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An Interdependent Infrastructure Asset Management Framework for High-density Cities 1 

 2 

Abstract 3 

Infrastructure facilities viz. highways, drinking water networks, sewerage systems, gas pipelines, 4 

and telecommunication networks are crucial to the daily operation and continuous development 5 

of high-density cities. However, managing those infrastructure assets is not an easy task not only 6 

because of the co-existence of various infrastructure facilities in confined spaces but also due to 7 

the interdependency and hence the possible cascading effects brought by the failure of one 8 

infrastructure asset to the other adjacent facilities. The ability to share and exchange information 9 

amongst various government departments and utility companies should greatly improve the 10 

efficiency and cost-effectiveness of infrastructure asset management (IAM). This paper examines 11 

the processes, stakeholders and independent relationships involved in IAM through two case 12 

infrastructure studies of Hong Kong. Flow diagrams are used to illustrate the process and 13 

stakeholders involved while system dynamics modelling is performed to simulate the interactions. 14 

Generic causal models are then developed to help improve the IAM process in high-density cities. 15 

The proposed interdependent IAM framework should help improve our understanding on the 16 

bottlenecks and pave way for the development of pragmatic policies and practices for smart and 17 

resilient high-density cities. 18 

 19 
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1. Introduction 23 

The concept of infrastructure asset management (IAM) origins from the United Kingdom, when 24 

the Department of Industry founded a committee for “Terotechnology” in 1970s which focused on 25 

such physical assets as railways and sports complexes instead of financial assets (Woodhouse, 26 

2004). Since then, the terms “infrastructure asset management” and “infrastructure management” 27 

have been used interchangeably in Hudson (1997), National Asset Management Steering Group 28 

(2011) and Hastings (2010), and “asset management” in ISO 55000 (Woodhouse, 2014). IAM is 29 

a broad process, providing the public, prospective users and owners with a required level of 30 

services through the provision and maintenance of physical infrastructures and associated 31 

facilities (Uddin et al., 2013). 32 

 33 

The objective of asset management is to utilise the most cost effective method to realise the 34 

required level of service (National Asset Management Steering Group, 2011), with asset 35 

managers needing to balance the expense of management practices and the benefits from 36 

technologies adopted in order to achieve economic and functional asset management (Vanier, 37 

2001). Vanier (2001) proposes three pairs of contrary factors challenging this: (i) financial versus 38 

technical consideration; (ii) short-term planning versus long-term planning horizons; and (iii) 39 

network structure versus individual project aspects. As Sitzabee and Harnly (2013) observe, 40 

short-term mitigation may not be the most economic approach for long-term management, while 41 

a long-term policy may make overly slow progress in the short term. There is also the risk of a 42 

technological domino effect resulting from interconnections between infrastructure assets 43 

(Robinson et al., 1998).  44 

 45 

IAM in high-density cities has the additional problem of congestion, involving highly complex and 46 

dense districts with numerous urban infrastructure assets, such as highways, drinking water 47 

networks, gas pipes, and telecommunication networks. More than twenty public sector entities 48 

share underground space to manage and protect their own utilities in Hong Kong, for example 49 

(Wong, 2006), demanding asset managers communicate and collaborate with each other on a 50 

hitherto unprecedented scale. The ability to share and exchange information, therefore, greatly 51 



 

 

affects the implementation of management strategies in terms of efficiency and cost-effectiveness 52 

(Halfawy et al., 2006).  53 

 54 

In support of this, the authors develop an interdependent IAM framework to improve cross-sector 55 

IAM practices based on two case studies of Hong Kong infrastructure assets. The process flow 56 

is demonstrated with flow diagrams, with system dynamics modelling used to simulate the 57 

interactions involved. 58 

 59 

2. Infrastructure Asset Management and Interdependencies 60 

2.1 Infrastructure assets 61 

Infrastructure assets are variously defined as (i) “asset systems or networks that serve defined 62 

communities, where the system as a whole is intended to be maintained indefinitely to a specified 63 

level of service by the continuing maintenance and replacement of its components” (Ingenium, 64 

2011); (ii) “physical facilities that provide essential public service as required by the economic and 65 

social needs of the public”, which are under the charge of public sectors or private companies 66 

