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Background
The NZ Transport Agency is responsible for managing and operating more than 108,800km of state highways as well as designing and building new roads to improve 
transport efficiency and safety in New Zealand. Its operations can have significant impacts on cultural heritage and therefore careful consideration of archaeological risks is a 
must for all ground disturbance activities. In addition, there are legal requirements and internal environmental policies that the Agency must always comply with.

During the last few years, The Transport Agency has explored Geographic Information Systems 
(GIS) based methods for identifying archaeological risks and managing cultural heritage sites along 
the State Highway network. The tools have relied on archaeological site data collected by the NZ 
Archaeological Association (NZAA) and in some cases, information provided by local iwi on sites 
of cultural significance. However other sources of cultural heritage information, such as the New 
Zealand Historic Places Trust (NZHPT) Register of Historic Places and the schedules of protected 
heritage sites maintained by Territorial Authorities, have not been well integrated with the NZAA 
archaeological data. Previous GIS based methods have also not addressed the issue of identifying 
archaeological risks in areas which have not previously been surveyed for archaeological sites. 

NZAA archaeological site records are extensive, representing decades of archaeological site survey 
data from amateur and professional sources. The spatial and categorical accuracy of the NZAA site 
data is variable with some sites having had intensive surveys conducted while other sites remain 
relatively inaccurate. The uncertainty associated with archaeological data quality has hindered the 
use of popular inductive statistical predictive models within New Zealand. The alternative approach 
of expert knowledge based deductive modelling has received little attention, despite the significant 
level of localised expertise available in the archaeological community. 

In 2004, Opus International Consultants (Opus) developed a pilot GIS-based model for The Transport 
Agency which incorporated sensitivity zones around archaeological and cultural heritage sites 
along selected parts of the state highway network in the South Island. The model also provided 
a protocol for identifying and managing risks associated with the sites. With the advances in GIS 
technology, particularly in the field of predictive site modelling, Opus were commissioned in 
January 2012 to develop a geographic information system (GIS) based predictive archaeological 
model for a test area around State Highway 11 on the Northland east coast. A fuzzy logic based 
method was selected using ArcGIS 10 software to model and map the extent of archaeological 
understanding of the study area. Technical review support was provided by a representative from 
the New Zealand Historic Places Trust and the New Zealand Transport Agency’s Archaeologist. This 
study presents the development of an expert knowledge based predictive model to act as a risk 
management tool for road asset managers. The advantages of using a theory based approach to 
modelling the likelihood of encountering archaeology are provided in contrast to the somewhat 
limited but more frequently used statistical models.

The proposed model applies internationally recognised environmental influences on archaeological 

site suitability, while also proposing an element of social influence through the modelling of likely 
travel corridors across the study area. Although the model does not include the effect of cultural 
and political influences on site suitability, the proposed inclusion of travel corridors is considered an 
essential element to site preference modelling within New Zealand. 

The predictive model has the potential to be applied to other sections of the State Highway network 
across New Zealand. The implications of regional variation in environmental data for predictive 
modelling are considered. The broader objective of the study is to contribute to the development 
of an archaeological risk management system, which aims to minimize time consuming and costly 
delays to road maintenance and development projects and to help determine when Archaeologists 
become involved with proposed road works.

Project Aims
•  Assist The Transport Agency to meet GPS and SOI 2011-14 objectives as well as 

International Best Practice

•  Achieve efficiency and value for money in project development delivery and asset 
management

•  Improve performance in cultural heritage impacts by assisting project and property 
managers, planners, asset management teams and consultants in the identification of 
cultural heritage risks. 

Project Objectives
•  Develop a GIS based tool to identify areas of potential archaeological risk which can 

be transferable to other parts of the State Highway network. The tool should reflect 
current local archaeological knowledge of the study area, in particular the environmental 
influencing factors that are thought to have contributed to settlement location decision 
making prior to European contact. 

•  Model regional travel corridors across the study area for comparison with the 
archaeological risk map.

• Identify recorded sites in the NZAA archaeological site database and historic heritage 
sites registered with the NZHPT or listed on District and Regional Plan Schedules.
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Figure 1: Study Area 

Study Area
State Highway 11 was 
selected as the pilot 
area due to its significant 
historical and cultural value. 
State Highway 11 is a 
relatively small section of 
highway on the Northland 
east coast. 

The selected study area is 
significantly larger than the State 
Highway 11 extent, providing 
a broad range of terrain and 
geological features covering 
928 square Kilometres. The 
study area is a prime example 
of an area with a large number 
of recorded archaeological sites 
in the coastal environment, but 
with lower site density inland.



4

Figure 2: Land Form

Figure 3: Example of a 
volcanic cone near Pouerua - 
Sutton, Furey & Marshall 2003

Land Form
The study area contains areas of 
significant landscape character 
such as volcanic cones (figure 
3). The volcanic cones are 
culturally significant, and may 
be considered a cultural variable 
for archaeological predictive 
modelling purposes. The cones 
are formed from scoria surface 
rock within basalt rock fields 
formed from lava flows some 
30,000 to 60,000 years ago. 
In some cases, the cones had 
airborne ash deposited on them 
which would later become 
suitable for garden terracing.



5Archaeological Prediction for Road Asset Management

History
Traditionally, the first Māori to settle in the Bay of Islands were Ngatiawa (Lee 1983:31). The 
main focus of occupation was along the coast, with settlements set back from beaches, 
and on high points above. Settlements or kainga at these locations would have had ready 
access to kai moana and to the major coastal transport routes. Slightly inland from these 
settlements would have been gardens and access tracks to inland areas of bush where 
hunting would have occurred. During the fifteenth and sixteenth centuries larger defended 
settlements (pa) were established inland and along the coast. Approximately 700 years ago 
there was a shift inland to more permanent settlements in the Taiamai Plains in order to take 
advantage of the rich volcanic soils for cultivation (McKinnon 1997:15). The Taiamai Plains 
are particularly noted for the density of Māori occupation and horticultural sites around the 
prominent scoria cones found there (Sutton, Furey & Marshall 2003:13-14).

European contact with the Bay of Islands began with Captain James Cook in the barque 
Endeavour in November 1769 and Marion du Fresne in 1772 (Lee 1983: 24). The development 
of the whaling industry in the 19th century established the Bay of Islands as a major south 
sea port. Whalers rested and refitted in the Bay of Islands, obtaining pork, fresh vegetables, 
fish, spars and women. In return they traded iron, European clothes, manufactured goods, 
and later muskets and powder. In addition, the activities of whalers encouraged settlers, 
traders, missionaries and soldiers to the area. Commerce grew and prospered greatly 
despite the disapproval of the missionaries, who had little influence on the course of events 
there during the first twenty years of their residence (Lee 1983: 26).

The first missionary settlement in New Zealand was established at Rangihoua in 1815 by 
Bishop Selwyn of the Church Missionary Society. It was from this base that the Rev. Henry 
Williams established a mission at Paihia in 1823. A house, store and the first church in New 
Zealand, constructed in the traditional Māori way using raupo, were built at the mission. 
Henry Williams' brother William later joined him at the mission. He compiled a Māori 
dictionary and translated the New Testament into Māori (Lee 1983: 29-30). Henry Williams 
later purchased 11,000 acres of land inland from Paihia, although this was reduced to some 
7000 acres by Land Commissioners in 1844 (Sutton, Furey & Marshall 2003:15). Williams was 
dismissed from the Church Missionary Society in 1850 and went to live at Pakaraka, on the 
eastern edge of the Pouerua lava field.

