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1 Introduction 
The potential challenges in this area cover a wide range of issues related to New 
Zealand society.  

Fifty eight submissions were received from the science sector in this domain. These 
submissions have been grouped as shown in Table 1.   

Table 1: Summary of proposed challenges by grouping 

Entry 
Id 

Challenge 

Water Management 

105 Making the most of  our  water 

272 More fresh water for  New Zealand.  We are reaching water- l imited condit ions, 

part icularly for agr icul ture. By developing methods of enhancing gain from 

precipi tat ion and reducing loss through evaporat ion and groundwater loss to the sea, 

there is potential 

372  Enabl ing increased economic output  from primary production, whi le concurrent ly 

managing New Zealand’s freshwater resources within environmental quanti ty and 

qual i ty l imits. 

395 The Water Chal lenge 

420 Using science to inform the development of resi l ience and sustainable water infra-

structure for the 22nd century 

437 Maximis ing the benefits of  the water  which fal ls on New Zealand 

448 Increasing the productivity of our  land whilst improving the quali ty of our  lakes and 

r ivers, and meeting social and recreational needs 

459 Healthy and Secure Freshwaters in a Growing Economy. Goal: To manage New 

Zealand’s freshwater resources so that  their health and l i fe-support ing capacity is 

improved and economic benef its  from water use are maximised.    

486 To improve water quali ty in lakes and streams and to enable farm product ion to 

increase 

Increasing Production 

152 Sustainable vegetable growing, producing better yields and quali ty on less land 

157 Signif icant ly grow New Zealand’s agricultural product ion base whi le preserving the 
integr ity of i ts environment and i ts international “c lean and green” brand 

179 Effic ient sustainable use of  New Zealand agr icultural  land 

182 Agricul ture including dairy that is sustainable compet it ively and responsibly.  
Competi t ive means profi table for the longer term and responsible includes 
environmental stewardship and high standards in employment and farming pract ices 

241 The commercial  growing of onions using non agr ichemical solutions to Onion Downy 



 

2 
 

Entry 
Id 

Challenge 

Mildew Certain agricultural chemicals such as Mancozeb, are the main method of  
Downy Mi ldew Control in export  onions.  Some of the current chemicals may be 
banned short ly   

265 Sustainable agr icul ture:  Ensur ing food product ion for the next  1000 years 

344 To maximise value for New Zealand from low value biomass.   Use fract ionat ion 
technologies to produce biomater ials , biofuels and stock feed.  Add new exports and 
reduce imports.   Added value opportunit ies exist to turn 5c/kg into $5/kg 

380 Engaging entrepreneurs & the SME sector in ‘growing the agrifood economy’  

429 Sustainably profi table primary industr ies 

Sustainable Resource Use 

124  Empower NZ to innovate and implement sustainable technologies and pract ise in as 
many areas as possible and to develop enough sc ienti f ic  inf rastructure that  we have 
the resources to respond quickly and ef f ic ient ly to biosecurity, health and 
environmental threats   

151 A clean and heal thy sea:  New Zealand's native land animals and plants are almost 
ent irely gone.  Our marine resources are going the same way due to overf ishing and 
by catch, lack of  protection,  global c l imate change, and pollut ion 

202 The Coastal  Marine Area (CMA) -  In a world of  extensive exploitat ion of terrestr ial 
resources,  but  with increasing demands for primary needs (food, water, energy) there 
is  a vast potent ial of untapped product ive and ecosystem resource in the mar ine 
environment 

203 Development of  real ist ic and affordable national water  and land management 
resources as a foundat ion for the increase of pr imary product ion development for  
domest ic and export markets 

277 To enable New Zealand society to l ive sustainably 

294 (Epi)genetic instructions for  organism assembly are highly conserved across al l  l i fe-
forms, but research effor t is fragmented. Coordinat ion of (epi)genetic  research whi le 
al lowing end-user customisation of new knowledge would be advantageous 

300  New Zealand wi l l  improve the management of  land and water to increase wealth and 
environmental integr ity 

305 Using science, innovat ive technologies and tools to improve our product ion f rom land 
whi le maintaining or  enhancing our freshwater quali ty 

318 Oceans Management -  gett ing the best  from our ocean 

324 Rehabi l i tat ion and conversion of  land and waterways current ly deemed as unsafe for 
productive ut i l isation due to the presence of Dioxin and other pers istent  organic 
poisons.  Extension of  the current bioremediation project   

326 To develop a theoret ical basis for understanding the undesirable physiological  trade-
of fs that occur when plants and animals of  agr icultural  importance are subject to 
genet ic selection for product ion trai ts 

339 New Zealand needs to grow the economic value gained from its land and natural  
capital  and resources while reducing the environmental impact of agr icul ture and 
forestry 

351 The integration and reconci l iat ion of environmental and economic benefi ts to support 
a hybrid approach to prosper ity and wel l-being for New Zealand society 
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Entry 
Id 

Challenge 

362 Increasing agr icul tural  output  whi lst improving freshwater quali ty 

411 Generating sustainable growth, weal th and resi l ience from land by managing land 
and water resources to increase productivity while maintaining environmental 
integr ity 

412 New Zealand increases weal th from natural  capi tal whi le maintaining or improving i ts  
environmental integr ity 

418 Green land, blue water  and prosperous people for the next  mi l lennium 

434 Promote the sustainable use of the New Zealand’s marginal  agricultural  lands and 
protect  the quali ty,  supply and image of New Zealand’s high-value products and al low 
the development of regional  industry clusters 

435 Urea production from wood waste 

454 Land, Water and Coasts -  “Achieving integrated management of land,  water  and 
coasts, which incorporates the connections between them and leads to product ive 
resource use and sustainable, healthy ecosystems.” 

398 To have an integrated suite of environmental tools which are used for benefi t ing al l  
New Zealanders through opt imising agr icul tural  productivi ty whi lst  being used to 
enhance biodivers ity and opt imise water quali ty  

469 Balancing increased agr icul tural production and environmental concerns 

Marine Resource Management 

273 An extreme endurance, mul t i- tasking, oceans informat ion gather ing network. I ts  
pr imary miss ion is Fisheries Protection but is also capable of  environmental  
moni toring, survey and scient i f ic research,  search and rescue, nat ional  and regional  
defence. 

419 Understanding, preserving and benefit ing f rom our Exclusive Economic Zone 

426 Wealth and stewardship of our oceans - 95% of the New Zealand estate is under 
water, making i t  one of the largest ocean estates in the world 

458 Increased Wealth from and Stewardship of  our Oceans: Goal:  Accelerate 
development and extract ion of wealth from New Zealand’s marine resources,  whi le 
maintaining the diverse range of ecosystem services that  our vast oceanic region 
provides 

Higher Value Foods 

206 Robust and defensible food suppl ies (Organic food studies) 

207 Leading the wor ld wi th the honey bee 

239 Population project ions state by 2050 there wil l  be 9 bi l l ion persons to feed. The 
aquat ic environment wi l l  have to produce much more than the present 2% food and 
biomaterials.  Marine studies wil l  have move into 21st  century sc ience 

302 Increasing the success of New Zealand foods -  To leverage New Zealand’s national  
identi ty, eff ic ient and sustainable primary production base, scient i f ic capabil i t ies and 
innovat ive culture to provide consumers with foods that  promote mental  and physical 
heal th a 

338 Enable New Zealand to be a powerhouse producer of market-def ining, world-beat ing 
food and beverage products 

354 International compet it iveness of agriculture requires export  in high value foods. 
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Entry 
Id 

Challenge 

Manufactured food exports,  uniquely sourced from New Zealand, with innovative 
manufacturing and highly-valued (health) target ing markets is a national science 
challenge 

373 Growing economic value and our economy from New Zealand’s land and natural 
capital /resources 

394 The Food & Nutri t ion Challenge 

421 Develop New Zealand’s agr ibusiness sector towards smart* foods for weal th and 
heal th benefi ts  

427 Future foods -  New Zealand contr ibutes only a smal l percentage of global  food 
production.  Rather than compet ing solely in undif ferent iated commodity markets,  
New Zealand needs to: 

479 Food Prosper ity:  Wealth from Heal thy,  Safe and Sustainable Foods 

484 Food For Heal th Evaluat ion Centre - Development of foods for health is  a rapidly 
growing industry rel iant  upon marketing and not sc ience. An opportunity exists in 
New Zealand to create the f irs t international “one stop shop” food for health 
evaluat ion centre to assess the health benef its and uniqueness of New Zealand 
foods, food products and nutraceut icals .  

