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Ex-Ante Evaluation of Public-Private Partnerships:
Macroeconomic Analysis

Junxiao Liu'; Peter E. D. Love?; Brad Carey®; Jim Smith*; and Michael Regan®

Abstract: Public-private partnerships (PPPs) are currently a popular approach for governments to procure social and economic infrastruc-
ture. The macroeconomic environment plays a critical role and influences the factors that can lead to the successful delivery of a PPP project.
Despite the importance of the macroeconomic environment, limited attention has been paid to ex-ante (that is, before the event, or forecast)
evaluation. A review of the normative literature was undertaken, aiming to derive key performance indicators (KPIs) of PPP success. The
KPIs were validated by using a vector error correction model. It is suggested that the developed KPIs can be used to evaluate the suitability of
the macroeconomic conditions in which a PPP project will be implemented. These KPIs can provide governments and stakeholders with a
platform to conduct an effective ex-ante evaluation of PPP projects that will be significant in policy and decision making. DOI: 10.1061/
(ASCE)IS.1943-555X.0000228. © 2014 American Society of Civil Engineers.
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Introduction

Owing to the limited availability of funding for infrastructure
development, governments are participating with the private sector
to deliver essential services to the community (e.g., health, educa-
tion, water supply, power, and transport), through the establishment
of public-private partnerships (PPPs). Over the past decade, there
were many PPP successes and some failures reported in the norma-
tive literature (Hodge 2004; Duffield 2005; Regan et al. 2011a, b).
The critical factors associated with the success of a PPP project
are complex, but a favorable macroeconomic environment has been
acknowledged as playing a vital role (Li et al. 2005; Chan et al.
2010).

A stable and favorable macroeconomic condition is the corner-
stone for minimizing risks and maximizing the return of invest-
ment for a PPP project (Cheung et al. 2012). According to the
European Investment Bank (2012), the assessment of macroeco-
nomic environment is an essential part of a PPP ex-ante evalu-
ation. However, despite its importance, limited attention has
been paid to develop or refine the core concerns of this critical
area (Barretta and Ruggiero 2008). By addressing this gap, this
paper aims to contribute to the macroeconomic assessment in
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ex-ante evaluation of PPP infrastructure projects. Therefore, a
set of key performance indicators (KPIs), established to examine
the suitability of the macroeconomic environment in which a PPP
project is implemented, are derived from the literature; they are
empirically validated by using a vector error correction (VEC)
model. Such developed KPIs can assist governments and stake-
holders to undertake an effective and comprehensive ex-ante
evaluation of their PPPs.

The rest of this paper is structured typically and will begin
with a review of the normative literature of PPP evaluations.
Next, the identification of the KPIs relevant to macroeconomic
environment and methodology will be presented. Finally, a series
of data and econometric techniques will be used to validate the
derived KPIs.

Evaluations of PPP Infrastructure Projects

Project evaluation is a systematic method used for collecting and
analyzing information related to the characteristics of the outcome,
to improve effectiveness and efficiency (Dart et al. 1998). Gener-
ally, there are two kinds of evaluations conducted in construction
projects: ex-ante and ex-post evaluation (Regan et al. 2011b). These
are also known as formative and summative evaluations, respec-
tively, under program theory (Ainsworth and Viegut 2006),
and both are normally applied with the benchmarking approach
(Torvatn 1999). At the project level, ex-ante evaluation is a prepro-
ject study that is used to offer assistance in investment decision
making on the basis of the calculations of feasibility and cost,
whereas ex-post evaluation is a comparison between expected out-
comes and actual achievements that provides insight into the man-
agement of future work (Farbey et al. 1992; Irani et al. 2001, 2005).
In practice, ex-ante evaluation is valuable for policy development
and supporting project preparation and initiation (e.g., objective
definition) and determining project success (European Commission
2001).

Project success is a common objective of all construction proj-
ects; it is comprised of two components: product success and
project management success (Baccarini 1999). Product success
is concerned with the end product, whereas project management
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Table 1. Key Studies of the Cost and Time Evaluations of PPPs

Authors PPP projects Traditional lump sum projects
National Audit Office (2000) Cost: 10-20% savings N/A
Department for Transport (2002) Cost: 20% overruns N/A
Haskins et al. (2002) Cost: 3040% savings N/A

MacDonald (2002)

Cost: 50% savings

Time: 4-39% overruns
Cost: 24-66% overruns

Pakkala (2002) Cost: 14-20% savings N/A
Fitzgerald (2004) Cost: 91% on budget N/A
Liautaud (2004) Cost: nearly 30% savings N/A
Auditor-General of New South Wales (2006) Cost: 7-23% savings N/A
Allen Consulting Group (2007) Cost: 11% savings N/A
Anastasopoulos et al. (2010) Cost: 4.53% savings N/A

Raisbeck et al. (2010)

Anastasopoulos et al. (2011)

Time: 2.5% overruns
Cost: 1.2-11.6% overruns
Significant cost savings N/A

Time: 2.3% overruns
Cost: 13.9-91.5% overruns

Note: Not all types of PPPs can result in cost savings. For example, warranties are generally expected to cost more than in-house or traditional outsourcing

practices but are capable of providing a much better asset performance.

success focuses on the development process and activities
(e.g., time, cost, and quality). With this perspective, a plethora
of studies have concentrated on ex-post examination with regard
to the cost and time performance of PPP infrastructure projects
(Haskins et al. 2002; Pakkala 2002; Fitzgerald 2004; Liautaud
2004; Raisbeck et al. 2010; Anastasopoulos et al. 2011). Table 1
summarizes the key findings of the studies that aim to evaluate
PPPs through the use of cost and time factors. As shown, PPPs
generally display better performance in cost and time savings
than traditional lump-sum procurement methods. This is because
private sector entities are profit-oriented; therefore, they seek to
clearly maximize the cost and time performance of their projects
(Yong 2010).

