 when tolling
commenced. This jump in idiosyncratic risk is then followed by three significant spikes. The
first of these extreme spikes in idiosyncratic risk occurred in November 2008 when a capital
raising was announced and the road’s asset value was significantly written down.'* The
second of these extreme spikes occurred in March 2009 and was due to major price changes
that ConnectEast were unable to explain to the ASX.** The third and final significant jump in
idiosyncratic risk corresponded with the announcement of a second capital raising and a

second write-down of the road asset value in August 2009.

The graph of ConnectEast’s idiosyncratic risk demonstrates a similar profile to that of
Rivercity Motorways. During the construction phase, the idiosyncratic risk is lower in
comparison to the operations phase. One reason for this may be that once construction is
completed and the operations phase commences, the true demand for the road is revealed. If
the realised demand is significantly lower than forecast demand (as was the case with both
ConnectEast and Rivercity Motorways), the idiosyncratic risk increases at the
commencement of the operations phase and remains significantly higher than the

construction phase.

12 Other instances of failures of road PPPs for investors include the Lane Cove Tunnel and the Cross City
Tunnel in Sydney, Australia.

13 ConnectEast, (2008a)

4 ConnectEast, (2009a)

1% ConnectEast, (2009)
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Once investors become comfortable that the PPP will not enter bankruptcy, idiosyncratic risk
decreases. Whilst it is easy to explain that the cause for the spike in idiosyncratic risk is
wholly due to the lower than expected traffic demand, there could be another factor
influencing this analysis. ConnectEast began tolling during the Global Financial Crisis where
liquidity in financial markets was negatively affected. This period of major financial market
disruption may have exacerbated the increase in idiosyncratic risk. To better understand the
negative effect of the GFC, we can examine the remaining two PPPs which were constructed
and commenced operations before 2008. As a result, both should provide guidance as to
whether the increase in idiosyncratic risk during the operations phase is typical of PPPs in

Australia.

Having examined the idiosyncratic risk of two PPPs that performed poorly, this study now
examines a PPP which did not enter receivership nor was it required to recapitalise. Figure 3
illustrates the idiosyncratic risk of the Hills Motorway from January 1996 until it was delisted

following Transurban’s takeover in March 2005.

Figure 3: Hills Motorway ldiosyncratic Risk (Std. Dev. of Residuals)
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The idiosyncratic risk of Hills Motorway illustrated in Figure 3 shows that there was little
discernible difference in idiosyncratic risk between the construction and operations phases.

There is a slight increase in idiosyncratic risk when operations began in May 1997, however,
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this increase was not as severe as seen in both Rivercity Motorways and ConnectEast.
Idiosyncratic risk increased as a result of traffic forecasts not being realised.’® As this traffic
shortfall did not impact the solvency of the firm as significantly as witnessed with Rivercity
Motorways and ConnectEast, the increase in idiosyncratic risk between the construction and
operations phases was not as pronounced. There were only two instances of the idiosyncratic
risk increasing significantly after traffic ‘ramp-up’ (after July 2000). The first occurred in
July 2002, which corresponds to a surprise decrease in the amount of traffic using the Hills
Motorway.!” The second major spike occurred in March 2005, which corresponds with the

takeover bid by Transurban that was ultimately successful.*®

Figure 4: Transurban Idiosyncratic Risk (Std. Dev. of Residuals)
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By examining the four PPPs listed on the Australian Securities Exchange, the findings reveal
that the riskiest period for PPP equity returns occur at the end of the construction phase and
the commencement of the operations phase. It is during this time period that construction
issues are discovered, in the case of Transurban, or actual demand for the infrastructure is
less than expected, as in the case of Rivercity Motorways, ConnectEast and Hills Motorway.
Bain (2010) suggests that the reason for the low idiosyncratic risk during the construction

period is that well-structured PPPs with fixed price construction contracts insulate the

18 Hills Motorway, (1998)
7 Hills Motorway, (2002)
'8 Transurban, (2005)
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investors from material cost overruns. The idiosyncratic risk illustrated in Figures 1 to 4
supports the analysis of Bain (2010). Once operations commence, the ability to protect
investors is limited, and when realised traffic demand is significantly less than expected

demand, as in the case of Rivercity Motorways, idiosyncratic risk increases dramatically.