Market Access 

31 Long term assurance of overseas markets for milk and meat. Achieve this  through 
three major themes, ( i)  food safety, ( i i )  animal  welfare,  and ( i i i )  human and animal 
heal th 

443 Supplying premium agr icultural products and technology to the wor ld 
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2 Water Management 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 2: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

105 Making the most of  our  water 1.  Managing water in the information age 

2.  Taking stock of  our water 

3.  Joining the dots in water  management 

4.  Understanding our relat ionship to water 

272 More fresh water for  New 

Zealand.  We are reaching 

water- l imited condi t ions, 

part icularly for agr icul ture. By 

developing methods of 

enhancing gain from 

precipi tat ion and reducing 

loss through evaporat ion and 

groundwater loss to the sea, 

there is potential 

1. Evaluation of  the potent ial  for dry-ice cloud 
seeding to enhance the winter snow pack in the 
Southern Alps, so increasing the mean discharge 
of  Otago and Canterbury major  r ivers. 

2. Evaluation of  snow fences for increased water 
yield.  Creat ing surface roughness at  high alt i tude 
has the potent ial  for  bui ld-up of snow dri f ts to 
yield a greater snow water for summer r iver f low 
enhancement 

3. Plants for water yield. The goal is to enhance 
water yield to reservoirs ( from alternative 
planting in water  supply catchments) or enhance 
local groundwater recharge (with alternat ive 
shelter  bel t species) 

4. Coastal groundwater  recharge with lower-qual i ty 
water to create groundwater  barr iers.  The goal is 
to extract more groundwater  from coastal  
aqui fers, wi th recharge of lower qual i ty water 
along the coast  to prevent sal ine intrusion 

372 Enabl ing increased economic 

output from pr imary 

production, whi le concurrent ly 

managing New Zealand’s 

f reshwater  resources wi thin 

environmental quantity and 

qual i ty l imits. 

1. Quant if ication and descript ion of  water  and 
ni trate f luxes at the sub-catchment and 
catchment scales. 

2. Incorporating natural attenuat ion into the 
‘managing to l imits ’ f ramework. 

3. Developing mit igation opt ions that  are based on 
induced or  enhanced de-nit r i f icat ion in 
groundwater systems. 

4. Developing the decision support tools that  are 
based closely on the biophysical real i ty and 
which are trusted by land users, iwi,  
communit ies,  and regulators. 

395 The Water Chal lenge 1.  Increased demand from people, agriculture and 
industry 
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Entry 
Id 

Challenge Themes 

2. Environmental  Impact of water supply manipulation 

3.  Water recycl ing 

4.  Ski l ls and research 

420 Using science to inform the 

development of res i l ience and 

sustainable water infra-

structure for the 22nd century 

1.  The primary goal is to use science to explore the 
biophysical,  social,  cultural , health and economic r isk 
and benef it  for alternative uses of waste-water and 
waste water  sol ids, including water reuse from New 
Zealand’s single largest  waste stream 

2.  The primary goal of this research is to c lose the 
gap between producing research outputs and use of 
the outputs in water and waste decision making and 
practice, by developing an understanding of  the 
current roles of research and processes for  i ts 
uptake, and by developing more effective and 
ef f ic ient roles and processes 

437 Maximis ing the benefits of  the 

water which fal ls on New 

Zealand 

 

448 Increasing the productivity of 

our  land whils t improving the 

qual i ty of  our lakes and r ivers, 

and meeting social and 

recreat ional  needs 

Real ising the potential  of  New Zealand’s forest 

459 Healthy and Secure 

Freshwaters in a Growing 

Economy. Goal:  To manage 

New Zealand’s freshwater 

resources so that their  heal th 

and l i fe-support ing capacity is 

improved and economic 

benef its  from water use are 

maximised.    

1.  Optimal  use of water resources 
Goal :  To be optimal ly al locate both sur face and 
groundwater resources in a manner that integrates 
mult iple-use decision-making and planning, and 
maintains the health of our waterways  

2.  To ensure that the ecosystem services of New 
Zealand’s freshwaters are maintained and enhanced 
to ensure that water  resources are of high quali ty 
and support  economic growth and social  values 

3.  Secure and effect ive water infrastructure 
Goal : To ensure that New Zealand has cri t ical water 
infrastructure that has an improved contr ibut ion to 
economic value, is environmental ly optimised, and 
social ly acceptable 

4.   Empowerment of  Māori  
Goal: To empower Māori  par t ic ipation in the 
management of New Zealand’s f reshwater  resources, 
to preserve the mana of waterways, rangat iratanga 
and kait iaki tanga 

486 To improve water quali ty in 

lakes and streams and to 
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Entry 
Id 

Challenge Themes 

enable farm production to 

increase. 

 

Entry ID 105 

Making the most of our water 

Summary The goal is improving water  management processes in New Zealand. Themes 

include increasing eff iciency and precision of  water  management through 

informat ion technologies such as sensors, GIS and computer model l ing,  reviewing 

and increasing knowledge of  New Zealand’s water resources including project ions 

of  ef fects of changing cl imate and water use trends, improving f lows of 

informat ion and technology in water management both within New Zealand and 

internationally,  understanding New Zealand at t i tudes to water  and quanti fying 

benef its  of  water quali ty and quanti ty to New Zealand society, economy and 

environment 

Theme 1 

Managing water in the information age 

Importance 
to New 
Zealand 

Informat ion technologies -  sensors, GIS and computer  modell ing -  are 

t ransforming our potential abi l i ty to manage water wi th eff iciency and precis ion, 

reducing costs and increasing benef its  to the economy and environment.  Water 

users such as farmers have neither the t ime, money nor the technological 

background to ful ly harness the increasing power of  information. 

Commercial isat ion of emerging technologies can emphasize profi t  before ful l ,  

objective evaluation of  the technology or  the potent ial  for  i ts ref inement. Benef its 

may be hard to verify at  the level  of  individual users. Similar ly,  water  managers 

such as councils  cannot apply state of the art  informat ion- led pr inciples where the 

technology remains inaccessible to users. With increasing f inancial constraints 

they too may struggle to keep abreast  of  technological  developments.  An 

objective, big-picture approach is needed at a national  level to evaluate water 

management technologies and the information they provide and to antic ipate and 

init iate further developments. 

Research 
components 

Cri t ical informat ion needs in water management must be ident if ied and priori t ised.  

Emerging technologies must be evaluated according to their potent ial to meet 

these needs, via theoret ical  project ions and case studies f rom New Zealand and 

overseas. New information technologies and synergies must be antic ipated, 

imagined and explored, to generate further research ini t iat ives. The emphasis 

must be on the potent ial of technologies to enhance the management of  water  in 

practice. 

