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Fig 2. Annual Rainfall Porirua (Authors own)

Fig 1. Annual Temperature Porirua (Authors own)



5

At the heart of the thesis is the establishment of a new type 

of landscape practice based upon leveraging the power and 

potential of computational tools to serve cultural attitudes 

to land and land management. The research acknowledges 

that a new approach to landscape understanding is required, 

one that extends the current discipline’s mode of notation 

and representation/visualisation and ‘experience’ within 

the design process. It questions current forms of mapping 

and representational media and highlights limitations 

when communicating ‘non-traditional’ cartographic data, 

such as cultural and spiritual sites arguing that there are 

opportunities for a more holistic experiential interaction. 

By utilising a holistic approach influenced by key Māori 

kaupapa including kaitiakitanga, manaakitanga, and mauri, 

the research offers up a novel digital methodology that 

draws from a range of existing data (demographics, climate 

etc.) and initiates the creation or capturing of new data.

This extended method of ‘bottom up’ data collection 

combined with virtual 3D modelling and visualisation, 

enables traditional understandings of landscape to extend to 

the experiential in the creation of an immersive, interactive 

and open collaborative 3D environment. This is further 

investigated through a process consisting of data conversion 

to mesh production for game engine use, incorporating 

diverse data sets to create new knowledge landscapes 

- an information-rich land model which in turn generates 

interactive 3D landscapes for end users.

The process itself uses commonplace photogrammetry 

techniques as a means to capture selected areas of the 

cultural landscape recording both mesh and texture/image 

map. We then employ the software ‘Unreal Engine 4’ (Game 

development platform). The development of the gamification 

model allows location specific data to be ‘plugged in’ for 

landscape ecosystem monitoring also providing the potential 

for real time resource management. 

abstract
Future speculation of the cultural landscape enables climate 

events to be simulated and tested, giving an understanding 

of implications and risks with a view to local response and 

mitigation. From a design perspective the method/model 

allows designers to respond effectively with Māori end users 

and their real needs, potentially collapsing traditional modes 

of engagement and consultation between designer-client 

relationships providing a more bottom up collaborative 

approach.
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Below Fig 5. Takapuwāhia North Panorama 
(Authors own). Photograph showing the 
expansive views form on top of Takapuwahia, 
Porirua. View shows Titahi bay in the 
background and  Porirua harbour to the right.
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Landscape architecture is still finding its way as a 

multidimensional practice in a design environment that 

has in the past privileged specialist disciplinary expertise. 

Performance and representation methods within the 

landscape architecture profession have experienced a steady 

separation over the last three decades, ‘representation’ is 

commonly seen as the domain of the architect/designer, and 

environmental and civil engineers the discipline of choice for 

testing design ‘performance’ through tools such as physical 

modelling such as wind tunnels or hydrological models.

By reintegrating both of these methods into the 

monodisciplinary field of landscape architecture, the 

potential for designers is expansive. Ian McHarg’s book 

“Design with Nature” was forward thinking and included a 

documented study in the 1960’s and 1970’s that integrated 

both representation and performance aspects as being 

tools for architects. His work covers diverse physiographic 

regions that are detailed with 2D overlays summarising 

patterns of topography, geology, soils, hydrology, vegetation, 

and current land use giving the designer potential site uses 

deemed suitable for particular locations. “…data are of little 

use until they are interpreted and evaluated” (McHarg, 

1995, p. 105).

introduction
This element of integration between representation and 

performance methods now have the potential to be revived 

in landscape architecture as we move towards a more 

‘topological’ 3D understanding of space and information. 

With more software capable of modelling existing landforms 

and the fluid dynamics of wind, water, tides, heat, humidity 

and pollution, the potential for landscape architects, 

community groups and landowners to explore new dynamic 

opportunities for embedding temporality and change in the 

landscape is rapidly improving. Landscape simulations with 

real time data offer techniques for introducing an evidence-

based metric into the design processes, heightening the 

performative ambitions of spaces and providing quantitative 

and qualitative arguments that can prove the value of 

cultural landscapes, remediation projects and enhanced 

infrastructure.

01
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Left Fig 6. Annual Wind Speed NZ 
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annually  - Porirua is shown in 
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Above Fig 12. Performance Analysis (McHarg, 1995). Pages demonstrate 
some of the different visual techniques for documenting performance 
studies of landscapes.

Fig 11. Aerial Perspective  (McHarg, 1995)

How can digital tools be used as a collaboration tool between 
indigenous groups and designers to test and manage future 
developments of their land holdings?

research 
question

01
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Above Fig 13. Bathymetric Diagram Porirua (Authors own). Diagram 
illustrates the location of the intended research site and how submerged 
terrain is leveled in the surrounding harbour  - Takapuwahia is one of the 
most central suburbs adjacent to the Porirua city center. It receives North-
Westerly winds from over the ridgeline and North-Easterly sea breezes from 
within the harbour.

Above Fig 14. Plain Windflow Projections (Authors own). Collection of 
diagrams illustrate the most common wind patterns to hit Takapuwahia - 
these were used in basic model simulations to see how they interacted with 
features of the site.
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Above Fig 15. Action Against Oil Drilling Intensifies (Aotearoa Independent 
Media Centre, 2011). Te Whanau-a-Apanui tribe protest against Brazilian oil 
giant, Petrobras, who were granted premission by the government to rights 
to deep sea drill off their coast.

This thesis proposes the design of a novel method of 

data capture initiated from a ‘bottom up’ (crowdsourced) 

approach which is then supported by a virtual experiential 

design model. The research focuses on land surveying, 

scenario planning, and landscape design for a particular 

indigenous group. The objectives were to select emerging 

tools and associated processes that operate best in terms of:

a) Collaborative engagement

b) Simulation accuracy

c) Scenario planning

d) Limiting factors 

scope

01

Following these studies, ideal tools and processes are 

recommended for further research, tool development and 

testing. Surveying tools explored include: Photogrammetry 

and GPS locating. Landscape tools include: parametric 

design and scripting (Rhino & Grasshopper). Planning tools 

included: 3D game engine: Unreal Engine 4. 

Following the introduction is a brief section on virtual 

information modelling (VIM) and some of the issues 

surrounding indigenous landscapes. The methodology 

section explains how the research was carried out and the 

design section summarises some of the key findings, results, 

and recommendations.  Following is a brief discussion on 

future directions and collaboration. The research then 

finishes with a conclusion on why the research was carried 

out and how it could be useful for other indigenous groups 

around the world.



context
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This section looks at porirua in the 
context of the greater wellington area. 

It draws comparisons between both 
council and iwi priorities for the porirua 
area.
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Takapūwāhia Pā (historically referred to as Porirua Pā or 

Takapūwāhia Settlement /Township) is situated at the 

Southern Arm of Te Awarua-o-Porirua Harbour on the 

south-western shore. The general area is referred to as 

Takapuwāhia and includes the built area surrounding the 

Takapūwāhia Marae complex (shown) and the western 

ridgeline. Mana College and Elsdon Park are located at the 

northern end of the plan site. The marae and residential 

area is situated mainly on flat land, and in the lower slopes 

of the Western Hills. These hills have large areas of native 

bush and provide a scenic backdrop to the community. The 

foreshore area extends to the south from the Hukatai Stream 

at Takapūwāhia Reserve to Semple Street.

In 2006 the population for the Takapūwāhia-Elsdon area was 

recorded at 2268 people, occupying 720 dwellings. While 

Māori are still the most common ethnic group at 48.8%, 

there are a number of European, Pacific Island, and Asian 

families that are also part of the community. The average 

household size is for the suburb is 3.2 people (Takapūwāhia 

Community Strategy, 2014).

location

Above Fig 16. Takapuwāhia Boundary (Authors own). Diagram illustrates the 
suburb of Takapuwahia. As shown it with the white outline it encompasses 
the entire waterfront property for Porirua’s city center. Refer to appendix 
for street names.

02
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The lands, harbours and waterways, within the Ngāti Toa 

Rangatira rohe were adversely impacted by European 

settlement and later urban development. The Porirua and 

Pauatahanui harbours of Te Awarua o Porirua have high 

cultural and historical significance to Ngāti Toa Rangatira 

and contained important natural resources that supported 

abundant flora and fauna (Takapūwāhia Community Strategy, 

2014). The importance of the harbour further increased as 

Ngāti Toa Rangatira lands diminished following the large scale 

land purchases in the nineteenth century and Takapūwāhia 

became the main focus of settlement (Rangatira, Treaty 

Information - Overview of Ngāti Toa Claims, 2010). 

The tribe valued the harbours specifically because it was 

the rich fisheries and related resources that could be found 

south of Kāwhia. (Rangatira, Deed of Settlement of Historical 

Claims Treaty of Waitangi Settlement, 2012). This resource 

has since declined due to years of neglect and effluent runoff.

porirua 
harbour

Above Fig 17. Porirua Harbour (Wojtas, 2009). Photograph shows Porirua 
harbour within the center of all suburbs. 

Above Fig 18. Historic Catch (Takapūwāhia Community Strategy 2014, Page 
9). Photograph of a historic fish catch at Te Awarua o Porirua Harbour.

02
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Left Fig 19. Historic Water Simulation (Authors own). Diagram illustrates 
some of the water systems at play such as flooding, tsunami and rainfall 
overlayed onto a historic plan of Takapuwahia. Areas outlined with numbers 
are lots owned by Ngāti Toa today.

