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ABSTRACT 
Much of what we know, or think we know, about network performance comes from overseas 
experience, received wisdom, or interpolation from very small data sets.   
 
In recent years, New Zealand has invested significantly in smarter ways of understanding our road 
network.  This investment is beginning to have dividends.  In the last 24 months we have gained 
significant new insight in the performance of the network.  We’re moving from a blank canvas to a 
rapidly evolving tapestry of insight into how our networks operate, and in doing so, tackling issues 
that are global in their nature. 
 
This paper explores a series of recent case studies that use a combination of data sources to 
tackle the sorts of questions that have been bugging road controlling authorities around the world 
for years. The findings are interesting in their own merit, but also suggesting that data fusion from 
multiple data sources is significantly more useful than studying a single data source.  Data fusion 
has the potential to improve our understanding of network performance and our understanding of 
behaviours will lead to smarter and more effective decisions, which will in turn lead to better 
outcomes from our primary client: the general public. 
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INTRODUCTION  
 
Over the last few years, there has been a rapid advance in the methods and technologies available 
in New Zealand to collect information on the performance of the road network, and the underlying 
demands that affect that performance.   We are very quickly moving from a data poor environment 
to a data rich environment with multiple sources of data and technology to choose from, particularly 
in an urban environment.  
 
However, a common result of this is that people are now finding that simply having access to data 
has not necessarily resulted in having immediate insight into the performance of the transport 
network, or insight into the influences affecting the results they are observing. 
 
The New Zealand Transport Agency and the Ministry of Transport have both invested in means to 
turn data into insight.   
 
The following paper provides a snapshot of a number of case studies whereby large quantities of 
data have been extracted from relatively new technologies/systems, have then been combined 
with other data sources, and then analysed in order to inform our understanding of the New 
Zealand road network.  For those seeking to gain insight into the performance of the transport 
network, the key finding is that data fusion can provide significantly more insight than a single data 
source can on its own. 
 
This paper summarises the insight gained from several recent studies involving varying degrees of 
data fusion, including: 

 National Freight Delay Study (NZ Transport Agency and Ministry of Transport)  

 The Harbour Bridge Demand Study (Ministry of Transport) 

 National Weigh in Motion Studies (NZ Transport Agency) 

 Urban Predictability Pilot Study (NZ Transport Agency) 

 Crash Reduction Studies (NZ Transport and Auckland Motorway Alliance) 
 
 

NATIONAL FREIGHT DELAY STUDY 

 
New Zealand is a country with a low population density, and a lot of rugged terrain between urban 
areas.  We also have a limited budget for spending on improving the efficiency of the national state 
highway network.   
 
In 2015, the Ministry of Transport undertook a research project to identify the proportion of freight 
trips nationwide that were delayed by geography, as compared to the proportion of freight trips 
delayed by congestion, in order to inform high level strategic thinking.  
 
The coverage of the study included the entire 10,500km of national state highway network. 
Specialised software was used to identify and extract data from 40 million trip observations across 
the country, derived from commercial vehicle GPS data.   
 
The trip observations were then cross referenced against legal speed limits (provided by the 
Transport Agency) to identify the proportion of trip observations considered delayed. The results 
were separated into three speed categories: 

 Freeflow (unrestrained speeds) were identified as >80% of the speed limit; 

 “Delayed” was defined as travelling less than 80% of the posted speed limit; and 

 “Very delayed” was defined as travelling at speeds less than half the posted speed limit. 
 
The results of the initial study are detailed below.  Figure 1 indicates the proportion of the State 
Highway network that falls into each of the three categories. 
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As can be seen from Figure 1, if a vehicle were to be dropped at a random location on the national 
state highway network, at a random time of the day, there is a 67% change the vehicle  
would experience freeflow conditions.  There is also a 3% chance that the vehicle would undertake 
travel speeds that are less than half the posted speed limit. 
 