Theme 2 

Taking stock of our water  

Importance New Zealand's temperate, moist cl imate wil l  increasingly be a jewel in the crown 
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to New 
Zealand 

of the global environment as droughts and f loods plague other nat ions, including 

some which are major  food producers. To maximise the benefi ts of our  posi t ion 

we must ful ly equip ourselves to make the most of  our  water . An informat ion 

revolut ion in our water  management wil l  not only produce but rely upon top qual i ty 

data. 

Research 
components 

A review of the extent and accuracy of our knowledge of New Zealand's water 

resources must be undertaken. This should extend to projections of changing 

cl imate and water use trends. Gaps in our knowledge must be f i l led according to 

identi f ied priori t ies,  inc luding the accuracy and applicabi l i ty of data to emerging 

technologies and information systems. 

Theme 3 

Joining the dots in water management  

Importance 
to New 
Zealand 

A proper understanding is needed of  the f lows of informat ion and technology in 

water management,  and what are the blockages in those f lows, both within New 

Zealand and internat ional ly.  Making the most of  our water requires not only water 

management but management of  water  knowledge. 

Research 
components 

The fol lowing questions must be addressed: Do the r ight people have the r ight 

informat ion? Is informat ion packaged and accessible in useful formats? How wil l  

informat ion be shared in future? Is technology transfer  to users effective? Does i t  

real ise the potent ial  of the technology for better  water  management? How does 

the pr ivate sector  enable or  obstruct best practice in water management? What is  

the role of  government? How well do we access internat ional  innovations, and 

market  our own systems and technology for water management overseas? 

Theme 4 

Understanding our relat ionship to water  

Importance 
to New 
Zealand 

To get the most from our water we must understand how water is most important 

to us.  This wil l  underpin how we apply new technologies for water management, to 

provide outcomes that are seen as successful by al l  New Zealanders. 

Research 
components 

Where possible we must quant ify the benef its of water  qual i ty and quantity to New 

Zealand society, the economy and the environment. We must also recognise the 

cultural, spir i tual and personal  values of  water  to us, and f ind ways to incorporate 

these values in our management of water.  We must investigate the signif icance of 

water to dif ferent regions,  l i festyles, t radit ional  l ivel ihoods and new ventures, and 

di fferent wor ldviews. We must f ind ways to promote understanding of  how others 

value water. 

Comments I t  may help i f  a National Science Chal lenge is led by an individual or  team, some 

type of  commission or commissioner outside the insti tut ional  coal i t ion which 

undertakes the research, free from the part icular  interests and pressures wi thin 

and between those inst i tut ions, and solely focused on the Challenge. 
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Entry ID 272 

More fresh water for New Zealand.  We are reaching water-limited conditions, 
particularly for agriculture. By developing methods of enhancing gain from 

precipitation and reducing loss through evaporation and groundwater loss to the 
sea, there is potential 

Summary The goal is to obtain more f resh water for New Zealand by developing methods of  

enhancing gain from precipi tat ion and reducing loss of  water  through evaporation 

and groundwater loss to the sea.   

Theme 1 

Evaluation of the potential  for dry-ice cloud seeding to enhance the winter snow pack in the 
Southern Alps, so increasing the mean discharge of Otago and Canterbury major rivers 

Importance 
to New 
Zealand 

Canterbury r ivers in part icular are under ir r igation pressure wi th the shi ft  to 

dairying. An increase in summer f low due to enhanced snow melt  would be helpful 

to both dairying developments and also to maintain f lows for  recreation. In 

addi t ion, for the Waitaki River , enhanced f lows in the headwaters would yield an 

increase in s torage water in lakes Tekapo and Pukaki for winter  hydro suppl ies. 

Research 
components 

Preliminary work would evaluate the frequency of winter c loud seeding condit ions, 

in order to make a prel iminary est imate of the potential  for  r iver f low 

enhancement. Part of this work would evaluate the cloud seeding operations in 

Tasmania (for hydro power) . Studies from Monash Universi ty have indicated 

enhanced rainfal l  in the targeted regions.  Subsequent on a successful outcome, 

and exper imental tr ial could be set  up,  using a target and reference catchment to 

quant ify any precipitat ion enhancement and evaluate i ts  economic gain. 

Theme 2 

Evaluation of snow fences for increased water yield.  Creating surface roughness at high 
altitude has the potential for build-up of snow drifts to yield a greater snow water for 

summer r iver f low enhancement 

Importance 
to New 
Zealand 

Enhanced snow accumulation by land surface modi f icat ion is another potent ial  

means of enhancing summer r iver f lows for irr igation and recreation. 

Research 
components 

Some prel iminary work has already been done in Otago on this topic, and this  

work needs to be fol lowed up in the l ight  of  the value of  extra water  today. 

Research expert ise here would be in the f ields of  the physics of blown snow and 

dr if t  accumulation mechanisms. A related research knowledge area is  developing 

computer models of topographical ly-modif ied wind f low patterns. 

Theme 3 

Plants for water yield. The goal is to enhance water yield to reservoirs (from alternative 
planting in water supply catchments) or enhance local groundwater recharge (with 

alternative shelter belt species) 

Importance 
to New 

Having a s imple way to increase water  yield by planting alternat ive vegetation 

could be a cost-ef fective means of enhancing water  yield from urban water supply 
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Zealand catchments.  Benefi ts are hard to quant ify but could be considerable i f  the cost of  

al ternative water suppl ies are considered.   Much of our present shelter  belts are 

radiata pine, which lose the maximum amount of  water  via intercept ion.  An 

al ternative species with less intercept ion could enhance the recharge to 

groundwater,  avai lable for  later use in the vic ini ty via water wells. 

Research 
components 

The main research component is  the test ing of water yield propert ies of dif ferent  

plant species. There has been some evidence that f lax catchments could give r ise 

to higher water yield.  Totara may be a shel ter belt  alternative to pine,  i f  enhanced 

water yield offsets the slower growth.  Catchment test  tr ials  would be required to 

confirm enhanced water yields. 

Theme 4 

Coastal groundwater recharge with lower-quality water to create groundwater barriers.  The 
goal is to extract more groundwater from coastal aquifers,  with recharge of lower quality 

water along the coast to prevent sal ine intrusion 

Importance 
to New 
Zealand 

There is  presently considerable loss of groundwater in New Zealand as ocean-

bottom spr ings and seeps. However, this is necessary under the natural  si tuation 

to avoid sea water intrusion from over-exploitat ion. Fol lowing the example of 

Orange County in Cali fornia,  water  of impaired qual i ty such as treated eff luent 

could be injected into the aqui fer  along the coast l ine,  creating a hydraulic  barr ier  

to enable greater extraction of groundwater  fur ther inland. At the same t ime, the 

impaired water is carried out  to sea beneath the sea f loor. 

Research 
components 

An important component is sett ing up numerical groundwater models (eg for  

coastal Canterbury, Bay of Plenty, Hawkes Bay) to ensure that the recharge 

pumping does not extend inland to any degree.  Also essential is  microbial  

expert ise to develop techniques to ensure biof i lms do not develop in the recharge 

wel ls to l imit their ef fect iveness. 

Research 
Gaps and 
Opportunities 

For al l  the methods indicated,  f inding the marginal  economic value of  the water 

increment is of importance. This has not been done previously over the ful l  range 

of  water  enhancement opt ions. Such economic evaluat ion is essential because i t  

is  l ikely that  the current value of  incremental  water has been enhanced due to 

compet ing demands. 

