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Increasing resilience to natural hazards in the electric power transmission network 

 

Abstract 

As a nation straddling two tectonic plates in the midst of open ocean, New Zealand is beset 

with natural hazards.  Our electricity network consists of fragile conductors spanning faults 

and landslips or buried in liquefiable soils. 

This paper aims to highlight methods to improve our situational awareness of real-time risk by 

combining what we know about the electricity network’s exposure to natural hazards with 

currently available real-time data describing the hazards.  This can improve our resilience by 

more precise deployment of repair crews and pre-emptive management of supply routing. 

It also looks at the potential for better real-time understanding of network condition by 

leveraging the technological advances made by the demand for Sensing Cities and the ‘internet 

of things’.  These have driven the development of low-cost, low-power sensors, along with 

low-cost communications backbones that enable us to build affordable massive real-time 

datasets measuring a diversity of variables.  These could potentially indicate risk at a resolution 

down to individual pylons or poles, pre-empting failure. 

Introduction 

Aotearoa New Zealand is a nation strongly affected by natural hazards [1].  The increased 

seismicity over the last decade, the increasing number of record-breaking weather events 

locally and globally, and our increasing reliance on electricity as we seek a low-carbon future, 

all point to an increased need to manage risk around natural hazards. 

The exposure to natural hazards varies throughout the nation due to our geology and geography.  

Table 1 shows the regional hazards pertinent to the electricity transmission and distribution 

sector, along with their relative risk [2].   

 Earthquake Volcano Tsunami Storm/Flood 

Northland - - H VH 

Auckland H H H VH 

Waikato H VH VH H 

Bay of Plenty H H H H/M 

Hawkes Bay H H H H 

Taranaki M - H H 

Manawatu-Wanganui VH H VH VH 

Wellington VH H VH VH 

Marlborough E - H E 

Nelson-Tasman VH - H H 

West Coast E - VH VH 

Canterbury VH - VH H 

Southland E - E VH 
Table 1 –Natural hazards affecting infrastructure - (M)oderate, (H)igh, (V)ery(H)igh, (E)xtreme 

Despite the challenges of our geography, and the natural hazards that exist, Aotearoa has high 

availability of electricity supply through the combination of the National Grid transmitting 

energy from generators to regional distributors (Electricity Distribution Businesses or EDBs), 
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who in turn supply end users.  With 100% availability, New Zealand is ahead of the global 

average of 90% [3]. 

The National Grid consists of 11,000km of overhead lines, 170 substations and 25,000 

transmission towers [4].  There are around 30 EBDs [5], who operate around 1,300 zone 

substation transformers and around 156,000km of above-ground and underground lines to over 

2 million end user connections [6]. 

The combination of the importance of this system to New Zealand’s economic performance 

and wellbeing of its people; the scale and fragility of this system to natural hazards; and the 

high level of natural hazards, makes resilience an important factor when operating the 

electricity transmission and distribution system. 

Interactions between New Zealand’s electricity grid and natural hazards 

Volcanic Hazard 

Volcanoes represent landslide, seismic, flood (lahar), and ash generating potential.  With four 

active or recently-active volcanoes on the mainland of the North Island [2], there is a risk of 

mechanical overload from ash accumulation [7], flashover if ash is deposited on HV insulators 

and then becomes wet [8], or volcanic activity-induced landslides or lahar. 

Earthquakes Hazard 

Earthquakes are a particularly strong risk for NZ, with Christchurch experiencing the 3rd and 

9th most costly earthquakes globally [9]. 

Analysis of the effects of the 2016 Kaikoura, the 2011 Christchurch, and the 2010 Darfield 

earthquakes on the power distribution system showed damage to overhead HV, MV and LV 

lines, primarily due to liquification around tower/pole bases and ground movement [10, 11].  

Underground MV cables were extensively damaged due to liquefaction and ground movement 

[12], and shaking itself also caused damage [13].  Substations were damaged due to 

liquefaction, rockfall and shaking [12, 14]. 