To investigate this initial finding, the network performance was separated out into curvature  
classifications, to explore the relationship between delay and terrain (curvature). The average 
speeds derived from the 40 million trip observations were cross-referenced against 10,500km of 
curvature information provided by the NZ Transport Agency.  This was in order to identify the 
proportion of delays like to be influenced by curvature (as a proxy for terrain) versus those for 
which curvature was unlikely to be the source of delay.  
 
The road classifications available for the study related to road curvature, whereby the Transport 
Agency has defined the entire state highway network as “straight,” “curved,” “winding” or “tortuous.” 
Due to the limitations of available road property data, the study did not include gradient 
information, which can have a significant impact on freight speeds, regardless of road curvature. 
 
This is illustrated Figure 2.  

 

Figure 1 proportion of state highway network experiencing delay 
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The curvature information supplied by the Agency was aggregated into two categories 
“straight/curved” and “winding/tortuous.” For the later, it is expected that the curvature  
would have the impact of slowing vehicles, resulting in delays that are not the result of congestion  
or peak loading. 
 
As can be seen in Figure 2, roughly 22% (9.9%+ 10% + 2.2%) of observed network performance  
falls into the winding/tortuous categories.  12.2% (10% + 2.2%)  of the 40 million trip studied 
observations experienced delay in areas of the network with significant road curvature. 
Across the network, 2.8% of the observed trips (2.2% + 0.6%) that fell into the “very delayed” 
classification (speed <50% of the posted speed limit). 
 
Of these2.2% relates to winding/tortuous road curvature.  The remaining 0.6% of network 
performance falls into the “very delayed” category, without curvature being an obvious influence.  
 
It is considered likely that this 0.6% relates to delay as a result of congestion.  
 
20.7% of network performance which experiences some delay, which is unlikely to be the result of 
road curvature.  However, the delay could be the result of a combination of factors, including 
congestion, side friction, intersection delays, road works and potentially also gradient.  
 
Beca GIS analysts then undertook an exercise mapping the locations of the delay identified from 
the study. A study of the maps suggest a clear (qualitative) link between location/geography and 
delay, irrespective of quantitative analysis using the official classifications. 
 
A map created for the Golden Triangle is illustrated in Figure 3 below.  
 

Figure 2 Trip Delay vs Road Curvature 
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A key finding of this GIS mapping exercise was that the curvature classifications may be a little too 
granular for the study’s intended purpose. The Agency uses a high level of segmentation when 
cataloguing road information. This results in short stretches of road classified as “straight” which 
fall directly between two sections described as “winding/ tortuous.” In practice, a vehicle would not 
be able to reach freeflow speeds on a short stretch of road described as “straight” if it falls between 
two locations where freeflow speeds are not possible due to the road curvature. As a result, the 
curvature information affects adjacent classifications. It might therefore be more helpful to also 
identify urban – rural classifications, if a similar study were to be conducted at a later date. 
 
The delay maps produced by the study confirm a close relationship between delay and terrain, 
allowing a qualitative comparison of observed delay across the network.   
 
The study did not seek to identify the impact of suppressed trips or diversion.  Freight vehicles are 
likely to be avoiding parts of the network where terrain is a limiting factor, leading to a lower 
proportion of trips on these routes.   
 
As the definition of “delay” already takes into account the speed limit, the findings reveal significant 
parts of the network where the realistic travel speed is significantly lower than the posted speed 
limit.  
  
This suggests that there are a number of rural New Zealand state highways where the posted 
speed limits are not a helpful guidance for the travelling public, and could be revised to more 
accurately represent safe travel speeds. 
 

HARBOUR BRIDGE DEMAND STUDY  
 

Both the Ministry of Transport and the NZ Transport Agency have been gaining some interesting 
insight of the underlying demands of the network by combining Weigh in Motion (WIM) data with 
trip distance information from freight GPS data. 
  
