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Executive Summary 

Infrastructure systems worldwide face multiple pressures relating to climate change, increasing demand 
frequencies and intensities, an ageing asset base, limited redundant capacity and potential exposure to severe 
events. There is a growing need to enhance sectoral resilience of infrastructure through approaches that 
identify impact thresholds that, when exceeded, are likely to impact service delivery. This report aims to 
document the range of resilience impact thresholds that are currently in-place internationally to monitor 
performance and ensure adequate service provision is maintained. The analysis focuses on the energy sector 
in the USA, the transport sector in Europe and the water sector in the Middle East. Each of these sectors and 
regions faces a diverse set of challenges that potentially threatens the short and long-term resilience of service 
delivery. The USA is exposed to a range of weather extremes (e.g. hurricanes); the Middle East is a highly 
water stressed region and Europe is experiencing increasing levels of population density that impedes capacity 
in transport networks. 

A common threat to service delivery across all the study regions is demand exceedance and the misalignment 
of supply and demand more broadly. While this is most notable for water in the Middle East (due to severe 
water stress) it nonetheless transcends both the transport and energy sectors. Multiple technological 
approaches are now being deployed to monitor and mitigate against growing demand, including the 
deployment of Smart Highways and Smart Metering that provides real-time information to measure and 
respond to changes in demand. On the supply-side, impact thresholds tend to concern the capacity of sectors 
to meet demand, with reference to redundancy, quality standards and the portfolio of assets that are employed 
to meet demand. The latter is particularly of interest where geopolitical threats or stochastic events may cause 
a system to fail. This issue is documented through impact thresholds for the water sector in the Middle East 
(e.g. a policy commitment to increase the volume of water storage for emergency events); energy supply in 
the USA (e.g. capacity to ensure resilient transmission and distribution networks throughout storms) and the 
transport sector in Europe (resilience to accidents and emergencies on highways through reduced travel 
disruption).  

While this analysis has aimed to identify impact thresholds across each sector and the likely frequency of 
exceedance, data constraints have inhibited the ability to document these parameters for all sectors. For 
instance, levels of service are most inconspicuous for the energy sector owing to the commercial sensitivity of 
some information (e.g. key performance indicators for energy output of private energy service providers). 
Likewise, some sectors document less information surrounding the formulation of key performance indicators 
and levels of resilience. For instance, the water sector in Middle East documents many ‘high level’ key 
performance indicators to improve sectoral resilience, but with less discussion of potential frequencies of 
exceedance or the evidence base employed to formulate impact thresholds for levels of service. These gaps 
in the literature may be addressed through the construction and administration of surveys to stakeholders 
across each sector to gauge additional insights concerning the formulation of policy or regulatory 
commitments. 

The case studies documented here suggest how the drivers of risk to service provision and delivery are being 
incorporated into project design and build for improved resilience. For instance, the Copenhagen Metro is now 
constructing the upper limits of all the stairways, emergency exists and ventilation openings 2.2 m or more 
above normal sea level around the city to reduce the threat of future flood risk from rising sea levels. In the 
USA, risk matrices are being deployed to gain further insight and appreciation of the likelihood and severity of 
future risks that may reduce the transmission and distribution resilience of the energy sector. These case 
studies demonstrate the importance of so-called horizon scanning approaches to identify and navigate risks 
and construct adequate policy responses.    
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1. Introduction  

This report provides a review of international examples of infrastructure levels of service, relating to resilience. 
The review focuses on the energy, transport and water sectors within three distinct geographical regions; the 
USA; Europe and the Middle East, respectively. This focus reflects the varying but growing pressures that are 
impacting resilience in each of these regions, where the need to develop greater resilience is compounded by 
multiple factors including climate change, growing populations, high consumption patterns and ageing 
infrastructure assets. A range of approaches have been documented to measure vulnerabilities to these 
factors, including the application of risk matrices (see Appendix at 6.1) to target resilience improvements. 

The review documents thresholds that characterise a level of service, the frequency that each threshold is 
expected to be passed (where known) and the evidence base for establishing the threshold (where known). 
This will provide the UK Government with greater insight into international approaches to strengthen resilience 
across various infrastructure assets.  

The report is structured as follows. Section Two provides a regional overview of the energy sector in the USA 
and documents key findings concerning the resilience review. Sections Three and Four similarly provide a 
regional overview and document key findings for the transport and water sectors, respectively. Section Five 
outlines lessons learnt for the UK. 

 

2. Energy sector in the USA 

2.1. Regional overview 
Levels of service in the energy sector for the USA are set using regulations and legislation, licence agreement 
criteria, cross sectoral energy service provision standards, transmission system planning performance 
requirements and customer driven requirements (commercial). 

The energy sector is highly regulated with detailed international guidance focusing on operational resilience, 
safety and security. Safety and protection of the public, staff, environment and power plants are the overriding 
factors for resilience mitigations that are regulated, measured and quantified. These factors also apply when 
considering resilience of service provision. 

Levels of energy service across the USA are dependent on risk profiles. These include: 

• Natural hazards; such as flooding and seismic events 

• Malicious threats; such as terrorism and cyber crime 

• Human impacts; such as sickness and staff shortages 

• Financial impacts; such as funding, investment and operational cost risks 

These risk profiles highlight risks which may lead to a status of inoperability for the US energy sector. A 
summary of sector risk can be seen in 6.1 Appendix1.  

Operationally, the energy sector service delivery standards are set within each service providers business 
continuity plan where the MTPD (Maximum Tolerable Period of Disruption) of service is set. RTO’s (Recovery 
Time Objectives) provide response time criteria for business functions to become re-operational in-service 
delivery, which organisationally are the levels of service required. 

On a national scale, the FERC (Federal Energy Regulatory Commission) align national grid service output 
requirements on a strategic level; with customer, industrial and infrastructural demand nationally2. States within 
the US provide tactical level management through setting their own requirements for service production based 
upon which types of energy production facilities are situated within their state.  

Major disruptive impacts are those which create power outages. Large outages occur and are a key threat to 
resilience in the US energy sector. Resilience in service provision must focus on mitigation, preparedness, 
response and recovery planning for every possibility which may result in production disruption.  

                                                      
1 Preston et al. (2016). Resilience of the US electricity system: A multi-hazard perspective. Office for Science and Technical Information. 

2 United States Department of Energy (2014). Strategic Plan 2014-2018. 
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2.2. Country focus 
In the USA, the U.S. Nuclear Regulatory Commission (NRC)3 is the licensor and regulator of the nation’s 
civilian use of radioactive materials, which provides a federal level framework for states with nuclear energy 
services to adhere by. The NRC licenses and regulates the USA’s civilian use of radioactive materials to 
provide reasonable assurance on adequate protection of public health and safety, to promote the common 
defence and security and to protect the environment.   

 

The NERC (North American Electric Reliability Corporation)4 transmission system planning performance 
requirements provide cross sectoral energy service provision standards within a planning horizon to develop 
a Bulk Electric System (BES) that will operate reliably over a broad spectrum of system conditions and following 
a wide range of probable contingencies. This approach to resilience is through operational planning 
coordinators and transmission planners in the service provider organisation. This will involve both roles 
maintaining system models within their represented area for a corrective action plan which represents 
projected system conditions during disruption.

                                                      
3 United States Nuclear Regulatory Commission (2018), Strategic Plan; Fiscal Years 2018-2022 NUREG-1614, Volume 7) 

4 NERC (2019), Reliability Standards for the Bulk Electric Systems of North America 
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In figure 1 we see energy production versus consumption in the US5. This shows currently through diversification of energy production sources there are high levels 
of resilience in service production due to significantly more energy being produced than used. This is important in meeting higher levels of energy demand in the future 
which is forecasted, however threats to national production and imports come from finite resources such as soil and coal energy reliability. Growth in renewable and 
nuclear energy is needed for resilience to this threat to service production. 
 

 

Figure 1 - United States Energy Balance, IAEA (2016)

                                                      
5 US Energy Information Administration (2019). U.S. Electric System Operating Data 
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2.2.1. Measuring Reliability in Energy Utility Service Operations 
Other similar examples of system planning performance requirements can be seen from the NERC6; 
however, they are all specific to certain system shutdown events, and in other cases niche events 
such as Geomagnetic Disturbance Events whereby all examples provide different contingency 
measurement scales.  

Common distribution system reliability metrics used by the APPA7 (American Public Power 
Association) to increase systems resilience include: 

• SAIFI (System Average Interruption Frequency Index) – for sustained interruptions (the 
average number of times that a customer is interrupted during a specified time period, it is 
determined by dividing the total number of customers interrupted in a time period by the 
average number of customers served. The resulting unit is ‘interruptions per customer’.  