Comments None of the methods proposed here are new, and some have been looked at to 

some degree previously in New Zealand. However, to my knowledge there has 

never been a nat ional  research programme themed on enhancing the volumetric 

water supply of  the nat ion. 
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Entry ID 372 

Enabling increased economic output from primary production, while concurrently 
managing New Zealand’s freshwater resources within environmental quantity and 

quality limits. 

Summary This proposal is aimed towards enabl ing increased economic output f rom primary 

production, whi lst  sustainably managing New Zealand’s freshwater  resources 

(wi th a focus on environmental quali ty).  Research wil l  address how water  qual i ty 

can be maintained in the face of ambit ious targets to increase land based outputs, 

wi th components involving; 

 •Understanding the condit ions and indicators that ident ify presence of  

groundwater assimi lat ive capacity, 

 •Integrat ing denitr i fying capacity into the GIS data so that  land users and 

regulators know where groundwater systems are vulnerable or where intr ins ic 

natural  assimi lat ive capacity is  known to exis t and can be quantif ied. 

•  Economic analys is of ecosystem services to assign value to the intr ins ic natural  

capital  of  the potent ial  deni tr i fying capacity of groundwater and surface water  

systems. 

Theme 1 

Quantificat ion and descript ion of water and nitrate fluxes at the sub-catchment and 
catchment scales. 

Importance to 
New Zealand 

Ambit ious targets to increase land-based output are meet ing quantity constraints 

around over-al located catchments on the east coast and water quali ty l imits 

general ly in our premium agr icul tural  regions and major  r iver catchments.   Water  

storage alone is not suf f ic ient .  Water quali ty is  impacted by microbial and 

nutr ient contaminat ion, one of these being nitrates.   Currently these catchments 

are managed via nutr ient caps and/or  nutr ient  budget modell ing.  The government 

has been purchasing nutr ient  discharge al lowances (NDAs) in the tens of  mil l ions 

of  dol lars,  whi le new regional  council  plans are c laimed by land users to be 

reducing or l imit ing product ion.    

By ident ifying areas of  land that  have a natural capaci ty to assimilate ni trates in 

their groundwater systems, through natural  processes such as de-ni tr i f ication and 

di lut ion/  discharge, some land can be selectively used to increase the intensity of  

agr icul tural  production.  

Conversely,  those land areas that  have low/ no assimi lat ive capacity can be used 

less intensively.     To understand where groundwater assimilat ive capaci ty occurs 

we need bet ter data,  and that  means at an affordable cost.  This theme addresses 

these issues by developing novel sensors speci f ical ly for groundwater and surface 

water quali ty needs.    

The sensors wil l  be tested in the f ield on careful ly chosen catchments.  The 

sensor data feeds wil l  be automatical ly telemetered and then integrated into 

groundwater/surface water models.     Better data, more locations, higher 
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resolut ion means trusted models and more useful tools.  Note:  Quanti fying the 

benef its  is  summarised in the clos ing Comments section. 

Research 
components 

The main research components are:    

•Understanding the condit ions and indicators that ident ify presence of 

groundwater assimi lat ive capacity.   

•The development of novel groundwater  sensors for velocity, nitrate and possibly 

si l ica into networked data acquisi t ion arrays to improve the resolution of nutr ient  

f lows to sub-catchment scale.   

 •Optimise the location of sensors to provide the desired degree of  cer tainty at  

minimum cost. 

 •Develop and test these sensors in f ive representative sub-catchments and 

automate data acquisit ion.   

•Advanced groundwater  moni tor ing techniques that wi l l  enable vert ical  prof i l ing of  

shallow groundwater , which is the most dynamic component of  the subsurface 

system 

Theme 2 

Incorporating natural  attenuation into the ‘managing to l imits’  framework. 

Importance to 
New Zealand 

The management cl iché that  you can’t  manage what you don’ t measure is 

especial ly t rue of groundwater, which is complex,  varying wi th mass f low, depth,  

age, and quali ty;  and it ’s  al l  hidden from view.   Effects may have many 

contr ibuting factors and take decades to be evident.   We need to understand 

where nit rate f luxes are coming from, spat ial ly and temporal ly.   The N load 

current ly measured at a moni tor ing s ite is the cumulat ive effect of  al l  groundwater 

f low paths that discharge into a given surface water  body.   Imposing widespread 

l imits  without accounting for  these factors is a blunt  instrument;  potential ly 

l imit ing further agr icul tural intensif ication.     

Cri t ical sub-catchments could be ident if ied and N leaching reduced through 

improved management or land use change.  The availabi l i ty of continuous 

moni toring data from a range of measured si tes would al low models to be 

cal ibrated in a much more robust way than is current ly achievable.  The twin goals 

of  economic growth and managing to water  qual i ty l imits can then be addressed.  

Lands constrained by water  qual i ty constraints can be managed di fferently with 

the science, technology and resul t ing DSS we propose.    

The r isks to water quali ty can be managed by informing land users which 

management pract ices wil l  enable product ion increases without exceeding 

environmental l imits .  At present natural  attenuation is excluded from regional 

plans.  Where i t  exists  i t  needs to be known as we are handicapping ourselves i f  

we treat  al l  root zone losses as ni trates in our receiving waters, when in many 

places de-nit r i f icat ion is removing 50% of  N in groundwater.   

Research 
components 

The main research components are:    

•Mapping the spatial  location and quantum of groundwater hydrological f lows in 
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combination with nutr ient  concentrat ions to determine the spatial var iat ion in 

ni trate assimilat ive capacity in given catchments   

•To integrate deni tr i fying capacity into the GIS data so that  land users and 

regulators know where groundwater systems are vulnerable or where intr ins ic 

natural  assimi lat ive capacity is  known to exis t and can be quantif ied.  

•Land users require decis ion support  services (DSS) and tools that; combine 

nutr ient and mass f low in a t ime series model.   Identify cr i t ical sub-catchments, 

where remedial act ion is most warranted,  and other sub-catchments where 

intensi f ication is st i l l  possible within the nitrate l imit  imposed.   

-There is  massive data col lected f rom many sources at  considerable 

expense and in some cases it  is being acquired but  not  used for 

management purposes, only for compliance.   

-Data should serve management, not  be an end in i tsel f.   Accordingly we 

need to develop technology and sc ience that serves stakeholders’ needs.    

•Develop models of catchment-scale water balances and nutr ient mass f lux so 

that c l imate predict ion can be integrated, along with near real-t ime data from 

water takes to provide a catchment scale management ‘dashboard’  for  users to 

closely manage both water availabi l i ty and water quali ty. 

Theme 3 

Developing mitigation options that are based on induced or enhanced de-nitrif icat ion in 
groundwater systems. 

Importance to 
New Zealand 

An important component of management is  to enable land users to adapt 

management pract ices which are matched to the natural ecosystems’ assimi lat ive 

capacity.   In some catchments we can engineer the creation of de-ni tr i f ication 

and contr ibute to other community values of  freshwater.  Constructed wetlands 

are often proposed but cost  and maintenance are issues.  For ni trates the 

mit igat ion solut ions have been prohibit ively expensive.    We propose to break this 

barrier . Deni tr i fying walls have been tested at pi lot scale.   We propose to test the 

viabi l i ty of permeable bioreactors (PBR) at  sub-catchment scale.    

To deploy PBRs one must understand the nutr ient mass f luxes – locat ion,  

concentrat ion,  direction, volume. The measurement by novel  sensors, and the 

model l ing, based on r icher data is the key to test ing and up scaling of PBRs.   

Hence the need to integrate across natural ass imilat ive capaci ty, nutr ient mass 

f lux,  and the biochemical  discipl ines to provide an engineered mit igation solution 

that is worth investing in because i t  wi l l  enable more land use intensif icat ion as 

ni trates are deni tr i f ied before they recharge streams and r ivers.  

