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Abstract

The purpose of this research was to 1) explore the potential for the more distinctive
representation of Maori culture in Life Cycle Sustainability Assessment (LCSA), and 2)
understand the relationship between culturally-focused LCSA and the Maori decision-
making process. These two interrelated aspects were investigated through participatory
engagement with three members of the Ngati Porou iwi (tribe), and through collaborative

development of three forestry LCSA scenarios (radiata pine, rimu, and manuka).

Aligning with principles of kaupapa Maori research, a participatory LCSA methodology
approach was created which encapsulated five phases: 1) understand Ngati Porou
aspirations and concerns, 2) co-develop options for forestry scenarios, 3) co-develop and
select LCSA indicators (including a cultural indicator), 4) LCSA indicator data collection
and modelling, and 5) communication of results. The methodology utilised a mixed
methods approach as Stage 1, 2, 3, and 5 are predominantly qualitative while Stage 4 is

predominantly quantitative.

Culture was represented in the participatory LCSA in two ways. Firstly, a bespoke
cultural indicator (Cultural Indicator Matrix) was co-developed to distinctly include
culture within LCSA. The Cultural Indicator Matrix was based on and adapted an
existing cultural decision-making framework (i.e. the Mauri Model) in order to ensure its
capability to represent both Ngati Porou aspirations and the forestry value chains explored
in this research. The Cultural Indicator Matrix was completed by each participant and
subjectively measured the impact they perceived each forestry process or product had
upon a range of Ngati Porou aspirations. Secondly, a participatory research approach was
utilised that itself made the LCSA process more culturally-focused. The participatory
approach relied on active engagement with the research participants throughout the LCSA
study, primarily with the utilisation of semi-structured interviews. Such collaborative
participatory engagement with the research participants allowed for their cultural input,

preferences, and knowledge at each stage of the LCSA process.

This research has yielded several original and meaningful results:
1. The Cultural Indicator Matrix is a new culturally-focused mechanism which can

be used to support the Maori decision-making process. The participants viewed



the Cultural Indicator Matrix as an effective method for gathering community
impressions of how potential forestry life cycle processes could impact upon their
cultural aspirations.

2. The participants felt the participatory LCSA aspect was crucially important; the
open and consistent communication between themselves and the LCSA
practitioner provided them with more control, access to information,
understanding of the LCSA process, and enhanced their acceptance of the final
results. They considered that the results of the culturally-focused LCSA gave
them “validation” and “direction”, and justified their interests in pursuing forestry
options for their land.

3. The participatory LCSA process led to the identification of a need to formally
include a Cultural Compliance process with the LCSA. The Cultural Compliance
process is comprised of six cultural components occurring throughout the forestry
life cycle. Recognition of these components helps to ensure that appropriate and
necessary cultural considerations are taken into account during relevant forestry
life cycle processes. It is unlikely that this insight would have been reached if not
for the participatory engagement focus of this LCSA research.

4. The development and analysis of three forestry scenarios using a range of
sustainability indicators generated distinctive datasets on the life cycles of radiata
pine, rimu, and manuka. As the rimu and manuka scenarios are particularly
underrepresented in forestry-life cycle literature, this research has provided a
contribution to knowledge regarding these two forestry options.

For the first time, indigenous culture has been represented alongside economic, social,
and environmental impacts in LCSA. This comprehensive presentation of results
facilitates the decision-making process by providing the decision maker(s) with
information about the “big picture”, thus supporting educated and informed decisions.
Furthermore, a culturally-focused LCSA approach helps to ensure that culture is not lost
during the decision-making process, but rather is an active component. Finally, of critical
importance, both the culturally-focused LCSA process and associated results will further
enable the recognition cultural groups, including their values and aspirations. The explicit
acknowledgement of culture in LCSA will engender more awareness and protection for
culture, lessen the isolation and marginalisation of culture, and empower cultural groups

to develop and pursue brave choices.