Evaluating PPPs, however, is complicated owing to their long-
term and complex nature and the use of single-dimension absolute
cost and time assessments cannot fully capture the essence of
the delivery of a PPP (Office of Government Commerce 2002;
European Commission 2003; Liu et al. 2014). Amos (2004) sug-
gests that ex-post evaluation of a PPP should be expanded to in-
volve the performance indicators of technical and allocative
efficiency and financial performance. However, technical and allo-
cative efficiency and financial measures are still insufficient to
fully measure PPPs because such important issues as stakeholder
satisfaction cannot be addressed in the measurements for technical
and financial performance alone (Henjewele et al. 2011). Given
the problem of evaluating PPPs, Yuan et al. (2009) proposed an
expanded innovative ex-post performance evaluation framework,
namely the KPI system. This developed system consists of
five measurement aspects: (1) physical characteristics of the
project; (2) financial and marketing indicators; (3) innovation
and learning indicators; (4) stakeholder indicators; and (5) process
indicators.

The majority of the PPP studies concerned with ex-ante evalu-
ation use the public sector comparator (PSC) (Quiggin 2004;
Grimsey and Lewis 2004, 2005; Blanc-Brude et al. 2006; Coulson
2008). The PSC has been applied widely across the world, espe-
cially in Australia and the U.K., to determine whether a proposed
PPP can provide better value for money. Essentially, it is a com-
parison between the costs of proposed PPP projects and the
benchmark cost, which is a cost estimation of the specific service
using traditional procurements. Hence, the previous studies
focusing on PPP ex-ante evaluation concentrate largely on cost
performance (Liu et al. 2014). However, according to European
Commission (2001), ex-ante evaluation must be comprehensive,
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in which economic environment assessment is of primary
importance.

KPIs for Macroeconomic Environment Assessment
in PPPs

The European Investment Bank (2004, p. 2) defines PPPs as “the
relationships formed between private sector and public bodies often
with the aim of introducing private sector resources and/or exper-
tise in order to provide and deliver public sector assets and serv-
ices.” The Public-Private Infrastructure Advisory Facility (2014)
provides the following definition: a PPP “involves the private sector
in aspects of the provision of infrastructure assets or of new or
existing infrastructure services that have traditionally been pro-
vided by government.” According to these definitions, the invest-
ment of private sector entities plays a decisive role in PPPs.
Akintoye and Skitmore (1994) argue that investment is a derived
demand and that the investment of private sector in construction is
determined by construction price, domestic economic performance
[i.e., gross national product (GNP)/gross domestic product (GDP)]
interest rate, purchasing power of population (i.e., unemployment
level), and profitability (i.e., manufacturing price), all of which can
be indicated as follows:

Q4= f(P,Y,r,U¢,MP) (1)

where Q¢ = construction investment (demand); P = construction
price; Y = GNP; r = interest rate; U¢ = unemployment rate; and
M = manufacturing price. In other words, the endogenous factors
of Eq. (1) are the macroeconomic KPIs that can be applied to es-
timate whether the macroeconomic environment is suitable for a
construction investment. Detailed explanation about how such
aforementioned factors are capable to significantly affect construc-
tion investment of private sector can be found in the research con-
ducted by Hillebrandt (1985), Akintoye and Skitmore (1994), and
Tse and Ganesan (1997). Because PPPs are construction projects in
nature; the indicators displayed in Eq. (1) are also suitable for PPP
infrastructure projects.

It is accepted that PPP projects are more complex than tradi-
tional lump-sum construction projects, particularly with regard
to their financial structure. “PPPs are highly leveraged in listed
or private firms and rely on capital markets for both equity and debt
capital” (Regan et al. 2011a, p. 7). Most PPP infrastructure projects
are financed via bank loans, equity, bonds, or private placements
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(Yong 2010). Therefore, any changes in money and capital markets
can substantially impact the investment decision of PPPs. Indeed,
the impact of changes in the money market on PPPs can be evalu-
ated by examining the interest rate, which has been indicated in
Eq. (1). To capture the effect of the capital market on PPPs, a
KPI relating to stock and bond market conditions should be in-
volved in ex-ante macroeconomic assessment. Further, Regan et al.
(2011a) suggest that the collapse of the global economy had a sub-
stantial effect on the development of new and existing PPP infra-
structure projects. Considering this perspective, the turbulence of
the global economic climate is worthy of inclusion as an exogenous
factor in PPP ex-ante evaluation.

Infrastructure normally refers to a technical structure that sup-
ports and underpins the growth of a society (e.g., roads, bridges,
water and power supplies, hospitals, and prisons) (Infrastructure
Australia 2012). As suggested by neoclassical economic theory,
the growth of a society is positively related to population growth
(Kormendi and Meguire 1985). Hence, population growth should
be considered during the investment decision making process
of infrastructure development. A report issued by the Victorian
Auditor-General (2013) supports this point of view and states that
the growth of population is an important indicator of the demand
for infrastructure. In the construction literature, several studies
(Tang et al. 1990; Goh 1996, 1999; Fan et al. 2010; Jiang and
Liu 2011) attempt to incorporate “population” as a macroeconomic
indicator into the modeling of residential construction demand, and
they discovered a significant relationship between population and
residential construction investment.

On the basis of the preceding discussion, the KPIs for the PPP
macroeconomic assessment can be summarized as follows: con-
struction price level (P¢), domestic economic conditions (E?),
money market conditions (R), unemployment level (U°), profitabil-
ity (PRO), capital market conditions (MC€), population growth
(POP), and global economic climate (EY). To validate these KPIs,
a series of econometric techniques will be applied and the empirical
results will be discussed in the following sections.

Methodology and Data

Vector Error Correction Model

The econometric model selected in this paper to validate the afore-
mentioned KPIs is the VEC model. The VEC model is capable of
capturing and quantifying the causalities and long-term relation-
ships between variables (Engle and Granger 1987), and possesses
a strong ability in construction investment estimation (Jiang and
Liu 2011). PPPs are projects with long-term contractual arrange-
ments (Kwak et al. 2009), and the selected KPIs for project evalu-
ation must be causally and significantly related to the outputs and
outcomes of the project (Chan and Chan 2004). Thus, the VEC
model is suitable for the validation of the derived KPIs.
The form of VEC model is represented as Eq. (2):

p—1
AY, = aecm,_; + Z LAY, + ¢, (2)

i=t

where AY, = vector in difference; o = adjustment coefficient;
ecm,_; = error correction term reflecting long-run parameters;
I'; = coefficient matrices; and ¢, = vector of error term.