There are other mit igation opt ions that  function in conjunction wi th the natural 

systems, such as methane injection to provide a carbon ‘food’ for natural  bacteria.  

This has point  source appl icabil i ty and is  potential ly viable where agr icul ture can 

of fer biogas as a carbon source. Constructed wet lands have application but have 

proved to be expensive in New Zealand.  By understanding nutr ient f luxes better 

we can decide where these and other such mit igation options are indicated. 
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Research 
components 

The main research components are:    

•Mit igation by induced de-ni tr i f ication.   

•The up scaling of  potential  mit igation in the form of in-s itu permeable bioreactors 

(PBR), tak ing current  pi lot scale studies up to sub-catchment scale.  This is not 

the same as a constructed wetland, and is aimed speci f ical ly at denit r i fy ing 

groundwater nit rate mass f luxes.  PBRs need the knowledge of  the nutr ient mass 

f luxes to be capable of  scale benef its  to water quali ty.     

•The above options can be examined to determine the economics of mi t igat ion 

versus al ternatives such as herd homes, destocking and the l ike. 

Theme 4 

Developing the decision support  tools that are based closely on the biophysical  reali ty and 
which are trusted by land users, iwi,  communit ies, and regulators. 

Importance to 
New Zealand 

To manage our water more effectively for mul t iple values requires better  

combined water  mass and nutr ient mass f lux models based on better  data.  This is 

important  because land users require trusted real t ime water management 

informat ion at a sub-catchment scale.  Current models do not have al l  the data 

and consequently have a degree of  uncertainty.  New regional plans rely on 

nutr ient budget models to assess nutr ient  losses to groundwater,  despi te these 

tools are being asked to do more that they were designed for .   

Farmers are concerned and are asking for real- t ime measurement.  The 

cost/benefit  of a sensor on every paddock is prohibi t ive,  but  a deployment of more 

sensors specif ical ly designed for groundwater and nutr ient  f luxes has potential to 

improve the models in terms of trust and ut i l i ty.   User uptake is  important,  hence 

the proposal to engage users in the design of this  Nat ional  Chal lenge.  This is  a 

key message f rom the Land & Water Forum col laborat ive process.   Integrating the 

novel  sensor arrays’  data feeds with regional GIS and land users’  data into 

combined hydrological plus nutr ient models would al low stakeholders to manage 

water resources to both improve water  rel iabi l i ty and to comply with water quali ty 

l imits .   

The human interface needs to generate physical actions which contr ibute to 

economic and environmental  goals.  The ideal s ituation is a model that  is trusted 

by land users and regulators al ike to which al l  stakeholder groups contr ibute data.    

Trust is achieved when al l  stakeholders believe that  the model represents the real  

wor ld.     

Research 
components 

•Economic analysis  of  ecosystem services to assign value to the intr ins ic natural  

capital  of  the potent ial  deni tr i fying capacity of groundwater and surface water  

systems.  This bui lds to decisions about options such as mit igat ion technologies.  

• In col laboration wi th regulators land users, iwi and agronomists,  develop 

specif ications for tools and model that are ‘ f i t - for-purpose’ and al ign wi th 

integrated catchment,  water  rel iabi l i ty, land use economics and kait iaki needs. 

•Develop and integrate socio- economic capabil i ty into these biophysical  models 

and l ink them to user def ined decis ion support tools  to provide a near real-t ime 

‘dashboard’ that enables catchments ( irr igators, iwi,  hydro, regulators)  to manage 
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catchments to meet the targets set  by regional water plans.   

•We propose that  Matauranga Maori is integrated into this  chal lenge, not as an 

add-on.   Concepts such as Mana Atua/Mana Tangata can guide the development 

of  DSS and can inf luence the outputs of  models themselves.     

Research 
Gaps and 
Opportunit ies 

•  To ensure that there are productivity gains to enable regional councils  and land 

users to adopt this improvement in data acquisi t ion. 

•  Integrat ing this  data into combined nutr ient  mass f lux models. 

•  Developing near real-t ime DSS incorporat ing GIS, land use, metered water 

takes, and cl imate forecast data to create useful  DSS with predict ive capabi l i ty. 

•  Ensur ing f i t  for  purpose outputs by engaging stakeholders in the design and 

implementat ion phases of  the project. 

Comments I t  is widely acknowledged that  using our water  for  economic growth through 

agr icul ture can of fer substant ial  economic benef its in the order of bi l l ions in 

exports dol lars.  The twin constraints to us ing more water on our l imited land are 

water rel iabi l i ty and environmental water quali ty.   They are often directly l inked.  

Ei ther way, water quali ty is the ult imate constraint.  Ir r igable land in some 

catchments is constrained not  by water quanti ty but water quali ty.  Nitrates in 

groundwater are the subject  of  considerable debate in every intensively farmed 

region.   Reducing ni trate losses also makes good farm economics. 

•  Waikato – a long term c lean-up plan is  underway. 

•  Hawkes Bay – the Ruataniwha scheme has r isk around water quali ty 

•  Manawatu – the One Plan decis ion has highl ighted water quali ty as a severe 

constraint to some practices. 

•  Wairarapa – s imilar concerns. 

•  Hurunui-Waiau – a proposed water storage scheme is  al ready meet ing future 

water quali ty constraints.   

•  Canterbury Plains – water  qual i ty is an issue in al l  catchments.   

•  Otago – water  qual i ty is a constraint  in some catchments. 

•  Southland – water  qual i ty is already a l imit ing factor in the Waituna catchment. 

 

I rr igable land in Canterbury alone is 350,000 Ha. At  $8000/ Ha increased 

production, that is $2.8 bi l l ion pa.   Nat ional ly this f igure doubles.  Water quali ty 

issues must be addressed simultaneously wi th water storage and on-farm 

management pract ices.   Our National Science Challenge is to provide the science, 

technology, models, and user decis ion support  tools to enable our catchment 

communit ies to understand natural capital ,  nutr ient f luxes,  and manage water  for  

sustainable production.   
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Entry ID 395 

The Water Challenge 

Summary Meet ing the growing demand for water for personal, agr icul tural  and industr ial use 

and improving water ef f ic iency and recycl ing. At the same t ime encouraging water  

qual i ty, lower energy use, improved waste recycl ing, carbon footpr int reduct ion 

and minimis ing environmental impact of water supply manipulation.  I t  is  also 

important  develop measures to secure talented chemical engineers in the water  

sector in order to maintain progress in al l  parts of  the water economy 

Theme 1 

Increased demand from people, agriculture and industry 

Importance 
to New 
Zealand 

Water demand is  not  conf ined to any one sector . However, provision of  adequate 

supplies to the wor ld’s  population for  dr inking, cooking,  sani tat ion and personal 

hygiene must be the top priori ty. Current trends suggest that the demand for 

dr inking water  may double by 2025 and this has enormous implications for  

humanity. At the same t ime, agr icultural  and industr ial  water  demand is 

increasing, part icular ly in the rapidly industr ial is ing nat ions.   

Cl imate change impacts, inc luding severe storms, drought and r is ing sea levels 

br ing addit ional  threats to security of  supply. Water  treatment technologies can be 

energy intensive and the energy footprint in water is  substant ial.  The challenge is  

a complex one, demanding a di ff icult  mix of pol i t ical intervent ion,  new technology,  

improved water conservation and distr ibution, technical and engineering ski l ls and 

bet ter publ ic education. A chemical engineer ing approach, based on systems 

thinking is  required. 

