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Zealand
Glen Koorey, University of Canterbury, New Zealand
ABSTRACT
Fatigue is an insidious killer resulting in many fatal and serious injuries to vehicle occupants on
road networks. Fatigue has on the whole had disappointing combined stakeholder national
strategic emphasis in New Zealand, yet continues to emerge as one of the key factors in road
crashes.
Worldwide there is an increasing recognition that driver fatigue is over represented in road
crashes. The understanding of fatigue (and a strategy to combat the issue) cannot be
undertaken without a unified approach incorporating Education, Engineering and Enforcement,
along with a detailed understanding of the location and cause of driver fatigue related crashes.
The main objective of this research is to identify how terrain and geometric alignment impact on
the occurrence of fatigue related crashes in New Zealand and their relationship to location and
terrain.
A review of the plots for the location of the crash clusters indicates a good correlation between
the location of reported fatigue related crashes and the influence of terrain. The research
indicates that approximately 80% of crash clusters are located in areas of low demand.
Furthermore between 45% and 65% of all crashes have occurred in a location where the driver
has traveled from a higher demand (load) area to a lower demand (unload) area.

INTRODUCTION
Fatigue is an insidious killer resulting in many fatal and serious injuries to vehicle occupants on
road networks. Fatigue has on the whole had disappointing strategic emphasis in New Zealand
but it continues to emerge as one of the key factors in road crashes, with general agreement
that the official crash database significantly under represents the incident of fatigue crashes.
However there have been isolated pockets of effort put into combating this issue throughout the
country.
Worldwide there is an increasing recognition that driver fatigue is over represented in road
crashes. The understanding of fatigue and of a strategy to combat the issue cannot be
undertaken without a unified approach incorporating Education, Engineering and Enforcement,
along with a detailed understanding of the location and cause of driver fatigue related crashes.
It is hypothesised that terrain is an influencing factor on driver workload and hence
concentration. Where the terrain is demanding, the driver is required to concentrate in an alert
state on the driving task, as the corresponding geometry standard will also be demanding. This
high work demand can offset the other risk factors of fatigue such as travel time, rest periods
and time of travel. However, where this driver demand is decreased due to a relaxation of
terrain pressures, and hence geometry standards, the influence of the fatigue inducing factors
increases, and the risk of fatigue related crashes increases.
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Fatigue is progressively being identified as a factor in remote location crashes on the State
Highway network in New Zealand. While fatigue has an increasing acknowledgement, it is
considered that in addition a high proportion of crashes may not be correctly identified, or
incorrectly coded as fatigue related, because fatigue factors are not identified during the crash
investigation.
The main objective of this research is to identify how terrain and geometric alignment impact on
the occurrence of fatigue related crashes. However, to better understand this there are a
number of related objectives that also required examination.
A multifaceted approach to driver fatigue was investigated through the key areas of:
• Knowledge of the extent of the problem
• Developing EDUCATION campaigns to make the public aware of the extent of the issue
• Reducing the severity of impact through ENGINEERING measures
• Reinforcing the message through ENFORCEMENT
This paper is based on research undertaken for the fulfilment of a Masters of Engineering in
Transportation at the University of Canterbury (Smith 2006). It focuses mainly on the crash
analysis part of the research. Unabridged copies of the full research are available from the lead
author.