As discussed previously, global economic turbulence needs
to be considered as an exogenous factor in the PPP ex-ante evalu-
ation of the macroeconomic environment. Accordingly, a dummy
variable will be inserted into Eq. (2) as an exogenous variable.
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On the basis of the previously developed KPIs, Eq. (2) can be
rewritten as

P P
AQPPP = qecm,_, + Z I AQP + Z AP,
i=1

i=1

p p p
+ 21: I3, AE! + 2}: Ly iAr; + 21: Is;AU;;
i= i= i=

p P
+) TAPRO,; + > T7,ACM
i=1 i=1
P
+Y T,APOP,_; + 6E! + ¢, (3)
i=1

where QFPP = private sector investment on infrastructure using
PPPs; 6 = coefficient of exogenous variables (dummy variable).
The VEC model with dummy variables has been applied in pre-
vious studies to estimate the impact of global economic turbulence
on the construction and housing sectors in Australia (Jiang and Liu
2011; Liu and London 2013). This paper will primarily examine
how the 2008 global financial crisis (GFC) has affected the con-
struction investment within the context of PPPs.

Data Collection

Data applied for empirical estimation were derived from the follow-
ing sources: Australian Bureau of Statistics (ABS), Reserve Bank
of Australia (RBA), and Australian Stock Exchange (ASX). The
selected data series cover third quarter 1997 (1997Q3) to first quar-
ter 2013 (2013Q1). The reason for selecting this sample period
is the lack of earlier data on construction prices and the absence
of most updated data on population size at the national level in
Australia. This period also covers the effects of the GFC from
2008 onward.

Investment, as mentioned previously, is a derived demand
(Akintoye and Skitmore 1994). Hence, the private sector invest-
ment on infrastructure using PPPs can initially be measured by
the value of the engineering construction work commenced by
the private sector for the public sector in Australia. These data
are derived from the ABS and is compiled from the infrastructure
work (e.g., roads, highways, water supply, recreation, and electric-
ity generation) procured by PPPs (ABS 2013b). Second, the output
producer price indexes (PPIs) of infrastructure construction work
(e.g., road, bridges, and highways) and the manufacturing sector
are used to reflect the Australian construction price and profitabil-
ity. Both of these data are issued by the ABS, indicating the
changes in the prices of products as they leave production process
(ABS 2013d). The manufacturing price is an appropriate proxy for
the profitability of the construction investment of private sector;
this point of view has been demonstrated by Hillebrandt (1985)
and Akintoye and Skitmore (1994).

Third, domestic economic performance, interest rates, unem-
ployment levels, and population can be captured by using the data
on the Australian GDP, real interest rates, unemployment rates, and
estimated resident population, all of which are published by RBA
(2013a, b) and ABS (2013a, c), respectively. Finally, the stock price
indexes provided by ASX (2013) are extracted to measure capital
market conditions. Prior studies have found a long-term conver-
gence between stock and bond returns (Fama and Gibbons
1982; Stivers and Sun, “Stock market uncertainty and the relation
between stock and bond returns,” working paper, Federal Reserve
Bank of Atlanta, Atlanta, Georgia). Therefore, the stock price index
is an ideal indicator of capital market changes.
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Table 2. Results of the ADF Unit Root Tests

ADF unit root tests

Level First difference
KPIs T-stat P-values T-stat P-values
QrrP —1.39 0.86 —4.81 0.00*
Pe —2.77 0.21 —2.14 0.03°
GDP —2.51 0.32 —2.11 0.03"
R —0.68 0.41 -5.09 0.00*
U¢ —1.30 0.88 —4.81 0.00*
PRO —2.17 0.50 —5.24 0.00?
CM¢ —2.55 0.30 —5.26 0.00*
POP —1.37 0.86 —4.39 0.00*

Note: P-values denote the probability values.
“Rejection of null hypothesis at the 0.99 significance level.
PRejection of null hypothesis at the 0.95 significance level.

Empirical Results and Analysis

Unit Root Test and Cointegration Test

The time-series data used for econometric models must be station-
ary; otherwise, a spurious regression will occur (Granger and
Newbold 1974). To test whether the selected data are stationary,
the unit root tests are conducted for each variable by using the
augmented Dickey-Fuller (ADF) test, which was developed by
Dickey and Fuller (1979). Table 2 summarizes the results of the
ADF unit root tests, which indicate that the selected data series
are integrated in order one, i.e., / (1). In other words, all data se-
lected in this study are not stationary on level but stationary on first
difference. To avoid spurious regression, the VEC model will be
formulated on the basis of the first-difference data.

Apart from the unit root tests, the test for the cointegration
relationship between variables is necessary for constructing the
VEC model. The cointegration test was proposed by Johansen
and Juselius (1990) and comprises five models: (1) Model 1 rep-
resents that all data series have a zero mean; (2) Model 2 represents
that deterministic data have an intercept but no trend in the cointe-
gration equations (CEs); (3) Model 3 suggests that data possess a
linear trend and that there is an intercept but no trend in the CEs;
(4) Model 4 suggests a linear trend in data and that both intercept
and trend are in the CEs; and (5) Model 5 represents that data have
quadratic trend and that there is an intercept but not trend in
the CEs.

Hui and Yue (2006) argue that the practicability of Models 1 and
5 of the cointegration test of Johansen and Juselius (1990) has lim-
ited real-world application; therefore, this paper concentrates on
Models 2, 3, and 4. There is an accepted assumption that long-
run equilibrium demand probably has no trend (Wong et al.
2007). Thus, Model 3 is used in the cointegration test for this study.
On the basis of a variety of statistics and criterion [e.g., sequential
modified likelihood ratio test statistic (LR), final prediction error
(FPE), Schwarz information criterion (SC), and Hannan-Quinn in-
formation criteria (HQ)], a four-lag length has been selected for the
VEC model and the cointegration test. Table 3 reports the results of

Table 3. Results of the Cointegration Tests

Parameter Value

Variables QPPP. P, GDP, R, U¢, PRO, CM¢, POP
Lagged difference 4

Results (trace test) 1

Results (max-eigenvalue test) 1
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the cointegration test, in which one cointegration relationship
has been found under the trace and max-eigenvalue tests, indicat-
ing that a long-run equilibrium relationship exists between the
variables.