Research 
components 

Improving process ‘water  ef f ic iency’ : in a diff icul t f inancial c l imate, viable process 

economics is  a key concern across the chemistry using industr ies. IChemE 

reasserts  that  this goal should not  be pursued at the expense of  the other 

components of  the tr iple bot tom l ine and environmental and social concerns,  

including process safety,  cannot be ignored. Improved use and re-use of water,  

which sees widespread use as a coolant , solvent  and adsorbent in industr ial 

processes,  wil l  have a posit ive impact on prof i tabi l i ty whi lst at the same t ime 

easing the pressure on suppl ies and reducing the energy required for water 

processing and distr ibut ion. 

 A renewed focus on ef f ic iency and demand optimisat ion is needed in both the 

developed and emerging economies. The concept of  vi rtual (or embedded) water  

in food products and consumer durables must be af forded greater prominence. 

IChemE wi l l  cont inue to encourage support for innovat ive R&D in products and 

processes that improve water ef f ic iency and reuse, alongside appropriate 

regulat ion that wil l  del iver a better balance between the needs for water quali ty, 

lower energy use,  improved waste recycl ing and carbon footprint  reduction. 

Theme 2 

Environmental Impact of water supply manipulation 

Importance Across the globe, over 250 r iver  basins are shared by two or  more countries, 
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to New 
Zealand 

most ly wi thout adequate legal  or  inst i tut ional arrangements. Extensive r iver  

diversion in some countries has resulted in restr icted water supplies in 

neighbour ing nat ions.  Damming for  ir r igat ion and the consequent water run-of f is 

increasing sal ini ty levels and algal  bloom. Secur ing adequate water supplies is a 

pr iori ty for al l  nations but  the geopol i t ical consequences can be severe; however, 

many water treatment technologies are energy intensive and this  works against  

the dr ive for a low carbon economy. Chemical  engineers must support  efforts to 

minimise environmental impacts and mit igate the adverse ef fects of watercourse 

diversion. 

Research 
components 

I rr igation and management systems Governments world-wide must be urged to 

take a stronger l ine in water  management,  using regulation where appropr iate,  to 

conserve water supply and rehabi l i tate badly disrupted ecosystems. The factors 

inf luencing the availabi l i ty and cost of water need to be better understood, 

enabl ing more sustainable strategic decision making.  This does not always 

require heavy capital investment in new infrastructure and technology, rather the 

management and control  of  dis tr ibution systems can be improved by the 

appl ication of process audit ,  systems thinking and better process control  to 

ensure opt imal eff iciency in both water and energy use. 

Theme 3 

Water recycling 

Importance 
to New 
Zealand 

Recycled, reused or rec laimed water is water  that is  used more than once before 

i t  passes back into the natural water cyc le. Water recycl ing sees the reuse of  

t reated wastewater for i rr igat ion,  industr ial processes,  toi let  f lushing and ground 

water recharge.  A step change in water recycl ing is required but meet ing national  

targets is proving di ff icult ,  even in countr ies where rel ieving water  stress is a 

pol i t ical  priori ty. For example, Austral ia is unl ikely to meet i ts 30% water recycl ing 

target by 2015. The s ituation is improving in Singapore where a 7,000km drainage 

network, which directs rainwater into 15 reservoirs  and four plants that recycle 

water f rom sewerage using membrane technology can now meet 30% of the total 

water requirement with recycled water, dubbed ‘NEWater’.  Petroleum refiners, 

including Exxon Mobi l  and SRC at  the Jurong Island complex are adding to the 

demand for recycled water.   

Industr ial process wastewater s treams of ten contain recoverable metals , nutr ients 

and calor if ic value. Recovery is  becoming economical ly viable as wastewater  

t reatment costs increase. Chemical and process engineers can deploy their 

fundamental  understanding of unit operat ions to improve water  reuse across a 

wide range of industr ial and domestic  processes. 

Research 
components 

Water treatment technology: Bacteria,  protozoa and vi ruses are common in 

untreated water  suppl ies along wi th chemicals from pesticides, urban runoff , 

industr ial  discharges and inadequately treated wastewater. Public  concern over 

the environmental  impact of  res idual  active ingredients from pharma and personal  

care products has increased. The removal of such contaminants, whi lst 

commonplace in the developed economies, is  energy intensive with high operat ion 

and maintenance requirements and tends to be geared primar i ly towards the 
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protect ion of the environment, rather than human heal th.  Large volumes of s ludge 

are also generated. Newer technologies including membrane bioreactors, which 

can deal  with str ingent puri ty l imits, are now attracting much interest . IChemE 

supports the development of  a hierarchy of  sustainable water  treatment 

technologies and encourages fur ther R&D with a strong internat ional perspect ive 

and a focus on energy optimisation,  carbon neutral/carbon negat ive processes 

and passive treatment technologies. 

Theme 4 

Skills and research 

Importance 
to New 
Zealand 

Ski l led chemical and process engineers are needed to secure and maintain 

progress in al l  parts  of the water economy. IChemE Salary Survey data 

consistently reveals that the salar ies paid to chemical engineers in the water 

sector lag behind those in the oi l  and gas,  petrochemicals and pharma sectors. 

This trend may be starving the water industry of  top qual i ty talent.  Competent  

professional chemical  engineers are in high demand and speci f ic measures may 

be needed to secure the talent pipel ine in the water  sector.  Regulatory 

f rameworks of ten skew the research agenda towards wastewater treatment rather 

than step change innovation in water conservat ion,  supply and reuse. 

Research 
components 

Wastewater valorisation Reduction; reuse and recycl ing options must take prior i ty 

in any water waste strategy.  Metals  and other valuable mater ials  can be 

recovered from process waste streams. Sewage streams are r ich in nutr ients and 

potential feedstocks for algal  bioreactors, which can capture CO2 and produce 

biofuels. However, the appl icabi l i ty of  novel  technologies is  highly dependent on 

the qual i ty and consistency of the waste stream and cost ef fect iveness.  Chemical  

engineers must engage with emerging think ing on wastewater management and 

contr ibute to strategies that  explore ways of optimizing the use and/or reuse of  

waste streams. Ef fect ive r isk assessment is paramount, as is the need for ear ly 

publ ic engagement. 

Research 
Gaps and 
Opportunities 

More than a bi l l ion people have inadequate access to safe water,  with less than 

10% of the global populat ion receiving a treated supply. Urbanisat ion and 

increased demand from agr icul ture and industry is making matters worse. 

Desert i f icat ion,  sal ination and pollut ion are increasing as a resul t of  many 

complex and interrelated factors including over-extract ion and large scale 

diversion projects. The roadmap calls  upon governments and policy makers to 

develop sustainable regional  water  management s trategies based on a better 

understanding of  the factors inf luencing cost  and availabi l i ty.  

Technological advances are needed to secure to sustainable water supplies. 