A recent study was undertaken looking into demand profiles on the Auckland Harbour Bridge, one 
of the most strategically significant infrastructure assets on the national transportation network for 
the SH1 ”backbone‟ running the length of the country. Improved understanding of the demands 
relating to the bridge can assist future studies looking at strategic resilience, bridge maintenance, 
operational decisions, etc. 

The study sought to identify:  

Figure 3 Golden Triangle State Highway Freight Delays 
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 Demand/loading profiles: the nature of demand for both heavy and general vehicles, 
identifying typical flow profiles;the total/cumulative weight of vehicles crossing the bridge 
during the course of the day 

 The operational performance of bridge, travel time/speed profiles: travel times crossing the 
bridge to identify the typical duration of flow breakdown, i.e. when demand exceeds the 
operational capacity, leading to queuing, delays and increased risk profile for weight 
loadings; and 

 The catchment area of the bridge, the relationship between the harbour bridge and freight 
generation, to further clarify the significance of the Harbour Bridge for inter and 
intraregional freight traffic, and the likelihood of diversion to the Western Ring Route. 

 
The study identified that the Auckland Harbour Bridge carried 112,000 tons per day, the equivalent 
of carrying 336 fully laden Boeing 747-100s jets every day.  Interestingly, there is a huge disparity 
on tonnage by direction, with an extra 10,000 tons carried north every day as compared to the 
southbound journey.   

 
Initially, it was suspected that this related to the proximity of the Ports of Auckland. However, 
analysis of freight GPS data crossing the bridge identified that only 18% of freight vehicles 
travelling across the harbour bridge originated in the CBD or Port area, suggesting that this could 
be a more general trend.    

 
Figure 4 and Figure 5 illustrate weekday demand on the Harbour Bridge by time of day, separated 
into total demand (all vehicles), heavy vehicles, and average tonnage by time of day. 

 

For the southbound direction, Figure 4 indicates that most of the tonnage carried across the 

 

Figure 4 Auckland Harbour Bridge Southbound Demand 

 

Figure 5 Auckland Harbour Bridge Northbound Demand 
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Harbour Bridge is carried outside of peak periods, averaging roughly 4,000 tonnes per hour 
between 9am and 3pm. The noticeable drop in tonnage during peak periods suggests that freight 
operators are actively trying to avoid congested periods.  

 

Unlike the southbound direction, Figure 5 indicates there is a noticeable peak in tonnage crossing 
the bridge between 9am and 10am, i.e. just after the recurrent peak loading from private vehicles. 

The northbound tonnage is noticeably higher than southbound, with almost 20% more tonnage 
(10,000 tonnes) heading north. This is unsurprising and is likely to the heavily influenced by the 
location of the Ports of Auckland, south of the Harbour Bridge. Likewise, most of New Zealand‟s 
farmland and manufacturing is south of the Auckland Harbour, meaning that there is likely to be a 
movement of goods north for consumption and distribution in North Shore and Northland, which 
outweighs the movement of goods heading south. 

The highest risk for a bridge relates not to peak loading, but to the peak density of heavy vehicles 
crossing the bridge.  While traffic is moving, vehicles are spaced based on speed and following 
distances.  If an incident occurs, speeds drop, following distances drop, and the total loading on 
the bridge increases.  When the proportion of vehicles includes a high proportion of cars the total 
possible loading is still well within safe design limits.  When there is a high proportion of heavy 
vehicles, there are less light cars diluting the effect of their loading. The study identified that the 
time period with the highest risk factor was 4-5am, northbound in the morning.  Heavy vehicles 
seeking to beat commuter peak loading head across the harbour bridge in high numbers early in 
the morning, resulting in almost 25% of northbound traffic being comprised of heavy vehicles.  This 
is illustrated in Figure 6 below.  

