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ABSTRACT

In the era of globalization, accelerated international trade activates the
spatial agglomeration and fragmentation that lead to an increase in worldwide
production, trade and also environmental pollutant. Small open economies
are forced to undergo economic restructuring with few dominating sectors,
and hence, rely on substantial quantities of imported goods and services.
Quantification of trans-boundary economic leakage and trans-boundary
carbon dioxide (COz) emissions are essential, especially for the construction
sector which requires great intermediate inputs from upstream sectors both
locally and globally.

The dissertation proposes an analytical framework to evaluate the effects
of trade and service-dominating economic structure on economic and
environmental influence and leakage of the construction sector in an urban
economy, using Hong Kong as a case study. Input-output analysis (IOA) is
applied to capture the domestic intersectoral linkage, and multi-regional IOA
is conducted to measure the economic leakage resulting from international
trade, as well as the energy-related CO> emissions induced by construction
consumption. In the absence of Hong Kong official input-output tables (IOTs),
five IOTs during 1995 to 2013 and three multi-regional IOTs for the years
2004, 2007, and 2011 are compiled using the Global Trade Analysis Project
(GTAP) database in conjunction with official statistics. Comparisons with
other economies are included to disclose the relative influences and leakages

of Hong Kong’s construction sector.




The analyzed results reveal the declining economic importance of Hong
Kong’s construction sector in stimulating domestic economic growth, along
with increased leakage to the manufacturing sectors abroad. The domestic
backward linkage has dropped from 1.74 in 1995 to 1.55 in 2013 per unit of
final demand. 38.37-40.55% of the economic contribution has leaked out
through international trade. As for the environmental impacts, CO; emissions
emitted to sustain the local construction consumption are at least 32.37%
higher than those estimated by the conventional accounting approach. Yet, the
consumption-based CO; emissions have witnessed a slight decline from 11.50
Mt in 2004 to 10.19 Mt in 2011. This trend is closely tied to the declining
emission intensities of upstream sectors, even with strong growth in
construction final demand. 96.61-97.41% of the consumption-based CO; are
indirect emissions, and 73.50-78.58% are trans-boundary emissions. Utilities,
Manufacturing, and Transport & Storage are the main source sectors
contributing the most to total CO2 emissions.

The analyzed outcomes provide a rational basis with which to inform the
decision-making of the Hong Kong government in resource allocation and
policy planning. Import substitution policy is recommended to ease foreign
dependence through local production of construction products. Also,
extended emission monitoring beyond municipal boundaries, diversification
of import origins, use of low carbon-intensive building materials locally and
from nearby regions are proposed to mitigate the CO, emissions generated by

the construction activities.
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Chapter 1 INTRODUCTION

1.1 Research Background

The vital role of construction activities in economic growth is well
recognized (Hillebrandt, 2000; Giang and Pheng, 2011; Barber Jr. and El-
Adaway, 2013; Ho, 2016; Lam and Oshodi, 2016). A positive correlation
between construction output and the level of economic output has been
confirmed (Turin, 1969; Hosein and Lewis, 2005; Chiang et al., 2015) as
capital formation is the crucial driver of economic growth in classical growth
theories (Boskin and Lau, 1991; Lopes et al., 2002). At the same time,
concerns on the negative effects of construction activities are discussed in
recent studies, including air, dust and water pollutions (Gilchrist and Allouche,
2005; Matthews et al., 2015), traffic impacts (Jiang, 1999; Wang, 2011;
Matthews et al., 2015), productivity loss (Celik et al., 2017) and other social
impacts (Marx, 2002; Celik et al., 2017). Carbon dioxide (CO>) emission has
received more attention since buildings and the construction sector are
responsible for 39%—28% from building facilities and operations, and 11%
from building materials, transport, and construction activities—of the global
energy-related CO; emissions in 2016 (UNEP, 2017).

Opinions differ as to whether globalization is an opportunity or a threat
to urban regions. The general finding is that large cities tend to reap the gains
from globalization but at the expense of increasing spatial impacts
(Richardson, et al., 2005). Also, the role of cities in the national economy has
changed over recent decades. Economic geographers see the scale effect and

agglomeration effect of cities and regions as the vital determinants in




industrialization and economic growth (Scott, 2001; Findlay and O’Rourke,
2007). With falling trade barriers, lower transaction cost, and increasing
blurred national borders in the globalization era, the global connectivity of
cities becomes more critical to national economic performance (Taylor, 2004;
Sassen, 2006).

The connectivity (or openness) and productivity are claimed to be
positively related (Edwards, 1998; McCann and Acs, 2011). Villar (1999)
suggests regions with less costly access to foreign markets (for example,
border or port regions) appear to have greater benefit from trade liberalization.
This efficiency gain from market access can also be facilitated through
transport infrastructure and telecommunication network, and thereby
increases productivity (Briilhart, 2011). Though the above observations lied
in the assumptions that productivity is enhanced with easy access to lower
cost intermediate inputs, and/or output level is amplified with easy access to
customers, which eventually affect the economic growth with export-led
growth hypothesis (Cuadros et al., 2004).

Other studies exploring the relationship between trade openness and
economic growth also emphasize the effect of spatial agglomeration and
fragmentation. Theories of comparative advantage suggest the market tends
to reallocate resources across regions, sectors and production factors to
maximize efficiency and profits from the globalization process (Briilhart,
2011). Thus, the trade openness activates geographic concentration of specific
sectors (Fujita et al., 1999; Monfort and Nicolini, 2000; Crozet and Koenig,
2004), and leads to spatial fragmentation of production (Feenstra, 1998) and

eventually structural change (Uy et al., 2013).




Meanwhile, the interaction between international trade (or globalization)
and environmental pressure is increasingly recognized. Some studies suggest
that globalization leads to an increase in worldwide trade and demand, which
has resulted in the rise in the production and pollution (Coggburn et al, 2007,
Baek et al., 2009), including emissions from interregional and international
transport (Huwart and Verdier, 2013). Some researchers address the
fragmentation and industrial agglomeration cause the geographical separation
of production and consumption, hence, alter the associated environmental
pressures among economies (Peters and Hertwich, 2008; Davis and Caldeira,
2010). Others note cities are the carrier of economies activities, which
accounts for more than 75% of global energy-related greenhouse gas (GHG)
emissions (UNEP, 2014).

For a small open economy with a small domestic market, the trade
liberalization stimulates the economic restructuring process with few
dominating sectors. Without adequate colonial arenas and raw materials, a
large share of goods is bought from and sold abroad, and the import content
in exports is expected to increase to support the rising production and demand.
In other words, as trade openness increases, the magnitudes of domestic
intersectoral linkages in the small open economies are reduced (Krugman and
Elizondo, 1996) even with expanding economic output. The earned profits
through the production process are distributed across cities, regions, and
nations. At the same time, carbon emissions are generated along the supply
chains as a by-product. Identification of the interconnections between sectors,
regions, and nations are necessary to illustrate the economic significance of
an urban economy, its dependency on the exterior supply, and its carbon

footprint.




As construction is a labor and material-intensive sector, the rising
dependency on imported materials and labors is expected to reduce its
sectoral economic importance in the era of globalization. The effect is likely
to be greater in open urban economies. The recognition of leak out
transactions in inputs and final demand with other regions is essential to
characterize weaknesses in productivity, interregional and international
leakages of the local construction sector, as well as its associated

environmental impacts and carbon responsibility.

1.2 Problem Statement

Parts of the economic effects and environmental burdens that an urban
economy manifests are associated with interregional and international traded
products and services. This suggests that the consumption of imported goods
in a city incurs carbon pollutants and economic impacts from other regions
and economies. The economic influence and the carbon responsibility of an
urban economy, thus, partially rely upon the dependence of imported products
and services.

Despite extensive research on investigating the economic contribution
of the construction sector at the macro-level, few studies have focused solely
on small advanced economies or urban economies, and none of them have
addressed the leakage issue in detail. Also, much less is known about leakage
of construction-related CO2 emissions of these urban economies. As one of
the leading financial hubs, Hong Kong is used as the case study to represent

a small open economy, as well as an urban economy to explore changes in the




economic influence and city-scale CO» pollutants of the construction sector
over a time period.

To obtain a better understanding of the construction sector and other
material- and labor-intensive sectors in small open economies undergoing
deindustrialization, the joint economic and environmental impacts should be
examined, with an emphasis on the sectoral interconnections within the
targeted economy and across economies. This dissertation addresses three
related questions listed below to explore the economic influence and CO>
emissions of an urban economy (Hong Kong) in the global supply chains.

(1) To what extent is the economic influence of the construction sector
in Hong Kong through time by identifying domestic linkages and leakages
from a global perspective?

(2) What is the allocation of carbon emissions originated in fossil fuel
combustion for the construction activities in Hong Kong from both
production and consumption perspectives, as well as the driving factors on
the emission trends for both perspectives?

(3) How different are the interdependence and trade openness effects of

Hong Kong’s construction sector, comparing to other similar economies?

1.3 Methodologies

The dissertation attempts to answer these questions through the use of
input-output analysis (IOA), multi-regional IOA (MRIOA) and
environmentally extended MRIOA (EE-MRIOA). The first two models are
used to quantify the evolving linkages between domestic production sectors,

the impacts of international trade on those linkages over a particular period




of time. Direct and embodied emissions analysis is then constructed on the
basis of MRIOA to estimate the direct carbon emission and carbon
embodiments in trade responding to the final demand of Hong Kong’s
construction on a global level.

Official Hong Kong input-output tables (I0Ts) are yet to be available.
The latest IOT of Hong Kong for the fiscal year 1997/1998 (Voon and Ho,
2001) does not cover current conditions. The unavailability of I0Ts from
official statistics sources poses a challenge to the investigation. Also, the
absence of continuing IOTs hampers the study of the evolving contribution of
Hong Kong’s construction sector over time as the interdependence between
the construction sector and other sectors is not static (Bon, 1988).

In the dissertation, a series of IOTs for the years 1995, 2000, 2005, 2010
and 2013, as well as three multi-regional IOTs (MRIOTs) of Hong Kong for
the years 2004, 2007, and 2011 are compiled to analyze the ability of the
construction sector in stimulating economic growth, the leak-out effect and to
reveal its truthful carbon responsibility in a small and import-dependent
economy. The IOTs and MRIOTs explicitly incorporate the service-
dominating economic structure of Hong Kong and are divided into 10
classified sectors. These tables are constructed using the Global Trade
Analysis Project (GTAP) database in conjunction with official statistics in
Hong Kong. As the base years of GTAP are different from the proposed Hong
Kong 10Ts, adjustments are made for updating the transaction tables to the
proposed years. Based on the results, the shift of production structure, sectoral
interdependence, import dependence, and carbon pollutants incurred over

time are identified and explored.




MRIOTs is considered as an extension of the single region I0Ts that
covers the intraregional and interregional interconnections between Hong
Kong’s construction sector and other abroad sectors. Within this MRIOA
framework, three geographical regions—Hong Kong, China and the rest of
the world—are assigned to represent the city, national, and global level,
respectively. Then, emission data are combined with MRIOA to include the
upstream emission impacts of products and services across international
supply chains, as shown in EE-MRIOA. The composition of direct, indirect,
and imported economic impacts and CO> emissions are identified with a
trans-boundary approach. Also, both production-based emissions and
consumption-based emissions are estimated to provide full insights on the
carbon emissions, including the leakage of emissions.

The results of the economic and environmental consequences of Hong
Kong’s construction sector in terms of linkage, leakage, and CO» emissions,
are used in comparing the sectoral performance with other economies
throughout time. The potential causes of the changes are then explored. These
outcomes are expected to provide a more comprehensive view of the sector-
specific and overall economic benefits proceeding from construction
activities in Hong Kong. Proper policies and recommendations in expanding
the domestic linkages and mitigating carbon emissions are presented.