FATIGUE AND DRIVER DEMAND
Ogden (1996) states that the road traffic system can be considered as comprising of three
elements: the human (driver), the vehicle and the road (environment). It is also presented that
this relationship is inherently unstable, and is maintained in equilibrium only by the frequent or
constant intervention of the driver. Therefore the driving task fails if the human element (the
driver) is diminished. (See Figure 1). The driving task requires a human element to
simultaneously guide the position of the vehicle, detect and classify potential hazards, and to
navigate the route (Wickens and Seppelt, 2002). The Australian National Road Safety Action
Plan (Australian Transport Council, 2005) further present the concept of Safer Systems,
targeting Speed as well as Road, Vehicle and Human.
Simulation studies undertaken by Thiffault and Bergeron (2003) have shown that drowsiness
and hypovigilance frequently occur during highway driving and that they may have serious
implications in terms of accident causation.
It was found that journeys involving long periods of driving on monotonous roads, such as
motorways, are more likely to result in a driver falling asleep at the wheel (Horne and Reyner,
1999). The effect of monotonous roads is further discussed by Haworth (1998) where it is found
in Australia that fatigue can be brought on by longer trips and by constant speeds and
monotony.
A recent report to the Queensland Parliamentary Travelsafe Committee (2005) discusses the
issue of under-stimulation and monotonous driving environments. In the report it concludes that
modern vehicles with high interior comfort levels, cruise control and new technologies can lead
to reduced vigilance. The road environment of dull scenery and repetitive patterns such as
trees, poles and highway markings can also contribute to “Highway Hypnosis”.
The topic of road monotony has been viewed to date in the context of long easy alignment
roadways (predominantly rural) that have little stimulation. However, little consideration has
been given to the context of hyper-stimulation due to excessive workload (stimulation) in high
demand road environments, and the consequential unload of stimulation in low demand road
environments. This high demand can be brought about through the terrain environment that the
driver is traversing.
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The following rapid unload of stimulation and work demand can have an accelerated effect on
the development of fatigue as drivers subconsciously relax.
This high – low stimulation may have a similar effect on the driver as that of the long
monotonous driving task. Little information on the influence of terrain, work load demand and
the onset of fatigue has been discovered in the literature research undertaken to date.
The issues of life style, sleep apnoea, circadian rhythm, hours awake and micro sleep also have
an influence in the development of fatigue. These are covered in more detail in other
publications (Smith, 2006). It is important to note however that these issues may manifest more
frequently when there is driver demand unload
A recent report for Main Roads Queensland (Holeszko, 2004) identifies the issue of terrain on
the driving task. The report looks further into the need for an overall higher standard in
maintenance intervention for demanding road sections, and the installation of warning signs for
fatigue within the less demanding sections as a form of safety proofing of the road network.
While the report identifies following sections of easier terrain, it does not specifically review the
issue of driver demand load / unload.
In Holeszko’s report it states:
“In our findings one such piece of road on the New England Highway has on either
side of it very narrow with tight geometry carriageways. The theory is that the driver
requires high concentration to adhere to the road. A proceeding [following?] good bit of
road allows the driver to relax and then they are potentially claimed by fatigue. On
such a piece of road the standards need to be raised to cater for the errant driver.”
In conjunction with the literature research discussions were held with a National Road Safety
expert, Mr Marten Oppenhuis, on his rising concerns with respect to fatigue related crashes
throughout New Zealand. These concerns were New Zealand wide, based on several projects
undertaken (Oppenhuis, 2003) where individual road sections were investigated to assess cost
effective countermeasures – e.g. clear zones, protection, safety proofing. Very evident among
the crash history was the presence of fatigue on a high geometric standard carriageway but with
a non forgiving road environment outside of the carriageway.
The east coast of the South Island for example has numerous road sections where the terrain
traverses from flat to rolling to mountainous. Often these transitions are rapid, and the following
low demand sections can be lengthy. The mountainous sections have a high work demand rate
due to their winding and steep nature, the conflicts of opposing vehicles resulting in high
attention requirement to process all these factors.

TERRAIN AS A FACTOR IN NEW ZEALAND
MWH was responsible for the network management, on behalf of Transit New Zealand, of the
North Canterbury State Highway Network between 1996 and 1999. The Network Management
Team at that time became aware of anecdotal evidence from key stakeholders that there was a
crash issue associated with drivers heading towards, or departing from, the Cook Strait Ferry.
The route of concern was State Highway 1 between Picton, the terminus of the Cook Strait Ferry
and Christchurch. This highway forms the main north-south link for the South Island of New
Zealand. Approximately mid way between these locations is the seaside tourist destination of
Kaikoura. (See Figure 2)
It was a common perception among informed road safety practitioners that fatigue related
crashes were occurring in the vicinity of the townships of Kaikoura and Cheviot, and in the
Waipara area. The topography along the route varies greatly between flat open alignment,
rolling hill alignments and tight constrained alignments either through mountainous section or
along the base of seaside bluffs. The locations around Cheviot and Waipara coincidentally
correspond to areas both of significant topography change, and are approximately 2 hours drive
time from the respective origin points of Christchurch and Picton.
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Traffic Growth
A review of the study length was undertaken to identify the traffic profile change over time for
the study length. This analysis indicates that there was a consistent growth rate of
approximately 3% over 5 regular traffic count stations. (See Table 1 )
Table 1: Traffic Growth Analysis
Section

Ave Daily Traffic
Volume

Location

1996

2004

Annual
Growth

North of SH 7
Junction

Kaikoura (Telemetry)

1750

2500

3.4%

Parnassus

1700

2300

3.0%

South of SH 7
Junction

Waipara WIM

5000

7000

3.2%

Leithfield

5600

7600

3.0%

Average
Growth for
section
3.2%

3.1%

No discernible variations were identified that would suggest that traffic volume was an influence
in fatigue driver crash rates, apart from increased exposure potentially increasing several key
vehicle movement code risks. (eg – head on loss of control resulting from avoidance.)