02
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Ngāti Toa Rangatira are manawhenua Iwi for the Porirua 

region. At the turn of the 19th century a number of Tainui 

tribes became embroiled in prolonged inter-tribal conflict 

(Pōmare, 2005). As tensions escalated, Ngāti Toa Rangatira 

departed Kāwhia in 1820s and migrated south under the 

direction of Te Rauparaha and other prominent Ngāti Toa 

leaders of the time (Pōmare, 2005). Through conquest they 

reached as far south as Christchurch and Arahura River on 

the west coast of the South Island (Pōmare, 2005). Their 

settlement consolidated more to the top of the South Island 

and the Wellington region through to the Kapiti coast. The 

name Takapūwāhia is taken from an early settlement at 

Kāwhia and was embodied into their new home.

history

Above Fig 20. Ngāti Toa Rangatira c.1944 Aerial, c.1954 Perspective (Pataka 
Museum Collection). 

In the 1850s the village of Takapūwāhia had a population 

of 252 who had abandoned their main pā at Taupo (now 

Plimmerton) and Pukerua. Besides houses, the pā included 

two raupo chapels, a flour mill powered by water, and 80 

acres of intensive farming of including potatoes, maize wheat 

and kumara (PCC, Historic site: Takapuwahia Village). In 1889 

the Urukahika pā in central Porirua, was abandoned and 

Takapūwāhia became the primary home for the tribe.

02
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Ngāti Toa Rangatira have identified three main problem 

areas that need investigation: 

1. The lack of access to land based information.

2. The quality, diversity and sustainability of land 

management resources.

3. The complexities of indigenous collaboration to address 

future developments. 

Goals:

- Accessibility of Kaitiaki database for Ngāti Toa Rangatira.

- Whanau contribution and interaction.

- Crowdsourcing (recording data themselves).

- Virtual testing of land development.

- Test future built environments.

Outcomes:

- Ability to see the feasibility of design for Iwi.

- Case study for other Iwi, viable tool for other iwi.

- Preserve heritage, degradation of land etc.

- Reuse collected water for Takapūwāhia’s personal use.

- Manage water treatment.

community

Above Fig 22. Takapūwāhia Marae (Aboriginal Health Tour, 2013). Photograph 
of the carvings that represent the genealogy and stories of their people.
Left Fig 21. Maori at Takapuwahia village, c1909 (Pataka Museum Collection).

02
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Housing is an urgent issue for Ngāti Toa Rangatira as other 

Wellington based iwi  (Te Puni Kōkiri, 2016). The tribe 

has clear goals and objectives they want to apply to the 

Wellington housing market. These are summarised as:

Promoting and nurturing a healthy, safe and caring 

environment

- Environmental Management

- Health

- Housing and Land

Maximise opportunities for the economic development of 

the Iwi and Iwi members

- Treaty claim settlement

- Working with local government

- Developing economic opportunities

Rebuild estates and assets of tangata whenua

- Complete the Treaty settlement

- Protect customary interests

- Grow Rūnanga services, capacity and assets

iwi housing

Above Fig 24. Te Aro Pā (Coster, 2016). Photograph of Wellington’s first 
urban papakāinga development  - made up of 14 new homes with 10 three 
bedroom apartments and four single bedroom disability properties. 
Left Fig 23. Te Aro Pā Sketch (Winter, 2015). Artist’s impression of a new 
low-cost rental housing development for local iwi to be built on the site of 

the sheepskin warehouse in Evans Bay.

02
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Right Fig 25. Wellington Residential 
Median Sale Prices (Westpac, 2013). 
Diagram illustrates the locations of 
the more desirable suburbs in the 
Wellington region  - prices have begun 
to soar in areas where there are good 
schools, shops, public transport and 
access to a variety of amenities.

The development of resource management practice in 

the Porirua region offers opportunities to foster strong 

relationships between community and council. By enabling 

local people to capture and monitor environmental data a 

detailed picture of the resource can be made. This allows for 

a more informed management process, where plans can be 

actioned and results monitored, realising the potential of an 

area and improving its desirability. 

amenity zoning Takapuwahia

02
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Above Fig 28. State Housing (Timutimu, 2014). Photographs showing the 
different buidling typologies that are common in the Porirua region.

Above Fig 26. Urban Sale Listings (Wellington Rental Market Analysis, 2016). 
Sale Listings in Wellington’s urban area are at an all time low with under 
1000 listings compared to a normal level of 2000 the previous years.

Above Fig 27. Urban Rental Listings (Wellington Rental Market Analysis, 
2016). Rental Listings are well below 1000  compared with a more typical 
1400 in the last 6 years.

Ngāti Toa Rangatira are at the lower end of the inventory 

scale located in areas that are not actively sought after. 

They would like to develop more housing for their own iwi 

members and see a growing market of other first home 

buyers which could benefit Iwi in their economic and social 

outcomes. The areas identified for potential housing have 

degraded environmentally and need improvements in order 

for development to proceed. The impacts of increased 

waste, cars, water and sound through a new development 

can have major implications on the local ecology need to be 

addressed in the design and a management phases. The Iwi 

have expressed interest in becoming more actively engaged 

with this research to gain some insight into what could be 

done.

urban housing

urban rental listings

urban sale listings

Fig 29. Kitset Housing (Porirua City Council, 2010)

02
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Fig 31. Village Footbridge (Authors own)

Porirua region has a variety of natural features and open 

space allowing good opportunities for outdoor recreation 

activities reveal not only the natural ecology of the region 

but also the cultural heritage sites. 

Neighbourhood parks and reserves are well distributed and 

are all reasonable walking distances to and from the town 

center, while large amenity sports and natural amenities are 

more spread out. Although there are plenty of recreational 

activities on offer in Porirua there seems to be a lack of 

interconnectedness between spaces. Porirua Council’s 

Transportation Strategy 2012 mentioned that there are no 

dedicated on road cycle paths within the city and walkways 

are under used. Currently there is a north-south cycle/

walking spine exists following the main state highway 1/

railway corridor,  known as Ara Harakeke which provides 

connectivity to Pukerua Bay, Plimmerton, Mana/Paremata 

and Porirua CBD but does not look to extend into adjacent 

Porirua Suburbs to the west (PCC, Porirua Transportational 

Strategy, 2012).

Because of the declining rates in the use of cycling and 

walking as a mode of transportation the statistic has been 

recreation 
& transport

reflected in the Porirua Transportation Strategy as having 

potential in addressing traffic congestion, road safety and 

levels of physical activity. Increased cycling and walking will 

bring direct benefits in terms of reduced environmental 

impacts and improved personal health providing a sense 

of identity and contributing to economic activity within the 

Porirua Region.

New Zealand Travel Survey stated that 75% of trips are made 

by motor vehicle, one third of these trips are under 2kms in 

length and two thirds are less than 6kms, many of these trips 

could be made by public transport, walking and cycling (PCC, 

Porirua Transportational Strategy, 2012). There is a need 

for safer walking and cycle trails. North western suburbs 

such as Takapūwāhia and Titahi Bay have been earmarked 

as potential contributors with much of their open space 

being popular destinations/community hubs for people in 

Porirua (Ngāti Toa Marae, Titahi Beach etc.), these locations 

could provide initiatives that help strengthen recreation 

connections for other landscape enhancements to follow on 

for the region.
Fig 32. Takapūwāhia Trail (Authors own)

02
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The council’s vision (2012) (PCC, Recreation + Open 

Space Strategy, 2012) for the Porirua region is to create a 

collection of distinct villages that are interconnected through 

enhanced green spaces that complement the encompassing 

harbour. They envisage these spaces to be safe and efficient 

connections into the city center. Porirua council plans to 

establish an ecological corridor and open space network 

that is integrated into the built environment with the hope of 

enhancing the continued efforts of nurture and restoration 

in its current reserves, wetlands, and riparian margins of the 

streams. Three themes that are specified as major focuses 

for the council are:

1. Protection of natural and historic heritage, coast line, 

waterways, and forest areas.

2. Connections between ecological, recreational, cultural 

and economic efforts.

3.  Leisure opportunities for outdoor, indoor, casual, and 

organised activities.

council vision

Above Fig 33. Porirua Markets (Whitfield, 2016). Photograph of the central 
city carpark on a Saturday morning. The Markets offer a great variety of food 
and fresh vegetables.

Goals:

- Public open spaces are to be healthy, well maintained, 

connected and enjoyed by all.

- People are able to be safe and easily connected with access 

to great places and activities for recreation and sport.

Outcomes:

- Public develop pride in place and participate in the care and 

upkeep of parks and open spaces.

- Native plants and animals are able to thrive and live in 

healthy habitat.

- Historic and cultural heritage is protected and well 

represented amongst the Porirua region.

02
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Caring for our Parks and Open Spaces

• Identify and implement initiatives that support sustainable procurement of resources. 

[PCC]

• Volunteers and Care Groups are encouraged and supported.

• Support Parks and recreation are managed sustainably.

• Village planning processes are used to help improve community ownership of local 

parks. [PCC]

Native Plants and Animals live in Healthy Habitats

• Pests and weeds are controlled.

• Degraded natural environments are restored, protected and enhanced (priority on 

those places with catchment relationship to inlet and harbour).

• Regularly monitor key streams flowing through reserves. [GW, PCC]

• Waterway and biodiversity network connection improvements to Regional Park. [PCC, 

GW]

Historic and Cultural Heritage is protected and easy to experience.

• Our cultural heritage is evident in the protection, design and use of open space.

