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Figure 1-1   Critical Infrastructure network showing interdependency 
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1.4 Current climate change response 

The United Nations Framework Convention on Climate Change identified two forms of 

response needed when adapting to climate change, namely: managing the long term effects on 

the infrastructure, such as rising sea levels; and developing resilience, at the local level, to acute 

and extreme weather events, such as flash flooding (United Nations, 1992). Importantly, extreme 

events can highlight the interdependencies in infrastructure; for example, a failure in flood 

defence infrastructure can lead to other failures, such as the flooding of a power station, which 

can then lead to power cuts, which, in turn, can affect the telecommunication network. The latter 

is the subject of the current study; the study addresses the assessment of the risk towards 

adaptation, which can result in strategies to improve infrastructure resilience. This assessment 

process, involving the perceived management responses to climate change, is discussed in 

Chapter 3. 

The first option describes global effort towards mitigation, which is reducing greenhouse gas 

emissions and enhancing sinks. That is , by reducing increased levels of primarily carbon dioxide 

(CO2), methane (CH4), nitrous oxide (N2O), chlorofluorocarbons (CFCl3, CF2Cl2), and Sulphur 

hexafluoride (SF6) and hydro fluorocarbons (HFCs). These gases are linked with the global 

phenomenon of climate change. Mitigation refers to anthropogenic intervention to reduce 

sources of greenhouse gases and primarily involves the energy and transportation sectors in 

industrialised and developing nations. Slowing the growth in greenhouse gas emissions, while 

ensuring availability of the plentiful energy essential to economic vitality, is preferred for 

Australia. Greenhouse gas emissions reduction, notably CO2 and its agents provide a spring 

board into future mitigation for long term climate change response (Liverman, 2008). 

The second option, a much more robust solution, is to improve infrastructure resilience to 

better manage the inevitable consequences at the local level. Importantly, the engineering 

community recognises that, despite increased awareness of the need to reduce emissions, as well 

as the technical, economic, legislative and social efforts in this direction, there is currently little 

sign that this approach will be successful. Climate change presents public and private sector 

decision makers with a fundamental quandary; namely, how to address a potentially serious, 

long-term, and deeply uncertain threat. The decision to wait until new sciences, and unfolding 

events, eliminate much of the uncertainty has its own potential risks; by that time it may be too 

late to act effectively. However, acting without fully understanding the extent and contours of 

the problem, may result in serious miscalculation (UN/ISDR, 2004). 

One way to overcome this dilemma is to develop a methodology to manage the climate 

change impact risk of critical infrastructure and its interdependencies. For this reason, the 
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methodology used in this research study is quantitative; it involves assessing the risk by 

determining the expected impacts. Through the identification of expected or potential impact 

risks, an adaptive strategy can be planned and developed to ensure infrastructure resilience. Such 

resilience is required, in all sectors, to protect against cascading failure, as well as to adapt 

infrastructure that will resist a slowly changing climate, over the long term. To this end, the 

current study provides a number of feasible and ambitious solutions that can assess, manage and 

adapt infrastructure to impacts at the local to national levels. Figure 1-2 outlines the direction 

taken in the current research, that is, the expected impact risk route taken when adapting to 

climate change. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-2   Conceptual model of climate change res ponse 
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1.5 Limitation of this research 

The current study is not about climate science. Also, it does not address the causes of climate 

change; it does not concern the debate surrounding greenhouse gases (GHGs), which exacerbate 

global warming; neither does it discuss climate change mitigation by international regulations. 

The study does take its starting point by accepting, as a matter of belief, that the majority of 

Australian and international scientific communities believe human activities have resulted in 

substantial global warming from the mid-20th century. A consequence of such human activities 

is that the climate of the world is changing with adverse outcomes on life (UN Secretary General 

Ban Ki-moon, 2008). Additionally, the current study argues for both adaptations in the short 

term to reduce the vulnerability of infrastructures , as well as for changes in how they are 

managed. 

The assessment method used here has identified the impact of climate change among the 

interconnected infrastructures, the rippled effects, the risks, and the derivative losses; their 

veracity is as accurate as their vulnerability coefficient factors, mainly because the applications 

described have been based exclusively on economic transactions within industry sectors. The 

recommended coefficients, which are time independent, are assumed as constant over a period 

of time. Hence, the findings can be taken as providing an average value of the impact or risk 

over a predefined return period. Other researchers have recommended the use of factors which 

are more than just time dependent. Additionally, the study has recommended the development of 

complex generic models. These models are not covered by the current research, as it is 

considered outside the scope of this study. These models do not address climate change, which 

is the primary focus of the current study (Bloomfield, Chozos, & Nobles, 2009). 

1.6 Scope of study 

This research study endorses the risk paradigm, for its general approach when dealing with 

the problem of climate change. Hence, the risks that climate change poses to infrastructures must 

be determined before any decision on adaptation is made. For this reason, policy makers are 

faced with a bewildering challenge , and so require objective procedures that are likely to achieve 

significant adaptation on climate change. The need to redirect efforts towards viable and 

sustainable solutions also requires a shift in the regulatory paradigm of the politicians, and the 

mental models for the public. The method used to determine risk in this study is a holistic, 

quantitative and objective methodology. Therefore , it can be assumed that it is applicable to all 

types of infrastructures. 







11 

1.9 Research aims 

The research aims for the current study incorporate three aspects: 

 

1.  Broadly, this study aims to develop a holistic, analytical method for assessing climate 

change impact risk, specifically, to facilitate effective decision making related to 

adaptation strategies. 

2.  The study also aims to quantify and evaluate vulnerability and the impact of climate 

change so that robust decisions can be made. 

3.  Further, since infrastructures are interconnected, the research scope is expanded to 

determine how an impact risk is propagated to dependent infrastructures. 

1.10 Research objectives 

Based on the above research aims, the study seeks to achieve the following seven objectives: 

 

1) In order to quantify risk, it is necessary to quantify vulnerability because of the inherent 

variability associated with performance and behaviour. Based on the method for 

quantifying vulnerability or otherwise, impact may also be quantified as these two terms 

are related. 

2) Develop a method for determining the risk of an impact and account for the likelihood of 

its occurrence. 

3) Produce a base model from which comparative risks can be assessed and decisions can 

be made, based on infrastructure vulnerability to climate change forecasts. 

4) Illustrate how the method in (2) can be deployed in the assessment of impact risk on 

road infrastructures (a typical critical infrastructure).  

5) Simulate the connections between critical infrastructures and its interdependencies, and 

elucidate the rippled impact effects and breakdown.  

6) Add another dimension to the risk paradigm debate , to improve computer-based tools, 

and enable decision makers to make better choices when confronted with deep 

uncertainty about the future in managing climate change. 

7) Represent uncertain information, quantitatively: (a) for decision makers, so that they can 

act on it more effectively, whether as individuals or groups; and (b) strengthen the 

scientific foundations of robust decision making (RDM). (RDM is a promising new 

approach to computer-assisted support for decision makers in facing deep uncertainty.) 
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2BACKGROUND LITERATURE 
 

2.1 Preamble 

This chapter discusses the background literature on vulnerability and risk. The purpose is to 

provide a review of the existing meanings of these terms, which have commonly preceded 

academic climate change impact discussions. These definitions provide a foundation for 

understanding the approach taken for quantifying the climate change impact.  

In this review, the research study converts impact and infrastructure resilience into numerical 

values, which are then connected in a relationship between the impact and the adaptation. Here 

the word adaptation implies the enhancing of the resilience of the infrastructure to ensure that it 

is better able to cope with the climate change impact. The parameter used to measure the impact 

is a number index. Any change in the index measures the change in status, while also indicating 

the infrastructure response, vulnerability, and the consequences of the impact. Hence, the 

chapter presents a review of the vulnerability concept/term; it also discusses the development of 

the proposed number index used to quantify the impact. In order to account for any status 

change, the most recent research on impact risk from global climate change also utilises the 

concept of vulnerability, with its starting point being an understanding of the impact, which then 

is connected to the risk (Buckle, 1998).  

Importantly, the concept of vulnerability has been a powerful analytical tool for describing 

states of susceptibility to harm, and powerlessness, as well as for guiding the normative analysis 

of actions to enhance well-being through the reduction of risk (Byrne, 2007). Thus, any risk 

assessment must first start with identifying that a system is vulnerable to a threat. There is little 

point in discussing the risk of an impact to a system if the system is resilient to the threat.  

According to Larsen (2006), there is much misunderstanding associated with climate change 

impact. This misconception is due, in part, to the varying responses of vulnerable systems, even 

when those systems are under the same exposure with the same climatic conditions. Such 

variability has generated debate among researchers as to what constitutes vulnerability. Or is it 

adaptability that explains such a difference? Nevertheless, it is vulnerability that is perceived as 

the concept that explains why systems, under the same level of physical exposure, can exhibit 

relative responses to impact and be, more or less, at different levels of risk.  

Chapter 

2 
Chapter 

2 
Chapter 
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World Conference on Disaster Reduction (WCDR) in Kobe, Japan, in 2005, underlined, 

precisely, the necessity to develop vulnerability indicators. Such indicators were seen as 

enabling decision-makers to assess the impact of disasters (World Conference on Disaster 

Reduction, 2005), especially when impacts cannot be measured directly.  

Again, within the climate change context, vulnerability to risk is assessed indirectly from a 

set of indicators, and not directly, in anticipation of the hazard. Thus, the vulnerability of the 

indicators is the measure of the degree to which any climate change impacts upon the 

infrastructure. A key indicator, and at the same time a measure of the consequence of the impact, 

depends more on how the indicator is able to resist, cope with, and recover from an impact over 

a specified period of time. An overview of various definitions of vulnerability is discussed 

below; however, the current study does not address or collate all the definitions for vulnerability.  

The study does acknowledge that vulnerability is conditional on the presence of a hazard, for 

example, with respect to its frequency and severity; hence, it is futile to discuss the term 

vulnerability independent of its hazard context. In the case of climate change, the hazard context 

exceeds a threshold, and returns within a set period. For example, (Buckle, 1998) posits that 

vulnerability is conditional upon the presence of a hazard. Additionally, Wisner (2002) contends 

that difficulties in recovering from the negative impacts of hazardous events are also part of 

vulnerability. Therefore, coping with, and recovering from, a hazard is a part of the assessment 

process.  

This dualistic understanding of vulnerability, which encompasses susceptibility (understood 

as characteristics which describe the weakness of the system or element exposed), on the one 

hand, and coping capacities (positive resources to deal with the negative impacts of a hazardous 

event), on the other hand, underlines many vulnerability approaches (Bohle, 2001). While 

Wisner (2002), and to a certain extent Bohle (2001), emphasise this dualistic understanding, 

terms, such as sensitivity, resilience, ada ptive capacity, exposure and access, have been used by 

others to explain global climate change vulnerability from the view point of social ecological 

system (Birkmann, 2006). However, other researchers, when identifying vulnerability, have 

come to different conclusions related to intellectual traditions. Cutter (2003), for example, 

classifies research on vulnerability: first, as exposure (conditions that make people or places 

vulnerable to hazard); second, as social (conditions that measure resilience to hazards); and 

third, as the integration of potential exposures and societal resilience with a specific focus on 

places or regions (Cutter, 2003). 

Figure 2-2 is adopted from Schroter and ATEAM, (2004). It has been instrumental in 

elucidating the meaning of vulnerability and risk with climate change impact. Vulnerability is 

conceptualised as being constituted by components that include exposure and sensitivity to 
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perturbations or external stresses and the capacity to adapt. Exposure is the nature and degree to 

which a system experiences stress. The characteristics of these stresses include their magnitude, 

frequency, duration and areal extent of the hazard (Burton, Kates, & White, 1993). Sensitivity is 

the degree to which a system is modified or affected by perturbations. Adaptive capacity is the 

ability of a system to evolve in order to accommodate hazards and to expand the range of 

variability with which it can cope.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 Defini tion of global climate change vulnerability 
 

Figure 2-2 expresses components of vulnerability as potential impact and adaptive capacity. 

It is a concept that has been used in different research traditions (Adger, 2006; B. Smit & 

Johanna, 2006) but there is no consensus on its meaning. Depending on the research area, it has 

been applied exclusively to the societal subsystem. Sometimes, it is associated with the 

ecological, natural, or biophysical subsystem, or to the coupled socio-ecological systems (SESs). 

Variously, it has also been referred to as target system, unit exposed, or system of reference. 

Adger, (2006) reviewed research traditions of vulnerability to environmental change and the 

challenges for present vulnerability research in integrating the domains of resilience and 

adaptation. Adger examined the evolution of approaches to vulnerability originated in the social 

and the natural sciences and then concluded that vulnerability may be specific. Vulnerability, 

like resilience, is generally viewed as being specific to perturbations that impinge on a  system; 

in other words, a system can be vulnerable to certain disturbances and not to others. Two other 

widely accepted points are: 

  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VFV-4K8S5PS-2&_user=79777&_coverDate=08%2F31%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1290820954&_rerunOrigin=scholar.google&_acct=C000006418&_version=1&_urlVersion=0&_userid=79777&md5=59ff3d84361c49280f1b3d9a68e8ec77#bib2#bib2
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sensitivity to stressVulnerability =   Probability of exposure
state relative to threshold

 
 
Equation 2-2  

 

The system under scrutiny could be physical (such as infrastructure) or social parameter. In 

the case of Luers et al. , (2003), they investigated the vulnerability of farming systems in an 

irrigated area in Mexico through examining agricultural yields.  

Equation 2-2 is very promising in understanding precisely what vulnerability is, and provides 

a means to measure it quantitatively. Depending on how sensitivity is measured, the u nit of 

vulnerability in Eq.(2-2) will be dimensionless , thus making the relationship of this quantitative 

measure applicable to all physical parameters and comparable for all infrastructures , physical or 

social. On the contrary, it may appear that a value of vulnerability measure for one infrastructure 

will give the same value measure for a different infrastructure. This ma y not necessary be the 

case. This research advocates that sensitivity is a measure for vulnerability, and supports the idea 

of using a threshold as benchmark for measuring vulnerability. However, it differs on 

associating probability of exposure to vulnerability and takes the measurement of vulnerability 

simply as: 

 

sensitivity to stressVulnerability = 
state relative to threshold

 
 
Equation 2-3  

 

The reason for this difference is that neither vulnerability nor exposure is a stochastic event. 

That is to say, they are not random events. Climatic events are stochastic and not the exposure of 

the system. Therefore, probability cannot be associated with it. It is the climate condit ions which 

randomly changes and makes impact uncertain. Probability is associated with climate change 

impact risk to account for the random occurrence of the climatic event rather than vulnerability 

or exposure of the infrastructure. Sensitivity, in turn, is a mechanical property that may be 

measured as the specific impact capacity of the infrastructure and a critical threshold value will 

draw a line (Figure 2-2 and 4) between acceptable (as natural) condition and climate change 

impact situation.  
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The quantification of risk to an impact begins from quantifying vulnerability, which means 

susceptibility to the impact. There is the possibility that an infrastructure may not be vulnerable 

to an impact at all. However, assuming that the infrastructure is vulnerable to an impact, there is 

then the issue of risk. Here risk is defined in terms of the uncertainty or uncertainties associated 

with the impact. The uncertainty relates to whether the impact will occur, or not. Thus, decision 

makers and managers must take into consideration the likelihood of an occurrence of the impact 

itself. In terms of the philosophy of this research study impact is considered to be something 

external and act on another thing, in a similar way that a force acts on an object. Even where the 

infrastructure is vulnerable, and there is an occurrence, the consequence (or magnitude of the 

force) of the impact, that is to say, the effectiveness on the vulnerable infrastructure, still has to 

be addressed.  

Therefore, quantification requires the deliberation of three areas: (1) vulnerability (or 

susceptibility), which can be considered as the purely 'mechanical property' of the object that 

accounts for the stiffness or flexibility to the impact; (2) risk, which involves the likelihood of 

the impact occurring; and (3) impact value (or magnitude).  

Vulnerability work has covered three main areas, namely, definition, quantitative, and 

methodology (See Figure 2-4). Quantitative has been dealt with to some extent by Ezell et al 

while definition (mainly qualitative) has been covered extensively by Nilsson, Blaike and 

Gheorge.  

Ezell, Farr and Wiese, 2000, work is of interest in this critical review because they cover most of 

the quantitative methodologies which have been used by researchers. Notably, they have 

introduced the probabilistic infrastructure risk analysis model (IRAM) for water infrastructure 

systems; interconnectedness and interdependencies. This is a holistic approach which can be 

used for critical interconnected infrastructure elements such as physical facilities, electric power 

generation and distribution (Energy) and telecommunications.  
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infrastructure for impact analysis. The equation relating heat energy to specific heat capacity, 

where the unit quantity is in terms of mass is: 

 

TmcQ  Equation 2-4  

 

2.8 A multi-facet definition of vulnerability 

Where Q  is the heat energy put into or taken out of the substance, m is the mass of the 

substance, c is the specific heat capacity, and T  is the temperature differential where the 

initial temperature of the reaction is subtracted from the final state. 

Similarly, the equation relating impact energy to specific impact capacity, where the unit 

quantity I is in terms of dollars or percentage loss in efficiency: 

 

LnvI    Equation 2-5 

 

Where I  is the change in impact on the infrastructure, n is the infrastructure system 

quantity, v is the specific impact capacity, and L  is the differential loss (such as in dollars). 

Equation 2-4, invariably states the same. Scenarios events are quantified by probability of 

occurrence and exposure is considered as normal unless the mass is left at the mercy of the 

weather. 

Vulnerability of an infrastructure to an impact reflects the capacity of its inherent 

characteristics which accounts for its resilience against the impact. This study models climate 

change impact as change in climate variables. This change may be positive or negative or remain 

stationary about a threshold value as shown in Figure 2-6. 

Since the 1970s, but with increasing emphasis in the 1980s and 1990s, researchers from the 

social sciences and humanities have argued that the impact of natural hazards depends not only 

on the physical resistance of structure, but on the capacity of people to absorb the impact and 

recover from loss or damage (Bohle, 2001). The focus of attention is being moved to social and 

economic vulnerability, with mounting evidence that natural hazards had widely varying 

impacts on different social groups and on different countries. The causal factors of disaster thus 

shifted from the natural climate event towards the development processes that generated 

different levels of vulnerability. Vulnerability reduction began to be advanced as a key strategy 

for reducing disaster impact, though this proved elusive to implement. The definition formulated 

by the International Strategy for Disaster Reduction (UN/ISDR) is one of the best-known and 
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assessment are decision- and policy makers, their scale, the scale of policies, has to be 

considered. For these reasons many researchers (Brown, Beyeler, & Barton, 2004; Preston & 

Jones, 2006; Willows & Connell, 2003) have proposed frameworks for risk assessment of 

infrastructure systems and their interdepende ncies and have defined risk and/or vulnerability 

(Asbeck & Haimes, 1984; Ezell, et al. , 2000; IPCC, et al. , 2001a; Kaplan & Garrick, 1981)  

differently. In the proceeding Chapter 3, climate change impact is determined with a formula 

that takes into account vulnerability of infrastructures and the variability of scenarios of climate 

automatically within a return period.  
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Equation 2-6  
 

 

 

 

 

Equation 2-7  
 

 

 

Equation 2-8  
 

 

 

In any event, the chance of getting a product that has a deficient criterion from 3, say. 1, 2, 4 

or 5 constitutes the likelihood of not achieving a success in getting the desirable attribute or 

expected value. In other words, the likelihood of obtaining any of the undesirable criteria apart 

from 3 is risky, remembering that each (i.e. 1, 2, 4, or 5) of these numbers may not necessarily 

have equal chance of being obtained. It should be added that the use of the sequentia l numbers 

[1, 2, 3, 4, and 5] in Eq. (2-6) here does not purport to imply a scale of magnitude or 

consequence. They are used as labels representing different criteria, scenarios or outcomes from 

occurrence of events. If these labels were all the same, as shown in Eq. (2-8), there would 

represent a situation of certainty and there will be no risk, since in any event one would get the 

same thing (the desirable value) as expected.  

Risk is sometimes quoted as magnitude only when considering a situation of certainty. For an 

example, a Civil Contractor may quote risk as $250,000 per day, meaning it would cost 

$250,000 per day in case of time overrun.  Sometimes risk is quoted as probab ility, when the 

consequence is uncertain. The former, is used in this study to quantify risk in Chapter 6, Section 

6.5.1, Table 6.7.  

Notwithstanding the above, risk is quantified as the product of the chance of occurring of an 

impact and the consequence from the expected value. In a normal situation, it is taken as the 

expected impact value and its variance. This is a quantitative measure of risk in this research 

study. It is the rationale behind the quantitative measurement of climate change impact risk.  This 

assertion is consistent with the same basic principles captured by Kaplan and Lambert (Kaplan, 

1997; Kaplan & Garrick, 1981). It is described more in detail in Section 3.4. Impact is a value 

that is set to have a limiting maximum (a threshold) above which climate change impact is 

measured. Hence, climate change impact risk is the likelihood of an impact occurring that is 
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above the normal threshold value for desirable weather conditions. 

2.11 Measuring climate change impact 

Climate change has direct impact-physically, indirect impact-economically, socially and 

politically. It manifests in extreme conditions associated with normal climate variable states of 

excessive rainfall, temperature, precipitation, humidity and other climate factors. The qualitative 

picture of climates and terrain is fairly known but the quantitative description is indeed difficult 

to model due to the way it unleashes its impact. 

For example, direct impact may be due to the effect on the environment, sea level or road 

infrastructure. In road infrastructure, excessive rainfall alters moisture balances and influences 

pavement deterioration. Temperature affects aging bitumen resulting in an increase in 

embitterment of the surface chip seals. Indirect impact may be due to effect on weather to the 

detriment of the environment. Unlike other natural disasters, such as volcanoes, earthquake, 

hurricane, cyclone or tsunami which are not necessary influenced by climatic conditions, climate 

change is directed by varying climate conditions which threatens and affects flora and fauna. 

Upon the action or impact of climate change, infrastructures also undergo some 

changes/deformation and remain unstable (chaotic) for their intended purposes. A remedial 

action is required to restore or strengthen the infrastructure (resilience) in order to cope or adapt 

to the impact and preserve them. 

In order to quantify the performance of infrastructure under different chaotic periods, impact 

index is recommended here to measure and indicate level of impact. Impact index may be used 

to measure percentage change in impact over a base value which represents normal threshold 

conditions in a given period of time at a particular location. In forming an impact index, the base 

period selected for a particular infrastructure represents the period of normal functioning, 

performance and stability rather than one at or near a peak impact activity or extreme in a 

changing climate.  

The quantification of risk to an impact begins from quantifying vulnerability, which means 

susceptibility to an impact. There is the possibility that an infrastructure may not be vulnerable 

(or susceptible) to an impact at all.  However, assuming that the infrastructure is vulnerable to an 

impact, there is then the issue of risk. Here risk is defined in terms of the uncertainty or 

uncertainties associated with the impact. The uncertainty relates to whether the impact will 

occur, or not. Thus, decision makers and managers must take into consideration the likelihood of 

an occurrence of the impact itself. Here an impact is considered to be something external coming 

to act on another thing, such as a force which acts on an object, or it could emanate from within. 
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2.12.1 Bakers Investment Group, (CII)  

Bakers Investment Group (Bakers, 2007) is a market leading investment manager, identifying 

thematic opportunities through in-depth investment analysis, focusing on execution for 

institutional investors, According to Bakers (2007), they use global macro-economic, company 

specific and beta research, Bakers Investment Group has developed climate change indices. The 

indices offer leading indicators and derivative investment vehicles for astute investors to profit 

in a transitioning economy- of the 21st century which is being defined by climate change. The 

climate impact indices (CII) , as it is known, are used as the benchmark indices for climate 

change in Australia (from macro-economic perspective). The indices measure the financial 

performance and market sentiment of industries (which are also listed as critical infrastructures) 

which have business operations directly impacted by climate change. 

An example of Bakers output for the fourth quarter of the year 2007 publication is shown below 

in Figure 2-7. 
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Figure 2-9   Bakers Fact Sheet. (Courtesy: Bakers Investment Group, 2007) 
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0.6( ),  100m
s dTMI I x

n
 

Equation 2-11 

 

s = impact moisture in the soil 

d = deficient moisture in the soil, and  

n = necessary quantity of moisture for plants.  

 

Hence, TMI is a useful quantitative measure of the supply of water in an area relative to the 

demand under prevailing climatic conditions.  

The Thornthwaite moisture index has been studied by other researchers (Kumar, 1984) and 

has received some criticisms in terms of classification of climates into various climatic types. 

Kumar derived another climate index called Linear Aridity Index which compared favourably 

with the Thornthwaite index and without such limitation. Kumar wrote that the most important 

elements that determine climate are temperature, wind, humidity, precipitation, and 

evapotranspiration. Kumar concluded that the purpose for which climate classification is needed 

may decide the elements to be incorporated and emphasized it should be laid down to make it as 

quantitative as possible. For the purposes of assessing impact risk towards adaptation, the TMI 

is used, just in a similar way as ARRB in constructing indices reported in the report AP-R243. 

2.13 Chapter summary 

The transport system is very vulnerable to the impact of climate change. Transport 

infrastructure comprises many different systems (road, surface rail, airport, coastal 

infrastructure, tunnels, bridges etc), and each is vulnerable to a range of climate threats such as 

storm surge, prolonged rainfall, flood, drought, extreme wind, fog, soil shrinkage and etc. While 

there has been a lot of work on risk analysis, for the most part it has been simple, i.e. addressing 

just one system such as road. For example, A RRB study on climate change impact on road 

transport in Australia (Ausroads, 2004).  

All transport sectors (national roads, local roads, rail, air and maritime) are aware of the 

impact of climate change and the potential implications on their businesses. However, there is 

little organised cross-mode knowledge transfer on r isk assessment. One of the key gaps 

identified by researchers on the effect of climate change is interdependency of transport with 

other elements of infrastructure (The Royal Academy of Engineering, 2011). The methodology 

to assess climate change risk on road transport is described in the next chapter and the 

subsequent chapters address the problem of interdependency.  
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3THE METHODOLOGY FOR IMPACT RISK 

ASSESSMENT TOWARDS ADAPTATION 
 

3.1 Preamble 

The method for assessing the impact risk of climate change, as described here, incorporates a 

decision-making technique for determining the uncertainty associated with the problem, namely, 

the likelihood of the occurrence of extreme events. This technique follows a probabilistic 

approach, the principle of which addresses the likelihood of the occurrence of events (not 

vulnerability). The estimation of the impact is, therefore, stochastic, and is captioned as 

Expected Impact Risk (EIR). The EIR method produces a scale that can be associated with the 

adaptation strategies to provide a management solution to the impacts. The methodology is 

based on the linear factor risk model (Harrington, 1987); the determination of the EIR is 

presented in detail below. While this approach applies to all types of infrastructure, regardless of 

the industry sector, the climate change index used for one industry sector will be different to the 

one used for another sector. Additionally, the indices are all based on different thresholds for 

each individual industry sector.  

 

3.2 The occurrence of climate change 

Many researchers have suggested that different approaches need to be used to estimate the 

likelihood of the occurrence of climate change, especially with regard to the occurrence of 

extreme events, such as excessive rainfall, high temperatures, etc. (IPCC, et al. , 2001a; Perkins, 

Holbrook, Pitman, Nand, & McAneney, 2007; Preston, 2005). According to Preston (2005), 

methodologies developed for climate change risk analysis, ultimately, benefit decision-making. 

As a consequence, considerable effort must be invested into ensuring that risk assessment is 

combined with societal preferences, especially in terms of the impact threshold, risk aversion, 

discounting, and risk treatment within the larger context of risk management. In addition, IPCC 

(2007) reported that the warming of the climate system is unequivocal, and confidence has 

increased that some climate variable extremes will become more frequent, more widespread, 

and/or more intense during the 21st century. This prediction has important consequences for 

Chapter Chapter 

3 
Chapter 
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society, in particular, for adaptation policies (IPCC, 2007).  

In the wake of such reported changes in extremes, a new drive has commenced to determine the 

framework under which observations and projections of climate extremes can be assessed. With 

a focus on the probability of extremes in a non-stationary climate, a workshop was held by the 

CCl/CLIVAR/JCOMM Expert Team (ET) on Climate Change Detection and Indices (ETCCDI)  

on climate change detection and indices in the Netherlands, in May, 2008. The expert team 

called for a way to determine the probability of climate variability and predictability (Peterson, 

2009). Their objective was to find a method for estimating the probability of an impact, based on 

the fundamental concept of probability, namely, the frequency of occurrence of an event, 

divided by the total number of events, over a stipulated period of time. Such measurements 

include the frequency of the occurrence of extreme events. An impact frequency and its 

probability of occurrence are random variables. Hence, if all the probability values are assigned 

to all the possible numerical frequency values, within a return period, t hey form a probability 

distribution function. Without a presumption of any specific type of stochastic distribution 

function, the sum of all the possible numerical outcomes is equal to one. In the application of 

individual numerical probability, the values are denoted by Pi, which recognises that the random 

variable can have various specific values, such as in the pilot study (Section 3.3, Table 3 1). The 

accompanying frequencies are listed in Section 3.3, Table 3 2. 

3.3 Pilot study 

As for any collection of sample and population data, such as meteorological variables, it is 

useful to describe random variables in terms of their mean and their variance. In part, this is 

because the data are usually numerous and varied. Therefore, the mean, which is a central value , 

is most commonly used to represent and describe the sample or population, together with a 

standard deviation (or square root of the variance).  

In contrast, the present study uses the long-run mean, the Expected Impact Value to predict or 

forecast future climate change impact (a random variable). The method is applied to the Bakers 

Investment climate change index. Bakers climate change index comprises daily indices, in this 

case for the month of January, 2001 (see Appendix A). This study uses the data as a pilot study 

to determine the Expected Impact Value and the risk which is shown in Tables 3-1 and 3-2. 
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occurs with the impact value 23.71 (iii). The coefficient of the variation is useful when 

comparing two or more sets of data from different locations, especially, since the value depends 

on the unit impact only; the results show which location is most widespread or risky. 

The advantage of using the expected impact risk method is that extreme values which cause 

climate change are included in the count of the frequencies as seen from the P ivotTable. Its 

weight is taken into consideration by multiplying with the likelihood of occurrence. To 

demonstrate the method using a real life example, it is applied to road infrastructure data in 

Section 3.5. 