Demand for timber and flax increased during the 1820s and a substantial port town was 
established at Kororakeka (present-day Russell) that catered for visiting traders and sailors. 
Increasing lawlessness, the introduction of firearms and alcohol to Māori populations and 
the appropriation of large amounts of Māori land created tensions between Europeans and 
Māori (Cable 2006: 7). 

Following the signing of the Treaty of Waitangi in 1840, tensions grew between the British 
and Māori residents in the Bay of Islands regarding the amount of land being obtained by 
Europeans. In 1845 Hone Heke and Kawiti sacked Kororakeka. British troops and friendly 
tribes responded by attacking the Māori strongholds at Ohaeawai and Ruapekapeka (Cable 
2006: 7).

In the latter part of the 19th century Northland industry switched to the exploitation of 
the Kauri forests for gum and coal mining in Hokianga and Kamo. Reliable transportation 
and communication still depended on coastal port towns despite the early introduction of 
railway lines in Northland. There was little interest in developing the interior or constructing 
proper roads between coastal settlements. By the beginning of the 20th century, the 
economy of Northland was dependent on agricultural growth.

Figure 4: Williams house and garden area 2007
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Exposed basalt lava. GNS 2009
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The study area geology contains 
a mixture of sedimentary and 
volcanic surface rock. Sandstone 
based greywacke dominates the 
coastal areas and large areas of 
basalt break up the inland plains, 
becoming more prominent to 
the north near Kerikeri. Many 
archaeological sites have been 
recorded in these rich fertile 
volcanic soils on the Taiamai 
Plains near Pakaraka (Sutton, 
Furey & Marshall 2003). With 
the exception of these fertile 
areas, Northland’s top soils have 
poor drainage and are prone 
to erosion from regular flood 
events.

Geology

Figure 5: Geology
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Table 1: Archaeological site classification

Type Description

Agricultural / Pastoral A generic term for evidence of agriculture, covering prehistoric horticulture and European pastoralism. Typical features include drainage systems, crop marks and garden soils, 
identified as mixed ‘man-made’ soils. In Northland, exotic outcrops of plants amongst native bush (e.g. Taro or Norfolk Pines) mark the former presence of humans.

Artefact Finds Single finds or collections of objects recovered seemingly without a context, for example from a river bed.

Cave / Rock Shelter A geological feature used for shelter by prehistoric Māori, either as a temporary campsite or semi-permanent settlement site. Such features are common along the limestone 
shelves across New Zealand. In the South Island, these sites are commonly associated with rock art.

Historic Sites Includes Commercial, Flax Milling, Flour Milling, Gum Digging, Domestic, Land Parcel, Gold mining, Mission Station, Timber Milling, Transport/Communication. These sites are 
associated with human settlement and activity from 1769 to 1900 (Post-contact period).

Midden / Oven Middens are general terms for rubbish heaps or deposits, typically of food remains such as shell or bone. Typically found on the margins of human settlements and temporary 
campsites. Earth ovens (or hangi) are also found near middens, and are associated with food processing. The cracked oven stones from earth ovens are commonly found scattered 
amongst middens.

Pa Sites Terrace and platform complexes located on easily defended positions, such as ridgelines, promontories, islands or within swamps. Incorporate natural defences, such as cliffs or 
river bends, with artificial defences such as ditch and bank or palisades. Used for either temporary habitation (e.g. as a retreat) or permanent occupation. Smaller pa sites also used 
as lookouts, commonly staged along important travel routes. 

Pit / Terrace Artificial levelled areas forming a flat surface on a slope, with scarped back slopes and occasionally ditch and bank features. These sites may be evidence for old living areas, or 
defensive purposes. Commonly found with pit features, identified as rectangular or circular depressions in the ground which may be former house sites or storage pits. The site 
type classes include ‘platforms’, levelled areas on high points or knolls. The sites range from single pit and terrace combinations to vast complexes (typically identified as pa sites).

Archaeology
There are nearly 1500 archaeological sites currently recorded within the study area, grouped into 29 site type categories. The information and 
location of these sites has been drawn from the New Zealand Archaeological Association (NZAA) ArchSite digital database. 

It is important to note that the location data for the archaeological sites is a general reference, 
and should be regarded as a guide only. The coordinates in the ArchSite database are, at best, 
only accurate to 100m of the actual site location. The full extent of recorded sites is often not 
known and the single point coordinate provided by ArchSite is often based on the visible 
surface expression only. This does not necessarily represent the true subsurface extent of 
a site. Likewise the quality of the site descriptions is varied, ranging from highly detailed 
summaries provided by professional archaeologists to simple references by amateurs or the 
general public. At best, the database provides indicative information on archaeological sites 
in a given location. 

The limitations of the database are evident in the list of site types provided below. Categories 
such as “health care”, “religious”, “traditional site” and “unclassified” are difficult to reconcile 
without reviewing the specific site record file for each site. Given that there are nearly 1500 
sites, such an exercise would be both exhaustive and costly. This became abundantly clear 
at an early stage during previous regression analysis when an attempt was made to separate 
prehistoric sites from historic sites. The following definitions of the more common site types 
in Northland are provided below (based on Leahy & Walsh 1976).
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Site Type Number Site Type Number

Agricultural / pastoral 18 Midden / Oven 478

Artefact find 19 Military (non-Māori) 6

Botanical evidence 8 Mining - gold 1

Burial / cemetery 13 Mission station 12

Cave / rock shelter 8 Pa 160

Commercial 6 Pa - gunfighter 1

Fishing 11 Pa - island / swamp 3

Flax milling 1 Pit / Terrace 489

Flour milling 2 Religious 3

Gum digging 1 Source site 1

Health care 14 Timber milling 2

Historic - domestic 25 Traditional site 6

Historic - land parcel 3 Transport / communication 26

Industrial 9 Unclassified 10

Māori horticulture 160

Table 2: Archaeological site types within the study area (data extracted from NZAA Archsite Database)

Figure 6: Te Ahuahu, the extinct volcano near Ohaeawai where Hone Heke 
(and later Tāmati Wāka Nene) had his pa in the New Zealand wars. The Battle 
of Te Ahuahu was fought on these slopes. (Wikimedia)

Figure 7: Colourised photograph of Horotutu Bay, Paihia in the 1930s (© Friends of William House Historic Photograph Collection). 
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Figure 8: Recorded Archaeological Sites in the NZAA ArchSite digital database (July 2012)
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Deductive Archaeological Modelling
Archaeological Predictive Modelling
Archaeological predictive modelling has been used successfully as a decision making tool 
in cultural resource management (CRM) for over 20 years.1 A basic definition for predictive 
modelling was introduced in 1986 (Kohler and Parker 1986:400):

Predictive modelling is a technique that, at a minimum, tries to predict the “location of archaeological sites or 
materials in a region, based either on a sample of that region or on fundamental notions concerning human 
behaviour.”

