ABSTRACT: Canadian Port Authorities (CPAs) could minimize service interruption time following an incident with remote sensing techniques to assess the condition of critical infrastructure, provide early warning of deformations that are time consuming or dangerous to detect with visual inspections, and prioritize key areas for maintenance. Qualitative interview-based results indicate that there are no technical or scientific barriers to using remote sensing for port condition assessment and that practical barriers such as air space restrictions can be overcome. Results indicate that there is no system-wide formal chain of responsibility for port infrastructure condition assessment, which allows individual interests of the many fragmented elements of the port system to be prioritized at the expense of collective benefit. The CPA landlord model is effective for investing in port infrastructure and facilitating trade, but not for allocating responsibility for emerging challenges such as aging infrastructure, climate change-related impacts, and system-wide business continuity following a disruption. The recommended next step is for a CPA to volunteer and collaborate with public and private sector stakeholders to conduct a remote sensing pilot project to demonstrate value. The use of remote sensing applications to minimize service interruption at Canadian ports: Qualitative study 
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Introduction
Infrastructure of all types is impacted by disruptions like natural disasters, malevolent attacks, human-made accidents, and failures due to age, condition or interdependence. While risk planners were previously concerned with protection and prevention, their interest is increasingly on the ability of infrastructure to withstand and recover from disruptions [1]. Canadian Port Authorities (CPAs) are responsible for facilitating movement of goods through their ports, and while they have a large network of partners for emergency management, CPAs are responsible for their own efforts related to quickly recovering and continuing service following a disruption. CPA infrastructure can cover large areas and may be difficult or dangerous to access even after an emergency has been declared over, so assessing infrastructure condition can be time consuming, thus extending the period that port business is interrupted. CPAs are landlords and lease their port operations to private enterprise, a model that began with the 1995 National Marine Policy that led to the 1998 Canada Marine Act, which specified a goal of promoting a more competitive, effectively managed, and sustainable port system in Canada. Verhoeven [2] notes the pressure on landlord ports worldwide whereby the powerful private sector gains control resulting in a “lack of coherence in the port community” and a phenomenon whereby the port authority is the focus of criticism when things go wrong even if outside of their formal responsibility. 
Traditional physical infrastructure condition assessment has focused on periodic engineering site visits with visual inspection of signs of scouring, corrosion, fatigue, and deterioration, sometimes using in situ instruments such as accelerometers [3]. These inspections and engineering judgment are necessary and invaluable, but time consuming, potentially infrequent, sometimes difficult, dangerous, or impractical to complete, and visually detecting deformations early can be hard [4–8]. Remote sensing technology could provide flexible, fast, and objective information about the condition of critical infrastructure at CPAs with high spatial resolution data and frequent revisit periods customized to the need and situation. It could provide guidance on where to focus more intense ground-based instrumentation and observation for continuous measurement and monitoring of key areas of deformation and vulnerability. It could be used when conditions are difficult, uncertain, or dangerous and could take on roles that emergency responders and human-operated vehicles cannot or should not. Singhroy [9] covers current applications of remote sensing of infrastructure with a focus on monitoring deformation of transportation, energy, and mining infrastructure with multispectral and hyperspectral optical, thermal-infrared, LiDAR and InSAR remote sensing.
The question is, while other critical infrastructure owners use remote sensing operationally, why don’t CPAs? 
There are very few references in the literature to the use of remote sensing of port infrastructure. Tang et al. [7] and Liu et al. [6] reported that port cranes are good candidates for UAV-based remote assessment. Alshammari and Mohammed [8] used UAV-based InSAR to monitor deformation and stability of a breakwater protecting port harbour channels and determined that the technology provides crucial information for early warning of vulnerabilities. 