 

Figure 6 Auckland Harbour Bridge HCV demand, northbound 

This information was compared to information about when flow breakdown typically occurs 
crossing the harbour bridge, comparing demand data against performance data captured from 
GPS data from a sample of just under 20,000 freight vehicle trips. This is illustrated in Figure 7 
and Figure 8 below.  
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As expected, the southbound travel times illustrated in Figure 7 show an increase in travel 
times/delay during the morning peak loading as commuters head into the city.  

Figure 8 AKL Harbour Bridge: weekday travel time vs demand,Northbound 

Figure 7 AKL Harbour Bridge: weekday travel time vs demand, Southbound 
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Interestingly, Figure 8 shows an increase in travel times during both peaks, even though the 
increase in demand is significantly higher in the PM peak period, as commuters leave the city.   
This has to do with the success of the contraflow measures used to shift capacity between the 
peak periods.  

Unlike the southbound direction, the northbound (leaving the central city) experiences reduced 
travel times during the both the morning and afternoon peak periods, resulting in recurrent 
congestion. However, to put this into context, the peak flow per lane for the northbound direction is 
actually slightly higher than for the southbound direction: 

 AM peak (3 lanes): ~1,750 vehicles per hour per lane; and 

 PM peak (5 lanes): ~1,700 vehicles per hour per lane. 

While there are less vehicles travelling northbound in the morning peak, there is also less capacity 
than the PM peak. As with the southbound, demand starts to rise from about 5am, but drops 
around 8:30am, and then rises steadily from 11am onwards, reaching peak demand at about 
4:30pm, at which point travel times also increase due to congestion. Unlike other parts of the 
Auckland network, this does not appear to result in a significant drop in throughput, so while the 
speed reduces; the flow does not completely collapse on a typical weekday (i.e. the study did not 
identify evidence of regular flow serious breakdown in the northbound direction).  

The study then considered how likely the demand was to change once the SH20 to SH16 
Waterview Connection was complete, based on current catchment.  Once Waterview opens, the 
Western Ring Route would become a much more viable alternative to SH1 and the Auckland 
Harbour Bridge, but only for vehicles that could travel the Western Ring Route without making a 
signification detour.  The study sought to identify the proportion of trips that started far enough 
away from the bridge for diversion to the Western Ring Route to be a viable alternative once 
Waterview opened, using a sample of 35,000 freight vehicle movements. The 2015 catchment 
area for the bridge is illustrated in Figure 9 and Figure 10. 

 

 

Figure 9 catchment area for Auckland Harbour Bridge Northbound Freight 
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Figure 10 catchment area for Auckland Harbour Bridge Southbound Freight 

Of the freight trips crossing the Harbour Bridge to/from the north, roughly 50% could be considered 
to be within the Western Ring Route catchment area, based on the point they enter the motorway 
network. Of the trips crossing the Harbour Bridge to/from the south, just over 30% could be eligible 
to divert to the Western Ring Route once Waterview has opened, with a further ~30% once East-
West Connections is complete.  

From this, we could make some very high level estimates as to the proportion of freight trips 
currently crossing the Auckland Harbour Bridge that might divert to the Western Ring Route once 
Waterview is open. In practice this assumes that the northern and southern ends of the trip are 
evenly distributed (which may not be the case) and also that there would be benefit in the diversion 
to the Western Ring Route e.g. travel time savings, improved reliability, avoiding congestion, or in 
the event of a closure / resilience issues. 

Noting the above, we might expect that of the sample of 35,000 freight trips crossing the Harbour 
Bridge on SH1, a very rough estimate of 15% (50% x 30%) could potentially divert to the Western 
Ring Route, post Waterview opening, without a substantial increase in distance travelled. This 
would potentially increase to 30% (50% x 60%) once the East-West Connections project improves 
the link between the central industrial belt and SH20. 

The fusion between WIM, volume data, and freight GPS data provided significant new insight into 
the asymmetrical demands on the network in terms of the locational basis for supply and 
consumption of goods, catchment area, and likely future diversion as a result of investment.  