• SAIDI (System Average Interruption Duration Index) – This is defined as the system 
interruption duration for customers served during a specified time-period. It is determined by 
summing the customer minutes off for each interruption during a specified time-period and 
dividing the sum by the average number of customers served during that period. The unit is 
minutes. This index enables the utility to report how many minutes customers would have 
been out of service if all customers were out at one time” 

• CAIDI (Customer Average Interruption Duration Index) - This is defined as the average length 
of an interruption, weighted by the number of customers affected, for customers interrupted 
during a specific time-period. It is calculated by summing the customer minutes off during 
each interruption in the time period and dividing this sum by the number of customers 
experiencing one or more sustained interruptions during the time period. The resulting unit is 
minutes. The index enables utilities to report the average duration of a customer outage for 
those customers affected. 

• CAIFI (Customer Average Interruption Frequency Index) – The average frequency of 
sustained interruptions for those customers experiencing sustained interruptions. 

• MAIFI (Momentary Average Interruption Frequency Index) – Total number of momentary 
customer interruptions (usually less than five minutes disruption) divided by the total number 
of customers served. 

Reliability metrics are grouped into generation and transmission systems which are exemplified by 
the FERC and NERC in the USA. These provide a national measurable system, however in the USA, 
it is state regulatory agencies that provide the oversight of reliability for energy distribution levels. 
Ownership and operation of the USA electric system is characterised by a mixture of public, private 
and cooperative institutions with different incentives and organisational structures, and these 
institutions are regulated differently apart from common federal oversight. This is the reason why 
different organisations are responsible for maintaining different packages of standards in different 
locations, some of which can only be attained through collaboration with others.  

In a similar way to how technology evolves the way our transportation network operates, technology 
is evolving similarly in providing continuous electricity supply, for example lifecycles of nuclear 
facilities are being extended as technology improves and nuclear material can be replaced. It is these 
factors which lead to a change in system reliability criteria as time goes on, as well as new learning 
achieved, and so new editions of federal and state resilience measure governance allow for these to 
be accounted for, and resilience in the energy utility service sector can adapt accordingly8.  

 

2.2.2. Resilience Metrics – Measuring Resilience in energy utility service 
operations 

From the Department of Energy supported by the Grid Modernisation Laboratory Consortium, we 
found the following resilience metrics proposed for U.S. national energy utility service provision: 

 

 

                                                      
6 NERC (2019), Reliability Standards for the Bulk Electric Systems of North America 

7 American Public Power Association (2018), Beyond outages: Using reliability data 

8 United States Nuclear Regulatory Commission (2018), Strategic Plan; Fiscal Years 2018-2022 
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Table 2-1 - Resilience metrics employed by the Department of Energy 

 

Consequence 
Category 

Resilience Metric 

Direct 

Electrical service • Cumulative customer-hours of outages 

• Cumulative customer energy demand not served 

• Average number (or percentage) of customers experience an outage during a specified time-
period 

 

Critical electrical 
service 

• Cumulative critical customer-hours of outages 

• Critical customer energy demand not served 

• Average number (or percentage) of critical loads that experience an outage 
 

Restoration 
• Time to recovery 

• Cost of recovery 
 

Monetary • Loss of utility revenue 

• Cost of grid damages (e.g., repair or replace lines, transformers) 

• Cost of recovery 

• Avoided outage cost 

Indirect 

Community 
Function 

• Critical services without power (e.g. hospitals, fire stations, police stations 

• Critical services without power for more than N hours (e.g. N>hours or backup fuel 
requirements 

2.2.3. Balancing energy production output in the US 
No single entity is responsible for the real-time operation of a given interconnection. Instead, 
balancing authorities are responsible for maintaining operating conditions under mandatory reliability 
standards9 issued by the NERC and approved by the FERC and by Canadian regulators.  

Balancing authorities maintain the appropriate conditions by ensuring that a sufficient supply of 
electricity is available to serve expected demand and by managing transfers of electricity with other 
Balancing Authority systems10. Each day, balancing authorities forecast hourly electricity demand on 
their systems for the next day. The forecast reflects daily, weekly, and seasonal demand patterns 
plus expected weather conditions.  

Based on the daily demand forecast, each Balancing Authority specifies which generating units will 
be available to run the next day. A traditional Balancing Authority utility selects units from their own 
fleet of generators and other supply resources. Member generators of Independent System Operators 
(ISO) and Regional Transmission Operators (RTO) bid for the opportunity to generate power the next 
day. Regional Transmission Operators day-ahead energy markets use sophisticated optimisation 
models to select bids and set wholesale prices. These arrangements are financially binding, and 
generators who fail to perform as agreed may face financial penalties. 

                                                      
9 Federal Energy Regulatory Commission (2018). Critical Infrastructure Reliability Standards. 

10 U.S. Energy Information Administration (2018). U.S. Electric Power Regions 
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2.3. Case Studies from the International Energy Sector 

2.3.1. Earthquake in Washington DC, 2011 
When a major earthquake struck near Washington, DC; two large nuclear units in Virginia tripped 
offline. The sudden loss of electrical supply reverberated for 12 seconds across eastern North 
America11. 

Disturbances in the electrical supply-demand balance can spread across vast areas. The system was 
able to recover quickly because many electricity generating units (sometimes referred to as power 
plants) across the area sensed the loss of electricity supply and immediately increased their output 
slightly. Collectively they made up the loss.  

2.3.2. Belgium Case Study - power outages as nuclear assets age 
Research found from the NERC found that energy service level supply is at risk as energy facility 
assets age. The case study from Belgium’s nuclear power plant facilities12 show that as current 
nuclear power plants reach the end of their design lifecycle, they become further susceptible to 
hazards and a less reliable source of service provision. This particular case study with the Doel 3 
Nuclear Reactor at the Port of Antwerp highlighted the risks of winter weather to the facilities to the 
countries energy provision and put the country at risk of blackouts during severe winter weather. This 
facility was built in 1980, with a design life of four decades. With this being the only nuclear facility 
operational in the country due to others undergoing maintenance, this creates huge risks to service 
provision and is an excellent example of why contingency planning for energy supply on a national 
level should be performed. Part of this risk comes with the fact that Belgium aims to steer away from 
nuclear sources of energy provision by 2025, however, the fact that it is forecasted that 700-900 
Megawatts in additional national energy services is needed during this period that raises the 
importance of having a supply of energy services from a different types of energy service sources. It 
also raises the point that although many countries may have diverse sources of energy provision, that 
some sources are not a constant source of energy service. This is evidenced by Belgium’s phasing 
out of nuclear energy supply to renewable sources of energy such as wind and solar, however this 
does not provide a constant service due to their service provision reliance on weather conditions.  

 

2.3.3. Puerto Rico Case Study, Hurricane Maria (2017) – USA 
The case study of Hurricane Maria highlights the devastating impacts of an isolated society 
devastated by disaster, with attempts to recover with limited energy service provision13. The events 
that unfolded in Hurricane Maria for Puerto Rico were devastating, and this is not necessarily due to 
energy production facilities being out of service, but rather that customers were impacted from a lack 
of contingency from urban infrastructure and energy support infrastructure across the island.  

With an event with high speed wind such as Hurricane Maria, this caused the logistics for energy 
provision, this being the electricity supply posts and pylons to be damaged. This led to a waste of 
resources in providing energy which could never reach the customers, and response to this was using 
localised fuel generators across the island. What this showed is that during a severe weather event 
such as a hurricane, that communities are reliant on energy for recovery to these events, and so 
resilience is a key factor not just in the facilities which output the energy, but in the way that electricity 
is distributed to customers logistically. This particular disaster highlighted that it is the communities 
which are affected, and with homes destroyed across the island, transport systems in ruin and basic 
needs being a struggle for staff, organisations should be required to plan for staff welfare in any major 
event. 

 

2.3.4. Fukushima Daiichi Case Study, Japan 2011 
The disaster surrounding the Fukushima Daiichi nuclear power plant in Japan in 201114 also highlights 
another danger that may emerge because of power outages. Nuclear power plants rely on electricity 
to maintain their cooling systems and failure in these systems can cause catastrophic radiation 

                                                      
11 US Energy Information Administration (2019). U.S. Electric System Operating Data 

12 Deutsche Welle (2018). Belgiums creaky nuclear reactor raise risk of winter power outages. 

13 Energy Production and Infrastructure Center (2018). EPIC Energy Seminar: Impact of Natural Disasters on the Grid: A Puerto Rico Case Study 
14 Sophie Yeo (2016). Carbon brief: The legacy of the Fukushima Nuclear Disaster: Analysis 
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releases. Although these plants normally have abundant backup power systems, blackouts caused 
by a disaster such as an earthquake or tsunami – which in Japan took out the generators along with 
the power grid – can be extraordinarily dangerous. The same applies to other industrial plants, which 
can see their fire suppression or ventilation systems dangerously compromised in the event of a 
blackout. 