The paucity of work published related to remote sensing of port infrastructure indicates that it is an underdeveloped area of application. Bridges, however, have been a prominent focus for development of methodologies, selection of appropriate sensors, and experimentation with data integration and analysis [4,10–15]. Cusson et al. [15] suggest that bridges have the benefit over other types of infrastructure of having well defined structures, materials, and designs. There are elements of port infrastructure that may be more heterogeneous than bridges, which could complicate remote sensing for condition assessment, especially as related to port foundation, moisture content, closeness to water bodies, and type of substrate. Structurally, however, ports are not dissimilar to bridges in that there is extensive and complex use of steel and concrete; it has been demonstrated with bridges that not only can remote sensing technology pinpoint defects like cracks in steel and fractures in concrete, but it can do so earlier than possible with visual inspections.
Endsley et al. [16] discussed the value of UAV-based remote sensing for asset management and structural health monitoring of bridges to evaluate indicators for early warning and diagnosis. Harris et al. [10] found that some sensors, such as thermal-infrared, radar and acoustic, can assess the internal condition of bridge components, such as the location of rebar deterioration and corrosion, deformation, and delamination, that are not visible in traditional surveys. Omar and Nehdi [11] and Mac et al. [12] further examined thermal-infrared technology for bridge condition assessment via UAV and noted that delamination due to the corrosion effect of steel rebar in reinforced concrete is a dangerous form of deterioration because it is not usually visible, a vulnerability to which CPA infrastructure is exposed. In their paper published on crack inspection using UAV-based remote sensing, Ayele et al. [4] concluded that the technology reduces time and cost of bridge infrastructure inspection. Feroz and Abu Dabous [13] reviewed 65 journal and conference papers on remote sensing of bridge infrastructure and summarized specific methodologies and sensors used for bridge condition assessment. Aliyari et al. [14] focused on the use of UAV remote sensing for hazard identification and risk assessment for bridge inspections. Cusson et al. [15] explored InSAR integration with data for 3D visualization and early warning of unexpected bridge displacements as well as thermal sensitivity and its use to monitor bridge behavior for early warning of abnormal displacements. Thus, remote sensing technology is a well-established operational tool for application to infrastructure, so the focus of the research is on understanding why the technology has not been implemented for port infrastructure. 
MEthodology
The aim of this research is to understand the barriers that explain why CPAs have not embraced remote sensing technology for infrastructure condition assessment. Personal, 1-on-1 interviews were used rather than surveys or group interviews to maximize the likelihood of candid, uncensored, and free flowing conversations. The population from which data was sampled is loosely defined as those who are in key positions to make, influence, or control decisions related to the use of remote sensing technology for port condition assessment. The population was broken down into the following key stakeholder groups of relevant parties: the regulator; potential funding agency; government remote sensing researchers; private sector remote sensing operators; private sector terminal tenant of a CPA; private sector customer of a CPA; relevant CPA operational staff. A limitation of the methods chosen is that the results may not be replicable with a different sample of interviewees or with a different sampling strategy. This limitation could be tested with different interviewees with the null hypothesis that there is no difference in the attitudes expressed. This limitation could also be tested with future research using a written survey to a larger number of people with the same null hypothesis. 
Results
This section presents and describes the key qualitative findings from the interviews. Results are categorized according to stakeholder group and subcategorized by theme, maintaining the confidentiality of the interviewees. The stakeholder categories are:
1. Regulator perspective
2. Government agency perspective
3. Private sector user and service provider perspective
4. Port authority perspective
The three themes identified are: 
A. No System-wide Authority Willing to Take Charge 
B. No Technical Barrier Expected
C. Cooperative Collaboration Desirable