Two contrasting approaches have been developed for modelling archaeological sites: 
“inductive” modelling and “deductive” modelling. The former, also known as “correlative” or 
“data driven” modelling relies on comparing known site data with environmental datasets 
like distance to water, soil type and slope, usually by means of logistic regression (e.g. 
Wheatley & Gillings 2001; Warren 1990). The “deductive” or “explanatory” approach does 
not rely on the known archaeological site information as a basis for correlation. Rather, a 
hypothesis for settlement location preference is modelled using simple GIS techniques such 
as weighted overlay (e.g. Dalla Bona 1994) or statistical analysis (e.g. Verhagen 2006; van 
Leusen et al 2009; Boos et al 2010)2, and the archaeological data is used for testing purposes 
only (Verhagen & Whitley 2011:3). 

These models are typically unsophisticated, often referred to as “intuitive” or “expert 
judgement” models (Verhagen & Whitley 2011:3). Both approaches are driven by “ecological 
determinism” (see Gaffney & Van Leusen 1995), a reliance on available environmental data 
sets to define the archaeological model, without regard to causality, agency or cognitive 
behaviour (see Gaffney & Van Leusen 1995). This is not unique to archaeological predictive 
modelling, but can also be seen in geological and ecological models (Verhagen & Whitley 
2011:9-12).

Understanding of the social landscape as well as the environmental characteristics is critical 
as physical features only provide partial explanations for human behaviour (Wansleeben 
& Verhart 1997:59). In this study, we chose to adopt a landscape archaeology approach in 
order to search for social explanations. Landscape archaeology techniques include cost 
surface analysis and viewshed analysis (e.g. Savage 1990; Zubrow 1990; Gaffney et al 1995; 
Wheatley 1995). Cost surfaces, in particular, are useful for finding likely transport routes and 

1   Since the first influential book on spatial modelling was published in 1998 (Judge, J.W. and L. Sebastian 
(eds.) Quantifying the Present and Predicting the Past: Theory, Method and Application of 
Archaeological Predictive Modelling. US Department of the Interior: Denver.

2 Including the more recent advances with Bayesian influence and Dempster-Schafer theory (see Verhagen 
et al 2011).

might provide us with ideas about social-economic exchange and contacts (Wansleeben & 
Verhart 1997:60). 

The following study incorporates elements of a “‘cost-surface analysis’ approach in order 
to identify “travel corridors” through the landscape as a baseline for predicting human 
movements. One of major advantages of GIS is in visualizing spatial information (Wansleeben 
& Verhart 1997:61). By arranging and presenting the spatial information on travel corridors, 
it was felt that settlement patterns in the data would become more obvious (e.g. Farley et 
al 1990; Williams et al 1990). This approach is a refinement of the GIS based cost-surface 
approach trialled by Scott (2007) for the distribution of obsidian tools around prehistoric 
New Zealand. 

Scott identifies three main areas where cost-surface analysis is valuable in archaeological 
research; namely defining economic and political boundaries, establishing possible 
colonisation routes and considering the relationship between historically known paths and 
associated monumental features (Scott 2007:60). The method was also used by Limp (1990) 
to map the agricultural potential of an area based on soil conditions (Scott 2007:61). 

A similar approach was adopted by Gaffney and Stancic (1991) on the island Hvar, Hare 
(2004) also applied the technique to estimate polity boundaries in Post-Classic Yautepec 
Valley, Mexico. Anderson and Gilliam (2000) and Glass et al (1999) attempted to identify 
possible colonisation routes in the Americas, while Field and Lahr (2006) looked at a southern 
dispersal route out of Africa into Australia. It is the expectation of this study that a predictive 
model of human movements across the landscape provides the most efficient and effective 
means for predicting the location of both prehistoric and historic archaeological sites.



12

Fuzzy Linear Membership Profile Default settings

If a variable dataset has 
an evenly increasing or 
diminishing membership, 
Fuzzy Linear can be used to 
reclassify the input data with 
a straight line curve from the 
minimum to the maximum 
value or vice versa.

Example: Fuzzy Linear might 
be used for reclassifying 
proximity to water where there 
is nothing influencing the 
straight line relationship.

Positive linear 
curve is the 
default. Min 
and Max values 
are reversed 
to produce a 
negative linear 
curve. 

Positive settings

Minimum = 0

Maximum = Max 
variable value

Hedge = none

Table 4: Fuzzy Linear Membership

An Introduction to Fuzzy Logic
Multi Criteria Decision Making (MCDM) methods allow decision makers to apply a set of 
preference rules to geographic information to locate and prioritise areas suitable for a 
particular use 

Fuzzy logic is a multi objective decision analysis method which has the benefit of being 
able to manage uncertainty. Expert knowledge used to form deductive site suitability rules 
can come from an individual or a group of experts from various disciplines. Knowledge 
converted to model rules may be vague rather than precise, for example when describing 
suitable distance from rivers, a gradual measure of suitability may be preferred to a fixed 
maximum distance to reflect the degree of uncertainty involved in classifying the data. A 
GIS method that can manage qualitative, imprecise descriptions of site suitability allows for 
more effective communication between the expert and GIS model developer and should 
result in a more realistic predictive map.

Fuzzy Membership
Table 3: Fuzzy Small Membership

Fuzzy Small Membership Profile Default settings

The Fuzzy Small membership 
type applies a diminishing 
sigmoid shape suitability curve 
through the input raster data 
to classify low variable values 
with high fuzzy membership. 
This option is used when lower 
variable values are considered 
more suitable. 

 Midpoint = 0.5

Spread = 5

Hedge = none

Fuzzy Overlay is a GIS technique which measures the possibility of an influencing factor 
belonging to a set. A set might represent human habitat, and an influencing factor might be 
suitable slope. Fuzzy membership is a fuzzy score allocated on a sliding scale between zero 
and one (where zero = completely unsuitable and one = completely suitable, with a range 
of values between that can be used to represent the degree of suitability).

The Fuzzy Overlay method has two stages;

 1) Fuzzy Membership

 2) Fuzzy Overlay

Fuzzy Membership is a method of reclassifying explanatory data in terms of its suitability. 
ArcGIS provides a set of generic curve shapes representing different options for classifying 
input data into a continuous suitability surface (Tables 3 -8).
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Fuzzy Gaussian Membership Profile Default settings

A normal bell shaped 
distribution curve where 
high membership values are 
gradually concentrated around 
the midpoint of the curve

Midpoint = User 
defined 

Spread = 0.1

Hedge = none

Table 5: Fuzzy Large Membership Table 6: Fuzzy Gaussian Membership

Fuzzy Large Membership Profile Default settings

The Fuzzy Large suitability curve 
type has the opposite effect 
of Fuzzy Small. This option 
introduces an increasing S 
shaped sigmoid curve through 
the input attributes producing 
a reclassified raster dataset 
where high variable values 
are converted to high fuzzy 
membership values. 

Midpoint = 0.5

Spread = 5

Hedge = none

Table 7: ArcGIS generic Fuzzy Membership curve types

Fuzzy Near Membership Profile Default settings

Fuzzy Near is a very 
narrow version of the 
Gaussian curve type, 
allowing a specific 
range of variables to 
be selected for high 
fuzzy membership 
classification.