Our findings reveal that there is time-variation in the idiosyncratic risk of PPPs equity
returns. The next section will present a variety of hypothesis tests employed to determine
whether there is a statistically significant difference in the idiosyncratic risk of PPP equity
returns between the construction and operations phases. Where possible, the hypothesis tests
will employ an equal number of observations of idiosyncratic risk for both the construction
and operations phases. This is completed to ensure that the analysis is limited to the
construction and operations phases and to limit the contamination of other corporate
activities."
Table 5 Descriptive Statistics of Idiosyncratic Risk

This table presents the descriptive statistics for the monthly idiosyncratic risk for four listed Australian

Public Private Partnerships (PPPs). Idiosyncratic risk is estimated as the standard deviation of the

residuals from a Fama and French (1993) three-factor model regression employing end of day closing

prices from Datastream. Panel A reports the descriptive statistics for every PPP during the construction

phase. Panel B reports the descriptive statistics for the operations phase. Panel C reports the test

statistics for a difference in means, median and variance in idiosyncratic volatility between the

construction and operations phase for every PPP. *, ** and ” denote statistical significance at the 10%,
5% and 1% levels, respectively.

ConnectEast Hills Motorway I\/T Ivercity Transurban
otorways

Panel A: Construction Period
Mean 0.0520 0.0552 0.1574 0.0441
Median 0.0460 0.0548 0.1434 0.0417
St Dev 0.0194 0.0162 0.0914 0.0177
Max 0.1055 0.0858 0.4361 0.0813
Min 0.0268 0.0268 0.0334 0.0148
Observations 29 17 32 41
Panel B: Operations Period
Mean 0.1279 0.0725 0.3246 0.0750
Median 0.1210 0.0709 0.3236 0.0694
St Dev 0.0734 0.0197 0.1264 0.0231
Max 0.3499 0.1129 0.6316 0.1457
Min 0.0448 0.0416 0.2064 0.0449
Observations 29 17 9 41
Panel C: Tests of Equality
Difference in Mean 5.38497 2.8062" 4.4498" 6.8145"
Difference in Median 5.13197 2.3766** 3.6694" 5.7592»
Difference in Variance 14.3071" 1.4741 1.9134 1.7042*

% Following corporate activity, Transurban ceases to be a single PPP from October 2002 (Transurban, (2003)).
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5.2  Tests for a difference in idiosyncratic risk

We proceed to examine whether there are statistical differences in idiosyncratic risk between
the construction and operations phases. To estimate the possibility of statistical differences,
three hypothesis tests are calculated. The first test is a ¢-zest which examines whether there is
a difference in mean in the idiosyncratic risk between the sub-sample two periods. The
results for the ¢-zest for a difference between two means is presented in Panel C of Table 5.
Furthermore, Panels A and B of Table 5 presents the descriptive statistics for idiosyncratic

risk for the four PPPs for both the construction and operations phases, respectively.

The mean, median, standard deviation of idiosyncratic risk for all PPPs reported in Table 5 is
lower during the construction phase in comparison to the operations phase. The tests for
equality presented in Panel C of Table 5 are more revealing. For all PPPs examined, the test
for a difference in mean and median report a statistically significant difference in the mean
and median idiosyncratic risk between the construction and operations phases. Furthermore,
for two PPPs (ConnectEast and Transurban) the difference in variance test identifies a
statistically significant difference in the variance of idiosyncratic risk between the
construction and operations phases.

The findings in Table 5 suggest that the idiosyncratic risk is greater during the operations
period than during the construction period for all the PPPs examined. This finding appears
counter-intuitive given the prior work of Sorge (2004) and Blanc-Brude and Strange (2007)
which demonstrated that interest rates on loans during the construction phase are higher than
during the operations phase. However, the evidence presented in Table 5 lends support to the

previous work of Bain (2010).

Following the tests for equality, two further tests are calculated to examine the whether there
are differences in idiosyncratic risk between the construction and operations phases. The first
test employs the dummy variable regression described in Eq. (8). of this study. The dummy
variable employed in this analysis equals one during the operations phase and zero otherwise.