Table of contents

ADSIFACT e bbb [
TabIe OF CONTENTS ..o e enes ii
I TS o) T U OSSO vii
LISt OF TADIES ..o e e viii
He mihi and ACKNOWIEAGEMENTS ........c.coiveiiiiieieee e IX
ADDreviations and ACrONYMS ........cccooiiiiiiiie e sreeseeenee e X
MaAOri/English GIOSSATY ..........c.ccoiiiiiiiiiiic e Xi
CRAPTEE 1 ..ottt 1
1. INEFOAUCTION ... bbb 1
1.1. Thesis structure and CONTENT..........cccveiieieieeii e 4
(O T 0] 1 SRS SSRRTRUSN 7
2. Literature review of culture in the context of LCSA ..., 7
2.1, CUIUIE .ottt b et eenenneas 7
2.1.1. Definition Of CUITUIE .....cvviee e 7
2.1.2. CUITUIE @nd VAIUES.......c.eeiiiiiecie et 11
2.1.3.ReCOgNItioN OF CUITUIE .......ooiiii i 12
2.1.4. Assessment of culture in land use and resource management activities......14
2.1.5.Examples of cultural assessment for New Zealand land use and resource
MANAGEIMIENT ...t iiiee ittt e e e e s b e e e s b e e e arb e e e srbeeensreeens 15
2.2. Life Cycle Sustainability Assessment (LCSA) methodology............c......... 19
2.2.1.Environmental Life Cycle Assessment (LCA)......cccoveeveveiiieieeie e 19
2.2.2.Life Cycle CoStiNg (LCC) ....oiuiiiiiiiieiiieeee e 21
2.2.3.Social Life Cycle Assessment (S-LCA).....cocc o 22
2.2.4. Structure of LCSA Methodology........ccooveieieiiiiiiiiiieecee e 23
2.2.5. Attributional and Consequential methodological approaches...................... 24
2.2.5.1.  Attributional and Consequential debate in LCSA ..........cccoceeveivennene 25
2.3. Culture and values in LCA, S-LCA, and LCSA .......cccoe v 27
2.3.1.Culture and values iN LCA.........ooiiiiieieee e 28
2.3.2.Culture and values iN S-LCA .....oo i 31
2.3.3.Culture and values iN LCSA........ccoiiiiiiee e 34
2.4. Recognising culture in LCA, S-LCA, and LCSA ... 36
2.4, L. BENETIES. ..t 36
2.4.2. ChallBNQES ..ot e 37
2.4.3.Social versus cultural INdICALOrS. ........cccueiiiiiiieiice e 40
2.4.4. The representation of culture in LCSA ...t 42
2.5, CONCIUSIONS ...ttt ettt sttt 43
CRAPTEE 3 . bbb bbbttt nne s 45
3. Contextual background for the participatory LCSA research.............. 45
3.1. Maori: Tangata Whenua..........coceiieiiiiiiieii e 45
3.1.1. Maori history, culture, and traditions ...........ccceoeeriieniiiiiie e 45
3 L2  ASPITALIONS ..ttt bbb 47
3.1.3. DeCiSioN-MakKing PrOCESS .....ccueivieriieiiieiiee st see et 47
3.1.4. Engagement With MAOTT .......ccvviiiiiiiiieiiec et 49
3.2.  Maori connection to the land and to forestry ..........ccooviiviiiiiiiiciiiiiicne 51
3.2. 1. KAITIAKITANGA 1.vvecveeieeie ettt ae e e e neeneesneenee s 51
3.2.2.Forestry and resource management on Maori land ............ccoccevveieiieninnnns 51
3.3. Forestry and forest management ..........ccooveriiieeiieere s 54