(Uddin et al., 2013); and (iii) “the infrastructure supporting human activities including complex and 67 

interrelated physical, social, economic, and technological systems such as transportation and 68 

energy production and distribution, water resources management, waste management, facilities 69 

supporting urban and rural communities, communications, sustainable resources development, 70 

and environmental protection” (ASCE, 2009). Some key sectors related to energy, finance, and 71 

information technology are also regarded as critical infrastructure (Attoh-Okine, 2016). 72 

 73 

Infrastructure assets are characterised by: (i) long service life as the expected service life of 74 

general infrastructure assets ranges from decades (e.g. runways of airports up to 50 years) to 75 

hundreds of years (e.g. 300 years more for the concrete construction of hydraulic dams) (Uddin 76 

et al., 2013); (ii) deterioration with decay and ageing being the two main deterioration problems 77 

of infrastructure assets, because of design and construction deficiencies, impact incidents, natural 78 

disasters, etc. (Uddin et al., 2013); (iii) complexity especially in high-density cities where there are 79 

great variety of utility types (Wong, 2006); (iv) livelihood concerned given that most infrastructure 80 

assets are livelihood concerned, makes them an elementary precondition for development of the 81 



 

 

economy and quality of life (Weber and Alfen, 2010); and (v) interdependency as evidenced by 82 

there being over 20 government departments and utility companies sharing the underground 83 

space to manage their own utilities in Hong Kong for example (Wong, 2006). 84 

 85 

2.2 Infrastructure asset management 86 

IAM is a broad process that provides the public, prospective users and owners with a required 87 

level of services through the provision and maintenance of physical infrastructures and associated 88 

facilities (Uddin et al., 2013). In whole lifecycle IAM, this generally consists of eight processes / 89 

stages of requirements definition, asset planning, asset creation, operations and maintenance, 90 

asset monitoring, renewal / rehabilitation, disposal, and sustainable financial management 91 

(Ingenium, 2011), where the level of services depicts the outputs that the service provider means 92 

to deliver to users (Ingenium, 2011). As mentioned earlier, there are several terms for IAM, 93 

including “infrastructure management”, “asset management” and “physical asset management” 94 

that are used interchangeably in practice (Uddin et al., 2013). 95 

 96 

IAM is characterised by: 97 

• An asset management framework – Based on AM policy and AM strategy, an AM plan can 98 

consist of long-term plans that describe assets, services and lifecycle management activities, 99 

set levels of service, forecast demand and cash flow, etc. (Ingenium, 2011). The efficiency 100 

and effectiveness of asset management strategies also rely on the extent to which different 101 

asset life cycle information can be shared and obtained (Halfawy et al., 2006). 102 

• Stakeholders of IAM – According to the International Infrastructure Management Manual 2011 103 

(Ingenium, 2011), IAM customer groups can be generally divided into three types of: 104 

associated service providers (other service providers rely on the preceding service providers), 105 

users (that use the service directly), and the wider community (non-users that are affected if 106 

the service is not provided). 107 

• Operational activities for asset management – These comprise (i) proactive or programmed 108 

maintenance (programmed maintenance), designed to maintain the reliability of such assets 109 

as machines and equipment – aiming to predict and prevent problems before they arise 110 

(Corrosionpedia, 2016); and (ii) reactive maintenance, a remedial approach to restoring 111 



 

 

broken-down assets to normal working conditions – aiming to fix problems after they arise 112 

(MACMMS, 2016). 113 

 114 

Apart from operation and maintenance, asset management can also be used to store and manage 115 

information and to support tactical and strategic decisions regarding the rehabilitation and 116 

replacement of infrastructures (Halfawy et al., 2006). 117 

 118 

2.3 Infrastructure interdependencies 119 

The interdependencies between different infrastructure components substantially increase the 120 

overall complexity of urban infrastructure networks (Rinaldi et al., 2001). Several dimensions need 121 

to be taken into account when describing these interdependencies: such as the type of 122 

interdependency, environment, coupling and response behaviour, type of failure, infrastructure 123 

characteristics and state of operation (Rinaldi et al., 2001). Rinaldi et al. (2001), for example, 124 

present four categories of interdependencies: physical, cyber, geographic, and logical; while 125 

Pederson et al. (2006) describe interdependency in terms of physical, informational, geospatial, 126 

policy/procedural, and societal dimensions. 127 

 128 

A dependency matrix is one of the methods available to demonstrate the interdependencies of 129 

two infrastructures and their related impacts (Pederson et al., 2006). Rinaldi et al. (2001), for 130 

example, consider four types of interdependencies: physical interdependency, occurring “if the 131 

state of each is dependent on the material output(s) of the other”; cyber interdependency, existing 132 

in an infrastructure “if its state depends on information transmitted through the information 133 

infrastructure”; geographic interdependency, occurring “when elements of multiple infrastructures 134 

are in close spatial proximity” and logical interdependency, “if the state of each depends on the 135 

state of the other via a mechanism that is not a physical, cyber, or geographic connection”. 136 