Dummy Variable Specification

A dummy has been inserted into Eq. (3) to capture the impact of
global economic turbulence on PPP investment. It is acknowledged
that a challenge of creating a dummy variable is to identify the
length of the event window. According to Huang and Liu
(2010), the announcements issued by RBA are useful for uncov-
ering this issue within the Australian context because the central
bank is sensitive to changes in both the domestic and global eco-
nomic climates.

As mentioned previously, the dummy variable discussed in this
paper is based on the year 2008, when the GFC began. The U.S.
financial crisis sent shockwaves through the world in 2008. To
hedge the rapid spread of the GFC, Australia’s government
launched an economic stimulus package in September 2008
(RBA 2008; Australian Treasury 2009), indicating that the GFC
began affecting Australia in 2008Q3. As a result, the cash rates
in Australia dropped dramatically from 7.25 to 3.0% between
September 2008 and September 2009 (RBA 2013b). However,
in October 2009, the RBA increased Australian cash rates by 25
basis points owing to the resuming growth of global and Australia’s
domestic economy (RBA 2009). This decision suggested that the
impact of the GFC on Australia had faded in the fourth quarter of
2009. With this in mind, the values of 2008Q3, 2008Q4, 2009Q1,
2009Q2, and 2009Q3 can be established as 1 and 0 of others in the
dummy time series.

VEC Model with a Dummy Variable

The VEC model with a dummy variable can be constructed after
conducting the preceding tests. Table 4 indicates the estimates of
the VEC model. Under the developed model, the Granger causality
test can be run for the endogenous variables (Table 5 lists the test
results). By applying Wald and joint F-tests, the null hypothesis that
the independent variables (i.e., the proposed KPIs) do not signifi-
cantly influence the Granger causality and dependent variable
(infrastructure investment under PPPs) is rejected at the 0.90,
0.95, and 0.99 significance levels.

Table 5 indicates that all proposed KPIs involved as endogenous
variables of the developed VEC model can affect the Granger cau-
sality of PPP infrastructure investment. Theoretically, the Granger
causality is not a “real” causal relationship, but a “predictive cau-
sality.” This means that the Granger causality test is designed to
identify whether a time series (x) (independent variable) can be
used to forecast another time series (y) (dependent variable). With
this in mind, it can be concluded that the developed KPIs presented
in Table 5 are significant for the evaluation of the macroeconomic
environment in which a PPP project will be operating.

Apart from the KPIs in Table 5, the F-statistic of the coefficient
of the dummy variable in relation to PPP infrastructure investment
(QFPP) is not significant. However, the dummy coefficients associ-
ated with domestic economic conditions (GDP), R, U¢, PRO, and
capital market conditions (CM¢) are significant at 0.90, 0.95, and
0.99 significance levels, respectively. This implies that the turbu-
lence of the global economic climate is capable of substantially
impacting the domestic economic system, money and capital mar-
kets, construction investment profitability, and purchasing power
of population (unemployment level). In turn, all of these factors
significantly affect a private sector entity’s decision regarding
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Table 4. Estimates of the VEC Model with a Dummy Variable

Variables AQPPP AP¢ AGDP AR, AU¢ APRO, ACM¢ APOP,

QrPP 1.00 — — —

P, —7.11 (=3.54) — — —

GDP,_, 71.55 (10.95)* — — —

R, —5.80 (—7.84)* — — —

U, 20.06 (10.15)* — — —

PRO,_, —14.77 (—6.07)* — — —

CM;_, 5.07 (8.41)" — — —

POP,_, 591 (4.97)* — — —

C 330.20 — — —

Eq. (1) —0.94 (=3.45)* — — —

Dummy 0.18 (0.50) —0.04 (—0.45) —1.16 (—2.64)* —1.03 (—2.34)° —2.23 (—3.04)"
—1.01 (~1.41)° 1.04 (1.98)° —1.05 (—0.89)

Error correction t—1 t—2 t—3 t—4

AQPPP 0.64 (1.69) 0.14 (0.41) 0.03 (0.08) 0.11 (0.56)

AP° —40.28 (4.46)* —8.03 (0.76) —29.03 (—2.12)* —44.08 (—3.82)"

AGDP 109.49 (5.71)* 75.75 (3.82)* 87.39 (4.41)* 32.39 (2.49)°

AR —10.96 (—4.75)* —6.50 (—3.52)* —3.95 (—2.83)* —2.77 (=2.75)*

AU* —15.96 (-2.75)* —20.46 (3.97)" —8.32 (—1.87)° 1.67 (0.54)

APRO 0.23 (0.04) 8.14 (1.81)° 11.26 (2.27)¢ 5.46 (1.11)

ACM° 1.56 (0.86) 3.07 (1.92)° 1.32 (0.88) —0.15 (—0.11)

APOP 14.92 (1.15) 7.20 (0.77) 25.64 (2.57)° 25.75 (2.59)°

R-squared 0.84 — — —

Sum square residuals 0.05 — — —

Standard error equation 0.07 — — —

Log likelihood 120.56 — — —

d-statistics significant at 0.99 significance level.
br-statistic significant at 0.90 significance level.
“t-statistics significant at 0.95 significance level.

PPP infrastructure investment. In summary, GDP, interest rate, un-
employment rate, manufacturing price, and stock price are the
transmission mechanisms of the global economic disturbance to
PPP markets. This empirical finding conforms with the study
undertaken by Regan et al. (2011a). Thus, the KPI regarding global
economy can also be considered critical to the PPP ex-ante
evaluation.

To further investigate the contribution level of the developed
KPIs to PPP investment, variance decomposition (VDC) has
been adopted in this paper. Econometrically, VDCs are applied
to interpret the amount of information about how each endogenous
variable contributes to the forecasting of other variables in auto-
regression. It helps in understanding how much of the forecast error
variance of each variable can be explained by the exogenous shocks
to other variables. Specifically, if the shocks of the independent
variables can significantly explain the forecast error variance of

Table 5. Results of the Granger Causality Tests

the endogenous variables, it can be concluded that the dependent
variable is endogenous, and vice versa.