3.5 Application to road infrastructure 

The road infrastructure example, used in the pilot study, highlights the application of the EIR 

method to produce the monthly impact and scaled risks. As discussed earlier, road infrastructure 

can be affected by climate change through excessive rainfall, and temperature, and cause 

deterioration of the pavement as shown below in Figure 3-3. 

 

 
 

Figure 3-3  Damage to A9 Raigmore Slip Road and Coastal damage, Inverness, 2002, after heavy 
rainfall. 
 

As precipitation and temperature (along with the potential evapotranspiration) are 

components of TMI, then TMI is an appropriate expression for taking into account these critical 

climate variables. Hence, it is used in the current study to model the effect of climate change on 

road performance. While other natural disasters (such as volcanoes, earthquakes, hurricanes, 

cyclones, and tsunamis) may have an influence on climatic change, TMI uses the resultant 

temperature and rainfall effects on the environment. Where deterioration occurs, remedial action 

will be required to strengthen the road infrastructure so that it can effectively cope with, or adapt 
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Table 3-3 Queensland main roads climate change indices/TMI values 
Site  QL02 Impact 

Value 1 

(100-I) 

QL04 Impact 

Value 2 

(100-I) 

QL13 Impact 

Value 3 

(100-I) 

ARRB1 Impact 

Value 4 

(100-I) 

Coordinate 152.9903 152.6819 153.0128 153.0859 

Year -26.9497 -27.5783 -26.8667 -25.9273 

1960 19 81 6 94 16 84 3 97 
1961 61 39 31 69 60 40 31 69 
1962 76 24 36 64 78 22 56 44 
1963 100 0 45 55 100 0 57 43 
1964 73 27 38 62 73 27 35 65 
1965 100 0 24 76 100 0 38 62 
1966 54 46 19 82 54 46 36 64 
1967 100 0 83 17 100 0 81 20 
1968 81 19 27 73 82 18 45 56 
1969 53 47 38 63 53 47 21 79 
1970 57 43 53 47 50 50 31 69 
1971 100 0 47 53 100 0 82 19 
1972 100 0 90 10 100 0 82 18 
1973 100 0 52 48 100 0 90 10 
1974 100 0 100 0 100 0 84 16 
1975 40 60 16 84 39 61 28 72 
1976 100 0 62 38 100 0 82 18 
1977 17 83 -16 85 19 81 16 84 
1978 83 17 24 76 77 23 36 64 
1979 11 89 11 89 12 88 0 100 
1980 41 59 32 68 42 59 47 53 
1981 66 34 61 39 63 37 40 60 
1982 49 51 28 72 53 47 35 65 
1983 100 0 66 34 100 0 82 18 
1984 48 52 22 78 49 51 33 67 
1985 85 15 24 76 81 19 35 65 
1986 71 29 0 100 67 33 16 84 
1987 69 31 25 75 69 31 33 67 
1988 100 0 87 13 98 2 55 45 
1989 100 0 63 37 100 0 76 24 
1990 82 18 54 46 82 18 44 56 
1991 43 57 35 65 43 58 6 94 
1992 100 0 47 53 100 0 71 30 
1993 61 39 -13 87 60 40 16 84 
1994 69 31 19 81 71 29 21 79 
1995 71 29 41 59 74 26 45 55 
1996 42 58 81 19 42 58 38 62 
1997 53 47 13 87 48 52 16 84 
1998 48 52 17 83 47 53 32 68 
1999 100 0 65 35 100 0 92 8 
2000 62 38 -10 90 57 43 11 89 
2001 40 60 13 87 39 61 1 99 
2002 34 66 -2 98 33 67 18 82 
2003 60 40 18 82 58 42 29 71 
2004 43 57 24 76 42 58 37 63 
2005 66 35 9 91 62 38 25 75 
2006 57 43 -2 98 54 46 23 77 
2007 100 0 10 90 100 0 42 59 
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Table 3-4   Queensland TMI with impact moving averages (TMI for LTPP sites.xls) 
Site QL02 Impact 

Value 

1 

Moving 

Average 

QL04 Impact 

Value 

2 

Moving 

Average 

QL13 Impact 

Value 

3 

Moving 

Average 

ARRB1 Impact 

Value 

4 

Moving 

Average 

Year     

1960 19 81 64 6 94 30 16 84 63 3 97 37 

1961 61 39 66 31 69 31 60 40 65 31 69 36 

1962 76 24 72 36 64 30 78 22 71 56 44 37 

1963 100 0 69 45 55 28 100 0 69 57 43 37 

1964 73 27 81 38 62 39 73 27 81 35 65 48 

1965 100 0 83 24 76 39 100 0 84 38 62 50 

1966 54 46 80 19 82 39 54 46 80 36 64 45 

1967 100 0 74 83 17 40 100 0 73 81 20 41 

1968 81 19 78 27 73 41 82 18 77 45 56 48 

1969 53 47 78 38 63 51 53 47 77 21 79 54 

1970 57 43 85 53 47 56 50 50 84 31 69 62 

1971 100 0 85 47 53 58 100 0 84 82 19 62 

1972 100 0 79 90 10 56 100 0 77 82 18 60 

1973 100 0 85 52 48 60 100 0 84 90 10 68 

1974 100 0 80 100 0 50 100 0 80 84 16 66 

1975 40 60 77 16 84 47 39 61 77 28 72 60 

1976 100 0 64 62 38 35 100 0 64 82 18 48 

1977 17 83 56 -16 85 33 19 81 56 16 84 42 

1978 83 17 51 24 76 27 77 23 50 36 64 36 

1979 11 89 52 11 89 29 12 88 52 0 100 37 

1980 41 59 52 32 68 29 42 59 52 47 53 37 

1981 66 34 57 61 39 35 63 37 57 40 60 39 

1982 49 51 57 28 72 35 53 47 57 35 65 39 

1983 100 0 66 66 34 33 100 0 65 82 18 41 
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1984 48 52 70 22 78 32 49 51 69 33 67 39 

1985 85 15 75 24 76 36 81 19 74 35 65 41 

1986 71 29 82 0 100 41 67 33 81 16 84 47 

1987 69 31 79 25 75 39 69 31 78 33 67 42 

1988 100 0 79 87 13 41 98 2 77 55 45 38 

1989 100 0 81 63 37 44 100 0 80 76 24 43 

1990 82 18 79 54 46 42 82 18 79 44 56 43 

1991 43 57 79 35 65 42 43 58 79 6 94 41 

1992 100 0 75 47 53 35 100 0 76 71 30 40 

1993 61 39 67 -13 87 38 60 40 67 16 84 34 

1994 69 31 63 19 81 32 71 29 63 21 79 30 

1995 71 29 63 41 59 29 74 26 63 45 55 34 

1996 42 58 63 81 19 32 42 58 63 38 62 37 

1997 53 47 64 13 87 32 48 52 63 16 84 36 

1998 48 52 59 17 83 31 47 53 58 32 68 34 

1999 100 0 54 65 35 25 100 0 52 92 8 30 

2000 62 38 57 -10 90 16 57 43 55 11 89 28 

2001 40 60 55 13 87 18 39 61 54 1 99 31 

2002 34 66 58 -2 98 17 33 67 56 18 82 30 

2003 60 40 52 18 82 7 58 42 49 29 71 21 

2004 43 57 57 24 76 10 42 58 55 37 63 25 

2005 66 35 0 9 91 0 62 38 0 25 75 0 

2006 57 43 0 -2 98 0 54 46 0 23 77 0 

2007 100 0 0 10 90 0 100 0 0 42 59 0 

  



75 

 
Figure 3-4   TMI values showing climate change trend at QL02 site. 
 

 
Figure 3-5   TMI values showing climate change trend at QL04 site 
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Figure 3-6   TMI values showing climate change trend at QL13 site 
 

 
Figure 3-7   TMI values showing climate change trend at ARRB1 site 
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Figure 3-8   Aerial Photo of QL13 site 
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Figure 3-9   Aerial Photo QL04 site 
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The graphic displays, presented by the dotted lines in Figures 3-4 through 3-7, show an 

obvious trend of increasing climate change, which is also erratic at the same time  as indicated 

and shown on the curves by the coefficient of determination values (r2). The coefficients of 

determination of their correlation (impact and time) confirm that the climate change impact 

indices can be attributed to the change over time. For simplicity, the standard errors of the 

coefficients of determination are not quoted here. Indeed, the eight year moving averages , 

supplied by ARRB, probably show this trend better. A physical inspection by the writer in 

December, 2009 of the roads in Queensland did not reveal any deterioration that could be 

attributed to climate change, since the roads are constantly maintained. Additionally, it was very 

difficult to separate the reasons for the road maintenance programs.  

Therefore, there is no way to unequivocally find out that the roads were adversely affected by 

the weather or climate change. Aerial photographs for two of these main roads (QL04, Warrengo 

Highway, Ipswich, and QL13, Bruce Highway, Beerburrum) are shown in Figures 3 8 and 3 9, 

respectively.  
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Table 3-5  Analysis of EIR QL 02-Part (i) 

Year
Index 
Value

Impact Value 1            
(I-100) Frequency  Probability  Expected Impact  

 Weighted 
Square 

1960 19 81 1.00 0.0833        6.7333 240.2329  
1961 61 39 1.00 0.0833        3.2333 11.3913   
1962 76 24 1.00 0.0833        2.0000 0.8051     
1963 100 0 1.00 0.0833        0.0000 61.2385   
1964 73 27 1.00 0.0833        2.2833 0.0071     
1965 100 0 1.00 0.0833        0.0000 61.2385   
1966 54 46 1.00 0.0833        3.8333 29.7413   
1967 100 0 1.00 0.0833        0.0000 61.2385   
1968 81 19 1.00 0.0833        1.5667 5.7524     
1969 53 47 1.00 0.0833        3.9083 32.6425   
1970 57 43 1.00 0.0833        3.5500 19.9993   
1971 100 0 1.00 0.0833        0.0000 61.2385   

12.00 27 586

Expected Impact 27
Highest Impact 81
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1960 1971 27 24
Expected Impact Risk 24 Scaled Risk 89%

(i)

Period

 
 

Table 3-6   Analysis of EIR QL 02-Part (ii) 

Year
Index 
Value

Impact Value 1            
(I-100) Frequency  Probability  Expected Impact  

 Weighted 
Square 

1972 100 0 1.00 0.0833        0.0000 67.5688   
1973 100 0 1.00 0.0833        0.0000 67.5688   
1974 100 0 1.00 0.0833        0.0000 67.5688   
1975 40 60 1.00 0.0833        5.0083 83.3451   
1976 100 0 1.00 0.0833        0.0000 67.5688   
1977 17 60 1.00 0.0833        5.0000 82.8188   
1978 83 17 1.00 0.0833        1.4167 10.9730   
1979 11 60 1.00 0.0833        5.0000 82.8188   
1980 41 59 1.00 0.0833        4.9417 79.1817   
1981 66 34 1.00 0.0833        2.8250 2.4526     
1982 49 51 1.00 0.0833        4.2833 43.7963   
1983 100 0 1.00 0.0833        0.0000 67.5688   

12.00 28 723

Expected Impact 28
Highest Impact 60
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1972 1983 28 27
Expected Impact Risk 28 Scaled Risk 94%

(ii)

Period
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Table 3-7   Analysis of EIR QL 02-Part (iii) 

Year
Index 
Value

Impact Value 1           
(I-100) Frequency  Probability  Expected Impact  

 Weighted 
Square 

1984 48 52 1.00 0.0833          4.3417 61.1256     
1985 85 15 1.00 0.0833          1.2333 8.6984       
1986 71 29 1.00 0.0833          2.4083 1.2567       
1987 69 31 1.00 0.0833          2.5500 2.5978       
1988 100 0 1.00 0.0833          0.0000 52.1528     
1989 100 0 1.00 0.0833          0.0000 52.1528     
1990 82 18 1.00 0.0833          1.4750 4.4611       
1991 43 57 1.00 0.0833          4.7333 84.1817     
1992 100 0 1.00 0.0833          0.0000 52.1528     
1993 61 39 1.00 0.0833          3.2750 17.0011     
1994 69 31 1.00 0.0833          2.6083 3.2900       
1995 71 29 1.00 0.0833          2.3917 1.1306       

12.00 25 339

Expected Impact 25
Highest Impact 57
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1984 1995 23 18
Expected Impact Risk 25 Scaled Risk 81%

(iii)

Period

 
Table 3-8   Analysis of EIR QL 02-Part (iv) 

 

Year
Index 
Value

Impact Value 1            
(I-100) Frequency  Probability  Expected Impact  

 Weighted 
Square 

1996 42 58 1.00 0.0833        4.8083 22.4133   
1997 53 47 1.00 0.0833        3.9250 2.8033     
1998 48 52 1.00 0.0833        4.3500 9.9008     
1999 100 0 1.00 0.0833        0.0000 142.1408  
2000 62 38 1.00 0.0833        3.1750 0.8533     
2001 40 60 1.00 0.0833        5.0250 30.0833   
2002 34 66 1.00 0.0833        5.4750 49.6133   
2003 60 40 1.00 0.0833        3.3417 0.1200     
2004 43 57 1.00 0.0833        4.7750 21.3333   
2005 66 35 1.00 0.0833        2.8750 3.8533     
2006 57 43 1.00 0.0833        3.5500 0.1408     
2007 100 0 1.00 0.0833        0.0000 142.1408  

12.00 41 425

Expected Impact 41
Highest Impact 66
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1996 2007 41 21
Expected Impact Risk 21 Scaled Risk 50%

(iv)

Period



82 

Table 3-9   Analysis of EIR QL 04-Part (i) 

 
 
Table 3-10  Analysis of EIR QL 04-Part (ii) 

Year
Index 
Value

Impact 
Value04        (I-

100)
Frequency  Probability  Expected Impact  

 Weighted 
Square 

1972 90 10 1.00 0.0833        0.8000                  161.3945      
1973 52 48 1.00 0.0833        4.0167                  2.4375          
1974 100 0 1.00 0.0833        0.0000 239.4878      
1975 16 84 1.00 0.0833        7.0333                  79.0106        
1976 62 38 1.00 0.0833        3.1417                  21.0896        
1977 -16 85 1.00 0.0833        7.0417                  79.5246        
1978 24 76 1.00 0.0833        6.3667                  43.2883        
1979 11 89 1.00 0.0833        7.4500                  106.7536      
1980 32 68 1.00 0.0833        5.7000                  18.2328        
1981 61 39 1.00 0.0833        3.2333                  18.2739        
1982 28 72 1.00 0.0833        6.0167                  28.8042        
1983 66 34 1.00 0.0833        2.8083                  33.0285        

12.00 54 831

Expected Impact 54
Highest Impact 89
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1972 1983 54 29
Expected Impact Risk 54 Scaled Risk 54%

(ii)

Period

 

Year
Index 
Value

Impact 
Value 2         
(I-100)

Frequency  Probability 
 Expected 

Impact  
 Weighted 

Square 

1960 6 94 1.00 0.0833        7.8417                  81.2934        
1961 31 69 1.00 0.0833        5.7333                  2.9337          
1962 36 64 1.00 0.0833        5.3500                  0.1481          
1963 45 55 1.00 0.0833        4.5750                  5.2890          
1964 38 62 1.00 0.0833        5.1500                  0.0948          
1965 24 76 1.00 0.0833        6.3667                  15.2626        
1966 19 82 1.00 0.0833        6.7917                  28.9334        
1967 83 17 1.00 0.0833        1.4417                  173.0268     
1968 27 73 1.00 0.0833        6.0500                  7.8948          
1969 38 63 1.00 0.0833        5.2083                  0.0112          
1970 53 47 1.00 0.0833        3.9083                  21.2445        
1971 47 53 1.00 0.0833        4.4500                  7.4681          

12.00 63 344

Expected Impact 63
Highest Impact 94
Lowest Impact 17 Expected Impact Risk
Total No of Impact 12 1960 1971 63 19
Expected Impact Risk 19 Scaled Risk 29%

(i)

Period
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Table 3-11   Analysis of EIR QL 04-Part (iii) 

Year
Index 
Value

Impact Value 
2         (I-100)

Frequency  Probability  Expected Impact  
 Weighted 

Square 
1984 22 78 1.00 0.0833        6.5000                  15.7934        
1985 24 76 1.00 0.0833        6.3667                  12.3356        
1986 0 100 1.00 0.0833        8.3333                  106.6045      
1987 25 75 1.00 0.0833        6.2833                  10.3912        
1988 87 13 1.00 0.0833        1.1083                  216.1837      
1989 63 37 1.00 0.0833        3.1000                  60.9001        
1990 54 46 1.00 0.0833        3.8500                  27.1001        
1991 35 65 1.00 0.0833        5.3833                  0.0112          
1992 47 53 1.00 0.0833        4.4000                  10.8934        
1993 -13 87 1.00 0.0833        7.2167                  41.6890        
1994 19 81 1.00 0.0833        6.7500                  23.4268        
1995 41 59 1.00 0.0833        4.9417                  2.0281          

12.00 64 525

Expected Impact 64
Highest Impact 100
Lowest Impact 13 Expected Impact Risk
Total No of Impact 12 1984 1995 59 23
Expected Impact Risk 64 Scaled Risk 39%

(iii)

Period

 
 
Table 3-12   Analysis of EIR QL 04-Part (iv) 

Year
Index 
Value

Impact Value 
2         (I-100) Frequency  Probability  Expected Impact  

 Weighted 
Square 

1996 81 19 1.00 0.0833        1.5583                  291.8067      
1997 13 87 1.00 0.0833        7.2167                  6.3438          
1998 17 83 1.00 0.0833        6.9500                  2.5438          
1999 65 35 1.00 0.0833        2.8917 155.3401      
2000 -10 90 1.00 0.0833        7.5250                  12.8651        
2001 13 87 1.00 0.0833        7.2667 7.2463          
2002 -2 98 1.00 0.0833        8.1333                  32.4230        
2003 18 82 1.00 0.0833        6.8000 1.1563          
2004 24 76 1.00 0.0833        6.3083                  0.3942          
2005 9 91 1.00 0.0833        7.5667                  13.9213        
2006 -2 98 1.00 0.0833        8.1583                  33.4167        
2007 10 90 1 0.0833        7.5000 12.2513        

12.00 78 570

Expected Impact 78
Highest Impact 98
Lowest Impact 19 Expected Impact Risk
Total No of Impact 12 1996 2007 78 24
Expected Impact Risk 24 Scaled Risk 31%

(iv)

Period
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Table 3-13   Analysis of EIR QL 13-Part (i) 

 
 
Table 3-14   Analysis of EIR QL 13-Part (ii) 

 
  

Year
Index 
Value

Impact 
Value13                 
(I-100)

Frequency  Probability 
 Expected 

Impact  
 Weighted 

Square 

1960 16 84 1.00 0.0833           7.0333 266.4133
1961 60 40 1.00 0.0833           3.3333 12.2850
1962 78 22 1.00 0.0833           1.8417 2.7632
1963 100 0 1.00 0.0833           0.0000 64.6739
1964 73 27 1.00 0.0833           2.2583 0.0479
1965 100 0 1.00 0.0833           0.0000 64.6739
1966 54 46 1.00 0.0833           3.8083 26.5271
1967 100 0 1.00 0.0833           0.0000 64.6739
1968 82 18 1.00 0.0833           1.5000 8.0989
1969 53 47 1.00 0.0833           3.9333 31.1750
1970 50 50 1.00 0.0833           4.1500 40.1197
1971 100 0 1.00 0.0833           0.0000 64.6739

12.00 28 646

Expected Impact 28
Highest Impact 84
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1960 1971 28 25
Expected Impact Risk 25 Scaled Risk 91%

(i)

Period

Year
Index 
Value

Impact 
Value13                 
(I-100)

Frequency  Probability 
 Expected 

Impact  
 Weighted 

Square 

1972 100 0 1.00 0.0833           0.0000 90.5210
1973 100 0 1.00 0.0833           0.0000 90.5210
1974 100 0 1.00 0.0833           0.0000 90.5210
1975 39 61 1.00 0.0833           5.0583 64.1333
1976 100 0 1.00 0.0833           0.0000 90.5210
1977 19 81 1.00 0.0833           6.7667 193.9382
1978 77 23 1.00 0.0833           1.8833 8.9413
1979 12 88 1.00 0.0833           7.3583 255.2250
1980 42 59 1.00 0.0833           4.8750 54.3647
1981 63 37 1.00 0.0833           3.0750 1.2947
1982 53 47 1.00 0.0833           3.9417 17.1403
1983 100 0 1.00 0.0833           0.0000 90.5210

12.00 33 1048

Expected Impact 33
Highest Impact 88
Lowest Impact 0 Expected Impact Risk
Total No of Impact 12 1972 1983 33 32
Expected Impact Risk 33 Scaled Risk 98%

(ii)

Period
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Table 3-15   Analysis of EIR QL 13-Part (iii) 

Year
Index 
Value

Impact 
Value 3                 
(I-100)

Frequency  Probability  Expected Impact  
 Weighted 

Square 

1984 49 51 1.00 0.0833           4.2333 53.1653
1985 81 19 1.00 0.0833           1.5583 3.9007
1986 67 33 1.00 0.0833           2.7167 4.1517
1987 69 31 1.00 0.0833           2.5750 2.3926
1988 98 2 1.00 0.0833           0.1917 45.0146
1989 100 0 1.00 0.0833           0.0000 54.3647
1990 82 18 1.00 0.0833           1.5333 4.2503
1991 43 58 1.00 0.0833           4.7917 85.1113
1992 100 0 1.00 0.0833           0.0000 54.3647
1993 60 40 1.00 0.0833           3.3417 17.6621
1994 71 29 1.00 0.0833           2.4500 1.2406
1995 74 26 1.00 0.0833           2.1500 0.0056

12.00 26 326

Expected Impact 26
Highest Impact 58
Lowest Impact 0 Expected Impact Risk
Total No of Impact 0 1984 1995 23 18
Expected Impact Risk 26 Scaled Risk 77%

(iii)

Period

 
 
Table 3-16   Analysis of EIR QL 13-Part (iv) 

 
  

Year
Index 
Value

Impact 
Value13                 
(I-100)

Frequency  Probability 
 Expected 

Impact  
 Weighted 

Square 

1996 42 58 1.00 0.0833           4.8000 73.7139
1997 48 52 1.00 0.0833           4.3250 48.1668
1998 47 53 1.00 0.0833           4.4000 51.8406
1999 100 0 1.00 0.0833           0.0000 64.6739
2000 57 43 1.00 0.0833           3.5750 18.8543
2001 39 61 1.00 0.0833           5.1083 93.1954
2002 33 67 1.00 0.0833           5.6000 128.9806
2003 58 42 1.00 0.0833           3.4667 15.7361
2004 42 58 1.00 0.0833           4.8083 74.2104
2005 62 38 1.00 0.0833           3.1333 7.9083
2006 54 46 1.00 0.0833           3.8583 28.3413
2007 100 0 1 0.0833           0.0000 64.6739

12.00 43 670

Expected Impact 43
Highest Impact 67
Lowest Impact 0 Expected Impact Risk
Total No of Impact 0 1996 2007 43 26
Expected Impact Risk 26 Scaled Risk 60%

(iv)

Period
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Table 3-17   Analysis of EIR, ARRB1_Part (i) 

 
Table 3-18   Analysis of EIR, ARRB1_Part (ii) 

 
  

Year
Index 
Value

Impact 
ValueARRB 

(I-100)

Frequency
 
Probability 

 Expected 
Impact  

 Weighted 
Square 

1960 3 97 1.00 0.0833       8.0750 132.0586
1961 31 69 1.00 0.0833       5.7500 11.8174
1962 56 44 1.00 0.0833       3.6833 13.8496
1963 57 43 1.00 0.0833       3.6083 15.8508
1964 35 65 1.00 0.0833       5.3833 4.6979
1965 38 62 1.00 0.0833       5.1750 2.0903
1966 36 64 1.00 0.0833       5.3500 4.2107
1967 81 20 1.00 0.0833       1.6250 117.7611
1968 45 56 1.00 0.0833       4.6250 0.2111
1969 21 79 1.00 0.0833       6.5500 38.5507
1970 31 69 1.00 0.0833       5.7250 11.2295
1971 82 19 1.00 0.0833       1.5417 124.1097

12.00 57 476

Expected Impact 57
Highest Impact 97
Lowest Impact 19 Expected Impact Risk
Total No of Impact 12 1960 1971 57 22
Expected Impact Risk 22 Scaled Risk 38%

(i)

Period

Year
Index 
Value

Impact 
ValueARRB 

(I-100)
Frequency

 
Probability 

 Expected 
Impact  

 Weighted 
Square 

1972 82 18 1.00 0.0833       1.5167 74.5839
1973 90 10 1.00 0.0833       0.8083 122.9867
1974 84 16 1.00 0.0833       1.3583 84.3584
1975 28 72 1.00 0.0833       5.9667 45.9556
1976 82 18 1.00 0.0833       1.4917 76.0872
1977 16 84 1.00 0.0833       7.0083 107.9000
1978 36 64 1.00 0.0833       5.3583 21.8250
1979 0 100 1.00 0.0833       8.3000 220.8778
1980 47 53 1.00 0.0833       4.3917 1.7506
1981 40 60 1.00 0.0833       5.0000 11.7678
1982 35 65 1.00 0.0833       5.4417 24.6056
1983 82 18 1.00 0.0833       1.4750 77.0978

12.00 48 870

Expected Impact 48
Highest Impact 100
Lowest Impact 10 Expected Impact Risk
Total No of Impact 12 1972 1983 48 29
Expected Impact Risk 48 Scaled Risk 61%

(ii)

Period
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Table 3-19   Analysis of EIR ARRB -Part (iii) 

 
Table 3-20   Analysis of EIR ARRB -Part (iv) 

 
The calculation of the expected impact values, risk and scaled risks for QLO2, QLO4, QL13, 

and ARRB are shown in Tables 3-5 to 3-20 as above. Table 3-21 is a summary of the analysis.  

Year
Index 
Value

Impact 
ValueARRB 

(I-100)

Frequency
 
Probability 

 Expected 
Impact  

 Weighted 
Square 

1984 33 67 1.00 0.0833       5.5583 1.5769
1985 35 65 1.00 0.0833       5.3833 0.4219
1986 16 84 1.00 0.0833       6.9750 37.9852
1987 33 67 1.00 0.0833       5.5500 1.5052
1988 55 45 1.00 0.0833       3.7667 24.5102
1989 76 24 1.00 0.0833       2.0333 120.0169
1990 44 56 1.00 0.0833       4.6583 3.4669
1991 6 94 1.00 0.0833       7.8250 82.9502
1992 71 30 1.00 0.0833       2.4583 89.9269
1993 16 84 1.00 0.0833       6.9750 37.9852
1994 21 79 1.00 0.0833       6.6000 23.6602
1995 45 55 1.00 0.0833       4.5667 4.7502

12.00 62 424

Expected Impact 62
Highest Impact 94
Lowest Impact 24 Expected Impact Risk
Total No of Impact 0 1984 1995 58 21
Expected Impact Risk 62 Scaled Risk 36%

(iii)

Period

Year
Index 
Value

Impact 
ValueARRB 

(I-100)
Frequency

 
Probability 

 Expected 
Impact  

 Weighted 
Square 

1996 38 62 1.00 0.0833       5.1833 2.1746
1997 16 84 1.00 0.0833       7.0083 60.7875
1998 32 68 1.00 0.0833       5.6917 10.4689
1999 92 8 1.00 0.0833       0.6833 199.1996
2000 11 89 1.00 0.0833       7.3833 82.7313
2001 1 99 1.00 0.0833       8.2667 147.7593
2002 18 82 1.00 0.0833       6.8167 50.8751
2003 29 71 1.00 0.0833       5.9000 15.6599
2004 37 63 1.00 0.0833       5.2833 3.3163
2005 25 75 1.00 0.0833       6.2250 25.8378
2006 23 77 1.00 0.0833       6.4083 32.6975
2007 42 59 1 0.0833       4.8750 0.1653

12.00 70 632

Expected Impact 70
Highest Impact 99
Lowest Impact 8 Expected Impact Risk
Total No of Impact 0 1996 2007 70 25
Expected Impact Risk 25 Scaled Risk 36%

(iv)

Period
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The results, shown in Table 3-21 and Figure 3-10, provide information on the impact patterns at 

the locations selected and the spread. These impact values apply for the period from 1960 to 

2007 (which was divided into four periods) and exhibit erratic behaviour, but do not show any 

trends. It might be useful if more data were available for the same period over a long ime. Such 

a track record would reveal whether the impact was becoming worse or staying the same; the 

differences would tell if there was the need to increase resilience. The tables show that the CV 

values at QL02 and QL13 are higher than the ones at ARRB1 and QL04. Since these locations 

are far apart, there are no correlations between the impact effects. However, the risk scale can 

access the situation at one place and compare it to another to determine the most risky location. 

However, any adaptation strategy will have to be based on the expected impact value. Further, 

the more the data is separated, the higher the difference will be from the expected impact. 

Therefore, at any location, the measured differences for the expected impact and the risk scale 

will provide useful information for the infrastructure manager in making decisions on adaptation 

strategies.  

The current study examined the trendlines lines of the Expected Impact Risk at the selected 

road locations. While there was not enough data to make any statistical conclusion (based on the 

four points), the graphs (Figure 3-11) show an upward trend at all locations. Although, these 

points show erratic patterns, the expected impact risk is a long term average and may be 

regarded as a forecast. 
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3.7 Discussion 

The above analysis, shown in Tables 3-5 to 3-8 includes probability which is considered as 

covering the likelihood of occurrence of the impacts. By calculating the frequencies of 

occurrence of the impacts, with the use of Microsoft Excel, the weight of each impact and its 

frequency of occurrence are taken into account in ascertaining the expected impact. Excel is an 

easily available tool for managers and decision makers to use to determine the likelihood of the 

occurrence on a monthly basis and, then, to calculate the expected impact. By using probabilities 

as a direct frequency for the scenarios, they are automatically included. This pilot study shows 

how a typical analysis  would be carried out. Thus, the data are based on a benchmark of 100, 

with no threshold set for the impacts. Indeed, the process can be set up in Excel, where the 

monthly values are calculated automatically, if the indices are entered. Then, the results can be 

shown graphically to illustrate the immediate future forecasts of the impacts. Once these values 

are known, the climate change effect on infrastructures can be determined and the appropriate 

adaptive measures can be implemented to make the infrastructure more resilient. With the idea 

of adaptive capacity (e1) to offset impact in Eq. (3-6), a base status of the infrastructure could be 

restored. 