• Our historic heritage is managed to protect or restore its values.

• Incorporate cultural and historic values in capital development project briefs and 

budget for design, signs information and interpretation. [PCC, Historic Places Trust, Te 

Runanga o Toa Rangatira]

Māra Kai & Nursery (A Sustainable Community)

• Establish and maintain a Māra kai and nursery at 6 Ngātitoa St.

• Initiate sustainable examples at the site such as solar powered lighting, renewable 

energy options, and a water infiltration system.

• Establish and maintain fruiting trees at appropriate areas in the community.

• Encourage a seedling base for community use. [Tupuna]

Enhance our Natural Environment (Mitigate flooding/storm water)

• Implement landscape and restoration plan for each stream (Maintain and monitor 

restoration).

• Mapping of existing and potential habitat; barriers to fish passage.

• Undertake a community survey to identify remaining areas at risk from flooding. 

Develop a remedial plan with council to alleviate risk of flood at identified sites. 

Marae and Iwi Education (Historic Narrative)

• Extend paving design as depicted on Te Hiko Street to encompass the front of the 

marae complex on Ngāti Toa Street.

• Provision of visually appealing seating outside the complex to accommodate manuhiri 

that are waiting to be called onto the Marae.

• Encourage rongoa Māori (traditional herb) species at marae and in community. [Tupuna]

pcc strategy ngati toa strategy

For more information refer to the Appendix

comparison of value systems

02
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This section looks at some of the 
benefits of using digital tools and 
how they can be integrated into an 
indigenous collaboration.
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There are a number of 3D spatial software packages on 

the market today, but nothing that specifically focus on 

the complexities of digital landscape modelling. Although 

elements of this research can be rendered using design 

industry software packages, the landscape visualisations 

and appropriation of digital techniques fail to portray 

‘realistic’ landscape elements such as terrain, vegetation, 

and water. Some techniques for creating convincing static 

visual representations have been developed but tend to 

be complex and limited in terms of interacting. In reality 

landscapes are dynamic environments and current digital 

techniques used for the representation of these dynamics 

are still in their infancy.

“Landscape architects have powerful visual tools capable 

of changing people’s perceptions and perhaps motivating 

action at various levels” (Sheppard, Shaw and Flanders) 

VIM seen today lack the ability to bring in choreographic 

sequences and vernacular identity that could give animations 

significant representational depth. They are limited in 

capturing traditional knowledge and demonstrating the 

relationships between indigenous communities who have 

an affinity or ontology to their landscape. The modelling 

tends to be structured around physical performance analysis 

techniques and not the relationship dynamic of people to 

place. The absence of these representation for indigenous 

communities is the gap that this research aims to be framed 

around.

This research has been designed to draw key learnings 

from indigenous communities and an understanding of the 

integral relationship they have to cultural landscapes. The 

process of visualising the landscape through their eyes using 

a developed visual information model, will allow designers 

to better represent indigenous knowledge. This collaborative 

approach has the potential to develop a unique ontological 

and representational model with both cultural values and 

performance integrated overlays.

virtual
information 
modelling

Above Fig 34. Ecology VIM (NICOGGRAPH, 2013). Screenshot from 
GreenLab Amap research team who have developed a system where they 
use modelling software to track the  growth and architectural development 
of plants, from individual specimens to varied populations.

03
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Vision is easily the dominant human sense when perceiving 

the environment. In the past the two dimensional 

representation of landscape visual information has been 

used through maps, plans, and sections however these can 

be misread spatially. Dynamic 3D digital visualisations give 

us the opportunity to understand environmental changes 

before they occur and model more closely to our visual 

sense through perspective. They also give the ability to 

share, experience and explore dynamic environments to 

enable informed discussion and better decision making. 

Human responses to environmental or visual stimuli such as 

landscape visualisations, can be broadly categorized as follows: 

engagement (level of interest and attention); cognition 

(related to knowledge, awareness and understanding); 

affect (related to feelings, perceptions, and emotions); and 

behaviour (related to changes in behaviour of the viewer) 

(Appleyard, 1977, pp. 43-88) (Zube, Sell, & Taylor, 1982, 

pp. 1-33). In the collective sphere of community planning, 

value of 3d 
digital landscape 
visuals

Above Fig 35. Game Visualisation (Rigney, 2013). Screenshot of a 3D 
landscape visualisation from a research paper comparing 2D versus 3D 
Landscape visualisations with regard to economic valuation - landscape 

scenario is based in the Alps.

related consequences such as capacity-building (to deal with 

climate change), policy change, and decision-making are 

also important (Sheppard, Local Climate Change Visioning: 

A New Process for Community Planning and Outreach Using 

Visualization Tools, 2008). The possibilities for landscape 

visualisations are endless with climate simulation, design 

simulation, historic narratives and real-time data all pushing 

the boundaries of how we currently operate. 
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The term ‘Indigenous Landscapes’ is described by scholars 

today in terms of cultural constructs and the interactions 

between people and nature over time.

Since humans existence different ethnic groups have 

developed descending from and identifying themselves 

as indigenous of a given region, in contrast to groups that 

have settled, occupied or colonized the area more recently. 

Avid ‘vernacular landscape’ writer John B. Jackson defines 

landscapes as “...never simply a natural space, a feature of 

the natural environment. Every landscape is the place where 

we establish our own human organization of space and time” 

(Jackson, 1984, p. 156). Indigenous groups can maintain their 

traditions or other aspects of a culture through particular 

features of their landscape. This can mean relating to the 

land as a living entity with spiritual like qualities. 

With the accelerated losses of biodiversity, habitats, and 

native languages, indigenous knowledge, including the 

study of traditional ecological knowledge of species and 

landscapes maintained by native nations, has become ever 

more significant. Many indigenous place-based knowledge 

systems pre-date the formal articulation of Western and 

Eastern scientific tenets by thousands of years. In particular 

there is a need to support and incorporate indigenous 

cultures into projects that restore habitats of declining 

species and resuscitate lost practices and landscape 

knowledge. Although there are already growing efforts, 

ranging from large-scale indigenous led monitoring programs 

of wildlife populations (Luzar, et al., 2011, pp. 771-781) two 

examples of mapping traditional lands, in the little known 

Darien province of Panama (Herlihy, 2003, pp. 315-331), 

traditional knowledge is rapidly shifting if not dramatically 

eroding between generations as formal education and social 

media have eclipsed oral transmission from elders.

indigenous 
landscapes

Understanding the importance of Indigenous landscapes is 

an integral part of the process of examining and celebrating 

cultural diversity. They are important as they contribute 

significantly to our well-being and quality of life by providing 

the broader context within which we live our lives. Without 

having first served an appropriate apprenticeship in learning 

about the culture, its history, cosmogony, customs and 

language. Too often, the lack of these attributes has led 

to subsequent misuse and even abuse of superficially 

acquired knowledge, thus reinforcing the reluctance of many 

indigenous groups to share their knowledge with uninitiated.
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The indigenous people of New Zealand (Māori) are not an 

entity on the landscape, but see themselves interconnected 

in a holistic sense. They see their role not as an obligation to 

resolve environmental issues upon their own landscape, but 

as working symbiotically, coexisting, sharing, and protecting 

one another. Maori share with other indigenous people a 

legitimate concern and apprehension when uninitiated enter 

their cultural world. “To Māori the land is part of the living 

body of the tribe. It is not just that they are sentimentally 

attached to it because they have lived there all their life and 

because their ancestors are buried there. Inseparable from 

the land are the multiplicity of spirit beings which make up 

the authority (Mana) of the tribe” (Schwimmer, 1966).

contextualising
indigenous nz 
landscapes

Above Fig 36. Te Aro Pā in the 1840’s (Norman). One of the most central city 
pā sites to be discovered in  Wellington.

Above Fig 37. Te Aro Pā Today (Heke, 2008). The remains of a 160 year old 
pā site that can be viewed on the ground floor of a multi-million dollar high 

rise development in the heart of Wellington City.
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Maori cosmogony underpins the traditional relationship 

between Māori and the land: ngā tikanga whenua. Māori 

customs, values and attitudes, inadequately described as 

“the Māori worldview” or belief system, (Marsden, 1975) 

derive ultimately from an indigenous body of knowledge 

which seeks to explain their understanding of existence.

Most versions consist of recitations of creation events 

arranged in genealogical order. The story begins with Te Kore; 

the realm of chaos where Io, the Supreme Being conceived 

the subsequent voids from which Ranginui, the sky father, 

and Papatuānuku the earth mother would emerge. (Buck, 

1950). From these primal parents arose many offspring, atua 

(supernatural beings), each responsible for, or guardians of, 

particular natural phenomena. Tane nui a Rangi (Tane the 

greatest son of Rangi) also personified as Tane-mahuta (god 

of the standing forest) eventually separates his parents and 

transitions the world from darkness, Te Po, to the world of 

light, Te Ao Marama, and a new phase that eventuates in the 

whakapapa (genealogical continuum) of people.  

maori 
cosmogony

Above Fig 38. Māori Origins (Authors own). Diagram illustrates the environment  as family  - the offspring of Ranginui 
(Father) and Papatūānuku (Mother).  It portrays how Māori view the origin of the universe and all things living. Refer to 
appendix for more information.