The results of the VDCs of QFPF are presented in Table 6
and also illustrated in Fig. 1, both of which indicate that the pro-
posed KPIs explain 8-20% of the variability of PPP market. This
finding indicates that the PPP investment is endogenous to the auto-
regressive system composed of the developed KPIs. The construc-
tion price, GDP, interest rate, and unemployment rate account for a
substantial amount of the forecast error variances of PPP invest-
ment within a 12-quarter period, as listed in Table 6; 20.24, 18.39,
13.88, and 10.63%, respectively. This finding suggests that the con-
struction price level, domestic economic conditions, money market
conditions, and unemployment level are the most critical KPIs in
PPP ex-ante evaluation, and they should be the highest priority
of the PPP macroeconomic ex-ante evaluation conducted by the
public sector.

Table 6. Variance Decomposition Results of QFP?

Dependent Period QPP pe GDP R U¢ PRO CM¢ POP
variable Directions Chi-square P-values Results | 10000 0.00 000 000 000 000 000 0.00
QrrP P¢ — QPPP 32.12 0.00* Y 2 63.19 4.12 1436 0.06 1.73 13.14 170 1.71
GDP — QFFP 35.32 0.00* Y 3 43.18 1399 13.19 467 815 950 560 1.71
R — QFPP 23.45 0.00* Y 4 36.67 1250 13.02 8.10 9.09 813 754 494
U¢ — QPP 17.88 0.00* Y 5 3224 1753 1240 7.06 842 721 10.04 5.09
PRO — QPP 8.66 0.07° Y 6 26.03 14.84 1839 1155 870 730 882 4.36
CM° — QFPP 10.20 0.04° Y 7 2331 1653 1729 13.88 9.83 7.60 7.80 3.76
POP — QFPP 12.65 0.01* Y 8 21.50 1748 16.26 13.82 1024 7.01 880 4.88
Note: Y indicates the existence of Granger causality. 9 2109 17.24 1584 1348 1063 6.83 929 5.0
ap e s . L ’ 10 20.64 1754 16.16 13.17 1049 734 9.11 6.53
Rejection of null hypothesis at the 0.99 significance level.
PRejection of null hypothesis at the 0.90 significance level. i ; ;8(1)213 ;gii 12247‘ Sg(l) igﬁ ;32 ggg ;gg
“Rejection of null hypothesis at the 0.95 significance level. . . . i . i . .
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Fig. 1. Variance decomposition results of QPPP

Conclusions

This paper has conceptually developed a set of KPIs for the ex-ante
evaluation of macroeconomic environment within the context of
PPP infrastructure projects. The proposed KPIs have been empiri-
cally validated by a VEC model with a dummy variable. According
to the results of the Granger causality tests, first, the KPIs devel-
oped as the endogenous variables of the VEC model can affect the
Granger causality of PPP infrastructure investment. This means that
such KPIs are critical to the ex-ante evaluation of PPPs. Second, the
estimates of the VEC model suggest that the coefficient of the
dummy variable in relation to PPP investment is not significant,
but it is significant to five other endogenous variables (e.g., GDP,
interest rate, unemployment rate, manufacturing price—profitability,
and stock price) at 0.90, 0.95, and 0.99 significance levels. This
finding indicates that there is an indirect significant relationship
between the PPP market and the global economic climate, and that
the fluctuations of global economic system are capable of influenc-
ing PPP investment through these variables. Thus, it is proven that
the condition of the global economy is an essential KPI for PPP ex-
ante evaluations. Finally, by using variance decomposition, this pa-
per has identified that the developed KPIs can significantly explain
8-20% of the variability of the PPP market. In addition, the con-
struction price level, domestic economic conditions, money market
conditions, and unemployment level are the most critical KPIs in
the ex-ante evaluations of PPP infrastructure projects.

Previous empirical evidence has suggested that domestic and
global economic climate, total purchasing power of population
(unemployment level), and conditions of construction, money,
and capital markets play vital roles in PPP ex-ante macroeconomic
evaluations. This key finding is consistent with the common knowl-
edge that the success of a PPP project heavily depends on the per-
formance of national and industrial economic climate and a sound
finance structure. Accordingly, the KPIs derived in this paper are
practical and able to provide public sector with assistance in con-
ducting a comprehensive and effective ex-ante evaluation for the
entire macroeconomic environment in which a PPP infrastructure
project will be implemented.

Macroeconomic environments are dynamic; thus, governments
should seriously consider whether PPP is a suitable method for
procuring an infrastructure asset when the macroenvironment is
not favorable. However, macroeconomic assessment is not the en-
tirety of a PPP ex-ante evaluation, but only a significant part of it.
Determining what type of procurement should be applied is a com-
plex process; therefore, it is difficult and irrational to make a
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judgement on the use of PPPs depending only on a macroeconomic
assessment. Decision makers in the public sectors that will embark
on infrastructure development need to examine all vital issues
under an effective framework to identify which procurement and
type of contract are the most appropriate choices for the projects.
Nevertheless, the aim of this paper is simply to derive useful KPIs,
rather than develop a decision-making framework and examine the
nature of the contract. As a result, the discussion about using PPPs
within the context of unfavorable environment has not been
presented. This is a research limitation; the selection of a suitable
approach between PPPs and other traditional procurements is a
promising topic for future study.

References

Ainsworth, L., and Viegut, D. (2006). Common formative assessments,
Corwin Press, Thousand Oaks, CA.

Akintoye, A., and Skitmore, M. (1994). “Models of U.K. private sector
quarterly construction demand.” Constr. Manage. Econ., 12(1), 3—13.

Allen Consulting Group. (2007). “Performance of PPPs and traditional
procurement in Australia.” Final Rep., Infrastructure Partnerships
Australia, Sydney, Australia.

Amos, P.. (2004). “Public and private sector roles in the supply of transport
infrastructure and services.” Operational guidance for the world bank
staff, Transport paper—I, World Bank, Washington, DC.