Fatigue – The Cost to Society
An analysis was undertaken to understand the proportion of fatigue coded crashes to all
crashes (as a percentage) for the 1996 – 2004 period. This analysis indicated that the average
proportion of crashes coded for fatigue for all rural State Highways was in the order of 6%, for
Canterbury State Highways was in the order of 9% and for the study length was in the order of
12%. As can be seen, the study length has twice the national rate for driver fatigue related
crashes.
A simplistic analysis was undertaken to determine the cost to society of these crashes using the
crash cost calculation in the Simplified Procedures Evaluation method of the Project Evaluation
Manual (PEM). (Land Transport NZ, 1997)
The crash costs were calculated for the respective road portions described above and are
tabulated in Table 2 below.

Road Section

Fatal

Serious

Minor

Non
Injury

Time Period
(yrs)

Road Type

Speed
Environment

Crash Cost
($M/yr)

Table 2: Crash Cost Analysis

All State Highway

305

722

1677

1144

9

Rural

100

151.6

Canterbury SH

46

125

236

213

9

Rural

100

23.4

Study Length

15

32

59

54

9

Rural

100

7.2

Number of Crashes

This simplified analysis indicates that the crash cost to New Zealand for fatigue related crashes
are close to $150 million per year. This is based on a reported crash proportion of 6%. If the
actual crash profile is close to that of the study length, ie severity of injury (at 12%), then this
cost becomes $300 million a year. Note also that the reporting proportion of 12% is only
approximately half that of the range of 20% to 30% stated in international research and hence
the latter figures could well be conservative. To ensure double counting did not occur the under-
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reporting factors in the PEM were removed. This gives a conservative result because
allowance for non reported crashes has been omitted.
It is important to note that any adjustment that results from more accurate reporting (as per
international research) will result in a) a redistribution of crash factors and b) surrogate
measures assisting to improve reporting. Also of note is under-reporting of crashes where
police have not been involved. Surrogate measures will assist in capturing a proportion of these
crashes.

STUDY DESIGN
In undertaking this study it is essential to establish key boundaries and parameters for the
proposed research.
An initial review of the scale and extent of the issues has resulted in the definition of two key
areas. These are Crash Data selection and Terrain definition.
Crash data selection can be considered in the following context:
•

Time frames

•

Road selection criteria

•

Geographic area to be considered

•

Crash factor selection criteria

Terrain definition can be considered in the context of:
•

Horizontal alignment

•

Vertical alignment

•

Vehicle operating speed

Time Frames
When considering time frames for analysis it is important to consider the framework in which the
data is collected.
Discussions with Land Transport New Zealand staff indicated that prior to 1995 no crashes were
coded as “Fatigue”. This was as a result of fatigue (or inattention) not being fully recognised as
a causation factor. Therefore, analysis of data prior to 1995 was ineffective.
An initial review of crash data suggested the number of crashes per year that were coded as
fatigue related had two distinct patterns. Before 1999 there were a reduced number of noninjury crashes coded as fatigue related. Since 1999 this number has climbed significantly.
For the purpose of this research a period greater than 5 years (specifically, 1996-2004) was
adopted to allow a suitable sample size for analysis. This also allowed for the identification of
emerging trends and limited fluctuations in data due to climatic variation and maintenance /
construction activities.

Geographic Area
As has been hypothesised, where the terrain is demanding the driver is required to concentrate
in an alert state on the driving task as the corresponding geometry standard will be demanding
also. However, where the driver demand is decreased due to a relaxation of terrain pressures,
and hence improved geometry standards, the influence of the fatigue inducing factors
increases, and the risk of fatigue related crashes increases.
Therefore, to evaluate this hypothesis, it was necessary to select a geographic area that had
suitable representations of both high load and low load road environments.
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Road Selection
Essential to the understanding of the relationship between terrain and fatigue is the selection of
a road network that contains a mixture of terrain types and to ascertain if this road network
exhibits the pattern expected.
An overview of driver fatigue related crashes was undertaken for all South Island State
Highways. As the hypothesis above relates to driving distance and terrain, selection criteria was
restricted to rural State Highways only. The analysis was constrained to only rural road
sections. A rural road is defined as a road with a legal speed greater than 70 km/h.

Crash Factor Selection
A review of crash history for all South Island State Highways was undertaken to ascertain if
there were any commonality factors for the combinations of the factors of travel time, terrain,
road standard and clustered crash locations. The review was undertaken using the common
interrogation tools within the general user environment of CAS. This allowed the extraction of
data that related to location, day / time, direction, crash factors and movements.

Objects Struck
A review of objects struck was undertaken to ascertain the general types of hazards collided
with. “Objects struck” is a coding feature within CAS that allows for the recording of objects
stuck as a result of the crash. A crash can have multiple objects struck. This review was
undertaken to allow the determination of key hazards within the road environment that are
contributing to the severity of the crash.