Ranginui
Sky Father

Papatūānuku
Earth Mother

Tumatauenga
God of War

Tāwhirimātea
God of Weather

Tāne-mahuta
God of Forest 

and Birds

Tangaroa
God of the Sea

Rongo
God of peace, and 
of cultivated plants

Haumia-tiketike
God of wild food 

plants

Rehua
A star (Antares)

Ruaumoko
Source of 

Earthquakes

Hine-nui-te-pō
Goddess of 
death/night

Punga
Ancestor of 

Ugly Creatures

Tū-te-wehiwehi
Ancestor of 

Reptiles

Ikatere
Ancestor of 

fishes

Kaitangata
Husband of 

Whaitiri

Māui
Demigod

maori gods, goddesses and ancestors
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Above Fig 39. Core Māori Values (Te Aranga Māori Design Principles, 2008, 
Page 9). Diagram illustrates what should be considered when working in 
collaboration with Māori groups in New Zealand.
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Māori have holistic and interconnected relationships with the 

natural world and its resources, with a rich knowledge base 

- mātauranga Māori - developed over thousands of years and 

dating back to life in Polynesia and trans-Pacific migrations. 

Core Māori values have been informed and considered 

as pertaining to Māori in general but within that iwi and 

hapu have their own distinctive, although recognisably 

similar, perspective (DOC, 1994). These process-oriented 

principles have provided the foundation for, and underpin 

the application of, the outcome-oriented Te Aranga Māori 

Design Principles (Steering Committee, 2008).

core 
maori values

Rangatiratanga: The right to exercise authority and self-

determination within one’s own iwi/hapū realm.

Kaitiakitanga: managing and conserving the environment as 

part of a reciprocal relationship, based on the Māori world 

view that we as humans are part of the natural world.

Manaakitanga: the ethic of holistic hospitality whereby 

mana whenua have inherited obligations to be the best hosts 

they can be.

Wairuatanga: the immutable spiritual connection between 

people and their environments.

03

Kotahitanga: unity, cohesion and collaboration.

Whanaungatanga: a relationship through shared experiences 

and working together which provides people with a sense of 

belonging.

Mātauranga: Māori/mana whenua knowledge and 

understanding.



methodology
04

This section looks at the research response and 
development of a new type of landscape system 
based upon utilising digital tools to serve cultural 
attitudes towards land resources and management.

fieldwork

interactive digital 
landscape system

design simulation

Fig 40. Research Icons 
(Authors own)
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Right Fig 41. Research Response 
(Authors own). Diagram illustrates the 
3 main bands that are interwoven: 
Ngāti Toa strategies, research 
methodology and core Māori values. 
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Left  Fig 42. Partnership (Authors own). 
Diagram illustrates the understanding we had 
with the local iwi, Ngāti Toa - it is interwoven 
into 3 main bands: Design research/
collaboration, methodology and analysis. A core part of this research included acknowledging the 

interests through collaboration and incorporation of Māori 

values. Research through design has been used to propose 

a system to this problem with a resolution which mirrors a 

holistic approach and unites all involved from a new angle. 

Land management is a largely sensitive issue for indigenous 

groups so this research could continue in many directions. 

This research will investigate key digital tools and systems 

to gauge a potential value, while recognising challenges and 

barriers to overcome.

Due to the scope of the research, the study method will be 

carried out in three distinct stages; fieldwork; interactive 

digital landscape system; and design simulation. 

The intention is to translate cultural values into an interactive 

indigenous digital landscape of a real world environment that 

can be used to simulate climate data, designs and landscape 

narratives for a specific indigenous group.

research 
intention

04
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This research developed a method that could be targeted 

to three specific audiences in order to acquire adequate 

information through the lens of the indigenous people; elders 

who are the bearers of historical information; returning and 

existing iwi members interested in the development of their 

environment; and young adults responsible for the future 

and prosperity of their environment. The method will test 

how collaboration can incorporate the underlying cultural 

values of a specific indigenous group and their landscape. 

Initial discussion will provide starting points which will 

dictate locations of site specific data collection. 

Translating these values into the landscape will format 

our approach towards collecting data. Utilising tracking 

hardware will enable correspondence of data entry points 

entailing organised site specific data. The next step is to 

develop an interactive digital landscape visualisation system 

built upon the indigenous values with correlation to their 

method

S EWN N

S

ngati toa 
school

te runanga o toa 
rangatira

church of jesus 
christ of latter 
day saints

Fig 43. Takapūwāhia Section 
(Authors own)

land holdings. This step requires the replication of real world 

environments through photogrammetry processes involving 

a variety of hardware (drone technology; digital imaging 

camera, access etc.) along with optimal software designed to 

derive collected data and format for optimal resolution and 

representation among both 2 dimensional and 3 dimensional 

platforms (Autodesk Remake; Unreal Engine; Rhino etc.). 
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fieldwork
The fieldwork section allowed the research to gain immediate 

sensory responses to site whilst also gaining valuable 

scientific data. This understanding of site as an interwoven 

base served as a great starting point for accurately recreating 

and testing the site at a later stage as an interactive virtual 

environment. “Fieldwork gives the researcher an “on-the-

ground”, more realistic perspective than any second-hand, 

pre-digested/analysed account” (Pacheco-Vega, 2014).

Fieldwork analysis was essential to this research and was 

conceptualised as having three main dimensions: physical, 

perceptual (aesthetic) and associative. The physical 

dimension includes gaining an understanding of the earth 

sciences, ecology and hydrology, and the overlays of road 

and settlement networks, street and cadastral layouts, land 

uses and existing architecture. The perceptual dimension 

comprises direct appreciation through the senses, 

such as sound and smell. It also includes such aesthetic 

characteristics as clarity, coherence, and legibility (in a 

mental map sense). The associative dimension includes 

those aspects of a landscape usually reached by way of 

humanities, such as cultural meanings, history and spiritual 

aspects as transcendence, identity, belonging and continuity.

Above Fig 44. Takapūwāhia Fieldwork (Authors own). Photograph 
showing some of the Revegetation. Native planting has been slowly been 
regenerating amongst gorse bushes after being degraded for decades as 
farm land.

Fig 45. Māra Kai (Takapūwāhia Community Strategy, 2014, 
Page 21).
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The GIS Mobile Data Collection (MDC) application was used 

as part of the physical dimension of the fieldwork analysis 

and links back to some of the core Māori values such as 

kaitiakitanga, whanaungatanga and mātauranga. This 

approach formed the backbone to the research approach 

and aided in the collaborative process to get the iwi on 

board. MDC was used as it is a free and open-source set of 

tools which helps organizations author, field, and manage 

mobile data collection solutions.

GIS MDC provides an out-of-the-box solution for users to:

- Build a data collection form or survey. 

- Collect the data on a mobile device and send it to a server. 

- Aggregate the collected data on a server and extract it in 

useful formats. 

hardware

Above Fig 46. MDC Collection Forms (Authors own). Screenshots of three  
of the data collection forms that were designed specifically for the local 
iwi - The forms served as a way of crowdsourcing and getting members to 
survey  their own landholdings in Takapuwāhia. Refer to appendix to see 
server map.

In addition to GPS locations and images, MDC helped enable 

iwi to engage in the research. By crowdsourcing, iwi members 

were able to individually download this application with our 

forms loaded and help aid in the building of a multimedia-rich 

nature mapping system. By contributing to the collection of 

data, members were able to gain form a new understanding 

of their environment and were able to see the benefits of 

utilising this type of system for iwi benefits.
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300m Radius 

Drone Centerpoint

100m2 Grid

Due to unforeseen circumstances the research was unable 

to utilise this technology and had to make do with capturing 

photogrammetry by foot. The scope of the intended research 

had to change to a smaller scale to which the system could 

still be proven. Site specific photogrammetry was switched 

to objects that could be identifiable by the iwi as belonging 

to a certain area. This capturing of smaller scale objects was 

still able to provide a collection of high quality images that 

could then be then used to create a collection of interactive 

3D environments. This setback forced us to rely on extra 

compensation from other platforms such as Unreal Engine 

4 to make up the majority of the landscape environments 

making it less true to form and accuracy. By including aspects 

of the landscape such as site specific objects the research 

was still able to portray intentions of cultural meaning, 

history and spiritual aspects connecting to iwi identity, 

belonging and continuity.

photogrammetry

Above Fig 47. Photogrammetry Flight 
Zones (Authors own). Model illustrates 
some of the elected areas for the drone 
to capture the photogrammetry from.
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In order to test the research methods before implementation 

on our selected site we underwent small scale pilot studies 

as exercises to test different ways of executing the capturing 

of photogrammetry from ground level. Through these 

studies we were able to refine the process to get the highest 

quality 3D mesh possible within a succinct timeframe. These 

pilot studies helped to define a simple process with the main 

intention of being able to pass on these techniques to other 

people in an accessible form. To investigate the best practice 

photogrammetry approach, two pilot study objects were 

photographed.

pilot studies

Above Fig 49. Photogrammetry Screenshots (Authors own)Above Fig 48. Pilot Study Photo Slides (Authors own). A small snippet of 
some of the photos used for producing various photogrammetry models.
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The first object was captured using a handheld camera, set 

to standard JPEG format during a mid-morning schedule to 

reduce as much direct sunlight as possible. As shown, lighting 

remained an issue with too many disrupting shadows and 

spot lighting effecting the model. The other issue was the 

difficulty of capturing images of the subject from above 

(inaccessibility to higher grounding etc.). For this model, only 

100+ photos were captured which made for poor stitching in 

certain areas (top of the model and ground base). Although 

the collection process was fast (only taking around 5mins 

for 6m2) the end product was not to the standard we had 

expected.

oruaiti pa

plan
side

Left Fig 51. Photogrammetry Model 
Oruaiti Pā (Authors own).  Some of 
the defects can be seen when you 
capture photos with over exposed 
light and  fewer angles.