Anastasopoulos, P., Florax, R., Labi, S., and Karlaftis, M. (2010).
“Contracting in highway maintenance and rehabilitation: Are spatial
effects important?” Transp. Res. Part A: Policy Pract., 44(3), 136-146.

Anastasopoulos, P., Islam, M., Volovski, M., Powell, J., and Labi, S.
(2011). “Comparative evaluation of public-private partnerships in road-
way preservation.” Transportation Research Record 2235, Transporta-
tion Research Board, Washington, DC, 9-19.

Auditor-General of New South Wales. (2006). “The new schools privately
financed project.” Auditor-General’s Rep.: Performance audit, Sydney,
Australia.

Australian Bureau of Statistics (ABS). (2013a). “Australian demo-
graphic statistics.” (http://www.abs.gov.au/ausstats/abs @.nsf/mf/3101.0)
(Nov. 10, 2013).

Australian Bureau of Statistics (ABS). (2013b). “Engineering construction
activity, ~ Australia.””  (http://www.abs.gov.au/ausstats/abs @ .nsf/mf/
8762.0) (Nov. 12, 2013).

Australian Bureau of Statistics (ABS). (2013c). “Labour force, Australia.”
(http://www.abs.gov.au/ausstats/abs @ .nsf/mf/6202.0) (Nov. 10, 2013).

Australian Bureau of Statistics (ABS). (2013d). “Producer price
indexes, Australia.”  (http://www.abs.gov.au/ausstats/abs @ .nsf/mf/
6427.0) (Nov. 10, 2013).

Australian Stock Exchange (ASX). (2013). “Stock price indexes,
Australia.” (http://www.asx.com.au) (Nov. 12, 2013).

Australian Treasury. (2009). “Australia’s response to the global financial
crisis.” (http://www.treasury.gov.au) (Nov. 10, 2013).

Baccarini, D. (1999). “The logical framework method for defining project
success.” Proj. Manage. J., 30(4), 26-32.

Barretta, A., and Ruggiero, P. (2008). “Ex-ante evaluation of PFIs within
the Italian health-care sector: What is the basis for this PPP?.” Health
Policy, 88(1), 15-24.

Blanc-Brude, F., Goldsmith, H., and Valila, T. (2006). “Ex ante construc-
tion cost in the European road sector: a comparison of public-private
partnerships and traditional public procurement.” Economic and Finan-
cial Rep. 2006/07, European Investment Bank, Luxembourg.

Chan, A. P. C., and Chan, A. P. L. (2004). “Key performance indicators for
measuring construction success.” Benchmarking Int. J., 11(2),203-221.

Chan, A. P. C., Lam, P. T. 1., Chan, D. W. M., Cheung, E., and Ke, Y.
(2010). “Critical success factors for PPPs in infrastructure develop-
ments: Chinese perspective.” J. Constr. Eng. Manage., 10.1061/
(ASCE)CO0.1943-7862.0000152, 484-494.

Cheung, E., Chan, A. P. C., and Kajewski, S. (2012). “Factors contributing
to successful public private partnership projects: Comparing Hong
Kong with Australia and the United Kingdom.” J. Facil. Manage.,
10(1), 45-58.

J. Infrastruct. Syst.

J. Infrastruct. Syst. 2015.21.


http://dx.doi.org/10.1080/01446199400000002
http://dx.doi.org/10.1016/j.tra.2009.12.002
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/8762.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0
http://www.asx.com.au
http://www.asx.com.au
http://www.asx.com.au
http://www.asx.com.au
http://www.treasury.gov.au
http://www.treasury.gov.au
http://www.treasury.gov.au
http://www.treasury.gov.au
http://dx.doi.org/10.1016/j.healthpol.2008.02.005
http://dx.doi.org/10.1016/j.healthpol.2008.02.005
http://dx.doi.org/10.1108/14635770410532624
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000152
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000152
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000152
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000152
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000152
http://dx.doi.org/10.1108/14725961211200397
http://dx.doi.org/10.1108/14725961211200397

Downloaded from ascelibrary.org by Technische Universitat Munchen on 07/05/15. Copyright ASCE. For personal use only; all rights reserved.

Coulson, A. (2008). “Value for money in PFI projects: A commentary
on the U.K. treasury guidelines for public sector comparators.” Public
Admin., 86(2), 483-498.

Dart, J., Petheram, R. J., and Straw, W. (1998). “Review of evaluation in
agricultural extension.” Rural Industries Research and Development
Corp., Barton, Australia.

Department for Transport. (2002). “Public sector comparators factsheet.”
(https://www.gov.uk/government/publications ?departments[ J=department
-for-transport) (Aug. 2, 2012).

Dickey, D. A., and Fuller, W. A. (1979). “Distributions of the estimators for
autoregressive time series with a unit root.” J. Am. Stat. Assoc., 74(366),
427-431.

Duffield, C. F. (2005). “PPP in Australia.” Public private partnership:
Opportunities and challenges, S. T. Ng, ed., Centre for Infrastructure
and Construction Industry Development, University of Hong Kong,
Hong Kong, 5-14.

Engle, R. F,, and Granger, C. W. J. (1987). “Co-integration and error
correction: Representation, estimation and testing.” Econometrica,
55(2), 251-276.

European Commission. (2001). Ex ante evaluation: A practical guide for
preparing proposals for expenditure programmes, European Commis-
sion, Brussels, Belgium.

European Commission. (2003). Guidelines for successful public-private
partnerships, European Commission, Brussels, Belgium.

European Investment Bank. (2004). The EIB’s role public-private partner-
ships (PPPs), European Investment Bank, Luxembourg.

European Investment Bank. (2012). The guide to guidance: how to
prepare, procure and deliver PPP projects, European Investment
Bank, Luxembourg.

Fama, E. F.,, and Gibbons, M. R. (1982). “Inflation, real returns and capital
investment.” J. Monetary Econ., 9(3), 297-323.

Fan,R.Y.C.,Ng, S. T., and Wong, J. M. W. (2010). “Reliability of the Box-
Jenkins model for forecasting construction demand covering times of
economic austerity.” Constr. Manage. Econ., 28(3), 241-254.