  

NATIONAL WEIGH IN MOTION STUDIES 

The NZ Transport Agency has been seeking to increase the number of weigh in motion sites 
around the country, in order to gain more insight into loading, demand, and the movement of goods 
around the network.  

The Agency has undertaken a study looking into potential sites across the country.  This study 
combined existing weigh in motion data, classified vehicle counts, and freight GPS data.  

The study involved: 

 21 state highway sites 

 170,000 HCV trip observations 
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 A catchment sample of 32 million vehicle kilometres travelled (VKT). 

It should be noted that the figures above include a fair bit of double counting.  While the sites were 
distributed across the country, some vehicles may have crossed multiple study sites and would 
therefore have been picked up more than once. 

The study identified that the average HCV trip distance across the 21 state highway sites was 
190km, i.e. the 170,000 vehicle trips observed in the study travelled an average of 190km for the 
trip that was identified as part of the study.   This average distance was derived by identifying the 
trip distances using GPS data for each of the 170,000 freight trips captured by the study.   

There was also a fair bit of variation between the sites.  For individual sites in the study, the 
average trip distance varied from an average distance of 72km (urban Auckland) to 343km (a rural 
site on SH1, central North Island).  

 

URBAN PREDICTABILITY PILOT STUDY 

 
The NZ Transport Agency has invested significantly in technologies that allow the Agency to 
improve real time operational activity on urban networks, with a goal of having a greater influence 
in improving the consistency of customer experience.  This has included investing in real time data 
capture such as CCTV cameras, side mounted radar, induction loops, vibration sensing fibre 
optics, Bluetooth transponders, etc.  All of these technologies can improve understanding of the 
performance of the transport network in real time.  Capturing the information in Dynac and SSDF 
then allow Traffic Operations Centres to harvest information in real time, as well as providing 
systems that can be interrogated to inform operational/tactical decisions such as signal 
optimisation, adjustments to traffic management plans, advanced placement of enhanced 
response vehicles, etc. 
 
A challenge faced by the Agency is that the benefits of this investment are not captured well by the 
historic measures used to assess network performance.  In the past, investment decisions have 
largely focused on capital works projects to relieve bottlenecks and address supply and demand 
issues.  
 
The traditional measures used by road controlling to understand network efficiency have reflected 
this priority, and have sought to identify the impact of peak loading, peak vs offpeak travel times, 
etc. 
 
In 2015, the Agency undertook a pilot study seeking to adopt an emerging new measure recently 
developed in the United States, that seeks to identify the predictability of travel times.   
If a person leaves at the same time every day (e.g. to/from work, school, etc) and takes the same 
route, could that person predict how long it would take them to reach their destination?  If the 
person experienced delay resulting from peak loading, is that delay consistent day to day, enabling 
the person to plan accordingly? 
 
Essentially, it is a measure of the consistency of customer experience, rather than a measure 
seeking to identify supply and demand.  Figure 11 below, illustrates this at a conceptual level.  
Capital investment measures seek to identify the severity of recurrent congestion.  
Operational/reliability measures tend to focus on how often experience differs from expectation.  
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This change in approach creates a significant challenge in data requirements to implement such a 
measure.  In order to undertake the pilot study, every part of the urban network in the study 
required source data to identify 'typical' network performance (defined using a Predictability Buffer 
Time Index measure) for every 15 minute interval during the day.  This data then formed a 
threshold measure.  Every day, every 15 minutes, every part of the monitored network is then 
assessed against the specific threshold developed for that time and that location.    
 
The individual results were then scaled up using volume weighted scaling factors derived from a 
variety of volume sources to assess network level performance trends across each of New 
Zealand's three largest centres, and a VKT weighted value was derived for urban New Zealand as 
a whole.  
 