The results of the PPP regressions described by in Eq. (8) are reported in Table 6.
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Table 6 Idiosyncratic Risk Difference Results

This  table presents the regression coefficients for the following  regression
Irisk;, = B+ B, Irisk; ., + B,Irisk;, , + B;OpsDummy, , + &, where Irisk; s the monthly idiosyncratic
risk estimate at time 7. OpsDummy,  is a dummy variable equalling one if the PPP is operational and 0
otherwise. Regressions are estimated for the period from January 2006 to October 2010 for
ConnectEast, January 1996 to October 1998 for Hills Motorway, August 2007 to December 2010 for
Rivercity Motorways, and from April 1996 to January 2003 for Transurban. *, ** and ~ denote
statistical significance at the 10%, 5% and 1% levels, respectively.

Rivercity

ConnectEast Hills Motorway M Transurban
otorways

Panel A: Regression Coefficient
Intercept 0.0493 0.0349 0.1138 0.0253
Irisk; ., 0.1178 0.0213 0.0416 0.3428
Irisk; 0.0953 0.3805 0.2802 0.1092
Operations Dummy 0.0512 0.0091 0.1142 0.0166
Panel B: Standard Error
Intercept 0.0150 0.0133 0.0367 0.0064
Irisk; ., 0.1234 0.1682 0.1581 0.1175
Irisk; ., 0.1242 0.1679 0.1536 0.1158
Operations Dummy 0.0199 0.0071 0.0475 0.0061
Panel C: t-statistic
Intercept 3.2859" 2.6207** 3.1030** 3.9403"
Irisk; 0.9551 0.1269 0.2630 2.9175"
Irisk; . , 0.7674 2.2668** 1.8235 0.9424
Operations Dummy 2.5786** 1.2725 2.4036** 2.7043"
Panel D: Adjusted R’

0.1687 0.2196 0.3386 0.4530

The regression results reported in Table 6 shows that the operations dummy is positive and
statistically significant for ConnectEast, Rivercity Motorways and Transurban with the
coefficients of 0.0199, 0.0475 and 0.0166, respectively. This implies that there is a
statistically significant increase in idiosyncratic risk in the operations phase of these three
PPPs. For Hills Motorways, the operations dummy remains statistically insignificant. This
suggests that this dummy regression finds no differences in idiosyncratic risk between the

construction and operations periods for Hills Motorway.

The finding that there was no change in idiosyncratic risk for Hills Motorways is expected
given its experience and that of the other PPPs within the sample. ConnectEast, Rivercity
Motorways and Transurban all suffered from substantial differences between expected and
actual traffic patronage. In addition to the negative patronage shock, Transurban encountered

difficulties during construction.  Conversely, Hills Motorways did not suffer from
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construction difficulties, nor was patronage forecast overly optimistic. As a result, the

financial viability of Hills Motorways was never in question.

The third and final hypothesis test employed to estimate whether there are differences in
idiosyncratic risk is the Chow (1960) test on the autoregressive equation described in
Equations (9) and (10). The Chow (1960) test is used to examine whether there is a
difference in the idiosyncratic risk from the construction phase to the operations phase. The

results of the Chow (1960) tests are presented in Table 7.

Table 7 Idiosyncratic Risk Difference Results
This table presents the F-statistics for the Chow test for structural breaks for idiosyncratic risk
for four PPPs in Australia. For each PPP, the regression is estimated as
Irisk;, = B, B Irisk; ., + B,Irisk; ., + & where Irisk;, is the monthly idiosyncratic risk
estimate at time 7. Regressions are estimated for the period from January 2006 to October
2010 for ConnectEast, January 1996 to October 1998 for Hills Motorway, August 2007 to
December 2010 for Rivercity Motorways, and from April 1996 to January 2003 for
Transurban. The break-point is the first month after the road commences operations. *, **
and ~ denote statistical significance at the 10%, 5% and 1% levels, respectively.
ConnectEast Hills Motorway Rivercity Motorways Transurban
3.1277** 0.5311 4.45127 3.0790**

Table 7 shows that the Chow (1960) test identifies statistically significant differences for
Rivercity Motorways, ConnectEast and Transurban. The finding is consistent with the
previous two tests reported earlier in this study. The Chow (1960) test does not find a
statistically significant difference in the idiosyncratic risk between the construction and
operations periods for the Hills Motorway. The result for Hills Motorways may be due to the
difference between forecast and actual traffic projections were not that large and the financial

viability of the PPP was never in question.