3.8 Chapter summary 

In Figures 3-4 to 3-7, the TMI index shows a significant degree of variability. The index is 

superimposed upon an upward trend, representing a change in the climate that starts at the mid -

point of the time series. The coping range boundaries may lie above and /or below the average 

value of the climate variable. The vulnerability to climate, in this example, is represented by an 

upper limit or critical threshold, above which unacceptable impacts may occur (see Figure 2-4). 

The adaptation aims to reduce the vulnerability by enhancing the resilience. In addition, the 

adaptation seeks to ensure that the infrastructure can withstand the impacts, as well as 

identifying the extent to which the regimes can be used to tackle the effects of climate change or 

address the regulatory regimes of each type of road type. Further, the adaptation is expected to 

counter the increased risk that a threshold will be exceeded due to the impact. The figures also 

indicate the relationship between the management of the critical threshold, and the time taken to 

plan and implement the adaptation measures.  

Within modern society, transportation is hugely important as a key driver and enabler of 

economic growth. However, the example shown in this Section produced little evidence of how 

vulnerable these networks will be to climate change. In its simplest form, climate change impact 
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Figure 3-13 Summary of the Expected Impact Risk (EIR) methodology. 
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According to Heller 2001, the disaster relief package of $40 billion, from the federal 

government, provided only a lower bound cost estimate (Heller, 2001).  

Although the impact of climate change may not be seen as posing such imminent economic 

threats because of its slow pace, it does pose similar problem due to interdependency. For this 

reason, the potential perturbations to civil infrastructure systems are an important concern. 

Therefore, the current research extends its coverage, in this second part, to the development of a 

comprehensive framework to identify, describe and measures the risk (in economic terms). 

Specifically, the financial risk, associated with such impact due to interdependency, is addressed 

in financial terms. The previous chapters have assessed vulnerability, risk and impact on a single 

infrastructure. The risk caused by wilful attacks, accidental events, or natural causes can also set 

off a complex chain of cascading impacts on other interconnected systems. Therefore, the 

impact risk discussed here should not only be thought of as emanating from outside, but could 

also come from the network system itself. It is of interest, therefore, to consider situations where 

the impact is due to the ripple effect and not directly from the infrastructure system. Hence, 

modelling interconnectedness and dependency is a first step towards the analysis.  Before the 

problem of climate change emerged, infrastructure protection was the greatest concern due to the 

ensuing economic loss. For this reason, there have been relentless efforts to model 

interdependency in an attempt to analyse interconnectedness, and so enhance protection in the 

event of an attack from terrorists or from other natural disasters. For example, in the UK in 

2009, the Technology Strategy Board, The Centre for the Protection of National Infrastructure 

(CPN), and the Engineering and Physical Sciences Research Council (EPSRC) allocated six 

million pounds to invest in highly innovative collaborative research and development projects in 

the area of information infrastructure protection. Their decision rested on the complexity and 

interconnectedness of critical infrastructure, which had posed a challenge for modelling. Indeed, 

some researchers had postulated that such mathematical modelling may be non-existent (Brown, 

et al. , 2004). As a consequence, there has been a shortfall in the research activity and knowledge 

relating to enhancing critical infrastructure protection. In particular, the lack of knowledge about 

understanding and monitoring, as well as the subsequent improved management of complex 

interdependent infrastructures leading to enhanced security in all sectors of the  economy. 

Therefore, it was important to develop improved business resilience and the risk assessment 

services to predict and manage risks in infrastructure sectors, in addition to the acceleration of 

their deployment in the market (The Technology Strategy Board, 2009). The current research 

offers a new framework that can be used to gain complete understanding of infrastructure 

interdependency.  

At the time of writing, the search for a satisfactory model to identify, understand and analyse 
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infrastructure assessment process, particularly due to the complexity, interdependency, 

uncertainty, and adaptability of the infrastructure systems.  

4.2.2 Models of causal and generic networks 

Nevertheless, a number of approaches have been developed, which have been based on the 

general applicability of the results to model and analyse interdependencies, namely: 1) Models 

of Causal Networks, 2) Common-mode Failure Model and 3) Stationary vs. Dynamic Cascading 

Models-complex adaptive systems. However, models of causal network has been of interest and 

adapted in this study. 

4.2.2.1 Critical infrastructure networks 

Critical infrastructure networks share characteristics that are similar to other large networks, 

such as the World Wide Web. These networks have components, assets and resources whose 

states are directly dependent, in a causal sense, on the state of other components. In addition, 

several types of large networks share many properties of graphs (Boccaletti, Latora, Moreno, 

Chavez , & Hwang, 2006). For example, graph topologies with scale-free properties have been 

identified as being characteristic of graphs that model the growth of the World Wide Web, social 

networks and neural networks (Reka A & Barabasi AL, 2002). The models use graphs which 

show that a set of nodes/vertices and edges/links characterize infrastructures and their properties. 

These graphs are either an approximation of the physical configuration of the system 

components and their interconnectivity, or a description of the logical dependencies between the 

components (Rosato, Tiriticco, Issacharoff, DePorcellinis, & Setola, 2008).  In the subsequent 

paragraphs, a summary of two developed models for causal network analysis (Leontief-based 

model (LBM) and Generic cascading models (GCM) are illustrated in Figure 4-1. 

  
Leontief based model (LBM)    Generic cascading model (GCM) 

Figure  4 -1  Infrastructure Interdependency Analysis  models (Bloomfield, et al., 2009) 
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as: 

1 1

1 1
M

� § � ·
� � ¨ � ¸

� © � ¹ 

where 

1 ,  if 's flow-on consequence passes in this direction to 

0         ,  zero implies no connection or link

if a b a b
M

otherwise

�­
�o�°� �®

�°
�¯

 

 

 
Equation 4-1  
 

 

 

The major advantage of using matrix representation is that complex, multilayered intertwined 

connections can be reduced to multi-binary relationships and with the aid of computer any 

system of infrastructures can be analysed. The calculation of paths and cycles (network) can 

easily be performed using well known operations of matrices. The disadvantage , however, is 

that this form of representation takes away the visual aspect of graphs unless it is programmed to 

show on a computer. A computer can perform and show any graph of any number of 

infrastructures as well as perform any matrix operations required for any analysis.  

In considering the following set of critical infrastructures , for example, a set of infrastructure 

A (in which the infrastructures are identified as a, b, c, d and e), its connectivity or adjacency 

matrix is represented by the matrix below. 

 

1

0 1 0 1 1
0 1 0 1 1

1 0 1 1 0
1 0 1 1 0

0 0 0 1 1
0 0 0 1 1

1 0 1 0 1
1 0 1 0 1

0 0 0 0 0
0 0 0 0 0

a b c d e

a

b
M

c

d

e

� ª � º
� ª � º� « � »
� « � »� « � »
� « � »� « � »
� « � »�  �  � « � »
� « � »� « � »
� « � »� « � »
� « � »� « � »� ¬ � ¼� « � »� ¬ � ¼

 

 

 

Equation 4-2  
 

 

It can be seen from Eq. (4-2) that if a path of length 1 exists from one infrastructure to 

another (i.e. the two infrastructures are adjacent); there must be an entry of 1 in the 

corresponding position in the matrix. For example, from the infrastructure a, we can reach 

infrastructure b, d, and e. Therefore, we have a corresponding entry of 1 in the matrix in the first 

row and the second, fourth and fifth columns.  
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Figure 4-9   Network of critical infrastructures system showing impact and connectivi ty  
 

As explained earlier, the matrix defining connectivity is the adjacency matrix which is: 
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M  

 

 

Equation 4-3  
 

 

 

The adjacency matrix M1 of the network is shown above. This matrix represents a first order 

impact from any infrastructure system to the closest interdependent system. All infrastructure 

systems with unit connectivity are in the reach of first order effects. If there is any impact on any 

of those elements M1 will identify first order effect. Similarly, M2 identifies number of elements 

in second order effect. Hence number of elements affected from impact can be ascertained.  In 

general to determine number of elements affected in a network is to generate a matrix to show 

nth order effect. That is to take the matrix of (n-1) the order and multiply it by the matrix of 

order 1. The list of the second order effect is shown on the side of the matrix M2 
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5IMPACT RISK TRANSFER IN 

INFRASTRUCTURE SYSTEMS 
 

5.1 Preamble 

The consequences of climate change impact due to interdependency in a network system are 

presented in this chapter. The analysis, described here, is equally applicable to other impacts 

(e.g. disruptions, attacks and natural disasters). Such applications are possible as the economic 

risks and the costs associated with interdependency have been identified by the study. For 

example, Chapter 3, outlined how risk management integrates the recognition of the risk 

assessment, the development of strategies to manage the risk, and its mitigation using 

managerial resources. Determining the consequence of a risk is, therefore, an important step in 

the risk management of engineering systems.  

Kaplan and Garrick (1981) described risk assessment as consisting of three sta ges: 1) 

determining what can go wrong; 2) the likelihood that it would go wrong; and 3) the 

consequences. Hence, at this point in the discourse (stage 3), and following the risk assessment, 

it is imperative to determine the consequence of climate change (or any other impact) on an 

infrastructure. While, the consequence of a direct impact on a system may not be difficult to 

assess, the flow-on, as a result of interconnectedness, has been a real challenge.  

For example, the risk of an impact stemming from physical action, such as an attack, accident 

or natural disaster, has been estimated in terms of inoperability. Inoperability has been defined 

as the inability of the system to perform its intended natural or engineered functions (Crowther 

& Haimes, 2005). Others have estimated risk as a financial loss by utilising vulnerability 

coefficients (Owusu, et al., 2010) . One reason for the divergent definitions revolves around the 

different scenarios used for assessing risk impacts for a range of infrastructure systems. As a 

result, an impact value in one infrastructure sector differs from another and, therefore, cannot be 

compared or manipulated algebraically without converting consequences or magnitudes to the 

same units. However, a common unit would allow any analysis of risk or impact transfer to be 

dealt on the same scale. For this reason, the analysis of impact or risk transfer presented here is 

described in monetary units.  

Traditionally, risk has been estimated as additional costs in dollars to the cost of the as- 

planned operation or production. Hence, it is not unreasonable to use dollars as the unit for all 

types of impact risk. The dollar unit, additionally, enables the analogous application of the input-

output methodology, which enables the transfer of risk to be explicit and meaningful. 

Chapter Chapter 
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Equation 5-11 

 

A sector may have links to several other sectors, while an impact that is propagated to that 

sector depends on the vulnerability of the sector to the sources of the impacts. Therefore, the 

impacts coming from the various links are not necessary the same value. Further, the total 

impact is a summation of all the impacts from all the links. Hence, the proportion of an impact 

from a link to the total impact defines the vulnerability coefficient factor. This concept is 

extended beyond the economic transactions into any context. For this reason, the vulnerability 

coefficient is defined as the proportion of loss attributed to a link, taking into consideration the 

summation of its total vulnerability to all impacts : 

 

ij ij iv w x�  Equation 5-12 
 

The w terms on the right-hand side of the equation represents the impacts that are propagated 

among the dependent systems. The entire right-hand side of the terms in the equation may also 

represent a ll of the rippled effects. Wij is impact of infrastructure i, with respect to j; ri , being an 

external impact so that the total risk output of infrastructure i remains xi. The concept is 

illustrated in the diagrams below, Figure 5-5 and 5-6 
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Figure 5-5   Structure of infrastructure interdependency 
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conceptually extended to cover multi-interdependent infrastructure systems in a real life 

situation. The results were obtained by the basic mathematical solution of matrix equations. The 

rudiments of the transfer were obtained using manual iteration. The iterative process revealed 

that the impact risk is attributed to network interdependency; further, it distinguishes the impacts 

that emanates from the external sources. However, the solution to the equations involving a 

higher (i.e. greater than three) number of infrastructure sectors is not a task for unaided human 

computation. 

5.4 Input-output impact risk method (IRM) 

5.4.1 Basic Assumptions 

By using the basic model blocks described in Section 4-4, a network system, comprising of 

interdependent relationship, is constructed in Figure 5-7. The double ended arrows represent 

dependency in both directions (as interdependency is bi-directional). Later, the interdependency 

is separated into dependent, independent and interdependent relationships; the details of the risk 

transfers, in both directions, are described in the subsequent paragraphs.  

The following example contains a network of six infrastructure systems. In the equation, A 

represents a set of six infrastructure systems (A = [a, b, c, d, e, f]). An interdependent link, 

involving two systems (a, b), is considered as a subset of the network. The connectivity set is 

described by the set: R = [(a, a), (a, b), (b, a), (b, b)]. The adjacency matrix, required to identify 

the links in this relationship and the first order effect, is expressed in Eq. 5-18: 
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M
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Equation 5-18 
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Table 5-3   Impact risk due to dependency (See Scenario 6, Table 5-5) 
 Source 

of Impact 

 Aggregated 

Impact 

 Impact 

 Risk 

r1 =$3.5m x1 = 3.98m  0.48 

r2 = 0 x2 = 0.90  0.90 

 

The increase of $0.48 (from r1 to r2) results from the self-impact on system 1. In system 2, the 

impact $0.90 is exclusively due to the dependency on the system 1. 

 
Rudiments of the impact of risk transfer in dependent relationships. 

 

Manual iteration shows how the impact risks are transferred, as shown in the following flow 

chart diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-10   Impact risk transfer in dependent connection between infrastructure systems.  
 

As seen from Figure 5-10, the transfer of impact from a1 to b2 occurs via v21x1, with the 

resultant impact to b2 being x2. Therefore, the risk associated with the dependency is taken as 

v21x1, while v12x2 is the proportion of x2 that would have been transferred back to a1 if v12 was not 

equal to zero. In this scenario, shown in Fig 5-11, v12 = 0; the external impact on infrastructure a1 

is $3.5m. The impact risk transfer to infrastructure b2 is taken as $0.84m. There is no reverse 

impact risk transfer to a1. 
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A summary of the analysis is shown in Table 5-5 below. 

 

Table 5-5   Analysis of impact risk of two interdependent infrastructures.  

Scenarios 
Impacts($m) 

Risk vulnerability 

factors  
Rippled Impact Risks($m) 

r1 r2 v12 v21 x1 e1 x2 e2 

1 0.00 0.00 0.23 0.21 0.00 0.00 0.00 0.00 

2 0.00 3.50 0.00 0.21 0.00 0.00 3.76 0.26 

3 0.00 1.00 0.23 0.21 0.30 0.30 1.14 0.14 

4 1.00 0.00 0.23 0.21 1.21 0.21 0.27 0.27 

5 3.50 0.00 0.23 0.00 3.98 0.48 0.00 0.00 

6 3.50 0.00 0.00 0.21 3.98 0.48 0.90 0.90 

7 0.00 3.50 0.23 0.21 1.05 1.05 4.00 0.50 

8 3.50 0.00 0.23 0.21 4.23 0.73 0.95 1.45 

9 3.50 3.50 0.23 0.21 5.27 1.77 4.95 1.45 

10 16.00 12.00 0.23 0.21 22.91 6.91 18.08 6.08 

 

Impact scenarios 

 

Table 5-5 shows the scheduled scenarios in column one, as they related to rows one to ten for 

the impacts, the risk vulnerability factors, and the rippled impact risks. Each scenario defines 

different values of the impacts for r1 , r2, v the vulnerability coefficients v12, v21, and the 

corresponding effects X1 and X2. . For example , in row 1, r1 = r2 = 0, as a consequence, there is no 

external impact or disruption on systems 1 or 2. Hence, the aggregated impact values X1 = X2 = 0 

(therefore, scenario 1 serves as a control). The purpose of these scenarios was to study the effect 

of changes in the impact values when the vulnerability variables change.  

Scenario 9 presents some interesting results which are worth closer attention. When the 

impact from each infrastructure is the same, i.e. r1 = r2 = 3.5. Thus, the aggregated impacts are X1 

= 5.27, which is equal to 1.05 + 4.23, and X2 is equal to 4.00 + 0.95 = 4.95. These results include 

the additions for r2 = 3.5, r1 = 0 (scenario 7), and for r1 = 3.5 and r2= 0 (scenario 8). Therefore, it 

can be inferred that the impacts are cumulative, or can be summed algebraically. 
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Varying strength of interdependency 

 

The vulnerability coefficients define the type of relationship or interdependency between the 

infrastructure systems, namely, is it dependent, independent or interdependent. Zero coefficients 

equal an independent relationship and, when used in one direction only, it implies dependency in 

the opposite direction. The value of the coefficient determines the extent of the dependency and 

the ranges from zero to 1. In the above table (Table 5-5), the coefficients (vij) were changed and 

using different impact loads (r1 and r2); the corresponding outputs (xi) were noted in each row. 

Such arrangement offers the opportunity to change a relationship while investigating different 

impact loads.  

 

Varying infrastructure resilience 

 

Infrastructure resilience to external and internal impacts, due to the impact, are characterised 

by their vulnerability coefficient, designated as vii. By varying the values between 1 and zero, the 

variation of the impact to resilience of a system can be determined, as shown in Figure 5-13 and 

in Table 5-5. 

 

Rudiments of impact risk transfer in interdependent relationship. 

 

The manual iteration, illustrated in the flow chart (Figure.5-14), highlights the details of the 

stages in the computation of the impact transfers between the two infrastructure systems. The 

vulnerability matrix, Eq. (5-19), and the external impacts are: r1 = r2 = $3.5m (see scenario 9 in 

Table 5-5). The solution of the matrix for Eq. (5-20) was calculated by the algebraic method; the 

iteration reveals the rudiments of the impact transfer, as shown in Figure 5-14. 
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Equation 5-26 
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The manual iteration, described above, allows an understanding of the transfer of an impact 

between the interdependent systems, while also displaying the ripple effect of risk in a flow 

chart. From Figure 5-14, it can be seen that the impacts from the network are due to 

interdependency, which can be distinguished from the impact from the external source or from 

any internal disruption. The aggregated impact risk is the sum of the following values (identified 

in Figure 5-14 with a tick (�¥)).  

 

The impact due to interdependency is distinguished as e1 in Table 5-5. 

Similarly; 
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Figure 5-14   Impact risk transfer between two interdependent systems  
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5.4.4 Impact risk among multi- interdependent systems 

To illustrate an impact risk transfer in a multi-interdependent system, the model (shown in 

Figure 5-12) has been expanded to include six infrastructure systems, as shown in Figure 5-15. 

In this example, a subset of three infrastructure systems was analysed. Three systems were used 

as the solution for equations with three systems or more. More than three equations involve 

solution of simultaneous equations of a higher degree. Such a task requires computer-aided 

computations. The technique used to determine the ripple effect in a network consisting of any 

number of infrastructures will be the same as the one used in this example, except that the matrix 

dimensions are equal to the number of systems in the network. The hypothetical data given 

below, in Table 5-7, are used for three infrastructure sectors in an economy shown Figure 5-15. 

When assessing an interdependent relationship involving three independent systems in a 

network of critical infrastructures, the relationship can be expressed as: R = [(a1, a1), (a1, b2), (b2, 

a1), (b2, b2), (c3, c3) (a1, c3), (c3, a1), (b2, c3), (c3, b2)], where a1 =  Water supply,  b2 = Electricity 

supply and c3 = Telecommunication. The interdependency (adjacency) matrix M is: 

 

 

1 1 1

1 1 1

1 1 1

� ª � º
� « � »
� « � »
� « � »� ¬ � ¼

M =   

 
Equation 5-27 

 
Figure 5-15  Infrastructure network system, a subset of three interdependent infrastructures systems. 
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A map of the network system, shown in Figure 5-15 above, highlights, in bold, the subset of 

three interconnected systems. A subset of this size is manageable for a manual matrix 

computation.  

The table of vulnerability coefficients is shown in Table 5-6, where. v11 = 0.11, v12 = 0.31, v13 = 

0.61, v21 = 0.22. v22 = 0.13, v23 = 0.23, v31 = 0.15. v32 = 0.18 and v33 = 0.55. 

 

Table 5-6   Vulnerability coefficient values for three interdependent systems in an economy 

 

Water supply 

(a1) 

Electricity 

supply (b2) 

Telecommunication 

(c3) 

Water supply (a1) 0.11 0.31 0.61 

Electricity supply (b2) 0.22 0.13 0.23 

Telecommunication (c3) 0.15 0.18 0.55 

 

Thus, 

 

11 12 13

21 22 23

31 32 33

0.11 0.31 0.61

V 0.22 0.13 0.23

0.15 0.18 0.55

v v v

v v v

v v v

� § � ·� § � ·
� ¨ � ¸� ¨ � ¸�  � Ÿ� ¨ � ¸� ¨ � ¸

� ¨ � ¸� ¨ � ¸
� © � ¹� © � ¹

 

 
Equation 5-28 

 

Again, a Microsoft Excel spreadsheet was used in the analysis to provide instant answers. The 

key determinants, such as vulnerability coefficients, infrastructure resilience and impact, if 

varied, alter the effect of the changes, can be determined instantly. The analysis included 

variations in the vulnerability coefficients to identify the variations in the interdependency, 

impact values and resilience following system impacts. The results of the analysis are shown in 

Figure 5-16., while the general equation solution is : 

 

1 1 1

2 2 2

3 3 3

0.11 0.31 0.61

0.22 0.13 0.23

0.15 0.18 0.55

x x r

x x r

x x r

�§ �· �§ �· �§ �·� § � ·
�¨ �¸ �¨ �¸ �¨ �¸� ¨ � ¸�  � ��¨ �¸ �¨ �¸ �¨ �¸� ¨ � ¸

� ¨ � ¸�¨ �¸ �¨ �¸ �¨ �¸
� © � ¹�© �¹ �© �¹ �© �¹

 
 

Equation 5-29 
 

 

These results, presented in Table 5-16 below, were obtained by inputting the mathematical 

solution of a 3 x 3 matrix. The manual computation of the ripple effect in the multi-

interdependent relationship can be a tedious procedure, as illustrated in the above flow chart 

(Figure 5-14). Additionally, the iterative process can be lengthy if there are more than two 

infrastructure systems and they are interdependent. Such a case would require the aid of a digital 

v11

r2

v22
X2 X3

X1

r1

r3

v12 v13
v21

v23

v33

v31

v32

v11

r2

v22v22
X2X2 X3X3

X1

r1

r3

v12 v13
v21

v23

v33

v31

v32
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computer (as noted previously). Complicating the situation further is the inclusion of a 3 x 3 

matrix computation involving three infrastructures which require the evaluation of a 3 x 3 

determinant and a cubic equation. The manual procedure for the analysis, shown in Figure 5-16, 

was done in a spread sheet (see Table 5-7). Similarly, an n-dimensional case involving n-number 

of infrastructures requires the evaluation of an n x n determinant, with the solution of the 

equation being the nth degree. 
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Figure 5-16   Spreadsheet analysis of scenarios  
  

Water Supply a 1 X 1

Electric supply b 2 X 2

Telecommunication c3 X 3

a 1 b 2 c 3 CCimpact

a 1 0.11 0.31 0.61 0.50 r 1

b 2 0.22 0.13 0.23 0.00 r 2

c3 0.15 0.18 0.55 0.00 r 3

a 1 b 2 c 3

a 1 0.11 0.31 0.61 0.50 1.03

b 2 0.22 0.13 0.23 0.00 0.58

c3 0.15 0.18 0.55 0.00 0.88

0 1 2 3 4 5 6

r 1 0.00 0.00 3.50 0.00 3.50 1.00 0.00

r 2 0.00 3.50 0.00 0.00 3.50 1.00 0.00

r 3 0.00 0.00 0.00 3.50 3.50 1.00 1.00

X 1 0.00 5.24 7.36 12.66 25.26 7.22 3.62

X 2 0.00 6.50 2.81 7.13 16.43 4.69 2.04

X 3 0.00 4.35 3.58 14.85 22.77 6.51 4.24

v 12 0.31 0.00 0.31 0.31 0.31 0.31 0.31

v 21 0.22 0.22 0.00 0.22 0.22 0.22 0.22

v 13 0.61 0.61 0.61 0.00 0.61 0.61 0.61

v 31 0.15 0.15 0.15 0.15 0.00 0.15 0.15

v 23 0.23 0.23 0.23 0.23 0.23 0.00 0.23

v 32 0.18 0.18 0.18 0.18 0.18 0.18 0.00

X 1 0.00 1.85 5.54 0.92 16.38 5.47 2.65

X 2 0.00 5.20 0.55 2.65 11.43 2.53 1.49

X 3 0.00 2.70 2.06 9.15 12.35 5.06 3.10

v 11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

v 22 0.13 0.13 0.13 0.13 0.13 0.13 0.13

v 33 0.55 0.55 0.55 0.55 0.55 0.55 0.55

X 1 0.00 1.85 5.54 0.92 16.38 5.47 2.65

X 2 0.00 5.20 0.55 2.65 11.43 2.53 1.49

X 3 0.00 2.70 2.06 9.15 12.35 5.06 3.10

IMPACT SCENARIOS

VARY STRENGTH OF INTERDEPENDENCY

VARY INFRASTRUCTURE  SYSTEMS RESILIENCE

RIPPLED IMPACT RISKS

Total Vul. 
Coeff.

Infra Systems

 Infra 
Elements

Example: 5.3

Source of 
CCI Risk

Vulnerability  Coefficient
Impact 
Risk

impact

v11

r2

v22 X2 X 3

X1

r1

r3

v
12 v

13
v

21

v 23

v 33

v 32

v11

r2

v22v22 X2X2 X3X3

X1

r1

r3
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12v
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Table 5-7   Manual computation in excel spreadsheet 

  
Figure 5-16   Spreadsheet analysis of scenarios  
  

0.00
-0.03 (I-V)
0.01 0.89 -0.31 -0.61

-0.01 -0.22 0.87 -0.23
-0.15 -0.18 0.45

0.11 0.13 0.23 -0.31 0.22 0.23 0.61 0.22 0.13
0.18 0.55 0.15 0.55 0.15 0.18

0.00 -0.03 0.01
Total = -0.01 =>  OK

0.87 -0.23 - -0.22 -0.23 -0.22 0.87
-0.18 0.45 -0.15 0.45 -0.15 -0.18

- -0.31 -0.61 0.89 -0.61 - 0.89 -0.31
-0.18 0.45 -0.15 0.45 -0.15 -0.18

-0.31 -0.61 - 0.89 -0.61 0.89 -0.31
0.87 -0.23 -0.22 -0.23 -0.22 0.87

0.89 0.87 -0.23 0.31 -0.22 -0.23 -0.61 -0.22 0.87
-0.18 0.45 -0.15 0.45 -0.15 -0.18

0.31 -0.04 -0.10
Total = 0.17

=>  OK

0.35 0.13 0.17 0.35 0.25 0.60 0.50
6.01

= 0.25 0.31 0.21 0.13 0.31 0.34 x 0.00

0.60 0.34 0.71 0.17 0.21 0.71 0.00

0.18 x 1 1.05

X 1 = 6.01 0.07 = x 2 0.40

0.09 x 3 0.51

0.35 0.25 0.60 0.00

6.01 0.13 0.31 0.34 x 2.00

0.17 0.21 0.71 0.00

0.50 3.00

6.01 0.62 = 3.71

0.41 2.48

The value of represent the impact to the  infrastructure 

1.05 3.00 4.05

= 0.40 + 3.71 = 4.11

0.51 2.48 2.99

0.35 0.25 0.60 3.00

6.01 0.13 0.31 0.34 x 3.80

0.17 0.21 0.71 1.50

2.90 17.43

6.01 2.08 = 12.52

2.35 14.15

The value of represent the impact to the  infrastructure 

1.05 17.43 18.48

= 0.40 + 12.52 = 12.92

0.51 14.15 14.66

(I-V) Adjoint

Determinant (V)

Inverse(I-V)=

Minors (I-V)





14
4 

T
ab

le
 5

-9
  E

xt
ra

ct
: i

np
ut

-o
ut

pu
t f

in
al

 u
se

 a
nd

 s
up

pl
y 

by
 p

ro
du

ct
 g

ro
up

, i
nt

ra
-in

du
st

ry
 fl

ow
s 

10
9 

in
du

st
ri

es
. 

 



14
5 

T
ab

le
 5

-1
0 

 D
er

iv
ed

 v
ul

ne
ra

bi
lit

y 
co

ef
fic

ie
nt

s 
ba

se
d 

on
 in

pu
t b

y 
in

du
st

ry
 a

nd
 fi

na
l u

se
 in

tr
a-

in
du

st
ry

 fl
ow

s,
 1

09
 in

du
st

ri
es

 (T
ab

le
 5

-9
). 

 

A
u

st
ra

lia
n 

B
ur

ea
u 

o
f S

ta
ti

st
ic

s
 

52
09

.0
.5

5.
00

1 
A

us
tr

al
ia

n 
N

at
io

na
l A

cc
ou

nt
s

: I
np

ut
-O

ut
p

ut
 T

ab
le

s 
- 

El
ec

tr
on

ic
 P

u
bl

ic
at

io
n 

20
04

-0
5 

R
el

ea
se

d 
at

 1
1.

30
am

 (
C

an
be

rr
a 

tim
e)

 1
9 

N
ov

em
be

r 
20

08
 

Ta
b

le
 2

. 
U

S
E

 T
AB

L
E

 -
 I

N
P

U
T 

B
Y 

IN
D

U
S

TR
Y 

AN
D

 F
IN

AL
 U

S
E

 C
A

TE
G

O
R

Y 
AN

D
 S

U
P

P
L

Y 
B

Y 
P

R
O

D
U

C
T 

G
R

O
U

P
 

IN
D

IR
E

C
T 

A
LL

O
C

A
TI

O
N

 O
F

 I
M

P
O

R
T

S
, 

B
A

S
IC

 P
R

IC
E

S
, 

R
E

C
O

R
D

IN
G

 IN
TR

A
-I

N
D

U
S

TR
Y

 F
LO

W
S

, 
10

9 
IN

D
U

S
TR

IE
S
 

($
m

ill
io

n)
 

U
S

E
 

12
0

1
 

25
0

1
 

36
0

1
 

37
0

1
 

61
0

1
 

71
0

1
 

73
0

1
 

F
in

al
 U

s
es

 
T

o
ta

l 
O

il 
an

d
 g

as
 

P
et

ro
le

um
 a

nd
  

co
al

 p
ro

du
c

ts
 

E
le

ct
ri

ci
ty

  
su

pp
ly
 

W
at

er
 s

up
pl

y;
  

se
w

er
ag

e 
a

nd
  

dr
ai

na
g

e 
 

se
rv

ic
es

 

R
oa

d 
tr

an
s

po
rt
 

C
om

m
un

ic
at

io
n 
 

se
rv

ic
es

 
B

an
ki

ng
 

T
o

ta
l  

In
d

u
st

ry
  

U
se

s 
 

(Q
1 

to
 Q

7)
 

V
u

ln
er

ab
il

it
y 

 

C
o

ef
fi

ci
en

t 

S
U

P
P

L
Y
 

T4
 

T5
 

T6
 

12
0

1
 

O
il 

an
d

 g
as

 
0.