 137 

As an alternative to dependency matrices, Rinaldi et al. (2001) also use graphs to demonstrate 138 

the interdependencies between six types of infrastructures: oil related, water related, electric 139 

power related, transportation related, natural gas related and telecom related. These denote the 140 

complicated interrelationships involved by coloured dash lines with arrows, describing the various 141 



 

 

connections of interactions and topologies among the infrastructure types. The connections form 142 

a network resembling a cobweb, which is able to transmit impacts from one part throughout the 143 

whole web and affect multiple infrastructures (Rinaldi et al., 2001). Asset hierarchy is also often 144 

adopted to group building components into different categories (Eweda et al., 2013). 145 

 146 

2.4 Interdependent IAM 147 

Since interdependency is a salient feature of infrastructure networks as well as IAM, an integrated 148 

inter-organisation asset management approach is a key factor (Ingenium, 2011). However, for 149 

most municipal infrastructure assets, interdependencies are seldom taken into account during 150 

management planning, and the resulting lack of integration greatly reduces the efficiency of 151 

maintenance coordination and renewal planning (Halfawy, 2008). 152 

 153 

Information sharing and exchange also considerably affect the implementation of management 154 

strategies in terms of efficiency and cost-effectiveness (Halfawy et al., 2006), and a well-155 

developed asset database is therefore a prerequisite for realising most functions of IAM, which 156 

makes a robust asset register crucial to IAM (Ingenium, 2011). The increased use of such 157 

information and communication technologies as the Internet of Things and big data across 158 

various infrastructure sectors of the built environment is now providing remarkable potential for 159 

improving the efficiency, accuracy, reliability, effectiveness, safety and resilience of inter-160 

organisational asset management (Bessis and Dobre, 2014). 161 

 162 

3. Research Methodology 163 

Infrastructure operations, the impact of disruptions and subsequent downstream reactions, and 164 

policies influences on the infrastructure operations can be examined by dynamic simulations 165 

(Rinaldi, 2004), of which system dynamics (SD) is a common simulation approach to study the 166 

interactions between objects (Rehan, 2014). Compared to Bayesian networks, which are 167 

commonly used in analysing infrastructure interdependencies (e.g. Di Giorgio and Liberati, 2012), 168 

SD is more flexible and effective in qualitative simulation on interdependent IAM and provides 169 

responsive analyses of dynamic systems to learn about the dynamic nature of each system and 170 

then improve system performance (Ogata, 1998). Typically, SD uses a group of equations, linear 171 



 

 

or non-linear, first-order or second order, to interpret the varying relationships between objects in 172 

the dynamic system and time periods (Nazareth, 2015). Since qualitative approaches cannot give 173 

simple, quick solutions to the complicated issues (Burns, 2000), causal loop diagrams (CLDs) are 174 

usually sketched as a graphical representation to illuminate the causal relationships between 175 

variables within a system ahead of erecting a SD model (Hannon, 2001). 176 

 177 

The quantitative analysis of SD is performed by stock and flow diagrams, which are transformed 178 

from the precedent CLD to represent generating, distributing and consuming infrastructure 179 

commodities and services (Rinaldi, 2004). The variables and qualitative relationships between 180 

variables within critical interactions among specified stakeholders and systems (essential for 181 

sketching CLDs) are derived from the semi-structured interviews, case studies and literature 182 

review. Two individual CLDs are developed from the process flow charts sketched for two case 183 

studies. The generic CLD was then derived after detailed analyses of the individual CLDs with 184 

identifying commonalities. 185 

 186 

In order to capture the experience of various stakeholders, nine experts were randomly selected 187 

from the public authorities, developers, consultants and contractors were invited to take part in 188 

the semi-structured interviews. The experts provided valuable insights about the current practices 189 

and IAM, the parties involved in the decision making process, and the information to be gathered 190 

from different stakeholders to support IAM decisions. The information collected through the 191 

interviews was used for developing various flow diagrams while the causa relationships were 192 

represented through the CLDs. To verify the identified variables and the relationships between 193 

those variables, nine senior academics from seven different countries / cities including the United 194 