In sum, the objectives of the study are stated underneath to answer the
issues listed in the problem statement.

(1) To construct a series of IOTs and MRIOTs to assess the effects of

regional and international trade, as well as the service-dominating
economic structure on the economic linkage and leakage of Hong

Kong’s construction sector through a time frame. The shift of




sectoral interdependence and import dependence are explored to
demonstrate the importance of considering intersectoral linkages
with abroad upstream sectors in discussing the economic influence
of an urban economy.

(2) To investigate Hong Kong’s carbon flows induced by local
construction final consumption through sectoral flow and trade from
2004 to 2011 by integrating MRIOTs with CO data. The upstream
sectors across the globe are emphasized to outline the true carbon
responsibility of an urban economy as a consumer. Possible driving
factors that influence CO; emissions are also discussed.

(3) To compare the linkage and leakage with other economies to provide
insights for possible points of intervention and practical policies for

Hong Kong and other urban economies.

1.4 Dissertation Outline

After the presentation in this chapter of general background for
understanding the research questions, the subsequent chapters are organized
as below. Chapter 2 outlines a review of previous studies on macroeconomics
models adopted in estimating the economic and environmental impacts of
construction investments or activities. Chapter 3 describes the analytical
framework of a single region IOA model applied in Hong Kong, by
considering its economic structure to illustrate the economic role of Hong
Kong’s construction sector in stimulating local economic growth. Chapter 4
adopts MRIOA to explore the economic leakage effect from a global

perspective. Chapter 5 outlines the direct and embodied CO> emissions




associated with a downstream consumption in Hong Kong’s construction
sector from both production and consumption perspectives with EE-MRIOA.
In these three chapters, data sources and the procedures for estimating sectoral
economic and environmental coefficients are outlined. Possible factors at the
regional level which influence the declining economic linkages and leakages
are discussed throughout the content. Also, comparisons with selected
advanced economies are presented to draw the differences. Chapter 6
summarizes the contributions, limitations, policy implications and proposes

possible directions for future research.




Chapter2  LITERATURE REVIEW

2.1 Introduction

The chapter provides a review of empirical literature in exploring the
relationship between construction activities or public capital and economic
growth with macro-economic approaches. The findings of previous studies
on the economic influence and CO> emissions of the construction sector in

small and open economies are also presented.

2.2 Construction Activities and Economy Growth

The economic contribution of construction activities has been
extensively studied from the 1950s with econometric models. The earlier
studies (Turin, 1969; Strassmann, 1970; Turin, 1973; Wells, 1986; Gundes,
2011) suggested there is a positive correlation between measures of
construction output and economic output (often as per capita GDP or per
capita national income). Yet, Lopes et al. (2002) argued the degree and nature
of correlation might vary under different circumstances. Drewer (1980),
Ruddock and Lopes (2006) criticized the reliability of those findings in terms
of the quality of data, the limitation of coverage, and the employed analysis
methods.

Green (1997), Lean (2001), Yiu et al. (2004), Wong et al. (2008), Lewis
(2009), Ozkan et al. (2012) applied econometric analysis to test the causality
between construction output and GDP. The results of these studies were

inconclusive. In the case of Hong Kong, Tse and Ganesan (1997), and Yiu et

10



al. (2004) suggested the real growth of the aggregate economy leads the
construction output growth, and not vice versa. In contrast, Wong et al. (2008)
indicated the causality runs from the construction sector to GDP, and Chiang
et al. (2015) stated a bi-directional causal relationship. Again, the above
studies focused more on the static view of the relationship between the
construction sector and economic growth in a relatively straightforward
manner.

Lakshmanan and Anderson (2002) stated that economic development is
mainly influenced by public capital through direct and indirect channels,
including ripple effects of infrastructure improvements. They classified the
analytical approaches into three categories: microeconomic modeling,
macroeconomic modeling and general equilibrium effects of public capital.
The microeconomic approach focuses on the direct and indirect micro-level
benefits arising from the consequent changes in public capital. Cost-benefit
analysis is the most commonly used method, which fails to capture the
broader network effects, as well as to provide the information on the
mechanisms underlying economic change (Lakshmanan, 2011; Carlsson et al.,
2013).

At a macroeconomic level, public capital tends to make an impact on
economic growth, either directly and indirectly (Rosenstein-Rodan, 1943;
Hirschman, 1958). Investments in public capital contribute to the economy
directly as additions to final output and capital stocks, and also lead to new
investments and activities from follower sectors within a short period. The
services of infrastructure indirectly induce greater efficiency and reduce

production cost for a long duration, and eventually lead to output expansion

11



effect. The former short-term effects in causing further economic activities
are generally assessed by IOA, and the latter economic consequences deriving
from infrastructure operation are evaluated by production function or cost
function models with a pre-determined set of assumptions. Yet, the production
function and cost function have long been criticized: (1) the mechanisms
linking the infrastructure improvement and the broader economy are
insufficiently detailed; (2) the direction and causality between infrastructure
and output are unclear; (3) the substitutional elasticities between various
inputs are constant and equal to unity; (4) findings were not consistent among
the previous studies (Hakfoort, 1996; Romp and De Haan, 2005; Lakshmanan,
2011). In contrast, the short-term economic impacts are more certain by
depicting the interactions among various economic sectors and economies.

There are numerous influencing factors that may affect the economic
impacts of construction activities on the economy: industrialization (Bon and
Pietroforte, 1990; Ilhan and Yaman, 2011), scale of economy (Dietzenbacher,
2002; Myers, 2013), technology and labor productivity (Bon, 2000; Sposi,
2015), and domestic resource usage and imports (Polenske and Sivitanides,
1990). Many of these factors are interrelated, and the resultant impacts caused
by these variables frequently appear as aggregate outcomes. The aggregated
sectoral changes can be observed from the input-output (I0) model, which
depicts interdependence between sectors in an economy and between
economies, by stimulating trade flows between economic activities. The
sectoral interdependence is assessed and presented as linkage indicators.

The significant economic role of the construction sector through a

complex set of intersectoral flows with other sectors are highlighted in
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numerous IOA studies. Sectors with widespread activities throughout the
economy tend to have a greater magnitude of linkages (Dietzenbacher, 2002;
Reis and Rua, 2009), which is proven to be the case for the construction sector
(Polenske and Sivitanides, 1990; Gundes, 2011). The construction sector is
also characterized by possessing strong demand pull effect and relatively
weak supply push effect, as revealed by backward and forward linkage
indicators (Polenske and Sivitanides, 1990; Ilhan and Yaman, 2011; Gregori
and Pietroforte, 2015). This demonstrates that construction activities can spur
economic activities through intermediate input demand from various
supplying sectors.

Based on several studies carried out using IOA, a conclusive statement
is derived that the economic contribution of the construction sector in
advanced economies has declined over time because of deindustrialization
and the declining contribution from the manufacturing sector. Bon and
Pietroforte (1990), and Pietroforte and Gregori (2003) reported that the
economic influence of the construction and manufacturing sectors declines
once the economy enters the stage of deindustrialization in some advanced
economies including Australia, Japan, and the US. Pietroforte et al. (2009)
suggested that the declining economic importance of the US construction
sector from 1947 to 2002 is strongly affected by the shrinking intermediate
inputs. The decreasing contribution of manufacturing inputs is partially offset
by the steady growth of service inputs. [lhan and Yaman (2011) documented
similar observations in Ireland, the Netherlands, and Sweden from 1998 to
2002. The shift of intermediate inputs has been attributed to the level of

industrialization, technology transformation, price fluctuation, and labor

13



productivity (Bon, 2000; Pietroforte et al., 2009; Sposi, 2015). Finally, Wells
(1986), Giang and Pheng (2011) emphasized the importance of using locally
produced inputs rather than imported inputs for the construction sector to
increase the local value-added.

According to Miller and Blair (2009), the smaller the economy, the more
dependent that economy is on trade with other areas. The simple IO model is
used to represent a national or regional economy with no connection to other
regions. Data of imports and exports by sectors are often added to complete a
single region IOA with two fundamental assumptions. Firstly, an increase in
output in the target region causes an output increase in other regions. Yet, any
of the other regions have no influence on the remaining regions. The second
assumption is that the production efficiency of imported goods and services
is identical to the economy under investigation. The existence of MRIOA
permits relaxation of such assumptions. It comprises interregional and
international transaction flows among all regions, and allows to evaluate
backward effects of the target sectors or regions from a global perspective.

Pietroforte et al. (2000) constructed 18-sector bi-regional 10Ts to

represent the North and South regions of Italy from national benchmark tables.

The results indicated that the economic importance of the construction sector
has declined substantially in South Italy because of the lack of a
manufacturing base and the regional economy relies heavily on imports from
North Italy. That highlights the importance of considering intersectoral
linkages with abroad upstream sectors in discussing the regional economic

influence.
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Overall, conventional IO and multi-regional 10 (MRIO) models have
been criticized for being static, lack of flexibility in input coefficients, and
lack of supply-side feedbacks in price and resource constraint (Bachmann et
al., 2014). The linearity assumption implies a rigid proportional relationship
between input coefficients (also import coefficients) and output, and there is
no substitutability between factors. IO and MRIO models are known as the
demand-driven models (Miller and Blair, 2009), which assume the supply of
exogenous resources as infinite. In addition, these models achieve
equilibrium in supply and demand quantities only, and the effect of price is
treated exogenously. Still, Baumol (2000) believed IOA is one of the major
accomplishments to economics in the 20th century that IOA mutually
supports theory, data, and application. IOA has been applied extensively in
various subjects as international trade, environmental economics, as well as
productivity based on actual data and trade statistics.

There has been an increased interest in the interactions between trade
and environment since the 1970s (Tukker and Dietzenbacher, 2013). The
detailed output of IOA or MRIOA enables a connection to the environmental
matrix (Suttinon et al., 2013), and combined into EE-IOA or EE-MRIOA. The
models have been considered as appropriate top-down techniques to attribute
energy use, resource consumption, and GHG emission to sectoral final
demand at the regional, national and supranational levels (Miller and Blaie,
2009).

The reviews of Wiedmann (2009a) and Hoekstra (2010) stated a few
concerns in EE-IOA and EE-MRIOA. Main concerns for EE-IOA include

uncertainties in source data and trade statistics, assumptions of
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proportionality and homogeneity, aggregation, and temporal discrepancies
due to re-exports (Lenzen, 2001; Peters and Hertwich, 2006a; Weber, 2008;
Wiedmann, 2009a). The level of sector aggregation, treatment of the rest of
world (RoW) region, and monetary exchange rate are the main concerns for
EE-MRIOA (Lenzen et al.,, 2004 ; Weber, 2008; Hoekstra, 2010).
Theoretically, a finer level of disaggregation in sectors (Su et al., 2010), as
well as the RoW region would be favored. The error associated with
aggregation occurs when high and low impacting sectors are merged into a
single aggregated sector (Wiedmann, 2009a).

Regarding these concerns, Wiedmann et al. (2008) were the first to
conduct a comprehensive uncertainties analysis of a global MRIOA using the
Monte-Carlo analysis (Wiedmann, 2009a). The results indicated that the
relative standard error of total CO2 emission estimation for the UK is between
3.3% and 5.5%. The authors concluded the estimation of total embodied

emissions is regarded as reliable with MRIOA at the national level.

2.3 Construction Activities in Small and Open Economies

Small countries with limited domestic market size face stronger
incentives to remain open to sustain the level of economic activity and
productivity (Alesina and Wacziarg, 1998; Ram, 2009). Because an open
economy is more subjective to external shocks, and its macroeconomic policy
is largely powerless to influence the use of imported inputs, IOA becomes
indispensable for rational policy formation to make optimal use of resources
(Baumol and Wolff, 1994). Based on the IOA of six European Union (EU)

economies in 1985, Dietzenbacher (2002) noted that small economies
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(Belgium, Denmark, and the Netherlands) appear to have smaller economic
impacts than large diversified economies (Germany, France, and Italy),
indicating that the economic activities of small economies generally depend
more on imports and exports, with larger leakage effects. The construction
sector is no exception. In this study, leakage is defined as the loss of economic
output with the use of imported goods and services (Guo and Planting, 2000).