0
18

0
70

36
 

0.
4

57
1

07
32

 
0.

0
32

7
86

07
 

0.
0

00
0

00
00

 
0.

0
00

1
49

25
 

0.
0

02
7

22
10

 
0.

0
00

0
07

11
 

0.
6

70
7

53
38

 
0.

3
29

2
46

62
 

  1
 

25
0

1
 

P
et

ro
le

um
 a

nd
 c

oa
l 

pr
od

uc
ts
 

0.
0

05
1

41
74

 
0.

0
23

4
62

29
 

0.
0

13
2

46
57

 
0.

0
04

1
18

38
 

0.
1

27
4

41
61

 
0.

0
18

3
95

44
 

0.
0

00
0

10
70

 
0.

6
67

7
12

60
 

0.
3

32
2

87
40

 
  1

 
36

0
1
 

E
le

ct
ri

ci
ty

 s
up

pl
y 

0.
0

03
5

85
37

 
0.

0
01

6
79

22
 

0.
1

69
9

69
14

 
0.

0
10

4
70

18
 

0.
0

03
0

40
76

 
0.

0
12

9
39

09
 

0.
0

00
1

58
85

 
0.

6
69

8
42

06
 

0.
3

30
1

57
94

 
  1

 
37

0
1
 

W
at

er
 s

up
pl

y;
 s

ew
er

ag
e 

an
d

 d
ra

in
ag

e 
se

rv
ic

es
 

0.
0

00
1

10
13

 
0.

0
01

4
31

72
 

0.
0

06
5

30
84

 
0.

0
35

9
69

16
 

0.
0

20
1

76
21

 
0.

0
20

6
05

73
 

0.
0

00
0

55
07

 
0.

5
14

8
34

80
 

0.
4

85
1

65
20

 
  1

 
61

0
1
 

R
oa

d 
tr

an
s

po
rt
 

0.
0

01
2

21
98

 
0.

0
01

9
63

37
 

0.
0

04
9

23
08

 
0.

0
01

4
03

66
 

0.
0

47
2

11
72

 
0.

0
14

6
40

29
 

0.
0

00
1

26
01

 
0.

5
37

3
33

33
 

0.
4

62
6

66
67

 
  1

 
71

0
1
 

C
om

m
un

ic
at

io
n 

se
rv

ic
es

 
0.

0
00

6
32

16
 

0.
0

01
3

89
85

 
0.

0
07

0
99

46
 

0.
0

02
3

76
20

 
0.

0
23

6
34

24
 

0.
0

27
4

20
48

 
0.

0
06

3
82

12
 

0.
6

72
0

10
13

 
0.

3
27

9
89

87
 

  1
 

73
0

1
 

B
an

ki
ng

 
0.

0
02

7
19

42
 

0.
0

00
5

20
61

 
0.

0
18

1
08

04
 

0.
0

10
7

79
69

 
0.

0
06

1
64

64
 

0.
0

11
8

88
28

 
0.

0
22

9
37

47
 

0.
5

69
1

67
64

 
0.

4
30

8
32

36
 

  1
 

T
o

ta
l I

n
te

rm
ed

ia
te

 U
s

e
 

 3
 1

44
 

 1
5 

80
7
 

 1
4 

04
9
 

 4
 1

38
 

 1
9 

21
0
 

 2
3 

32
3
 

 5
 8

54
 

 8
9

1 
2

25
 

1 
0

20
 4

8
7
 

1 
9

11
 7

1
2
 

P
1
 

C
O

E
 

 1
 1

07
 

  6
1

6
 

 3
 5

21
 

 2
 2

56
 

 7
 9

72
 

 7
 9

00
 

 1
0 

75
2
 

 4
3

1 
1

18
 

  0
 

 4
3

1 
1

18
 

P
2
 

G
O

S
 

 1
4 

08
6
 

 1
 5

16
 

 9
 1

42
 

 4
 0

85
 

 5
 4

49
 

 1
5 

45
3
 

 1
4 

86
0
 

 3
6

4 
7

26
 

  0
 

 3
6

4 
7

26
 

P
3
 

T
ax

es
 le

ss
 s

ub
si

di
es

 o
n 

pr
od

uc
ts
 

- 
 9

6
 

  1
8
 

  1
8

1
 

  9
4
 

  2
5

8
 

  3
8

8
 

  2
7

8
 

 1
4 

35
0
 

 6
1 

43
2
 

 7
5 

78
2
 

P
4
 

O
th

er
 t

a
xe

s
 le

ss
 s

ub
si

di
es

 o
n 

pr
o

du
ct

io
n
 

  1
2

0
 

  4
5
 

  4
5

6
 

- 
 1

01
 

 1
 0

84
 

  5
4

9
 

  9
8

2
 

 2
6 

01
6
 

  0
 

 2
6 

01
6
 

P
5
 

C
om

pl
em

en
ta

ry
 im

po
rt

s
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

A
u

st
ra

lia
n

 P
ro

d
u

ct
io

n
 

 1
8 

36
1
 

 1
8 

00
2
 

 2
7 

34
9
 

 1
0 

47
2
 

 3
3 

97
3
 

 4
7 

61
3
 

 3
2 

72
6
 

1 
7

27
 4

3
5
 

1 
0

81
 9

1
9
 

2 
8

09
 3

5
4
 

P
6
 

C
om

p
et

in
g

 I
m

p
or

ts
 

 9
 9

09
 

 5
 8

98
 

  1
0
 

  1
7
 

  9
4

9
 

 1
 0

92
 

  2
4

9
 

 1
8

4 
2

77
 

 5
 9

11
 

 1
9

0 
1

88
 

T
3 

T
o

ta
l u

se
s
 

 2
8 

27
0
 

 2
3 

90
0
 

 2
7 

35
9
 

 1
0 

48
9
 

 3
4 

92
2
 

 4
8 

70
5
 

 3
2 

97
5
 

1 
9

11
 7

1
2
 

1 
0

87
 8

3
0
 

2 
9

99
 5

4
2
 

V
1
 

G
ro

ss
 v

al
u

e 
a

dd
ed

 (
P

1+
P

2+
P

4)
 

 1
5 

31
3
 

 2
 1

77
 

 1
3 

11
9
 

 6
 2

40
 

 1
4 

50
5
 

 2
3 

90
2
 

 2
6 

59
4
 

 8
2

1 
8

60
 

G
D

P
  G

ro
ss

 d
o

m
es

ti
c

 p
ro

d
u

ct
 

 8
9

7 
6

42
 

(T
ot

al
 V

1
 +

 T
ot

al
 P

3)
 





14
7 

    T
ab

le
 5

-1
1 

V
ul

ne
ra

bi
lit

y 
fa

ct
or

 e
st

im
at

io
n 

fo
r 

B
an

ki
ng

 a
nd

 F
in

an
ce

. 
U

se
 

12
01

 
25

01
 

36
01

 
37

01
 

61
01

 
71

01
 

73
01

 
To

ta
l 

In
du

st
ry

 

U
se

s  

T4
 

Fi
na

l U
se

s 
To

ta
l 

  

Su
pp

ly
  

O
il 

an
d 

ga
s 

Pe
tro

le
um

 

an
d 

co
al

  

El
ec

tri
ci

ty
 

su
pp

ly
 

W
at

er
 

su
pp

ly
; s

/w
 

R
oa

d 

tra
ns

po
rt 

C
om

m
un

ic
a

tio
n 

se
rv

ic
es

 

B
an

ki
ng

 
  T5

 

Su
pp

ly
 

(T
4 

+ 
T5

) 

T6
 

73
01

 

B
an

ki
ng

 
89

 
17

 
59

1 
35

2 
20

1 
38

8 
74

9 
 1

8 
58

6 
14

 0
68

 
32

 6
54

 

V
ul

ne
ra

bi
lit

y 

fa
ct

or
s 

0.
00

27
2 

0.
00

05
2 

0.
01

81
1 

0.
01

07
8 

0.
00

61
6 

0.
01

18
9 

0.
02

29
4 

0.
56

91
7 

0.
43

08
3 

1 

  N
ot

e:
 T

he
 to

ta
l v

ul
ne

ra
bi

lit
y 

of
 1

 is
 f

or
 th

e 
to

ta
l 1

09
 in

du
st

ry
 s

ec
to

rs
. T

he
 v

ul
ne

ra
bi

lit
y 

fa
ct

or
s 

sh
ow

n 
in

 T
ab

le
 5

-1
1 

ar
e 

fo
r 

th
e 

su
bs

et
 o

f s
ev

en
 

in
du

st
rie

s 
on

ly
 a

nd
 th

er
ef

or
e 

th
e 

to
ta

l w
ill

 n
ot

 b
e 

1.
 

 



14
8 

T
ab

le
 5

-1
2 

M
at

ri
x 

ta
bl

e 
of

 v
ul

ne
ra

bi
lit

y 
co

ef
fic

ie
nt

 fa
ct

or
s 

fo
r 

th
e 

se
ve

n 
in

du
st

ry
 s

ec
to

rs
. 

 
U

se
 

Su
pp

ly
 

O
il 

an
d 

ga
s 

(x
1)

 

Pe
tro

le
um

 &
 

co
al

 (x
2)

 

El
ec

tri
ci

ty
 

su
pp

ly
 (x

3)
 

W
at

er
 su

pp
ly

 

s/
w

/d
 (x

4) 

R
oa

d 
tra

ns
-

po
rt 

(x
5)

 

C
om

m
un

ic
at

io
n 

(x
6)

 

B
an

ki
ng

 (x
7)

 

O
il 

&
 g

as
 

 
(x

1)
 

0.
01

80
70

36
 

0.
45

71
07

32
 

0.
03

27
86

07
 

0.
00

00
00

00
 

0.
00

01
49

25
 

0.
00

27
22

10
 

0.
00

00
07

11
 

Pe
tro

le
um

 &
 c

oa
l

 
(x

2)
 

0.
00

51
41

74
 

0.
02

34
62

29
 

0.
01

32
46

57
 

0.
00

41
18

38
 

0.
12

74
41

61
 

0.
01

83
95

44
 

0.
00

00
10

70
 

El
ec

tri
ci

ty
 s

up
pl

y

 
(x

3)
 

0.
00

35
85

37
 

0.
00

16
79

22
 

0.
16

99
69

14
 

0.
01

04
70

18
 

0.
00

30
40

76
 

0.
01

29
39

09
 

0.
00

01
58

85
 

W
at

er
 su

pp
ly

, 

s/
w

/d
. 

(x
4)

 
0.

00
01

10
13

 
0.

00
14

31
72

 
0.

00
65

30
84

 
0.

03
59

69
16

 
0.

02
01

76
21

 
0.

02
06

05
73

 
0.

00
00

55
07

 

R
oa

d 
tra

ns
po

rt 

 
(x

5)
 

0.
00

12
21

98
 

0.
00

19
63

37
 

0.
00

49
23

08
 

0.
00

14
03

66
 

0.
04

72
11

72
 

0.
01

46
40

29
 

0.
00

01
26

01
 

C
om

m
un

ic
at

io
n 

 
(x

6)
 

0.
00

06
32

16
 

0.
00

13
89

85
 

0.
00

70
99

46
 

0.
00

23
76

20
 

0.
02

36
34

24
 

0.
02

74
20

48
 

0.
00

63
82

12
 

B
an

ki
ng

 

 
(x

7)
 

0.
00

27
19

42
 

0.
00

05
20

61
 

0.
01

81
08

04
 

0.
01

07
79

69
 

0.
00

61
64

64
 

0.
01

18
88

28
 

0.
02

29
37

47
 

* 
©

 C
om

m
on

w
ea

lth
 o

f A
us

tr
al

ia
 2

00
8.

 (
R

el
ea

se
d 

at
 1

1.
30

am
, C

an
be

rr
a 

tim
e,

 1
9 

N
ov

em
be

r 
20

08
) 

 

http://www.abs.gov.au/websitedbs/d3310114.nsf/Home/%C2%A9+Copyright?OpenDocument


149 

1

x = Vx + r 

x (I - V) = r 

x = (I - V) r ��

 

 
 
 
 
 
Equation 5-30 
 

 

 

 

1 11 12 16 17 1

2 21 22 26 27 2

3 31 32 33 36 37 3

4 41 42 44 46 47 4

5 51 52 55 56 57 5

6 61 62 66 67 6

7 71 72 76 77 7

. . .

. . .

. .

. .

. .

. . .

. . .

x v v v v x
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 Equation 5-31 
 

 

 

 

The task here is to estimate the ripple impact risk at equilibrium on a subset of the seven 

infrastructures, due to interdependency, following an attack on the Petroleum and coal sector, 

with an initial loss of $35m. Table 5-9 is the subset of the national input-output data used, and 

the graph (Figure 5-17) illustrates the results of the analysis using the Matlab software to obtain 

the solution. The solution is based on Eq. (5-31). The extracted, relevant vulnerability matrix, V 

is also shown in Table 5-12 above. 
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A solution of Eq. (5-31) substituting in V gives the result: 

 

1

2

3

4

5

6

7

16.731

35.944

0.144

0.059

0.097

0.066

0.062

x

x

x

x

x

x

x
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Equation 5-32 
 

 

In this example, there was an initial disruption at sector X2 with a cost of $35 million, i.e. in the 

Petroleum and Coal sector. This impact rippled throughout the economy, with the following 

costs to six interdependent sectors over that economic period (see Table  5 13). A graphic 

representation of this result is shown in Figure 5-17: 

 

Table 5-13  Summary table of Rippled Impact and Risk splits 
Infrastructure 

Industry-sector 

Original 

Impact Status 

Aggregated 

Impact 

Rippled Impact (Due 

to interdependency) 

Risks  

e 

Oil & gas (x1) 0 16.731 16.731 16.731 

Petroleum & 

coal (x2) 

35 35.944 0.944 0.944 

Electricity 

supply (x3) 

0 0.144 0.144 0.144 

Water supply, 

s/w/d. (x4) 

0 0.059 0.059 0.059 

Road transport 

(x5) 

0 0.097 0.097 0.097 

Communication 

(x6) 

0 0.066 0.066 0.066 

Banking (x7) 0 0.062 0.062 0.062 

 

The rippled impacts are obtained by subtracting the original status from the aggregated impact. 

The results are deemed as the risks due to interdependency at equilibrium. Since the other six 

sectors had no perturbations, the risk could only be as a result of interdependency and equals 

risks. (as shown in the table beneath Figure 5-17) 
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Therefore, in general, a vulnerability coefficient at a node is defined as: 

 

1

 (vulnerability coefficient)     

For  node with  links joining at the node

i
i j n

j
j

th

k
DF

k

i n

� 

� 

� 

�¦  
Equation 5-35 
 

 

Also:  

31 2
1 2 3

1 2 3 1 2 3 1 2 3

Total Vulnerability Coefficient Factors at a Node :

1

Total Vulnerability Coefficient Factors = 1

�� �� � �� �� � 
�� �� �� �� �� ��

�Ÿ

kk k
DF DF DF

k k k k k k k k k
 

 
 
Equation 5-36 
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0.5 0.667

vulnerability of B to A, 

0.667
       0.57

0.5 0.667

� � � 
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Joints/Nodes/Infrastructures  

Table 5-14 Moment distribution and Shear force calculations: Consequences and Rippled impacts  
 

The total of the rippled impacts (summed-up of the total supports reactions is 350kN). This total is 
the same as that shown in Figure 5- 19. 
 
Notes:      Cascading Flow (see also Figures 5-10 and 5-14).
  
  

A                B                C D
AB BA BC CB CD DC

0 0.4284 0.5716 0.64 0.36 1
Computed end moments -80 80 -112.5 112.5-53.333 53.333

Cycle 1
Balance & Distribute 13.92318.577 -37.867-21.3 -53.333
Carry-over 6.962 -18.934 9.289-26.667 -10.65

Cycle 2
Balance & Distribute 8.11110.823 11.1226.256 10.65
Carry-over 4.056 5.561 5.4125.325 3.128

Cycle 3
Balance & Distribute -2.382-3.179 -6.872-3.865 -3.128
Carry-over -1.191 -3.436 -1.59-1.564 -1.933

Cycle 4
Balance & Distribute 1.4721.964 2.0191.135 1.933
Carry-over 0.736 1.01 0.9820.967 0.568

Cycle 5
Balance -0.433-0.577 -1.247-0.702 -0.568

Summed up moments (consequences) -69.437 100.69-100.69 93.748-93.748 0

At Equilibrium: A D
60 60 75 75 40 40

8.726 -8.72616.665 -16.66512.079 -12.077

-12.498 12.498-16.102 16.1020 0

Summed-up/Rippled Impacts/Reactions 56.228 63.77275.563 74.43752.079 27.923

due to right hand FEM

C
Simply-supported
reactions
End reaction
due to left hand FEM

Joint/Node
Member/Connectivity

Distribution Factors/Vulnerability Coefficients

B

End reaction
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Rippled Impacts (Total = 350kN; A=56.2kN, B=139.33kN, C=126.514kN and D=27.92kN) 

 

 
Figure 5-22 Shear force diagram: Rippled forces 
 

 

 

 

 

Figure 5-23 Rippled impacts at nodes 
 

Key Assumptions 

 

It should be emphasised that the application of this concept is based on the following key 

assumptions: 

 

1. Determinations of the vulnerability coefficients are analogous to stiffness distribution 

factors at beam support joints in a skeletal structure. 

2. At equilibrium, the rippled impacts are analogous to the shear force profile (diagram) 

of the beam. Hence, the rippled impacts at the joints can be determined by exploring 

other analogous structural engineering methods. 

 

These conclusions were pursued to identify a more robust solution using a more powerful 

structural analysis method. The method, called the direct stiffness method, is also known as the 

displacement method or stiffness coefficient matrix method is the preferred option. It has the 

advantage of being suitable for computer-automated analysis of complex structures in three 

dimensions. The chart, in Figure 5-24 below, compares the Input-output framework in relation 

to the method of Stiffness Coefficient Method.  
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economic vulnerability has implications for the business and financial markets. Wall Street has 

been identified as a notorious source of economic perturbations.  

In this context, the Vulnerability Coefficient Matrix (VCM) concept (introduced in the 

previous chapter) appears to be a most workable instrument for economic impact risk transfer 

analysis. Within this chapter, this novel framework for the analysis of impact risk is presented, 

being also underpinned by climate change, the primary research interest here of the current 

study; however, the analysis of impact has not been differentiated. Hence, the method has the 

potential to be applied to both natural and artificial impacts on interconnected economic 

systems, including terrorist attacks.  

Overall, to determine the derivative losses due to interdependency, there is a need to first 

determine the vulnerability coefficients. The VCM is derived from the Stiffness Coefficient 

Method (SCM), which is generally performed using the force and displacement method in 

structural engineering analysis for articulated structures (Hibbeler, 1995). These articulated 

structures have the same configuration as the infrastructure network system, as shown in Figure 

6-1. The SCM is a well grounded existing theory for the analysis of bending moments and shear 

forces when forces or loads are applied to a structure, as shown in Figures 6-1 and 6-2. This 

approach is important as, in the current research; an impact is modelled as a force.  

A comparative analogy with the SCM to a network of interdependent infrastructures, as 

shown in Table 6-1, has lead to the development of another framework (in addition to the input -

output methodology) for interdependency analysis. This process is precisely the approach that 

has been adopted for this study. In its entire application, a stiffness coefficien t is replaced by a 

vulnerability coefficient, which is quantitatively considered as similar the stiffness distributing 

factors. The forces are deemed as impacts which cause deformations, namely: derivative 

damages or economic losses. The vulnerability coefficient in this application, however, differs 

from how the stiffness coefficient is used in structural analysis; in this study the interdependency 

is bi-directional. The details of the vulnerability were explained, in Chapters 2 and 5, as being a 

corollary of specific impact capacity. The vulnerability coefficient, which is analogous to a 

stiffness coefficient, is based on the meaning of vulnerability. Hence, vulnerability, with respect 

to an impact on an infrastructure, refers to the specific impact capacity of the infrastructure. 

Consequently, vulnerability can be quantified as a ratio taking into consideration all sources of 

the impact via links. In Figure 6-1, k ij refers to the stiffness of the structural member, which is a 

constant, depending on the type of material, its orientation, and the geometry of its section. On 

the other hand, as shown in Figure 6-2, in a model network of infrastructure systems, there are 

always two values (vij, vji) of the coefficients linking two systems, because the vulnerability is 

bi-directional and may differ from each direction. However, these vulnerability factors are 
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obtained from the same units of the impacts, such that, when dealing with different 

infrastructure industry sectors, the common measurable unit of impact is described in dollar 

terms. 

For example, if forces are applied at the nodes or points on a skeletal plane frame structure, 

such as shown on Figure 6-1, the consequences (rippled forces and deformations) at all the 

nodes can be analysed by the stiffness coefficient matrix; the results can be shown 

diagrammatically as in Figure 6-2. 
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Figure 6-1   Force diagram (a) showing impacts at nodes on skeletal plane frame; (b) analogous network 
diagram with corresponding impacts at nodes  
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Figure 6-2   Shear Force diagram (a) rippled impacts at nodes; (b) Bending Moment diagram derivative 
damages at nodes. 
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6.3 The spring analogy 

The objective of this section, the spring analogy, is to present the basic theory, and model the 

vulnerability coefficient matrix method (VCM). The work is based on a review of theory of 

SCM, as presented by Tartaglione (1991). As the theory is reviewed, a number of analogies, 

modifications and assumptions are made to tailor the SCM in the modelling of the VCM.  

The network of infrastructures , A= [a1, b2, c3, d4, e5, f6] as shown in Figure 6-3, is considered. 

 
Figure 6-3   Network of critical infrastructures systems in a global environment. 
 

A subset of this network, B = [a1, b2, c3, d4], is defined from a taxonomy that gives a relationship, 

S= [(a1, b2), (b2, a1), (b2, c3), (b2, d4), (d4, b2), (d4, c3)]. The adjacency matrix of this relationship, 

M, shows this connectivity as : 

 

0 1 0 0 0 0

1 0 1 1 0 0

0 0 0 0 0 0

0 1 1 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

� ª � º
� « � »
� « � »
� « � »

� � « � »
� « � »
� « � »
� « � »
� « � »� ¬ � ¼

M

 
 

The corresponding directed graph, with an impact at a1 is shown in Figure 6-4: 
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Impact 

 

 

 

 

 

 

 

 

Figure 6-4 Graphic representation of the subset of infrastructures with a node impact. `  
 

As seen from the directed graph, all the systems are not interdependent. For example, the 

connectivity between b2 and c3 is a dependent relationship. Further, in the proceeding analysis, it 

is assumed that infrastructure system a1 has an impact; hence, the ripple effect on the network 

system needs to be identified. 

Further, the network may be modelled as an ideal pin-jointed truss structure with 

corresponding nodes as 1, 2, 3 and 4, connected by a spring with a stiffness coefficient, k. The 

connectivity is modelled as linear elastic springs (see Figure 6-5). However, since there is no 

vulnerability between nodes 1 and 4 in Figure 6-4, the spring (see Figure 6-5) has been allocated 

a stiffness of zero. 

. 

 
 

Figure 6-5   A model s pring structure of infrastructure network system showing P as an impact, nodes 1, 
2, 3, 4 connected with stiffness k. 
  

 

b2 

d4 

 

c3 
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From basic mechanics, the force-deformation relationship of an axially loaded member is: 

 

iiji kF �G� 
 

Equation 6-1  
 

Fi = the internal force of member ij at node i 

kij = the element stiffness coefficient  

i�G = the deformation at node i (assuming node j is fixed) 

 

The stiffness coefficient is:  

 

�G
F

k �  
Equation 6-2  
 

 

From basic mechanics, the force-deformation relationship of an axially loaded member is: 

 

iiji kF �G� 
 

Equation 6-3  
 

Fi     = the internal force of member ij at node i 

kij   = the element stiffness coefficient  

i�G = the deformation at node i (assuming node j is fixed) 

 

The stiffness coefficient is:  

 

�G
F

k �  
Equation 6-4  
 

 

In the truss analogy, F is the internal force on the truss member. The force is generated as a 

result of an impact of an external force (P) on node one. This external force gives rise to internal 

forces X1 and X2 in the members, as shown in Figure 6-6(a). Consequently, the basic spring 

forms a structural model that is used as a foundation upon which to develop the interdependency 

in the network system. Infrastructure systems one and two, therefore, have ripple impact forces 

X1 and X2. As a result, these infrastructures incur losses u1 and u2 from the ripple impacts. X1 is 

propagated from dependent infrastructure two, with impact force X2 and, vice versa. In the SCM 

analysis, the force or impact produces a corresponding unit deformation termed the stiffness 

coefficient. For the purposes of modelling the interdependency problem, the vulnerability 
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In Figure 6-6(a), an isolated horizontal spring member 1 and 2 of the truss model in Figure 6-

5 is shown as with length L. This member is exhibited as a linear elastic spring that can transmit 

force and deform. The ends  of the member are the node where forces X1 and X2 are located, and 

the deformations u1 and u2,  are measured. In this situation, it has been assumed that the forces are 

in a positive direction along the global positive axes. 

The member force deformation relationship is the sum of the two conditions  that follow (shown 

in Figure 6-6(b) and (c)). In condition (b), it is assumed that there is no ripple impact from 2 to 

1, and no restraint is placed at node 2. Further, if node 1 is retrained and an axial force is applied 

at node 2, the force and the deformation due to impact force X2 is given as: 

 

2
2 2 12 2

12

or         
X

u X k u
k

�  �   
Equation 6-5  
 

The horizontal impact force equilibrium requires that: 

 

1 2 12 2X X uk� �� � ��  Equation 6-6  
 

 

Similarly, in condition (c), it is assumed that there is no ripple impact from 1 to 2, while a 

restraint is placed at node 2. Since node 2 is prevented from displacement when force X1 is 

applied, member 1-2 is in compression, and so the deformation is in the opposite direction. 

Using the sign convention of Figure 6-6 above, this can be written as : 

 

1 12 1 2 1 12 1X k u X X k u� � �� � ��
 

Equation 6-7  
 

 

Using principle of superposition, and putting Eqs (6-4) and (6-5) together, the force-deformation 

relationship of member 1-2 is summed in a matrix notation as : 
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X
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Equation 6-8  
 

 

The compact matrix form is: 
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�> �@ �> �@�>�@uKX �  
 

Equation 6-9  

Where, 

 

[x]  = the column vector of nodal member forces  

[K] = the nodes stiffness relation matrix 

[u] = the column matrix of nodal deformations  

 

In an infrastructure network system which replaces K with V, the above notation would be 

interpreted as: 

 

[x]  = the column vector of systems impacts 

[V] = the systems vulnerability matrix 

[u] = the column vector of systems risks 

 

However, when the two horizontal truss members are pin-jointed at node 2 (as shown in Figure 

6-7), where k 12 and k 23 represent the respective spring constants of members 1-2 and 2-3, then X1, 

X2, and X3 represent the internal forces. 

 

 
 

Figure 6-7  Two horizontal interconnected spring systems (Tartaglione, 1991) with modifications. 
 

3.74 m 56.23 
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As described earlier, the members are considered as two linear springs in a series which 

experience nodal forces and deformations at nodes 1, 2, and 3. The element stiffness matrix of 

the truss-member 2-3 is found using the above approach (as for member 1-2). Thus, Eq. (6-8) 

can be written for member 2-3 as: 
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u
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kk

kk

X

X
 

 
 
Equation 6-10 

 

The total stiffness matrix for the two member assembly (see Figure 6-7) contains elements of u1, 

u2, and u3; thus the matrix is of the order 3. The total stiffness matrix is found by the 

superposition, after the elements of both the K12 and K23 matrices are expanded into a 3x3 array, 

as follows: 
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Equation 6-11 

 

To permit an analysis of the whole network, Eq. (6-9) is expanded to include all nodes in the 

network (shown in Figure 6-5). Hence, the K matrix for four nodes becomes: 
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Equation 6-12 

 

For two nodes, Eq. (6-10) is extended as: 
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Equation 6-13 
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6.5 Vulnerability coefficient method (VCM) 

If the stiffness coefficient factors kij and kij are replaced by the vij and vji, vulnerability 

coefficient factors, then K becomes V. In reality, however, there may not be any physical 

connections between the infrastructure systems (as explained earlier with Figure 5-20 and, 

therefore, the vulnerability coefficient factors replace the stiffness coefficient factors in Eq. (6-

13). 

 

Hence, 
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Equation 6-14 
 

 

For a 6-node network, the connectivity matrix is the same as for the adjacency matrix. Thus 

matrix A is: 

 

0 1 0 0 0 0

1 0 1 1 0 0

0 0 0 0 0 0

0 1 1 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

� ª � º
� « � »
� « � »
� « � »

� � « � »
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� « � »
� « � »
� ¬ � ¼

A  

 
 
 
 
Equation 6-15 

 

Further, the matrix A is able to provide a spectral graphic representation of the nodes of an 

infrastructure network system; it does this by the way in which the systems are connected. This 

approach is very useful in providing a pictorial view of the network and any subset that may be 

of interest in an analysis. Hence, defining the connectivity between the nodes as the adjacency 

matrix provides graphs of subsets which may be encoded in the form of a matrix (as shown in 

Eq. (6-15); the data can be used by a computer to draw the graphics. Thus, each link, in turn, can 

be exploded further into the multidimensional axes to represent the connectivity, as shown 

below. 
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Figure 6-8  Complex virtual links of infrastructure systems and impact 
 

Legend 
Critical infrastructure system 

Non crit ical infratrsucture system 

Virtual link 

 

Consequently, a network system is not collinear , as represented by the spring and nodes. 