 

2.4. Key findings  
This section provides a summary of the data gathered and analysed on resilience and reliability levels 
in energy service levels in the U.S. We have used the table below as a way of highlighting the key 
findings.  

Table 2-2 – Summary of key findings for the energy section  

 

Description Key Findings for Service Provision Resilience 

Balancing Authorities on a state 
level maintain resilience for 
service levels of energy 

• Energy output and demand is measured on a national level 
through a live-feed system from which Balancing Authorities 
pull their data. 

• Forecasting energy input and output levels defines the scope 
for resilience levels in service output, this is done hourly 
nationwide using live data and a complex modelling system. 

• Generators who win energy provision contracts but fail to 
provide outputs required in these contracts set by ‘day before’ 
energy requirement forecasts are subject to financial penalties. 

Service outages are managed 
through an automated national 
grid system 

• When service outages occur, resilience measures are in place 
autonomously which trigger the impacted energy service 
facilities to shut down, and live energy system models highlight 
the missing energy service requirements for other service 
providers on the grid. This means other facilities increase 
energy production to meet demand. 

Overproduction and 
underproduction of energy supply 
are automatically managed 

• An overproduction of energy is traded internationally. 

• Underproduction of energy requires import of energy supply. 

• Live energy monitoring on a federal scale allows for less waste 
of energy produced and allows for resilience in both 
overproduction and underproduction. 

• Hourly demand and supply forecasting is a measure to prevent 
inappropriate production levels. 

Ageing service production 
facilities are more susceptible to 
shutdown risks 

• Disruption is more likely in ageing service production facilities 

• When setting criteria for levels of service the following should 
be accounted for; complexities in design of new build facilities, 
and maintenance during lifecycle of service provision 
infrastructure 

• Resilience for service provision should take into consideration 
national planning for maintenance across the energy sector, to 
minimise risks of blackouts 

Major incidents can occur from a 
failure to plan for long-periods of 
disruption. A catastrophic failure 
can occur with implications to not 
only energy service provision, but 
to redundancies such as back up 
facilities for power plants too.  

• Service levels should be set to consider long-term blackouts 
for severe events 

• When determining service level criteria, the consequences of 
blackouts for utility service providers in terms of continuity of 
operation, as well as the customer energy supply should be 
considered.  
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Table 2-3 - Extract of Summary table with key findings for Energy 

 

Country Sector Subsector 
Resilience Impact 

Threshold 

Resilience 

to every 

day or 

large 

shocks? 

Who 

decides? 

What is 

the 

decision 

based 

on? 

Timeline 

Belgium Energy Nuclear Probable based on 

approximations of 

future conditions 

based on 

forecasting of 

events every day  

Association 

Vincotte 

Nuclear 

(AVN) 

Threat of 

event or 

disruption 

to 

Nuclear 

research Present 

USA Energy Nuclear 
Service disruption of 

generator facility / 

service to national 

grid both 

Balancing 

Authorities 

i.e. Texas 

State 

Threat to 

energy 

service 

provision 

Present 

(Live-

fed) 

USA Energy Electricity 

Supply Service disruption of 

generator facility / 

service to national 

grid both 

Balancing 

Authorities 

Threat to 

energy 

service 

provision 

Present 

(Live-

fed) 

Canada Energy Electricity 

Supply Service disruption of 

generator facility / 

service to national 

grid both 

Balancing 

Authorities 

Threat to 

energy 

service 

provision 

Present 

(Live-

fed) 
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3. Transport sector in Europe  

Internationally, we see resilience in transportation as the ability of the transportation network to 
recover from negative impacts to an operationally effective level of service.15 A resilient system is 
able to adjust its functioning prior to, during, or following changes and disturbances, so that it can 
continue to perform as required after a disruption or a major incident, and in the presence of 
continuous stresses.16 

3.1. Regional overview 
 

As we come up to 2020, there are several factors which have influenced the evolution of 
transportation in Europe. We see more digital and innovative approaches to the way the public travel, 
and with this comes a plethora of approaches to ensuring these networks are resilient to disruption. 
Examples of this can be seen within High Speed Rail and Connected and Autonomous Vehicles 
(CAV) as these bring dramatic changes to Europe and the way current infrastructure resilience is and 
will be measured now and in future years. 

The European Commission17 has adopted a strategy of Cooperative Intelligent Transport Systems 
(C-ITS) which is a milestone initiative towards cooperation, connective and automated mobility. The 
objective of this was to appropriate a legal framework at EU level by 2018 to ensure legal certainty 
for public and private investors, the availability of EU funding for projects, the continuation of the C-
ITS platform process as well as international cooperation with other main regions of the world on all 
aspects related to cooperative, connected and automated vehicles. This also provides continuous 
coordination, in a learning-by-doing approach through the C-ROADS platform which gathers real-life 
deployment activities in member states. This strategy enables a coherence in meeting service levels 
on an overarching level within Europe as the roads begin to see a new use of purpose, and service 
levels change in Highways to a more connected system which is futureproofed. An overview of this 
can be seen in the Figure 3-1.  

 

 

Figure 3-1 - Cooperative Intelligent Transport System Strategy 

3.2. Resilience standards in transportation infrastructure 
Resilience is a function that can vary in time due to external events like earthquakes or explosion 
which can reduce it or because of actions focused on performance improvement. With this as a 

                                                      
15 American Association of State Highway and Transportation Officials, 2017. Understanding Transportation Resilience: A 2016-2018 roadmap. 

16 Dekker et al. (2008). Resilience engineering: New directions for measuring and maintaining safety in complex systems. 

17 European Commission (2017). Press Release Database; 2016 road safety statistics: What is behind the figures 
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factor, every asset must have a recovery time variable (i.e. maximum tolerable period of disruption) 
whereby recovery to an operable level of service is achieved. Regarding highways, each network 
asset should have a recovery period in the event of disruption and a clear scope of what a minimum 
operating standard is. The EU-CIRCLE18 resilience framework helps to appreciate what constitutes 
resilience. This framework consists of four layers and can be appreciated in Error! Reference 
source not found.: 

1. Critical Infrastructure (CI) – Their networks and interdependencies (the context) 

2. Climatic Hazard (CH) – Including current and future climate change (the disturbance) 

3. Disaster risks and impacts 

4. Capacities of critical infrastructure 

 

Figure 3-2 - Resilience framework of critical infrastructure 

Resilience standards change depending on asset type, function and ownership but many reflect 
governmental policy commitments and best practice guidance. Most notably, Maximum Tolerable 
Periods of Disruption to transportation infrastructure are usually determined and set by government 
agencies that govern sector specific transport use and application. The service providers (often 
private sector companies that competitively bid to maintain/manage infrastructure assets) are 
responsible for ensuring a minimum level of services are sustained through both infrastructure 
investment and management approaches. Often, these levels of service denote resilience of the 
relevant transportation network. For instance, maintaining x% of a pavement asset portfolio under a 
certain condition threshold (for long term resilience), or ensuring x% of incidents are cleared within 
certain timescales (day to day resilience). Usually though not exclusively, these levels of service are 
delivered contractually through a combination of incentives and penalties (some of which are 
commercially sensitive and not publicly documented).  

                                                      
18 Thayaparan, M, Ingirige, MJB, Pathirage, C, Kulatunga, U and Fernando, TP (2016). A Resilience framework for critical infrastructure.  
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At the same time, climate change is now emerging as a key driver impacting levels of service and 
by extension the longer-term resilience of transportation infrastructure. Countries across the EU are 
now promoting climate change adaptation in the design and retrofit of infrastructure. For instance, in 
Copenhagen there is now a policy commitment to ensure the design of subway stations considers 
sea level rise predictions to mitigate against flooding (see 3.3.1). Box 3-1 depicts the key risks to 
supplying a minimum level of service for more resilient infrastructure systems in Europe.  

3.2.1. Setting climate change resilience measures in service provision 
European countries are delivering in methods which focus around resilience to climate change19. 
These focus around national transportation and highway authorities providing network and 
individual asset calculations of factors to improve system and operational efficiencies, such as; 

• Emissions intensity of transport infrastructure, 

• Emissions pricing, 

• Low-emissions freight movement, and 

• Fuel standards. 

The European Road Administration (ERA) commenced a research program in 2008 to assist road 
owners to tackle climate change issues on the network. This established level of service 
requirements for the following: 

• Risk management for roads in a changing climate (RIMAROCC) – the objective was to 
develop a common method for risk analysis and risk management with regards to climate 
change 

• Storm water prevention – methods to predict flooding from the water stream in and near 
road pavements in lowland areas (SWAMP) 

                                                      
19 PIARC, Technical committee 1.3 (2016). Transportation strategies for climate change mitigation and adaptation 

Box 3-1 – Key vulnerabilities within the transport sector and interventions needed to 
maintain levels of service for improved resilience  

 
Areas of highly centralised traffic patterns: concentrating traffic through a smaller number 
of hubs can exacerbate vulnerability; the market for just-in-time services drives increasing 
centralisation, making these systems particularly vulnerable. Incident response times are critical 
to maintaining a level of service on strategic road networks. 
 