Above Fig 52. Textures Oruaiti Pā (Authors own). Screenshot shows some of 
the photogrammetry textures captured in the model.

Fig 50. Poor Photo Angles Diagram (Authors own)

not suited
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The second image shows a more refined model with a higher 

quality 3D detail. To test against the previous approach we 

used NEF Raw formatted photos on a rock formation in Palmer 

Bay. 200+ photos were photographed in the late afternoon 

when the lighting was monochromatic, this meant casting 

of low shadows and little reflection. The collection process 

is a lot slower taking around 20-25min for a site around 

14m2 but produced a collection of much more convincing 

3D mesh. This approach proved to be the successor and was 

applied throughout the research.

palmer bay

plan side

Below Fig 55. Photogrammetry 
Model Palmer Bay (Authors 
own). Finer details  can be 
captured when you take photos 
with the correct lighting and 
settings.

Above Fig 54w. Textures Palmer Bay (Authors own). Screenshot shows a lot 
more of the photogrammetry textures captured in the model compared to 
previous.

Fig 53. Correct Photo Angles Diagram (Authors own)

preferred option
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interactive digital 
landscape system
The digital resources currently available to the landscape 

profession are limited compared to other disciplines such as 

architecture. By refining and developing an interactive digital 

landscape system this research was able to create a reference 

or guide for other landscape designers to easily apply and tap 

into the digital realm with little or no experience. “Immersive, 

interactive systems that can effectively engage us within 

narrative experiences but still allow us to exhibit agency 

over our experiences have the potential to revolutionize the 

ways in which computational systems are used to entertain, 

educate, and train humans” (O.Riedl & Bulitko).

Above Fig 56. Porirua Region Ue4 (Authors own). Screenshot of Unreal 
Engine 4 processing the porirua region from a height map - Hill heights have 
been exaggerated.

The potential to generate and test current and future land 

developments within the landscape system were tested in 

this section developing a model that integrates climate data, 

textured land base and cultural values in the emulation of 

a Māori cultural landscape. Through the design of a system 

we were able to communicate the research work with Ngāti 

Toa and its stakeholders to disseminate domain-based 

information of their land. By inputting location specific 

data the research was able to demonstrate landscape 

ecosystem scenarios and resource management, giving iwi 

an understanding of implications, impacts and risks with a 

view to local response and mitigation.
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The software selected for processing captured 

photogrammetry was Autodesk Memento (ReMake). It 

is an end-to-end solution for converting reality captured 

photos and scans into high-definition 3D meshes. The 

meshes can be cleaned up, fixed, edited, scaled, measured, 

retopologized, decimated, aligned, compared and optimized 

for downstream workflows.

To achieve an accurate photogrammetry model, the trimming 

of any excess areas were removed. Detect & fix mesh issues 

were identified and points closed on the model, reducing the 

risk of faults later on when exporting to game engine. ReMake 

allowed for a simple process re-scaling objects and allowed 

for manipulation if needed to extrude the photogrammetry 

to correct heights and/or lengths. Finally reducing the face 

count and adding coordinate points would make the model 

geographically accurate, so when exporting as FBX to use in 

Unreal Engine 4 the model could be placed correctly on the 

x and y axis.

remake software

Above Fig 57. ReMake Modelling Screenshots (Authors own). You can edit 
and rescale objects before exporting to the next stage in the game engine.
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Above Fig 59. Unity Workflow Interface (Authors own). Screenshot of the 
Unity Interface in use. As shown it is very dated and confusing to navigate.

In order to test the varying potential of game 

environments the research needed to select the best 

platform that would produce a 3D environment easily 

navigable, detailed and free to download. Unity (Game 

development platform) was the first to build up our 

selected site. The platform exercise tested different ways 

of creating mesh landscapes and the importing captured 

photogrammetry. This test was purely based on the ease 

of operation, time and render/texture quality. Through 

this testing we came to the conclusion that Unity was 

able to create environments but through a complicated 

process compared to other platforms available. The 

interface was not user friendly and the render quality 

at the end of a short session was not to the standard 

we had hoped. In order to make this method more 

adaptable and approachable for an outsider we decided 

to move towards Unreal Engine 4.

unity software

Above Fig 58. Pilot Study Screenshots Unity (Authors own)

not suited
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The gamification software that was selected for 

use in the research is Unreal Game Engine 4. This 

program has the potential to analyse the impact of 

a new design in its surroundings and turn existing 

environments into digital models with immersive 

virtual flythrough. The game engine brings an 

interactive stage with users being able to experience 

1st person with overview of context, sightlines, and 

buildings/object heights in relation to the viewport. 

The scale of imported models can be adjusted to 

suit including photogrammetry models. The user 

interface for this software was a lot easier to navigate 

and work in a similar way to grasshopper with plugins 

and scripting included.

unreal engine 4 
software

Right Fig 60. Ue4 Workflow 
Diagram (Authors own). Shows how 
the game engine can be associated 
with the new landscape approach 
and culutral collaboration.

preferred option
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terrain polysurface

image sampling terrain mesh

image sampling

terrain polysurfaceimage sampling

easy grasshopper contour polysurface

DEM heightmap extrusion simple grasshopper contour mesh

colour hue aerial extrusion

complex grasshopper contour polysurfaceblack and white aerial extrusion

Some of the simulations and designing of spaces were 

implemented through the use of Rhino and grasshopper. In 

order for any simulation to take place a surface needs to be 

created as a base that can then be scalable and defined as 

close as possible to the true landform subject. As shown, in 

some of the test studies below there are many ways in which 

you can create a landscape model, all vary in quality, ease 

and definition. To achieve the best and most simple to devise 

landscape model the terrain mesh model was selected as 

the chosen process where contours from a scaled DWG are 

extruded to 1m intervals and a surface is then patched joining 

them as a 3D object where you can increase definition based 

on more modelled points.

rhino & grasshopper software

Fig 61. Terrain Surface Variations (Authors own)
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At the beginning of the research there was very little digital 

resources in the form of scripting available for the field of 

landscape architecture. The grasshopper scripts used to 

create 3D forms and test various simulations were all based 

off architecture tutorials and needed to be refined and 

simplified to align with the research landscape approach, 

whilst keeping in mind that this technique should be 

accessible for fellow landscape designers to access. In the 

process of refining these scripts, videos of these workflows 

were captured with future intentions of releasing a YouTube 

channel based around digital landscapes. These videos show 

the scripting process and are easy to understand, quick 

tutorials on how to create high definition 3D surfaces from 

contours and images, water runoff and gradient pathfinding 

are all included. These valuable digital analysis tools are a 

great way to test designs, simulate climate conditions and 

allow for a new perspective of site that differs from the 

conventional way landscape architects typically engage with 

a project.

grasshopper scripts

Image surface water runoff

path finder

Right Fig 62. Refined Grasshopper Screenshots (Authors own). Refined grasshopper scripts used to 
simulate elements such as water runoff and tsunami flow etc. Refer to appendix for enlarged versions 
of scripts.
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design simulation
One of the primary advantages of simulating designs is that 

they are able to provide users with a way to give practical 

feedback when designing real world systems. The designer is 

able to determine the correctness and efficiency of a design 

before the system is actually constructed. Consequently, 

the user may explore the merits of alternative designs 

through an interactive and immersed experience without 

actually physically building the system. “Participants learn 

to train decision-making and acquire analytical skills as the 

simulation goes on” (Maidment & Bronstein, 1973).

Above Fig 63. Design Experiments Ue4 (Authors own). Screenshots of some 
of the landscape designs that can occur when experimenting in Ue4.

04

During the design experimental phase, the research 

presented a range of design options in a simpler form that 

left out elements such as plant selection and the placement 

of existing walkways. By mimicking the behaviour of the 

designs, the simulation is able to provide the research with 

new realistic scenarios that can then interact with real site 

information pertaining to the correctness and efficiency of 

each design. The research could draw a more detailed and 

interactive response for iwi members and allow them to 

see the site in an immersive environment. After carefully 

weighing the potential of each design, elements of the best 

design may then be selected with enough evidence to prove 

its worthiness. 
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When designing the game interface it was important to firstly 

predict what the user wanted to know and give them that 

information in the simplest form. Because this system was 

designed for a specific group of people with the intention of 

being used by a variety of different users (age, gender etc.), 

it needed to be simple, easy to use and navigable. The UI 

created is based on the interface of a phone sized app in 

order to be familiar and repetitive in terms of options. This 

interface helps to communicate a clear menu system and 

has only been developed for four select uses at this stage.

game interface ue4

Above Fig 64. Game Interface Ngāti Toa (Authors own). Screenshots of the 
designed user interface that was intended for use in the interactive game 
environment.
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The benefits of climate simulations is that they permit system 

designers to study problems at varied levels of abstraction. 

Simulations can be used as an effective means for teaching 

or demonstrating concepts to others who may not have 

the same understanding as the designer. By approaching a 

project at a higher level of abstraction, the designer is better 

able to understand the behaviours and interactions of all of 

the high level inputs and therefore execute a more responsive 

approach to help mitigate or extend through design.