Nevertheless, a question arises in relation to how the V matrix incorporates n-ary relationship. 

For example, in Figure 6-3, node two has three connections (2-1, 2-7 and 2-5), which may not be 

collinear (or as shown in Figure 6-8). To find the answer to the above question, the study began 

by investigation two connected infrastructures with an interdependent relationship, Eq. (6.7), as 

provided by Eq. (6-8):  

 

1 12 21 1

2 21 12 2

P v v u

P v v u
�ª �º �ª �º �ª �º

� �« �» �« �» �« �»
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Equation 6-17 
 

 

where: 

 

P1 and P2 , are external impacts at the nodes 1 and 2. The vulnerability coefficients that provide 

the virtual links are v12 and v21 from each end. If the matrix vulnerability coefficients are taken as 

sub matrices, and several connections meet the vulnerability coefficient linking the joint will 

include the sum of the vulnerabilities of the adjacent members. So that at node 2 in Figure 6-4, 

where connections 2-1, 2-3, 2-4 meet, any external impact and/or internal disruption on the node 

will be propagated along those paths and distributed in accordance with vulnerability 

coefficients. This is very similar to stiffness distribution coefficient in the moment distribution 

method in Table 5-14. Hence the total of the vulnerability coefficient is one Eq. (5-36). 
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In general, at any node , say 1, with n connections, any external impact P1, will be distributed as:  

 

P1 = P11+ P12 +, P13 + P14 + P15+ P16 + P17 �����«�������31n 

 
Equation 6-18 
 

Where, the transfers P12 etc. are the partial transfers from the end 1 to the dependent nodes. P11 is 

the proportion of impact absorbed by node 1 itself. From Eq. (6-14) and including node 1: 

�> �@

�> �@

�> �@

�> �@

�> �@

1
1 11 12

2

1
11 13

3

1
11 14

4

1
11 15

5

1
11 1

1 2

1 3

1 4

1 5

n
n

u
P v v for

u

u
v v for

u

u
v v for

u

u
v v for

u

u
v v for up to n

u

� ª � º
�  � o� « � »

� ¬ � ¼

� ª � º
� � � o� « � »

� ¬ � ¼

� ª � º
� � � o� « � »

� ¬ � ¼

� ª � º
� � � o� « � »

� ¬ � ¼

� ª � º
�� � « � »

� ¬ � ¼

��

 

 
 
 
 
 
 
Equation 6-19 
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Equation 6-20 
 
 

Similarly, at any other node in the network, say node 2, 
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Equation 6-21 
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or 
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Equation 6-22 
 
 

 

 

In general, for any node nth-in the network identified as n-node, with an impact, Pn is: 
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Figure 6-9  Flow chart for determining rippled impact using the VCM 
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clear, 

 

V=[0.01807036 0.45709311 0.00437456 0.03278607   0.00000000 

0.00000000 0.00014925   0.00272210   0.00000711   0.00121891 
0.00514174   0.02346586   0.00626493   0.01324657   0.00411838 

0.01333571   0.12744161   0.01839544   0.00001070   0.00465324 
0.00258167   0.00000000   0.17060232   0.00250589   0.00208150 

0.04387321   0.00067194   0.00138430   0.00000000   0.00057090 
0.00358537   0.00168830   0.01983299   0.16996914   0.01047018 

0.00229645   0.00305437   0.01293909   0.00015885   0.00663520 
0.00011013   0.00143172   0.00635463   0.00653084   0.03596916 

0.00319383   0.02017621   0.02060573   0.00005507   0.00587004 
0.00142850   0.00272611   0.00049771   0.01876283   0.00505793 

0.36498069   0.00034258   0.02209492   0.00000000   0.00030865 
0.00122198   0.00197216   0.01261832   0.00492308   0.00140366 

0.02120147   0.04721172   0.01464029   0.00012601   0.00554432 
0.00063216   0.00139882   0.00153556   0.00709946   0.00237620 

0.00354861   0.02363424   0.02742048   0.00638212   0.01268130 
0.00271942   0.00051142   0.00057880   0.01810804   0.01077969 

0.00951798   0.00616464   0.01188828   0.02293747   0.01720463 
0.00000000   0.00001052   0.00001227   0.00003330   0.00006310 

0.00000000    0.00151266   0.00000351   0.00668338] 

 

P= [0;  
    0;  
    0;  
    0;  
    0;  
    0;  
    0;  
    3.5 
    0;  
    0];  

 
V2=eye(10)-V;  
Q=inv(V2);  
u=Q*P 
 

 

The solution of Eq. (6-32) is: 
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Equation 6-33 
 

 

6.5.3 Summary of results 

Table 6-7 Summary table of impact and risk splits. 
Infra 

No. 

(ABS) 

 

Infrastructure 

Initial 

Impacts ($m) 

(A) 

Rippled 

impacts ($m) 

(B) 

Risk ($m) 

e1 

(B-A) 

1201 Oil and gas 0.00000000 0.04870000 0.04870000 

2501 Petroleum and coal products 0.00000000 0.07880000 0.07880000 

2701 Iron and steel 0.00000000 0.01340000 0.01340000 

3601 Electricity supply 0.00000000 0.05850000 0.05850000 

3701 Water supply/sewerage/drainage services 0.00000000 0.07930000 0.07930000 

4201 Construction trade services 0.00000000 0.12820000 0.12820000 

6101 Road transport 0.00000000 0.05910000 0.05910000 

7101 Communication services 3.50000000 3.60180000 0.10180000 

7301 Banking 0.00000000 0.04770000 0.04770000 

8601 Health services 0.00000000 0.00550000 0.00550000 

 

The last column on the right captioned e1 in Table 6-7 shows the risk that is attributed to 

interdependency. A graphic display of the above results is shown in Figure 6-10 below. Note that the 

risk is equal to the rippled impact due to interdependency. 
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Therefore, ripple impact in the sectors have been obtained in a similar way using Matlab 

(2008b). The results are shown in Table 6-17 

 

clear 
  
V=[ 0.11301 0.00022 0.00000 0.00000 0.00033 0.00000 0.00000 0.58238 0.00000 0.00007 0.00022 0.00015;  

    0.00318 0.06461 0.01457 0.05744 0.00540 0.07010 0.00123 0.01631 0.00013 0.00201 0.00506 0.00214; ... 

    0.02075 0.00586 0.06175 0.00798 0.00028 0.00155 0.00025 0.12637 0.00006 0.00080 0.00843 0.00530; ... 

    0.00021 0.00289 0.00067 0.15997 0.00071 0.00153 0.00132 0.00398 0.00021 0.01642 0.01496 0.00596;... 

    0.00416 0.01703 0.00151 0.00591 0.12467 0.00477 0.00023 0.02154 0.00000 0.00087 0.00218 0.00140; ... 

    0.00096 0.00055 0.00171 0.00597 0.00078 0.06136 0.00591 0.00394 0.00007 0.01037 0.00907 0.00 762;... 

    0.00020 0.00082 0.00025 0.01125 0.00015 0.00668 0.12361 0.00162 0.00043 0.01373 0.00552 0.00700; ... 

    0.00299 0.00719 0.00034 0.00402 0.00061 0.00150 0.00334 0.00012 0.00036 0.00808 0.03192 0.00951; ... 

    0.00013 0.00231 0.00083 0.00161 0.00044 0.00057 0.00165 0.00117 0.00000 0.00357 0.01166 0.00387;... 

    0.00066 0.00329 0.00276 0.00375 0.00178 0.00228 0.00626 0.00787 0.00016 0.04592 0.00821 0.00260; ... 

    0.00034 0.00079 0.00067 0.00250 0.00020 0.00650 0.00229 0.00170 0.00004 0.00345 0.01508 0.01027;... 

    0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000];  

  

V2=(I-V); 
 

P= [0;... 
    0;... 
    0;... 
    0;... 
    0;... 
    0;... 
    0;... 
    78.28;... 
    0;... 
    0;... 
    0;... 
    0];  

  

The solution of Eq. (6-42) substituting in V gives the result: 
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Equation 6-44 
 

 

Comments 

 

In this scenario, there was an initial perturbation at sector X8 with a cost of $78.28 billion, i.e. in 

the Electric Services. This impact rippled throughout the economy, with the above costs Shown 

in Eq. (6-44) to the other eleven interdependent sectors over economic period. A schedule is 

exhibited in Table 6-17 and a graphic display of the results is shown in Figure 6-17: 
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Transformation of the stiffness relation matrix, from Figure. (6-13) is expressed as: 
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Equation 6-49 
 

 

If 

 

�Tsin� s  and �Tcos� c  

 

are substituted in Eq. (6-49): 
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Equation 6-50 
 

 

Replacing with: 

XTX '
 

 

�> �@ �>�@�> �@XTX � '  
 
Equation 6-51 
 

where T is the transformation matrix.  

 

Solving Eq. (6-49) in terms of X, (note since Eq. (6-48) is symmetrical, the inverse of T is also 

its transpose, i.e. �>�@ �>�@TTT � ��1  
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Table 6-18 Summary: Maintenance and Rehabilitation Expenditure s plits (Austroad, 2004) 
Australian 

States 

2000 Base Climate  

Maintenance Expenditure ($m) Rehabilitation Expenditure ($m) 

NSW 26.7 45.6 

VIC 11.4 20.7 

QLD 31.3 50.7 

WA 8.6 39.7 

SA 12.7 15.0 

TAS 3.4 3.1 

NT 6.7 11.3 

ACT 0.3 0.4 

Total 

Australian 

101.0 186.3 

287.3 

 

 

Table 6-19 Optimal  Agency costs (PLCC model) 
Australian 

States 

Optimal Agency Costs the PLCC model Change in costs 

2000 Base climate($m) 2100 climate ($m) 

NSW 72.3 90.1 25% 

VIC 32 37.6 18% 

QLD 82 124.2 51% 

WA 48.3 56.1 16% 

SA 27.6 23.4 -15% 

TAS 6.5 6.8 5% 

NT 17.9 37.3 108% 

ACT 0.6 .7 17% 

Total 287.3 376.1 31% 

 

The maintenance expenditures refer to pavement related expenditure on routine and periodic 

maintenance activities, such as pothole patching, kerb and channel cleaning, patching, surface 

correction and resealing. CSIRO (2001) has predicted that climate change may result in 

weighted mean annual pavement temperature increasing, resulting in thicker asphalt to 

accommodate the lowering of the asphalt stiffness (CSIRO, 2001).  
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Figure 6-16  Base climate (2000) Thornwaite Index Map. (Austroad, 2004) 
Right: Projected annual mean temperatures based on emission scenario for 2030, 2050, and 2070 

(BoM and CSIRO, 2007) 

 

 

 

   

 
 

Figure 6-17  2100 Thornwaite Index Map. (Austroad, 2004) 
 

Right: Percentage change in annual precipitation based on emission scenario for 2030, 2050,and 

2070 (BoM and CSIRO, 2007). 
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Table 6-19 shows the optimal agency costs for each State/Territory for the 2000 climate and 

population levels, alongside the 2100 climate prediction, with the adjusted 2100 population 

levels, as estimated from the PLCC model. A significant omission, according to Austroad (2004) 

is the lack of a comparison of the scenarios with and without the climate change predictions. 

While there is a comparison between the 2000 traffic volumes and the forecast climate, with the 

2100 climate-adjusted traffic volumes and climate, the study has used the information to 

demonstrate the application of the VCM to estimate the climate change impact risk throughout 

Australian economy, in terms of cost. In taking this approach, two main assumptions have been 

made, namely: 

 

1.  The simulated cost of $88.8m ($376.1-$287.3) is due to climate change impact; and 

2.  The vulnerability coefficient factors , which are based on the Australian economic 

transactions for 2004-2005, are applicable.  

3.  The vulnerability coefficient matrix shown below (Table 6-20), derived from the same 

ABS economic data of 2004-2005. Eq. (6-43) is used to calculate the rippled impact.  
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Application of the VCM is shown below with Matlab solution of Eq. (6-31) as: 

 

P= [0; 

    0; 

    0; 

    0; 

    0; 

    0; 

    88.8; 

    0; 

    0; 

    0]; 

 

 

V = (inv (I-A)) 

u = V*P 

 

 

5 7461
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The estimated impact cost on road infrastructure from climate change simulation is shown in 

the impact vector, P as $88.8m. The rippled impact throughout the Australian economy is 

summarized in Table 6-21 and graphic display of this result in Figure 6-18. 
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Table 6-21  Summary table of Rippled Climate Change Impact and Risk splits  
Infra No. 

(ABS)
Infrastructure Climate Change 

Impact ($m)
Rippled impacts 

($m)
Risks ($m)

1201 Oil and gas 0.00 5.75 5.75

2501 Petroleum and coal products 0.00 12.27 12.27

2701 Iron and steel 0.00 0.12 0.12

3601 Electricity supply 0.00 0.46 0.46

3701 Water supply; sewerage and drainage services 0.00 2.03 2.03

4201 Construction trade services 0.00 0.23 0.23

6101 Road transport 88.80 4.48 4.48

7101 Communication services 0.00 2.30 2.30

7301 Banking 0.00 0.67 0.67

8601 Health services 0.00 0.00 0.00
$ 28.29
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6.10 Structure of research study Part II: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6-19.  Summary chart for Part II of this study 
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7CONCLUSION 
 

7.1 Preamble 

This chapter provides the overall conclusions for the current study which are to sum up the 

responses to climate change impact risk on critical infrastructures and their interdependencies. The 

entire goal was to develop a holistic method/s that can help assess and manage risk inherent in a 

set of large scale, complex engineered systems due to intra- and interdependency, as well as the 

propagation and proliferation of such risk. 

Firstly, the chapter revisits the challenges faced by the research community, as outlined by the 

set of questions presented in Section 1-7. These challenges are then matched with the relevant 

outputs, alongside with a description of the research contributions made to the existing body of 

knowledge on key questions. Secondly, the chapter summarises the rationale behind the 

quantitative methods used, as well as the ramifications of the theories for infrastructure managers 

and decision makers in the various infrastructure sectors. Finally, Chapter 7 outlines the limitations 

of the new methods, and lists a number of suggestions for future research; and then discusses 

issues for closure.  

7.2 Research objectives and hypothesis statement 

Beginning from the hypothesis statement, that climate change impact risk can be measured, 

the research was based upon the adaptation of the Thornthwaite Moisture Index (TMI) as an 

equivalent technique for the measurement of climate change impact on infrastructures. The TMI, 

published by the ARRB (Australian Road Research Board), was found to be a useful tool that 

was readily available to the general public. The procedure for measuring climate change (see 

Chapter 3) used the TMI data; the result is an estimation of the Expected Impact Risk (EIR) 

values, per month, using daily reported values. The expected impact values were calculated from 

a threshold value (based on normal climatic conditions) over a chosen return period. In this way, 

the climate change can be regularly assessed for unusual conditions. Further, a risk scale was 

constructed to assess the possible risks associated with the impact values as the climate changes. 

By associating the condition of the infrastructure with the impact risk scale, a decision in 

relation to any adaptation or any adaptation strategy required can be made. 

7

4 

Chapter 
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7.6 Research limitations 

There is a major limitation to the current study that has restricted both the research and its 

findings. The limitation revolves around the data set that was available to illustrate the 

application of the EIR, namely, its non-climate setting. Although, the ARRB data or the TMI are 

climate influenced, their data is too refined to base any meaningful conclusion directly related to 

climate change. Specifically, the data was not originally prepared for the measurement of 

climate change. For that reason, it would be most worthwhile if the application was repeated 

using TMI values that were derived from daily recorded climate data with, at most, monthly 

averages.  

Another limitation of this research is its focus on infrastructures that are directly affected by 

climate variables. Although, the transferability of the research methodology and the model is an 

important aspect of this study, it cannot be directly applied beyond contextually similar 

infrastructures. For example, a critical infrastructure such as banking and finance, which are not 

affected directly by climate change, or changes in temperature, humidity and rainfall, cannot be 

directly assessed by the EIR method. However, their impact risk due to interdependency can be 

identified by any financial loss. Further, the vulnerability coefficients are based solely on 

economic transactions, so the illustration of all applications has to be limited to financial risk 

owing to unavailability of other types of data. 

7.7 Future research 

In Chapter 4, it was stated that a graphic display of an infrastructure network system would 

play a vital role in solving the problem of interdependency analysis. One way to achieve this 

outcome would be to explore the eigenvalues of the interdependency matrix. Importantly, the 

current study incorporates models that are based on generic network topologies. These models 

use graphs that show a set of nodes/vertices and edges/links that characterize the infrastructures 

and their properties. However, these graphs are either an approximation of the physical 

configuration of the system and their interconnectivity, or are a description of the logical 

dependencies between the components  

Hence, there is a need to undertake further studies to identify the vulnerability coefficients for 

different systems and to validate them, based on the stiffness to impacts and connectivity. 

Additionally, the verification of the vulnerability coefficients and the generic cascading methods 

depend upon using correct values for the vulnerability coefficient as carryover factors for risks. 

The values which are used in the current study are based on economic transaction in monetary 
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units. Thus, the vulnerability coefficient concept opens avenues for further research at various 

frontiers in infrastructure systems to find factors based on other units. First, the vulnerability 

coefficient factors, as components of a matrix, need to be reassessed independently and/or as a 

partitioned matrix, with the capability of accommodating other factors, along multi dimensions, 

with three degrees of freedom. The application should also be tr ied for a system in which 

vulnerability is assessed in different units other than in dollars.  

In the development of the fundamentals of the vulnerability-impact relation, using the 

stiffness coefficient method analogy in Section 6.2, it was assumed that the direction of the 

connectivity between the local nodes and the global directions were coincident. In order to relate 

the orientation of connectivity to the global direction system a transformation of the stiffness 

coefficient matrix, from local to global coordinates systems, is required.  

Further, in Section 6.3, the analogy offers a range of potential prospects for identifying global 

(including cyber) locations for all infrastructures; this approach may lead to the quick detection 

of the source of the impact and rippled effects, in a global context. While this process is 

currently feasible in the stiffness coefficient method used in engineering analysis, the procedure 

could offer a similar solution to the connectivity issue between the state and regional 

infrastructure industry sectors. Additionally, the study envisaged the possibility of establishing a 

state vulnerability coefficient matrix in an economy, such as in the Australian economy, and 

linking the regional vulnerability coefficient matrix, such as the European Union economy, to 

ascertain potential risks during future global financial crises. It is hoped that this vision will 

continue to motivate researchers to explore this idea further. 

7.8 Closure 

The current research study was conducted in response to the climate change challenge, 

particularly the risk that it poses to infrastructures. More specifically, the study aimed at 

developing solutions to assess the risk of the impact, and to elucidate the complexity of the 

impact propagation due to interdependency. This study has laid a holistic theoretical framework 

that can facilitate high- level assessment of risk in complex engineered systems due to intra-and-

interdependency, as well as the propagation and proliferation of such risk. T herefore, the overall 

objective has been achieved through completion of the following: 

 

1.  Development of a general methodology for assessing risk of impact. This method builds 

on the philosophy of an impact as a force and quantifying climate change as Thornwaite 

Moisture Index.  
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97.0107            439.7285  

14-Dec-01 

              

106.1585  

            

97.1199            449.6250  

13-Dec-01 

              

105.8976  

            

96.9784            444.2139  

12-Dec-01 

              

105.4488  

            

96.4945            445.5710  

11-Dec-01 

              

106.0793  

            

97.0495            449.2083  

10-Dec-01 

              

106.9898  

            

97.9547            449.8535  

07-Dec-01 

              

107.4258  

            

98.7083            435.9102  

06-Dec-01                                     442.6585  
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105.6639  96.7772  

05-Dec-01 

              

108.3087  

            

98.8609            468.8084  

04-Dec-01 

              

107.1968  

            

98.1889            448.7310  

03-Dec-01 

              

107.3811  

            

97.5958            483.4222  

30-Nov-01 

              

106.3605  

            

97.5311            440.4146  

29-Nov-01 

              

103.6859  

            

94.9104            436.8299  

28-Nov-01 104.0239  95.0657  445.2116  

27-Nov-01 

              

104.1440  

            

95.1572            446.5493  

    

26-Nov-01 

              

104.5332  

            

95.6055            444.0328  

23-Nov-01 

              

103.5764  

            

94.6352            444.2681  

22-Nov-01 

              

103.5954  

            

95.0877            424.7037  

21-Nov-01 

              

102.1280  

            

94.1636            399.6008  

20-Nov-01 

              

105.1881  

            

96.5973            429.0826  

19-Nov-01 

              

105.4319  

            

96.8289            429.7295  

16-Nov-01 

              

103.7727  

            

95.3516            420.6735  

15-Nov-01 

              

103.7812  

            

95.3809            419.6521  

14-Nov-01 

              

100.7631  

            

92.7017            402.7885  

13-Nov-01                                       406.9212  
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98.7647  90.6170  

12-Nov-01 

                

98.8690  

            

90.3513            425.1429  

09-Nov-01 

                

97.7848  

            

90.3209            373.1927  

08-Nov-01 

                

97.7728  

            

90.3089            373.1927  

07-Nov-01 

                

96.8847  

            

89.0437            391.7128  

06-Nov-01 

              

100.0481  

            

91.8838            407.8147  

05-Nov-01 

                

99.0679  

            

91.5820            374.3515  

02-Nov-01 

              

100.5374  

            

92.5468            399.2933  

01-Nov-01 

              

100.0244  

            

92.7385            364.5550  

31-Oct-01 

                

98.8874  

            

90.9940            394.4104  

30-Oct-01 

                

97.9917  

            

90.9189            353.7729  

29-Oct-01 

                

98.9606  

            

91.4230            376.8078  

26-Oct-01 

                

99.4453  

            

92.3261            356.1255  

25-Oct-01 

                

98.9086  

            

91.9253            349.3755  

24-Oct-01 

                

99.0223  

            

92.3918            331.9230  

23-Oct-01  100.0975  93.5640            327.1648  

22-Oct-01 

              

100.3053  

            

93.3762            346.7511  

19-Oct-01 

              

100.6493  

            

93.2421            370.4201  
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18-Oct-01 

                

99.5394  

            

93.0230            326.2991  

17-Oct-01 

              

101.3442  

            

94.3731            348.8680  

16-Oct-01 

              

100.6964  

            

93.8772            341.3281  

15-Oct-01 

              

101.9398  

            

95.1101            341.8963  

12-Oct-01 

              

101.9873  

            

95.1212            343.6939  

11-Oct-01 

              

100.5562  

            

93.7899            338.7028  

10-Oct-01 

                

98.4956  

            

91.6894            340.5916  

09-Oct-01 

                

98.6407  

            

91.9734            333.7080  

08-Oct-01 

                

96.9718  

            

90.5473            321.6152  

05-Oct-01 

                

98.7219  

            

91.8985            341.4597  

04-Oct-01 

                

99.3637  

            

92.3694            349.9457  

03-Oct-01 

                

97.1969  

            

90.1235            353.7837  

02-Oct-01 

                

95.7530  

            

88.5261            362.5630  

01-Oct-01 

                

94.9103  

            

87.8797            352.1680  

28-Sep-01 

                

92.2802  

            

85.2090            355.1854  

27-Sep-01 

                

92.2802  

            

85.2090            355.1854  

26-Sep-01 

                

92.0232  

            

84.7571            365.9139  
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25-Sep-01 

                

90.1804  

            

83.0330            360.0462  

24-Sep-01 

                

90.6132  

            

83.5013            357.9653  

21-Sep-01 

                

90.6132  

            

83.5013            357.9653  

20-Sep-01 

                

90.6618  

            

83.1788            378.2150  

19-Sep-01 

                

92.8749  

            

85.3221            381.2790  

18-Sep-01 

                

94.2443  

            

86.7788            376.0519  

17-Sep-01 

                

93.2057  

            

85.9343            365.7940  

14-Sep-01 

                

97.5260  

            

89.2464            419.4145  

13-Sep-01 

                

97.9023  

            

89.4808            427.0433  

12-Sep-01 

                

96.6568  

            

88.4565            415.3790  

11-Sep-01 

                

99.7241  

            

90.7409            457.1061  

10-Sep-01 

              

100.2372  

            

91.1635            461.6229  

07-Sep-01 

              

102.2700  

            

92.3207            504.4769  

06-Sep-01 

              

102.7604  

            

92.7986            505.1962  

05-Sep-01 

              

103.0764  

            

92.7306            523.8630  

04-Sep-01 

              

102.8027  

            

93.1568            489.9012  

03-Sep-01 

              

102.7434  

            

93.3164            479.2844  
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31-Aug-01 

              

102.0966  

            

92.0812            507.6405  

30-Aug-01 

              

103.4948  

            

93.4864            507.5990  

29-Aug-01 

              

104.4912  

            

94.5163            506.1833  

28-Aug-01 

              

106.0152  

            

95.4716            534.1046  

27-Aug-01 

              

107.5561  

            

97.0367            533.2561  

24-Aug-01 

              

107.6417  

            

97.6138            501.0214  

23-Aug-01 

              

106.7746  

            

96.7673            500.9180  

22-Aug-01 

              

105.0326  

            

95.0593            501.1888  

21-Aug-01 

              

104.6762  

            

94.7378            499.4211  

20-Aug-01 

              

105.0738  

            

94.4822            537.2091  

17-Aug-01 

              

105.4616  

            

95.4719            501.8135  

16-Aug-01 

              

106.9230  

            

96.9083            502.1506  

15-Aug-01 

          

109.9960  

          

100.0063            498.3405  

14-Aug-01 

              

110.5121  

          

100.2347            514.7231  

13-Aug-01 

              

110.8837  

          

100.3990            526.8785  

10-Aug-01 

              

110.3785  

            

99.9647            523.0770  

09-Aug-01 

              

109.3561  

            

99.4767            491.8102  



8 

 

08-Aug-01 

              

107.2511  

            

97.3751            493.3612  

07-Aug-01 

              

107.5299  

            

97.0725            527.4307  

06-Aug-01 

              

105.2998  

            

94.9539            522.8219  

03-Aug-01 

              

104.3570  

            

94.0066            524.0148  

02-Aug-01 

              

104.4809  

            

94.1671            521.4824  

01-Aug-01 

              

103.3586  

            

93.7018            482.7528  

31-Jul-01 

              

102.6423  

            

93.6240            444.7386  

30-Jul-01 

              

103.9114  

            

94.2368            483.3063  

27-Jul-01 

              

104.7009  

            

94.3852            521.4371  

26-Jul-01 

              

105.4414  

            

95.1633            518.3881  

25-Jul-01 

              

104.6257  

            

94.9540            482.2924  

24-Jul-01 

              

106.9974  

            

96.0206            559.3583  

23-Jul-01 

              

107.3902  

            

96.9442            526.6267  

20-Jul-01 

              

108.4823  

            

96.8184            599.6862  

19-Jul-01 

              

109.1703  

            

97.5026            599.2114  

18-Jul-01 

              

107.4655  

            

96.9606            530.0528  

17-Jul-01 

              

109.8970  

            

98.8500            560.6118  



9 

 

16-Jul-01 

              

110.5003  

            

98.8266            598.2084  

13-Jul-01 

              

110.3204  

            

98.6899            595.7573  

12-Jul-01  110.0036  99.0603            554.0702  

11-Jul-01 

              

110.1100  

            

99.2130            551.1298  

10-Jul-01 

              

109.5584  

            

98.5911            556.0033  

09-Jul-01 

              

107.5197  

            

96.6498            552.1853  

06-Jul-01 

              

105.1454  

            

94.2596            555.6386  

05-Jul-01 

              

108.3463  

            

97.4469            553.1242  

04-Jul-01 

              

108.2173  

            

97.3268            552.7093  

03-Jul-01 

              

109.3646  

            

97.8440            590.0377  

02-Jul-01 

              

108.3294  

            

97.4205            553.7209  

29-Jun-01 

              

109.9202  

            

99.5659            518.1477  

28-Jun-01 

              

110.7362  

            

99.8242            551.4457  

27-Jun-01 

              

111.5150  

          

100.5949            551.1181  

26-Jun-01 

              

111.0115  

          

100.7131            512.7864  

25-Jun-01 

              

110.6166  

          

100.2949            514.7215  

22-Jun-01 

              

108.9307  

            

98.6230            515.8473  

21-Jun-01                                     514.3163  
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106.6969  96.4560  

20-Jun-01 

              

106.1516  

            

95.9008            515.5915  

19-Jun-01 

              

105.2127  

            

94.9675            516.3321  

18-Jun-01 

              

105.6031  

            

95.9430            479.4219  

15-Jun-01 

              

106.2062  

            

97.1759            439.4763  

14-Jun-01 

              

106.2916  

            

97.2297            441.3495  

13-Jun-01 

              

105.1554  

            

95.4615            482.0423  

12-Jun-01 

              

105.8778  

            

95.5675            519.6121  

11-Jun-01 

              

102.8033  

            

92.6040            516.2658  

08-Jun-01 

              

102.8033  

            

92.6040            516.2658  

07-Jun-01 

              

102.6177  

            

91.8556            551.5474  

06-Jun-01 

              

101.7832  

            

90.5071            584.5451  

05-Jun-01 

                

99.8527  

            

88.5587            588.1385  

04-Jun-01 

                

99.5058  

            

87.5891            628.0817  

01-Jun-01 

                

97.8110  

            

85.9215            628.5357  

31-May-01 

                

99.7663  

            

87.8635            626.8656  

30-May-01 

              

101.4978  

            

89.5700            626.1616  

29-May-01                                     627.1005  
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100.9923  89.0603  

28-May-01 

              

101.7875  

            

89.2088            667.3015  

25-May-01 

              

103.8086  

            

90.6298            702.9007  

24-May-01 

              

104.2527  

            

91.0345            704.8219  

23-May-01 

              

104.0518  

            

90.7808            708.4652  

22-May-01 

              

104.2720  

            

90.9646            713.5172  

21-May-01 

              

103.8219  

            

90.6264            686.9913  

18-May-01 

                

97.8552  

            

85.3022            697.1780  

17-May-01 

                

97.3966  

            

84.8209            728.8796  

16-May-01 

                

95.6371  

            

83.2365            738.0446  

15-May-01 

                

96.2593  

            

83.8404            716.1242  

14-May-01 

                

93.2422  

            

81.2876            661.4614  

11-May-01 

                

93.6980  

            

81.7490            637.2581  

10-May-01 

                

93.3696  

            