The results from previous studies quantifying the sectoral performance
of the construction sector in small open economies do not comply fully with
the results from large economies. For the production structure, increasing
dependency on the service sectors has been reported for North Cyprus
(Mehmet and Yorucu, 2008) and Sri Lanka (Rameezdeen and Ramachandra,
2008). As for the linkage, some studies claimed that there is no difference in
the sectoral performance among Denmark, the Netherlands (Pietroforte and
Gregori, 2003), and other large economies, whereas some stated that small
economies tend to have lower total backward linkages, such as Finland (Bon
and Pietroforte, 1990) and Sri Lanka (Rameezdeen and Ramachandra, 2008).

Previous studies on Hong Kong have revealed that one unitary increase
in construction final demand led to 1.20—1.31 units of output in the years 1962,
1973, and 1997/1998 (Hsia et al., 1975; Sung, 1979; Voon and Ho, 2001)
(Appendix 1). Among all sectors, the backward linkages of Hong Kong’s
construction sector are less than those from mining and agricultural sectors,
but greater than those of labor-intensive sectors (Voon and Ho, 2001). These
observations are different from other studies that demonstrated greater
backward linkages of the construction sector in other small open economies.

Bon and Pietroforte (1990) stated the linkage values for Finland range from
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1.70 to 1.9 from 1959 to 1985. Similar findings are reported by Bon and
Yashiro (1996), Pietroforte and Gregori (2003), and Ilhan and Yaman (2011)
with linkage values larger than 2.0 in Denmark, Finland, Hungary, the

Netherlands, Turkey, and Sweden prior to 2002.

2.4 Construction Activities and Carbon Emissions

Previous studies have attempted to quantify GHG emissions generated
by the construction sector at the macro-level. IOA and input-output life cycle
assessment (IO-LCA) are commonly used methods. Huang et al. (2018)
conducted IOA and found that 23% of global CO> emissions are contributed
by the construction sector, and 94% of construction-related CO> emissions
are indirect emissions. Chen et al. (2017b), and Chuai et al. (2015) used IOA
to investigate the composition of CO> emissions emitted by the Chinese
construction sector. Both papers suggested the indirect emissions represent
over 95% of total emissions. Hong et al. (2013) conducted process-based
LCA and IO-LCA approaches and stated material production, transport, and
on-site activities are responsible for 95.2%, 1.8% and 3.0% of global warming
potential. Huang and Bohne (2012) applied IOA to conclude that an
increasing trend in GHG emissions is observed in the Norwegian construction
sector from 2003 to 2007, but with decreasing emission intensities. Chang et
al. (2010) performed IO-LCA to reveal that the embodied energy and
environmental emissions of the Chinese construction sector have gradually
increased from 2002 to 2007. Nassén et al. (2007) also applied 10-LCA to
quantify the CO2 emissions from the Swedish building sector. Their results

indicated the direct, indirect, and imported emissions account for 23%, 46%,
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and 31% of total emissions, respectively. Similar findings were reported by
Acquaye and Duffy (2010) using IOA, with the share of direct, indirect and
imported emissions at 17%, 41%, and 42% respectively in the case of
Ireland’s construction sector. CO> is concluded to be the most dominant
emission, with negligible contributions from N>O and CHa.

These studies provide several key insights. (1) Although the level of
GHG emissions in the construction sector has increased, the emission
intensities have remained steady or decreased over time. Those intensities in
the developing counties are larger than the values in the developed counties.
(2) Emissions generated are dominated by COa». (3) Indirect emissions are by
far the greatest contributor, ranging from 77% to 95% of total emissions. Yet,
the issue of leakage of emissions through trade is less discussed in these
studies. Inattention to environmental pollution through international and
interregional trades could result in delivering insufficient information on
consumption patterns at the regional and sectoral level. Suboptimal policies
and strategies for the construction sector may be formulated in the absence of
relevant information (Hong et al., 2016).

A number of recent studies have highlighted the substantial role of CO>
emissions that are embodied in international trade. A study by Peters et al.
(2011a) indicated that the CO> emissions embodied in trade among 113
economies have reached 7.8 Gt (26% of global emissions) in 2008. Lenzen et
al. (2007), Rodrigues and Domingos (2008), Minx et al. (2009), Kanemoto et
al. (2011) and Steininger et al. (2014) discussed the shared producer and
consumer responsibility in environmental impacts within an [OA or MRIOA
framework. The producer (consumer) responsibility of a sector or a region is

defined as the downstream (upstream) embodied emissions of the economic
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flows in the IO framework, for example, primary inputs (final demand). The
consumption-based emissions are also referred to as carbon footprint
(Steininger et al., 2018).

There are several approaches to quantifying the emissions embodied in
international trade (Kanemoto et al., 2011; Sato, 2014; Zhang et al., 2017).
Regarding the complexity of trade transactions, with the associated economic
and environmental data, MRIOA has been used intensively with well-
established methodologies and robust databases (Wiedmann, 2009b; Arto et
al., 2014; Steininger et al., 2018). Numerous papers have applied MRIOA to
cover the global economy in estimating GHG emissions and carbon leakage
(Peters and Hertwich, 2008; Hertwich and Peters, 2009; Wilting and Vringer,
2009; Davis and Caldeira, 2010; Peters et al., 2011a; Wiebe et al., 2012).
Other empirical studies have emphasized carbon footprints at the national
level through a time-series of MRIOTs, such as for Austria (Mufioz and
Steininger, 2010; Steininger et al., 2018), China (Fan et al., 2016; Mi et al.,
2017), EU-countries (Kanemoto et al., 2016), Japan (Kanemoto and Tonooka,
2009; Kanemoto et al., 2016), the UK (Baiocchi and Minx, 2010; Wiedmann
etal., 2010) and the US (Weber and Matthews, 2007; Fan et al., 2016). Several
key findings shared across these studies are summarized as follows. (1) There
is an increased flow of GHG emissions from developed economies to
developing economies through international trade. Most of the developed
economies are recognized as net importers of embodied emissions except for
the ones with larger exports of natural resources. (2) Small and trade-exposed
economies tend to have a higher value of emissions embodied in imports (EEI)
than large and diversified economies. (3) Construction activities account for

10% of GHG emissions globally. GHG emissions at the sectoral level were




much less emphasized, and often found as part of the national analysis in most
MRIOA studies. The construction sector is frequently quantified as one of the
significant contributors of consumption-based emissions (Hertwich and
Peters, 2009; Mufioz and Steininger, 2010; Liu et al., 2015; Steininger et al.,
2018).

A growing body of literature discusses environmental impacts at the
urban level due to increasing recognition of the importance of local action in
climate change mitigation (Minx et al., 2013), and the nature of urban areas.
Cities and metropolitan regions are open systems that rely heavily on the
outside world to acquire materials and release wastes. GHG emissions are a
prominent example of urban by-products (Bai, 2007). Recent urban studies
suggested that consumption-based emissions exceed production-based
emissions in most urban areas, mainly located in developed countries, and
some are reported in China. Several metropolitan areas are identified to be
net importers of embodied GHG emissions, for example, Belgium (77% of
GHG emissions are EEI) in 2007 (Athanassiadis et al., 2018), Sydney (71%)
and Melbourne (55%) in 2009 (Chen et al., 2017a), Xiamen City (59%) in
2010 (Lin et al., 2015), and Tokyo (53%) in 2011 (Long and Yoshida, 2018).

Some MRIOA studies have expanded the scope to compare the GHG
emissions for a series of urban areas. Minx et al. (2013) studied the carbon
footprints of 434 municipalities in the UK. Their results showed that 90% of
municipalities are net importers of embodied CO. emissions, while the
averaged carbon footprint of urban areas is lower than that of rural areas. As
in China, Feng et al. (2014) reported that over 70% of emissions consumed
in the three largest urban areas—Beijing, Shanghai, and Tianjin—are

imported from other regions in 2007. The dominant share of EEI is attributed
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to the construction sector, owing to the continuous demands for urban capital
investments. Sudmant et al. (2018) compared the emissions of 45 urban areas
in China, the UK, and the US. The results indicated that income level and
population density are strong predictors of consumption-based emissions.
Higher income levels lead to greater emissions from increasing demand
which is usually met by imports. Yet, a different observation was stated in
Franzen and Mader (2018) by measuring the ratio of consumption-based
emissions to production-based emissions in 110 nations. They claimed the
share of industry or services in GDP, and income level do not affect the ratio.
Instead, the ratio is found to be greater for economies with high energy

efficiency and high import rate.
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Chapter3 HK INPUT-OUTPUT ANALYSIS

3.1 Introduction

Hong Kong is a small and open economy with a high dependence on
external trade. The extensive use of imported goods combined with skewed
economic structure alters the interdependence of the construction sector
through the production process and trading behavior. Despite extensive
research on the IOA of the construction sector in numerous developed and
developing countries, few studies have focused solely on small developed
economies, and none of them have addressed the leakage issue in detail. Yet,
the absence of continuing IOA hampers the study of the evolving contribution
of Hong Kong’s construction sector over time because the interdependence
between the construction sector and other sectors is not static (Bon 1988). The
unavailability of [OTs as official statistics poses a challenge to the
investigation, and the latest [OT of Hong Kong for the fiscal year 1997/1998
does not cover current conditions.

To better understand the up-to-date influence of Hong Kong’s
construction sector in stimulating economic growth, this chapter involves
analyzes performed in three phases including (1) investigate the linkages of
the construction sector by compiling a series of IOTs for the years 1995, 2000,
2005, 2010, and 2013; (2) compare outcomes with other economies; and (3)
conduct a hybrid 2013/14 IOT for validation. Measures of linkage and
leakage are used to quantify interdependence and trade effects for Hong
Kong’s construction sector, and hence to discuss its changing economic

importance from 1995 to 2013. The assessments on the sectoral performance
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regarding linkages and leakages throughout time in Hong Kong and other
economies are reviewed. The shift of production structure, sectoral
interdependence, and import dependence over time are discussed with
explanations. These outcomes are expected to provide a more comprehensive
view of the sector-specific and overall economic benefits proceeding from

construction activities in Hong Kong.

3.2 Method and Data

3.2.1 Study Framework

Some studies use population, land area, or gross domestic product
(GDP) as the indicators for country (economy) size (Rodriguez and Rodrik,
2000; Ram, 2009), whereas others argue an economy is classified as small
in the sense that it has no discernable influence on the world output, price
level, and interest rate (Clarida et al., 2001; Dib, 2011). Also, the meaning
and measure of trade openness are interpreted differently in empirical
studies (Rodriguez and Rodrik, 2000; Yanikkaya, 2003). The share of trade
volume (imports plus exports) to the GDP is the most basic measure,
whereas others claim the trade barriers, trade orientation, or exchange rate
should be used to represent the openness measure (Yanikkaya, 2003).

Hong Kong is selected to represent a small (regarding population, land
area, and as a price-taker) and open economy that adopts outward-oriented
policies (Rao and Singh, 2010), with trade volume exceeded 340% of the
GDP in 2014 (Census and Statistics Dept., 2016a). Its high dependence on
external trade with the relocation of manufacturing operations to South

China has led to a service-based economy. The share of services comprised




92.7% of the GDP, whereas the manufacturing share of GDP fell to 1.1%
in 2015 (Census and Statistics Dept., 2017).