The effect of these events were reasonable limited to Christchurch and Kaikoura, however a 

significant rupture of the Alpine Fault or on the Hikurangi subduction zone would have much 

wider reaching effects.  For example, the critical High Voltage DC (HVDC) link, and both 

220kV lines north of Christchurch, cross a zone with the highest expected 0.5s period spectral 

acceleration for an earthquake with a 10% chance of occurring within a 50-year period [15].  

0.5s period (or 2Hz) seismic waves strongly interact with typical HV pylons used in New 

Zealand, which have approximate natural frequencies of 2.0-2.5Hz [16].   

Landslide / Slip Hazard 

Naturally-caused landslides are localised phenomena that depend on the ground conditions at 

any given point, combined with a triggering event.  This triggering event may be extremely 

slow, such as when caused by tectonic uplift, or rapid, such as when triggered by volcanic, 

earthquake, rainfall or storm events [17].  The catalogued national database of landslides shows 

all major national transmission lines cross areas of significant landslide risk [18]. 
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Figure 1 combines natural hazards such as faults (lines), landslips (circles), volcanos (triangles) 

and seismic zones for a ‘10% in 50 years’ earthquake (shaded), along with the national 

transmission grid (after [2, 18-20]). 

 

 

Figure 1 - Natural hazards and national transmission grid 

Available wide-area real-time data to quantify risk and adaptively respond 

Availability of real-time data  

Rain, wind and flood 

The National Institute of Water and Atmospheric Research (NIWA) have released a real-time 

environmental forecasting tool called ‘EcoConnect’.  EcoConnect uses a variety of 

meteorological, radar and satellite imagery as inputs into a powerful modelling system running 

on their supercomputing platform to create an ensemble of forecasts [21].  It can provide, 

amongst other things, high resolution wind, rain, wave and storm surge information.  An 

excerpt from an EcoConnect forecast is shown in Figure 2. 

EcoConnect can also forecast coastal flooding (storm-tide and wave overtopping) for low-lying 

coastal areas.  
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Figure 2 - 'EcoConnect' predictive environmental forecasting tool – with permission, NIWA 

Metservice, New Zealand’s national metrological service, produces live radar images of 

rainfall (Figure 3a) and cumulative rainfall over the previous day (Figure 3b). 

 

Figure 3 - Rain radar (a) and cumulative rainfall data (b) – with permission, Metservice 

Earthquake, volcano, and tsunami 

Geological and Nuclear Sciences (GNS), and the subsidiary GeoNet monitoring network, 

collect and disseminate earthquake and tsunami information through their strong-motion 

seismograph and tsunami monitoring networks. 

The GeoNet tsunami monitoring network consist of Deep-ocean Assessment and Reporting of 

Tsunami (DART) buoys that reach into the Pacific Ocean and Tasman Sea.  Data from the 

DART network is analysed by GeoNet in real-time and alerts are provided through the National 

Emergency Management Agency (NEMA) [22]. 

GeoNet also operate real-time volcanic alert level summaries (Figure 4) [23]. 
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Figure 4 - Volcanic alert summary – with permission, GeoNet 

The Strong Motion Data Map from GeoNet provides real-time national and localised 

situational awareness through reporting peak ground acceleration, velocity and Modified 

Mercalli Intensity from a network of around 300 strong motion seismographs distributed across 

the country [24].  Figure 5 shows sensor locations nationwide and throughout Christchurch 

city. 

 

Figure 5 - Strong Motion Data Map – with permission, GeoNet 

Data from seismic sensors can be processed to yield additional insights for underground cable 

installations, such as ground shear (physical displacement relative to the surrounding area).  