Crash Cluster Selection
All crashes were clustered utilising the group feature of CAS. This feature allows all crashes
within a selection set to be clustered at predefined radius.
Clustering of crashes allows for the analysis of multiple crashes (within differing predefined
radii) to determine the location on the road network that has a higher representation of the
crashes being investigated. This allows the determination of road sections (and hence terrain
type) that may display a high incidence of fatigue related crashes.
It should be noted that this process produces a crash cluster based around a site centroid only.
Thus crashes are not positioned in their true locations. For the purpose of this study crash
clusters were established for cluster radius distances of 1 km, 3 km and 5 km for each direction
of travel and can contain 1 or more crashes within the defined radius. These clusters were then
mapped onto the spatial Geographic Information System (GIS) database by their crash centroid
position.

Terrain and Geometric Standard Data
Terrain and geometric standard data was extracted from Transit New Zealand’s State Highway
Information Sheets. These sheets detail (by location referencing system) the terrain type,
distance displacement, road alignment, pavement and construction history.
Transit New Zealand describes the State Highway network in one of three terrain classes (see
Figure 3). These are:
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Level
Any combination of grade, horizontal alignment and vertical alignment that will allow heavy
vehicles to maintain approximately the same speeds as passenger cars.

Rolling
Any combination of grade, horizontal alignment and vertical alignment that will cause heavy
vehicle speeds to be reduced substantially below those of passenger cars, but will not cause
them to operate at crawl speeds for any significant length of time.

Mountainous
Any combination of grade, horizontal alignment and vertical alignment that will cause heavy
vehicles to operate at crawl speeds for significant distances and/or at frequent intervals.
This data was compiled with the spatial start and stop location of each terrain section length.
This was initially in terms of the State Highway location referencing system. Post analysis of
this data converted this to New Zealand map co-ordinates.

Surrogate Measures
A brief test was undertaken to interrogate the CAS database for surrogate measures for the
possible identification of fatigue driver related crashes and their spatial location with respect to
terrain type. A review of the search features and data coding within the database revealed that
most of the standard surrogate measures for fatigue were unable to be isolated.
Typical surrogate measures include:
•

Vehicle ran off road and/or collided with another vehicle or object

•

Absence of skid marks or braking

•

Driver saw the point of run-off or the object hit prior to the crash

•

Witnesses reported lane drift prior to the crash

•

Single vehicle

ANALYSIS
The crash data was extracted from CAS and transferred to a spreadsheet for analysis. The
crash data was initially analysed for factors for both the northbound and southbound directions
to see if there were any similarities.
The key factors for crash data analysis is:
•

Crash severity by year

•

Date / Time

•

Percentage crashes by Day

•

Object struck

•

Percentage crashes by Month

•

Percentage crashes by Time

A GIS model of the study length was established utilising key data held by MWH New Zealand
Limited.
The crash data for each direction of travel was grouped in CAS to form cluster centroids for
insertion into GIS. For ease of insertion the site centroid (Northing and Easting) records were
utilised, rather than the location referencing system position, as this was more accurate.
Northbound and southbound data was inserted as separate layers.
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Terrain and geometric standard data were loaded to spatially represent crash, terrain and
geometric standard data as separate layers to assist with the analysis. This has allowed the
micro-zoning of the road network to highlight the relationship between crash location and terrain
/ geometric standard type.
An analysis of the crashes in relation to terrain type was undertaken for 1 km, 3 km and 5 km
crash clusters. These were presented in graphical format for analysis and to ascertain the
validity of the hypothesis. Separate plots were produced for each cluster radius for each
direction of travel. Copies of these plots are available upon request.

Road Geometry
All crashes recorded by the police are required to include a description of the road curvature at
the crash scene.
The police crash records use the following descriptions:
•

Straight

•

Moderate

•

Easy

•

Severe

An analysis of the road curvature recorded for each crash was undertaken to obtain a better
understanding of the road geometry at crash locations for both the northbound and southbound
directions. In general this analysis indicates that approximately 80% of all crashes occur on
either straight or easy road sections. Both of these roads sections correspond to low driver
demand road types. Refer to Table 3 below.
Table 3: Fatigue Related Crashes by Road Geometry – SH 1 – Ward to Christchurch
Road Geometry

Northbound
Travel

Length of
road type

Southbound
Travel.