81.4980            619.7663  

09-May-01 

                

92.2604  

            

80.4795            634.0341  

08-May-01 

                

91.4055  

            

79.7442            623.6770  

07-May-01 

                

93.1616  

            

81.3375            609.3602  

04-May-01 91.0555  79.4281            625.8749  
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03-May-01 

                

90.8516  

            

79.2100            641.8007  

02-May-01 

                

89.9607  

            

78.3968            651.1909  

01-May-01 

                

89.6879  

            

78.1436            655.8627  

30-Apr-01 

                

88.2935  

            

76.9285            645.7938  

27-Apr-01 

                

89.8341  

            

78.2581            662.5500  

26-Apr-01 

                

89.5492  

            

77.9826            672.2372  

25-Apr-01 

                

86.6650  

            

75.4863            643.9487  

24-Apr-01 

                

86.6650  

            

75.4863            643.9487  

23-Apr-01 

                

88.2066  

            

76.8525            645.2558  

20-Apr-01 

                

89.5047  

            

77.9761            657.9316  

19-Apr-01 

                

90.3092  

            

78.6617            670.3113  

18-Apr-01 

                

91.6894  

            

79.9472            645.5000  

17-Apr-01 

                

90.8818  

            

79.2086            654.2954  

16-Apr-01 

                

90.5518  

            

78.9329            647.1709  

13-Apr-01 

                

90.5518  

            

78.9329            647.1709  

12-Apr-01 

                

90.5518  

            

78.9329            647.1709  

11-Apr-01 

                

90.2267  

            

78.6510            644.1985  
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10-Apr-01 

                

90.1400  

            

78.5633            648.4386  

09-Apr-01 

                

90.2831  

            

78.6829            651.5294  

06-Apr-01 

                

91.8363  

            

80.0363            662.9089  

05-Apr-01 

                

88.9424  

            

77.4970            654.1121  

04-Apr-01 

                

88.3612  

            

76.9532            676.1127  

03-Apr-01 

                

86.4769  

            

75.2885            678.3247  

02-Apr-01 

                

86.0405  

            

74.8837            692.3101  

30-Mar-01 

                

85.7811  

            

74.6711            679.1611  

29-Mar-01 

                

86.6102  

            

75.3573            715.7963  

28-Mar-01 

                

86.0767  

            

74.8898            714.2224  

27-Mar-01 

                

84.3026  

            

73.3434            701.9143  

26-Mar-01 

                

83.0344  

            

72.2263            703.0284  

23-Mar-01 

                

84.9127  

            

73.8859            697.0522  

22-Mar-01 

                

86.6782  

            

75.4704            670.6561  

21-Mar-01 

                

88.2342  

            

76.8828            628.9671  

20-Mar-01 

                

86.3388  

            

75.1995            645.0583  

19-Mar-01 

                

84.7645  

            

73.8088            651.5314  
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16-Mar-01 

                

84.6318  

            

73.6783            664.3621  

15-Mar-01 

                

81.7902  

            

71.1541            688.9587  

14-Mar-01 

                

80.2250  

            

69.7916            676.5656  

13-Mar-01 

                

80.2250  

            

69.7916            676.5656  

12-Mar-01 

                

82.4635  

            

71.7256            707.9399  

09-Mar-01 

                

83.5918  

            

72.7110            713.8635  

08-Mar-01 

                

82.6102  

            

71.8797            684.4739  

07-Mar-01 

                

82.7716  

            

72.0238            682.4078  

06-Mar-01 

                

82.6598  

            

71.8826            722.1281  

05-Mar-01 

                

83.0053  

            

72.2909            625.2584  

02-Mar-01 

                

83.3276  

            

72.5703            628.8750  

01-Mar-01 

                

82.4263  

            

71.7794            628.8750  

28-Feb-01 

                

82.5923  

            

71.9191            635.7356  

27-Feb-01 

                

83.2092  

            

72.4404            658.7843  

26-Feb-01 80.7993  70.3351            648.0913  

23-Feb-01 

                

80.2378  

            

69.8070            688.9779  

22-Feb-01 

                

80.8830  

            

70.3658            700.6984  

21-Feb-01                                       697.8966  
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82.4934  71.7737  

20-Feb-01 

                

81.8239  

            

71.1733            735.8600  

19-Feb-01 

                

79.4624  

            

69.1378            669.1451  

16-Feb-01 

                

81.1469  

            

70.5824            734.7605  

15-Feb-01 

                

82.4203  

            

71.6878            751.7915  

14-Feb-01 

                

83.1805  

            

72.3754            694.2884  

13-Feb-01 

                

84.0613  

            

73.1400            706.0089  

12-Feb-01 

                

83.1855  

            

72.3866            667.7764  

09-Feb-01 

                

83.8123  

            

72.9216            710.0908  

08-Feb-01 

                

84.1758  

            

73.2291            744.2415  

07-Feb-01 

                

84.4961  

            

73.5085            744.2415  

06-Feb-01 

                

84.0285  

            

73.1012            744.2415  

05-Feb-01 

                

84.0214  

            

73.0951            744.2415  

02-Feb-01 

                

84.3562  

            

73.3748            843.4737  

01-Feb-01 

                

85.6736  

            

74.5284            793.8576  

31-Jan-01 

                

85.5162  

            

74.3852            843.4737  

30-Jan-01 

                

85.5320  

            

74.3929            893.0898  

29-Jan-01                               
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85.0387  73.9632  

26-Jan-01 

                

84.2146  

            

73.2465    

25-Jan-01 

                

84.2146  

            

73.2465    

24-Jan-01 

                

84.7091  

            

73.6765    

23-Jan-01 

                

83.0610  

            

72.2431    

22-Jan-01 84.0498  73.1031    

19-Jan-01 

                

84.0498  

            

73.1031    

18-Jan-01 

                

83.8850  

            

72.9598    

17-Jan-01 

                

83.5554  

            

72.6731    

16-Jan-01 

                

82.8962  

            

72.0998    

15-Jan-01 

                

81.7426  

            

71.0964    

12-Jan-01 

                

81.7426  

            

71.0964    

11-Jan-01 

                

82.5666  

            

71.8131    

10-Jan-01 

                

83.2258  

            

72.3864    

09-Jan-01 

                

83.2258  

            

72.3864    

08-Jan-01 

                

83.2258  

            

72.3864    

05-Jan-01 

                

83.8850  

            

72.9598    

04-Jan-01 

                

82.7314  

            

71.9564    
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03-Jan-01 

                

79.2705  

            

68.9463    

02-Jan-01 

                

78.2817  

            

68.0863    
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APPENDIX B 

Australia Road Research Board (ARRB), Road and Highway 

Data (TMI) 
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QL02 QL04 QL13 QL14 ARRB1
152.9903 152.6819 153.0128 153.0128 153.0859
-26.9497 -27.5783 -26.8667 -26.8667 -25.9273

19.2 64.1 5.9 29.5 15.6 63.4 15.6 63.4 3.1
61.2 65.8 31.2 31.2 60 65.3 60 65.3 31
76 71.5 35.8 30.0 77.9 71.1 77.9 71.1 55.8
100 69.0 45.1 28.3 100 68.7 100 68.7 56.7
72.6 80.5 38.2 39.3 72.9 80.7 72.9 80.7 35.4
100 83.4 23.6 38.8 100 83.9 100 83.9 37.9
54 80.1 18.5 39.0 54.3 80.3 54.3 80.3 35.8
100 74.0 82.7 40.1 100 73.2 100 73.2 80.5
81.2 78.0 27.4 41.3 82 77.0 82 77.0 44.5
53.1 78.0 37.5 50.9 52.8 77.0 52.8 77.0 21.4
57.4 84.5 53.1 55.6 50.2 83.6 50.2 83.6 31.3
100 84.5 46.6 58.1 100 83.6 100 83.6 81.5
100 78.6 90.4 56.4 100 77.5 100 77.5 81.8
100 85.3 51.8 60.0 100 84.2 100 84.2 90.3
100 79.5 100 50.2 100 79.7 100 79.7 83.7
39.9 77.1 15.6 46.9 39.3 76.5 39.3 76.5 28.4
100 64.3 62.3 35.5 100 63.9 100 63.9 82.1
16.7 55.8 -15.5 32.6 18.8 55.5 18.8 55.5 15.9
83 51.0 23.6 27.1 77.4 50.3 77.4 50.3 35.7

10.6 52.2 10.6 28.8 11.7 52.2 11.7 52.2 0.4
40.7 52.2 31.6 29.4 41.5 52.2 41.5 52.2 47.3
66.1 56.7 61.2 34.7 63.1 56.5 63.1 56.5 40
48.6 57.0 27.8 34.7 52.7 57.1 52.7 57.1 34.7
100 65.7 66.3 33.2 100 65.0 100 65.0 82.3
47.9 69.8 22 32.2 49.2 69.0 49.2 69.0 33.3
85.2 74.6 23.6 35.9 81.3 73.9 81.3 73.9 35.4
71.1 81.9 0 40.9 67.4 80.7 67.4 80.7 16.3
69.4 79.4 24.6 39.1 69.1 78.0 69.1 78.0 33.4
100 78.7 86.7 41.0 97.7 77.1 97.7 77.1 54.8
100 80.9 62.8 44.4 100 79.8 100 79.8 75.6
82.3 79.4 53.8 42.4 81.6 78.7 81.6 78.7 44.1
43.2 79.3 35.4 41.6 42.5 78.9 42.5 78.9 6.1
100 75.2 47.2 35.1 100 75.5 100 75.5 70.5
60.7 66.9 -13.4 37.7 59.9 67.3 59.9 67.3 16.3
68.7 62.7 19 31.9 70.6 62.5 70.6 62.5 20.8
71.3 63.4 40.7 29.3 74.2 63.2 74.2 63.2 45.2
42.3 63.4 81.3 31.8 42.4 63.2 42.4 63.2 37.8
52.9 63.6 13.4 32.4 48.1 62.8 48.1 62.8 15.9
47.8 59.4 16.6 31.5 47.2 58.2 47.2 58.2 31.7
100 54.1 65.3 25.3 100 52.3 100 52.3 91.8
61.9 56.6 -9.7 16.3 57.1 54.6 57.1 54.6 11.4
39.7 55.2 12.8 17.9 38.7 53.8 38.7 53.8 0.8
34.3 57.7 -2.4 16.8 32.8 56.0 32.8 56.0 18.2
59.9 51.6 18.4 7.2 58.4 49.3 58.4 49.3 29.2
42.7 57.1 24.3 10.0 42.3 55.5 42.3 55.5 36.6
65.5 60.0 9.2 9.6 62.4 58.3 62.4 58.3 25.3
57.4 65.1 -2.1 12.0 53.7 63.4 53.7 63.4 23.1
100 66.4 10 10.4 100 64.6 100 64.6 41.5

 



20 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 

A.B.S.: Australian National Accounts: Input-Output Tables - 

Electronic Publication 2004-05 



21
  

 
 

A
u

s
tr

a
lia

n
 B

u
re

a
u

 o
f 

S
ta

ti
s
ti
c
s

5
2

0
9

.0
.5

5
.0

0
1

 A
u
s
tr

a
lia

n
 N

a
ti
o
n
a
l 
A

c
c
o
u
n
ts

: 
In

p
u
t-

O
u
tp

u
t 
T

a
b
le

s
 -

 E
le

c
tr

o
n
ic

 P
u
b
lic

a
ti
o
n
 2

0
0

4
-0

5
R

e
le

a
s
e
d
 a

t 
1
1
.3

0
a
m

 (
C

a
n
b
e
rr

a
 t
im

e
) 

1
9
 N

o
v
e
m

b
e
r 

2
0
0
8

C
o
n
te

n
ts

T
a
b
le

2
U

S
E

 T
A

B
L
E

 -
 I
N

P
U

T
 B

Y
 I
N

D
U

S
T

R
Y

 A
N

D
 F

IN
A

L
 U

S
E

 C
A

T
E

G
O

R
Y

 A
N

D
 S

U
P

P
L
Y

 B
Y

 P
R

O
D

U
C

T
 G

R
O

U
P

M
o
re

 i
n
fo

rm
a

ti
o
n
 a

va
ila

b
le

 f
ro

m
 t
h
e
 

A
B

S
 w

e
b
s
it
e

A
u

s
tr

a
lia

n
 N

a
ti
o
n

a
l 
A

c
c
o

u
n

ts
: 
In

p
u

t-
O

u
tp

u
t 

T
a
b
le

s
 -

 E
le

c
tr

o
n

ic
 P

u
b

lic
a
ti
o

n
 2

0
0
4
-0

5
S

u
m

m
a
ry

In
q
u
ir
ie

s

F
o
r 

fu
rt

h
e
r 

in
fo

rm
a
ti
o
n
 a

b
o
u
t 
th

e
s
e
 a

n
d
 r

e
la

te
d
 s

ta
ti
s
ti
c
s
, 
c
o
n
ta

c
t 
th

e
 N

a
ti
o
n
a
l 
In

fo
rm

a
ti
o
n
 a

n
d
 R

e
fe

rr
a
l 
S

e
rv

ic
e
 o

n
 1

3
0
0
 1

3
5
 0

7
0
 o

r 
M

a
lc

o
lm

 
A

d
a
m

s
o
n
 o

n
 C

a
n
b
e
rr

a
 (

0
2
) 

6
2
5
2
 6

7
1
1
, 
e
m

a
il 

<
n
a
ti
o
n
a
l.
a
c
c
o
u
n
ts

@
a
b
s
.g

o
v
.a

u
>

.

E
x
p
la

n
a
to

ry
 N

o
te

s
 

©
 C

o
m

m
o
n
w

e
a
lt
h
 o

f 
A

u
s
tr

a
lia

 2
0
0
8



22
  

A
us

tra
lia

n 
B

ur
ea

u 
of

 S
ta

tis
tic

s

52
09

.0
.5

5.
00

1 
A

us
tra

lia
n 

N
at

io
na

l A
cc

ou
nt

s:
 In

pu
t-O

ut
pu

t T
ab

le
s 

R
el

ea
se

d 
at

 1
1.

30
am

 (C
an

be
rr

a 
tim

e)
 1

9 
N

ov
em

be
r 2

00
8

T
ab

le
 3

. I
M

P
O

R
T

S
 - 

S
U

P
P

LY
 B

Y
 P

R
O

D
U

C
T

 G
R

O
U

P
 A

N
D

 IN
P

U
T

S
 B

Y
 IN

D
U

S
T

R
Y

 

A
N

D
 F

IN
A

L 
U

S
E

 C
A

T
E

G
O

R
Y

($
m

ill
io

n)

U
S

E
01

01
01

02
01

03
01

04
01

05
01

06
01

07
02

00
S

he
ep

G
ra

in
s

B
ee

f c
at

tle
D

ai
ry

 c
at

tle
P

ig
s

P
ou

ltr
y

O
th

er
 

ag
ric

ul
tu

re
S

er
vi

ce
s 

to
 

ag
ric

ul
tu

re
; 

hu
nt

in
g 

an
d 

tra
pp

in
g

S
U

P
P

LY
01

01
S

he
ep

  0
  0

  0
  0

  0
  0

  0
  0

01
02

G
ra

in
s

  0
  1

  0
  0

  0
  0

  0
  0

01
03

B
ee

f c
at

tle
  0

  0
  0

  0
  0

  0
  0

  0
01

04
D

ai
ry

 c
at

tle
  0

  0
  0

  0
  0

  0
  0

  0
01

05
P

ig
s

  0
  0

  0
  0

  0
  0

  0
  0

01
06

P
ou

ltr
y

  0
  0

  0
  0

  0
  0

  0
  0

01
07

O
th

er
 a

gr
ic

ul
tu

re
  3

  2
  5

  2
  2

  3
  1

1
  2

02
00

S
er

vi
ce

s 
to

 a
gr

ic
ul

tu
re

; h
un

tin
g 

an
d 

tra
pp

in
g

  0
  2

  4
  1

  0
  0

  5
  0

03
00

Fo
re

st
ry

 a
nd

 lo
gg

in
g

  0
  0

  2
  0

  0
  0

  1
  0

04
00

C
om

m
er

ci
al

 fi
sh

in
g

  0
  0

  0
  0

  0
  0

  0
  0

11
01

C
oa

l
  0

  0
  0

  0
  0

  0
  0

  0
12

01
O

il 
an

d 
ga

s
  0

  0
  0

  0
  0

  1
  0

  0
13

01
Iro

n 
or

es
  0

  0
  0

  0
  0

  0
  0

  0
13

02
N

on
-fe

rr
ou

s 
m

et
al

 o
re

s
  0

  0
  0

  0
  0

  0
  0

  0
14

00
O

th
er

 m
in

in
g

  1
  0

  1
  0

  0
  0

  1
  0

15
00

S
er

vi
ce

s 
to

 m
in

in
g

  0
  0

  0
  0

  0
  0

  0
  0

21
01

M
ea

t a
nd

 m
ea

t p
ro

du
ct

s
  0

  0
  0

  0
  0

  0
  0

  0
21

02
D

ai
ry

 p
ro

du
ct

s
  0

  0
  0

  2
  2

  0
  0

  0
21

03
Fr

ui
t a

nd
 v

eg
et

ab
le

 p
ro

du
ct

s
  1

  0
  1

  0
  0

  0
  0

  0
21

04
O

ils
 a

nd
 fa

ts
  0

  0
  0

  0
  0

  0
  0

  0
21

05
Fl

ou
r m

ill
 p

ro
du

ct
s 

an
d 

ce
re

al
 fo

od
s

  0
  0

  0
  0

  1
  0

  0
  0

21
06

B
ak

er
y 

pr
od

uc
ts

  0
  0

  0
  0

  0
  0

  0
  0

21
07

C
on

fe
ct

io
ne

ry
  0

  0
  0

  0
  0

  0
  0

  0



23
  

21
08

O
th

er
 fo

od
 p

ro
du

ct
s

  1
  1

  3
  5

  1
  5

  3
  4

21
09

S
of

t d
rin

ks
, c

or
di

al
s 

an
d 

sy
ru

ps
  0

  0
  0

  0
  0

  0
  0

  0
21

10
B

ee
r 

an
d 

m
al

t
  0

  0
  0

  0
  0

  0
  0

  0
21

13
W

in
e,

 s
pi

rit
s 

an
d 

to
ba

cc
o 

pr
od

uc
ts

  0
  0

  1
  0

  0
  0

  1
  0

22
01

T
ex

til
e 

fib
re

s,
 y

ar
ns

 a
nd

 w
ov

en
 fa

br
ic

s
  0

  0
  1

  0
  0

  0
  0

  0
22

02
T

ex
til

e 
pr

od
uc

ts
  0

  1
  1

  0
  0

  0
  4

  0
22

03
K

ni
tti

ng
 m

ill
 p

ro
du

ct
s

  0
  0

  0
  0

  0
  0

  0
  0

22
04

C
lo

th
in

g
  4

  4
  6

  4
  0

  1
  8

  0
22

05
F

oo
tw

ea
r

  0
  0

  0
  0

  0
  0

  0
  0

22
06

Le
at

he
r 

an
d 

le
at

he
r 

pr
od

uc
ts

  0
  0

  0
  0

  0
  0

  0
  0

23
01

S
aw

m
ill

 p
ro

du
ct

s
  1

  1
  1

  1
  1

  1
  0

  1
23

02
O

th
er

 w
oo

d 
pr

od
uc

ts
  1

  1
  1

  0
  0

  1
  0

  1
23

03
P

ul
p,

 p
ap

er
 a

nd
 p

ap
er

bo
ar

d
  0

  0
  0

  0
  0

  0
  0

  0
23

04
P

ap
er

 c
on

ta
in

er
s 

an
d 

pr
od

uc
ts

  0
  0

  0
  0

  0
  5

  0
  0

24
01

P
rin

tin
g 

an
d 

se
rv

ic
es

 to
 p

rin
tin

g
  0

  0
  1

  0
  0

  0
  0

  0
24

02
P

ub
lis

hi
ng

; r
ec

or
de

d 
m

ed
ia

 a
nd

 p
ub

lis
hi

ng
  0

  0
  0

  0
  0

  0
  0

  0
25

01
P

et
ro

le
um

 a
nd

 c
oa

l p
ro

du
ct

s
  4

8
  5

6
  1

9
  1

8
  2

  6
  7

7
  5

25
02

B
as

ic
 c

he
m

ic
al

s
  3

3
  1

00
  4

6
  1

4
  3

  2
  1

79
  4

1
25

03
P

ai
nt

s
  0

  0
  1

  0
  0

  0
  0

  0
25

04
M

ed
ic

in
al

 a
nd

 p
ha

rm
ac

eu
tic

al
 p

ro
du

ct
s,

 p
es

tic
id

es
  2

41
  1

4
  5

12
  2

92
  1

9
  2

5
  2

25
  1

5
25

05
S

oa
p 

an
d 

ot
he

r 
de

te
rg

en
ts

  0
  0

  0
  0

  0
  0

  0
  1

25
06

C
os

m
et

ic
s 

an
d 

to
ile

tr
y 

pr
ep

ar
at

io
ns

  0
  0

  1
  0

  0
  0

  0
  0

25
07

O
th

er
 c

he
m

ic
al

 p
ro

du
ct

s
  0

  1
  1

  0
  0

  0
  0

  0
25

08
R

ub
be

r 
pr

od
uc

ts
  0

  1
  1

  0
  0

  0
  0

  0
25

09
P

la
st

ic
 p

ro
du

ct
s

  2
  1

  1
  1

  1
  1

  6
  1

26
01

G
la

ss
 a

nd
 g

la
ss

 p
ro

du
ct

s
  0

  0
  0

  0
  0

  0
  0

  0
26

02
C

er
am

ic
 p

ro
du

ct
s

  0
  0

  0
  0

  0
  0

  0
  0

26
03

C
em

en
t, 

lim
e 

an
d 

co
nc

re
te

 s
lu

rr
y

  0
  0

  0
  0

  0
  0

  0
  0

26
04

P
la

st
er

 a
nd

 o
th

er
 c

on
cr

et
e 

pr
od

uc
ts

  0
  0

  0
  0

  0
  0

  0
  0

26
05

O
th

er
 n

on
-m

et
al

lic
 m

in
er

al
 p

ro
du

ct
s

  0
  0

  0
  0

  0
  0

  0
  0

27
01

Ir
on

 a
nd

 s
te

el
  3

  2
  4

  1
  1

  2
  1

  1
27

02
B

as
ic

 n
on

-f
er

ro
us

 m
et

al
 a

nd
 p

ro
du

ct
s

  2
  1

  2
  1

  1
  2

  1
  1

27
03

S
tr

uc
tu

ra
l m

et
al

 p
ro

du
ct

s
  0

  0
  0

  0
  0

  0
  0

  0
27

04
S

he
et

 m
et

al
 p

ro
du

ct
s

  0
  0

  0
  0

  0
  0

  0
  0

27
05

F
ab

ric
at

ed
 m

et
al

 p
ro

du
ct

s
  6

  6
  2

  0
  0

  1
  3

  1
28

01
M

ot
or

 v
eh

ic
le

s 
an

d 
pa

rt
s;

 o
th

er
 tr

an
sp

or
t e

qu
ip

m
en

t
  1

  6
  3

  1
  0

  0
  3

  1
28

02
S

hi
ps

 a
nd

 b
oa

ts
  0

  0
  0

  0
  0

  0
  0

  0
28

03
R

ai
lw

ay
 e

qu
ip

m
en

t
  0

  0
  0

  0
  0

  0
  0

  0
28

04
A

irc
ra

ft
  1

  2
  3

  1
  0

  0
  3

  6
28

05
P

ho
to

gr
ap

hi
c 

an
d 

sc
ie

nt
ifi

c 
eq

ui
pm

en
t

  3
  2

  3
  1

  2
  2

  2
  2

28
06

E
le

ct
ro

ni
c 

eq
ui

pm
en

t
  1

1
  9

  1
3

  6
  7

  9
  1

4
  8

28
07

H
ou

se
ho

ld
 a

pp
lia

nc
es

  0
  0

  0
  0

  0
  0

  0
  0

28
08

O
th

er
 e

le
ct

ric
al

 e
qu

ip
m

en
t

  4
  2

  7
  3

  2
  2

  7
  2

28
09

A
gr

ic
ul

tu
ra

l, 
m

in
in

g 
an

d 
co

ns
tr

uc
tio

n 
m

ac
hi

ne
ry

, l
ift

in
g 

an
d 

m
at

er
ia

l h
an

dl
in

g 
eq

ui
pm

en
t

  3
  1

4
  1

3
  3

  1
  2

  1
0

  4



24
  

2
8
1
0

O
th

e
r 

m
a
ch

in
e
ry

 a
n
d
 e

q
u
ip

m
e
n
t

  
6

  
6

  
7

  
3

  
3

  
4

  
3

  
4

2
9
0
1

P
re

fa
b
ri
ca

te
d
 b

u
ild

in
g
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

2
9
0
2

F
u
rn

itu
re

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

2
9
0
3

O
th

e
r 

m
a
n
u
fa

ct
u
ri
n
g

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
0

3
6
0
1

E
le

ct
ri
ci

ty
 s

u
p
p
ly

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

3
6
0
2

G
a
s 

su
p
p
ly

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

3
7
0
1

W
a
te

r 
su

p
p
ly

; 
se

w
e
ra

g
e
 a

n
d
 d

ra
in

a
g
e
 s

e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

4
1
0
1

R
e
si

d
e
n
tia

l b
u
ild

in
g
 c

o
n
st

ru
ct

io
n

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

4
1
0
2

O
th

e
r 

co
n
st

ru
ct

io
n

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

4
2
0
1

C
o
n
st

ru
ct

io
n
 t

ra
d
e
 s

e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

4
5
0
1

W
h
o
le

sa
le

 t
ra

d
e

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

4
5
0
2

W
h
o
le

sa
le

 m
e
ch

a
n
ic

a
l r

e
p
a
ir
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

4
5
0
3

O
th

e
r 

w
h
o
le

sa
le

 r
e
p
a
ir
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

5
1
0
1

R
e
ta

il 
tr

a
d
e

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

5
1
0
2

R
e
ta

il 
m

e
ch

a
n
ic

a
l r

e
p
a
ir
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

5
1
0
3

O
th

e
r 

re
ta

il 
re

p
a
ir
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

5
7
0
1

A
cc

o
m

m
o
d
a
tio

n
, 

ca
fe

s 
a
n
d
 r

e
st

a
u
ra

n
ts

  
5

  
8

  
5

  
3

  
0

  
0

  
3

  
0

6
1
0
1

R
o
a
d
 t

ra
n
sp

o
rt

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

6
2
0
1

R
a
il,

 p
ip

e
lin

e
 a

n
d
 o

th
e
r 

tr
a
n
sp

o
rt

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

6
3
0
1

W
a
te

r 
tr

a
n
sp

o
rt

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

6
4
0
1

A
ir
 a

n
d
 s

p
a
ce

 t
ra

n
sp

o
rt

  
3

  
2

  
6

  
2

  
0

  
0

  
4

  
0

6
6
0
1

S
e
rv

ic
e
s 

to
 t

ra
n
sp

o
rt

; 
st

o
ra

g
e

  
1

  
3

  
1

  
0

  
0

  
0

  
0

  
0

7
1
0
1

C
o
m

m
u
n
ic

a
tio

n
 s

e
rv

ic
e
s

  
1

  
1

  
1

  
0

  
0

  
0

  
1

  
0

7
3
0
1

B
a
n
ki

n
g

  
0

  
1

  
1

  
0

  
0

  
0

  
1

  
0

7
3
0
2

N
o
n
-b

a
n
k 

fin
a
n
ce

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

7
4
0
1

In
su

ra
n
ce

  
2

  
1
0

  
3

  
0

  
0

  
0

  
1
3

  
0

7
5
0
1

S
e
rv

ic
e
s 

to
 f

in
a
n
ce

, 
in

ve
st

m
e
n
t 

a
n
d
 in

su
ra

n
ce

  
0

  
0

  
1

  
0

  
0

  
0

  
0

  
0

7
7
0
1

O
w

n
e
rs

h
ip

 o
f 

d
w

e
lli

n
g
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

7
7
0
2

O
th

e
r 

p
ro

p
e
rt

y 
se

rv
ic

e
s

  
0

  
0

  
1

  
0

  
0

  
0

  
0

  
2

7
8
0
1

S
ci

e
n
tif

ic
 r

e
se

a
rc

h
, 

te
ch

n
ic

a
l a

n
d
 c

o
m

p
u
te

r 
se

rv
ic

e
s

  
2

  
1

  
3

  
0

  
0

  
0

  
5

  
0

7
8
0
2

L
e
g
a
l, 

a
cc

o
u
n
tin

g
, 

m
a
rk

e
tin

g
 a

n
d
 b

u
si

n
e
ss

 m
a
n
a
g
e
m

e
n
t 

se
rv

ic
e
s

  
5

  
5

  
8

  
2

  
2

  
4

  
3

  
2

7
8
0
3

O
th

e
r 

b
u
si

n
e
ss

 s
e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

8
1
0
1

G
o
ve

rn
m

e
n
t 

a
d
m

in
is

tr
a
tio

n
  

0
  

0
  

0
  

0
  

0
  

0
  

0
  

0
8
2
0
1

D
e
fe

n
ce

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

8
4
0
1

E
d
u
ca

tio
n

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

8
6
0
1

H
e
a
lth

 s
e
rv

ic
e
s

  
0

  
0

  
4

  
2

  
0

  
1

  
0

  
1

8
7
0
1

C
o
m

m
u
n
ity

 s
e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

9
1
0
1

M
o
tio

n
 p

ic
tu

re
, 

ra
d
io

 a
n
d
 t

e
le

vi
si

o
n
 s

e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

9
2
0
1

L
ib

ra
ri
e
s,

 m
u
se

u
m

s 
a
n
d
 t

h
e
 a

rt
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

9
3
0
1

S
p
o
rt

, 
g
a
m

b
lin

g
 a

n
d
 r

e
cr

e
a
tio

n
a
l s

e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

9
5
0
1

P
e
rs

o
n
a
l s

e
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

9
6
0
1

O
th

e
r 

se
rv

ic
e
s

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

©
 C

o
m

m
o
n
w

e
a
lth

 o
f 

A
u
st

ra
lia

 2
0
0
8



25
  

03
00

04
00

11
01

12
01

13
01

13
02

14
00

15
00

21
01

21
02

21
03

F
or

es
tr

y 
an

d 
lo

gg
in

g
C

om
m

er
ci

al
 

fis
hi

ng
C

oa
l

O
il 

an
d 

ga
s

Ir
on

 o
re

s
N

on
-f

er
ro

us
 

m
et

al
 o

re
s

O
th

er
 m

in
in

g
S

er
vi

ce
s 

to
 

m
in

in
g

M
ea

t a
nd

 m
ea

t 
pr

od
uc

ts
D

ai
ry

 p
ro

du
ct

s
F

ru
it 

an
d 

ve
ge

ta
bl

e 
pr

od
uc

ts

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  3
  6

  3
9

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  6

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  3
  2

  0
  0

  0
  0

  0
  2

4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  2
  2

  1
  3

  1
  0

  0
  0

  1
  0

  0
  1

7
  2

1
  2

0
  1

4
  4

  1
8

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  3

7
  1

  2
  0

  0
  0

  0
  0

  0
  0

  0
  1

  6
1

  2
  0

  0
  0

  0
  0

  0
  0

  0
  1

  2
  7

0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  5

  0
  0

  0
  0

  0
  0

  0
  0

  3
  1

  1
6

  0
  0

  0
  0

  0
  0

  0
  1

  4
  1

0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  7
  1

2
  7

 