Research pr iori t ies should include water puri f icat ion,  t reatment, and sewage 

sludge disposal . Chemical engineers can help industry to design and implement 

processes that reduce water  use;  however,  appropriate regulation is  needed to 

support sustainable water supply and wastewater disposal. Effor ts must be made 

to minimise demand and improve the treatment of  sewage s ludge Universal water  

meter ing is a desirable goal  but  this must be supported by appropriate pr icing 

mechanisms and public  education to encourage more sustainable water use. 
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Comments see http://www.icheme.org/media_centre/technical_strategy.aspx  

 
 
 
Entry ID 420 

Using science to inform the development of resilience and sustainable water 
infra-structure for the 22nd century 

Summary The goal is more eff ic ient water management in New Zealand. Themes inc lude 

using sc ience to explore the biophysical , social,  cul tural, health and economic r isk 

and benef it  for alternative uses of waste-water and waste water  sol ids,  clos ing the 

gap between water management research and its  appl icat ions in decision making 

Theme 2 

The primary goal is to use science to explore the biophysical,  social, cultural, health and 
economic risk and benefit  for alternative uses of waste-water and waste water solids, 

including water reuse from New Zealand’s single largest waste stream 

Importance 
to New 
Zealand 

Cri t ical infrastructure such as waste-water and dr inking-water is a prerequisi te for  

a modern society to funct ion.  Providing these services is expensive in terms of 

both natural  and economic capital.  9% of water al located in New Zealand is  used 

for dr inking-water  suppl ies resul t ing in 1.5 bi l l ion l i t res per day of  domestic  waste-

water being discharged into the environment. I ts provis ion accounts for  37% of  

local government energy consumpt ion,  costs $600 mil l ion a year to run and the 

infrastructure has a replacement value of $23 bi l l ion. With the ant icipated growth 

and redistr ibution of  the New Zealand populat ion,  as wel l  as improved 

environmental and health standards and expectat ions,  these costs wil l  increase 

unless new solut ions,  which are both technical ly feasible and social ly acceptable,  

are developed and implemented. 

The technical approach to dr inking and waste water management ref lects a very 

successful  19th century approach to publ ic health. There is  a recognit ion that the 

water systems and management has to change. However, there are mul t iple 

barriers to evolving water management for  the 21 and 22nd centuries which 

require New Zealand-relevant scienti f ic solut ions.  The Canterbury earthquake 

sequence demonstrated the vulnerabil i ty of our water ret iculat ion systems to a 

natural  disaster.  In some areas industr ial and res ident ial  development is  being 

constrained by provis ion and management of  the “Three Waters”  (waste-, s torm- 

and drink ing-water).  Where infrastructure cannot extend to provide access to 

reticulated water services, activit ies rely on on-s ite systems. Much of our tourism 

is  served pr incipal ly by on-si te systems and carr ies the greatest r isk and 

f requency of exposure to biological hazards aris ing f rom waste-water . 

Research 
components 

Though research into public health and water management has occurred the 

current level of  knowledge is  not  suf f icient to address the future chal lenges.    

Research is  needed into the:  biophysical, social ,  cultural, health and economic 

r isks and benef its  for  alternat ive uses of  waste-water and waste water  sol ids. I t  

wi l l  require ski l ls  in publ ic heal th,  engineering, sociology,  behavioural economics,  
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part ic ipatory act ion research, sociology and integrative modell ing 

Theme 3 

The primary goal of this research is to close the gap between producing research outputs 
and use of the outputs in water and waste decision making and practice,  by developing an 

understanding of the current roles of research and processes for i ts uptake, and by 
developing more effective and eff icient roles and processes 

Importance 
to New 
Zealand 

There is  growing awareness in al l  aspects of water management that research is 

not  del iver ing to i ts potential .   This is not a phenomenon unique to water 

management; simi lar  conclus ions have been drawn from the f ields of 

management, agr icul ture,  ICT and planning to ment ion a few.  The situation is  

f rustrating for  researchers, research users and research funders.  Though c laims 

have been made on what the problems might be and how to solve these, on closer 

inspect ion the evidence base to support  the c laims is weak, often anecdotal, 

based on personal  ref lect ions and the f indings are not  general izable. 

Research should be capable of  providing cri t ical  information for describing the 

current state of  water management in New Zealand and for describing options of  

possible future states.   Once decis ions have been made about the most desirable 

future state, research has a role in providing information to support 

implementat ion decisions, and to monitor  progress and evaluation of impacts. 

A breakthrough in the eff icacy of provis ion and use of cri t ical  information obtained 

through research for  water management decisions would transform the New 

Zealand water sector,  the wider economy and the broader service sector. 

Research 
components 

Closing the gap wil l  require researchers and research users to work together,  

combining mult iple discipl ines with theory and pract ice.  I t  wi l l  require hypothesis 

generation, data col lection,  theory generation and test ing using knowledge from:  

•  pol icy and decision making 

•  tradit ional  biophysical , social science and engineering 

•  service sc ience and complexi ty inc luding the coupl ing of natural and human 

systems. 

Research 
Gaps and 
Opportunities 

Researchers in the f ield of water management are tackl ing the problem of 

research uptake;  however, this  is not being done in a systemat ic way and is  not 

the pr imary focus of  their research.  The problem is of ten addressed as an 

extension to the main biophysical  research, treated as a knowledge t ransfer  

problem.  When research is used to inform practice, i t  is  usual ly based on 

extrapolating the f indings of  studies beyond what would be regarded by the 

researcher as reasonable and ignor ing the context  or methodological  l imi tat ions of 

the or iginal studies. 

Though much work has recent ly taken place in Europe into the gap between 

producing research outputs and use of the outputs, the small scale of New 

Zealand provides a perfect decision making and sc ience systems environment to 

develop and test a number of theories. There are opportuni t ies to produce agile 

solutions which benef it  New Zealand rather than adopt ing the Leviathan models 

being developed elsewhere. 

Management of drink ing and waste waters involves the sacred and the profane, 
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human values and our relat ionship to nature, pol icy, governance and technical  

issues. Research has been successful in viewing dr inking and waste water 

management as a technical  engineering chal lenge. Signi f icant research, most 

recently in the f ield of  model l ing, has been carried out  on this aspect of drink ing 

and waste water management. Whi lst valuable and in many cases highly 

successful , i t  has tended to focus on opt imising the performance of current  

systems. This approach has been less successful  in developing integrated 

solutions, in part due to the absence of robust biophysical data to inform the 

models around the alternative approaches to waste management, but also 

because these approaches have been unable to include the human dimension of 

water and waste management in anything but a superf icial manner. 

Unl ike many other waste streams, there are good prospects for alternative, 

benef ic ial end-use options for waste water  and waste water sol ids due to the high 

levels of nutr ients that they contain. Though water  wastes also contain a complex 

cocktai l  of  contaminants,  some of which e.g. pharmaceut ical  and body care 

products,  are unique to this waste stream. As in other countr ies,  current r isk 

assessment procedures in New Zealand are reductionist,  and focus on the fate 

and effects of individual chemicals not tak ing into account the addi t ive effects of 

mult iple hazards. 

An integrated research approach to waste management presents an opportunity 

for developing knowledge and solutions around alternat ive use of  waste-water,  

reducing the demand for  water in New Zealand’s unique social, cultural and 

physical  environment. 

 
 
 
Entry ID 437 

Maximising the benefits of the water which falls on New Zealand 

Summary This chal lenge proposes a research programme into maximis ing water retent ion to 

make more water  avai lable for hydro-generat ion, irr igat ion and ecology, e.g.  

through the introduction of a Canadian beaver populat ion into New Zealand 

waterways to create dams in upstream catchment areas. 

 
 
 
Entry ID 448 

Increasing the productivity of our land whilst improving the quality of our lakes 
and rivers, and meeting social and recreational needs 

Summary The goal of this challenge is  to increase the productivi ty of land whi le improving 

water quali ty and meet ing social needs,  with a focus on New Zealand’s forest  

landscape. Speci f ic research components include exploit ing forests ’ potent ial to 

protect  land and waterways,  harvesting materials in nat ive forests for new 

products,  using biomass in New Zealand forests to solve issues l ike energy supply 
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and effects of cl imate change. 

Theme 1 

Realising the potential of New Zealand’s forest 

Importance 
to New 
Zealand 

The goal is making our forest landscape work bet ter for New Zealand, contr ibuting 

to our economy and qual i ty of l i fe whilst s imultaneously ensur ing sustainabil i ty 

and minimal  impact on the resource. 