Midpoint = user defined

Spread = 0.1. Can be 
adjusted to control the 
narrowness of the variable 
value range

Hedge = none

ArcGIS has two additional membership classes, MS Large and MS Small. These are very similar 
to Fuzzy Large and Fuzzy Small and can be adjusted by a manually defined mean value. Both 
of these options are more suited to examples where variable values with high membership 
are extremely high or extremely low. These predefined suitability curves are well established 
in statistical analysis and are a convenient starting point for determining generic curve 
suitability for a dataset. 
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Table 8: Fuzzy Membership setting definitions

Fuzzy Membership 
Setting

Description

Mid Point The midpoint is the user defined variable value that determines the 
centre of the membership curve. This function can be used with the 
Spread value to adjust how shallow or steep the membership curve is. A 
high midpoint will result in a steep membership curve.

Spread The Spread function is used to control the rate the membership curve 
increases or decreases. This option effectively allows the user to stretch 
the centre of the membership curve horizontally. This can result in lower 
or higher mid range membership. 

Hedge Value An additional curve adjustment setting. The hedge value distorts the 
suitability curve to represent more or less membership. The three hedge 
values used in ArcGIS are shown below.

• None No effect on the membership curve and midpoint setting

• Somewhat An outwardly increasing effect on the membership curve. Results 
in lower variable values being allocated higher membership values 
compared with the default membership curve type. This option allows 
the expert user to incorporate a positive adjective when describing the 
degree of fuzzy membership. This function is calculated as the square 
root of the standard membership value.

• Very This function has the opposite effect to ‘Somewhat’, decreasing the 
membership values prior to the curve midpoint. ArcGIS applies the 
square of the standard membership values to distort the curve shape.

Figure 9 shows the effect of increasing or decreasing the spread value. The higher the spread  
value > 5, the steeper the curve in the mid section, e.g. a narrower suitability transition zone. 

Figure 10 shows the dilating and contracting effect of applying the Fuzzy Hedge options 
shown in Table 8.

Figure 10: Fuzzy Membership - Hedge Curve Distortion

Figure 9: Fuzzy Membership - Spread Curve Distortion
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Fuzzy Overlay Operators
When all variable datasets have been reclassified to produce individual fuzzy membership 
data, fuzzy overlay functions are used to combine the membership datasets together into 
one fuzzy set. This stage is referred to as aggregation and requires the expert to have 
considered how variables are to be grouped and combined to satisfy the model design. 
The terminology used to describe fuzzy overlay operators is shown in Table 9.

Fuzzy overlay operations can have an increasing or decreasing suitability effect when 
combining fuzzy membership datasets. The model proposition suggests that locations 
suitable for human settlement can be defined by one or more high membership values. 
As suitability does not require inter-dependence between variables, fuzzy AND was 
eliminated as a combination option as was fuzzy PRODUCT, resulting in the need for 
operators with a positive influence. 

Operators that can produce a positive effect are Fuzzy OR, Fuzzy SUM and Fuzzy GAMMA. 
Although Fuzzy GAMMA can produce a positive suitability output, initial testing using 
GAMMA as the final combination operator with various GAMMA power values > 0.8 
proved difficult to produce an output map that was meaningful and refined enough 
to meet expert expectations. The GAMMA testing was unable to manage the conflict 
between the steep slopes of the volcanic cones and the attraction of the fertile soils 
known to have been used for terraced gardening. 

The preliminary model used a combination of Fuzzy OR (to obtain the maximum 
membership scores when combining data), and Fuzzy SUM (to allow overlapping high 
membership to have a slight increasing suitability effect).

Table 9: Fuzzy Overlay Operator options 

Function Description

Fuzzy AND When combining two or more fuzzy membership datasets, Fuzzy AND will 
produce an output that represents the lowest combined membership value. 
Fuzzy AND is appropriate where two or more Fuzzy Membership datasets 
must overlap to be considered an influencing factor. 

Fuzzy OR This function produces a raster dataset that retains the maximum value when 
merging two or more input Fuzzy Membership datasets. Unlike Fuzzy AND, 
Fuzzy OR does not require inputs to be spatially co-dependent. Where input 
datasets overlap, the result matches the highest input membership score. This 
option is used to produce a positive membership model where dominant 
variables are the preferred output. 

Fuzzy SUM An increasing combination option which emphasizes the combined effect 
of two or more variables with positive influences on site suitability. Fuzzy 
SUM is not an additive function; instead it produces a value that is higher 
than all the input membership values but cannot exceed a value of 1. This 
should be considered where the combined influence of two or more fuzzy 
memberships is significant.

Fuzzy PRODUCT Fuzzy PRODUCT multiplies each of the decimal input membership values 
together producing a very small output value.

Fuzzy GAMMA GAMMA is a function designed to allow the user to define the degree of 
increasing or decreasing effect that all the inputs have on site suitability. 
GAMMA effectively provides a sliding scale from Fuzzy PRODUCT (close to 
zero) to Fuzzy SUM (up to a maximum of 1). (Bonham-Carter 1994). Generally 
a GAMMA value > 0.8 produces an increasing effect on the output fuzzy set.
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Figure 11: Fuzzy AND (Example Fuzzy Small Combined with 
Increasing Fuzzy Linear)

Figure 12: Fuzzy OR (Example Fuzzy Small Combined with 
Increasing Fuzzy Linear

Figure 13: Fuzzy SUM (Example Fuzzy Small Combined with 
Increasing Fuzzy Linear)

Figure 14: Fuzzy GAMMA Range Compared to Other Fuzzy Overlay Operators 
(Indicative representation adapted from ArcGIS help guide)
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Model Design
Conceptual model for human habitat suitability  
For the deductive model, a simple hypothesis for settlement location preference was 
developed following conventional rules for human behaviour. As only a preliminary model 
was required in order to test the feasibility of the deductive approach, the ‘rules’ chosen were 
based on the environmental variables followed in other predictive models (e.g. Boos et al 
2010; Kohler & Parker 1986:421-2; Mink et al 2009, Scott 2007, Walton 2002, Whitley & Burns 2006). 

The following rules were applied:

 1) Proximity to waterways (rivers, coast and lakes).

 2) Preference for easy terrain (low elevation, flat slope).

 3) Presence of certain types of surface geology (i.e. volcanic soils, scoria cones).

Following the methodology preferred in the literature, it was decided that the environmental 
factors should reflect baselines for developing “travel corridors” rather than focus on 
predicting the occurrence of all types of archaeological sites. The latter approach would 
have required a comprehensive understanding of the contributing social and cultural 
factors, not just environmental aspects. The adoption of a “travel corridors” approach allowed for 
the integration of some aspects of the social landscape to be incorporated with ecological factors. 

Modelling different settlement patterns was also considered unnecessary for the purposes 
of the preliminary model. The purpose of the model was to provide an indication of 
locations best suited for human habitation, rather than map specific locations or aspects of 
the archaeological record. Despite this, two distinct settlement patterns were evident in the 
environmental data: (1) coastal foraging and (2) inland agriculture. 