26
  

  0
  2

  0
  0

  0
  0

  0
  0

  1
2

  4
9

  4
0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  1
  1

  4
  2

  1
  1

  2
  0

  0
  1

  1
  0

  1
  3

  1
  0

  0
  1

  0
  0

  5
  4

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  3

  4
  2

  2
  3

  0
  0

  3
  0

  0
  0

  1
  2

  1
  0

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  2

  1
  1

  1
  2

  3
  2

  1
  1

  2
  0

  0
  1

  1
  4

  1
  3

  2
  1

  0
  3

  0
  0

  0
  0

  0
  1

1
  4

  3
  9

  1
  1

1
  1

  7
  0

  0
  0

  0
  0

  0
  0

  0
  0

  5
  2

9
  3

  0
  0

  0
  0

  0
  0

  0
  1

  1
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
1

  5
8

  2
01

  3
8

  8
2

  3
04

  3
7

  1
37

  3
  5

  3
  2

  2
  2

8
  1

4
  9

  1
00

  4
  2

3
  1

  8
  2

  0
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  3

  0
  3

  2
  0

  1
3

  1
  3

  1
  1

  1
  0

  0
  1

  0
  0

  1
  0

  0
  8

  5
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  2

7
  9

  8
  1

6
  3

  1
  0

  2
  0

  2
  1

6
  2

9
  9

  1
0

  3
0

  5
  5

  0
  0

  0
  1

  6
  2

  2
  2

  2
  1

  3
  1

9
  1

30
  2

1
  0

  0
  1

  1
  1

  0
  0

  1
  0

  0
  7

  0
  0

  0
  0

  0
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  1
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  0

  0
  0

  1
  0

  0
  0

  2
  2

  3
2

  1
7

  2
0

  2
6

  3
  6

7
  4

  7
  2

  1
  1

  3
  5

  3
  7

  2
  4

  3
  6

  1
  0

  1
  3

  1
  3

  6
  0

  9
  0

  0
  0

  0
  1

  0
  0

  0
  2

  0
  0

  0
  4

  2
  6

  2
1

  5
0

  1
7

  1
1

  3
6

  4
  4

  3
  1

  0
  1

  1
3

  6
  3

  2
  1

2
  1

  6
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  3
  0

  3
19

  1
02

  1
6

  1
9

  1
7

  6
2

  0
  0

  0
  3

  1
0

  8
  7

  6
  6

  3
  9

  1
  2

  2
  1

6
  2

9
  3

6
  2

6
  5

5
  5

2
  9

  3
6

  0
  1

  9
  0

  0
  4

  2
  1

  3
  1

  2
  0

  1
  0

  4
  1

4
  1

6
  9

  7
  8

  3
  1

0
  2

  1
1

  1
  2

  1
0

  5
5

  1
6

  1
3

  6
2

  1
1

  9
  1

  1
  1

 



27
  

  2
4

  5
5

  1
41

  4
6

  2
9

  1
48

  3
1

  2
5

  6
  1

2
  3

  0
  0

  1
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

0
  0

  0
  0

  0
  0

  0
  2

  4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  4
  1

  1
  2

  1
  1

3
  2

  1
  1

  0
  0

  1
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
- 

 2
- 

 4
- 

 2
  0

  0
  0

- 
 2

  0
  0

  0
  0

  0
  9

  3
  1

5
  2

0
  4

- 
 1

  1
  0

  1
0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  0

  1
  0

  1
  2

  2
  0

  0
  0

  1
  1

  1
  1

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  1
  1

  1
  0

  2
  1

  1
5

  5
  5

  1
0

  6
  1

  0
  0

  5
  0

  0
  1

  0
  0

  1
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  5

  2
  1

  6
  1

  2
  2

  2
  0

  0
  0

  2
  1

  1
  2

  0
  4

7
  3

  1
  2

  4
  4

  8
  9

  1
2

  8
  3

  8
  4

  8
  3

  0
  0

  1
  0

  0
  4

  0
  6

  5
  3

  4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  1
  0

  1
  2

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0

  1
13

  2
79

 1
 0

58
  3

86
  3

71
  9

51
  1

59
  5

31
  1

70
  4

11
  2

70

  1
13

  2
79

 1
 0

58
  3

86
  3

71
  9

51
  1

59
  5

31
  1

70
  4

11
  2

70
 



28
  

21
04

21
05

21
06

21
07

21
08

21
09

21
10

21
13

22
01

22
02

22
03

O
ils

 a
nd

 fa
ts

F
lo

ur
 m

ill
 

pr
od

uc
ts

 a
nd

 
ce

re
al

 fo
od

s

B
ak

er
y 

pr
od

uc
ts

C
on

fe
ct

io
ne

ry
O

th
er

 fo
od

 
pr

od
uc

ts
S

of
t d

rin
ks

, 
co

rd
ia

ls
 a

nd
 

sy
ru

ps

B
ee

r 
an

d 
m

al
t

W
in

e,
 s

pi
rit

s 
an

d 
to

ba
cc

o 
pr

od
uc

ts

T
ex

til
e 

fib
re

s,
 

ya
rn

s 
an

d 
w

ov
en

 fa
br

ic
s

T
ex

til
e 

pr
od

uc
ts

K
ni

tti
ng

 m
ill

 
pr

od
uc

ts

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  1

8
  0

  0
  0

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  6

  6
  1

1
  1

4
  3

2
  0

  1
  8

5
  3

  4
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  5
  0

  0
  0

  1
9

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  1
  2

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  1
5

  0
  1

7
  0

  0
  0

  0
  0

  0
  3

  5
  9

  4
8

  8
  0

  0
  0

  0
  0

  0
  1

  1
4

  9
  2

5
  2

  2
  3

  1
0

  0
  0

  0
  1

73
  8

  9
  4

  5
4

  0
  0

  0
  0

  0
  0

  0
  2

8
  1

2
  1

9
  3

  0
  1

  1
  0

  0
  0

  0
  0

  1
5

  2
8

  2
6

  0
  0

  0
  0

  0
  0

  1
2

  1
8

  1
4

  2
9

  1
7

  0
  0

  0
  0

  0
  0

 



29
  

  
6

  
2
4

  
4
2

  
2
2

  
5
2

  
1

  
1

  
1
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
4

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
3

  
0

  
0

  
0

  
2
4

  
0

  
0

  
0

  
1

  
1

  
0

  
1

  
1

  
1

  
1

  
2
5

  
5
8

  
2
2
8

  
8
5

  
4

  
1
0

  
6

  
1

  
2
9

  
1

  
0

  
4

  
1

  
1
0

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
6

  
1
4

  
0

  
1

  
2

  
2

  
1

  
1

  
1

  
1

  
0

  
1

  
0

  
0

  
0

  
0

  
1

  
0

  
0

  
0

  
1

  
0

  
0

  
0

  
2

  
1

  
1

  
2

  
1

  
1

  
2

  
4

  
1

  
2

  
2

  
2

  
1

  
1

  
3

  
1

  
1

  
1

  
2

  
1

  
1

  
1

  
0

  
0

  
0

  
0

  
0

  
1

  
1

  
3

  
0

  
0

  
0

  
2

  
8

  
1

  
1

  
5

  
1

  
1

  
5
1

  
0

  
1

  
0

  
1

  
6

  
3

  
5

  
9

  
1

  
3

  
6

  
0

  
1

  
0

  
0

  
1

  
0

  
0

  
1

  
0

  
1

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
3

  
2

  
1

  
8

  
2

  
2

  
2

  
1

  
1

  
0

  
4

  
5

  
2

  
8

  
2
3

  
5

  
6

  
1
1

  
1
5

  
1
9

  
1
7

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
1

  
0

  
1

  
3

  
1

  
1

  
1

  
1

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
0

  
0

  
1

  
0

  
4

  
0

  
0

  
1

  
0

  
0

  
2

  
0

  
0

  
0

  
0

  
0

  
0

  
1
7

  
2
4

  
2
3

  
3
8

  
7
4

  
4
8

  
9

  
1
9

  
3

  
1
9

  
3

  
1

  
1

  
0

  
1

  
1

  
7

  
5

  
9

  
1

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
4

  
3

  
2

  
7

  
3

  
0

  
0

  
0

  
3

  
4

  
2

  
2

  
2

  
1

  
4

  
2

  
0

  
0

  
0

  
2

  
4

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
1

  
0

  
0

  
0

  
0

  
0

  
1

  
5
4

  
1
1

  
4

  
0

  
0

  
0

  
1

  
1

  
1

  
2

  
4

  
0

  
1

  
1

  
0

  
5

  
0

  
0

  
0

  
0

  
1

  
1

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
0

  
3

  
3

  
2

  
6

  
7

  
4

  
6

  
1
0

  
2

  
2

  
1

  
1
5

  
1
4

  
1
0

  
2
7

  
2
4

  
1
7

  
2
7

  
4
1

  
9

  
1
1

  
7

  
0

  
0

  
0

  
1

  
1

  
1

  
1

  
1

  
0

  
0

  
0

  
1

  
2

  
2

  
4

  
4

  
6

  
9

  
1
0

  
0

  
1

  
0

  
1

  
1

  
1

  
2

  
1

  
1

  
2

  
3

  
1

  
1

  
0

 
  5

 
  5

 
  4

 
  1

2 
  1

5 
  6

 
  1

1 
  1

6 
  3

 
  4

 
  3

 



30
  

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  6
 

  5
 

  1
 

  2
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  2
 

  2
 

  5
 

  6
 

  1
1 

  1
2 

  1
3 

  0
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

- 
 1

 
  0

 
  0

 
- 

 1
 

- 
 8

 
  0

 
  0

 
- 

 1
 

  0
 

- 
 1

 
  0

 

  9
 

  1
4 

  3
 

  3
 

  1
1 

  2
 

  4
 

  6
 

  0
 

  6
 

- 
 3

 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  1
 

  0
 

  1
 

  1
 

  0
 

  1
 

  1
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  3
 

  7
 

  2
 

  3
 

  1
7 

  3
 

  4
 

  3
 

  0
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  1
 

  0
 

  1
 

  1
 

  0
 

  1
 

  0
 

  0
 

  0
 

  0
 

  2
 

  1
 

  0
 

  7
 

  2
 

  0
 

  3
 

  0
 

  3
 

  1
 

  6
 

  6
 

  3
 

  1
1 

  6
 

  7
 

  1
0 

  1
4 

  3
 

  4
 

  3
 

  0
 

  0
 

  0
 

  0
 

  3
 

  1
 

  0
 

  8
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 



31
  

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  1
 

  1
 

  1
 

  1
 

  1
 

  1
 

  1
 

  1
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  2
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  0
 

  
  

  
  

  
  

  
  

  
  

  

  3
14

 
  2

30
 

  2
14

 
  3

49
 

  5
04

 
  1

92
 

  1
48

 
  4

14
 

  1
11

 
  3

51
 

  1
44

 

  
  

  
  

  
  

  
  

  
  

  

  
  

  
  

  
  

  
  

  
  

  

  3
14

 
  2

30
 

  2
14

 
  3

49
 

  5
04

 
  1

92
 

  1
48

 
  4

14
 

  1
11

 
  3

51
 

  1
44

 



32
  

22
04

22
05

22
06

23
01

23
02

23
03

23
04

24
01

24
02

25
01

25
02

C
lo

th
in

g
F

oo
tw

ea
r

Le
at

he
r 

an
d 

le
at

he
r 

pr
od

uc
ts

S
aw

m
ill

 
pr

od
uc

ts
O

th
er

 w
oo

d 
pr

od
uc

ts
P

ul
p,

 p
ap

er
 a

nd
 

pa
pe

rb
oa

rd
P

ap
er

 
co

nt
ai

ne
rs

 a
nd

 
pr

od
uc

ts

P
rin

tin
g 

an
d 

se
rv

ic
es

 to
 

pr
in

tin
g

P
ub

lis
hi

ng
; 

re
co

rd
ed

 m
ed

ia
 

an
d 

pu
bl

is
hi

ng

P
et

ro
le

um
 a

nd
 

co
al

 p
ro

du
ct

s
B

as
ic

 c
he

m
ic

al
s

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  3
  3

  8
  0

  0
  0

  0
  0

  0
  0

  4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  1
0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
 8

 2
56

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  8
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  7
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

 



33
  

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  2
53

  5
  4

  1
  1

  0
  1

5
  1

1
  1

  1
  1

  5
  2

  7
  1

  5
  1

  1
  5

  3
  0

  1
1

  1
14

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  9
1

  3
  4

  1
  1

  0
  0

  1
1

  9
  0

  1
  1

  1
0

  4
  0

  0
  0

  0
  2

  1
  0

  0
  4

  4
9

  5
3

  1
  2

  1
  2

  4
  1

  1
  2

  1
  1

  2
  6

7
  1

23
  1

  3
  2

  1
  0

  2
  1

  0
  2

  3
  4

8
  0

  0
  2

  1
  1

  1
  0

  1
  0

  3
6

  4
4

  1
01

  3
33

 1
 3

64
  1

49
  1

  2
4

  0
  0

  0
  0

  0
  1

5
  2

1
  7

  2
  0

  2
  0

  0
  0

  0
  1

  1
  9

  3
2

  9
  0

  1
  1

  0
  0

  0
  0

  2
  3

  2
  5

41
  0

  1
  1

  0
  1

  5
  3

  4
  8

  8
  5

  2
45

  8
5

  8
  2

  3
7

  1
1

  6
2

  7
8

  1
19

  2
19

  2
  1

54
  9

67
  0

  0
  0

  0
  4

  0
  0

  1
  0

  0
  0

  1
  1

  2
  1

  2
  1

2
  5

  4
0

  0
  1

  1
26

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
  1

  9
  1

6
  1

2
  1

7
  4

7
  1

14
  8

  1
1

  5
2

  0
  1

  0
  0

  0
  0

  3
  1

2
  2

  1
  2

  7
  2

  6
  2

  1
8

  3
  5

7
  2

61
  1

1
  9

  3
9

  0
  0

  0
  1

  1
  1

  2
  2

  1
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  1

  1
  0

  1
  0

  1
  3

  3
  7

  4
  7

  2
  7

  7
  2

  0
  5

  4
  2

  5
  2

  8
  2

  6
  2

4
  2

  0
  4

  0
  0

  0
  0

  5
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  0

  1
  1

  4
0

  2
  4

  2
  2

  1
  3

6
  0

  0
  0

  0
  4

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  5

  1
  4

  4
  4

  1
  4

  1
5

  3
  3

  5
  1

  0
  1

  1
4

  1
7

  0
  2

  4
5

  2
0

  1
4

  1
9

  0
  0

  1
  1

  1
  0

  1
  1

  0
  0

  1
  0

  0
  1

  1
  2

  8
  7

  4
  2

  2
  2

  1
  1

  2
  1

  1
  1

  2
  2

  1
  1

  2
 



34
  

  6
  4

  1
1

  9
  1

3
  6

  1
4

  1
9

  4
  4

  1
7

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  2
  0

  0
  0

  0
  0

  2
  1

  0
  0

  5
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  1

  1
  2

  1
  7

  1
2

  1
7

  2
8

  9
  0

  0
  0

  0
  0

  0
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
- 

 1
  0

  0
- 

 1
- 

 1
- 

 4
- 

 3
- 

 1
  0

  3
- 

 3
- 

 5
- 

 1
- 

 1
  1

  7
  1

  1
0

- 
 1

1
- 

 6
  7

  1
4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  1
  2

  0
  1

  6
  2

  3
  2

  0
  0

  0
  0

  0
  0

  0
  1

  1
  0

  0
  1

  0
  1

  0
  1

  0
  1

  3
  0

  0
  0

  0
  0

  0
  1

  1
  0

  3
  3

  8
  0

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  1

  0
  2

  8
  1

  0
  1

  1
  0

  2
  1

  2
  0

  3
  2

3
  7

  1
  6

  3
  2

  5
  5

  6
  3

  1
1

  1
1

  5
  1

9
  4

  1
  0

  2
  1

  2
  1

  3
  1

6
  6

  2
  3

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  0

  0
  0

  1
  0

  1
  3

  1
  2

  1
  1

  1
  0

  0
  1

  0
  0

  1
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  5
20

  9
6

  1
80

  1
97

  4
56

  2
63

  7
13

 2
 2

95
  8

24
 8

 7
73

 1
 4

93

  5
20

  9
6

  1
80

  1
97

  4
56

  2
63

  7
13

 2
 2

95
  8

24
 8

 7
73

 1
 4

93
 



35
  

25
03

25
04

25
05

25
06

25
07

25
08

25
09

26
01

26
02

26
03

26
04

P
ai

nt
s

M
ed

ic
in

al
 a

nd
 

ph
ar

m
ac

eu
tic

al
 

pr
od

uc
ts

, 
pe

st
ic

id
es

S
oa

p 
an

d 
ot

he
r 

de
te

rg
en

ts
C

os
m

et
ic

s 
an

d 
to

ile
tr

y 
pr

ep
ar

at
io

ns

O
th

er
 c

he
m

ic
al

 
pr

od
uc

ts
R

ub
be

r 
pr

od
uc

ts
P

la
st

ic
 p

ro
du

ct
s

G
la

ss
 a

nd
 g

la
ss

 
pr

od
uc

ts
C

er
am

ic
 

pr
od

uc
ts

C
em

en
t, 

lim
e 

an
d 

co
nc

re
te

 
sl

ur
ry

P
la

st
er

 a
nd

 
ot

he
r 

co
nc

re
te

 
pr

od
uc

ts

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  5
  3

  4
  2

  4
  1

  5
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

0
  0

  4
  1

3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  3

  0
  8

  1
  1

  1
  0

  1
  1

  1
  7

  6
  7

  9
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  1
  1

  1
  0

  1
  0

  0
  0

  0
  0

  0
  1

0
  1

7
  8

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
 



36
  

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  3

  1
  0

  8
  7

  2
8

  1
  0

  1
  2

  4
  3

  3
  3

  4
  1

  1
2

  0
  0

  0
  8

  0
  0

  0
  0

  0
  0

  2
  0

  0
  0

  1
  0

  0
  1

  0
  2

  0
  1

  0
  0

  0
  1

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  2

  2
  1

  1
  2

  2
  1

  2
  1

  2
  2

  2
  1

  2
  1

  2
  1

  2
  2

  1
  1

  1
  2

  1
  1

  1
  2

  1
  2

  2
  1

  1
  2

  4
  0

  1
  1

  3
  1

  6
  1

  1
  2

  1
7

  2
  3

  1
  1

  1
  0

  1
7

  0
  0

  1
  0

  0
  1

  0
  0

  1
  0

  1
  0

  0
  0

  1
  0

  1
  0

  0
  0

  0
  1

  0
  0

  0
  0

  3
0

  1
  1

  1
  3

0
  7

  2
  1

  1
  1

7
  2

  3
02

  5
3

  1
74

  2
6

  2
33

  9
5

  9
21

  6
3

  3
  5

  2
3

  5
  0

  0
  0

  2
  0

  8
  0

  0
  0

  0
  2

6
  5

48
  6

  2
  1

6
  7

  1
9

  4
  0

  0
  1

  0
  3

3
  1

  1
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  6
6

  3
  1

0
  1

31
  0

  1
4

  1
  3

8
  2

  1
4

  0
  1

  0
  0

  1
  6

  2
  0

  0
  0

  1
  6

  7
3

  3
8

  2
0

  2
5

  4
  1

16
  6

  1
  2

  4
  1

  7
  2

  0
  2

  1
  3

  5
7

  0
  1

  1
  0

  0
  0

  0
  1

  0
  0

  0
  9

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  3

9
  2

2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  3

  1
1

  0
  0

  0
  2

  0
  4

  1
5

  3
1

  5
  1

0
  5

  4
  4

  2
  6

  3
  5

  1
2

  2
  1

3
  3

0
  4

  2
  2

  1
  3

  2
  6

5
  5

  1
  2

  3
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  2

  1
  1

  0
  0

  6
  0

  0
  0

  0
  0

  0
  6

  2
7

  4
  1

  3
7

  6
  1

2
  4

  4
  1

  3
  0

  1
  0

  0
  0

  1
  1

  7
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  4

  3
  4

  1
  4

  4
  6

  4
  2

  4
  4

  1
9

  1
6

  1
6

  6
  1

9
  2

5
  4

0
  1

9
  8

  1
6

  1
9

  1
  0

  0
  0

  1
  0

  6
  1

  0
  0

  1
  1

  1
  1

  0
  2

  1
5

  1
7

  5
  2

  5
  5

  1
  1

  1
  0

  1
  1

  1
  1

  0
  1

  1
 



37
  

  7
  2

1
  6

  2
  1

2
  5

  8
  7

  3
  7

  1
3

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

1
  7

  5
  4

  0
  2

  1
  1

  1
  4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  1

3
  1

  1
  6

  0
  3

  1
  1

  2
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
- 

 1
  0

  0
- 

 3
  0

- 
 1

  0
  0

- 
 3

- 
 1

  6
  3

  5
  2

  5
  1

  9
  1

  1
  6

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  3

  0
  0

  1
  0

  1
  0

  0
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  3

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  2

  0
  0

  1
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  2

  0
  0

  1
  0

  2
  0

  0
  1

  1
  1

  2
8

  2
  0

  1
  2

  8
  1

  1
  3

  1
  4

  5
  3

  1
  4

  4
  7

  6
  2

  5
  7

  0
  1

2
  1

  0
  1

  4
  5

  1
  0

  9
  4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  0
  0

  1
  0

  1
  0

  0
  1

  1
  1

  9
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
82

  9
94

  3
10

  1
00

  5
99

  2
09

 1
 3

68
  2

39
  1

24
  1

63
  2

34

  4
82

  9
94

  3
10

  1
00

  5
99

  2
09

 1
 3

68
  2

39
  1

24
  1

63
  2

34
 



38
  

26
05

27
01

27
02

27
03

27
04

27
05

28
01

28
02

28
03

28
04

28
05

O
th

er
 n

on
-

m
et

al
lic

 m
in

er
al

 
pr

od
uc

ts

Ir
on

 a
nd

 s
te

el
B

as
ic

 n
on

-
fe

rr
ou

s 
m

et
al

 
an

d 
pr

od
uc

ts

S
tr

uc
tu

ra
l m

et
al

 
pr

od
uc

ts
S

he
et

 m
et

al
 

pr
od

uc
ts

F
ab

ric
at

ed
 

m
et

al
 p

ro
du

ct
s

M
ot

or
 v

eh
ic

le
s 

an
d 

pa
rt

s;
 o

th
er

 
tr

an
sp

or
t 

eq
ui

pm
en

t

S
hi

ps
 a

nd
 b

oa
ts

R
ai

lw
ay

 
eq

ui
pm

en
t

A
irc

ra
ft

P
ho

to
gr

ap
hi

c 
an

d 
sc

ie
nt

ifi
c 

eq
ui

pm
en

t

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  3
  4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

54
  0

  8
  0

  5
  0

  0
  0

  0
  0

  3
  6

 2
 5

56
  0

  0
  2

  0
  0

  1
  0

  0
  6

  4
1

  3
4

  1
  1

  2
  2

  3
  2

  5
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  2
  1

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

 



39
  

  0
  0

  0
  0

  1
  1

  0
  0

  0
  0

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  1
  1

  1
  4

  2
  3

  7
  2

  2
  3

  2
  1

  1
8

  1
  2

  1
  7

  1
1

  4
  0

  0
  1

0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  1
  1

6
  1

3
  1

2
  3

  1
  0

  2
  1

  0
  0

  0
  0

  0
  0

  0
  1

  0
  1

  1
  1

  1
  1

  2
  2

  6
  3

  2
  2

  0
  4

  1
  2

  1
  1

8
  2

  4
  1

  2
  1

  1
  2

  1
  2

5
  7

  7
  1

  1
0

  3
  1

2
  1

  1
  2

  2
  1

4
  2

  3
  1

  3
  0

  0
  0

  0
  1

  0
  1

  0
  0

  0
  0

  1
  0

  0
  0

  1
  1

  2
  0

  3
  1

  2
  3

  1
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  7
9

  1
7

  2
  3

  1
2

  5
  2

  1
  1

  2
  4

3
  3

4
  3

6
  1

0
  3

6
  9

0
  6

8
  1

1
  3

  2
  5

2
  0

  7
  0

  0
  2

  3
  1

1
  4

  0
  0

  0
  2

  9
  5

  1
  4

  1
2

  1
  0

  0
  1

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

0
  6

  0
  2

  4
  1

2
  1

  0
  0

  0
  1

2
  0

  4
  1

  0
  1

  1
  1

33
  1

  2
  0

  3
  8

  1
0

  3
  7

  9
  1

0
  3

2
  2

  3
  2

  3
7

  1
  1

  0
  3

4
  1

  1
  4

5
  3

  1
  4

  2
  0

  2
4

  4
  9

  0
  1

8
  0

  0
  2

  0
  6

  4
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
6

  1
  2

  1
  1

  2
  7

  1
  2

  1
  4

  4
  7

51
  1

1
  3

05
  1

24
  3

09
  2

09
  6

9
  1

4
  0

  4
1

  2
  6

1
  1

35
  7

5
  5

5
  9

1
  4

4
  2

5
  3

  2
3

  4
8

  4
  1

  0
  2

3
  4

  1
8

  1
  5

  8
  0

  1
  0

  2
  0

  2
  1

3
  2

  5
  0

  0
  2

  1
  1

  4
0

  5
  7

8
  3

9
  6

3
  7

2
  1

9
  1

  2
2

  7
  1

  4
  1

  2
  8

  1
 3

 8
77

  1
  1

  5
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  2

  0
  5

4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
05

  0
  3

  1
3

  8
  3

  5
  6

  9
  2

40
  7

  4
7

  2
5

  1
4

  2
4

  1
5

  1
7

  2
1

  2
7

  2
8

  3
1

  3
6

  9
8

  1
35

  0
  1

  0
  0

  1
  1

  2
9

  4
7

  0
  1

  3
  3

  1
8

  4
  1

4
  1

5
  1

5
  3

1
  1

90
  1

18
  1

9
  4

0
  1

  5
  3

  2
  1

  4
9

  7
  1

39
  1

  0
  1

 