Asset owners can install their own seismic monitoring equipment to provide point-specific 

seismic information for individual assets.  A dense seismic network in the Christchurch urban 

area has shown that surface damage is not always coincident where ground shear is the greatest, 

as seen in Figure 6 [25], emphasising the value of monitoring critical individual assets. 
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Figure 6 - Ground shaking from the Sentinel network (a) relative to ground movement (b) – with permission, 

Canterbury Seismic Instruments 

Real-time information use potential for situational awareness 

Risk management  

In addition to the operator’s GIS data of their network, Table 2 shows a combination of static 

and real-time dataset combinations that can provide enhanced situational awareness and risk 

management potential. 

 Landslide Liquefaction Volcano 
Land 

movement 
Flood Wind Tsunami 

Additional 

GIS data 

Landslip 

risk 

Liquefaction 

risk 

Volcanic 

risk 
 

Flood 

risk 
 

Tsunami 

risk 

Rainfall 

radar 
x    x   

Cumulative 

rainfall 
x x   x   

High-

resolution 

weather 

forecasting 

x    x x  

Volcanic 

alerts 
  x     

Earthquake 

movement  
   x    

Earthquake 

shaking  
x x x     

Tsunami 

alerts 
    x  x 

Table 2 - Risk and datasets required to improve situational awareness in real-time 

Case study using existing sensing 

Figure 7 shows an example distribution line map overlaying tsunami, flood, slip and earthquake 

risk factors [26].  Overlaid on this is a hypothetical high-resolution cumulative rainfall map 

showing an area of high rainfall, and the consequent increased risk zones for landslide and 
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flooding.  By pulling these datasets together in real-time, network managers can understand 

risk areas at a glance and actively manage their response. 

 

Figure 7 - Distribution map showing hazard risks – with permission Aurora Energy 

A less-refined approach using standard weather forecasting successfully reduced response 

times following Hurricane Irma (2017) in Australia by the operators pre-staging response teams 

[27]. 

Asset condition monitoring during natural disasters 

The ‘Internet of things’ (IoT) is a term coined in the late 1990s to describe a system that 

connects items in the physical world to the Internet by using sensors [28].  While primarily 

driven by consumer needs and ‘smart cities’, the effect has been improvements in technologies, 

power efficiency and affordability that now enable innovation for much broader applications. 

The diversity of capabilities of the IoT technologies and protocols, and the low capital and 

maintenance requirements means that the power industry can now consider capturing real-time 

situational awareness information that is functionally practicable and economically viable [29].   

One of the key advances has been in the area of communications.  While traditional cellular 

communication is widely available, there are a number of new low-power and long-range 

alternatives specific for IoT that suit urban and remote applications.  In New Zealand this 

includes NB-IoT, SigFox, Cat-M1 and LoRaWAN. 

Using LoRa (from Long Range) for example, a low-cost transceiver can reach ranges of up to 

18km [30] and yet operate, complete with sensor and microprocessor, for up to 5 years on a 
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reasonably sized battery transmitting a message every 15 minutes [31].  At the power levels 

required, harvesting energy from power lines nearby allows a device to run with only a small 

backup storage, thus minimising maintenance. 

The applications around real-time asset condition information for increased resilience are 

multiple.  For example, directly measuring pylon or pole strain and tilt will provide pylon-by-

pylon or pole-by-pole indication of ground movement or changed conductor load, rapidly 

identifying sites to prioritise for inspection or repair.  Sensors using LoRa transmission and 

power harvesting could realistically cover entire segments of transmission or distribution 

network. 

Conclusion 

In order to enhance the resilience of the electricity supply networks, combinations of existing 

and future real-time sensing and information provides four key advantages; 

1. Providing time to reroute energy flows around at-risk lines 

2. Providing time to shed load on at-risk lines 

3. Providing geographic information to repair crews ahead of time 

4. Understanding asset condition to identify sudden risks to the network in real-time 

The cost and effort of implementing some or all of the above mitigation is minimal considering 

that much of the data is freely available or is at hand to infrastructure owners. 
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