The limitations of the waterway data has also been identified (the ‘thin blue line issue’). In 
overseas modelling, data capture on hydrology using catchment drainage and river flow 
rates has been used to model more accurate estimates of historic river flows. As an initial 
step to this approach, the preliminary model incorporates a historic flood extents layer 
based on data provided by Northland Regional Council. 

The model design involves the following: 

1) Preference for close proximity to volcanic rocks - i.e. for gardening, settlement foci around 
scoria cones. 

2) Preference for ridges and plateaus for elevated Pa site suitability

3) Preference for close proximity to water sources.
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Development Process
Figure 16 shows the key stages and interaction between the expert and GIS user. Forming predictive model rules is an iterative 
process where thinking evolves when potential rules are seen in mapped form. The degree of model parameter refinement 
within a deductive modelling process should not be under estimated. 
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Refine
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Figure 16: Model Development Process
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Primary Data
Explanatory variables identified in the conceptual model design were represented by 
national and regional spatial data sets shown in Table 10.

Table 10: Primary data sources represent geology, topography and water sources.

Dataset Format Sources Scale

Rock Type Polygon 
shape file

Sourced from the Institute of Geological 
and Nuclear Sciences Limited (GNS)and 
Land Resource Inventory (NZLRI)

1:250,000

Elevation Raster 25m Digital elevation model. Landcare 
Research

1:50,000

Rivers Line shape 
file

Sourced from the National Institute of 
Water and Atmospheric Research (NIWA). 
River Environment Classification dataset. 
All six river orders (stream to main river) 
were used.

1:50,000

Lakes Polygon 
shape file

Sourced from Land Information New 
Zealand. 

1:50,000

Flood Susceptible Land Polygon 
shape file

Sourced from Northland Regional Council 
via Koordinates.com. Derived from the 
national New Zealand Land Resource 
Inventory (NZLRI) dataset, and the more 
recent Fundamental Soils of New Zealand 
dataset (Land Care Research). 

1:50,000

Archaeological site data Point shape 
file

Sourced from the New Zealand 
Archaeological Association, January 2012. 
Used for comparison purposes only.

Site 
survey.

Table 11: Strahler river order and lengths within study area. 

River Order Number of sections Length (km)

1 865 545.09

2 367 258.03

3 219 169.00

4 117 87.89

5 76 61.35

6 3 1.87

Fuzzy Membership Classification 
Fuzzy membership is an alternative to the standard reclassification of raster datasets. Rather 
than specifying a limited number of reclassification values, a suitability curve is selected 
and applied to the dataset values to automatically define the class breaks along the curve 
line. In order to understand which curve type to apply to each explanatory variable dataset, 
the expert was asked to populate a simple graph for each variable dataset to show a 
breakdown of each variable against an indicative suitability scale. The resulting suitability 
curve shape was matched to one of the generic curve types shown in the ArcGIS help guide 
and enhanced through various stages of the model development. The following graphs 
represent the initial attempt by the expert to assess fuzzy membership curve profiles for 
each variable. 
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Anisotropic cost surfaces can be calculated using energy consumption or travel time based 
analysis, in this example time to walk across each raster cell constrained by slope friction was 
used (Tobler 1993). 

W = 6 exp (-3.5 * (Slope + 0.05) 

where W = walking velocity (km / hour), S = slope (degrees)

Tobler’s equation is used to form a Vertical Factor table representing walking velocity for 
slope values between +90 and -90 degrees. The following equation was applied in MicroSoft 
Excel to populate the Vertical Factor text file, (Tripcevich 2009);

Time (hours) to cross 1 metre = 0.000166666*(Exp(3.5*(Abs(Tan(Radians(slope_ deg))+0.05)))) 

The cost surface used in the Path Distance calculation used lakes as very high cost forcing 
paths around them. The relative cost of crossing rivers for overland travel is problematic. 
Although accumulated river flow can be calculated, river data in New Zealand lacks other 
attributes such as width and depth which would be required to create a realistic friction 
surface. Another cost variable typically used in this type of predictive modelling is vegetation 
including wetlands; however a prehistoric land cover dataset is not currently available. The 
Path Distance result was converted to minutes per metre to form walking time catchments 
away from water sources and volcanic surface rock.

Estimating Walking Time Catchments from Water Sources 
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Model Workflow

Slope curvature profile

Historic flood extent Path distance 
from water source

Focal statistics

Path distance from 
scoria and basalt

Scoria 
and basalt

Slope (degrees)

Walking time 
catchment (mins)

Reclassify

Reclassify

Walking time 
catchment (mins) Fuzzy SMALL

Fuzzy SMALL

Fuzzy SMALL

Fuzzy NEAR

Fuzzy NEAR

Fuzzy SMALL

Fuzzy SMALL

Fuzzy SMALL

Fuzzy SMALL

Fuzzy SMALL

Fuzzy SMALL

Walking time 
catchment (mins)

Walking time 
catchment (mins)

Fuzzy OR

Fuzzy OR

Fuzzy AND

Preference 
for close 

proximity to 
water

Preference 
for close 

proximity to 
water

Preference for 
elevated flat 

areas

Fuzzy SUM
Preferred location 

for human 
settlement

Preference for 
volcanic rocks

Walking time 
catchment (mins)

Walking time 
catchment (mins)

Walking time 
catchment (mins)

Walking time 
catchment (mins)

Path distance 
from water source

Path distance 
from water source

Path distance 
from water source

Path distance 
from water source

Path distance 
from water source

Path distance 
from water source

Lakes

Coast

River order 1-3

River order 4

River order 5

River order 6

Figure 17: Final fuzzy inference model workflow using ArcGIS 10 fuzzy membership and fuzzy overlay tools
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Figure 18: Archaeological risk intermediate hypothesis, preference for elevated flat areas

Results
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Figure 19: Archaeological risk intermediate hypothesis, preference for close proximity to water
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Figure 20: Archaeological risk intermediate hypothesis, preference for close proximity to volcanic surface rock
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Figure 21: Archaeological risk zones
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Figure 22: Archaeological risk zones with heritage sites, southwest.
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Discussion
The intermediate hypothesis maps (Figures 18-20) highlight the river valleys, inland plains 
and volcanic fields as high suitability areas. The waterways map (Figure 19) picks up the 
flood plains of the river valleys and all of the tributary streams. The combined suitability map 
(Figure 21) indicates that the river valleys and volcanic fields have the highest suitability 
ratings. 

The final predictive risk model (Figure 22) is generated by overlaying the recorded 
archaeological sites information over the predictive suitability layer, along with overlays 
of other relevant information on sites of heritage significance including registered historic 
places, district plan scheduled heritage sites and cultural heritage precincts.

The archaeological site data shows a good correlation with the combined suitability 
layer, particularly in the volcanic field around Pouerua (Figure 22). There are outliers 
- archaeological sites which are located in low risk areas. Assuming that the accuracy in 
recording the location of these sites is not an issue, then this indicates that some unknown 
social or political influence is involved. It should be noted that most pa sites are located 
within the moderate to high levels of suitability.