The analysis so far suggests that the idiosyncratic risk of a PPP is greatest during the
operations period rather than the construction period. For all PPPs examined, the mean and
median of idiosyncratic risk is greater during the operations phase. The differences in means

are statistically significant for all of the PPPs examined in this study.

This study then examined whether there is a difference in idiosyncratic risk between the
construction and operations periods of the PPP. To achieve this, this study employed two
methods. First, an AR(2) regression was estimated on idiosyncratic risk with a dummy
variable for the operations period. For ConnectEast, Rivercity Motorways and Transurban,

this dummy variable is positive and statistically significant indicating idiosyncratic risk is
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higher in the operations phase than the construction phase. For Hills Motorways, this dummy

variable is insignificant.

Finally, a Chow (1960) test was employed to determine whether there was a statistically
significant difference in the AR(2) regression. The Chow (1960) test found a statistically
significant break point in idiosyncratic risk between the construction and operations phases in
ConnectEast, Rivercity Motorways and Transurban. For Hills Motorways, the Chow (1960)
test revealed no statistically significant difference in idiosyncratic risk between the

construction and operations phases.

By identifying a difference in idiosyncratic risk, the next section examines whether the
idiosyncratic risk estimates, consistent with Han and Lesmond (2011) are influenced by
liquidity bias. Specifically, this section will examine whether the difference in idiosyncratic
risk between the construction and operations periods remains after correcting for liquidity

biases for ConnectEast, Rivercity Motorways and Transurban.
5.3 Liquidity-adjusted idiosyncratic risk

Han and Lesmond (2011) demonstrated that idiosyncratic risk estimates can be biased due to
liquidity factors. As a result, corrections need to be applied when examining idiosyncratic
risk in Australia. In this study, a bias correction is estimated by orthogonalising the
idiosyncratic risk estimates by contemporaneous liquidity measures. The general form of the
regression estimated to remove the liquidity bias is described in Eq. (11). The results of these

regressions are reported in Table 8.
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Table 8 Coefficients for Liquidity-adjustment of idiosyncratic risk

This table presents the regression coefficients for a time series regression of the idiosyncratic volatility on
liquidity proxies. Idiosyncratic risk is estimated from the Fama and French (1993) three-factor model.
‘Spread' is the proportional spread, calculated as the monthly average of the daily close ask price less the
daily close bid price divided by the daily close quoted midpoint. '% Zero Return Days' is the percentage of
trading days within a month that experience no price movement. Regressions are estimated for the period
from January 2006 to December 2010 for ConnectEast, January 1996 to May 2005 for Hills Motorway,
August 2007 to December 2010 for Rivercity Motorways, and from April 1996 to December 2010 for
Transurban. z-statistics are reported in brackets *, ** and ~ denote statistical significance at the 10%, 5%

and 1% levels, respectively.

Intercept Spread %Zero Returns Days Adjusted R?
Panel A: ConnectEast
-0.0240 9.93134 0.4393
[-1.3433] [6.7417]
0.1101~ -0.1710 0.0395
[7.2401] [-1.7092]
0.0016 9.91147 -0.21517 0.5124
[0.0833] [7.1522] [-2.9227]
Panel B: Hills Motorway
0.0450" 1.4266" 0.0846
[6.6634] [3.1882]
0.0638" -0.1286 0.0087
[27.3045] [-1.0376]
0.0447~ 1.4672" -0.1381 0.0881
[6.6044] [3.2388] [-0.6473]
Panel C: Transurban
0.0329" 3.07447 0.2549
[8.4159] [7.7150]
0.0644** -0.0833* 0.0291
[19.5310] [-2.2829]
0.0385" 3.0868" -0.0861** 0.2860
[8.8680] [7.8895] [-2.7448]
Panel D: Rivercity Motorways
0.0772n 3.4114** 0.2688
[2.2081] [3.7868]
0.1624" 0.1628 0.0223
[4.2132] [0.9434]
0.0953» 4.2220" -0.2356 0.3004
[2.5550] [3.8867] [-1.3097]
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Table 9 Descriptive Statistics Liquidity-adjusted Idiosyncratic Risk