States, United Kingdom, Canada, Netherlands, Ireland and Hong Kong who are knowledgeable 195 

in IAM were invited to take part in another round of interviews.  196 

 197 

4. Case Studies 198 

This section provides the key variables and quantitative relationships identified in the case studies.  199 

 200 



 

 

4.1 Underground utilities-related IAM 201 

Fig. 1 presents a flow diagram of excavation work applications based on the two interviews. The 202 

processes in particular need of increased communication are framed in red, such as the 203 

communication between the working utility undertaker (UU) and other UUs, communication 204 

between the working UU and Road Opening Coordination Committee (ROCC), within Joint 205 

Utilities Policy Group (JUPG), and within Utility Technical Liaison Committee (UTLC). Fig. 2 206 

shows the entire interactions between the working UU and other sectors during a general 207 

excavation permit application process in Hong Kong (Highways Department, 2016). The working 208 

UU needs to communicate with sectors excluded from XPMS individually during the excavation 209 

permit application process. 210 

 211 

< Figure 1 > 212 

< Figure 2 > 213 

 214 

The key variables and qualitative relationships can be identified from the flow diagram in Fig. 1 215 

The XPMS is a critical component in the excavation work application process, and the XPMS plan 216 

plays a vital role in the whole excavation permit application processes. The amount of excavation 217 

work required, resulting from the plan of programme work, affects the XPMS plan. Also, if the 218 

working UU cannot achieve the coordinated road opening arrangement with the preceding or 219 

subsequent UU at the same working location during the XPMS application process, an XPMS re-220 

planning is needed. In addition, the policy issues discussed and solved by the JUPG and general 221 

issues by UTLC eliminate the XPMS planning difficulties and hence the amount of XPMS planning 222 

for due to re-planning. Fig. 3(a) presents the causes tree for the “XPMS plan”, composed of the 223 

factors mentioned above. Another crucial component is the excavation permit, facilitated by the 224 

coordinated road opening arrangement and hindered by restrictions due to uncoordinated road 225 

opening arrangements (Fig. 3(b)). The road opening arrangement coordination includes both case 226 

coordination with other applicants and coordination with the ROCC. 227 

 228 

< Figure 3 > 229 

 230 



 

 

4.2 Mega infrastructure construction project-related IAM 231 

The flow of traffic management during the construction stage of this project is clear from the first 232 

and second interviews, while the flow of traffic modification during the design stage is also 233 

obtained from the third interview. Hence, the flow diagram of traffic modification and traffic 234 

management could be sketched as shown in Fig. 4. 235 

 236 

< Figure 4 > 237 

 238 

Although traffic modification in the design stage and traffic management in construction stage is 239 

relatively independent in this project due to different time schedule involved, there is a logical 240 

interdependency between the two rearrangements; better traffic modification in the design stage 241 

means that less unscheduled traffic management is needed in the construction stage. 242 

 243 

5. Individual Models for Different Kinds of IAM 244 

5.1 Model for underground utilities-related IAM 245 

Based on the flow diagram in Fig. 1 and the causes trees in Fig 3, the CLD for planning and 246 

implementing water utilities programme work is sketched as Fig. 5. Five feedback loops in total 247 

can be identified, all of which are balancing loops. Since the variables and connections within this 248 

CLD are not that detail, the measurement units for each variable cannot be specified here. Further 249 

information is needed to refine this CLD with easily quantifiable variables and connections. 250 

 251 

< Figure 5 > 252 

 253 

Since all the feedback loops are balancing loops, the whole CLD can be regarded as a balanced 254 

system to some extent. However, a large number of components, such as “coordination with 255 

ROCC” and “restriction”, are not involved in any feedback loops. The seemingly balanced system, 256 

therefore, may result from fewer interconnections between components.  257 

 258 

Four feedback loops starting from “excavation permit” have passed “case coordination with other 259 

applicants”, indicating a strong positive correlation between ‘excavation permit’ and “case 260 



 