Inland waterways: that are already drought sensitive, where reduced water levels will not offer 
sufficient draught protection projections suggest that this may become more important beyond 
2050. Abstraction patterns may have to be modified to ensure service levels are sustained.  
 
Road, rail: in mountainous regions transport networks are expected to be most vulnerable to 
intense rain and snow. Roads are vulnerable to flooding particularly in Central and northern 
Europe. The angle of repose either side of the road/railway is critical in relation to risks of 
avalanches and landslides. New design approaches or diversion routes with spare capacity may 
be needed to maintain service levels.  
 
Ports on the Atlantic coast are a hotspot due to sea-level rise and together with related 
extreme wave events more than those on the Mediterranean coast. Measures to reduce 
susceptibility to overtopping and disruption from storm events through hard engineering 
solutions are necessary. 
 
Aviation: vulnerability of aviation to extreme events (e.g. drone attacks) will further increase as 
free capacity will increasingly be occupied by additional flights. New initiatives to promote 
resilience (e.g. flight exclusion zones and anti-drone technology) are being deployed to ensure 
service levels are not disrupted. 
 
Adapted from European Commission (2017). Assessing Adaptation Knowledge in Europe: Infrastructure Resilience in 
the Transport, Energy and Construction Sectors. 
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• Improved local winter index to assess maintenance needs and adaptation costs in climate 
change scenarios (IRWIN) – an important tool for planning activities is to have access to 
good scenarios regarding spatial and temporal resolution of what to be expected of climate 
variations in the future, especially regarding extreme events.  

3.3. Country focus case studies 
This section outlines the focus of the transport review in Europe and subsequent sub-sectors 
analysed. Each of these countries faces a range of challenges to long-term resilience of transport 
infrastructure, including climate change, future demand growth and asset capacity issues. The 
country case studies are designed to provide a context specific overview of the relevant challenges 
facing the sector across the region 

3.3.1. Sweden 
The Swedish Transport Administration recently developed a ‘Klimatkalykyl’ (climate calculator) tool 
to better assess emissions across their assets. Transportation professionals can use the model to 
calculate the energy use and climate impacts from road and rail projects where specific design 
elements are known and can be used to compare different locations, design and materials options 
for a given project. 20 

3.3.2. Denmark 
The traffic on motorways in Denmark has increased by 26% from 2010 to 2016. The increase in traffic 
and particularly in incidents on the motorways has resulted in more frequent and longer queues with 
great inconvenience to the road users and rising socio-economic costs. The socio-economic costs 
and the inconvenience to road users can be reduced by reducing the time it takes to discover and 
handle an incident and thereby reducing the time until the road is cleared, and the traffic flow is back 
to normal. Informing the public live is also an effective solution.21 

The Danish Road Directorate22 used climate model projections to update future storm depths. The 
current 25-year storm in Denmark drops 58 mm of rain, but by 2050, the 25-year storm is projected 
to be 65 mm23. When building a road with a design life out to 2050 or beyond, Denmark now considers 
the depth of the future 25-year storm, not just current conditions.  

To reduce as far as possible the risk of flooding from sea or extreme rain, Copenhagen Metro has 
taken this factor into account in the metro's design and construction since the design of the first line 
in 1993–1995, In fact, the metro has been able to continue operating under the various floods that 
have hit the city, including the 2011 cloudburst, which stopped rail services, but not the metro. The 
basis for calculation has been revised, as climate change forecasts have changed over time. For 
example, the upper limits of all the stairways, emergency exists and ventilation openings on the 
Copenhagen Metro are now 2.2 m or more above normal sea level around the city for the new lines 
currently under construction. 

The 17 new metro stations in the Copenhagen area will also be secured against flooding. The 
construction company has identified how to keep water out of the tunnels in the exposed stations by 
projecting worst-case scenarios of water levels in the streets around the 17 new metro stations during 
extreme rainfall. Specific design, like augmenting the entrance above street level by small access 
ramps or stairs, can prevent great quantities of rain water from running down into the metro. A study 
on the effects of sea-level rise in Copenhagen and on options for securing the metro against the 
combined effects of rising sea level and flood waters due to rainfall has been prepared. All new metro 
stations include access slopes and stairwells 2.42 m above current sea level.24 

Relative to climate change resilience, since 2002 Denmark has had a carbon tax of 100 Krone per 
metric ton of Carbon Dioxide, equivalent to 13 euro’s. Denmark’s carbon tax applies to all energy 
users, but industrial companies are taxed differently depending on the process the energy is used for, 

                                                      
20 PIARC, Technical committee 1.3 (2016). Transportation strategies for climate change mitigation and adaptation 
21 Nokkala and Leviakangas (2013). Improving resilience of European transport network to natural disasters and extreme weather: cross-modal and 

mode specific methods. 

22 International benchmark of traffic incident management (2018). 

23 Conference of European Directors of Roads (2016). Transportation Infrastructure Resilience: A review of Practices in Denmark, the Netherlands and 

Norway. 

24 European Environment Agency (2014). Adaptation of transport to climate change in Europe; challenges and options across transport modes and 

stakeholders. 
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and whether the company has entered into a voluntary agreement to apply energy efficiency 
measures. 25  

3.3.3. Switzerland 
A carbon incentive tax was introduced in Switzerland in 2008. It includes all fossil fuels, unless they 
are used for energy. Swiss companies can be exempt from the tax if they participate in the country’s 
emissions trading system. The tax amounts to 36 Swiss Franc per metric tonne carbon dioxide. 26 

These climate change resilience measures provide incentive for customers to reduce the emissions 
and thus the pressure on the network. This also provides a funding solution to operating the 
network effectively and providing appropriate resources as a result of this funding to operate the 
network effectively. 

3.3.4. Germany 
The German Strategy for the Adaptation to Climate Change (DAS) in 2008 highlighted the transport 
sector as a key issue for the adaptation to climate change. The need for dimensioning of drainage 
infrastructure is seen as an important starting point for adaptation to more extreme rainfall, as well 
as application of new and modified materials within the road surfaces at risk from higher 
temperatures. However, with its central geographic position within Europe, the road infrastructure in 
Germany cannot be looked at on its own. Cross border solutions are therefore of great importance. 
BASt is therefore working on the development of cross border adaption measures within European 
and international networks. A European exchange of research institutions and authorities has been 
established under the auspices of FEHRL and the conference europeenne des directeurs des 
routes (CEDR). 27 

Whilst unable to get exact details on service delivery resilience measures and performance 
indicators, we were able to identify gaps where Germany wants to improve and what opportunities 
there are to provide these service delivery measures. Germany has a gap whereby revision of 
standards and guidelines for resilient infrastructure would save money and time for extreme event 
recovery. 

 

3.3.5. Norway 
The Norway Public Roads Agency (NPRA) added the same consideration of climate change as 
Denmark to its manuals on project planning, design, operations, maintenance, and network 
management as the Danish Road Directorate, also leading to a thorough revision of existing manuals 
and guidelines for road transport to consider also climate change impacts such as; flooding, landslides 
(especially further frequent wet landslides), drifting snow, intense rain, erosion and sea-level rise. 
This included all NPRA guidelines for planning, design and construction of new roads and bridges, 
operations and maintenance of existing roads and bridges as well as preparedness and emergency 
planning. For instance, for operations and maintenance, a requirement was added whereby drainage 
infrastructure and waterways must be checked for obstructions ahead of major storms to ensure 
proper service levels of drainage infrastructure. Another example of a revision is the requirement for 
a plan to manage run-off in all new road plans. 

3.3.6. France 
The French National Adaptation Plan28 includes provisions for the development of methodologies for 
assessing the vulnerability of transport infrastructure in Aerospace transportation and prepared this 
methodology in 2013, trialling this at Nice Airport as a pilot for future national implementation should 
this be successful in achieving its purpose. The risk mapping methodology applied to Nice Airport 
provides a matrix highlighting each possible combination in probability of occurrence for a climatic 
event in relation to its potential impact on the airport. The risk mapping methodology requires 
substantial local knowledge from several areas in the aviation sector including infrastructure, 
operations, and weather conditions. 

                                                      
25 PIARC, Technical committee 1.3 (2016). Transportation strategies for climate change mitigation and adaptation 
26 PIARC, Technical committee 1.3 (2016). Transportation strategies for climate change mitigation and adaptation 
27 PIARC, Technical committee 1.3 (2016). Transportation strategies for climate change mitigation and adaptation 
28 European Environment Agency (2014). Adaptation of transport to climate change in Europe; challenges and options across transport modes and 

stakeholders. 
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Gaining local knowledge from the airport community (managers, employees at the different units, and 
providers of associated services), users of this service can identify the causal relationships in past 
disruption events and potential changes in climate that could be particularly disruptive for airport 
operations in the future29.  