Through Unreal Engine 4 and photogrammetry, the intelligent 

use of computer graphics and animation could portray design 

ideas and implications dynamically to iwi participants. The 

intent of these digital tools developed a strong relationship 

between all of the system’s components and helped in the 

process of communicating a more meaningful understanding 

of the system’s nature and how it could be of help.

 

climate simulations ue4 Trees and plants can be 
divided into groupings 
and identified based 
on the most dominant 
species in that area.

Flooding can be 
simulated to test 
where water will 
overflow.

Buildings can be 
grouped giving the 
user information 
on the m2 and 
land use. 

Above Fig 65. Climate Simulation Aerial Pilot Study 
(Authors own). Screenshot of a test subject used to test 
climate simulations  - Quarry mine project.
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Flooding simulation of the 
quarry basin measured 
volume and pointed out any 
potential risks.

The access path that surrounds 
the basin is of low quality 
given the large scale extent of 
photogrammetry captured.

The collection of tree species 
can be loaded in giving the 
user the ability to select 
groupings of species within 
the landscape model.

Fig 66. Climate Simulation 1st Person Pilot Study (Authors own)

This part of the research was better equipped to counteract 

the complexity of the overall site risks and formed a 

“top-down’’ technique, by working at this higher level 

of abstraction. The research was able to rapidly produce 

pilot studies for the purpose of analysing feasibility and 

practicality. “We can dramatically bring the impacts of 

climate change home to people by ‘making climate change 

personal’ through realistic views of their familiar landscape 

under future scenarios” (Sheppard, Shaw, Flanders, & Burch, 

2008).

A pilot study was conducted on an open source 

photogrammetry model to test whether the real world 

implications we were wanting to test, such as climate 

conditions, would interact in a game designed environment. 

These simulations gave us an initial understanding of impacts 

and risks with a view to local response and mitigation. 

Random data was loaded into the game engine model 

purely to test climate conditions to see how disasters such as 

flooding and sea level rise would interact in 3D. Because of 

the large scale size of the captured photogrammetry model, 

the model’s definition can be seen as fairly low quality when 

in first person view. 
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Interactive storytelling combines ludology, narratology and 

game design to form interactive entertainment development 

methodologies. Interactive entertainment experiences allow 

the player to witness data as navigable, participatory, and in 

real-time.

Interactive storytelling is a form of digital entertainment 

in which the storyline is not predetermined. Through this 

research the setting and situation in which the narrative 

must address have been created and have been made 

obvious. The user experiences the 3D environment through 

their own personal interaction within the game. Usually the 

architecture of an interactive storytelling program includes 

a drama manager, user model, and agent model to control. 

However in this research the gameplay was kept simple and 

the characters storyline was used to facilitate more of an 

education tool to inform users of elements when selecting 

objects within the field of play. 

interactive storytelling ue4 Cultural marker in the 
form of a pou  - represents 
a place of significance to 
local iwi.

Different soil types and 
materials can be grouped 
and identified giving 
users useful information 
on different uses for 
them.

Left Fig 67. Interactive Storytelling 
Aerial Pilot Study (Authors own). 
Screenshot of a test subject used to 
test historic narrative objects - Terrain 
captured is a land slide.
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The aim is to transport the user through play in the 

environment using their visual and auditory senses drawing 

upon defined areas of the 3D environment to lure players 

in that direction. The interactive narrative design is seen 

as being successful every time a user selects an object and 

enters a new window to gain a new site understanding.

Exposed limestone can be 
referenced with information 
detailing ph levels, size and 
uses for the material.

Storytelling element can 
be linked to the UI with 
information on construction, 
purpose and its significance 
to the local iwi.

Above Fig 68. Interactive Storytelling 1st Person Pilot Study (Authors own). 
Screenshot of a pilot study used to test the integration of an historic object.
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site analysis
05

This section looks at what exisits in Takapuwahia 
and places it within its wider context analysing how 
climatic and ecological factors imapct site.

Fig 69. Modelling Collage 1 (Authors own)

Fig 70. Modelling Collage 2 (Authors own)

Fig 71. Modelling Collage 3 (Authors own)
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land surveying

bush stream

wetland coastal

570,200 m2 10,050 m232 12

22 8 15,000 m245,500 m2

coverage (ru) coverage (ru)main flora species main flora species

main flora species main flora species coverage (ru)coverage (ru)

Fig 72. Land Surveying (Auhtors own)
Exisitng Bush

Fig 73. Land Surveying 
Exisitng Wetland (Authors own)

Fig 74. Land Surveying 
Exisitng Stream (Authors own)

Fig 75. Land Surveying 
Exisitng Coast (Authors own)

05



60

windflow 
projections

m1
m2

m3

h1
h2

h3

l1
l2

l3

Above  Fig 76. Windflow Scenario Model Projections (Authors own). 
Screenshots of projection videos that showed mock scenarios and 
windflow simulations on top of the 1:1000 model.
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site model
solar projections

june 7am

7pm

december 4am

5pm

Above Fig 77. Solar Model Projections (Authors own). 
Photos of the solar projections overlayed on the site model. 
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LOOP 01 LOOP 50 LOOP 100 LOOP 200

LOOP 300

LOOP 1000

LOOP 400

LOOP 1250

LOOP 500

LOOP 1500

LOOP 750

LOOP 1750

macro climate 
analysis (water)
water runoff (rainfall), tsunami zones, flood prone areas

macro 
water runoff

Fig 78. Macro Water Runoff Loop (Authors own)
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micro climate analysis (water)
water runoff (rainfall), tsunami zones, flood prone areas

micro 
water runoff

initial 
random 
point cloud
major structure of 
landscape is evident

leading
points after 
50 loops
most points have 
settled in the major 
water courses

leading
points after 
150 loops
most points have 
settled

Fig 79. Micro Water Runoff Loop (Authors 
own)
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titahi bay

porirua 
stream 
outlet

rocky bay

te onepoto bay

onehanga bay

porirua harbour
(pauatahanui arm)

public reserves

public sports grounds

dog friendly parks

council walkways

macro 
vegetation
The Porirua environment is a rich podocarp/broadleaf 

forested landscape residing in complex hilly terrain with a 

strong coastal influence. Turbulent winds create localised 

micro climates, making the area generally warm and moist. 

On higher slopes northern rata and rimu forests cover the 

hillsides and kowhai and ngaio fringing the dry harbour 

banks. The heritage trees for this area were predominantly 

kahikatea and rimu.

Fig 80. Public Open Spaces Zoning (Authors own). 
Refer to appendix for regional topo map.
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vegetation
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Fig 81. Takapūwāhia Vegetation (Authors own)
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Dacrycarpus dacrydioides

Cordyline banksii Carpodetus serratusFuchsia excorticata

Dacrydium cupressinum

Olearia rani Kunzea ericoides

Sophora chathamica

Weinmannia racemosa

Neomyrtus pedunculata

Dysoxylum spectabile

Beilschmiedia tawaHedycarya arborea Melicope ternata

tree palette

tr
ee
s

Fig 82. Tree Palette (Authors own)
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Dacrycarpus dacrydioides Dacrycarpus dacrydioidesDacrydium cupressinum Dacrydium cupressinum Dacrydium cupressinum Dacrydium cupressinum

Dacrydium cupressinum Dacrydium cupressinum

Dacrydium cupressinum

Dacrydium cupressinum Dacrydium cupressinum

plant palette

sh
ru
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cl
im
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rs

Dacrydium cupressinum Dacrydium cupressinum

Dacrydium cupressinum

Dacrydium cupressinum Dacrydium cupressinum

Dacrydium cupressinum

fe
rn
s

gr
as
se
s Fig 83. Plant Palette (Authors own)
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design 
investigations

06
This section begins to look at how the developed 
method can be used to investigate design solutions 
for site with response to cultural values, development 
impacts and mitigation.



69

design 
investigations
This design investigation section brings together the 

research findings accumulated during the entire testing of 

the digital landscape system. The information gathered has 

been organized through a series of design iterations in order 

to display the design evolution from conceptual, simulated, 

and integration of cultural values. Two frameworks and four 

design concepts for site conditions were developed where 

data simulations have occurred and been implemented to 

address and help mitigate some of the site issues specified. 

By exploring and developing the methodology, design ideas 

have emerged as options start addressing certain areas of 

site.

Fig 84. Edge Conditions Wetland Sketch (Authors own)

Fig 85. Significant Sites (Authors own)

The presented conceptual designs address the site specific 

issues surrounding flooding - wetlands, sea level rise - coastal 

stabilisation, and lack of public connections - bush and stream 

walkways. Each site condition was able to test the fundamental 

components of the digital landscape system through the 

input of data. Through these iterations the research was able 

to gain a broad understanding of spaces and how they react 

whilst enhancing the sense of interactive spatial experience 

through the building of a realistic landscape environments. 