 

coordination with other applicants”. This implies that case coordination with other applicants can 261 

help facilitate the excavation permit application process effectively. 262 

 263 

5.2 Model for mega infrastructure construction project-related IAM 264 

With the flow diagram in Fig. 4 and the complementary information from the interviews, a CLD for 265 

traffic modification during design stage and traffic management during construction stage is 266 

sketched in Fig. 6. Although the case study focuses on a particular railway construction project, 267 

both the flow diagram and the CLD can be generalised to large transportation construction project 268 

in Hong Kong because of the standardised procedures involved. Similar to the CLD for the 269 

planning and implementation of water utilities programme work (Fig. 5), the variables and 270 

connections within this CLD are not as too detail to enable the measurement units for each 271 

variable be specified. 272 

 273 

< Figure 6 > 274 

 275 

Seven feedback loops in total can be identified in the sketched CLD, with three reinforcing loops 276 

and four balancing loops. Though there are no feedback loops covering both stages, the negative 277 

correlation between “traffic medication needed in design stage” and “traffic management needed 278 

in construction stage” should be emphasised. The better the traffic planning conducted in the 279 

design stage, the fewer the traffic management schemes are needed in the construction stage. 280 

The three reinforcing loops are in design stage, encouraging coordination during that stage. The 281 

feedback loops within the construction stage are all balancing loops, indicating the stability of the 282 

TTMS application mechanism. Therefore, the critical cause of inefficiency of the TTMS application 283 

system is the ineffective means of communication and not the structure of the system. 284 

 285 

6. Generic Models for Infrastructure Asset Management  286 

6.1 IAM with individual coordination 287 

 288 

With comprehensive understanding of the three CLDs for different cases, a simplified generic 289 

CLD for IAM with individual coordination (Fig. 7) is developed to give a general idea on the 290 



 

 

practices of IAM in Hong Kong. Six feedback loops in total can be identified in the sketched CLD, 291 

with three reinforcing loops and three balancing loops. Details of the feedback loops are contained 292 

in Table 1. 293 

 294 

< Figure 7 > 295 

< Table 1 > 296 

 297 

Superficially, the number of reinforcing loops is equal to that of balancing loops. However, all the 298 

three reinforcing loops lead to plan revision due to uncoordinated cases, while all the three 299 

balancing loops are required to be realised at the same time to achieve all coordinated cases, 300 

and hence process, to the final plan. Thus reinforcing loops, which hinder the progress of asset 301 

management, dominate the structure of IAM practice and make it inefficient. 302 

 303 

6.2 IAM with inter-sectoral coordination 304 

In order to address the inefficiency recognised from the CLD shown in Fig. 7, a significant 305 

improvement is to change individual coordination into inter-sectoral coordination (Fig. 8). This 306 

contains only two feedback loops: namely, one reinforcing loop and one balancing loop. Details 307 

of the feedback loops are provided in Table 2.  308 

 309 

< Figure 8 > 310 

< Table 2 > 311 

 312 

The number of reinforcing loops is still equal to that of balancing loops. However, having only one 313 

reinforcing loop leads to plan revision due to the uncoordinated case; while the only one balancing 314 

loop leads directly to the final plan. Moreover, inter-sectoral coordination can facilitate 315 

coordination progresses and is more likely to obtain agreement than individual coordination. 316 

Compared to the CLD for IAM in Fig. 7, the one in Fig. 8 can maintain a more efficient IAM – a 317 

conclusion supported by Halfawy et al. (2006), who believe that a facility for sharing and 318 

exchanging information would greatly affect the implementation of management strategies in 319 

terms of efficiency. 320 



 

 

 321 

7. Conclusions 322 

 323 

This paper provides a literature review of infrastructure assets, IAM, infrastructure 324 

interdependencies and interdependent IAM. The dependency matrix is introduced to demonstrate 325 

the level of dependency and types of interdependencies between infrastructure assets, while 326 

asset hierarchy is evoked to calculate the amount of infrastructure interdependencies. 327 

Underground utilities and mega infrastructure construction project-related IAM are taken as case 328 

studies to investigate the interactions and interdependencies involved. Flow diagrams are 329 

developed for each case study to illustrate the specific management processes under different 330 

circumstances. An overview of modelling methods is then provided and SD modelling used to 331 

simulate the interactions within IAM. CLDs are developed in each of the case studies as a SD 332 

graphical representation, and hence to identify the interdependencies involved. Based on the 333 

individual CLDs, two generic CLDs are developed and compared to represent the 334 

interdependencies in general IAM cases: one with individual coordination and one with inter-335 

sectoral coordination – the latter proving to be more efficient.  336 

 337 

While most of the literature describes asset hierarchy as a tool for building categorisations, 338 

applying asset hierarchy in categorising and computing the amount of infrastructure 339 

interdependencies is rare but effective. The categorisation criteria and computation method 340 