Length of
road type

Straight

40%

93.2 km

40%

93.2 km

Easy

39%

90.9 km

30%

69.9 km

Moderate

16%

37.3 km

23%

53.6 km

Severe

6%

14.0 km

7%

16.3 km

Use of Terrain Data
As mentioned previously the initial analysis was performed utilising the Transit New Zealand
terrain definition files for the study section of SH 1. The initial tabulations revealed that the
definitions were too coarse for the analysis to be undertaken. In reviewing the definition files it
is noted that the determination of terrain type is a function of the performance of a heavy
commercial vehicle (HCV). This definition was found to be based more on the operating speed
of the HCV.
Following this initial review it was concluded that as this study was for the smaller category
vehicle a modification to the methodology of the proposed analysis was warranted and a
process developed that evaluated the road geometry and driver demand for the appropriate
vehicle category. It should be noted that any measures taken for the social driver (car, van etc)
will benefit the HCV driver as well.
An evaluation process was developed that scored the crash cluster location for its driver
demand complexity, and scored the driver demand complexity for the preceding 10 plus
kilometres for the direction of travel. The score system utilised was based on the descriptions
defined below in Table 4.
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Table 4: Driver Demand / Road Geometry Score System
Score Classification

1

2

3

Terrain Combination and Driver Demand

Easy

Moderate

High

The preceding driver demand complexity was evaluated over the greater road section length to
eliminate isolated road sections out of character with the general terrain and driver demand for
that road length.
An analysis was undertaken for the proportions of crashes occurring in each score
classification. This allowed the determination of the predominant classification where the
crashes were occurring. In addition, an analysis was undertaken to determine the proportion of
crashes that had occurred as a result of the driver travelling from an area of higher demand to
an area of lower demand. This analysis enabled the determination of a fit to the hypothesis that
terrain and hence driver demand unload has a causal factor in the development of driver
fatigue.

RESULTS
NZ, Canterbury and Study length Fatigue Related Crash
An analysis of the data and crash clusters for the study length indicated that there was a higher
proportion of crashes being coded to driver fatigue when compared to that of Canterbury State
Highways and all New Zealand State Highways.
A detailed analysis of the CAS (Crash Analysis System) crash database was undertaken to
ascertain national, regional (Canterbury) and the study length crashes identified within the
database as fatigue related on the State Highway network. These are represented as a
percentage of all crashes in the database.
The State Highway network was chosen as this has the most accurate road detail data and
higher traffic volumes. The Canterbury region was selected as Canterbury, and neighbouring
Marlborough, have been one of the most active regions in the long-term identification of fatigue
as an issue and is familiar to the authors. (See Figure 2 and Figure 7)
The State Highway section between the settlement of Ward and Christchurch, the main northsouth route for the South Island, was analysed to determine the extent to which fatigue played,
and was recorded as a cause, in crashes.
An analysis of all crashes on State Highways for New Zealand indicated an underlying reported
driver fatigue annual crash proportion of 6.1% for injury, and 5.2% for all injury (I) and non-injury
(NI) crashes (see Table 5).
Table 5: Fatigue Driver Crashes by Year – Rural State Highway - All New Zealand
Fatigue Crashes / Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

Avg

Injury (I)

6%

6%

6%

6%

6%

6%

7%

6%

6%

6.1%

I and NI

5%

5%

5%

5%

6%

5%

6%

5%

5%

5.2%

As a comparison, an analysis was undertaken for all State Highways within the Canterbury
Region. This was undertaken to enable a comparison between all State Highways and the
study length, with a view of both of these having a consistent coding policy from the local Land
Transport NZ office.
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This indicated a reported driver fatigue annual crash proportion of 8.7% for injury, and 7.6% for
all injury and non-injury crashes. (See Table 6). This indicates that there is a greater proportion
of crashes coded to fatigue within the Canterbury Region.
Table 6: Fatigue Driver Crashes by Year – Rural State Highway – Canterbury
Fatigue Crashes / Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

Avg

Injury (I)

9%

9%

9%

10%

9%

6%

9%

9%

8%

8.7%

I and NI

8%

9%

8%

8%

7%

5%

8%

7%

8%

7.6%

The analysis of a study section of SH 1 in North Canterbury (a length of some 233 km) for the
1996 to 2004 period highlighted a number of crashes that were considered to be driver fatigue
related. A review of crashes for this highway section indicated a reported driver fatigue annual
crash proportion of 8.7% for injury, and 10.6% for all injury and non-injury recorded crashes
(See Table 7).
This analysis indicates that the rate for reported fatigue driver crashes for the selected road
section is on average nearly double that of the New Zealand average, and significantly higher
than that of the Canterbury average.
Table 7: Fatigue Driver Crashes by Year – Rural State Highway – Study Length
Fatigue Crashes / Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

Avg

Injury (I)

13%

14%

13%

13%

12%

15%

15%

11%

10%

12.8%

I and NI

11%

13%

10%

11%

9%

10%

13%

8%

10%

10.6%

Clearly an issue was developing in North Canterbury. This is further investigated in the
following sections, where in-depth study is undertaken to better understand the influence of
terrain and the fatigue related crash.
It is noted that the traffic volume for this road section is relatively low when compared to many
North Island routes servicing the same function. This reduction in traffic volume would have a
consequence of reducing the driver’s workload, and hence may propagate the onset of fatigue
at an earlier stage due to reduced stimulation for approaching traffic. In contrast to this is the
issue that the arrival of oncoming traffic is somewhat more random, and as a consequence
creates more of a “surprise” factor in difficult terrain.
Paramount for effective analysis is the need for a statistically significant sized data set. This
analysis has been undertaken on crashes currently coded as fatigue related within the CAS
database. Obviously, this is dependent on the effective and accurate reporting of crashes. This
is further discussed in the conclusions.