Farbey, B., Land, F., and Targett, D. (1992). “Evaluating IT investments.”
J. Inf. Technol., 7(2), 109-122.

Fitzgerald, P. (2004). “Review of partnerships Victoria provided
infrastructure.” Final Rep., to the Treasurer, Growth Solutions Group,
Melbourne, Australia.

Goh, B. H. (1996). “Residential construction demand forecasting using
economic indicators: A comparative study of artificial neural networks
and multiple regression.” Constr. Manage. Econ., 14(1), 25-34.

Goh, B. H. (1999). “An evaluation of the accuracy of the multiple
regression approach in forecasting sectoral construction demand in
Singapore.” Constr. Manage. Econ., 17(2), 237-241.

Granger, C. W. J., and Newbold, P. (1974). “Spurious regression in econo-
metrics.” J. Econom., 2(2), 111-120.

Grimsey, D., and Lewis, M. K. (2004). Public private partnerships: The
worldwide revolution in infrastructure provision and project finance,
Edward Elgar, Cheltenham, U.K.

Grimsey, D., and Lewis, M. K. (2005). “Are public private partnerships
value for money?” Account. Forum, 29(4), 345-378.

Haskins, S., Gale, D., and Kelly, L. (2002). “Creating and optimizing new
forms of public-private partnerships in Seattle.” Water Sci. Technol.
Water Supply, 2(4), 211-218.

Henjewele, C., Sun, M., and Fewings, P. (2011). “Critical parameters influ-
encing value for money variations in PFI projects in the healthcare and
transport sectors.” Constr. Manage. Econ., 29(8), 825-839.

Hillebrandt, P. M. (1985). Economic theory and the construction industry,
2nd Ed., Macmillan Press, London.

Hodge, G. A. (2004). “The risky business of public-private partnerships.”
Aust. J. Public Administration, 63(4), 37-49.

Huang, Y, and Liu, C. (2010). “A-REIT price responses to cash rate
changes.” AUBEA 2010: Construction Management(s): Proc., 35th
Australasian Universities Building Education Association, University
of Melbourne, Melbourne, Australia.

Hui, E. C. M., and Yue, S. (2006). “Housing price bubbles in Hong Kong,
Beijing and Shanghai: A comparative study.” J. Real Estate Finance
Econ., 33(4), 299-327.

© ASCE

04014038-7

Infrastructure Australia. (2012). “Australia’s public infrastructure: Part
of the answer to removing the infrastructure deficit.” (http://www
.infrastructureaustralia.gov.au/publications) (Nov. 23, 2013).

Irani, Z., Sharif, A., and Love, P. E. D. (2001). “Transforming failure into
success through organizational learning: an analysis of a manufacturing
information system.” Eur. J. Inf. Syst., 10(1), 55-66.

Irani, Z., Sharif, A., and Love, P. E. D. (2005). “Linking knowledge trans-
formation to information systems evaluation.” Eur. J. Inf. Syst., 14(3),
213-228.

Jiang, H., and Liu, C. (2011). “Forecasting construction demand: A vector
error correction model with dummy variables.” Constr. Manage. Econ.,
29(9), 969-979.

Johansen, J., and Juselius, K. (1990). “Maximum likelihood estimation and
inference on cointegration—With applications to the demand for
money.” Oxford Bull. Econ. Stat., 52(2), 169-210.

Kormendi, R. C., and Meguire, P. G. (1985). “Macroeconomic determi-
nants of growth: Cross-country evidence.” J. Monetary Econ., 16(2),
141-163.

Kwak, Y. H., Chih, Y. Y., and Ibbs, C. W. (2009). “Towards a comprehen-
sive understanding of public private partnerships for infrastructure
development.” California Manage. Rev., 51(2), 51-78.

Li, B., Akintoye, A., Edwards, P. J., and Hardcastle, C. (2005). “Critical
success factors for PPP/PFI projects in the U.K. construction industry.”
Constr. Manage. Econ., 23(5), 459—471.

Liautaud, G. (2004). Maintaining roads: Experience with output-based
contracts in Argentina, World Bank, Washington, DC.

Liu, J., and London, K. (2013). “Modelling housing supply and monetary
policy within the context of global economic turbulence.” Int. J.
Strategic Prop. Manage., 17(1), 1-20.

Liu, J., Love, P. E. D., Davis, P. R., Smith, J., and Regan, M. (2014).
“Conceptual framework for the performance measurement of public-
private partnerships.” J. Infrastruct. Syst., 10.1061/(ASCE)IS.1943-
555X.0000210, 1-15.

MacDonald, M. (2002). “Review of large public procurement in the U.K.”
Rep., HM Treasury, London.

National Audit Office. (2000). Examining the value for money of deals
under the private finance initiative, HMSO, London.

Office of Government Commerce. (2002). Green public private partner-
ships, Office of Government Commerce, Norwich, U.K.

Pakkala, P. (2002). Innovative project delivery methods for infrastructure,
Finnish Road Enterprise, Helsinki, Finland.

Public-Private Infrastructure Advisory Facility. (2014). “What are public-
private partnerships?” (http://www.ppiaf.org/node/89) (Oct. 16, 2013).

Quiggin, J. (2004). “Risks, PPPs, and the public sector comparator.” Aust.
Accounting Rev., 14(33), 51-61.

Raisbeck, P., Duffield, C., and Xu, M. (2010). “Comparative performance
of PPPs and traditional procurement in Australia.” Constr. Manage.
Econ., 28(4), 345-359.

Regan, M., Smith, J., and Love, P. E. D. (2011a). “Impact of the capital
market collapse on public-private partnership infrastructure projects.”
J. Constr. Eng. Manage., 10.1061/(ASCE)CO.1943-7862.0000245,
6-16.

Regan, M., Smith, J., and Love, P. E. D. (2011b). “Infrastructure procure-
ment: Learning from private-public experiences ‘down under.”” Envi-
ron. Plann. C Government Policy, 29(2), 363-378.

Reserve Bank of Australia (RBA). (2008). “Interest rate decisions—2008.”
(http://www.rba.gov.au/monetary-policy/int-rate-decisions/2008/index
.html) (Nov. 11, 2013).