Identification of key components of the airports functions and how these interact, and cases of 
previous service level disruption analysed in conjunction with service delivery functions to operate 
are all attained from internal organisational learning from previous events. In this case study, an 
example of how resilience was improved to ensure service level delivery was through implementing, 
from 2011 to 2013, improvements in the dykes protecting runway assets. 

3.3.7. Spain 
RENFE, the Spanish rail service operator introduced a tool for prediction of adverse weather events 
adapted exclusively to the rail service delivery. This warning and informing platform creates a 
proactive and resilient driven method to providing service delivery in rail transportation for RENFE 
through pre-emptively informing on weather related risks. This is achieved through rail service 
operators being informed through the weather alert platform which is updated from travel 
management centres twice a day. Additional service level performance enhancing capabilities on this 
platform include: 

• Planning capabilities for alternate transportation services such as buses on standby for 
identified forecasted disruptions on the network 

• Preparedness Measures such as; 

o Fleet changes 

o Slowdowns 

o Salt application 

o Preheating units 

o Covering parking 

o Adding extra services for ice accumulation prevention in severe winter weather 

o Ensuring health of customers in service delivery, such as Air Conditioning on-board 
during high temperature events (above 38 degrees Celsius) 

The procedure followed by RENFE freight is different, as it activates a message to the Freight 
Management Centres. Thus, staff members are alerted, and preparations are performed to ensure 
service delivery, such as through refuelling freight services if they are expected to be used in stressful 
service provisions. The tool has been operational since 2011 and is used for RENFE's passenger 
and freight operations, resulting in cost savings and improved customer service. 

3.3.8. Austria 
Austria is an excellent example of a European country which sets to implement CAV (Connected and 
Autonomous Vehicle) technology for its highways, where similarly to the UK, it aims to lead in 
intelligent mobility. The benefits of this new technology is where vehicles have the ability to not only 
minimise disruptions to service delivery on the network, but also to collect data in real-time, which 
has provided an excellent example of forward-thinking service delivery in the sector, especially 
surrounding maintenance, logistics and incident reporting on the network for both organisational and 
customer use30.  

 

This implementation is part of the Cooperative Intelligent Transport System, or C‐ITS, which is a 
European Commission plan to give Europe’s roads a common smart safety infrastructure. Austrian 
C-Roads pilot sites stretch from Vienna to Salzburg and includes the Linz area. In western Austria, 
this new initiative covers the A12 and A13 motorway sections around Innsbruck. In the south the test-
site will be set up around the city of Graz, where ASFiNAG hopes to have a network of compliant 
motorways in place by 2020. Similarly, we also see the UK bring about many initiatives through EU 
and UK Government funding through programmes such as the Innovate-UK grants available for 
innovative proposals in private and public sectors.  

                                                      
29 European Environment Agency (2014). Adaptation of transport to climate change in Europe; challenges and options across transport modes and 

stakeholders. 
30 Global Construction Review (2018). Extracted from www. Globalconstructionreview.com /news/austria-could-be-first-set-smart-motorway-safety-s/. 
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3.4. Key findings  
This section provides a summary of the data gathered and analysed on resilience and service levels in 
transport in the Europe. The findings are documented in Table 3-1. Levels of service that are proximate to 
resilience are denoted in Table 3-2.  

 Table 3-1 - Key findings for levels of service and infrastructure resilience  

 

Description Key Findings for Service Provision Resilience 

Denmark has set specific design criteria for 
roads and urban transport, looking at 
present conditions and future climate 
change. 
 

• Roads are designed to withstand an event with 
1:25 annual chances to occur, including climate 
change. For instance, this may respond to a 
certain likelihood of flood event (e.g. 1 in a 100-
year event) that damages road surfaces and 
impacts service thresholds.  

Resilience is bespoke to individual assets 
and levels are set by government agencies 
and maintain by service providers.. 

• Each asset should have a recovery time and a 
clear scope of what a minimum service level/ 
operationally effective level is in the event of 
service disruption. 

• Service providers are incentivised to maintain 
assets to deliver a minimum level of service. 
The former impacts resilience of the strategic 
transportation network.  

• Asset maintenance is sustained through long-
term frameworks that denote acceptable asset 
deterioration that will not impact systems 
resilience. 

The European Union Circle set factor 
standards which must be known to measure 
resilience of critical infrastructure. 

• All assets have different capacities for 
resilience parameters. These are associated 
with lifecycle, age, location, maintenance 
levels, exposure to climate, and levels of 
interdependencies of individual assets.  

• Individual tolerance levels to identified risks 
should be set appropriately. 

• Individual assets must account for 
technological risks. An example of this is how 
drones currently impact the aviation industry, 
and so suitable operating standards for such 
events should be planned. This includes flying 
exclusion zones around airports. 

Countries are taking steps for increasing the 
safety of the network through new 
technologies 

• The EU has set a long term strategy for CAV 
(Connected and Autonomous Vehicles).  

• The European Commission has a plan to give 
Europe’s roads a common smart safety 
infrastructure. 

Service levels are impacted by severe 
weather events and climatic impacts, 
currently internationally organisations are 
looking at forecasting using predictive 
modelling, live and historical data.  

• Adoption of climate change models used in rail 
in countries such as Austria, Denmark and 
Spain which are shown in case studies, should 
be considered in service provision criteria. 

• Service level criteria should be set to further 
plan for severe weather events, and to allocate 
appropriate MTPD (Maximum Tolerable 
Periods of Disruption) to service outages in 
continuity of longer-term impacts.  
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Table 3-2 - Extract of level of service summary table with key findings for transport 

 

Country Sector Subsector 
Resilience 
Impact 
Threshold 

Resilienc
e to every 
day or 
large 

shocks? 

Who 
decides? 

What is the 
decision 
based on? 

Timelin
e 

EU 
Transportatio
n 

Road safety 

The % of 
automated 
vehicles being 
bought per 
annum 

Every Day 
European 
Commission 

Policy 
commitment 

2030 
target 

EU 
Transportatio
n 

Critical 
Infrastructur
e 

Climate 
change-
weather 
extremes. 
Maximum 
tolerable period 
of disruption 
relating to flood 
risk (e.g. 1 in 
100-year flood 
event). 

Every 
Day- 
Shocks 

European 
Union Circle 

Policy 
commitment 

2018 
and 
onwards 

Denmark 
Transportatio
n 

Traffic 
increase on 
roads 

The % 
reduction in the 
time it takes to 
discover and 
handle an 
incident, based 
on an incentive 
and penalty 
mechanism..  

Every Day 
Danish road 
directorate 

Policy 
commitment 

2018 
and 
onwards 

Denmark 
Transportatio
n 

Station 
design 

All new metro 
stations include 
access slopes 
and stairwells x 
m above 
current sea 
level to 
increase 
resilience to 
flooding. 

Every 
Day- 
Shocks 

Copenhagen 
Metro 

Policy 
commitment  

1993 
and 
onwards 

Sweden 
Transportatio
n 

Road safety  

Identification of 
flood-sensitive 
sections (blue 
spots) in road 

network 

Every 
Day- 
Shocks 

Swedish 
Road 
Administratio
n  

Legislative 
guidance  

2005 
and on 

Some 
Europea
n 
countries  

Transportatio
n  

Highways 
managemen
t  

Multiple 
(commercially 
sensitive) 
thresholds 
agreed with 
service 
providers by 
government 
agency.     

Large 
shocks 
and 
everyday 

resilience  

Government 
agency, 
implemented 
by service 

provider  

Incentive and 
penalty 
mechanism 
reflecting 
policy 

commitments 

n/a 
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Germany 
Transportatio
n 

Highways 
Managemen
t 

Identification of 
flood resilience 
assets and 
capacity 
compared to 
forecasting of 
climate change 
impacts on 
severe weather 

Large 
shocks 
and 
everyday 

resilience 

Federal 
government / 
German 
Highways 

Auhority 

Forecasting of 
climate 
change and 
external 
factors 
impacting 
network, and 
also 
international 
research 
benchmarking 

best practice 

n/a 

Norway 
Transportatio
n 

Highways 
asset 
managemen

t forecasting  

Improved 
identification of 
impacted 
assets from 
climate 
change, and 
identification of 
changes 
necessary and 
research 
necessary 
surrounding 
asset 
maintenance, 
training and 
exercising 

Large 
shocks 
and every 
day 

resilience 

Norway 
Public Roads 
Agency 

(NPRA) 

Improving 
national best 
practice, 
researching 
collaboratively 
through 
PIARC, and 
identification 
of future 
trends and 
asset 
management 
approaches to 
these 
changes 

 

 
 
 
n/a 

France 
Transportatio
n 

Highways 
and Rail 

Improvements 
in 
communication
s of risks 
across service 
providers - 
%disruption 
decrease to air 

incidents  

Large 
shocks 
and every 
day 
resilience 

French 
aviation 
authorities / 
service 
providers 

Improving 
communicatio
n channels of 
managers, 
employees 
and service 
providers with 
similar 

functions 

2011-
2013 
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4. Water sector in the Middle East  

4.1. Regional overview 
Resilience of the water sector in the Middle East faces multiple challenges and risks, including supply 
shortages and a growing reliance on desalination plants to meet demand. The Middle East is the 
most water scarce region in the world and over 60% of the region’s population lives in areas with high 
or very high surface water stress, compared with a global average of about 35%. The composition of 
water withdrawals in the region and by proxy supply-side vulnerabilities are documented in Appendix 
6.2. Notwithstanding water stress, the Middle East is also a global hotspot of unsustainable water 
use, especially of groundwater. Increases in water demand through rising living standards are 
undermining the long-term resilience of water supply.  