3.3.1.Forestry in New Zealand............ccccooviieiieie i 54

3.3.2. Forest management and sustainability ...........ccooeriniiieninin s, 56
3.3.3. FOrestry life CYCIE PrOCESSES ......covveiveiieiieeiecie ettt 58
K I S O] o [1 ] o] 1RSSR 60
(O gF= T 0] (=] OSSR 62
4. MELNOAOIOGY ... 62
4.1. Theoretical framework of reSearch ...........ccocovviivininiene e, 63
4.2. ReSearch paradigms .........ccccoiiiiieiiieiesie e 65
4.2.1.Participatory apProaCh .........ccccccueiveiieiiie e se e ene s 67
4.2.2. Mixed methods reSEarCh .........cccovieiiiieiiece s 69
4.3. Foundational components of the participatory LCSA research project....... 72
4.3.1. Participants’ aspirations for the LCSA research project..........cc.ccecvevvenennen. 73
4.4, QUAlITAtIVE INTEIVIEWS ....ccvviiiiiiiie ettt be e saee s 75
4.4 1. LCSA PArtiCIPANTS ....ovveueeeiiteiiieieeiiee ettt bbbt 75
4.4.2. INTEIVIEW PIOCESS ...veeuveirieieeieettesteesteatesteesseessesseesseassesseesreessesssesseessesneessens 76
4.4.3. Analysis of INtErVIEW data...........ccerveieiiniiiiiieee e 80
4.5. Ethical principles and CONAUCL ............cceiieiiiii i 80
T O0] 0 [0d [0 [ SR PP USRS 81
(O gT= T 0] (=] TSR 83
5. Nga takahanga waewae tuatahi — the first Steps ........cccccvcvvvviieiiinnnen, 83
5.1. Stage 1: Te iho o Ngati Porou — the heart of Ngati Porou ..............cccevenen, 83
5.1.1. History and Background ............cccooeriiiiiiiniiineee s 83
5.1.2. ASPITALIONS ...ecuviieieiieeie ettt re et et et e e e e sre e reeae e 85
5.1.3. DeCiSION MAKING PrOCESS......c.eeieieiirieiieiie sttt 89
5.2. Stage 2: Co-development of forestry SCenarios ..........ccccecvevveveeveeiieseenenn, 93
5.2. 1. RAAIALA PINE...cveiiiiiiteitiete et bbbt 96
5.2. 2. RIMU vttt ettt bbb e et e s 97
B.2.3. MANUKA......cvviiiiiiiiee ettt e ettt e e e et e e e et e e e s aab e e e e eareeaeeaanes 99
5.3. Stage 3: Identification of economic, social, and environmental indicators101
5.3.1. ECONOMIC INAICALON .....ccvveiiieieeie et 102
5.3.2.S0CIAl INAICALON........eitiiiiiieiieiee e 103
5.3.3. Environmental iNdIiCAtOr..........ccvvvueiieiiiieseese e 104
5.4. Stage 3: Identification of cultural indicators............ccccooevvveviiiiiic i 104
5.4.1. Cultural INdicator MALIIX .......ccveieeiieeeieseee e 105
5.4.2.Cultural ComplianCe PrOCESS .......cecivieviiiieiieeiecie et 111
5.5, CONCIUSIONS ...ttt sttt 114
CRAPTEE B ..ottt 115
6. LCSA study: Goal and Scope, and Inventory Analysis.............cccc...... 115
6.1. Goal and Scope defiNItiON..........coeiiiiiiii e 115
6.1.1.G0al OF STUAY ....cviiiiiicie e 115
6.1.2. FUNCEIONAL UNIT ... 116
6.1.3. SYStEM DOUNAIIES ....c.vviiiiiiie et 117
6.1.4. Data Sources and Data QUAlitY ..........coccoiiiiiiiiiinieie e 120
6.1.5. IMPACE ASSESSIMENT.....cciuiiiiiiiieeciie et e e e e rnee s 120
6.2. Life cycle inventory analysis ... 122
6.2.1. BASEIINE SCENAIIO . ....ceuieiieiiee ittt 122
6.2.2. Radiata PINE SCENAIIO .......eiuiriieiieieieie sttt 122
6.2.3. RIMU SCENAITO. ...ttt sttt 128
6.2.4. MANUKA SCENATIO ..evvveeiiieiiiiieesiiiesiee e sttt et s st e s sibe e s s e ssnesasneeas 135
6.3, CONCIUSIONS ...ttt ettt 139