This table presents the descriptive statistics for the monthly idiosyncratic volatility for four listed
Awstralian Public Private Partnerships (PPP). Idiosyncratic volatility is estimated as the residual from
the Fama and French (1993) three-factor model regression employing end of day close prices from
Datastream. Panel A reports the descriptive statistics for each PPP during the construction phase, Panel
B reports the descriptive statistics for the operations phase. Panel C reports the test statistics for a
difference in means, median and variances in idiosyncratic volatility between the construction and
operations phases for every PPP. *, ** and ~ denote statistical significance at the 10%, 5% and 1%
levels, respectively.

Rivercity

ConnectEast Hills Motorway Transurban
Motorways

Panel A: Construction Period
Mean -0.0063 0.0357 0.0746 0.0250
Median -0.0057 0.0323 0.0742 0.0248
St Dev 0.0237 0.0174 0.0765 0.0171
Max 0.0414 0.0690 0.3752 0.0636
Min -0.0776 0.0101 -0.0445 -0.0199
Observations 29 17 32 41
Panel B: Operations Period
Mean 0.0098 0.0480 0.1687 0.0480
Median -0.0013 0.0501 0.0999 0.0485
St Dev 0.0602 0.0173 0.1434 0.0244
Max 0.1939 0.0957 0.4931 0.1063
Min -0.0881 0.0241 0.0142 -0.0284
Observations 29 17 9 41
Panel C: Tests of Equality
Mean -1.3351 -2.1353** -2.6464** -5.3798"
Median 0.5443 1.9977** 2.1575** 4.7854"
Variance 6.4345" 1.7001 3.5149* 1.7413*

For all PPPs examined in Table 8, the regression that includes the intercept, Spread and
%ZeroReturnDays as explanatory variables produces the highest adjusted r-square value,
indicating the best fit for the data. This functional form is applied in this study to

orthogonalise the idiosyncratic risk of the PPPs to remove the liquidity bias.

After the idiosyncratic risk estimates are orthgonalised, the three tests for statistically
significant difference in idiosyncratic risk are then re-estimated. Table 9 presents the
descriptive statistics as well as the tests of equality of the mean, median and variance of

idiosyncratic risk between the construction and operations periods.

Table 9 presents some revealing results. Again, for all PPPs examined, the mean and median
idiosyncratic risk is higher in the operations phase than in the construction phase. The

removal of liquidity effects does not alter the previous conclusions. It is interesting to note
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that for ConnectEast, there is no longer a statistically significant difference in the mean
idiosyncratic risk between the construction and operations periods. However, for Hills
Motorway, Rivercity Motorways and Transurban, there remains a statistically significant
difference in the idiosyncratic risk means and medians. The tests for a difference in the
liquidity-adjusted idiosyncratic risk are now re-estimated. The first test includes a dummy
variable for the operations period, as described in Equation (8), for the liquidity-adjusted

idiosyncratic risk. These regression results are reported in Table 10.

Table 10 Liquidity-adjusted Idiosyncratic Risk Difference Results

This  table presents  the regression results  for  the following regression
Irisk;, = B+ B Irisk;, , + B,Irisk; ., + p;OpsDummy, , + &, Where Irisk; is the monthly liquidity-
adjusted idiosyncratic risk estimate at time ¢. OpsDummy, is a dummy variable equalling one when the
PPP is operational and O otherwise. Regressions are estimated for the period from January 2006 to
October 2010 for ConnectEast, January 1996 to October 1998 for Hills Motorway, August 2007 to
December 2010 for Rivercity Motorways, and from April 1996 to January 2003 for Transurban. *, **
and ~ denote statistical significance at the 10%, 5% and 1% levels, respectively.