 
A combination of data sources (Commercial GPS data, TomTom GPS, and historic SSDF trend 
data) were studied in order to identify suitable targets, and this was combined with aggregate 
information from household travel plans and census data to gain an appreciation of average trip 
distances used for deriving VKT weightings.   
 
The pilot study identified that roughly 80% of urban trips could be considered as Predictable, once 
accounting for the time of day travelled.  A person travelling at 8am might expect to take longer 
than if the same person had made the same trip at 11am.  But if the person travelled at the same 
time every day, they would be able to predict how long the journey takes 80% of the times they 
travelled. The other 20% of trips would take longer than expected. 
 
Having completed the pilot study, the Agency is now in the process of operationalising the 
measure, with Traffic Operations Centres identifying key corridors to develop operational 
intervention strategies for improving the consistency of customer experience. The impact of these 

Figure 11 Difference in Network Efficiency Measures 
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strategies will be assessed over time using the new Predictability, Buffer Time Index measure.    
 
It is also hoped that collating and studying such detailed information about the performance of the 
network will soon lead to significant further insight.  In the short term, this performance data will be 
used to implement and improve operational intervention strategies.  In the slightly longer term, it 
could be used to identify the impact of issues such as weather, incidents, unusual events, etc.   
 
Predictability data may even inform road controlling authorities in their move from Predictable 
operations, to Predictive operations; i.e. knowing how the network is going to behave before it 
does.   This is the holy grail of real time traffic operations, as it would allow operators to implement 
intervention strategies pre-emptively, and provide traveller information that predicts changes in 
network performance between the time the viewer receives the information and the time they reach 
their destination.  
 

CRASH REDUCTION STUDIES  
 
In the past, challenges with obtaining suitable data has made it difficult to draw direct relationships 
between crash risk and network efficiency.  However, the Auckland Crash Reduction Studies 
programme (CRS) has often sought innovative ways to understand road safety risk, in order to 
proactively improve safety issues.  As part of the CRS, a pilot was undertaken in 2014 exploring 
the relationship between crash risk and efficiency. This involved a data fusion exercise comparing 
crash history across the network, with information about congestion/delay obtained from SSDF and 
GPS data. The study identified a number of issues, including: 

 A higher proportion of fatal accidents overnight (speed and drink driving being likely 
contributors) 

 Elevated crash risk on the fringes of congestion (thought to be vehicles literally hitting the 
back of the queue) 

 A significant band of both delay and crashes throughout the day for the Khyber Pass / 
Gillies Ave merge/weave area.  The all-day nature of both the crashes and the delay 
provided an indication that the issues related to the road layout, rather than the impact of 
peak loading.  

The pilot data-fusion study provided sufficient insight for the 2015 annual study to rollout the 
methodology across multiple state highways.  
 
An example output is included in Figure 12 depicting the findings for the Southern Motorway.  The 
vertical axis is time of day. The horizontal axis is location, left to right on SH1, heading north into 
the city. The dark colour represents delay, the coloured dots represent crashes.  These have been 
found to cluster at the tail end of queues/congestion.  The CMJ merge locations are on the right of 
the graphic. These merges result in a solid all day band of delay, and a solid band of crashes –
indicating that the merging required by the road layout is increasing both delay and crash risk.  
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Figure 12 Crash Risk vs Delay Auckland Southern Motorway 
 
 
   

CONCLUSIONS  
 
Transportation analytics in New Zealand is a rapidly changing environment.  The case studies 
provided in this paper merely scratch the surface of the new insight that can be gained from the 
significant amount of data now available on the performance of the network, and the underlying 
demands that influence that performance.   
 
The lessons learned from the studies included in this paper were not only useful on their own 
merits, in all of the studies, the findings also demonstrated to the authors the benefits of data 
fusion.  There are significant benefits to be obtained by combining multiple sources of data rather 
than seeking insight from a single data source on its own, and the benefits that can be obtained by 
having multiple data sources to explore multiple facets of an analytical challenge.  
 
 

 