The region has the greatest expected economic losses from climate-related water scarcity, estimated 
at 6–14% of GDP by 205031. A range of issues are eroding the resilience of the sector to adequately 
meet demand. For instance, total water productivity in the Middle East is only about half the world’s 
average and despite water scarcity constraints, the region has the world’s lowest water tariffs and the 
highest proportion of GDP (2 percent) spent on public water subsidies32. In some countries, more 
than half of current water withdrawals exceed what is naturally available and estimates suggest 
around 82% of wastewater is not recycled33. At the same time, some 60% of surface water resources 
in the region are transboundary, and all countries share at least one aquifer, highlighting the 
importance of cooperative management of shared water resources.  

To improve resilience, most Middle Eastern countries are promoting measures to improve the 
efficiency of water supply chains (i.e. reducing the volume of non-revenue water) in conjunction with 
efforts to construct more water storage per capita than any other region in the world. Several countries 
in the region are now pursuing strategies to strengthen longer-term water security, including; 

• measures to reduce demand and increase efficiency of water consumption;  

• construction of long-term water resources strategies that feature multiple approaches to 
improve sustainability and; 

• the construction of new water supply infrastructure to meet demand.  

4.2. Country focus 

4.2.1. Saudi Arabia  
Saudi Arabia is among the most water-scarce countries in the world. Saudi Arabia consumes between 
10 and 39 times the amount of renewable water available, depleting its aquifers at much faster rates 
than they can be replenished by rainfall. This is having an adverse effect on the resilience of water 
supply in the region and the country is under extreme water scarcity conditions. The sustainable water 
resource yield was estimated at about 6.44 billion m3 in 2010 whilst the total water demand was about 
17.86. billion m3. The gap between sustainable water resource yields versus total demand was about 
11.5 billion m3 in 2010. The water demand versus supply gap is historically bridged through 
groundwater depletion and sea-water desalination34. The latter is increasingly growing as a proportion 
of overall water supply. In 2013, desalinated water accounted for 8% of overall water supply, 
renewable water resources accounted for 19% of overall supply and non-renewable water resources 
accounted for 73% of water supply (e.g. groundwater)35. Saudi Arabia is now pursuing reforms to 
reduce untargeted subsidies and enhance the role of private operation in the sector to support public 
interests (e.g. improved customer service performance) and improve the long-term resilience of 
supply-side operations36. 

                                                      
31 World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. MENA Development Report;. Washington, DC: World Bank. 

32 World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. MENA Development Report;. Washington, DC: World Bank. 

33 World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. MENA Development Report;. Washington, DC: World Bank. 

34 Ouda, O. K. M., Waked, R. F., Alshehri, A. A. (2014). Privatization of water-supply services in Saudi Arabia: A unique experience. Utilities Policy (31).  

35 Ministry of Water & Electricity (2013). National Water Strategy.  
36 World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. MENA Development Report;. Washington, DC: World Bank. 
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4.2.2. Abu Dhabi  
In the Abu Dhabi Emirate, a low natural recharge rate, coupled with the increasing demand for 
water (linked to rapid socio-economic change), is driving reliance on non-conventional water 
resources37. Groundwater extraction exceeds the natural recharge rate, while domestic water 
consumption (almost exclusively sourced from desalinated sea water) is one of the highest in the 
world. The former threatens the resilience of the water sector through an over-reliance on 
desalination. Over the last decade, the emirates overall groundwater level has continuously 
declined, particularly in the Al Ain region. Abu Dhabi is estimated to have one of the highest rates of 
daily domestic water consumption, with a per capita consumption of 590 litres per day. Groundwater 
and desalinated water account for 60% and 35% of water use respectively, while recycled water 
contributes just 5% to supply38. 

 

4.2.3. Jordan 
Jordan faces a complex set of development challenges stemming from chronic water scarcity. The 
situation is aggravated by climatic conditions, geography and the region's geopolitical environment, 
all of which reduce the resilience of the sector. Water management in Jordan has focused on 
supplying water for human consumption and there are growing pressures for Jordan to be more 
resilient and better prepared for future pressures on its water supply infrastructure. Groundwater 
contributes to about 61% to the total water supply in Jordan while surface water supplies contribute 
~27%. Seawater and brackish water desalination are being adopted to meet shortfalls in supply39. 
Jordan has achieved high levels of water coverage (94%) but this coverage remains affected by 
intermittent supply which undermines the resilience of household supplies. Jordan is seeking to 
harness private sector innovation within the sector to improve resilience and is now providing 
financing for schemes to recycle wastewater. The country is also seeking to enhance supply through 
greater application of desalination to reduce pressure on groundwater reserves40.  

 

4.2.4. Israel  
Israel is a highly water stressed country. To ensure greater resilience of supply, some 75% of 
wastewater in Israel is treated and later re-used, mainly for agriculture or industry41. Replacing the 
use of freshwater with treated wastewater helps to address inter-annual and inter-seasonal variability 
and build resilience to climate change. Natural water makes up around 40% of water consumption in 
Israel, while desalinated water and reclaimed wastewater each contribute a further 25% to supply, 
while additional sources comprise the remaining 10%42.  

 

4.2.5. Turkey  
Access to drinking water in Turkey has become almost universal and access to adequate sanitation 
has also increased substantially. Intermittent supply, which was common in many cities, has become 
less frequent demonstrating increased resilience of the water supply chain here. Water demand in 
Turkey has doubled in the second half of the last century and overall water demand continues to 
increase. The country is particularly vulnerable to droughts which can affect resilience of water supply. 
In Turkey, 52.5% of drinking water is supplied from surface water resources including dams, rivers, 
lakes and sea while 47.5% is abstracted from wells and springs.43  

                                                      
37 Environment Agency Abu Dhabi (2017). Abu Dhabi state of environment report 2017.  

38 Environment Agency Abu Dhabi (2017). Abu Dhabi state of environment report 2017. 

39 Ministry of Water & Irrigation (2016). National Water Strategy 2016-2025 Jordan. 

40 World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. MENA Development Report;. Washington, DC: World Bank. 

41 OECD (2015). Water resources allocation: sharing risks and opportunities.  

42 Knesset Research and Information Centre (2018). Israeli water sector – key issues.  
43 Turkish Statistical Institute Municipal Water Statistics, 2012. [Online]. Available: http://www.turkstat.gov.tr/PreHaberBultenleri.do?id=16171 (Accessed 

7 December 2014). 
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4.3. Case study: UAE Water Strategy 2036 
The ‘UAE Water Security Strategy 2036’ was developed to explore innovative and adaptive solutions 
seeking to ensure sustainable access to water. The strategy covers all components of the water 
supply chain over a time frame of 20 years and focuses on three main areas to improve resilience:  

• Water demand management 

• Water supply management 

• Emergency production and distribution. 

The overall objectives of the Strategy are: 

1. Reduction of water resources consumption by 21%. A range of new technologies for 
water resources management and service delivery are available to promote efficiency and 
manage demand. Smart metering, in particular, can be used to improve accuracy in billing, 
evaluate consumption, and increase users’ awareness of their own consumption. As 
experiences from the region and globally show, smart metering also helps water service 
providers identify leaks, reduce operating costs, and communicate the value of water to 
users. 

2. Increase water productivity index to $110 per cubic meter. Water productivity is an 
indication of the efficiency by which a country uses its water resources. Water productivity is 
calculated as GDP in constant prices divided by annual total water withdrawal44. 

3. Reduce water scarcity index by 3 degrees. The water scarcity index is an indicator that 
measures water overuse by monitoring fresh water usage (including surface water, 
renewable water and fossil water) as a percentage of overall renewable water in the UAE. 
The result is weighted to consider desalination and waste water treatment45. Recent 
decreases in the cost of desalination and advances in membrane technology mean that 
desalination is increasingly becoming a viable alternative to traditional freshwater resources 
and may add resilience to the supply portfolio of the UAE’s water sector. 