Preliminary testing of the Predictive Suitability Layer shows a high correlation between the 
model and recorded archaeological sites, with 98.5% of recorded sites located within the 
high to very high risk zones.  Further testing is required to understand the outlier sites in 
the model and refine the rules used in the Predictive Suitability Layer to capture all of these 
archaeological sites types.

Table 12 shows the archaeological site distribution within each risk zone.

Table 12: Archaeological sites per risk zone

Site type 
Very high 

risk
High risk Medium 

risk
Low risk Very low 

risk

Agricultural/ pastoral 17     

Artefact find 16 1  1  

Botanical evidence 9     

Burial/cemetery 12     

Cave/rock shelter 8     

Commercial 6     

Fishing 11     

Flax milling 1     

Flour milling 2     

Gum digging 1   1  

Health care 14     

Historic - domestic 24 1 1   

Historic - land parcel 2     

Industrial 8 1    

Maori horticulture 114 22 11   

Midden/Oven 452     

Military (non-Maori) 6     

Mining - gold 1     

Mission station 11     

Pa 121 5    

Pit/Terrace 373 30 5   

Religious 3     

Source site 1     

Timber milling 2     

Traditional site 6     

Transport/communication 23 1 1   

Unclassified 9     

Total 1253 61 18 2 0



28

Figure 23: Horotutu Bay, Paihia 1916 © Friends of Williams House Historic Photography collection
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Model Performance
Model performance is a measure of the relative accuracy and precision of the risk zones 
identified by the modelling process. In order to assess performance, the deductive results 
are assessed by comparison with recorded archaeological site data and the proportion of 
risk zone area. For archaeological predictive modelling purposes, accuracy is an assessment 
of the proportion of archaeological sites that fall towards the high end of the risk range. 
Precision is a measure of how efficiently the model defines the risk area (Kamermans et al, 
2009) .

The image to the left (Figure 24) shows a zone that is 100% accurate, capturing all sites. The 
image to the right is more precise, requiring a smaller area to define the risk zone, however 
the risk zone is less accurate as it does not capture all sites within the risk zone. 

Recorded Archaeological SiteModelled Risk Zone

 

Kvamme’s gain statistic uses precision and accuracy to produce a model performance score;

G = 1 - (Pa/Ps)

where Pa = the percentage of the risk area compared with the whole study area
 Ps = the percentage of the archaeological sites within the risk zone 

Kvamme’s Gain statistic (Kvamme 1988)

Figure 25 shows an example of archaeological site risk classification using the maximum risk 
value present within the 100m radius zone around each site.

Figure 24: Model precision and accuracy example. 

Diagram adapted from Kamermans et al 2009.

Figure 25: Archaeological site risk allocation.

Maximum risk level = Medium

Maximum risk level = High
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The model has a very high accuracy result with 94% of archaeological sites falling within the very high risk zone. The model precision result shows that the very high risk zone accounts for 
30% of the mainland study area. Future enhancements to the model rules will aim to refine the model’s accuracy and precision.

Table 13: Model performance test results

Risk Zone % of archaeological 
sites

No of archaeological 
sites

Study area (km2) Risk Zone area (km2) Precision Accuracy Gain (Kvamme)

Very high risk 93.93 1253 848.76 255.88 30.15 93.93 0.679036094
High risk 4.57 61 848.76 135.34 15.95 4.57 -2.48712297
Medium risk 1.35 18 848.76 126.56 14.91 1.35 -10.05082971
Low risk 0.15 2 848.76 184.6 21.75 0.15 -144.068335
Very low risk 0.00 0 848.76 146.36 17.24 0.00 n/a
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Risk Zone % of archaeological 
sites

No of archaeological 
sites

Study area (km2) Risk Zone area (km2) Precision Accuracy Gain (Kvamme)

Very high risk 93.93 1253 848.76 255.88 30.15 93.93 0.679036094
High risk 4.57 61 848.76 135.34 15.95 4.57 -2.48712297
Medium risk 1.35 18 848.76 126.56 14.91 1.35 -10.05082971
Low risk 0.15 2 848.76 184.6 21.75 0.15 -144.068335
Very low risk 0.00 0 848.76 146.36 17.24 0.00 n/a

Regional Travel Corridors
The second objective of identifying likely regional travel corridors was achieved by replicating 
the method used by (Whitley and Burns 2006). This method involved modelling least cost 
paths between points set around the perimeter of the study area. The intention was to 
identify areas where multiple routes coincide to form travel corridors across the study area. 
ArcGIS Model Builder was used to automate the process and loop through the perimeter 
points one by one resulting in least cost paths from each point to all other points. A total of 
140 perimeter points were placed at 1 km intervals around the mainland area.

The 140 least cost paths were reclassified and combined into one master layer with values 
representing the cumulative number of paths crossing each cell. In order to determine the 
main corridors in such a dense dataset, the Focal Statistics tool was used to conduct a 100 
metre search around each raster cell to count the number of path values. 

The travel corridor layer represents the final output of the cost surface approach used in 
defining the predictive suitability layer (e.g. Mink, Whitely & Burns). It forms the baseline 
for predicting human movements across the landscape as derived from the detailed 
environmental model, based on the assumption that prehistoric Māori and early Europeans 
preferred paths of least resistance when moving across the landscape. Although the other 
rules present broad areas of ‘suitable landforms’, the travel corridor layer is a more direct 
application of cognitive modelling – i.e. trying to map human thought processes about how 
to move through the landscape. In this manner, the information allows further refinement of 
the broad suitability areas and is in part a move towards capturing pa sites and other special 
sites not otherwise featured in the suitability areas. Although further analysis is required, 
initial review suggests there is a strong correlation between inland site distribution and 
these travel corridors.

A ‘proximity to travel corridor’ rule is suggested as an addition to the other rules in order to 
refine the accuracy of the predictive suitability layer. 

Figure 27 shows the results of the corridor density analysis. Recorded archaeological sites 
also shown for reference. 

Figure 26: Focal Statistics example
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Figure 27: Regional Travel Corridors
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Conclusion
Archaeological comment on model results 
Deductive modelling can be seen as a more appropriate means of modelling human behaviour 
than inductive methods as it is not reliant on the accuracies of known data sets nor is limited to 
only environmental factors. In particular, a cost surface approach is seen as a way of incorporating 
human agency and environmental variables. The approach taken in this study has been to work 
towards identifying ‘travel corridors’ where human habitation is most likely to occur. The majority 
of archaeological sites are expected to lie within these corridors and at focal points at either end 
(i.e. settlement sites). Further analysis of the combination of the predictive high risk areas and the 
modelled travel corridors is recommended, however initial review suggests that some outlying 
sites are in close proximity to these paths of least resistance across the landscape.

It is clear that most recorded archaeological sites fit well within the suitability zones. As expected, 
outliers to the suitability zones are typically pa sites on elevated ridgelines, not a preference 
location under the model’s suitability rules. There are also areas within the high suitability zones 
where no archaeological sites are recorded. These areas provide an opportunity to test the validity 
of the assumptions used in the model. Further refinement of the proximity to waterways rule may 
be sufficient to include these sites within the suitability zone.