Considering the availability of statistics and the service-dominating
economic structure, Hong Kong IOTs have been divided into 10 sectors:
(1) Agriculture, (2) Manufacturing, (3) Utilities, (4) Construction, (5)
Wholesale & Retail Trade, (6) Transport & Storage, (7) Information &
Communication, (8) Financing & Insurance, (9) Professional & Support
Activities, and (10) Other Services. Comparisons in sectoral classification
between the Hong Kong, GTAP database and other economies are

summarized in Table 3-1.

3.2.2 Accounting Framework and Data

10 models can be classified briefly as survey, non-survey and hybrid
models, depending on the data sources. Survey-based model obtains most
of the data through mailed questionnaires or interviews with regional
business firms. Non-survey model employs almost no primary data. It
generally obtains data from the database or refers to other similar
economies with careful adjustments. The hybrid model relies on surveys
for 10 intersectoral flow coefficients and applies secondary data for the
rest of the table (Otto and Johnson, 1993).

Within the time and resource constraints, this study focuses on the
non-survey model and the hybrid model. A series of non-survey IOTs from
1995 to 2013 for Hong Kong was constructed to analyze the ability of the
construction sector in stimulating economic growth. Various data sets were

used to compile Hong Kong IOTs to ensure accuracy and consistency.
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Many of the data sources are listed in Table 3-2. Also, a hybrid 2013/14
IOT is constructed to compare with the non-survey I-O table for validation
purpose.

For the compilation of non-survey intersectoral transaction tables in
the years 1995, 2000, 2005, 2010, and 2013, the intersectoral flow
coefficients were extracted from the GTAP database on the base years
1997, 2001, 2004, 2007, and 2011. The GTAP database comprises
balanced, harmonized data (Narayanan and Walmsley, 2008; Peters et al.,
2011b) and inclusive sets of accounts outlining the annual flows of goods
and services with regional and sectoral detail for 140 regions (Aguiar et
al., 2016). Nonetheless, the base years of GTAP are different from the
proposed Hong Kong IOTs. Proportional adjustment and standard RAS
methods were used for updating the transaction tables by reconciling and
balancing the columns and rows. The basic principles and procedures
applied are discussed by Parikh (1979) and Toh (1998).

Other input data, such as intermediate consumption, value-added,
final demand, imports, and exports, were extracted from official statistics.
Parts of the applied secondary data were regrouped or separated into the
appropriate classified sectors. The published statistics for imports and
exports are incomplete, so estimations and assumptions were applied to fill
the gap by referring to the composition of Singapore IOTs because
Singapore’s economic structure and scale are similar to that of Hong Kong

(Young 1992; Zimring et al. 2010).
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Table 3-1 Summary of sectoral classification of US, UK, Singapore, GTAP and Proposed HK IOT

US (2016) UK (2014) Singapore (2014) Proposed HK 10T GTAP 9 Data Base
(15 Sectors) (10 Sectors) (11 Sectors) (10 Sectors) (57 Sectors)

(1) Paddy rice; (2) Wheat; (3) Cereal grains nec; (4)
Vegetables, fruit, nuts; (5) Oil seeds; (6) Sugar cane, sugar beet;

Agriculture, forestry, fishing, and Agriculture Other Goods Agriculture (7) Plant-based fibers; (8) Crops nec; (9) Bovine cattle, sheep

hunting and goats, horses; (10) Animal products nec; (11) Raw milk;
(12) Wool, silk-worm cocoons; (13) Forestry; (14) Fishing;
(15) Coal; (16) Qil; (17) Gas; (18) Minerals nec; (19) Bovine

Mining cattle, sheep and goat, horse meat products; (20) Meat products

nec; (21) Vegetable oils and fats; (22) Dairy products; (23)

Processed rice; (24) Sugar; (25) Food products nec; (26)
Beverages and tobacco products; (27) Textiles; (28) Wearing

Manufacturing (Oil/ Non-Oil) Manufacturing apparel; (29) Leather products; (30) Wood products; (31) Paper

Production products, publishing; (32) Petroleum, coal products; (33)

Manufacturing Chemical, rubber, plastic products ; (34) Mineral products nec;
(35) Ferrous metals; (36) Metals nec; (37) Metal products; (38)
Motor vehicles and parts; (39) Transport equipment nec; (40)
Electronic equipment; (41) Machinery and equipment nec; (42)
Manufactures nec;

Utilities Utilities Utilities (43) Electricity; (44) Gas manufacture, distribution; (45) Water;

Construction Construction Construction Construction (46) Construction;

Wholesale trade . Wholesale & Retail Trade Wholesale & retail trade .

Retail trade El?r:gt::at;ltj;:l()rghgansport, hotels Accommodation & food services (include import/export) (47) Trade;

Transportation and warehousing Transportation & Storage Transport & storage (48) Transport nec; (49) Water transport; (50) Air transport;

Information Information & communication Information & Communications Information & communication (51) Communication;

Finance, insurance, real estate, Financial & insurance Finance & insurance Financing & insurance (52) Financial services nec; (53) Insurance;

rental, and leasing Real estate

Professional and business services Ecr?il\‘/ei?isggnal and support Business services? Professional & support activities (54) Business services nec;

Govern_ment _ Government, health &

Educational services, health care, education . . . . .

and social assistance Other services? Other services (55) Recreational and other services; (56) Public administration

Arts, entertainment, recreation, and defense, education, health; (57) Dwellings.

accommodation, and food services  Other services

Other services, except government

Note: Aguiar et al. (2016); BEA (2016); ONS (2014); Singapore (2014). * Ownership of dwellings is classified under “other services” in 2007 but shifted to “Business services” after 2010.
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Table 3-2 Data sources for comprising HK IOTs (1995-2013)

Data

Data Source

GTAP Data Base (Aguiar et al., 2016)

Year
Interindustry coefficients 1997, 2001, 2004, 2007, 2011
GDP and its  expenditure 055 5000 2005, 2010, 2013
components

Gross Domestic Product (Yearly) (Census and Statistics Dept., 2005-2013)

Intermediate inputs

1995, 2000, 2005, 2010, 2013

Value-added
gross surplus),
taxes less subsidies

(compensation,

Key Statistics on Business Performance and Operating Characteristics of the Building, Construction and Real Estate Sectors
(Census and Statistics Dept., 2010-2013a)

Report on Annual Survey of Building, Construction and Real Estate Sectors (Census and Statistics Dept., 1995-2005a)

Key Statistics on Business Performance and Operating Characteristics of the Industrial Sector (Census and Statistics Dept.,
2010-2013b)

Report on Annual Survey of Industrial Production (Census and Statistics Dept., 1995-2005b)

Key Statistics on Business Performance and Operating Characteristics of the Import/Export, Wholesale and Retail Trades, and
Accommodation and Food Services Sectors (Census and Statistics Dept., 2010-2013c)

Report on Annual Survey of Wholesale, Retail and Import and Export Trades, Restaurants and Hotels (Census and Statistics
Dept., 1995-2005c¢)

Key Statistics on Business Performance and Operating Characteristics of the Transportation, Storage and Courier Services
Sector (Census and Statistics Dept., 2010-2013d)

Report on Annual Survey of Transport and Related Services (Census and Statistics Dept., 1995-2005d)

Key Statistics on Operating Characteristics of the Information and Communications, Financing and Insurance, Professional and
Business Services Sectors (Census and Statistics Dept., 2010-2013e)

Report on Annual Surveys of Storage, Communication, Banking, Financing, Insurance and Business Services (Census and
Statistics Dept., 1995-2005¢)

Changes in Inventory 1995, 2000, 2005, 2010, 2013

Table 090: Selected Statistics for All Establishments in the Industry Sections of Import/Export, Wholesale and Retail Trades, and
Accommodation and Food Services (Census and Statistics Dept., 2016b)

Table 202: Selected Industry Averages and Analytical Ratios for Establishments in the Manufacturing Sector (Census and
Statistics Dept., 2016¢)

Imports and Exports 1995, 2000, 2005, 2010, 2013

Table 063 : External Merchandise Trade Statistics by End-use Category — Imports (Census and Statistics Dept, 2016d)
Table 082 : Exports, Imports and Net Exports of Services by Service Component (Census and Statistics Dept., 2016¢)
Table 197: Imports of Ten Principal Commodity Divisions (Census and Statistics Dept., 2016f)

Table 198: Domestic Exports of Ten Principal Commodity Divisions (Census and Statistics Dept., 2016g)

Table199: Re-exports of Ten Principal Commodity Divisions (Census and Statistics Dept., 2016h)
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Take IOT of the year 2013 as an example, the data of 10 principle
commodities of merchandise trade (Census and Statistics Dept., 2016f)
and merchandise trade classified by end-use category (Census and
Statistics Dept., 2016d) were used to allocate the imported and exported
values in Agriculture, Manufacturing, and Utilities. Data on international
trade in services (Census and Statistics Dept., 2016¢) that are provided in
numerous subgroups were relocated to the proposed sectors. A comparison
between Singapore and Hong Kong trade values in ratios was then
conducted to identify the missing gap. As for the imported commodities,
the remaining values were redistributed to Construction, Professional&
Support Activities, and Other Services.

As for the hybrid 2013/14 10T, the intermediate and final demand of
goods and services related to Construction sector in the year 2013/14 were
obtained from the survey. The analyzed outcomes from 6 completed
questionnaire then transformed into intersectoral flow coefficients to
replace the existing coefficients of Construction in the 2013 non-survey
IOT with a balancing procedure. The brief procedures and questionnaire
template are shown in Appendix 2.

Based on the transaction tables, three matrixes were constructed,
namely a technical coefficient matrix (A), the Leontief matrix(I — A), and
the Leontief inverse matrix(I — A)~1. For an IOT with n sectors, the input
coefficient (a;) is expressed as the ratio of the intermediate deliveries (Z;)
from sector 7 to sector j over the total input of the latter sector (X;). The

input coefficient can be written as
a;j = Zij(X)™! (D
Zij = a;;X; (2)
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The estimated input coefficient for each sector is used to construct
technical coefficient matrix (A), shown as A = [a;;] under the assumptions
that the structure of production and prices of inputs are fixed. When
sectoral linkages are measured by total intermediate transactions,
regardless of whether they come from domestic or international producers,
they would lead to the overestimation of the linkage effect (Dietzenbacher
et al., 2005; Reis and Rua, 2009). In this study, imports are determined
exogenously to separate the imported and domestic supplies and demands.
Matrix (A9) is used to represent the domestic coefficients matrix
excluding imports. Imported inputs are assigned as a new industry
category aside from matrix (A), and the final demand entries of imports
are computed as a negative value in final demand; thus, the domestic final
demand (YY) is delivered. The supply-demand balance equation used to
represent the transaction flows of an economy in matrix notation is given
as

X = AdX + Y4 (3)
where X = vector of domestic gross output; and (AdX) and Y¢ =
vectors of domestic intermediate demand and final demand, respectively.
The vector of output X can be solved by

(1-AY)x=Y"

X=(1-AH"1yd 4)
where I= identity matrix; and (I — A%)~1 = matrix of interdependence
coefficients.

Through these processes, the Leontief matrix (I — A%) and inverse

matrix(I — A4)~1 of Hong Kong were completed for later analysis. The
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concepts and methods used in the compilation of IOTs are given in detail
in Miller and Blair (2009). The Leontief inverse matrices of Hong Kong in

2013 for both methods are shown as examples in Appendix 3.

3.2.3 Measures of Hong Kong IOA

Common measures derived from IOTs include (1) direct backward
and forward linkages, (2) domestic backward and forward linkages, (3)
normalized measures of backward and forward linkage, and (4) coefficient
of variation (Polenske and Sivitanides, 1990; Reis and Rua, 2009). These
indicators are used to examine demand and supply trends of Hong Kong’s
construction sector. Import and value-added multipliers are also included
to illustrate the leakage and value-added generated in local industries
induced by the construction activities. The equations and principles for
these indicators are presented in Table 3-3.