These designed environments were used to measure the 

fluidity of immersion through reflection and critique, and 

could prompt tentative experiments to initiate discussion 

surrounding the advancements of land management. The 

concluding concepts encompass elements of each of the 

systems components and proves how this approach could be 

used as a new interwoven workflow for designers and Iwi 

members within the field of landscape architecture.
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takapuwahia marae

takapuwahia cemetery

land holding high point

ngati toa school

Four sites within Takapūwāhia have been identified by Ngāti 

Toa Rangatira as key locations to build upon within the 

research. The purpose of referencing these significant sites 

is to re-invent the approach toward the hybridisation of 

conservation and occupational spaces that are of importance 

to the local Iwi. These locations should consider the role 

of the wider designed ecological links and recreational 

trails as a frameworks for enabling design-led concepts 

and experimentations which engage with traditional aims 

and goals to ensure these sites are sustained for future 

generations. The purpose of interconnecting these sites 

through a design was to create a more efficient use of the 

sites assets, giving locals a reason to reflect and use them on 

a day to day basis with full integration as a means of access.

significant 
sites

Fig 86. Significant Sites (Authors own)
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Above Fig 87. Trails to Significant Sites (Authors own). 
This site perspective illustrates the trail paths from 
around site.
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simulated path between four points 
- maximum slope 1:12 (8.3%)
path between Takapuwahia marae, cemetry, 
Ngāti Toa school and the highest point of Ngāti 
Toa land holdings

takapuwahia marae

takapuwahia cemetery

land holding high point

not suited

ngati toa school

Fig 88. Simulated Path 1:12 (Authors own)
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path between Takapuwahia marae, cemetry, 
Ngāti Toa school and the highest point of Ngāti 
Toa land holdings

simulated path between four points 
- maximum slope 1:20 (5%)

takapuwahia marae

takapuwahia cemetery

land holding high point

ngati toa school

preferred option
Fig 89. Simulated Path 1:20 (Authors own)
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It is important to make note of these definitive ‘features’ 

within each environment in order to instigate interest from 

local iwi and drive occupational outcomes and solutions. 

Programmatic options that align with ecology, sustainable 

use, and management can then be determined and applied 

within a more intimate context through the use of this 

methodology.

Through this process the research was able to identify and 

define four key environments of which design conditions 

could be applied and built upon. In terms of design the 

research was able to generate options deemed appropriate 

for recreational intervention and then input specific land 

use around this as a frameworks to work in conjunction with 

an overall environmental and amenity benefit to the local 

community.

condition 
zoning

bush stream

wetland coastal

Regenerative Bush
Remnant Planting

Bank Stabilisation
Water Storage

Flood Control
Botanical Nursery

Coastal Protection
Wind/Erosion

Fig 90. Condition Zoning (Authors own)

06



75

coastal

bush

stream

wetland

Above Fig 91. Existing Zoning (Authors own). This 
site perspective illustrates the elevation from 
coast to ridge.

existing bush

existing stream

exisitng wetlands

existing coast
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The amount of restoration needed to reinstate the natural 

ecologies which once occupied this piece of land was 

essential to the research to provide a baseline to build upon 

and help to identify areas for other potential interventions. 

The recreation frameworks is used as a connector of 

significant spaces and is designed to provide a safe and 

navigable pathway for users to venture through the site. 

The path is a 1:20 gradient between all four sites and is 

positioned to pass through four different conditions on site. 

The main purpose behind this crossover was to ensure that 

users would experience all the different elements offered.

recreation 
strategy
walkways
marker sites

translating recreation elements to 3d models

Fig 92. Exisitng Walkways (Authors own)

Fig 93. Exisitng Footbridge (Authors own)

Fig 94. Exisitng Dirt Trails (Authors own)

Fig 95. Landscape Material not Height 
Blended (Detocroix, 2014)

Fig 96. Footbridge Texturing and 
Reflection (Detocroix, 2014)

Fig 97. Ue4 Dirt Trail 1:20 Gradient (Vea Games, 2015)

Fig 98. Ue4 Grass Texture (Authors own)

Fig 99. Ue4 Water Texture (Authors own)

Fig 100. Ue4 Lime Chip Texture (Authors own)
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stream

bush

wetland

coastal

significant sites

site conditions

stream

walkway trails

roading

coastal stabilisers

wetland

swampland

podocarp species

manuka forest

stream restoration

regenerative bush

established forest

Fig 101. Recreation Strategy 
(Authors own)
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typical condition
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Regenerative Bush
Remnant Planting
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Fig 104. Bush Section 1:200 (Authors own)

Fig 102. Existing Bush Edge Condition (Authors own) Fig 103. Foliage Environment (Patron, 2014)

proposed site conditions in ue4
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stream
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Water Storage
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Fig 107. Stream Section 1:200 (Authors own)

Fig 105. Existing Stream Condition (Authors own) Fig 106. Difference in Landscape Height (Murray, 2015)

proposed site conditions in ue4
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typical condition
wetland
Flood Control
Botanical Nursery

Fig 110. Wetland Section 1:200 (Authors own)

Fig 108. Existing Wetland Condition (Authors own) Fig 109. Landscape Auto Material Pack (Vea 
Games, 2016)

proposed site conditions in ue4

06



81

Coastal Protection
Wind/Erosion
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typical condition
coastal

Fig 113. Coastal Section 1:200 (Authors own)

Fig 111. Existing Coastal Condition (Authors own) Fig 112. Lost Coast (Valve Corporation, 2005)

proposed site conditions in ue4
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Areas with potential for Iwi development were explored 

such as housing locations. This type of development was 

outlined by Ngāti Toa Rangatira as a high priority strategy for 

economic gain given the current Wellington housing market. 

This design was made as a basic frameworks for the Iwi 

based off some of the simulations (water runoff and solar 

analysis) run on various digital platforms. The research was 

able to determine what proportion of the site was needed 

for restoration effects and the balance available for future 

development.  Attention is drawn to the road transitions that 

run parallel to the urban development and was tested in the 

3D environment ensuring these crossovers between spaces 

were well considered. 

infrastructure
strategy
iwi housing
roading network

Fig 114. High Density Scenario (Authors own) Fig 117. Ue4 Main Roads (Authors own)

Fig 121. ReMake Brick Paving (Authors own)Fig 115. Medium Density Scenario (Authors own) Fig 118. Ue4 Residential Intersections (Authors own)

Fig 120. ReMake Concrete Paving (Authors own)

Fig 116. Low Density Scenario (Authors own) Fig 119. Ue4 Residential Streets (Authors own) Fig 122. ReMake Aggregate Paving (Authors own)

06

translating recreation elements to 3d models
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significant sites

urban node

stream

walkway trails

existing roads

proposed road

principal open space

mixed use area

education

village node

low density housing

medium density housing

Fig 123. Infrastructure 
Strategy (Authors own)
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design 
response
This section demonstrates how the developed 
method can be applied to simulate a design 
response. The design response is focused around 
mitigation and site specific impact analysis.

07
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design 
response
The underpinning intent of this research is to engage 

with landscape architecture through a digital approach 

that enables the collaboration between iwi and designers 

through the use of digital tools, creating a new type of work 

flow approach within the discipline.

The resulting landscape interventions have been developed 

by carefully fusing traditional and digital techniques for 

producing and analysing design. These new methods test 

how two separate groups can combine understandings of 

the landscape through a digital process in order to realise 

development potentials and sustainable management of 

resource. 

The final design for the Takapūwāhia shows how to reintegrate 

the natural environment with community enabling educative 

digital and experiential responses to a new environment 

design that can enhance Ngāti Toa Rangatira’s values, 

identity, and future development aspirations.  

Fig 124. Typical view towards Harbour (Authors own) Fig 127. Ue4 view towards Harbour 
(Authors own)

Fig 125. Typical view uphill (Authors own) Fig 128. Ue4 view uphill (Authors own)

Fig 126. Typical view south (Authors own) Fig 129. Ue4 view south (Authors own)

translating existing landform to 3d model
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+1 meter 
extruded landform

+0.5 meter 
above sea level
Stream +0.5 meter above sea level,
submergent species

Planted landform +1 meter intervals,
sparse emergent species

Fig 130. Water Simulation 0.5m (Authors own) Fig 131. Water Simulation 1.0m (Authors own)

filtration

es
tu
ar
y

N

0 15 30

07



87

Fig 133. Water Simulation 2.0m (Authors own)Fig 132. Water Simulation 1.5m (Authors own)

+1.5 meter 
extruded landform
Planted landform +1.5 meter intervals,
dense emergent species

reduced stream flow

+2 meter 
extruded landform
Planted landform +2 meter intervals,
meadow and shrub species

housing protection
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+0.5 meter 
above sea level
Stream +0.5 meter above sea level, submergent species

Above  Fig 134. Existing land showing boundary extents 
on Northside (Authors own).

Above  Fig 135. Ue4 Design Simulation 0.5m (Authors 
own)

Above  Fig 136. Ue4 Design Simulation 0.5m Plan (Authors own)

07

3d environment analysis 
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Community members have identified flooding as an issue 

for some properties in Takapūwāhia. This issue affects the 

kaumātua flats and has potential to impact other properties 

in the community and pose a health risk. 
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Above  Fig 139. Ue4 Design Simulation 1.0m Plan (Authors own)

+1 meter 
extruded landform
Planted landform +1 meter intervals,sparse emergent species

3d environment analysis 

Above  Fig 137. Existing land showing central body of 
stream (Authors own).

Above  Fig 138. Ue4 Design Simulation 1.0m (Authors 
own)

N

0 15 30

This design is situated primarily on land reclaimed from the 

original harbour following the shoreline footpath along Titahi 

Bay Main Road spanning the length of the reserve. This is the 

main daily route for many families and school children and 

offers potential for interaction with restoration initiatives 

along the harbour. 
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Above  Fig 140. Existing land showing splitting point 
between stream and wetlands (Authors own).

Above  Fig 141. Ue4 Design Simulation 1.5m (Authors 
own)

+1.5 meter 
extruded landform
Planted landform +1.5 meter intervals, dense emergent species

N

0 15 30

Coastal wetland restoration in this area allows the community 

and other environmental interests to invest toward the 

restoration of the Takapūwāhia coast and wetland systems. 