Crash Severity by Year
An analysis of the crash data reveals that, in general, the number of crashes reported as being
attributed to fatigue is increasing. Of note is the increase of reported non-injury fatigue crashes.
(See Figure 4 & Figure 5) A comparative tabulation was undertaken to understand the ratio of
fatigue related crashes to all crashes for the study length. The results of the tabulation are
detailed in Figure 6.
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Analysis of Southbound Traffic
The initial analysis further identifies that there is a correlation between terrain (and hence driver
demand load / unload) and driver fatigue related crashes. A total of 90 crashes were identified
for the southbound direction. As stated earlier a revised terrain combination score was utilised.
The crash records were clustered into 1, 3 and 5km groupings. These groupings were imported
into GIS and tabulated for road classification and characteristics as described above. Detailed
maps were produced for the study length and are included in the following sections to indicate
the cluster locations. An example of the maps produced is given in Figure 7.
With a 1 km grouping, the analysis of southbound crashes resulted in 43 individual crash
clusters. Similarly, with 3 km and 5 km groupings, the analysis resulted in 23 and 17 individual
crash clusters respectively.
In summary, a tabulation of the combined results for the southbound fatigue related crashes has
been undertaken to allow an overview of the analysis. (Refer to Table 8)
Table 8: Southbound Results Summary
Classification

Southbound
1km clusters
(n = 43)

Southbound
3km clusters
(n = 23)

Southbound
5km clusters
(n = 17)

Avg for
Southbound

Easy Demand

81%

74%

76%

77%

Moderate Demand

19%

26%

24%

23%

High Demand

0%

0%

0%

0%

Moving to easier demand area

67%

61%

41%

56%

These results indicate that on average approximately 80% of all southbound crashes are
located in areas of low demand. Furthermore approximately 60% of all crashes have occurred
in a location where the driver has travelled from a higher demand (load) area to a lower demand
(unload) area.

Analysis of Northbound Traffic
The initial analysis further identifies that there is a correlation between terrain (and hence driver
demand load / unload) and driver fatigue related crashes. A total of 70 crashes were identified
for the northbound direction. The methodology applied was the same as for the southbound
direction. As stated earlier a revised terrain combination score was utilised.
With a 1 km grouping, the analysis of northbound crashes resulted in 39 individual crash
clusters. Similarly, with 3 km and 5 km groupings, the analysis resulted in 22 and 15 individual
crash clusters respectively.
In summary, a tabulation of the combined results for the northbound fatigue related crashes has
been undertaken to allow an overview of the analysis. (Refer to Table 9).
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Table 9: Northbound Results Summary
Classification

Northbound
1km clusters

Northbound
3km clusters

Northbound
5km clusters

Avg for
Northbound

(n = 39)

(n = 22)

(n = 15)

Easy Demand

79%

82%

80%

80%

Moderate Demand

21%

18%

20%

20%

High Demand

0%

0%

0%

0%

Moving to easier demand area

49%

50%

53%

51%

These results indicate that on average approximately 80% of all northbound crashes are located
in areas of low demand. Furthermore approximately 50% of all crashes have occurred in a
location where the driver has traversed from a higher demand (load) area to a lower demand
(unload) area. These figures support the hypothesis that driver fatigue related crashes are
occurring in locations where there is a driver demand unload due to terrain.

Objects Struck
An analysis of the crash data indicates that a high proportion of all crashes have resulted in the
vehicle striking objects outside of the carriageway and within the clear zone, thus adding to the
severity of the crash. A review of object struck was undertaken to ascertain the general types of
obstacles that were collided with. In general these were similar for both the northbound and
southbound directions, with objects struck being Fence / Letterbox, Cliff / Bank, Ditch, Over
bank and utility pole. (See Figure 8 and Figure 9) A breakdown of the key objects struck is
presented in Table 10:
Table 10: Key Objects Struck Summary
Direction of
Travel

Number of
crashes

Southbound
Northbound

Key Objects Struck
Fence /
letterbox

Cliff /
Bank

Over
edge

Pole

Ditch

Tree

90

20

9

11

7

14

8

70

13

18

11

10

15

5

The high proportion of these crashes with high severity is from striking lateral hazards that could
be either eliminated or protected. It should be noted that if objects such as utility pole are
removed from the road corridor, then the severity of the crash might be minimised. Most loss of
control crashes are survivable, or severity reduced, if it were not for the object that they struck.