ConnectEast Hills Motorway I\/T Ivercity Transurban
otorways

Panel A: Regression Coefficient
Intercept -0.0074 0.0252 0.0731 0.0174
Irisk; ., -0.1356 0.0243 -0.0474 0.2562
Irisk; ., -0.1450 0.3180 0.1309 0.0809
Operations Dummy 0.0200 0.0067 0.0792 0.0156
Panel B: Standard Error
Intercept 0.0090 0.0097 0.0260 0.0047
Irisk; ., 0.1378 0.1769 0.1710 0.1198
Irisk; ., 0.1369 0.1776 0.1768 0.1217
Operations Dummy 0.0128 0.0068 0.0464 0.0061
Panel C: t-statistic
Intercept -0.8257 2.5859* 2.8097~ 3.6738"
Irisk;, , -0.9869 0.1374 -0.2770 2.1373*
Irisk; -1.0594 1.7901** 0.7404 0.6644
Operations Dummy 1.5672 0.9904 1.7047 2.5719*
Panel D: Adjusted R’

0.0087 0.0993 0.0866 0.3193

The results presented in Table 10 show that for ConnectEast, Hills Motorway and Rivercity
Motorways, the operations dummy variable is insignificant. However, for Transurban, the
operations dummy remains positive and statistically significant. This finding is interesting as
it implies that there has been a structural increase in idiosyncratic risk for the project. This
increase in risk may be the result of either the construction issues identified in 2001, or the

lower than expected traffic demand resulting in investors reassessing the risk of the project.
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Overall the differences in the dummy regression results in Table 10 and the earlier results in
Table 6 suggest that the changes in idiosyncratic risk are the result of changes in liquidity in
these PPP equity returns.

Finally, the Chow (1960) test is employed to identify a statistically significant difference in
the liquidity-adjusted idiosyncratic risk between the construction and operations phases. The

form of the regression is described in Equation (9) and the results are presented in Table 11.

Table 11 Liquidity-adjusted Idiosyncratic Risk Difference Results
This table presents the F-statistics for the Chow test for a difference in idiosyncratic risk for
four PPPs in Australia. For each PPP, the regression is estimated
Irisk;, = B+ B, Irisk; ., + B,Irisk;, , + & where Irisk;, is the monthly liquidity-adjusted
idiosyncratic risk estimate at time . Regressions are estimated for the period from January
2006 to October 2010 for ConnectEast, January 1996 to October 1998 for Hills Motorway,
August 2007 to December 2010 for Rivercity Motorways, and from April 1996 to January
2003 for Transurban. The break-point is the first month after the road commences operations.
*,** and ~ denote statistical significance at the 10%, 5% and 1% levels, respectively.

ConnectEast Hills Motorway Rivercity Motorways Transurban

1.4385 0.9099 1.0480 3.2950*

The results in Table 11 show that for all PPPs examined, there is no statistically significant
difference in the liquidity-adjusted idiosyncratic risk for ConnectEast, Hills Motorway and
Rivercity Motorways. The Chow (1960) test finds a statistically significant difference in the
liquidity-adjusted idiosyncratic risk for Transurban which is consistent with the findings from

the dummy variable regression.

In summary, this section employed liquidity-adjusted idiosyncratic risk estimates to remove
the liquidity biases observed by Han and Lesmond (2011). The tests found no difference in
liquidity-adjusted idiosyncratic risk for ConnectEast, Hills Motorway and Rivercity
Motorways. However, the hypothesis tests for Transurban identify a clear difference in

idiosyncratic risk between the construction and operations phases.

A summary of the findings of this study is presented in Table 12. This table displays the
results for the three tests conducted to examine the hypothesis that idiosyncratic risk is higher
in the operations phase of a PPP than the construction phase. Panel A reports the hypothesis
test results for the raw idiosyncratic risk estimates whilst Panel B reports the results for the

liquidity-adjusted idiosyncratic risk estimates.
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Table 12 Summary of Test Results
This table presents a summary of the conclusions for the tests performed on idiosyncratic risk of the four
PPPs (ConnectEast, Hills Motorways, Rivercity Motorways and Transurban) examined in this study. v/
indicates that the test identified a difference in idiosyncratic risk between the construction and operations
phases whilst — indicates that no difference was identified. The Table Number column presents the table
that displays the results summarised in that row. Panel A summarises the results for the raw idiosyncratic
risk estimates whilst Panel B presents the results for the liquidity-adjusted idiosyncratic risk.