From the demand side, direct backward linkage is used to indicate the
production structure by revealing the intermediate inputs and value-added
composition, whereas domestic backward linkage (output multiplier)
illustrates the economy-wide effects of a given increase in the final
demand of a sector. The configuration of backward linkage
(interdependence coefficient) for a sector reveals its dependencies on other
sectors. From the supply-side perspective, direct forward linkage
highlights the share of total output of a sector accounted as sales to
intermediate sectors, whereas domestic forward linkage (input multiplier)
measures the direct and indirect effects associated with a unitary change in

the primary input of a sector.
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Table 3-3 Principles and equations for linkages and multipliers
Indicators Equations and Definitions
Direct Backward Linkage ) ) o Direct Forward Linkage ) )
Ratio of intermediate inputs to total Ratio of intersectoral sales to total
. . i Z;i inputs for sector j. i Zi outputs for sector i.
tl>) 1re§t Linkages Direct BL; = XiL, X—U Input coefficient (Z;; / X;) indicates the Direct FL; = X7, X_LL] Output coefficient (Z;; / X;) indicates
ased on (A) / direct intermediate deliveries from

sector i to sector j for one unit of the
total inputs of sector ;.

the sales of sector i to sector j for one
unit of the total outputs of sector i.

Domestic Linkage
based on (I-A%)!

Domestic Backward Linkage
(Output Multiplier)

Domestic BL; = Y7L, b;;

Total outputs from all sectors
associated with one unit change in final
demand of sector ;.

Interdependence (input) coefficient
measures the effect for one unit change
in final demand of sector j on total
output of sector i.

Domestic Forward Linkage

(Input Multiplier)

Domestic FL; = ¥, b;;

Total outputs throughout all sectors of
one unit change in primary input from
sector i.

Interdependence (output) coefficient
measures the effect on sector j output
of one unit change in primary inputs
from sector i.

Normalized
Linkages
based on (I-A%)!

Power of Dispersion

U = =1 bij
|
G S, 5 by

Measures the relative backward
linkages of sector j according to the
overall measure for the economy.

Sensitivity of Dispersion

n
j=1bij

L
(ﬁ) Zi=1 Zj=1 bij

Measures the relative forward linkages
of sector 7 according to the overall
measure for the economy.

Measure of
Dispersion
based on (I-A%)!

Coefficient of Variation for BL

1 1
\/nTlZ?ﬂ(bif = 5 Zisabip)?

i = 1
Lyn by

Measures the extent to which sector j
draws evenly from other sectors

Coefficient of Variation for FL

1 1
y \/mZ?:l(bij = 5 Zj=abij)?
i l n
n “Jj=1

Measures the extent to which the
system of sectors draws evenly upon
sector i.

Multipliers
based on (I-A%)!

Value-added Multiplier

VAV = VA(I-A)!

Measures value-added generated in the
economy for one unit change in final
demand for a given sector.

Import Multiplier

MY = M(I-A)™

Measures import leaked out from the
economy for one unit change in final
demand for a given sector.
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Notations and Explanation:

Zij = intermediate deliveries from sector i to sector j nL Y by
X; = total output of sector i I
X; = total input of sector j M
n = number of sectors VA
Yivq bij = column sums in Leontief Inverse Matrix (I — A4)~1
1 bij = row sums in Leontief Inverse Matrix (I — A%)~1

= total sums in Leontief Inverse Matrix (I — A%)~!

= identity matrix

= diagonal matrix of import coefficient

= diagonal matrix of sectoral value added-output ratio
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As outlined by Boucher (1976), the coefficient of variation for
linkages can be used to assess the dispersion of a sector’s interdependence
with the supply (demand) of other sectors. A greater coefficient of variation
implies that a sector depends (connects) largely on a few sectors, whereas
a sector with a low coefficient indicates that an expansion of that sector
would stimulate the entire economy more evenly.

Value-added and import multipliers represent the value-added
generated domestically and the leakage effect for one-unit production,
respectively. A sector with a low import multiplier indicates that most of
the goods and services that are served by that sector are supplied

domestically, and the leak out effect is considered small.

3.2.4 Model Validation

The results of non-survey IOT and hybrid IOT of Hong Kong in 2013
are shown in Table 3-4 (Appendix 2 for details). Since only the
intersectoral flow coefficients of Construction were revised, the main
differences between two 1OTs exist in the interdependence coefficients and
output multipliers of Construction, while the figures of other sectors
remained roughly the same. The output multiplier of the hybrid IOT (1.70)
is slightly higher than that of the non-survey IOT (1.55). The
interdependence coefficients of Construction and of Manufacturing in the
hybrid IOT are 1.41 and 0.12, whereas the coefficients in the non-survey
IOT are 1.00 and 0.36. One possible explanation is that the interviewed
contractors hire subcontractors for operations and materials, rather than to
provide such services in-house and purchase materials directly from

suppliers. The subcontracting activities are revealed in the Construction
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interdependence coefficient, with lower Manufacturing coefficient in the

hybrid IOT.
Table 3-4 2013 Output multipliers for HK
Sector 2013 Output rnultipl'ier
Non-survey Hybrid
Agriculture 1.01 1.01
Manufacturing 1.07 1.07
Utilities 1.17 1.17
Construction 1.55 1.70
Wholesale & Retail Trade 1.63 1.63
Transport & Storage 1.91 1.91
Information & Communication 1.13 1.12
Financing & Insurance 1.54 1.54
Professional and Support Activities 1.38 1.26
Other Services 1.30 1.32

Yet, the lower response rate of the questionnaires (6 out of 112
samples for 22,312 establishments) may affect the validity of survey
findings, as well as the hybrid IOT. The results from non-survey IOTs are
used as the main findings in the following sections. Nevertheless, the issue
of possible underestimation of the non-survey Construction output

multiplier is identified. More details are provided in section 3.3.2.

3.3 Results and Discussion

Figure 3-1 displays the direct and domestic linkages of Hong Kong’s
construction sector from 1995 to 2013. The results indicate that Construction
has greater backward linkages than forward linkages, meaning the
construction sector has a relatively strong influence in spurring other sectoral
activities. The low forward linkages are attributed to the majority of
Construction outputs being delivered as final demand (capital investment),

rather than intermediate inputs for other sectors.




(a) Direct and domestic backward linkages

(b) Direct and domestic forward linkages

20 20
1.5 1.5
1.0 1.0
0.5 0.5
0.0 0.0
1995 2000 2005 2010 2013 1995 2000 2005 2010 2013
m Direct Backward Linkage mDirect Forward Linkage

mDomestic Backward Linkage = Domestic Forward Linkage

Figure 3-1 Direct and domestic linkages of HK Construction (1995-2013)

The results in Figure 3-1(a) indicate that Construction has experienced a
minor decline in intermediate input shares from 0.57 in 1995 to 0.52 in 2013,
and its domestic linkages have dropped by 10.92% from 1.74 to 1.55. Among
the 10 sectors, Construction ranks first in 1995 but falls to third place by 2005,
after Transport & Storage and Wholesale & Retail Trade (Appendix 4 for
details), regarding the domestic linkage. Thus, the influence of the
construction sector in stimulating Hong Kong’s domestic economy has
weakened over time. The coefficient of variation for Construction domestic
backward and forward linkages, along with key contributors to the domestic
backward linkages (with larger interdependence coefficient), are summarized
in Table 3-5. Construction has smaller coefficients of variation for
backward linkages and ranks the eighth place in the forward linkage. This
reflects that Construction has a widespread interrelationship with supplying

sectors, but its output products are used in a limited number of sectors.

36



Table 3-5 Coefficient of variation for HK linkages and key contributors

Y. Coefficient of variation and rank?® Key contributorsb and share of
ear Domestic BL Domestic FL. contribution®

1995 2.05 (1/10) 3.11 (9/10) Con, Manu, Finan (84.50%)

2000 1.99 (1/10) 3.02 (8/10) Con, Manu, Trans (91.89%)

2005 2.01 (1/10) 3.06 (8/10) Con, Manu, Trade (92.54%)

2010 2.05 (1/10) 3.07 (8/10) Con, Manu, Trade (92.10%)

2013 2.04 (1/10) 3.07 (8/10) Con, Manu, Trade (92.17%)

Note: BL = backward linkage; Con = Construction; Finan = Financing & Insurance; FL = forward
linkage; Manu = Manufacturing; and Trans =Transport & Storage.
2 Figures in parentheses represents the ascending ranking order of Construction.
bTop three sectors contributing the largest values in Construction domestic backward linkages
¢ Total percentage of domestic backward linkages generated by the key contributors.

Over 90% of Construction domestic backward linkages are derived from
three sectors, and Manufacturing has the largest interdependence coefficient
other than Construction itself. Wholesale & Retail Trade outstripped
Transport & Storage in 2005 as the third biggest contributor. The remaining
seven sectors have contributed 9.36% of the linkages on average. Even
though Construction is in a position to induce economic activity in numerous

sectors, the main beneficiaries are Construction and Manufacturing.

3.3.1 Selection of Economies for Comparative Analysis

To examine the relative economic significance of Hong Kong’s
construction sector, an in-depth comparison with economies of similar
economic structure, trade openness, fixed capital investment, and
government size was conducted. Eight economies were nominated from
36 advanced economies classified by the International Monetary Fund
(IMF) in 2014 that compiled with the following criteria: (1) share of
service sector exceeds 75% of the GDP (2013 figure), (2) similar
merchandise trade (percentage of GDP), (3) similar gross capital formation
(percentage of GDP), and (4) similar government final consumption

expenditure (percentage of GDP) with Hong Kong (average values from
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2010 to 2014). The nominated economies were Belgium, Cyprus, France,
Luxembourg, Malta, the Netherlands, Singapore, and the US. Six
economies were further selected to represent the small state (Cyprus), large
economies (France and the US), and economies in between (Belgium, the
Netherlands, and Singapore).

The 10Ts of these economies were released by the Organization for
Economic Cooperation and Development (OECD) Statistics, the
Singapore Department of Statistics, and the US Bureau of Economic
Analysis (BEA). Direct and domestic linkages were derived from technical
coefficient matrices (total) and inverse matrices (domestic), respectively.
As the sectoral classification varies across different data sources, sectoral
aggregation and recalculation were performed for consistency and ease of
comparison.

Among the selected economies, Singapore is most similar to Hong
Kong regarding economic scale, economic structure, and trade volume.
Both economies are characterized as free-market economies that are highly
dependent on international trade (Zimring et al. 2010). Leakage analysis
of Singapore was conducted and compared with Hong Kong in a detailed
manner. Here, Singapore’s official IOTs for the years 2000, 2005, 2007,
and 2010 were used for linkage and leakage comparisons. Sectoral
classification for Singapore is similar to Hong Kong’s IOTs and remains

untouched.

3.3.2 Direct Backward Linkages

As indicated in previous studies, the construction sector performs well

in inducing economic growth with its strong pull potentials, but it has
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relatively weaker push effects (Bon and Pietroforte, 1990; Giang and
Pheng, 2011). Hence, the following comparisons primarily focus on the
production process, regarding backward linkages. Table 3-6 presents the
direct backward linkages from 1995 to 2013 and the average direct inputs

from selected sectors for one unit production over the considered period.

Table 3-6 Direct backward linkage of Construction (1995-2013)

Direct backward linkage® Average contribution®

1995 2000 2005 2007 2010 2011 2012 2013 Manu.  Serv. Con.
Belgium 0.66 068 0.69 069 071 0.71 0.23 0.20 0.25
Cyprus 048 049 053 055 058 0.62 0.32 0.13 0.07
France 0.53 056 056 056 054 054 0.21 0.21 0.12
Hong Kong 0.57 052 0.56 0.51 0.52 0.32 0.15 0.00
Netherlands 0.65 065 0.63 064 0.63 0.63 0.21 0.20 0.21
Singapore 054 079 079 0.73 0.74 0.75 0.26 0.12 0.33
United States 048 047 044 044 044 043 043 0.24 0.19 0.00

Note: Data for the US from BEA (2018a); for Singapore from Singapore Dept. of Statistics (2010,
2012, 2014, 2017b, 2017c), and for other economies from OECD Statistics (2017b).
2 The proportion of intermediate inputs over total inputs of a sector.

b Average figures of direct inputs (abstract values) from Manufacturing, Service, and Construction.