40
  

  5
  2

0
  9

  7
  1

7
  1

3
  1

08
  9

6
  5

4
  3

6
  1

9
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  2
  5

  2
27

  2
  2

  0
  0

  1
  1

2
  9

  1
  6

  2
  2

  3
  2

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  7

  1
  9

  6
  8

  8
  1

  0
  0

  2
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
- 

 1
  1

2
- 

 3
- 

 4
  0

- 
 1

- 
 1

  0
  0

  0
- 

 1
  0

  6
  3

  1
4

  8
  1

0
  1

5
  3

  0
  0

  5
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  2

  0
  3

  1
  2

  3
  1

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  3

  1
  2

  0
  0

  0
  0

  0
  0

  0
  0

  2
  1

  2
  1

0
  2

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  8
  1

  2
  1

  2
  5

  1
  0

  0
  1

  0
  4

  2
  1

0
  6

  5
  1

2
  1

  0
  0

  5
  5

  9
  3

  6
  6

  7
  8

  1
0

  5
  0

  1
0

  0
  0

  0
  6

  3
  4

  1
8

  1
  0

  0
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  1
  1

  0
  1

  3
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
48

 1
 4

52
 2

 8
86

  7
15

  4
29

  8
61

 5
 0

70
  9

41
  3

30
  6

89
  4

98

  1
48

 1
 4

52
 2

 8
86

  7
15

  4
29

  8
61

 5
 0

70
  9

41
  3

30
  6

89
  4

98
 



41
  

28
06

28
07

28
08

28
09

28
10

29
01

29
02

29
03

36
01

36
02

37
01

E
le

ct
ro

ni
c 

eq
ui

pm
en

t
H

ou
se

ho
ld

 
ap

pl
ia

nc
es

O
th

er
 e

le
ct

ric
al

 
eq

ui
pm

en
t

A
gr

ic
ul

tu
ra

l, 
m

in
in

g 
an

d 
co

ns
tr

uc
tio

n 
m

ac
hi

ne
ry

, 
lif

tin
g 

an
d 

O
th

er
 m

ac
hi

ne
ry

 
an

d 
eq

ui
pm

en
t

P
re

fa
br

ic
at

ed
 

bu
ild

in
gs

F
ur

ni
tu

re
O

th
er

 
m

an
uf

ac
tu

rin
g

E
le

ct
ric

ity
 

su
pp

ly
G

as
 s

up
pl

y
W

at
er

 s
up

pl
y;

 
se

w
er

ag
e 

an
d 

dr
ai

na
ge

 
se

rv
ic

es

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  2
  0

  1
  0

  0
  0

  0
  1

  1
  1

  1
  1

  1
  2

  2
8

  0
  0

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
 



42
  

  2
  1

  1
  1

  2
  1

  5
  3

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  1
  1

  1
  1

  9
5

  9
  2

  1
  1

  1
  2

  0
  0

  0
  0

  2
8

  1
  0

  1
  0

  0
  0

  0
  0

  0
  0

  1
  1

  0
  0

  0
  2

  3
  1

  2
  2

  3
  1

1
  8

  2
  0

  1
  0

  0
  0

  0
  0

  0
  1

  1
  1

  0
  1

  1
  2

  1
  1

  2
  2

  5
0

  1
6

  3
  3

  2
  1

  1
  1

  1
  1

  9
  1

99
  1

4
  0

  0
  2

  1
  1

  1
  1

  1
  5

  1
03

  1
9

  0
  0

  1
  1

  0
  2

  0
  1

  1
  4

  2
  2

  0
  0

  1
  0

  0
  0

  0
  0

  1
  2

  0
  0

  1
  1

  2
  2

  1
  3

  0
  2

  1
  6

  1
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  6

  1
  1

  1
  3

  2
  8

9
  2

  3
2

  5
  2

8
  7

7
  4

  8
  6

  4
2

  4
7

  5
6

  1
7

  2
21

  0
  3

  1
  1

  2
  1

  1
3

  6
  1

  0
  3

  0
  0

  0
  0

  0
  1

  3
  2

  7
  3

  4
7

  0
  0

  0
  0

  0
  0

  0
  0

  2
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  1
5

  6
  2

  0
  1

  1
  6

  1
  2

5
  1

5
  1

  9
  8

  1
08

  4
  2

  2
6

  2
3

  1
2

  7
  1

1
  4

  6
6

  4
5

  4
  4

  9
  1

  1
1

  2
  1

  1
  3

  1
5

  3
  1

  1
  1

  3
  3

  2
4

  5
  4

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  0

  5
  0

  0
  0

  0
  0

  0
  0

  0
  4

  0
  0

  2
  2

  1
  2

  1
  0

  1
  1

  0
  0

  2
  1

7
  1

71
  4

3
  1

61
  2

27
  2

8
  2

06
  6

4
  2

0
  5

  1
7

  1
0

  2
2

  6
8

  8
  2

1
  9

  2
7

  5
0

  5
  2

  5
  2

  1
  1

1
  7

  1
7

  3
  3

  7
  0

  0
  0

  1
  1

0
  3

  3
  6

  1
  2

  3
  0

  2
  1

  7
  2

1
  1

5
  2

0
  2

1
  9

  9
2

  1
0

  3
5

  4
  1

11
  1

  6
8

  1
  1

5
  1

  3
  3

4
  1

98
  1

1
  0

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
8

  1
3

  8
  1

2
  1

6
  5

  9
  2

0
  8

  3
  1

4
  6

35
  2

7
  6

4
  4

2
  6

4
  1

9
  3

1
  5

7
  4

1
  1

6
  4

8
  4

  1
02

  1
  1

1
  1

1
  1

  1
  3

  1
  0

  1
  7

7
  2

58
  2

07
  1

10
  1

76
  6

  1
4

  2
3

  2
73

  1
  1

2
  2

  1
  1

  4
0

  3
  2

  2
  5

  7
  1

  2
 



43
  

  6
1

  4
7

  1
23

  1
14

  2
64

  9
  1

5
  3

2
  9

1
  5

  5
1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  6

  0
  0

  0
  0

  0
  1

7
  2

  0
  0

  0
  1

  1
  1

  0
  0

  1
  3

  9
  4

  1
  8

  0
  0

  0
  0

  0
  0

  0
  0

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
  2

  2
  2

  2
  1

  4
  2

  1
0

  1
  6

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
- 

 1
- 

 1
- 

 2
- 

 2
  0

- 
 1

- 
 3

- 
 9

- 
 1

  0
  7

  6
  5

  5
  5

  2
  9

  3
  3

9
  5

  2
3

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  2
  2

  2
  4

  0
  3

  2
  5

  1
  2

  0
  0

  0
  0

  0
  0

  0
  0

  4
  0

  3
  2

  0
  0

  0
  0

  0
  2

  0
  3

  0
  1

  0
  0

  0
  0

  1
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  2

  2
  3

  0
  2

  1
  1

5
  6

  0
  8

  5
  3

  3
  2

  1
  5

  1
  7

  1
  2

  4
  6

  4
  4

  7
  6

  1
0

  2
2

  1
5

  3
4

  1
3

  3
  3

  2
  2

  2
  1

  4
  1

  1
  3

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  1

  1
  1

  0
  1

  0
  9

  1
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0

  9
35

  8
57

  7
04

  6
17

  9
12

  1
46

 1
 1

67
  7

37
  9

14
  1

29
  6

63

  9
35

  8
57

  7
04

  6
17

  9
12

  1
46

 1
 1

67
  7

37
  9

14
  1

29
  6

63
 



44
  

41
01

41
02

42
01

45
01

45
02

45
03

51
01

51
02

51
03

57
01

61
01

R
es

id
en

tia
l 

bu
ild

in
g 

co
ns

tr
uc

tio
n

O
th

er
 

co
ns

tr
uc

tio
n

C
on

st
ru

ct
io

n 
tr

ad
e 

se
rv

ic
es

W
ho

le
sa

le
 tr

ad
e

W
ho

le
sa

le
 

m
ec

ha
ni

ca
l 

re
pa

irs

O
th

er
 w

ho
le

sa
le

 
re

pa
irs

R
et

ai
l t

ra
de

R
et

ai
l 

m
ec

ha
ni

ca
l 

re
pa

irs

O
th

er
 r

et
ai

l 
re

pa
irs

A
cc

om
m

od
at

io
n

, c
af

es
 a

nd
 

re
st

au
ra

nt
s

R
oa

d 
tr

an
sp

or
t

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
1

  2
5

  0
  1

  0
  0

  2
2

  0
  0

  4
0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  6

  7
  0

  0
  0

  0
  1

0
  0

  0
  9

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
 1

 5
56

  0
  0

  1
  0

  0
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  5

  4
  6

  0
  0

  0
  2

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  6
  0

  0
  7

5
  0

  0
  7

8
  0

  0
  1

  0
  4

  0
  0

  3
4

  1
  0

  4
2

  0
  0

  0
  0

  3
  0

  0
  6

  0
  0

  5
5

  0
  0

  0
  0

  0
  0

  0
  4

2
  0

  0
  1

1
  0

  0
  0

  0
  0

  0
  0

  1
1

  0
  0

  6
2

  0
  0

  0
  0

  2
  0

  0
  2

2
  0

  0
  5

2
  0

  0
  0

  0
  0

  0
  0

  7
0

  0
  0

  7
0

  0
 



45
  

  1
6

  2
5

  4
  9

  0
  0

  1
01

  0
  0

  1
33

  6
  0

  0
  0

  0
  0

  0
  7

  0
  0

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  7

8
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  3

23
  0

  1
2

  2
7

  5
  1

  1
  1

  8
  1

  1
  5

5
  1

  6
  1

6
  5

  2
0

  1
  1

  2
8

  5
  0

  8
0

  2
0

  1
  1

  0
  1

  0
  0

  6
  0

  0
  0

  0
  4

  6
  1

  2
1

  0
  1

  2
0

  3
  1

  4
7

  4
  3

  1
  0

  1
2

  0
  1

1
  3

  1
  4

  2
  1

  4
  4

  3
  6

  0
  0

  5
  0

  0
  2

0
  4

  1
32

  1
5

  1
33

  2
  0

  0
  3

  0
  0

  2
  2

  9
1

  2
7

  9
0

  3
4

  0
  0

  9
4

  0
  0

  3
  5

  1
3

  1
6

  3
  8

0
  0

  0
  2

4
  0

  0
  1

0
  8

  7
  1

5
  2

  2
0

  0
  0

  1
7

  1
  0

  2
5

  0
  9

  1
5

  2
  8

0
  0

  0
  1

95
  1

  0
  1

9
  4

  1
  2

  0
  0

  0
  0

  2
  0

  0
  1

  0
  8

7
  1

42
  1

78
  1

64
  7

  1
8

  1
17

  7
9

  6
  4

3
  9

27
  5

8
  2

05
  1

85
  2

2
  9

  5
  1

9
  2

0
  7

  2
5

  9
  1

3
  2

7
  2

8
  1

0
  1

  1
  1

1
  5

  0
  2

  0
  1

  1
0

  1
4

  9
3

  0
  1

  2
1

  2
  1

  5
  1

  1
  1

  0
  5

  0
  0

  9
  1

  0
  3

5
  4

  0
  0

  0
  1

  0
  0

  0
  0

  0
  1

  0
  5

  2
7

  2
2

  1
9

  0
  0

  1
1

  1
  0

  1
  0

  3
  8

7
  4

1
  5

7
  0

  1
2

  4
9

  2
  2

  3
7

  2
36

  1
87

  1
41

  1
41

  1
69

  2
  3

  6
6

  4
  3

  5
5

  1
5

  4
  2

0
  1

1
  2

5
  3

  0
  5

  2
5

  0
  3

  2
  1

99
  3

5
  1

18
  0

  0
  0

  2
  0

  0
  3

9
  0

  4
  1

  3
  0

  0
  0

  0
  0

  0
  0

  0
  1

2
  2

2
  2

2
  0

  0
  0

  0
  0

  0
  0

  0
  6

9
  8

0
  9

3
  1

4
  0

  0
  1

  0
  0

  0
  0

  8
7

  3
31

  2
02

  5
0

  0
  4

  5
4

  5
  4

  6
  9

  1
1

  1
7

  9
  6

  0
  2

  2
7

  4
  3

  6
  5

  6
5

  7
9

  2
8

  2
  0

  0
  0

  0
  0

  0
  0

  3
4

  1
8

  1
2

  4
  0

  0
  1

9
  0

  0
  2

3
  0

  2
84

  3
30

  2
24

  7
8

  3
  3

2
  5

5
  2

0
  1

0
  3

9
  1

3
  2

16
  2

52
  1

75
  8

8
  4

5
  5

  2
18

 1
 0

74
  2

  1
5

  8
60

  1
5

  1
7

  7
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
7

  2
0

  8
  0

  0
  0

  0
  0

  0
  1

6
  0

  4
  1

7
  3

  1
04

  2
7

  2
9

  6
  1

8
  8

  9
  7

  3
9

  3
28

  2
00

  8
3

  5
  4

22
  1

7
  1

0
  6

9
  1

60
  4

1
  1

36
  1

90
  1

44
  1

0
  8

  2
6

  1
0

  2
  1

7
  7

3
  1

  7
0

  3
99

  1
52

  9
2

  8
  6

9
  3

3
  1

9
  1

7
  2

8
  3

4
  8

  1
8

  1
9

  9
  2

3
  2

0
  3

  3
3

  2
  5

  3
 



46
  

  1
2

  1
62

  3
2

  5
6

  1
00

  4
55

  2
1

  4
9

  2
8

  1
20

  2
2

  1
  2

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  2
5

  1
2

  8
  7

  0
  5

  0
  0

  2
0

  0
  5

  1
1

  1
4

  1
45

  3
  8

  6
6

  1
9

  0
  3

4
  9

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  0
  0

  0
  0

  0
  4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  2
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
0

  7
  2

  2
14

  0
  2

  6
3

  2
  0

  6
  3

5
  3

  2
  1

  1
9

  0
  0

  1
0

  0
  0

  4
  5

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
2

  0
- 

 1
- 

 7
  0

  0
  0

- 
 1

  1
0

  2
9

  5
  1

57
  1

  3
  1

53
  3

  1
  3

0
  1

8
  0

  0
  0

  4
  0

  0
  2

2
  0

  0
  1

3
  0

  7
  1

6
  3

  9
1

  1
  3

  5
0

  6
  0

  2
8

  1
9

  2
  3

  3
  1

1
  0

  0
  9

  1
  0

  2
  2

  1
  4

  2
  7

  0
  0

  7
  3

  0
  4

  9
  1

49
  1

01
  1

9
  5

8
  4

  1
0

  8
2

  3
2

  4
  2

3
  5

  1
4

  1
4

  3
0

  2
  0

  0
  1

  1
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  8

  3
3

  9
  4

1
  1

  3
8

  2
6

  1
5

  0
  2

4
  1

0
  9

  5
7

  1
3

  6
9

  0
  4

  1
6

  1
  0

  2
5

  4
0

  3
8

  5
9

  4
4

  1
87

  4
1

  1
34

  1
06

  1
6

  1
0

  2
2

  2
8

  2
  8

  3
  2

7
  8

  6
1

  2
4

  1
2

  1
  2

2
  5

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  2

  1
  2

  0
  0

  4
  7

  0
  6

  3
  0

  1
  0

  2
  0

  0
  2

  1
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  4

  0
  1

  2
  0

  0
  0

  0
  1

  0
  0

  3
  0

  1
  3

  0
  0

  0
  0

  1
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

 2
 2

36
 3

 5
57

 2
 4

84
 4

 0
79

  3
10

 1
 3

82
 2

 2
25

 1
 5

02
  2

02
 2

 2
41

 2
 4

35

 2
 2

36
 3

 5
57

 2
 4

84
 4

 0
79

  3
10

 1
 3

82
 2

 2
25

 1
 5

02
  2

02
 2

 2
41

 2
 4

35
 



47
  

62
01

63
01

64
01

66
01

71
01

73
01

73
02

74
01

75
01

77
01

77
02

R
ai

l, 
pi

pe
lin

e 
an

d 
ot

he
r 

tr
an

sp
or

t

W
at

er
 tr

an
sp

or
t

A
ir 

an
d 

sp
ac

e 
tr

an
sp

or
t

S
er

vi
ce

s 
to

 
tr

an
sp

or
t; 

st
or

ag
e

C
om

m
un

ic
at

io
n 

se
rv

ic
es

B
an

ki
ng

N
on

-b
an

k 
fin

an
ce

In
su

ra
nc

e
S

er
vi

ce
s 

to
 

fin
an

ce
, 

in
ve

st
m

en
t a

nd
 

in
su

ra
nc

e

O
w

ne
rs

hi
p 

of
 

dw
el

lin
gs

O
th

er
 p

ro
pe

rt
y 

se
rv

ic
es

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  9
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  3

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  4

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  3
  0

  0
  0

  0
  0

  4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  3

  0
  0

  1
  0

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
 



48
  

  0
  0

  4
  9

  5
  0

  1
  0

  0
  1

  5
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  1
  1

  1
  1

  2
  0

  0
  2

  1
  2

  2
  1

0
  2

  1
  5

  1
7

  0
  0

  1
  0

  1
  7

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  9

  0
  2

  2
1

  2
0

  2
  1

  0
  0

  1
  1

3
  1

  0
  0

  1
  6

  0
  0

  0
  0

  0
  1

  9
  3

  1
5

  0
  2

0
  0

  1
  1

6
  1

  0
  0

  3
  2

  1
  2

  2
  0

  0
  0

  0
  2

  2
  2

  0
  0

  1
4

  3
  0

  0
  0

  0
  1

2
  6

  3
  2

  6
  3

  1
4

  1
  1

  4
  1

  0
  3

  2
  0

  0
  1

  6
  0

  1
  0

  0
  1

  3
  0

  0
  1

  2
  2

7
  1

1
  8

  6
  2

  0
  1

0
  1

  0
  0

  1
  1

3
  0

  0
  0

  0
  0

  1
  9

1
  5

8
  4

44
  9

1
  9

4
  0

  0
  1

  0
  2

  3
1

  1
4

  2
  9

38
  1

4
  2

0
  0

  1
  0

  0
  4

3
  3

2
  0

  2
  0

  0
  0

  0
  0

  0
  0

  3
  3

  2
  0

  0
  6

  3
  0

  0
  0

  0
  5

  1
2

  2
  0

  1
  2

  4
  0

  0
  0

  0
  0

  8
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  3
0

  1
  2

  0
  0

  0
  0

  0
  5

1
  2

  0
  1

  7
1

  8
8

  0
  0

  0
  0

  0
  5

  6
  3

  1
6

  1
4

  1
74

  0
  1

  9
  3

  3
0

  1
7

  0
  0

  0
  1

  0
  0

  0
  0

  0
  7

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
9

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
9

  1
  1

0
  0

  0
  1

0
  1

0
  0

  0
  0

  0
  5

1
  9

  4
  0

  0
  6

  1
0

  0
  0

  0
  0

  1
0

  5
  3

3
  0

  0
  0

  0
  0

  0
  0

  0
  3

  1
  2

  0
  0

  2
  6

2
  0

  0
  0

  0
  1

3
  1

  3
  1

0
  1

  3
1

  3
5

  0
  0

  0
  0

  4
4

  1
7

  2
  0

  0
  1

00
  1

77
  0

  0
  0

  0
  0

  9
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  6
7

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  9
3

  8
7

  0
  0

  0
  0

  0
  0

  6
  8

  5
  0

  7
  1

05
  1

  1
  6

  4
  5

  1
3

  4
1

  1
9

  2
  1

82
 1

 3
13

  3
  6

  5
9

  3
4

  0
  1

36
  2

2
  1

  0
  1

  4
  0

  0
  0

  0
  2

5
  2

  1
0

  9
  2

  2
5

  2
45

  1
  1

  0
  2

  3
1

  1
9

  1
3

  2
  0

  1
1

  4
  0

  1
  0

  0
  2

  6



49
  

  1
3

  1
0

  0
  1

2
  1

00
  1

  2
  0

  0
  1

7
  1

7
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
3

  1
7

  0
  1

  7
  3

6
  0

  0
  2

  1
  0

  1
0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  1
  0

  0
  0

  0
  0

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  2

  1
5

  6
3

  5
7

  2
  1

  1
2

  1
3

  0
  1

7
  9

  0
  0

  9
  8

  0
  0

  1
0

  4
  0

  3
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  3

95
  0

- 
 1

- 
 2

3
  0

  0
  0

  0
  0

- 
 5

  1
  4

  1
7

  7
6

- 
 1

94
  3

  3
  6

5
  3

5
  0

  1
6

  1
  0

  1
25

  1
9

  0
  0

  0
  0

  0
  0

  2
  2

  2
  6

  1
07

  5
0

  6
  2

  2
0

  3
3

  0
  1

8
  1

  0
  1

  3
  3

  5
  3

  1
  3

  2
3

  1
0

  1
  0

  1
  4

  3
  0

  0
  0

  0
  2

9
  3

  8
  0

  0
  2

  1
0

  4
  3

  1
0

  1
9

  1
  2

7
  0

  0
  0

  0
  2

  2
0

  1
1

  0
  6

3
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  5
  0

  2
  3

4
  5

8
  9

  1
  2

0
  1

6
  2

  6
8

  3
  3

  3
  1

27
  3

2
  0

  1
  2

4
  2

1
  0

  4
2

  1
1

  8
  9

  4
0

  4
2

  4
  6

  2
3

  4
2

  1
1

  8
2

  1
  0

  1
  7

7
  3

2
  1

  4
  0

  0
  0

  8
8

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
  0

  1
  1

3
  3

  1
  1

  9
  9

  0
  1

2
  0

  0
  0

  7
  6

  0
  0

  0
  1

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
51

  5
47

 1
 7

40
 1

 3
21

 2
 7

25
  7

7
  6

4
  3

04
  3

06
  4

61
  8

88

  4
51

  5
47

 1
 7

40
 1

 3
21

 2
 7

25
  7

7
  6

4
  3

04
  3

06
  4

61
  8

88
 



50
  

78
01

78
02

78
03

81
01

82
01

84
01

86
01

87
01

91
01

92
01

93
01

S
ci

en
tif

ic
 

re
se

ar
ch

, 
te

ch
ni

ca
l a

nd
 

co
m

pu
te

r 
se

rv
ic

es

Le
ga

l, 
ac

co
un

tin
g,

 
m

ar
ke

tin
g 

an
d 

bu
si

ne
ss

 
m

an
ag

em
en

t 

O
th

er
 b

us
in

es
s 

se
rv

ic
es

G
ov

er
nm

en
t 

ad
m

in
is

tr
at

io
n

D
ef

en
ce

E
du

ca
tio

n
H

ea
lth

 s
er

vi
ce

s
C

om
m

un
ity

 
se

rv
ic

es
M

ot
io

n 
pi

ct
ur

e,
 

ra
di

o 
an

d 
te

le
vi

si
on

 
se

rv
ic

es

Li
br

ar
ie

s,
 

m
us

eu
m

s 
an

d 
th

e 
ar

ts

S
po

rt
, g

am
bl

in
g 

an
d 

re
cr

ea
tio

na
l 

se
rv

ic
es

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  8

  0
  2

  0
  0

  0
  0

  1
1

  2
  2

8
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  1

  2
  1

  1
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  2
  2

  2
  0

  1
  2

  4
  2

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  1
  6

  2
  6

  0
  0

  3
  1

  4
  0

  0
  1

  1
  1

  1
  0

  2
  5

  2
  4

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  1
  0

  0
  0

  2
  0

  1
  1

  1
  1

  1
  3

  1
  0

  0
  2

  2
  2

  2
  4

  7
  4

  1
3

  0
  0

  0
  0

  0
  0

  0
  2

4
  0

  0
  0

  0
  0

  0
 



51
  

  9
  4

  1
0

  1
  8

  6
  4

  1
0

  1
9

  3
3

  6
9

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  3

  0
  0

  5
  0

  0
  0

  0
  9

  2
  7

  5
  1

1
  2

  9
  4

  4
  2

  2
  1

3
  1

  1
3

  6
  1

2
  9

  5
7

  1
1

  5
  2

  5
  0

  0
  0

  0
  1

5
  1

  2
8

  5
  5

  1
  5

  2
2

  7
  2

3
  0

  9
7

  2
5

  1
9

  2
1

  4
  2

  5
  3

  2
  3

  0
  1

  2
  3

  2
  2

  1
  1

  7
  1

5
  2

6
  1

1
  4

2
  1

0
  3

  1
  1

  7
  2

6
  1

  1
  2

  2
  4

  4
  1

  2
  4

  2
  1

  2
  1

  3
  1

4
  2

  9
  3

  5
  6

  3
  3

  3
  6

  7
  6

9
  3

  0
  1

  2
  1

  3
  0

  5
  7

  5
  1

4
  1

  7
  1

2
  6

  1
  1

  1
  3

0
  1

4
  2

1
  5

3
  9

  2
9

  5
  3

  5
  5

  5
  3

  1
  2

  7
  0

  5
6

  1
  0

  5
  1

0
  1

  5
7

  8
5

  7
2

  4
1

  3
4

  1
  2

4
  1

5
  5

  2
  7

  5
7

  3
1

  5
0

  1
8

  2
0

  4
6

  2
0

  3
0

  3
4

  1
0

  4
8

  2
  2

  1
  0

  1
  0

  0
  0

  2
  1

  2
  3

2
  7

  1
7

  0
  1

  8
  1

91
  2

9
  4

8
  2

  6
48

  1
1

  1
4

  1
1

  5
  4

  2
  9

  5
  1

  1
  1

  1
  0

  1
  0

  0
  0

  1
  2

  7
  0

  4
  5

9
  8

9
  6

2
  3

0
  3

9
  2

  1
  2

  1
  0

  0
  2

3
  5

  2
4

  1
66

  1
70

  7
  1

5
  1

5
  1

6
  5

  1
5

  8
  3

  7
  2

4
  1

0
  2

2
  2

1
  1

1
  9

  4
  5

  1
  1

  1
  2

  2
  3

  1
  1

  2
  1

  1
  1

  1
  1

  1
  2

  6
  1

7
  3

7
  1

  1
  1

  1
  0

  1
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  0

  1
  1

  0
  2

  1
  0

  0
  5

  4
  8

  1
2

  1
8

  1
2

  8
  1

5
  1

7
  6

  6
  3

  3
  4

  5
  6

  8
  5

  6
  9

  4
  3

  0
  0

  0
  0

  2
  1

0
  0

  0
  0

  1
  0

  1
  1

  1
  2

  4
  2

  4
  1

  1
  0

  1
  3

9
  9

  1
6

  4
1

  2
86

  1
6

  1
3

  1
4

  6
7

  1
6

  4
0

  1
4

  8
  1

4
  9

  1
9

  1
1

  1
  5

  9
  3

  9
  0

  0
  0

  0
  9

8
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
7

  9
  2

9
  2

  2
39

  0
  2

  2
2

  1
1

  1
  7

  1
19

  1
7

  3
1

  3
4

  7
0

  2
80

 1
 1

95
  1

6
  1

9
  8

  2
3

  4
26

  2
64

  2
21

  1
34

  1
12

  5
17

  4
0

  5
0

  4
94

  1
29

  5
08

  4
  1

  4
  1

  6
  2

  8
  7

  4
2

  1
7

  7
3

  7
4

  1
7

  2
0

  4
1

  3
4

  2
5

  1
9

  1
6

  6
1

  1
9

  5
1

  1
4

  8
  9

  5
  5

  6
  3

  5
  7

  3
  4

 



52
  

  1
96

  1
6

  3
6

  2
0

  9
5

  1
03

  2
9

  3
0

  3
4

  1
3

  2
7

  0
  0

  0
  0

  1
  0

  0
  0

  0
  0

  0
  4

0
  3

  5
  4

0
  1

6
  2

0
  2

  2
  0

  1
  0

  9
  9

  1
0

  7
  2

1
  4

7
  2

4
  9

  2
0

  1
5

  1
7

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  2
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  4
1

  1
10

  8
5

  9
7

  1
4

  3
4

  3
  2

2
  2

0
  7

  1
8

  6
  6

  5
  9

6
  2

  1
1

  1
8

  1
  3

  1
  4

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
- 

 8
- 

 1
- 

 1
0

- 
 2

0
- 

 2
- 

 1
  0

- 
 9

  0
  0

  0
  1

74
  4

15
  3

50
  3

48
  4

2
  1

27
  2

0
  1

8
  3

7
  1

3
  5

8
  7

  1
4

  7
  1

  3
  1

  1
  1

  0
  0

  0
  4

4
  4

0
  2

4
  6

8
  4

  1
8

  8
  5

  1
0

  4
  1

0
  3

  9
  5

  4
  1

  5
  5

  1
  1

  1
  2

  2
  5

  4
  3

  1
  1

  1
  0

  1
  0

  1
  2

0
  2

2
  3

1
  3

  0
  1

  7
  3

  1
1

  2
6

  9
  0

  1
  1

  1
2

  0
  1

  1
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  9
  5

4
  2

4
  2

0
  2

  6
  1

4
  9

  7
  2

  8
  7

44
  9

0
  7

6
  1

28
  3

  1
4

  1
2

  9
  5

  7
  4

  1
16

  1
49

  1
88

  4
1

  1
3

  2
6

  1
4

  1
2

  2
9

  1
1

  1
6

  5
3

  1
13

  1
00

  3
4

  1
  8

  1
4

  7
  1

8
  5

  1
5

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  2
4

  2
9

  3
6

  1
6

  3
  4

3
  4

  4
  2

  5
  1

  1
  1

  2
  5

  5
  3

  1
9

  1
  5

  0
  7

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  2

17
  2

57
  4

30
  0

  0
  0

  0
  0

  0
  0

  0
  1

  2
  1

  1
  0

  1
2

  0
  1

  2
  2

81
  2

  1
  0

  1
  0

  1
  0

  2
  1

  5
  1

  4
  0

  1
  1

  0
  2

  1
  5

  0
  1

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0

 2
 7

97
 2

 0
00

 2
 1

52
 1

 6
91

 1
 6

49
 1

 6
46

 1
 9

55
  5

31
 1

 1
51

  7
03

 1
 8

13

 2
 7

97
 2

 0
00

 2
 1

52
 1

 6
91

 1
 6

49
 1

 6
46

 1
 9

55
  5

31
 1

 1
51

  7
03

 1
 8

13
 



53
  

95
01

96
01

F
in

al
 C

on
su

m
pt

io
n 

E
xp

en
di

tu
re

   
 G

ro
ss

 F
ix

ed
 C

ap
ita

l F
or

m
at

io
n

F
in

al
 U

se
s

To
ta

l

P
er

so
na

l 
se

rv
ic

es
O

th
er

 s
er

vi
ce

s
To

ta
l I

nd
us

tr
y 

U
se

s
H

ou
se

ho
ld

s
G

ov
er

nm
en

t
P

riv
at

e
P

ub
lic

G
ov

t
In

ve
nt

or
ie

s
E

xp
or

ts
(Q

1 
to

 Q
7)

S
up

pl
y

T
4

Q
1

Q
2

Q
3

Q
4

Q
5

Q
6

Q
7

T
5

T
6

  0
  0

  1
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  2
3

  0
  0

  0
  0

  0
  3

  0
  3

  2
6

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  0

  0
  1

  0
  0

  0
  0

  0
  0

  1
  1

  2
  0

  4
57

  2
81

  0
  0

  0
  0

- 
 3

  0
  2

78
  7

34
  0

  0
  1

4
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
  0

  0
  5

2
  2

  0
  0

  0
  0

  0
  0

  2
  5

4
  0

  1
  5

7
  4

7
  0

  0
  0

  0
- 

 1
  0

  4
6

  1
03

  0
  0

  2
9

  0
  0

  0
  0

  0
- 

 4
  0

- 
 4

  2
5

  0
  1

 9
 8

48
  4

1
  0

  0
  0

  0
  2

1
  0

  6
1

 9
 9

09
  0

  0
  1

91
  0

  0
  0

  0
  0

- 
 1

  0
- 

 1
  1

90
  0

  0
 2

 5
91

  0
  0

  0
  0

  0
- 

 7
  0

- 
 7

 2
 5

84
  1

  1
  2

36
  0

  0
  0

  0
  0

  0
  0

  0
  2

36
  0

  0
  9

3
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
n.

p.
  0

  1
  2

40
  2

05
  0

  0
  0

  0
  7

  0
  2

12
  4

52
  0

  6
  2

57
  4

18
  0

  0
  0

  0
  1

2
  0

  4
30

  6
87

  1
  1

  2
39

 1
 0

35
  0

  0
  0

  0
- 

 8
3

  0
  9

52
 1

 1
91

  0
  0

  3
52

  2
41

  0
  0

  0
  0

- 
 4

1
  0

  2
00

  5
52

  0
  0

  1
70

  1
81

  0
  0

  0
  0

- 
 3

0
  0

  1
51

  3
21

  0
  1

  2
04

  2
24

  0
  0

  0
  0

- 
 4

  0
  2

20
  4

24
  1

1
  8

  2
98

  3
34

  0
  0

  0
  0

- 
 1

7
  0

  3
17

  6
15





- 2 - 

 

 

 



- 3 - 

 

 



- 4 - 

  



- 5 - 

 

 

 

 


	DEDICATION
	ACKNOWLEDGEMENTS
	ABSTRACT