(O g F- 10 ] (- OSSR 140

7. Life cycle impact assessment and interpretation..............cc.ccocevvnennne. 140
7.1. LCSA results for the Baseline (business-as-usual) scenario...................... 142
7.2. LCSA results for the three scenarios using a land-use perspective............ 143
7.2.1.Scenario 1: Plantation forestry with radiata pine ..........ccccccceevevevveresnenne. 143
7.2.2.Scenario 2: Continuous Cover Forestry With rimu...........cccooevvieiieienenne. 145
7.2.3.Scenario 3: Intensive production of manuka...........ccceeviveniiieniiienniieesnnnn, 147
7.2.4.Summary of LCSA 1and-USe FeSUILS........ccovveiiiiiiieie e 149
7.2.4.1.  Total indicator values for LCSA land-use results............c.ccocvvvvrunne. 149
7.2.4.2.  Timelines of land-use results.........cccoooveiiiinic i 150
7.2.4.3. LCSA land-use results for the Cultural Indicator Matrix per Ngati
POIOU @SPITAION. ...ttt 155
7.3. LCSA results using a product perspective .........ccccveveieevvevecieseesie e 156
7.3.1.Scenario 1: radiata pine house framing .........ccccocevvrienininienese e 157
7.3.2.Scenario 2: rimu heartwood flooring .........ccccccoveiieie e 160
7.3.3.Scenario 3: manuka essential oil for 10mL bottles..........ccocvvvviiveivinnee. 163
7.3.4.Summary and timelines of product results...........ccccoecvvievveiccicieece e 166
7.3.4.1.  Total indicator values for LCSA product results............cccooovrvrunne. 166
7.3.4.2.  Timelines for LCSA product reSults...........ccceveiievvevesieeneere e 166
7.3.4.3. LCSA product results for the Cultural Indicator Matrix per Ngati
POIOU aSPITAION......cuviivieiecie ettt nas 169
7.4. DISCUSSION OF FESUILS....ccuviiiieiiieie e 170
7.5. Further considerations and recommendations for future research ............. 177
7.5.1. SItE-SPECITIC ISSUBS .....eveeuriietiiie ittt 177
7.5.2. FOrest growth rates ..........cccveiviiiiiiiie e 178
7.5.3.The effeCts Of LIME.....c.coiie e 179
7.5.4. Further steps for the Cultural Indicator MatrixX ..........cccccovveveeiieieeiecnenne. 181
7.5.5. Other benefits and challenges of TOrestry.........c.ccoovvvviniiienen i 182
T.5.8. RISK oottt 183
7.5.7. Spatial suitability @SSESSMENT.........ccooiiiiiiiiiesc s 184
7.6, CONCIUSIONS ....c.viiiiiieiieiee ettt bbb ens 185
CRAPTEE 8 ...t 186
8. Discussion and CritiCal FEVIEW ...........cocevvreiiienininieeee e 186
8.1. Participant impressions of a culturally-focused LCSA tool and indicator
FESUILS <.ttt 186
8. L. L BONETIES. et 186
8.1.2. ChallENQES ... .ot s 188
8.1.3. RECOMMENTALIONS ...ttt 189
8.2. Participant impressions of a culturally-focused LCSA process................. 191
8.2, L. BeNETITS. ..t 191
8.2.2. ChallENQES ..ot s 193
8.2.3. RECOMMENTALIONS .....veeiiiiiie e 193
8.3. Maori (Ngati Porou) decision-making using culturally-focused LCSA ....194
8.4. Impressions from the wider iwi COMMUNItY .........cccoeeviiiiiiiic e, 196
TR T O] o [N ] o] ST 198
CAPTEE O oo re e 200
9. Representing culture in LCSA ..o 200
9.1. Research questions reViSIted ..........ccceeveiieiieiiniesee s 200
9.1.1.Research question 1: How can Maori culture be represented in LCSA
studies involving forestry value chains options?...........cccccoevvveieniieneeninns 200



9.1.2.Research question 2: What are the relative benefits and disadvantages of

using LCSA in Maori decision-making Situations? ............cccoccevvverviennnnn 204

9.2. Summary of LCSA study reSUlLS.........cccovvviieieiiiiee e 205

9.3, ReCOMMENUALIONS ....c.uieiiiiieiieeie et 206

9.4, FiNal CONCIUSIONS.......cciiiiiiiiiiieiee e 207
RETEIEINCES ...ttt r et e et sre et ne e reene e 208
Appendix A: INTErVIEW QUESTIONS ......ccveiiieieiieie e 234
Appendix B: List Of INTErVIEW COUES.........cooiiiiriiiiiisieceee e 238
Appendix C: MUHEC application approval letter...........cccoovvieiieieiiciiieiecenn 241
Appendix D: Cultural INdicator MatriX ...........cccooeiiiiiiiieeese e 242
Appendix E: Cultural Indicator Matrix reSultS...........ccoovvieiiviie i 244
Appendix F: Life cycle inventory data (economic, social, and environmental) .... 246
Appendix G: Steep land sensitivity analysiS..........ccccocevvveieiiiiiieve s 293
Appendix H: Discount rate sensitivity analysis...........ccocoveiiieniininienineeee, 300
Appendix I: Methodology for generating LCSA product results.............c..ccoc....... 304
Appendix J: Spatial suitability aSSESSMENT..........cccoiiiiiiiieeie e 307
Appendix K: Statements of contribution to Doctoral thesis containing publications
(DRC 16 TOFM) .ttt bbbt 309