Surrogate Measures
A data selection was undertaken within CAS (for the study length) for all single vehicle crashes
within the database, excluding those coded as fatigue related. This selection resulted in a
listing of 623 individual crashes. A review of the crash cause codes revealed that although
fatigue was specifically excluded, a limited number of crashes had fatigue as a secondary
causation factor. A brief check was undertaken on isolated crash locations and it was revealed
that these crashes were in the original selection list. Thus there was a potential duplication of
fatigue data within the surrogate measure analysis.
Given the poor results for the initial analysis of the data it is considered that the identification of
fatigue driver related crashes by surrogate measures within the general user environment of
CAS is not effective. It is recommended that further research be undertaken utilising the
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analysis features available within the General Query Language environment available to the
Land Transport NZ researchers. If miscoded or unreported crashes were able to be
determined, then the impression from this study is that the proportion of fatigue related crashes
is tending towards that indicated in overseas research (ie 20% – 30%)

DISCUSSION
Crash Data Collection in New Zealand
Accurate crash data is essential for the analysis and understanding of causal factors into road
crashes. Without this key data the analysis of locations, causal factors and trends is unable to
be accurately determined.
As with other countries researched, the Police Department in New Zealand is the authority
tasked with the collection of crash data. The Police have the mandate to investigate all crashes
occurring on a road network, regardless of the road controlling authority. All crashes attended
by the Police are required to be investigated and fully documented. The investigation looks at
location, causal factors to the crash, liability of the drivers involved and, if required, the nature of
the prosecution to be followed.
The ability to identify fatigue as an issue in a crash, and hence be able to establish emerging
trends relies on the accurate collection of crash data. Any accurate research will fail if the base
data is flawed or inaccurate.
Essential data to be collected relate to four main fields:
• The location

• The vehicle

• The environment

• The driver

The above list is not exhaustive, but it does demonstrate that the accurate collection of data
does involve the detailed analysis of a wide range of issues. The investigating officer at the
scene is generally tasked with obtaining this data.

Police Crash Report Forms
Discussions with the police revealed that the current practice in New Zealand requires the
attending officer to fill out one of two standardised crash report forms. The use of standardised
forms is to ensure some degree of consistency in data collection. In reviewing the police forms
it is noted that the current forms in New Zealand are predominantly text based for the collection
of crash causation data.
The identification of fatigue as an issue in a crash has been described as difficult due to the fact
of either lack of evidence, driver reluctance to admit fault or the inability to supply information
due to serious injury or death. The issues raised for consideration are:
•

The accurate identification of fatigue can also be hindered by the hyper-stimulation of the
driver as a result of the crash.

•

The current forms used by the police in New Zealand are predominantly text based. These
text based forms have poor guidance for the investigating officer and are strongly reliant on
the driver / occupant / witness to supply a description of events leading to the crash.

•

An international review of police crash report forms has highlighted the use of check box
and narrative as a mechanism for the collection of data that can be used either directly as
an indicator of fatigue, or as an indicator of a surrogate measures for fatigue.

•

Modifications to the current police report forms through the insertion of additional check box
sections for crash details would assist with later analysis of the crash data. These changes
would also require the addition of the corresponding fields into the CAS database.
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Crash Location Accuracy
Crash location within the CAS system is undertaken by Land Transport NZ through a Geocoding
process for a crash from a location specified by the attending police officer.
•

The greater the distance from a known mark, the less accurate the location fixing will be.

•

CAS is also reliant on the road controlling authorities supplying accurate road centreline
data in a timely manner.

•

For accurate fixing of crash location it is ideally recommended that GPS referencing be
used.

Crash Coding
Identified in the literature review of the practices within New Zealand, there have been two
schools of thought on the issue of coding crash factors, that of single coding and multi-coding.
This lack of consistency severely diminishes the ability of the analysts to accurately determine
both the extents of causation factors in a crash, and the interrelationship between these factors.
Analysis of data before 2000 has shown to have limitations, with only injury crashes being
coded. This limitation diminishes the size of the data set available for analysis. A more
accurate indication of crashes attributed either directly or indirectly to fatigue could be obtained
through the retrospective coding of all non-injury crashes for the pre-2000 time period. This
would be extensive in time and resources for a national scale, but may be manageable on a
study-by-study basis.