4. Increase the reuse of treated water to 95 %. Technologies and practices to recycle water 
and curb waste are increasingly being used in the UAE. Positive experiences in Jordan and 
Tunisia show that wastewater can be safely recycled for use in irrigation and managed aquifer 
recharge.  

5. Increase national water storage capacity up to 2 days. The strategy seeks to develop a 
storage capacity for the water supply system that lasts for two days under normal conditions, 
which would be equivalent to a capacity of 16 days in emergencies and enough to supply 
water for more than 45 days in extreme emergencies46. 

6. The establishment of 6 connecting networks between water and electricity entities 
across the UAE.  Water networks will be able to provide 91 litres of water per person per 
day in cases of emergency, or 30 litres per person per day in cases of extreme emergencies. 
Once implemented, the Water Security Strategy will achieve savings of AED 74 billion and 
reduce the emissions of carbon dioxide (CO2), associated with water desalination process, 
by 100 million metric tons47. 

The strategy also tackles policy development, legislation, water conservation awareness campaigns, 
use of advanced technologies, innovation and building national capabilities in the field of water 
security. The long-term strategy addresses the challenges of future water security and resilience by 
taking into account a number of concerns which include the scarcity of freshwater resources, 
depletion of groundwater, high water demand, high water consumption per capita and high water 
losses in the water system due to efficiencies in both irrigation and usage of treated water.  The 
Strategy seeks to encourage initiatives focusing on water efficiency, waste reduction and behavioural 
change. It will also introduce reforms to current water subsidies that have a negative effect on the 
sustainable development and the environment. A number of programmes will be launched to ensure 
the protection of non-renewable groundwater, the development of non-traditional and sustainable 

                                                      
44 World Bank (2018). Water Productivity in Europe and Central Asia. Accessed from: https://www.worldbank.org/en/data/interactive/2018/02/22/eca-

data-water-productivity  

45 More information available from https://www.vision2021.ae/en/national-agenda-2021/list/card/water-scarcity-index  

46 UAE Government (2018). The UAE Water Security Strategy 2036. Accessed from: https://government.ae/en/about-the-uae/strategies-initiatives-and-

awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036  

47 UAE Government (2018). The UAE Water Security Strategy 2036. Accessed from: https://government.ae/en/about-the-uae/strategies-initiatives-and-

awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036  

https://www.worldbank.org/en/data/interactive/2018/02/22/eca-data-water-productivity
https://www.worldbank.org/en/data/interactive/2018/02/22/eca-data-water-productivity
https://www.vision2021.ae/en/national-agenda-2021/list/card/water-scarcity-index
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
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water sources, increasing the use of renewable energy in the water sector, and ensuring compliance 
with water quality standards.  The strategy also considers strategic water storage and transport 
improvements, as well as prevention of tainting of water supplies as a result of oil pollution48. These 
factors culminate in a more resilient supply chain for ensuring safe and reliable water supplies, in 
addition to greater preparedness in emergency situations. 

 

                                                      
48 Emirates News Agency (2017). Ministry of Energy unveils UAE Water Security Strategy 2036. Accessed from: 

http://wam.ae/en/details/1395302634953. 

http://wam.ae/en/details/1395302634953
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4.4. Key findings  

Table 4-1 - Summary of key findings for the water sector 

 

Description Key findings for Service provision resilience 

Demand-side management 
strategies and supply side 
diversification  

• On average, the price charged for water in the Arab 
region is 35% of the cost of production for 
conventional sources (surface and groundwater).  

• Only 10% of desalinated water costs are covered by 
charges. 

• Cost recovery is essential to ensure long-term 
resilience of water services. 

• Failure to recover costs can severely undermine a 
utility’s capacity to treat wastewater, leading to 
deteriorating water quality and degradation of 
freshwater ecosystems.43 

• A failure to price water services adequately can 
result in a perverse response to policy goals, such 
as the need to improve the efficiency of water 
supply and reduce demand. 

70% of Saudi Arabia’s water 
comes from non-renewable and 
unsustainable sources. It is 
essential for the resilience of 
water supply in the region to 
reduce overall water demand.44 

• To reduce demand, water meters are being installed 
to measure monthly household consumption 

• Metering and pricing at a household scale will raise 
awareness for water usage, and promote 
behavioural change leading to water demand 
reductions. 45 

• Saudi Arabia is increasing resilience in Abu Dhabi 
by implementing renewable energy innovations in 
their water sector.  

• Saudi Arabia have used small-scale wind turbines 
for water pumping in remote communities which are 
not connected to national grid power.46 

Effective water resilience 
innovations are increasingly 
essential as demand for water is 
forecast to increase49 

• Abu Dhabi are building resilience into their 
infrastructure by implementing innovations to 
increase efficiency of their clean water service 
output.47 

• Abu Dhabi is trying to integrate its water and energy 
sectors using a nexus approach. Within this 
approach Abu Dhabi will locate water 
treatment/desalination plants near power generation 
facilities so the waste heat from power generation 
can be used.48 

• Abu Dhabi intend to increase the implementation of 
desalination plants that are operated using clean 
technology and renewable energy, making 
desalination resistant to conventional fuel shortages 
and energy use reduction plans. 

                                                      
49 49 More information available from https://www.vision2021.ae/en/national-agenda-2021/list/card/water-scarcity-index  

44 UAE Government (2018). The UAE Water Security Strategy 2036. Accessed from: https://government.ae/en/about-the-uae/strategies-initiatives-and-

awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036  

45 UAE Government (2018). The UAE Water Security Strategy 2036. Accessed from: https://government.ae/en/about-the-uae/strategies-initiatives-and-

awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036  

46 Emirates News Agency (2017). Ministry of Energy unveils UAE Water Security Strategy 2036. Accessed from: 

http://wam.ae/en/details/1395302634953. 

47 World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. MENA Development Report;. Washington, DC: World Bank. 

48 Ministry of Water & Electricity (2013). National Water Strategy. 

https://www.vision2021.ae/en/national-agenda-2021/list/card/water-scarcity-index
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
https://government.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-uae-water-security-strategy-2036
http://wam.ae/en/details/1395302634953
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Periodic droughts and water 
supply from surface sources in 
Jordan has declined over the past 
years. The government plans to 
expand the total dam capacity to 
350 million cubic meters to 
increase water storage.49 

• Expanding dam capacity is important given water 
from these dams is used for livestock and 
agricultural production. Ensuring resilient supply is 
therefore essential for livelihoods and food security.  

• Jordan has now developed a National Water 
Strategy that emphasises the need for greater 
present and future supply capacity. Ten dams have 
been constructed in the last five decades in a bid to 
alleviate supply-side scarcity.  

• The Jordanian Directorate of Planning and Water 
Resources suggests dams have good potential for 
recharging groundwater sources and reducing over 
abstraction and this will partly underpin future 
investment strategies to increase supply capacity 

Some countries are trying 
ambitious efficiency and recycling 
initiatives  

• Israel is promoting a national water policy that 
encourages efficient public and private use, 
expanding supply through an extensive desalination 
infrastructure that supplements natural fresh water 
supplies, and establishing a wastewater treatment 
system that recycles high volumes.50 

• Today, over 80% of all municipal sewage is reclaimed 
in Israel51 far more than that of any other country 
including the US which only recycles 2-3% of its 
municipal waste.52 

• It is estimated that treated wastewater will cover 50% 
of Israel’s agricultural needs by 2020, and there are 
national policy calls for reclaimed effluents to be 
100% utilised by agriculture going forward.53  

• Israel is employing different policy approaches to 
ensure the relevant resilience impact thresholds are 
met, including subsidising treated wastewater for 
irrigation to encourage substitution for fresh water.54  

In Turkey, water losses from 
distribution networks is a key 
issue impacting the resilience of 
water supply networks. There are 
now national targets in place to 
reduce such losses  

• Country average non-revenue water (NRW) is 
almost 45% of system input volume (SIV) in Turkey.  

• The Turkish Ministry of Forestry and Water Affairs 
has issued a new directive to control and reduce 
water losses from distribution networks to reduce 
cost and improve efficiency. Part of this strategy 
focuses on monitoring, reporting and determination 
of water consumption patterns. For this purpose, 
customer water meters will be installed for water 
audits, measurements and monitoring of water 
pressure at critical points.  

• Addition50al approaches being deployed include 
active leakage control, deploying new technologies 
for detecting pipe bursts / disruptions and 
prevention of illegal use through deployment of new 
water meters. 

 

                                                      
49 Al-Zahrani, K.H. and Baig, M.B., 2011. Water in the Kingdom of Saudi Arabia: sustainable management options. The Journal of Animal & Plant 

Sciences, 21(3), pp.601-604. 

50 Rehman, S. and Sahin, A.Z., 2012. Wind power utilization for water pumping using small wind turbines in Saudi Arabia: A techno-economical review. 