Vi



List of Figures

Figure 1. Thesis structure and CONTENT. ........cccueririieiieiiiie e 4
Figure 2. The UNEP/SETAC (2009) list of recommended stakeholder categories and
sub-categories to be reviewed Within an S-LCA.......cccoiiiiiiieceeee e 20
Figure 3. Forestry life cycle with forest management occurring during the beginning
stages of forest growth and harvesting..........ccccueveiereieieiiriseee e 60
Figure 4. Adapted methodological approach to be used during PhD case study............ 64
Figure 5. The Case STUAY SITE .......cveiiiiiiiire e 74
Figure 6. The geographic range of Ngati POrou iWwi........cccceiviiiiiiiiiiiic e 84
Figure 7. The decision making process of Ngati POrou. .........ccoccvvviiiiiiiiniiieniiie i 90
Figure 8. A visualisation of the interdependent dimensions of wellbeing used in the
MAUTET IMIOOE ...ttt bbb 106
Figure 9. The refined version of the mauri impact scale that is used in the Cultural
INAICALOT IMIALFIX ..ttt ettt bbb reene s 107
Figure 10. The final version of the Cultural Indicator Matrix as developed and refined
DY the PartiCIPANTS. ......ccviiieiiece et esre e e 109
Figure 11. An example of a completed Cultural Indicator Matrix with consolidated
scores from all participants for 0Ne SCENAII0.........cccccvvevveieiieie e 110
Figure 12. Baseline scenario (attributional) ..o 118
Figure 13. Radiata pine scenario (attributional).............ccccovveiiiieiiicic e 118
Figure 14. Rimu native forestry scenario (attributional)...........ccccooeviiiniiniinn. 119
Figure 15. Manuka forestry scenario (attributional) ...........ccccooviiiiiiniiiiiiice, 119
Figure 16. Representation of the proportion of radiata pine wood supply moving
through different processing activities to production of framing material. .................. 125
Figure 17. Land-use results for the financial costs associated with each scenario ....... 151
Figure 18. Land-use results for the employment associated with each scenario .......... 152

Figure 19. Land-use results for the GHG emissions associated with each scenario..... 153
Figure 20. Land-use results for the carbon sequestration associated with each scenario

....................................................................................................................................... 154
Figure 21. Land-use results for the Cultural Indicator MatriX...........ccccccevvveveiiieinenns 155
Figure 22. The effect that each forestry scenario land-use has on each Ngati Porou

] L1 Lo o TR ST PS PSP 156
Figure 23. Proportion of LCSA results attributable to one m? of radiata pine framing.
....................................................................................................................................... 167
Figure 24. Proportion of LCSA results attributable to one m® of rimu heartwood
L1008 Lo SRR 168
Figure 25. Proportion of LCSA results attributable to 9,712 manuka essential oil-filled
10mL bottles (i.e. 5% of total oil produced per hectare). ..........cccevvveviiiiiiiie e, 169
Figure 26. The results of each forestry scenario’s life cycle displayed on along a
timeline for economic, environmental, and social INdiCators ...........ccccccevvieiierennnnne 170
Figure 27a (on left) and Figure 27b (on right). Quadruple bottom line LCSA land-use
results for the three fOrestry SCENAIIOS ........cccivvveiieiie e 172
Figure 28. The individual Cultural Indicator Matrix participant SCOres ..............cc...... 175
Figure 29. The Waiapu catchment case study site (outlined in black) with the areas of
steep terrain (18° or more) indicated in red COIOUN. .......cccviveiieie i 293
Figure 30. Spatial suitability assessment of where each of the three forestry options may
be best suited according to both land- and product-based perspectives............ccc.coeu.. 308