ConnectEast Hills Rivercity Transurban Table Number
Motorway Motorways
Panel A: Raw Idiosyncratic Risk
Difference in v v v v 5
Mean
Difference in
: v v v v
Median >
Difference in v ) } v 5
Variance
Dummy Variable v - v v 6
Chow v - v v
Panel B: Liquidity-Adjusted Idiosyncratic Risk
Difference in ) v v v 9
Mean .
lefgrence in ) v v v 9
Median
Difference in v ) v v 9
Variance
Dummy Variable - - - v 10
Chow - - - 4 11

Panel A of Table 12 demonstrates that of the four PPPs examined in this study, three PPPs
(ConnectEast, Rivercity Motorways and Transurban) all exhibit clear differences in the initial
idiosyncratic risk estimates between the construction and operations phases. When the
idiosyncratic risk estimates are adjusted for liquidity biases, it was found that only
Transurban exhibited a statistically significant difference in idiosyncratic risk between the

construction and operations phases for all tests employed.

The findings of this study indicate that the difference in idiosyncratic risk, for ConnectEast
and Rivercity Motorways identified earlier in this study, is due to liquidity effects instead of
the risk of the project changing.?’ This finding suggests that as these PPPs commenced their

operations phases during the market dislocation of the Global Financial Crisis, the liquidity

20 The tests for a difference in idiosyncratic risk for ConnectEast identify statistically significant differences in
all five of tests conducted on the raw idiosyncratic risk whilst, only one difference was identified in the
liquidity-adjusted idiosyncratic risk. ~ For Rivercity Motorways a statistically significant difference in
idiosyncratic risk was identified in four of the five tests conducted on the raw idiosyncratic risk. When the
liquidity-adjusted idiosyncratic risk was examined only three of the five tests identified a statistically significant
difference in risk between the construction and operations phases.
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effects were the transmission mechanism of the changes in the idiosyncratic risk of the
projects. In the case of Transurban, the higher idiosyncratic risk identified in the operations

phase is the result of project risk.
6 Conclusion

This study examined the systematic and idiosyncratic risk of four individual PPPs listed on
the Australian Securities Exchange. As such, this study provides three original contributions
to the literature. The first original contribution found that the Fama and French (1993) three-
factor model explained the systematic risks of a value-weighted portfolio of listed PPP
stocks. When the individual PPPs were examined this study found that the systematic risk
factors in the Fama and French (1993) three-factor model are able to explain the systematic
risks for three of the four individual PPPs. Furthermore, the Fama and French (1993) three-
factor model implied that significant idiosyncratic risk was present in the returns of all
individual PPPs.

The second original contribution of this study was the analysis of idiosyncratic risk of PPPs
through time. To the author’s knowledge, this is the first study that attempts to quantify the
time-variation of PPP equity risk. Of the four PPPs examined, it was possible to observe
similar patterns in risk. During the construction phase, idiosyncratic risk was low. As the
PPP moved from the construction phase to the operations phase, idiosyncratic risk increased
and for three PPPs examined, idiosyncratic risk was significantly higher in the operations
phase.

The third and final original contribution of this PPP study was the analysis of idiosyncratic
risk which was free of liquidity biases. When the liquidity biases were removed from the
estimated idiosyncratic risk, this study found that that the risk during the construction period
was not significantly different from the operations period for three of the four PPPs
examined. The finding implies that the PPP with an identified difference in idiosyncratic
risk, Transurban, experienced an increase in project specific risk from the construction to the
operations periods. Furthermore, this finding implies that the difference observed in the
idiosyncratic risk of ConnectEast and Rivercity Motorways was driven by changes in
liquidity of these stocks.

The findings of this study provide a number of avenues for future research. First, this study

is confined to examining the risk of four listed PPPs within Australia. It would be a
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worthwhile exercise to examine the risk of other publicly listed PPPs, around the world to
examine whether these findings are consistent in other capital markets. Finally, this study
confirms previous literature which suggests that there is a relationship between idiosyncratic
risk and liquidity. Future research has the opportunity to examine these two variables and

examine what factors are driving this relationship.
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