¢ Consists of Wholesale & Retail Trade, Transport & Storage, Information & Communications,
Financing & Insurance, Professional and Support Activities, and Other Services.

On average, the US presents the lowest Construction direct backward
linkage of 0.45, whereas Singapore has the highest value at 0.72. Hong
Kong lies in between the two with a value of 0.54. There is no discernible
pattern of changing direct backward linkages of the seven economies
collectively from 1995 to 2013. The results indicate an increase for
Belgium and Cyprus; no change for France, the Netherlands, and Hong
Kong; and a decrease for Singapore and the US. The upward trends for
Belgium and Cyprus are mainly driven by the steady growth of
Construction inputs (Construction and Service inputs). The downward
trends for Singapore and the US are attributed to the declining Service

(Manufacturing) inputs, as shown in Figure 3-2.
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The diverse results for intermediate input composition are inconsistent
with those from previous studies (Bon, 2000; Pietroforte and Gregori,
2003; Pietroforte et al., 2009), which claim a constancy or a minor decline
trend, along with shrinking contributions from Manufacturing and
continuous growth in Service inputs over time (i.e., Demark, France from
the 1970s to the 1990s, and the US from the 1950s to 2002).

In this study, there is no obvious decline in Manufacturing inputs
(except for the US) or increase in Service inputs (other than Cyprus). The
inconsistency between the observed trends with the previous findings is
largely related to the examined time frame; for example, France shows a
steady decline of Manufacturing inputs (input coefficient drops from 0.30
to 0.21) with the increasing share of Service inputs (from 0.15 to 0.19)
from the 1970s to 1990s, as observed by Pietroforte and Gregori (2003).
The share of Manufacturing inputs and Service inputs remain steady
during 1995-2013 (input coefficients both stay as 0.21) from this study,
indicating that the construction sector in France has experienced
technological changes in the production process from the 1970s to 1990s,
and then appeared to be stabilized after 1995.

Another noteworthy result is that manufacturing products are no
longer the leading intermediate inputs. France and the Netherlands exhibit
equal shares of Manufacturing and Service inputs within each of their
economies. As suggested by Pietroforte and Gregori (2003), growing
inputs from knowledge-based services are required to cope with the
increasing complexity of modern construction projects and the shifting
trend from in-house to subcontracting for general contractors (Gundes,

2011).
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Figure 3-2 Input coefficients in Construction direct backward linkage (1995-2013)
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The sum of Manufacturing and Service inputs of each of the seven
economies are fairly similar to one another. This means an economy with
a larger input coefficient of Construction would eventually have a higher
direct backward linkage, as in the case in Belgium and Singapore.
However, the underestimation of Construction input coefficient of Hong
Kong and the US may relate to the procedures of data collection.
Subcontractors are not separated from the main contractors, and the
subcontracting activities (depicted by Construction input coefficient) are
excluded from the transaction flows in IOTs.

The composition of Hong Kong intermediate inputs has remained
steady from 1995 to 2013, indicating more or less hat homogeneous inputs
are used. Polenske and Sivitanides (1990) and Pietroforte et al. (2009)
outlined a few factors that should be considered in discussing the
variability of input structure, including composition of construction
activities, differential price movements of inputs, cost structure, and the
applied technologies. Nevertheless, these factors are often interconnected
and inseparable.

The construction works in Hong Kong can be broadly classified as
buildings (including residential, commercial, and industrial buildings) and
structures and facilities (including transport, utilities, and other facilities)
according to the official statistics. The composition of construction works
is dominated by the building subsector, and its market share has reduced
gradually from 77.1% in 2000 to 53.1% in 2013 (Appendix 5 for details).
Meanwhile, the input coefficients from Manufacturing appear to be
slightly larger in the years 2000 and 2005 (0.35) than in other years (0.32)

(Figure 3-2). The shifting composition of construction works can be
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considered to affect the input structure of the construction sector.

Regarding the price variation of construction costs, the overall growth
rates in material costs (96.9%) are more incremental than labor costs
(35.5%) from 1997 to 2013 compared with the cost indexes (Appendix 6).
Although this change has not been reflected in the input structure, the
proportion of intermediate inputs (largely related to materials, ranges from
0.57 to 0.51) and value-added (employee compensation is the dominant
component) varies slightly over the considered period. The discussion on
prices should encompass the effects of productivity and applied
technologies to provide a full picture.

Prefabrication techniques have been progressively adopted in Hong
Kong’s construction sector to enhance productivity and buildability
(Jaillon and Poon, 2009; Liu et al., 2017; Li et al., 2018). Based on the case
studies in Hong Kong, prefabrication techniques are believed to reduce
labor costs (9% in one project), but the overall construction cost is slightly
higher than that of conventional construction. This may be due to the
higher transportation cost of the precast components (Jaillon and Poon,
2009), and this increase should be revealed as parts of the input coefficient
of Wholesale & Retail Trade and Transport & Storage sectors. However,
projects adopting prefabrication techniques represent a small portion of the
construction sector; hence, the changes in the cost structure of these
projects are considered to have minor impacts on the overall input structure
of the construction sector. Construction cost breakdown and productivity
of other construction work types, along with a more disaggregated 10T,
are required to reveal greater variability of input coefficients for the

construction sector.
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3.3.3 Domestic Backward Linkages

Table 3-7 summarizes the domestic backward linkages from 1995 to
2013 and the leading three sectors that Construction depends on the most.
The figures in parentheses represent the percentage of domestic backward
linkages that is generated by these sectors. The results reveal an increase
for Belgium, Cyprus, and Singapore, static for France and the Netherlands,
and a minor decrease for the US and Hong Kong. Similar to direct linkages,
these observed trends are somehow inconsistent with previous studies
(Bon and Pietroforte, 1990; Pietroforte and Gregori, 2003), which have
stated that the economic contribution of the construction sector tends to
decline or stay flat over time for developed economies. Again, this
variance may relate to the different time frames used in these studies.

Among the seven economies, Belgium and Singapore have higher
domestic linkages, exceeding 2.0. Cyprus and Hong Kong have lower
values averaging 1.56 and 1.60, respectively. There is no clear distinction
between the outcomes of large and small economies because France and
the US exhibit lower domestic linkages than Belgium and Singapore and
higher than Hong Kong. This observation differs from the findings of
Dietzenbacher (2002), which claimed that small economies tend to have a
larger dependence on foreign inputs, resulting in smaller domestic
backward linkages, although Pietroforte and Gregori (2003) argued that
the level of industrialization and the interdependence of Construction on
Manufacturing are the main factors affecting the magnitude of
Construction output multiplier. Their results revealed that the output
multipliers of Germany, Denmark, and the Netherlands are relatively

larger than those of France and the US. A similar result is presented by
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IThan and Yaman (2011), the output multiplier of some small economies
(Finland, the Netherlands, and Slovenia) are larger than that of France.

In this study, the results of these seven compared economies are
unable to demonstrate the distinctive effect caused by imports and the
dependence on the local manufacturing sector because the selected
economies are all characterized as service-oriented economies (share of
services sectors exceeds 75% of the GDP) with high trade volume. Instead,
the results in Table 3-7 show that Construction is the leading contributor
to itself, and the influence of subcontracting outperforms the leak out
effects of imported intermediate inputs (Appendix 7), as shown in the cases
of Belgium, France, the Netherlands, and Singapore.

By referring to the intermediate import ratio, which is used to illustrate
the ratio of intermediate import inputs over total intermediate demand for
a specific sector, it is possible to investigate the leakage effect. Large
economies possess a smaller intermediate import ratio than small
economies, especially for the manufacturing sector (Appendix 7). Among
the smaller economies, Singapore (0.81 on average) and Hong Kong (0.86)
are observed to have much greater intermediate import ratios than the
others (from 0.47 to 0.56) in manufacturing goods. Once again, this
outcome indicates that the impact of the leakage on the economic influence
of the construction sector varies in different economies.

The domestic linkages of Construction are broken down to illustrate
the key contributors that Construction depends on most. The results
demonstrate that over 84% of the domestic linkages are generated by the

top three sectors with larger coefficients. Construction is considered as
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Table 3-7 Domestic backward linkage of Construction (1995-2013)

Share of . . b Key contributors® & the

Economy GDP* Domestic backward linkage contribution share?
1995 2013 1995 2000 2005 2007 2010 2011 2012 2013 2010/2011/2013

Belgium 527 5.6 204 200 212 215 218 217 Con, Manu, Prof. (86.69%)
Cyprus 931 3.8 1.41 1.46 1.55 1.58 1.66 1.69 Con, Manu, Trade (90.77%)
France 532 594 1.80 1.84 1.86  1.87 1.80 1.81 Con, Manu, Prof. (86.61%)
Hong Kong 5.06 397 1.74 1.61 1.59 1.54 1.55 Con, Manu, Trade (92.14%)
Netherlands 531 450 1.87 1.90 1.92 1.93 1.92 1.92 Con, Manu, Prof. (85.32%)
Singapore 6.31 4.79 1.41 2.18 216  2.08 2.14  2.16 Con, Manu, Prof. (91.86%)
United States 4.16  3.84 1.79 1.77 1.72 1.69 1.69 1.68 1.69  Con, Manu, Trade (83.99%)

Note: Data from BEA (2018b); CYSTAT (2017); OECD Statistics (2017a, 2017b); and Singapore Dept. of Statistics (2010, 2012, 2014, 2017a, 2017b, 2017c).
Con = Construction; Manu = Manufacturing; Prof = Professional & Support Activities; and Trade = Wholesale & Retail Trade.

2 The percentage contribution of Construction to GDP at basic prices.

b The direct and indirect effects associated with a unitary change in final demand.

¢ Top three sectors contributing the largest values in Construction domestic backward linkage.

4 Total percentage of domestic backward linkage generated by the key contributors.




“self-dependent”, or that on average 65.76% of the domestic linkages is
generated by itself. The levels of self-dependence in the selected
economies are close to each other, ranging from the lowest ratio of 56.04%
for the US in 2000 to the highest ratio of 79.56% for Singapore in 2007
(Figure 3-3). Manufacturing is the second key contributor (15.03% on

average), and Professional & Support Activities ranks as third (except for

Cyprus and Hong Kong, in which Wholesale & Retail Trade ranks as third).

These results denote that the production structures of the construction
sector exhibit many similarities between the selected economies,
regardless of the scale of domestic backward linkages.

A positive relationship between the domestic backward linkages and
the input coefficients of Construction is observed (Table 3-6). Economies
with larger Construction input coefficients display higher domestic
backward linkages, such as for Belgium and Singapore. Because the
composition of induced activities is similar to one another, if more
construction activities (caused by subcontracting) are involved for the
same demand, then the resultant economic effect would be expected to
amplify and reflect on the domestic backward linkages.

For Hong Kong, the interdependence coefficients of Construction and
of services sectors stay at 1.0 and 0.20 from 1995-2013. This indicates that
the dependence on services remains at a lower level. The interdependence
coefficient of Manufacturing and Construction domestic backward linkage
have experienced minor declines over the years, but despite the share of
manufacturing intermediate inputs remain constant. This implies that the
leakage of imported goods may be the main cause of the declining

influence of Construction in stimulating economic growth.
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3.3.4 Leakage Measures

Table 3-8 summarizes the output, import, and value-added multipliers

from 1995 to 2013 as parts of the IOA. The import multiplier represents

the leak out share, whereas the value-added multiplier denotes the

intraregional effect for one-unit production, given that the values of these

two multipliers should add up close to one (tax multiplier is negligible and

excluded).