Renewable and Sustainable Energy Reviews, 16(7), pp.4470-4478. 

51 Government of Abu Dhabi (2014). The water resources management strategy for the emirate of Abu Dhabi 2014-2018. 

52 Paul, P., Al Tenaiji, A.K. and Braimah, N., 2016. A review of the water and energy sectors and the use of a nexus approach in Abu Dhabi. International 

journal of environmental research and public health, 13(4), p.364. 

53 Hadadin, N. (2015). Dams in Jordan: Current and future perspective. Canadian Journal of pure and applied sciences (9). 

54 Directorate of Planning and Water Resources (2005). Annual water Budget. Edited by MWI 
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Table 4-2 - Extract of Summary Table with key findings for Water  

 

Country Subsector Resilience 
impact 
threshold 

Occurrence 
probability 

Resilience 
to every 
day or large 
shocks? 

Who 
decides? 

Timeline Source 

Saudi 
Arabia 

Demand 
management 

Water meter 
penetration as 
% of installed 
meters 
nationally.  

Deterministic 
- % of 
installed 
meters 
installed 

Every day Ministry of 
Water, 
Environment 
and 
Agriculture 

Annual Booz Allen 
(2018) 

Saudi 
Arabia 

Water supply Reduction in 
average time to 
repair a water 
leak (no. of 

hours) 

Deterministic 
- number of 
hours target 
set 

Both Ministry of 
Water, 
Environment 
and 

Agriculture 

Annual NWC (2012) 

Saudi 
Arabia 

Water 
Supply 

Regional water 
management 
plans are 
progressively in 
place, starting 
with the critical 
ones [--#] by x 
date 

n/a Both Ministry of 
Water, 
Environment 
and 

Agriculture 

Periodic 
- targets 
in 2020, 
2030 
and 
2040 

Ministry of 
Water & 
Electricity 
(2013).  

Abu 
Dhabi 

Demand 
management  

The % reduction 
in water use 
intensity of 
existing and 
new buildings 
relative to 2010.  

Deterministic 
- set % 
targets 

Every day Higher 
Committee for 
Water and 
Agriculture 
Strategies  

Target to 
2034 

Government 
of Abu Dhabi 
(2014). 

Abu 
Dhabi 

Water Water Supply  % 
desalinated 
water 
capacity 
using clean 
technologies 
(low carbon 
and 
renewables) 

Deterministic 
- set % 
targets 

Every day  No Annual 

Jordan Water 
Supply 

Dam storage 
capacity (m3 / 
year) 

Deterministic 
- water 
storage 
capacity 

target 

Large 
shocks 

Ministry of 
Water & 
Irrigation 

2025 Ministry of 
Water & 
Irrigation 
(2016).  

Israel Water supply More than 
double the 
contribution of 
desalinated 
water to the 
national potable 
water supply 
from x% in 2010 
to x% in 2020.  

Deterministic 
- set 
percentage 
reduction. 

Every day Ministry of 
National 
Infrastructures 
Planning 
Dept.  

2020 Ministry of 
National 
Infrastructures 
Planning Dept 
(2011). 

Israel Water supply Increase water 
recycling in the 
industrial sector 
by 
approximately 
x% by 2035. 

Deterministic 
- set 
percentage 
increase. 

Large 
shocks 

Ministry of 
National 
Infrastructures 
Planning 
Dept.  

2035 Ministry of 
National 
Infrastructures 
Planning Dept 
(2011). 
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Israel Water supply  Reduce 
household water 
consumption by 
X% through 
installation of 
water-saving 
devices 
(bathrooms, 

toilets, kitchens)  

Deterministic 
- set water 
consumption 
percentage 
reduction 
target 

Every day  Governmental 
Authority of 
Water and 
Sewerage  

Ongoing Marin et al. 
(2017). 

Turkey Water supply Reduced 
percentage 
water losses per 
capita  

Deterministic 
- set 
percentage 
decrease 
target 

Every day  Ministry of 
Forestry and 

Water Affairs 

Ongoing The World 
Bank (2016) 
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5. Lessons learnt for the UK 

This report has highlighted a range of impact thresholds and measures employed by countries to 
improve resilience to infrastructure systems. The challenges facing each of these sectors and 
subsequent regions is variable, but some complementarity persists (e.g. inadequate infrastructure or 
resource constraints that undermine supply and demand equilibrium). Below, we document the key 
approaches that are being constructed to enhance resilience of service delivery across the energy, 
transport and water sectors: 

 

1. Demand side management strategies are frequently being deployed to improve the 
long-term resilience of service delivery. Infrastructure systems are being exposed to 
unprecedented levels of demand which is constraining the ability to ensure adequate service 
delivery which meets consumer expectations. Multiple approaches (e.g. targets for metering) 
are being deployed to manage/reduce demand through technological advances (e.g. smart 
metering) and consumer behavioural change. 

2. Greater preparedness for emergency situations is being sought through portfolio 
diversification. There is a growing appreciation that over-reliance on certain infrastructure 
assets (e.g. desalination plants, airports, highways) is eroding systems resilience and 
significantly increases risks to large shocks. A recent UK example concerns the threat of 
drones at Gatwick and Heathrow airports. The former highlights the importance of reductant 
capacity being constructed across national infrastructure. This transcends power generation 
/ distribution and water supply services, where the need for a diversified asset base is 
increasingly acknowledged to improve system resilience to shocks. 

3. Climate change vulnerabilities are increasingly being incorporated into infrastructure 
design and delivery. Threats to service delivery thresholds arising from climate change are 
increasingly being appreciated through various adaptation responses that build-in future 
climate change resilience. Most notably but not exclusively these concern changes to flood 
and drought risk that could increase the frequency and magnitude of emergency events. For 
instance, Copenhagen Metro is now constructing subway station entrances at a set height 
above pavement level to mitigate future flood risk from rising sea levels.  

4. Construction of risk matrices enables greater appreciation of risk of infrastructure 
systems and identifies areas which are less resilient to shocks. The construction of risk 
matrices that cover multiple threats to service delivery can ensure sector wide vulnerabilities 
can be mitigated through actions that seek to increase systems resilience. For instance, 
developing back-up power transmission and distribution frameworks in the event of a cyber-
attack that reduces capacity to supply adequate power to meet demand. 

5. Use of live-feed energy supply and demand information is essential for effective and 
efficient national grid service provision management. The use of live-feed information 
and hourly energy demand forecasting allows for effective planning for next day national 
service delivery. 

6. Financial incentives and disincentives for meeting service requirements are effective. 
In the USA, provision of incentives for both energy service requirements and transportation 
incident management requirements can be seen. With reliance on private sector 
organisations to produce service delivery, financial incentives to meet set requirements has 
seen service level disruptions decrease across the USA, and organisational focus on 
resilience increase in both sectors. 

7. Ageing assets should be monitored appropriately, and service disruption implications 
for these assets should have contingency measures in place. Ageing assets are viewed 
as more vulnerable to disruption. We see in the energy sector that design for modern day 
disruptions is not always fit for purpose. Maintenance should be reviewed for older assets to 
ensure operability is reliable. 

8. Increase in the use of transportation services requires independent asset analysis, 
innovative measures to adapt and incentives for service delivery standards to be met. 
With increased demand for services in all areas of transportation, proactive measures to 
ensure assets are fit for purpose. We see adaptive measures already in the UK such as 
through smart motorways which increase service delivery capacity on transport infrastructure, 
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expansion of airports, and new rail networks. Future trends in transport must also be 
accounted for as we adapt our highways to be fit for CAV (Connected and Autonomous 
Vehicles) and respond to incidents on the network through live-fed systems such as network-
embedded Emergency Diversion Routes to deliver service requirements. 

9. Severe event preparedness in transport service delivery. Service delivery in the UK’s 
transportation sector has seen major disruptions, particularly due to severe weather events. 
Incentivising/disincentivising where necessary the maintenance of assets and levels of 
preparedness is proactive to ensuring resilience of key services. 

10. Training and exercising for major disruptions. Through testing resilience in transportation 
service delivery, visibility of current resilience can be seen. Through ensuring this is a 
mandatory requirement for service providers we can identify shortcomings across network 
services and increase resilience.  
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6. Appendix 

6.1. Example of a risk matrix to document vulnerabilities within 
the energy sector to various hazards in the USA 

 

Source: Preston et al. (2016). Resilience of the US electricity system: A multi-hazard perspective. 
Office for Science and Technical Information. 

© SNC Lavalin except where stated otherwise 
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6.2. Composition of water withdrawals, by source, as a 
percentage of total withdrawals for selected countries in the 
Middle East and North Africa. 

 

Source: World Bank. (2018). Beyond Scarcity : Water Security in the Middle East and North Africa. 
MENA Development Report;. Washington, DC: World Bank. 