In order to check the veracity of the preliminary model, an independent technical review 
was commissioned. The technical reviewers included local experts in the archaeology of 
the study area and this resulted in a number of comments relating to specific locations 
where the predictive risk did not match current knowledge or expectation, e.g. the Waipapa 
Gumfields and Taiamai Plains. It was noted that the reasons these locations differed could 
not be defined in terms of environmental suitability, given that these locations otherwise 
appeared to be ideally suited to human habitat (low lying flat terrain near waterways), rather 
other social or cultural variables were likely to be involved. The review highlighted the value 
of local expert opinions in identifying other regionally specific environmental and non-
environmental variables that can improve the accuracy of the predictive suitability layer. The 
predictive suitability layer created in this study presents only very basic human preference 
rules that have been proven in both overseas and local literature to be of relevance to 
predictive modelling. 

It is recommended that the comments from the technical reviewers should be incorporated 
into this specific predictive model either through refinement of the existing model settings, 
addition of new preference rules, or by overlying another data layer representing areas 
where the archaeological risk is known, either through prior investigation or surveying. This 
data layer could also incorporate information on areas where archaeological remains are 
unlikely to survive as a result of modern disturbance (e.g. reclaimed land, drained swamps).

Recommendations
1) Incorporation of the regional travel corridor data into the Predictive Suitability Layer 

as a new rule (i.e. preference for travel corridors). This will further refine the accuracy 
of the predictive layer.

2) Further analysis of the “outlier” archaeological sites (ie. In ‘low’ risk areas) in order to 
identify how existing risk class intervals or existing rules can be refined to include all 
of these sites within the suitability layer.

3) Addition of sites of cultural significance selected with iwi.

4) Testing of the predictive model – i.e. field surveys of select locations within the study 
area to test ‘potential’ for sites. This will be done through standard archaeological 
assessment process for activities undertaken in this region.

5) Application of the model in other contrasting environments (e.g. Bay of Plenty, 
Canterbury Plains)

6) Development of an archaeological survivability model which looks at the level of 
modern disturbance across a study area and takes into account previously investigated 
areas.. This can be overlaid over the Predictive Suitability Layer.

7) Development of activity specific alert zones based on the predictive risk model, to 
provide simpler accessibility for non-specialist users of the model. (ie: risk zones for 
road widening activities).
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Appendix A: User Guide for The Transport Agency Staff
Introduction to the Predictive Risk Map
The SH11 Predictive Archaeological Model is a risk identification tool developed for use by 
The New Zealand Transport Agency (The Transport Agency). The tool is to be used to assist in 
identifying areas of archaeological risk along to the State Highway corridor for planning and 
consent purposes. The model produces an environment based suitability layer for predicting 
the location of previously unrecorded archaeological sites. The model will be expanded to 
include sites of cultural significance following consultation with iwi. The model may also be 
improved by introducing additional rules.

Relevant Datasets
The following data layers must be active on the GIS map when referring to the predictive 
model: 

1. New Zealand Archaeological Association (NZAA) Database of Recorded Archaeological 
Sites (Live Link via ArchSite). 100m buffer around all sites must also be active.

2. New Zealand Historic Places Trust (NZHPT) Register of Historic Places, Areas and Wahi 
Tapu Areas.

3. District and Regional Council Plan Schedules of Protected Heritage Sites.

4. The Transport Agency Predictive Suitability Layer (region specific) identifying High, 
Medium, Low suitability zones.

5. Regional specific map of sites of cultural significance to local iwi and statutory 
acknowledgement areas [TO BE ADDED].

Maintenance of the Datasets
The Transport Agency staff will be required to regularly update these datasets to ensure that 
information is current and relevant to the model.

• Archaeological site data should be automatically updated via the live link to the ArchSite 
digital database.

• NZHPT data should be reviewed at least annually, with updates to the Register as 
appropriate.

• District Plan schedules should be updated following District Plan reviews or any proposed 
plan changes that are relevant to the heritage schedules.

• Sites of cultural significance should be updated according to iwi specific agreements 
relating to this model. 

Use of the Predictive Model
The model should be consulted as part of the Feasibility Phase of a project (refer to Project 
Management Manual SM011) or as part of the Social and Environmental Screen (SES) 
required by minimum standard Z/19 (Social and Environmental Management). The Draft 
Cultural Heritage Guide (http://www.the Transport Agency.govt.nz/consultation/cultural-
heritage-effects/index.html) should be referred to.

The correct procedure required to use this model is as follows:

 1) Identify the nature of the activity under investigation (refer to tables 15-18).

 2) Refer to Regional Predictive Risk Map containing the relevant datasets: 

•  Identify whether the activity passes through known archaeological sites, 
heritage sites or sites of cultural significance. 

•  Identify the suitability zones through which the activity passes (High, 
Medium, Low). Table 14 shows the relationship between the Risk Map 
class and the Activity Risk.

•  Identify archaeological, consenting and consultation requirements 

Table 14: Relationship between Risk Map Zone and Activity Risk 
classification

Risk Map Zone Activity Risk Classification

Very Low and Low Low Risk

Medium Medium Risk

High and Very High High Risk

3) Undertake the required actions as per tables 15-18.
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Limitations of Datasets

NZAA ArchSite Database
The New Zealand Archaeological Association (NZAA) “ArchSite” digital database contains 
details on all recorded archaeological sites throughout New Zealand. Individuals, professional 
archaeologists and iwi groups have contributed to the database over the last fifty years 
and the quality and detail on records varies. The database is a useful management tool 
for understanding the distribution of archaeological sites within an area and past land use 
patterns. Although some areas of New Zealand have been intensively surveyed and large 
numbers of archaeological sites recorded, there are still large areas where no archaeological 
surveying has been carried out and few sites, if any, have been recorded. A lack of recorded 

sites does not necessarily equate with an absence of sites in some regions. 

It is important to note that the recorded archaeological site location data contained within 
the ArchSite Database should be regarded as indicative only. The coordinates in the ArchSite 
database are, at best, only accurate to within 100m of the actual site location. The full extent 
of recorded sites is often not known and the single point coordinate provided by ArchSite 
is often based on the visible surface expression only. This does not necessarily represent the 
true subsurface extent of a site.

The Transport Agency Predictive Suitability Layer
The predictive suitability layer is preliminary data layer based on archaeological knowledge 
regarding environmental determinants for preferred locations for human activity (i.e. 
proximity to water, preference for easy terrain). The data layer has been derived solely from the 
available environmental data and is indicative only – it is intended as a guide for identifying 
cultural heritage risks; it is important that the suitability layer is used in conjunction with 
the NZAA Archsite database, NZHPT Register and Council schedules. This will then indicate 
to the user whether an activity will have archaeological, consenting and/or consultation 
requirements.

Activity Tables
Tables 15-18 cover the typical works carried out along the State Highway Networks. These 
have been defined:

• Major works outside the existing Road Corridor (Table 15)

• Minor works outside the existing Road Corridor (Table 16)

• Major works within the existing Road Corridor (Table 17)

• Minor works within the existing Road Corridor (Table 18)

To aid in the defining of what constitutes a major or minor work, examples of typical activities 
are provided under the “Nature of Works” column.