Table 3-8 Construction multipliers for HK and Singapore (1995-2013)

Year
Economy Sector Multiplier 1995 2000 2005 2007 2010 2013 Average
Output® 1.74 1.60 1.58 1.54 1.55
Construction  Value-added® 0.66 0.59 0.53 0.57 0.56 0.58
Hong Import® 0.33 040 046 043 0.44 0.42
Kong Output 1.31  1.17 1.09 1.09 1.07
Manufacturing  Value-added 0.18 0.09 0.04 0.03 0.02 0.07
Import 0.81 091 0.96 0.97 0.98 0.93
Output 141 218 216 2.08
Construction  Value-added 0.63 055 053 0.61 0.58
Singapore Import 037 045 047 0.39 0.42
Output 1.23 128 142 142
Manufacturing?  Value-added 035 037 042 0.36 0.38
Import 0.65 063 058 0.64 0.62

Note: Data from Singapore Dept. of Statistics (2010, 2012, 2014).

2Induced direct and indirect effects associated with a unitary change in final demand, also known as

domestic backward linkage.

The value of value-added generated domestically for one unit production.

¢ The value of import leaking out the economy for one unit production.
4 Figures of Manufacturing in 2000, 2005 and 2007 representing the manufacturing (non-oil) sector.

The results show that the average values of value-added and import

multipliers are the same for Hong Kong and Singapore (0.58 and 0.42,

respectively). Although the values for Singapore’s import multiplier have

remained stable, Hong Kong’s import multipliers have increased by 33%

from 0.33 in 1995 to 0.44 in 2013. The economic influence of Construction

in Hong Kong is weaker than in Singapore, according to their output

multipliers of 1.54 and 2.08 in 2010, respectively. The results for
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Manufacturing are also compared because this sector has the largest
interdependence coefficient (other than Construction). Singapore’s
Manufacturing output multiplier averaging 1.34 surpasses that of Hong
Kong at 1.15, whereas Singapore’s import multiplier averaging 0.63 is
smaller than that of Hong Kong at 0.93. These observations indicate that
Hong Kong’s construction sector has relied more heavily on imported
manufacturing products, and the economic influence of the construction

activities has dropped as the leakage amplified from 1995 to 2013.

3.4 Summary

The empirical application is based on the I0Ts for Hong Kong during
the period 1995-2013. Findings reveal that the influence of Hong Kong’s

construction sector in stimulating economic growth has decreased by 10.92%

from 1995 to 2013 due to the intensifying leakages through international trade.

The analyzed outcomes provide a basis for informing the Hong Kong
government in resource allocation and strategic planning.

The measures of linkage indicate that the construction sector is one of
the most influential sectors in stimulating Hong Kong’s economic growth due
to its widespread interrelationship with other sectors. The growing
importance of the services sectors has no obvious impact on the construction
sector’s influence. The increase in imported manufacturing goods is
anticipated to be the main cause of the declining importance of the
construction sector. Its influence in stimulating economic growth has
decreased from 1.74 output units in 1995 to 1.55 units in 2013 for one unitary

increase in final demand.
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Along with the six economies studied for comparison, the analyzed
results exhibit similar production structures across each of the country’s
construction sectors, with over 84% of related transactions coming from three
sectors, namely Construction, Manufacturing, and Professional & Support
Activities (or Wholesale & Retail Trade). The difference in domestic
backward linkages of the construction sector between those economies is that
they are mainly influenced by the level of local subcontracting activities. It
appears that economies with larger Construction input coefficients in the

production process tend to have higher domestic backward linkages.
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Chapter 4 LINKAGES VERSUS LEAKAGES

4.1 Introduction

Hong Kong is regarded as a small and open economy with a high
dependence on external trade. The ratio of the value of total imports to Hong
Kong’s GDP was 2.12, while that of the value of exports to GDP was 1.94 in
2014. Moreover, more than 83.08% of the imported goods are for subsequent
re-exportation (Census and Statistics Dept., 2016a). As trade openness
increases, the extents of domestic intersectoral linkages are expected to be
reduced (Krugman and Elizondo, 1996). The earned profits through the
production process that induced by local final demand, are distributed across
the local economy as well as the trading partners.

With the increasing economic connectivity in the globalized era, there is
a need to capture the full economic effects of consumption across
international supply chains, and hence to update policies for sustainable
consumption and production. Based on the results of Hong Kong IOTs during
the period 1995-2013, the increase in imported manufacturing goods is
anticipated to be the main cause of the declining importance of Hong Kong’s
construction sector. Yet, the and composition of the leakage due to imports
are uncertain from IOA. Harris and Liu (1998) also argued that lack of trade
data and ignorance of relative importance of trade sector make it difficult to
evaluate a region’s economic performance through IOA.

MRIOA is considered as an extension of the single region IOA that
covering interregional and international interconnections between Hong

Kong’s economic sectors and other abroad sectors. In an MRIO model,
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regional IOTs and trade flow tables, revealing the exports and imports by
sector in other regions, are linked together in one coherent accounting
framework (Wiedmann et al., 2011). Here, direct and indirect trade flows
from trading partners and feedback effects are tracked and presented (Miller,
1969) from a global perspective.

Despite extensive research on the IOA of the construction sector in
numerous developed and developing countries, few studies have addressed
the leakage issue in detail. This chapter involves analyzes performed in two
phases including (1) investigate the leakages of the construction sector by
compiling 3 MRIOTs for the years 2004, 2007, and 2011; (2) compare
outcomes of Hong Kong with those of Singapore. In the MRIOA, the
backward linkage and leakage are emphasized since the construction sector
has a relatively weak supply push effect (Bon and Pietroforte, 1990; Giang
and Pheng, 2011). The shift of sectoral interdependence and import
dependence across Hong Kong, China, and the other regions are discussed.
Finally, along with results from IOA, policy directions are suggested for

sustainable economic development in Hong Kong.

4.2 Method and Data

4.2.1 Accounting Framework and Data

MRIOA is applied to provide a more detailed illustration of the Hong
Kong economy leakage from a given sector to other sectors in multiple
economies. MRIOA traces the impacts of international production and
supply chains from a global perspective (Wiedmann et al., 2011). Over the

last decade, Mainland China was the largest source of Hong Kong’s
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imports, accounting for 46.4% of total imports on average (Census and
Statistics Dept., 2010; 2016a). Within this MRIO framework, supply
chains to/from Hong Kong arise from three geographical regions,
including Hong Kong (H), China (C) and the rest of world (R, or denoted
as RoW). These three regions are assigned to represent the regional,
national, and global scales, respectively.

In the absence of Hong Kong official IOTs, the data used in compiling
Hong Kong MRIOTs were derived from the GTAP database version 9a for
the benchmark year 2004, 2007 and 2011 (Aguiar et al., 2016). GTAP
contains balanced, harmonized data (Narayanan and Walmsley 2008;
Peters et al., 2011b) and inclusive sets of accounts outlining the annual
flows of goods and services with regional and sectoral details for 140
regions and 57 sectors (Aguiar et al. 2016). The data for the 140 regions
were aggregated into the 3 regions as proposed, and the 57 sectors were
also aggregated into 10 sectors to reflect the service-dominating economic
structure of Hong Kong (Table 3-1).

The structure of an MRIOT with 7 sectors is shown in Figure 4-1. The
block Z® outlines the transaction flows from industry i in China to sector
j in Hong Kong. Its coefficient matrix is written as

AC=2°X"! )

where X" = diagonal matrix of sectoral gross input of Hong Kong.
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Intersectoral Transaction Final Demand Total Output

ZzHH ZzHC ZzHR yHH yHC yHR xH
ekl zES 7Ok et e YR X
ZRH ZzRC ZRR yRH yRC vRR xR
vH Ve WA Primary Input
xH x¢ xR Total Input

] Domestic 10T for one region

[] Bilateral trade table between two regions
[] Final use of domestic product

[] Final use of imported product

[] Primary inputs (table) for one region

[] Total output/input of one region

Figure 4-1 Structure of proposed 3-region MRIOT

The diagonal blocks in MRIOT represent the domestic I0Ts from
GTAP (for example, ZHH), and the off-diagonal blocks are constructed
based on the import IOTs with intraregional bilateral trade data (Peters et
al., 2011b; Andrew and Peters, 2013). Vectors of trade share were
calculated based on the assumption that the bilateral exports are distributed
according to the import structure in the importing region (Peters et al.
2011b). Similar procedures were applied to the final demand, which is
identified as the Y block. Trade shares of final consumption were also
calculated using proportional distribution. The trade surplus (deficit)
between imports and exports was then included as the margin under
primary input (¥) to retain the balance of the matrix. The expenses of
international transport were included and allocated to the regions and
suppliers proportionally. The procedures for converting the GTAP
database into an MRIOT are described in more detail in Peters et al. (2011b)

and Andrew and Peters (2013).




A potential uncertainty is the possible error caused by adjustments
made in removing re-exports in GTAP database. Re-exports should be
eliminated in GTAP to avoid double-counting from indirect trade flows.
Yet, the issue of discrepancies of origin and destination economy in trade
statistics was denoted by previous studies (Lenzen et al., 2004; Wiedmann,
2009a; Wiedmann et al., 2011). GTAP also noticed the data discrepancy
and proper modifications were made since GTAP database version 7.0
(Gehlhar, 2010). Still, even after re-scaling or re-estimation procedure,
major re-exporting economies, such as Hong Kong and Singapore, may
still suffer overestimation in domestic exports and/or retained imports
(Gehlhar, 2010).

Take 2011 Hong Kong trade statistics as an example, the value of
imports is close to the value of exports in the GTAP database. The ratio of
domestic exports over imports only accounts for 17.88% based on official
statistics (Census and Statistics Dept., 2016a), indicating a potential error
in export overestimation. Nevertheless, as this study focuses on the
backward linkage which concentrates on imports, the effect of

overestimated exports would not largely affect the analyzed results.

4.2.2 Measures of Hong Kong MRIOA

For the MRIOA, the configuration of backward linkage
(interdependence coefficient) and total backward linkages are assessed to
outline the intraregional effect and the interregional effect, which are (1)
the domestic linkage, (2) the spillover effect from Hong Kong to China,
and (3) the spillover effect from Hong Kong to the rest of the world. The

analyzed results are important for a small open economy to evaluate the
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impacts of international trade in the construction production process. In
addition, the interactions between domestic linkages and leakages can also

be identified.

4.3 Results and Discussion

MRIOA is used to reveal the domestic linkage and leakage in the
construction production process from a global perspective and the interaction
between these two indicators over the period 2004-2011. Figure 4-2 (a)
shows that one unit increase in the final demand of Hong Kong’s construction
sector is able to generate 2.89-2.93 units of output. The influence of
Construction on Hong Kong economy remains constant with 1.74-1.78
output units, also its influence on other regions through international trades
maintains in the range of 1.11-1.19 output units. Overall, 38.37-40.55% of
economic output has leaked abroad as spillovers. Regarding leakage

composition, 25.00% has flown to China and the remaining has gone to other

economies.
(a) Hong Kong MRIOA (b) Singapore MRIOA

40 4.0

3.0 3.0

20 2.0

1.0 1.0 j

0.0 0.0

2004 2007 2011 2004 2007 2011
mHK mChina ROW B Singapore ROW

Figure 4-2 Construction output multipliers of MRIOA (2004-2011)
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Following the leakage analysis in Chapter 3 , Singapore is used for
MRIOA comparison to evaluate the magnitude of leakage induced by local
Construction final demand. MRIOTs of Singapore for the years 2004, 2007,
and 2011 were converted from GTAP database, with the same procedures as
that of Hong Kong. Two regions were proposed as Singapore (S) and RoW
for Singapore MRIOA to address the domestic linkage and the spillover effect
from Singapore to other economies.