Reserve Bank of Australia (RBA). (2009). “Interest rate decisions—2009.”
(http://www.rba.gov.au/monetary-policy/int-rate-decisions/2009/index
.html) (Nov. 11, 2013).

Reserve Bank of Australia (RBA). (2013a). “Gross domestic product.”
(http://www.rba.gov.au/statistics/index.html) (Nov. 10, 2013).

Reserve Bank of Australia (RBA). (2013b). “Interest rates and yields—
Money market.” (http://www.rba.gov.au/statistics/index.html) (Nov. 10,
2013).

Tang, J. C. S., Karasudhi, P., and Tachopiyagoon, P. (1990). “Thai construc-
tion industry: Demand and projection.” Constr. Manage. Econ., 8(3),
249-257.

J. Infrastruct. Syst.

J. Infrastruct. Syst. 2015.21.


http://dx.doi.org/10.1111/j.1467-9299.2008.00729.x
http://dx.doi.org/10.1111/j.1467-9299.2008.00729.x
https://www.gov.uk/government/publications?departments<>=department-for-transport
https://www.gov.uk/government/publications?departments<>=department-for-transport
https://www.gov.uk/government/publications?departments<>=department-for-transport
https://www.gov.uk/government/publications?departments<>=department-for-transport
http://dx.doi.org/10.2307/2286348
http://dx.doi.org/10.2307/2286348
http://dx.doi.org/10.1016/0304-3932(82)90021-6
http://dx.doi.org/10.1080/01446190903369899
http://dx.doi.org/10.1057/jit.1992.16
http://dx.doi.org/10.1080/01446199600000004
http://dx.doi.org/10.1080/014461999371736
http://dx.doi.org/10.1016/0304-4076(74)90034-7
http://dx.doi.org/10.1016/j.accfor.2005.01.001
http://dx.doi.org/10.1080/01446193.2011.592204
http://dx.doi.org/10.1111/ajpa.2004.63.issue-4
http://dx.doi.org/10.1007/s11146-006-0335-2
http://dx.doi.org/10.1007/s11146-006-0335-2
http://www.infrastructureaustralia.gov.au/publications
http://www.infrastructureaustralia.gov.au/publications
http://www.infrastructureaustralia.gov.au/publications
http://www.infrastructureaustralia.gov.au/publications
http://dx.doi.org/10.1057/palgrave.ejis.3000384
http://dx.doi.org/10.1057/palgrave.ejis.3000538
http://dx.doi.org/10.1057/palgrave.ejis.3000538
http://dx.doi.org/10.1080/01446193.2011.611522
http://dx.doi.org/10.1080/01446193.2011.611522
http://dx.doi.org/10.1111/obes.1990.52.issue-2
http://dx.doi.org/10.1016/0304-3932(85)90027-3
http://dx.doi.org/10.1016/0304-3932(85)90027-3
http://dx.doi.org/10.2307/41166480
http://dx.doi.org/10.1080/01446190500041537
http://dx.doi.org/10.3846/1648715X.2012.735273
http://dx.doi.org/10.3846/1648715X.2012.735273
http://dx.doi.org/10.1061/(ASCE)IS.1943-555X.0000210,
http://dx.doi.org/10.1061/(ASCE)IS.1943-555X.0000210,
http://dx.doi.org/10.1061/(ASCE)IS.1943-555X.0000210,
http://dx.doi.org/10.1061/(ASCE)IS.1943-555X.0000210,
http://dx.doi.org/10.1061/(ASCE)IS.1943-555X.0000210,
http://www.ppiaf.org/node/89
http://www.ppiaf.org/node/89
http://www.ppiaf.org/node/89
http://dx.doi.org/10.1111/auar.2004.14.issue-33
http://dx.doi.org/10.1111/auar.2004.14.issue-33
http://dx.doi.org/10.1080/01446190903582731
http://dx.doi.org/10.1080/01446190903582731
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000245
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000245
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000245
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000245
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000245
http://dx.doi.org/10.1068/c10122b
http://dx.doi.org/10.1068/c10122b
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2008/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2008/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2008/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2008/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2008/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2009/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2009/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2009/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2009/index.html
http://www.rba.gov.au/monetary-policy/int-rate-decisions/2009/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://www.rba.gov.au/statistics/index.html
http://dx.doi.org/10.1080/01446199000000022
http://dx.doi.org/10.1080/01446199000000022

Downloaded from ascelibrary.org by Technische Universitat Munchen on 07/05/15. Copyright ASCE. For personal use only; all rights reserved.

Torvatn, H. (1999). “Using program theory models in evaluation of indus-
trial modernization programs: Three case studies.” Eval. Program
Plann., 22(1), 73-82.

Tse, R. Y. C., and Ganesan, S. (1997). “Causal relationship between con-
struction flows and GDP: Evidence from Hong Kong.” Constr. Manage.
Econ., 15(4), 371-376.

Victorian Auditor-General. (2013). “Developing transport infrastructure
and services for population growth areas.” PP No. 249, Session
2010-13, Victorian Auditor-General, Melbourne, Australia.

© ASCE

04014038-8

Wong, J. M. W., Chan, A. P. C, and Chiang, Y. H. (2007). “Forecasting
construction manpower demand: A vector error correction model.”
Build. Environ., 42(8), 3030-3041.

Yong, H. K. (2010). Public-private partnerships policy and practice,
Commonwealth Secretariat, London.

Yuan, J., Zeng, A. Y., Skibniewski, M. J., and Li, Q. (2009). “Selection
of performance objectives and key performance indicators in public-
private partnership projects to achieve value for money.” Constr.
Manage. Econ., 27(3), 253-270.

J. Infrastruct. Syst.

J. Infrastruct. Syst. 2015.21.


http://dx.doi.org/10.1016/S0149-7189(98)00043-3
http://dx.doi.org/10.1016/S0149-7189(98)00043-3
http://dx.doi.org/10.1080/014461997372926
http://dx.doi.org/10.1080/014461997372926
http://dx.doi.org/10.1016/j.buildenv.2006.07.024
http://dx.doi.org/10.1080/01446190902748705
http://dx.doi.org/10.1080/01446190902748705