[bookmark: _Toc105670998]Stakeholder Group #1: Regulator perspective
A. No System-wide Authority willing to Take Charge: Transport Canada is the regulator of CPAs, so the interviewee considered it a conflict of interest to be involved in an effort aimed at assessing the very infrastructure that it regulates. The conflict of interest could be removed, the interviewee said, for a pilot project that focuses on the processes and systems required to implement a remote sensing component to infrastructure assessment. The larger issue, according to the interviewee, is that a system-wide assessment of the condition of port critical infrastructure is outside of Transport Canada’s mandate. 
B. No Technical Barrier Expected: The interviewee saw no technical barriers to using remote sensing as a tool to assist with CPA condition assessment and mentioned that CPAs can apply for a waiver of air space restriction via Navigation Canada, which has taken over the role of approving waiver requests from Transport Canada. 
C. Cooperative Collaboration Desirable: The interviewee suggested that while Transport Canada can’t be directly involved as the regulator, the National Aeronautical Surveillance Program might be able to be to help CPAs establish UAV mission planning competence. 

[bookmark: _Toc105670999]Stakeholder Group #2: Government agency perspective
A. No System-wide Authority willing to Take Charge: The interviewees expressed surprise that Transport Canada claims that a conflict of interest precludes their involvement in the research pilot project. The interviewees expressed concern about system-wide approvals required with respect to unauthorized condition assessment of infrastructure owned and/or operated by the private sector.
B. Cooperative Collaboration Desirable: Interviewees suggested that expertise from multiple relevant government agencies could provide interdisciplinary collaboration. 
C. Cooperative Collaboration Desirable: An interviewee related to government funding confirmed that CPAs qualify for pilot project funding if the CPA proposes to address public safety challenges with innovative application of science and technology. 

[bookmark: _Toc105671000]Stakeholder Group #3: Private sector user and service provider perspective
A. No System-wide Authority willing to Take Charge: An interviewee from a private sector port terminal tenant believes that Transport Canada should lead the effort because they have the authority and responsibility to assess the entire transportation infrastructure network. This interviewee suggested that CPAs have a vested interest in continuing to download to their tenants more port infrastructure monitoring and maintenance responsibilities and liabilities. 
B. No Technical Barrier Expected: Interviewees from private sector remote sensing service providers expressed keen interest in applying UAV-based remote sensing for condition assessment at CPAs and said that there are no foreseeable technical barriers. Interviewees commented that they have mission planning and execution expertise and can provide human, hardware, and software resources for the effort. Interviewees observed the importance of including connected rail infrastructure in the CPA network.
C. Cooperative Collaboration Desirable: An interviewee from private sector marine transportation said that the correct ‘product -market’ fit for remote monitoring would be the entire network of critical infrastructure, disruption of which would significantly impact the supply chain. The interviewee gave an example of a rail bridge that controls marine traffic to oil terminals, which are the source of most of the petroleum products for the region; the impact of vessel wakes and unusually large tidal movements related to climate change would all have an impact on the structural condition of the rail bridge, which could further be affected by a barge or vessel making contact with the bridge structure when passing through. 

[bookmark: _Toc105671001]Stakeholder Group #4: Port authority perspective
A. No System-wide Authority willing to Take Charge: One interviewee said there is ‘fragmentation’ in jurisdictions around the world where ports are a combination of public and private ownership and suggested that because of the intense competition amongst elements of port infrastructure network, collaboration is missing. This interviewee suggested that there is no system-wide, collaborative approach to investment in and application of innovation. The interviewee said that ‘everyone wants to see digitization happen, but no one feels like they have the authority’. 
B. No Technical Barrier Expected: One interviewee believes strongly that the technology has great promise for ports and that the reason for slow/lack of use is only because of other priorities and a busy workforce. The interviewee expected that it is not a budget issue but did recognize that this may not be the case for all CPAs in Canada. The interviewee thinks that if momentum and awareness can be built, ports will embrace and integrate the technology to the betterment of their condition assessment and asset management. 
C. Cooperative Collaboration Desirable: One interviewee expressed a ‘fear that we are talking ourselves into a false sense of security that there’s a collaborative and coordinated approach to port emergency management’ and thinks the Provincial and Federal governments need to incentivize innovation through monetary investment, but demand that in exchange there is collaboration. 
discussion
Remote sensing technology using a variety of sensors and platforms, everything from thermal sensors mounted on UAVs to radar sensors mounted on satellite platforms, is used operationally for all forms of critical infrastructure in Canada and globally – except ports. Why not ports? 