Figure 4-2(b) reveals that Singapore’s total backward linkages and the
leakages are both greater than that of Hong Kong. One unit of Construction
final demand in Singapore can induce 3.27-3.33 units of output globally, and
30.06-37.62% of the economic contribution leaks out to other economies. Yet
a decreasing trend in leakage is observed because the output multiplier to the
Singapore economy has increased from 2.08 in 2004 to 2.30 in 2011,
indicating that more local activities are involved in the construction
production process per unit of final demand by 2011. The results echo the
trends in merchandise trade in both economies. Although Hong Kong
experienced a 40% increase in merchandise trade (as a share of GDP) from
1995 to 2013, a continuous decline in trade is observed in Singapore (Figure
4-3).

The key contributors that Construction depends on the most are outlined
in Table 4-1. Construction itself is the leading contributor. Construction
coefficient of Singapore outperforms that of Hong Kong by 0.68—0.80 output
unit. This is due to the growth of subcontracting activities occurring within
Singapore and the underestimated subcontracting transactions in Hong Kong,
as discussed in section 3.2.4 and section 3.3.2. Coefficients relating to

Manufacturing amount to 26.89% (Singapore) and 38.86% (Hong Kong) of
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Note: Data from Census and Statistics Dept. (2005-2016); Singapore Dept. of Statistics (2016b)

Figure 4-3 Merchandise trade (% of GDP) of Singapore and HK (1995-
2013)

the total backward linkage on average. For Hong Kong, the reliance on abroad
Manufacturing and services sectors have remained relatively stable over time.
Whereas in Singapore, the dependence on Manufacturing (RoW) has dropped
by 19.63% from 2004 to 2011, and it is substituted by the use of local supplies.
In other words, the decreased dependence on imports and the growth of
subcontracting activities are the main drivers for the increased economic

influence of Singapore’s construction sector.
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Table 4-1 Interdependence coefficient and key contributors in MRIOA (2004-2011)

Interdependence coefficient®

Share of sectoral dependencies®

Economy Sector
2004 2007 2011 2004 2007 2011
HK Construction 1.00 1.00 1.00 0.34 0.35 0.34
RoW Manufacturing 0.57 0.55 0.59 0.20 0.19 0.20
HK Manufacturing 0.35 0.35 0.34 0.12 0.12 0.11
MIIQ{IIC%Ts CN Manufacturing 0.23 0.21 0.23 0.08 0.07 0.08
HK Trade 0.18 0.19 0.18 0.06 0.06 0.06
HK Transport 0.13 0.14 0.13 0.05 0.05 0.04
RoW Profession 0.08 0.08 0.08 0.03 0.03 0.03
SGP Construction 1.68 1.77 1.80 0.50 0.54 0.55
RoW Manufacturing 0.84 0.67 0.66 0.25 0.21 0.20
SGP SGP Manufacturing 0.14 0.17 0.18 0.04 0.05 0.05
MRIOTs SGP Profession 0.10 0.11 0.12 0.03 0.03 0.04
RoW Profession 0.11 0.09 0.08 0.03 0.03 0.02
RoW Trade 0.09 0.08 0.07 0.03 0.02 0.02

Note: Profession = Professional & Support Activities; Trade = Wholesale & Retail Trade; and Transport = Transport & Storage
2 The direct and indirect effects contributed from a given sector with a unitary change in Construction final demand.
® The percentage of contribution from a given sector to Construction total backward linkage.
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Other than Manufacturing, the results demonstrate a relatively stronger
interrelationship between Construction and Professional & Support Activities
in Singapore, whereas a higher dependence on Wholesale & Retail Trade and
Transport & Storage is witnessed in Hong Kong. With regard to the increased
reliance on imports, additional expenses in transport and wholesale
distribution are incurred and reflected as the dependence on these two sectors
in Hong Kong. Cost breakdown analysis of construction works, along with
the more disaggregated MRIOTs of Singapore and Hong Kong, would assist
in revealing greater variability of interdependence and leakage for the

construction sector.

4.4 Summary

The presented analysis is oriented toward understanding the economic
leakage of the construction sector in a small and open economy from a global
perspective. This is particularly relevant to the declining economic

importance of the construction sector resulting from the increasing separation

between production and consumption activities in the process of globalization.

Based on the MRIOA results, the influence of the construction sector on the
Hong Kong economy remained constant at 1.74—1.78 units of output from
2004 to 2011, whereas 1.11-1.19 units of output have leaked out through
imports. That is, a minor increase of economic importance of the construction
sector over time is suggested, but it is mainly related to imported intermediate
inputs. Among the spillover effect, 25.00% of leakage has flown to China
because it is the leading trading partner of Hong Kong, and 68.52% of the

leakage is interconnected to manufacturing activities directly and indirectly.
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From the viewpoint of policy planning, the measures of linkage and
leakage illustrate the intersectoral and intercountry dispersion of a stimulus
in a specific sector. For a small and open economy with a narrow economic
structure, these measures constitute a perspective for understanding the
economic interactions between sectors and economies. Risks associated with
limited diversification in economic structure and trade can then be identified
to undertake strategic planning to ensure macroeconomic stability.

At the macro level, the construction sector of Hong Kong performs well
in inducing economic growth among all sectors, but with relatively weaker
push effects. At the meso level, investments in Hong Kong’s construction
sector would initiate economic growth by inducing expansion of other sectors,
such as the manufacturing, trade, and transport sectors. Yet, the dependence
on the abroad manufacturing suppliers is found to be larger than the local
suppliers. Considering the similarity between Hong Kong and Singapore (in
terms of economic structure and trade openness), the results from Singapore
reveal a larger economic contribution from its construction activities, with
2.08-2.30 units of output remaining within the economy. subcontracting, and
the dependence on local professional services in the construction production
process from 2004 to 2011. Similar approaches are suggested for Hong Kong
and for other small open economies to ease the dependence on foreign inputs.
The selection of technologies that favors the use of local resources and labor,
combined with import substitution policy, are recommended to increase the
domestic transaction and mitigate the leakage. For example, the development
of local building material production and prefabricated assembly work may
reduce the consumption of foreign intermediate products. Also, the use of

outsourcing to distribute knowledge-based services for general contractors is
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known to enhance the domestic intersectoral transaction. Still, the
consequences of import substitution should be anticipated in the decision-
making process because the trade and transport sectors would be affected to
some extent.

Though IOA and MRIOA have been criticized for being static, lack of
flexibility in input coefficients, lack of supply-side feedbacks in price and
resource constraint (Bachmann et al., 2014) and lack of timeliness
(Wiedmann et al., 2011), IOA and MRIOA are used as descriptive tools for a
specific economy, and as a base for further complex modelling procedures
(West, 1995). Since there are no Hong Kong official IOTs available, static
IOTs and MRIOTs of Hong Kong economy within a reasonable time period
are needed to explore the shifting economic role of the construction sector in
stimulating economic growth with detailed transaction flows. To allow for
sound tend analyses of current and past situations, continuous updated 10Ts
and MRIOTs are recommended, ideally spanning over several decades. The
outcomes and data can be extended for further projection and scenario
analysis.

Besides economic accounting, MRIO framework provides the ability to
track the environmental and social-economic impacts of international
production and supply chains, by linking the trade data to environmental and
social-economic accounts on a global scale. The analyzed outcomes are
expected to improve knowledge of the relationship between economic growth,
environmental and social impacts, and trade. The knowledge is then used to

support the goal-oriented policy-making process.
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Chapter 5 EMISSION FLOW THROUGH TRADE

5.1 Introduction

Mitigation policies for GHG emissions related to the built environment
have received more attention (Huang et al., 2018). Global energy-related CO-
emissions reached a historic high of 32.5 Gt in 2017 (IEA, 2018). Buildings
and construction sector are responsible for 39%—28% from building
facilities and operations, and 11% from building materials, transport, and
construction activities—of energy-related CO> emissions in 2016 (UNEP,
2017). Yet, buildings are expected to deliver smaller emissions savings than
other sectors (CCC, 2017; Serrenho et al., 2019). This highlights the critical
roles and opportunities of the buildings and construction sector in reducing
the threat of climate change.

The construction sector is a carbon-intensive sector (Du, et al., 2018;
Zhang and Wang, 2016) the consumes substantial amounts of energy,
products, and services from other sectors. Besides, accelerated fragmentation
and globalization intensify the geographical separation of production and
consumption, hence, lead to a displacement of environmental impacts through
trade (Peters and Hertwich, 2008; Wiedmann and Lenzen, 2018) with
additional emissions from interregional and international transport (Huwart
and Verdier, 2013). The impact displacement might cause ostensible decouple
of environmental impacts from economic growth (Wiedmann and Lenzen,
2018) under the conventional accounting approach. Therefore, it is necessary

to quantify the source sectors of carbon emissions and identify the driving
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factors associated with the construction sector from a global perspective as a
basis to formulate appropriate mitigating policies.

Some of the previous studies have discoursed the GHG emissions
emitted by the construction sector on national or prefectural level evaluation
(Acquaye and Duffy, 2010; Chen et al., 2017a, 2017b; Du, et al., 2018; Huang
and Bohne, 2012; Lu et al., 2016; Tian et al., 2014). City-scale emissions
associated with the construction activities have not been fully addressed by
considering upstream supply chains across regional and national boundaries.
This is primarily due to the complexity of city responsibility allocation caused
by the growing imbalance of the production and consumption structures
between cities, regions, and nations.

Under the accounting rule of the Intergovernmental Panel on Climate
Change (IPCC) guidelines, national GHG emissions refer to the emissions
that are emitted from production and consumption processes within the
territorial areas of a nation (IPCC, 2006). This production-based accounting
(PBA) framework is built on the concept that the producer should be
responsible for the emissions occurred from production. With the ongoing
wave of specialization and globalization, production supply chains are now
spanning several economies or even regions. The observed emission
stabilization in developed economies was more or less related to growing
imports from developing economies (Davis and Caldeira, 2010; Peters et al.,
2011a). The absence of emissions embodied in international trade may
underrate the responsibility of an open economy which exports less than it
imports.

Consumption-based accounting (CBA) is offered as an alternative

approach that attributes the emitted emissions along the supply chains and
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distributions to the final users (Munksgaard and Pedersen, 2001; Peters and
Hertwich, 2008; Wiedmann, 2009b). PBA and CBA approaches complement
each other to fulfil the following purposes: (1) reveal different pictures as
producer and consumer for an economy; (2) demonstrate the effects of trade
on its emission budget (Wiedmann, 2009b; Steininger et al., 2018); (3)
allocate carbon flows of products and services (Hu et al., 2016); and (4)
identify structural shifts in consumption patterns (Hertwich and Peters, 2009;
Baiocchi and Minx, 2010). The outcome difference between the two methods
is known as emissions embodied in trade (EET), including international
transport (Peters, 2008; Peters et al., 2011a).

Cities and local authorities are called to increase the efforts in achieving

the global CO; reduction targets in COP21 and other United Nation initiatives.

As the cities are claimed to be responsible for more than 75% of global
energy-related GHG emissions (UNEP, 2014). The role of cities for
combatting climate change is becoming increasingly important, which
indicates city-scale emission flows should be uncovered including EET with
other regions.

As one of the leading financial hubs, Hong Kong is used as a case study
to explore changes in city-scale CO> emissions generated by the construction
sector. The government has set a reduction target of 26% to 36% in absolute
carbon emissions by 2030 compared with 2005 level (Environment Bureau,
2017). Buildings and construction sector are identified as the crucial sectors
in the mitigation action plan. Yet, the current targets and actions are planned
based on territorial emissions, that underrate the truthful emission
responsibility by disregarding EET.

The following sections are aimed to quantify the direct, indirect and
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trans-boundary emissions emitted by construction activities in a city. First,
the production- and consumption-based emissions are estimated to uncover
the discrepancy between these two emissions. Then, the source sectors and
dri