Vil



List of Tables

Table 1. Definitions for and type of research using the term “culture”. .............cc.ccceenen. 9
Table 2. The UNEP/SETAC (2009) list of recommended stakeholder categories and
sub-categories to be used iN an S-LCA ..o 33
Table 3. Labelling of indicators as either “social” or “cultural” as demonstrated by
various policies, guidelines, and other research studies............ccoccevveviiin e, 41
Table 4. The differences between positivism research (empirical and analytic) and
constructivism research (INErPretiVe)........veceeeiieiieie e e 66
Table 5. Summary of interview discussions, participants involved, and methodology
stage(s) with which they aligned. ...........cccooiiiiii i 78
Table 6. Ngati Porou aspirations and associated definitions. ..........cccceeerveeriveiieennnnnne. 86
Table 7. Components of the Cultural Compliance proCess...........ccccevvveveevveiieesesieennnnn 112
Table 8. Summary of inventory data used for the radiata pine scenario....................... 127
Table 9. Summary of inventory data used for the rimu scenario. ..............ccccevevvinenenn 134
Table 10. Summary of inventory data used for the manuka scenario. ...........cccceeeueeee. 138
Table 11. LCSA results for the Baseling SCENArIO. .........covvvrieieienene e, 142
Table 12. LCSA land-use perspective results for the radiata pine scenario. ................ 144
Table 13. LCSA land-use perspective results for the rimu scenario..............cccccvevenen. 146
Table 14. LCSA land-use perspective results for the manuka scenario.............c..oe.... 148
Table 15. LCSA land-use perspective results for each forestry scenario (“per hectare per
rotation” and “per hectare Per YEar™). .....cccovveririeririeiie e 149
Table 16. Product-based (and post-harvest) background data for the radiata pine
10010 [0 1SR SSSRRSO 158

Table 17. The product-based LCSA results for one m® of radiata pine house framing.159
Table 18. Product-based (and post-harvest) background data for the rimu scenario.... 162
Table 19. The product-based LCSA results for one m® of rimu heartwood flooring. .. 163
Table 20. Product-based (and post-harvest) background data for the manuka scenario.

....................................................................................................................................... 164
Table 21. The product-based LCSA results for 9,712 manuka essential oil-filled 10mL
bottles (i.e. 5% of total oil produced per hectare). .........ccccvvevveveiieii e, 166
Table 22. Estimations of per hectare costs and employment as associated with fulfilment
Of Cultural COMPIANCE. .....ecveeieiee e 292
Table 23. Land-use results for the radiata pine flat land versus steep land sensitivity
ANAIYSIS. .ottt et e r e e nte e ba e raeeree e 295
Table 24. Land-use results for the rimu flat land versus steep land sensitivity analysis.
....................................................................................................................................... 296
Table 25. Product-based (and post-harvest) background data for the radiata pine steep
JANA SCENAITO ...t ettt b ettt sbe e steeneesbeene e 297
Table 26. Product-based (and post-harvest) background data for the rimu steep land
SCEIMAITO. ..vetieteesteetee e te ettt et e ettt e bt s e s bt e bt e st e b e ke e s e e bt e ke e s e e b e e bt e Re e ehe e nbeene e e be e beaneenre s 298
Table 27. Product-perspective results for the radiata pine flat land versus steep land
SENSITIVITY @NAIYSIS. ...vviiiiiiii et e e e beearee s 299
Table 28. Product-perspective results for the rimu flat land versus steep land sensitivity
ANAIYSIS. .ottt et e r e e nte e ba e raeeree e 299
Table 29. Discount rates for the radiata pine scenario (flat and steep land). ................ 301
Table 30. Discount rates for the rimu scenario (flat and steep land). ........c.cccceevrnenen. 302
Table 31. Discount rates for the manuka scenario (flat land only). ........cccccevrivinninnns 303

viii



He mihi and Acknowledgements

Ko Santa Cruz te maunga.
Ko Moana-nui-a-Kiwa te moana.
No San Francisco, Kareponia ahau.
Ko Patrizio Pizzirani raua ko Jolinda Pizzirani 6ku matua.
Ko Stefania Pizzirani toku ingoa.
No reira.

Téna koutou.
Téna koutou.

Teéna tatou katoa.

This doctoral research has been an amazing journey for me — both literally and
figuratively. | am grateful for the opportunity to live and work in beautiful Aotearoa/New
Zealand, to have progressed my research with the guidance of true experts and visionaries,

and to have expanded upon my own capabilities as a researcher and scientist.

I would not have been able to accomplish the objectives of this doctoral research without
the support and advice from my supervisors Dr Sarah McLaren, Dr Margaret Forster, Dr
Jeff Seadon, and Dr Tim Payn; you have each helped me realise my full potential and
have made the results of this research to be as meaningful as possible. Many others have
given me immeasurable assistance be it with data, recommendations, or even just a
reassuring chat and include Peter Hall, Greg Steward, Phil Caskey, Tim Barnard, Karen
Te Kani, Marie Heaphy, Duncan Harrison, Barbara Hock, and, of course, my incredible

husband, Keith, my amazing son, Alex, and my loving family and friends.