Crash Clustering
As mentioned earlier, part of this analysis crashes were clustered using the grouping feature of
CAS. The grouping feature clusters crashes with a user specified site radius. The software
interrogates the route or road section for the first, or next ungrouped crash. One main
disadvantage of this method is that it may tend to draw crashes towards or away from true sites
of interest, masking the true underlying situation.
It may be expected that fatigue crashes are more likely to occur at locations where the road and
traffic expectations of the driver are violated, and are therefore expected to cluster spatially. It is
however, quite possible that by their nature fatigue crashes will occur at locations where
relatively small violations of drivers’ expectations occur, and because the driver is fatigued they
are less able to cope with the violation or situation and a crash results. It is considered that this
result is likely to be a more dispersed crash pattern that is not so readily detected through the
traditional clustering methods available within CAS.
An alternative solution for the identification of locations with an increasing crash incidence would
be through the application of a sliding strip analysis of the highway. A sliding strip analysis
requires the specification of both a selection parameter for road section length and a strip step
interval.

Sample Size
As stated, the sample size for the area under study was 160 crashes. A factor of the sample
size is the limitation of selection criteria to fatigue coded crashes only. International literature,
and this research, indicates that the recorded crash rate for fatigue (drowsy) driving is in the
order of 6 to 10%. As stated earlier, international research indicates that when surrogate factors
are used to identify fatigue related crashes, this number can leap to the order of 20 to 30%. The
sample size can only be improved through a more robust and accurate fatigue crash
identification and recording process.
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Safety Initiatives
The identification of zones of high risk can lead to the implementation of key safety initiatives
through Education and Engineering.
Education of the issues can be developed through billboard packages along the route and
leading up to key facilities. Efforts undertaken in Canterbury are starting to show a raising of the
awareness of fatigue.
Engineering initiatives can be developed through the identification of high risk zones and the
elimination of lateral hazards or the placement of side protection to ensure that the environment
is more forgiving to errant vehicles. This process of object removal is being developed through
the implementation of the “Clear Zone” or safety proofing concept for State Highways, where the
road controlling authority is progressively eliminating or protecting objects within the recovery
area alongside the carriageway.

CONCLUSIONS
A review of the plots for the location of the crash clusters for each direction indicates that there
is a good correlation between the location of reported fatigue related crashes and the influence
of terrain. The research has indicated that approximately 80% of crash clusters are located in
areas of low demand. No crash clusters were located in high demand locations. Furthermore
between 45% and 65% of all crashes have occurred in a location where the driver has travelled
from a higher demand (load) area to a lower demand (unload) area. These figures support the
hypothesis that driver fatigue related crashes are occurring in locations where there is a driver
demand unload due to terrain.
Of note from the results was the identification that these sites were occurring at a regular
interval along the road length. This would indicate that the driver demand unload is also
occurring on a regular basis. In reviewing these locations it is noted that the results are
generally true to the stated hypothesis. The location of the crash clusters also indicates that the
crashes are occurring at the next road network element that is substandard. It is considered
that alert people are able to pick the change at these elements while the non-alert people are
not picking the change and crashing.
While crash cluster location can be undertaken within CAS, it has been found that the existing
process has identified issues with location accuracy and the clustering process. The existing
process may not identify the true location of centroids, based on its selection method.
The study undertaken for the North Canterbury area has shown that there is a reasonable fit to
the hypothesis, however it should be noted that the sample size for the analysis is small. An
improvement in the analysis would be through the identification of a larger sample. However, to
improve the sample size for analysis one must first get better data on fatigue related crashes, or
develop a process for the identification of fatigue related crashes by surrogate measures.
While this paper focuses on terrain as an influence, it is noted that the wider research integrates
education, engineering and enforcement. (Smith, 2006)
The implementation of an effective education programme will raise the awareness of fatigue as
an issue and will help to identify facilities that the motorist can utilise in combating fatigue.
The identification of high risk zones and the elimination of lateral hazards or the placement of
side protection to ensure that the environment is more forgiving to errant vehicles can be
implemented by engineering measures. This will reduce the number and severity of fatigue
related crashes.
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RECOMMENDATIONS
The safety management of the issue of driver fatigue requires a national strategy incorporating
engineering, enforcement and education, based on sound knowledge gained from robust
reporting and analysis processes. The following recommendations are offered as a guide
overarched by a national strategy.
• Undertake a formal review of the New Zealand Police crash report form for the inclusion of
fatigue related fields that allow for robust data collection.
• Develop research into the ability of the crash database to allow the identification and
selection of crashes based on surrogate measures (e.g. single vehicle loss of control, lack of
brake marks, high speed impact with roadside object).
• Develop and implement an effective education programme that will raise the awareness of
fatigue as an issue and will help to identify facilities that the motorist can utilise in combating
fatigue.
• Further develop the process to Identify high risk zones and the elimination of lateral hazards
or the placement of side protection to ensure that the environment is more forgiving to errant
vehicles can be implemented by engineering measures.
• That all the above considerations be taken into account in the development of a National
Strategy to address the incidence of driver fatigue related crashes in New Zealand.
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Figure 7: Example of analysis map output.
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