The crossing structure has the ability to engage at water level 

to allow pedestrian intervention particularly school children. 

This could be further explored with schools where students 

could be involved in an environmental management program 

to track the water quality of streams and numbers of species. 

3d environment analysis 

07

Above  Fig 142. Ue4 Design Simulation 1.5m Plan (Authors own)
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Above  Fig 143. Existing land showing degraded wetland 
environment (Authors own).

Above  Fig 144. Ue4 Design Simulation 2.0m (Authors 
own)

+2 meter 
extruded landform
Planted landform +2 meter intervals, meadow and shrub species

N

0 15 30

These areas have degraded environmentally so it is 

important to find ways to aid restoration. The soil in this area 

is fertile and the relatively low lying plant species situated 

around these water bodies allows good sun and regulated 

wind flow for the establishment of new plants. The wetland 

environment would also provide good nesting and shelter 

for a variety of native fauna.

3d environment analysis 

07

Above  Fig 145. Ue4 Design Simulation 2.0m Plan (Authors own)
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Planted landform +1.5m intervals,
dense emergent species

Stream +0.5m above sea level,
submergent species

Stream outlet to Porirua harbour, 
estaurine habitat

Overflow outlet to Porirua harbour, 
estaurine habitat

planted landform +2 meter intervals,
meadow and shrub species

potential for iwi development, could 
be used to manage nursery resources  

or water cleansing

Elevated footbridge and walkway,
max 1:20 gradient

Planted landform +1m intervals,
sparse emergent species

site requirements for 
flood mitigation and water purification
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Fig 146. Wetland Design Strategy (Authors own)
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Fig 147. Wetland Concept Masterplan (Authors own)
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discussion &
conclusion

08
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discussion
This research explored issues surrounding land management 

for Māori heightened by growing concerns around climate 

change and population pressures on natural systems. 

Because Māori have lost much of their traditional kaitiaki 

control over their lands and wider customary interests they 

rely heavily on government agencies and local councils to 

manage these resources. For Māori the relationship to land 

ties to strong cultural, spiritual, and genealogical values that 

are interconnected and embedded. 

The research considered these factors and looked for 

alternatives to the traditional land management approach 

and found the more integrative hybridised models using 

new digital tools as being at the forefront. The intent of the 

research was to develop a method that was transparent 

and engaging for Māori communities as well as having the 

flexibility to pull in a diverse array of data. 

The methodology was developed into main three main 

parts; Fieldwork, interactive digital landscape system, and 

design simulation.

Fieldwork was executed through the GIS mobile data 

collection app which showed good promise as a tool for 

capturing point data, and cumulative data over time. It 

showed particular potential as a tool that communities could 

use on a day-to-day basis, with an easy to use interface and 

simple administration. 

The interactive digital landscape system was developed 

with photogrammetry capture methods and grasshopper 

scripting. The terrestrial site specific photogrammetry 

showed how quality visual data is important if detailed 

representative simulations of real environments are required. 

Design simulations were tested in two separate games 

engines, where they were evaluated to determine how 

these platforms would perform and integrate the data input 

streams. UE4 was chosen over Unity because of the simpler 

workflow system for designers and an intuitive interface for 

users to navigate. The simulation accuracy within this was 

high but heavily reliant on quality data. 

As modes of photogrammetry capture improves the 

translation between different digital platforms will be able to 

portray higher realism in game engine visualisations. 

The design response focused around the Takapūwāhia 

wetland showed positive potential even with the limited 

data capture available for this part of the research. Modelling 

flooding patterns was particularly effective in testing 

scenarios for further housing development of the wider 

area and demonstrated detailed site specific information 

for determining potential planting zones to enhance the 

wetlands.
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existing site environment ue4 landscape flooding simulation texturing & photogrammetry application

Fig 148. Comparison of Methodology stages 
(Authors own)
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While this type of research is only beginning to become 

more commonplace through the ubiquity and exposure to 

digital tool use in relation to Māori kaupapa, its potential is 

becoming evident as a valuable collaboration method. At the 

final stages of writing the thesis, the relationship with Ngāti 

Toa Rangatira has started to gain momentum.

As a test case for a more in-depth study the thesis provides a 

preliminary model for how ecology and development needs 

might be evaluated using a digital methodology that allows 

the capture, analysis, and assessment of data in an easy to 

understand visual format where iwi can express their cultural 

values and world view. Furthermore it has shown how digital 

tools can enable an open collaborative process with single 

and multiple groups of mana whenua, stakeholders and 

general community. There is also the potential for other 

indigenous groups globally to adopt similar attitudes to the 

tools as a means to effectively manage their relationship to 

land holdings and general land assets and environment.

Due to the scope of the research, sufficient detail through 

design testing was not achieved as originally intended. 

However, the methodology testing and pilot studies have 

given the opportunity to depict and attempt theoretic 

scenarios. The research has provided insight into how digital 

systems may be applied in the field of landscape architecture 

and that this process can extend into land management 

proved as an enhanced approach over traditional design 

methods. Likewise due to the time frame constraints and 

setbacks occurring with iwi collaboration, the detailing 

of specific design elements in each intervention were left 

unexamined to the full extent in the aim to resolve and 

reflect on probable possibilities. 

This research is a journey that is just at the beginning 

of unlocking new techniques and ways of empowering 

communities through collaborative design tools. Maori 

bring a vast amount of cultural knowledge to the table 

which is why the research has been left open for discussion, 

and potentially further research. If we were to sum up 

conclusion
the conclusions drawn from the pilot studies, developed 

systems and investigation outlined, it would be that the 

future approach to land management initiatives must 

be linked more effectively to digital techniques and tools 

to ensure a transparent knowledge base among iwi and 

outside stakeholders. Underlining this new approach is the 

affordance toward necessity and the form of complementary 

and dual functioning implementations. 
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Below Fig 149. Panorama 
facing  East (Authors own). 
Photograph showing the 
expansive views form on top 
of Takapuwahia, Porirua. View 
shows Aotea and Cannons 
Creek in the  background.
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translation from 
maori to english

in parentheses, the word spelt is pronounced 
if a long vowel was present.this is sometimes 
denoted by a macron.

glossary
Atua  - God; spirit; supernatural being

Arohatanga  - (the notion of care, respect, love, compassion)

Hapu  - Subtribe; pregnant

Hinewaoriki  - Mother of the kahikatea tree (Podocarpus dacrydioids) and of the matai tree 

(P. taxifolia).

Iwi  - extended kinship group, tribe, people - often refers to a large group of people 

descended from a common ancestor and associated with a distinct territory

Kaitiaki  - (Verb) to guard; to protect (Noun) guardian; protector

Kaitiakitanga  - (environmental guardianship)

Mana  - Authority; power; prestige; influence

Mana Whenua  - (authority over land and resources) 

Manaakitanga  - (acts of giving and caring for) 

Māori  - indigenous people of New Zealand

Mauri  - Spiritual life force

Mumuhunga  - Mother of the totara tree (Podocarpus to tara)

Papatuanuku  - Earth Mother

Parauri  - Mother of the tui bird (Prosthemadera novaeseelandiae) .

Rangatira  - Chief; either male or female

Rangatiratanga  - The exercise or expression of chiefly authority; power; mana.

Ranginui; Ranginui e tu iho nei  - Sky Father

Rohe  - Tribal area or region

Tane mahuta  - Tane, god/guardian of the standing forest

Tangata whenua  - First people of the land (Tangata being; whenua = land).

Taonga  - Valued, treasured possessions (material, or nonmaterial).

Tapu  - Restricted, sacred

Te Ao Hurihuri - The changing world

Te Ao Marama  - The full light of day; the cosmogonical realm of being

Te Kore  - The void; the cosmogonical realm of potential being

Te Po  - The night realm; the cosmogonical realm of becoming

Tikanga  - (customary practice, values, protocols) 

Tino Rangatiratanga  - (self-determination)

Tohunga  - Person with superior knowledge or learning in a particular area.

Tupuna  - Ancestor; also grandparents, male or female

Urupa  - Cemetery

Wairuatanga  - (a spiritual dimension)

Wananga (waananga)  - Maori school of learning

Whakakotahitanga  - (respect for individual differences and participatory inclusion for 

decision-making)

Whakapapa  - (ancestral lineage, genealogical connections, relationships, links to 

ecosystems)

Whanau  - Family; extended family

Whānaungatanga  - (family connections)

Whenua  - Land; placenta; generic term for Papatuanuku
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Above Fig 152. Takapūwāhia Street Names (Google Maps, 2017).

Above Fig 153. Porirua Network 
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Above Fig 154. Strategy Context 
(PCC,  Recreation + Open Space 
Strategy, 2012, Page 5).
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comparison of Features. 
(Wilder, O’Meara, Monti, 
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Above Fig 156. Wetland System (Takapūwāhia 
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Beliefs (Harmsworth and Awatere, Page 275).

Above Fig 158. Māori outcome 
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Above Fig 159. Porirua Regional Topo Map (NZ Topo Map, 2017).
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Above Fig 160. GIS Mobile Data Collection  - 
Server Mapping View (Authors own).
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water runoff script
Above Fig 161. Water Runoff Script (Authors 
own)
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heightmap surface script
Above Fig 162. Heightmap Surface Script 
(Authors own)
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pathfinder script
Above Fig 163. Pathfinder Script (Authors own)