[bookmark: _Toc105671007]Interpretation of Theme A: No System-wide Authority willing to Take Charge
The interview results suggest that there is no organization that has the authority to conduct a system-wide assessment of the interconnected and interdependent network of port infrastructure. The interview results suggest that the regulator of marine transportation, Transport Canada, does not have the mandate to coordinate a system-wide approach to assessing infrastructure condition on an ongoing basis even though interviewees acknowledged that holistic situational awareness would increase resilience and efficiency of recovery after an incident, thus improving security. 
The interview results confirm that, beyond managing shipping channels, CPAs do not have the mandate to coordinate system-wide port infrastructure condition assessment and that they are not motivated or incentivized to act outside of their mandate on this topic or for this purpose. An insightful comment by one interviewee was that ‘everyone wants to see digitization happen, but no one feels like they have the authority’ suggests that without system-wide leadership and coordination, advancement is not likely to happen. The analysis of interview results identified “fragmentation” amongst infrastructure owners in jurisdictions around the world, not just Canada, where ports are landlords as the explanation for the lack of collaboration between port elements even though they know they are dependent on one another for their success. 
The interview results indicate a conflict in the understanding of the role of Transport Canada as the agency with authority to lead the effort because they have the responsibility to assess the entire transportation infrastructure network. It is not likely that the Marine Act will be revised to expand Transport Canada’s mandate beyond the transportation waterways to include port infrastructure, and nor does it seem likely based on the interview responses that Transport Canada will take action to lead this effort outside of their mandate. 

[bookmark: _Toc105671008]Interpretation of Theme B: No Technical Barrier Expected
All interviewees indicated that the technology has great promise for ports and that there are no significant budget constraints that would explain the lack of operational use. Interview results indicate excitement about the prospect and that ‘if momentum and awareness can be built, ports will embrace and integrate the technology to the betterment of their condition assessment and asset management’. 

[bookmark: _Toc105671009]Interpretation of Theme C: Cooperative Collaboration Desirable
The interview results suggest that all parties have positive ideas about the opportunity for specific collaborations and cooperation with one expressing ‘fear that we are talking ourselves into a false sense of security that there’s a collaborative and coordinated approach to port emergency management’. Interviewees identified several potential groups for collaboration including supply chain participants inside and outside the immediate port infrastructure such as oil terminals, rail bridges, vessel mooring structures, cargo owners, local municipalities, and first nation communities. 
conclusions and Recommendations
In the 1990s, Canada joined the global trend to shift port administration to a landlord model to encourage the facilitation of trade by increasing private sector involvement. The financial performance reported in CPA annual reports suggest that this change has been a success when measured against the intention to facilitate trade. Analysis of the interview results of this study, however, suggests that it has happened at the expense of collaboration and system-wide approaches to addressing problems that cross jurisdictional boundaries such as natural disasters, aging interdependent infrastructure, and intentional threats. 
The results of this study indicate that too much responsibility, but no system-wide authority, has been downloaded to a fragmented group of port infrastructure owners and operators and society will pay the price with unnecessarily long service interruptions in the case of an incident. The recommended next step is a pilot project for system-wide digitization of infrastructure condition assessment via remote sensing to supplement and fill the gaps inherent in traditional visual inspection and engineering judgment. The pilot project will identify the human and technical resources required for operational use of remote sensing for ongoing condition assessment across jurisdictions throughout the port network, which is essential for seamless application in the case of an incident. Leadership is required and the results of this study indicate that it will need to emerge from outside of formal existing mandates based on a motivation and vested interest in improving the safety and security of the complex and interconnected system-wide port infrastructure network. The suggested pilot project includes the following steps: 

1. A CPA volunteers to do a pilot project guided by the mission planning and instrumentation expertise of collaborators
2. Government and private sector relevant experts collaborate with the CPA
3. Collaborators recommend next steps to facilitate system-wide collaboration
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