Each table contains the actions to be undertaken for each level of risk associated with 
a typical work (i.e High, Medium or Low). The level of risk is determined on the basis of 
whether the proposed works pass through an area where sites of significance have already 
been identified, or if not, what level of suitability risk the works pass through.
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Standard The Transport Agency Activities in Relation to the Archaeological Predictive Risk Model and the Level of Consultation and Assessment Required.

Table 15: Activities Associated with Major works outside the existing Road Corridor

Activity Level 1 Nature of Works High Risk Medium Risk Low Risk

New Activities of Major Nature Outside Existing Road Corridor (i.e. new roads)

•  Construction of new roads or realignments 
of roads in areas where there has been no 
previous road construction.

•  Construction of new bridges, culverts 
and fords, large scale erosion control 
works including stop banks and bridge 
approaches substantially outside of existing 
road corridor.

•  Earthworks: topsoil removal, cut, fill, 
embankments, batter slopes, drainage 
channels.

•  Gravel screening & chipping, vegetation 
removal.

•  Stockpiling and disposal of materials.

• Stream diversion and bunding.

•  Any works affecting pre-1900 structures or 
protected heritage buildings / structures

•  Archaeological Assessment required.

•  Consultation with NZHPT required to discuss 
specific concerns and expectations.

• Consultation with Iwi required to discuss 
specific concerns and expectations.

•  NZHPT Authority Application may be 
required if there are archaeological sites 
present, or recommended if there is 
reasonable potential for unrecorded 
archaeological sites to be present.

•  Cultural Impact Assessment (CIA) may be 
required if there are māori cultural sites 
present.

•  Resource Consent may be required if there 
are scheduled or registered heritage sites 
present.

•  Advice of archaeologist required. Archaeological 
assessment may be required.

•  Consultation with NZHPT recommended to 
discuss specific concerns and expectations.

• Consultation with Iwi recommended to discuss 
specific concerns and expectations.

•  NZHPT Authority Application may be required 
if there are archaeological sites present, or 
recommended if there is reasonable potential for 
unrecorded archaeological sites to be present.

•  Cultural Impact Assessment may be required if 
there are māori cultural sites present.

•  Resource Consent may be required if there are 
scheduled or registered heritage sites present.

If no sites have been identified, 

•  Accidental Discovery Protocol to be 
included in all contracts.

•  Consultation with NZHPT and Iwi 
may be required to comply with The 
Transport Agency’s requirements for 
consultation as set out in SM030. This 
may take the form of a n advisory note 
of works commencing if agreed to in 
prior arrangement with affected party.

Table 16: Activities Associated with Minor works outside the existing Road Corridor
Activity Level 2 Nature of Works High Risk Medium Risk Low Risk

New Activities of Minor Nature Outside Existing Road Corridor

•  Establishment of cleanfill and other 
disposal sites.

• Geotechnical investigation and testing.

• Minor earthworks associated with road 
repair and maintenance.

• Minor earthworks, vegetation clearance, 
bunding and stream diversion.

• Drilling, hand augers, excavation of test 
pits.

• Batters, easing corridors, road drains.

•  Advice of archaeologist required. 
Archaeological assessment may be required.

• Consultation with NZHPT recommended to 
discuss specific concerns and expectations.

• Consultation with Iwi recommended to 
discuss specific concerns and expectations.

• NZHPT Authority Application may be 
required if there are archaeological sites 
present.

• Cultural Impact Assessment (CIA) may be 
required if there are māori cultural sites 
present.

• Resource Consent may be required if there 
are scheduled or registered heritage sites / 
items present.

•  Advice of archaeologist required. Archaeological 
assessment may be required.

• No contact with NZHPT required unless there are 
archaeological sites, cultural sites of significance, or 
statutory acknowledgment areas present.

• No contact with Iwi required unless there are 
archaeological sites, cultural sites of significance, or 
statutory acknowledgment areas present.

• NZHPT Authority Application may be required if 
there are archaeological sites present.

• Cultural Impact Assessment (CIA) may be required 
if there are māori cultural sites present.

• Resource Consent may be required if there are 
scheduled or registered heritage sites present.

If no sites have been identified, 

• Accidental Discovery Protocol to be 
included in all contracts.

• Consultation with NZHPT and Iwi 
may be required to comply with The 
Transport Agency’s requirements for 
consultation as set out in SM030. This 
may take the form of an advisory note 
if agreed to in prior arrangement with 
affected party.
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Table 17: Activities Associated with Major works within the existing Road Corridor

Activity Level 3 Nature of Works High Risk Medium Risk Low Risk

Repair, Maintenance and Works within Existing Road Corridor Requiring Earthworks

• Road maintenance, sealing, repair, area 
wide treatments which require any 
kind of earthworks.

• Repair and maintenance of bridges, 
fords, culverts, erosion control

• Construction of culverts, widening 
and extending of structures, minor 
erosion control works, bridge 
approaches within road corridor, 
stopbanks.

• Removal or demolition of existing 
structures

• Minor earthworks, vegetation 
clearance, removal of material, bunding 
and stream diversion requiring 
earthworks.

• Stockpiling and disposal of material.

• Any works affecting pre-1900 
structures or protected heritage 
structures (i.e. bridges, culverts, road 
carriages)

•  Advice of archaeologist required. 
Archaeological assessment may be 
required.

• No consultation with NZHPT required 
unless there are archaeological sites, 
cultural sites of significance, or statutory 
acknowledgment areas present.

• NZHPT Authority Application may be 
required if there are archaeological sites 
present, or recommended if there is 
reasonable potential for unrecorded 
archaeological sites to be present.

• Cultural Impact Assessment (CIA) may 
be required if there are māori cultural 
sites present.

• Resource Consent may be required 
if there are scheduled or registered 
heritage sites / items present.

• Advice of Iwi recommended to identify 
cultural issues.

•  Advice of archaeologist required. 
Archaeological assessment may be required.

• No consultation with NZHPT required unless 
there are archaeological sites, cultural sites of 
significance, or statutory acknowledgment 
areas present.

• NZHPT Authority Application may be 
required if there are archaeological sites 
present.

• Cultural Impact Assessment (CIA) may be 
required if there are māori cultural sites 
present.

• Resource Consent may be required if there 
are scheduled or registered heritage sites 
present.

• Advice of Iwi recommended to identify 
cultural issues.

If no sites have been identified, 

• Accidental Discovery Protocol to 
be included in all contracts.

• No consultation with NZHPT or 
Iwi required.

Table 18: Activities Associated with Minor works within the existing Road Corridor
Activity Level 4 Nature of Works High Risk Medium Risk Low Risk

Repair, Maintenance and Works within Existing Road Corridor Not Requiring Earthworks

•  Minor works not involving earthworks:

• Use of cleanfill sites.

•  Water blasting, bitumen burning.

• Attaching raised road pavement markers 
and raised edge-lines.

• Pest and plant control, including spraying 
of verges.

• Painting, water-blasting, scaffolding, 
temporary false-work

• Surface clearing of drains and culverts.

• Bunding and stream diversion where 
earthworks not required

If no sites have been identified, 

•  Accidental Discovery Protocol to be 
included in all contracts

If no sites have been identified, 

•  Accidental Discovery Protocol to be 
included in all contracts

If no sites have been identified, 

•  Accidental Discovery Protocol to be 
included in all contracts
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