developed for asset hierarchy are able to simplify the sorting of infrastructure interdependencies 341 

and ensure that none are omitted by mistake, especially for complicated infrastructure asset 342 

networks.  343 

 344 

The flows of management processes are sketched in flow diagrams, while the SD modelling 345 

approach is adopted to simulate the interactions and interrelationships between different 346 

stakeholders and systems based on such flow diagrams. Dynamic simulations of the qualitative 347 

interaction and interrelationships are presented in the form of CLDs, which can be transformed 348 

into stock and flow diagrams showing quantitative correlations. The reinforcing or balancing 349 

feedback loops identified from CLDs provide the key means to evaluate the structures and 350 



 

 

performance of the integral IAM procedures and also ascertain the critical components involved. 351 

Qualitative inter-network infrastructure asset appraisal, failure prediction and post-incident 352 

reconciliation can be made by analysing the CLDs. Qualitative simulations by process flow 353 

diagrams and CLDs lay a solid foundation for quantitative simulations and hence comprehensive 354 

analyses of the lifecycle IAM. 355 

 356 

There are three notable research limitations. Firstly, the research mainly focuses on public 357 

infrastructure assets in Hong Kong; hence, most of the research outcomes are only suitable for 358 

such types of infrastructure assets. Secondly, since the major method is interviews, the 359 

authenticity and accuracy of the interview results are quite significant. Any miscommunications or 360 

misinterpretations during the interviews may have led to some biases. Thirdly, we were unable to 361 

access any sound numerical data sources, confining the research to qualitative analyses instead 362 

of quantitative analyses. 363 

 364 

Future work could help refine the developed CLD and construction of stock and flow maps, to 365 

build a full SD model for quantitative analyses with numerical data collection in the interdependent 366 

infrastructure asset networks. Since the interdependencies of IAM originate from the 367 

interdependencies of infrastructure assets, analyses of infrastructure interdependencies and 368 

analyses of IAM interdependencies can be integrated to provide a more completed and 369 

comprehensive simulation on the complex infrastructure network. Integrate asset hierarchy into 370 

SD analysing model is a way forward, e.g. the correlation between the amount of infrastructure 371 

interdependencies computed by asset hierarchy and the amount of feedback loops identified in 372 

CLD and its relevant characteristics can be investigated. 373 
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Table 1. Feedback loops details of generic CLD for IAM with individual coordination 466 

Loop 

Number 

Components Length Reinforcing / 

Balancing Loop 

1 Plan Proposed 

Case coordination with Related Sector A 

Case Uncoordinated 

2 Reinforcing Loop 

2 Plan Proposed 

Case coordination with Related Sector B 

Case Uncoordinated 

2 Reinforcing Loop 

3 Plan Proposed 

Case coordination with Related Sector A 

Case Coordinated 

Final Plan 

Alteration 

Incentive 

Alteration Needed 

6 Balancing Loop 

4 Plan Proposed 

Case coordination with Related Sector B 

Case Coordinated 

Final Plan 

Alteration 

Incentive 

Alteration Needed  

6 Balancing Loop 
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Table 2. Feedback loops details of generic CLD for IAM with inter-sectoral coordination 470 

Loop 

Number 

Components Length Reinforcing / 

Balancing Loop 

1 Plan Proposed: Inter-sectoral case 

coordination with Related Sector A, B 

Case Uncoordinated 

2 Reinforcing Loop 

2 Plan Proposed: Inter-sectoral case 

coordination with Related Sector A, B 

Case Coordinated 

Final Plan 

Alteration 

Incentive 

Alteration Needed 

6 Balancing Loop 
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Fig. 1. Flow diagram of excavation work applications 474 
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 476 

Fig. 2. Interactions between working UU and other sectors 477 

 478 

 479 

  480 



 

 

 481 

Fig. 3. Causes tree related to the water utilities programme work. (a) For the ‘XPMS 482 

plan’, (b) for the ‘excavation permit 483 
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 485 

Fig. 4. Flow diagram of traffic modification and traffic management of large 486 

transportation construction project in Hong Kong 487 
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Fig. 5. CLD for the planning and implementation of water utilities program work 490 
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 492 

Fig. 6. CLD for traffic modification and traffic management of a large Hong Kong 493 

construction project 494 
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Fig. 7. Generic CLD for IAM with individual coordination 497 
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Fig. 8. Generic CLD for IAM with inter-sectoral coordination 500 

 501 