Perhaps most importantly, 1 would like to whole-heartedly acknowledge and thank the
three participants of this research: Tina Porou, Tui Warmenhoven, and Pia Pohatu. There
are literally no words to describe how much you all mean to me and to this research. You

have made more of an impact on my life than you may ever know.

Finally, I would like to acknowledge the funding support from the New Zealand Life
Cycle Management Centre, Massey University, and Scion.



Abbreviations and acronyms

ABM
ALCA
CIA
CHI
CLCA
DSTD
EIA
E-LCA
ETS
FDB
GIS
GWP
1SO
L1,L2,L3
LCC
LCSA
NPS-FM
NPV

PP

S1, 52
SED
SIA
S-LCA
TEK

TP

TW
UNESCO

Agent Based Modelling

Attributional Life Cycle Assessment

Cultural Impact Assessment

Cultural Health Index

Consequential Life Cycle Assessment

Dutch Sustainable Technology Development programme
Environmental Impact Assessment
Environmental-Life Cycle Assessment
Emissions Trading Scheme
Feller-Delimber-Buncher

Geographic Information Systems

Global Warming Potential

International Organisation for Standardisation
Large branch logs

Life Cycle Costing

Life Cycle Sustainability Assessment
National Policy Statement for Freshwater Management
Net Present Value

Pia Pohatu

Structural logs

Small end diameter

Social Impact Assessment

Social-Life Cycle Assessment

Traditional environmental knowledge

Tina Porou

Tui Warmenhoven

United Nations Educational, Scientific and Cultural Organisation



Maori/English Glossary

Maori word
Aotearoa
Awa

Hapii

Heke

Hui

Iwi

Kai

Kainga
Kaitiaki

Kaitiakitanga

Karakia
Kaumatua

Kaupapa Maori

Ki uta ki ta
Koiwi

Korero
Mahinga kai
Mana
Manaakitanga
Mana motuhake
Mana whenua
Marae
Matauranga
Mate

Maunga
Mauri

Mihi

Noho

English word

New Zealand

River

Sub-tribe(s)

Descend, fall

Meeting

Tribe(s)

Food

Home

Guardian, minder, steward

Guardianship, stewardship (often used regarding the
environment)

Prayer, blessing

Elders

Maori ideology - a philosophical doctrine, incorporating the
knowledge, skills, attitudes and values of Maori society
Mountain-to-the-sea holistic philosophy

Bones

Discussion, stories

Traditional resource harvesting

Spiritual power and authority, control

Kindness, generosity, support

Autonomy, self-government, self-determination, independence
Power from the land, territorial rights

Courtyard where formal greetings and discussions occur
Knowledge, wisdom, understanding

Dead, ailing, unwell, diseased

Mountain

Binding life force between all living and non-living things
Greetings

Stay, remain
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Ora
Pakeke

Papatiianuku

Patu
Piki
Rakau whenua

Rangi-nui

Rongoa
Taiao
Tangata whenua

Taonga

Te reo Maori
Tikanga
Ti

Urupa

Waka

Wahi tapu
Wairuatanga
Wai taonga
Wananga
Weka
Whakaaro
Whakakau

Whakamana taiata

Whakapapa
Whakataukt
Whanau

Whanaugatanga

Alive, well, safe, healthy, healed, vitality

Adults

Earth mother and wife of Sky father (Rangi-nui), all life
originates from them

Weapons

Climb, ascend

Trees of the land

Sky father and husband of Earth mother (Papattaanuku), all life
originates from them

Maori traditional medicine, remedy, cure, treatment

Natural world, environment, Earth

People of the land, indigenous people

Treasure, anything prized or of value including culturally and
socially

Maori language

Protocol, procedure, custom, practice

To be raised

Burial grounds

Canoe, vehicle

Sacred place or site

Spirituality

Waters that are treasured

Traditional learning and knowledge, Maori tertiary institution
Endemic (woodhen) bird

To think, plan, understanding, idea

Gradually appear, rise

Importance of treating everybody with respect and ensure that
they are empowered

Genealogy, lineage, descent

Maori proverb

Family

Maori kinship and togetherness
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