New Zealand is a very forested land. Most of  this  land (both native and exot ic 

species) is in conservat ion estate, but could be “sustainably exploited”  to a 

greater degree. 

MPI forecasts for plantat ion forests indicate that a large area of forest  planted in 

the mid-1990s wi l l  mature in 8-10 years, increasing wood supply from 

26 mil l ion m3/yr to approx 36 mil l ion m3/yr for a period of 10 years. This raises 

several questions:  

•  What wil l  we do with this  extra wood? 

•  Why would investors engage when the addi t ional supply is  t ime-l imi ted? 

•  How can we sustain supply at this higher level? 

Around 12 mi l l ion m3/yr of  New Zealand’s wood supply is current ly exported as 

unprocessed logs export  markets.  Investment in cost-ef f ic ient,  small ,  distr ibuted 

processing technologies could al low a shif t  toward export  of higher value product .  

Many of New Zealand’s new plantation forests are in remote regions that lack 

infrastructure and processing faci l i t ies.  Cost-eff ic ient distr ibuted pre-processing 

could avoid the unnecessary haulage of  ‘waste’ to processing s ites, further 

increasing the value of  our resource. 

The majori ty of  New Zealand’s forest activity involves radiate pine. Given the 

impact of  Psa on the kiwi- fruit  industry,  work should be done now to explore the 

viabi l i ty of alternative species in the event of a catastrophic event affecting 

radiate pine. 

Signif icant  tracts of  marginal  land could be planted with higher revenue-

generating non-pine species whils t simultaneously rejuvenat ing the land. 

Research 
components 

What new businesses or  enterprises could/should be created off  the back of our 

forested landscapes?  

Can we make more use of  the bounty of  raw materials found in trees to provide 

al ternatives to non-sustainable industr ial materials,  medic ines or even food 

production? 

Are there mater ials in native forests that might be harvested as new products? 

What technologies could be developed to more ef f ic ient ly process increased wood 

production with minimal environmental impact and at lower cost? 

Is  there a potent ial  role for trees in land remediat ion beyond ni trogen f ixat ion and 

phosphorus removal? 
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How might GE be used to improve the genetic  viabi l i ty of other species in the 

event that a catastrophic event wiped out  radiata pine in NZ? How can we 

ef fect ively inform the publ ic about the use and benefits  of  GE?  

How can the enormous biomass stored in NZ forests be used useful ly and 

sustainably to solve looming issues for  NZ, l ike energy supply, ef fects of cl imate 

change, regional development?  

What opportunit ies would be afforded to New Zealand from the rejuvenat ion of 

species such as r imu and beech?  

What contr ibution might nat ive forests make wi th respect to water  qual i ty? 

Is  there potential to identi fy more added value products from native fauna?  

•  Exploi t  their abi l i ty to protect land and waterways 

•  Strengthen indigenous forests for product,  social and cultural values 

•  Real ise the benefits from  exploi t ing ecosystem services  

•  Mit igate r isk through exploration of alternative species 

Comments We understand that  some approaches might identi fy themes regarding Resource 

Management and Governance; Resource Eff iciency; Real ising Wealth from 

Resources; etc and understand the value of  this  hor izontal approach across the 

challenge. However, we bel ieve i t  is also necessary to consider the scope of the 

challenge vert ical ly,  in relat ion to specif ic resources.  We propose that  the f inal 

vers ion of this challenge descr ipt ion should address both hor izontal and vert ical  

concerns in a holis t ic  manner. This themat ic descript ion aims to outl ine 

opportuni t ies in respect  of  our  forest landscape. We would expect  that s imilar  

consideration be given (by other organisations) to science excel lence in the areas 

of  agr icultural  and water resources, and that these detai ls  should supplement the 

hor izontal approach that advocated to avoid duplication of effor t across the 

challenge. 

 
 
 
Entry ID 459 

Healthy and Secure Freshwaters in a Growing Economy. Goal: To manage New 
Zealand’s freshwater resources so that their health and life-supporting capacity 

is improved and economic benefits from water use are maximised 

Summary The goal is optimal  management of New Zealand’s water resources.  Themes 

include understanding and optimis ing use of  water  resources by developing 

forecast ing methods for water quantity and quali ty,  developing techniques to 

enhance the heal th of  freshwater ecosystems and corresponding economic, 

environmental, cultural and social benef its , developing water infrastructure that  is  

more secure,  effective, integrated and cost-effective, empower ing Māor i 

part ic ipat ion in the management of New Zealand’s f reshwater resource,  

preserving rangatiratanga, kait iaki tanga and mana of waterways  
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Theme 1 

Optimal use of water resources 
Goal:   To be optimally al locate both surface and groundwater resources in a manner that 

integrates multiple-use decision-making and planning, and maintains the health of our 
waterways 

Importance 
to New 
Zealand 

New Zealand’s freshwater resources support  a wide range of users,  inc luding 

sectors that  are key contr ibutors to our economy.  These inc lude the pr imary 

production sector (e.g. , i rr igat ion,  l ivestock water), energy sector (e.g. , hydro-

power generation,  geothermal product ion) , industr ial processes,  communit ies 

(e.g.,  for  dr inking water and biodiversi ty),  recreation (e.g.,  f ishing), tourism (e.g. , 

iconic lakes and r ivers and water-centr ic  landscapes),  and resource users (e.g., 

gravel extraction) .  They are cri t ical ly important to Māor i (e.g. , taonga species,  

mahinga kai  resources, spir i tual values) and are int imately connected to New 

Zealand’s national ident ity (e.g. , c lean,  green image) and sense of place.  

Freshwaters can be a signif icant  hazard when r ivers f lood, but nevertheless 

underpin the entirety of society and the economy.  This theme embodies 

understanding of  water  quant ity, how it  is distr ibuted in t ime and space, how 

water resources wil l  change as a resul t of  environmental change, and 

demographic and economic pressures.  I t  focuses on how to maximise the 

quant ity of  water available for mult iple uses whi le maintaining ecosystem health 

of  natural freshwater systems. 

Research 
components 

Research components required to opt imise use of  water resources include: 

•  Developing methods and models for  forecasting changes in water quanti ty due to 

di rect  human act ivi t ies at catchment scales. 

•  Predict ing natural changes and var iabi l i ty in the hydrological cyc le to quantify 

groundwater and surface water resources.  This is  essent ial  for  maximis ing levels 

of  water  al locat ion for mul t iple uses (e.g.,  ir r igation,  energy generation etc). 

•  Determining the relat ionship between water  quant ity and the levels of key 

contaminants (e.g., nutr ients, sediment,  pathogens) in surface water  and 

groundwater that  are applicable to given water  bodies and catchments.  This is 

necessary for the development of water al location strategies that l imit or reduce 

contaminant levels. 

•  Determining and mit igat ing the impacts of hydro and geothermal energy 

generation whi le maximis ing energy product ion.   

Theme 2 

To ensure that the ecosystem services of New Zealand’s freshwaters are maintained and 
enhanced to ensure that water resources are of high quality and support  economic growth 

and social values 

Importance 
to New 
Zealand 

Despi te this importance heal thy ecosystems, many of New Zealand’s waters are 

threatened, are degrading in qual i ty, and are already, or are becoming, not  f i t- for-

purpose (Land and Water Forum’s 1st  Report  September 2010).   There is  a 

signif icant  cost  to the nation in lost  economic opportuni ty,  degraded social and 

cultural outcomes, and loss of biodiversity.  Recogni t ion of  these problems is  

ref lected in the increasing ef fort  placed on the establ ishment of mechanisms for 
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investigating our management processes, for garner ing community ideas and 

perceptions, and for  developing policy and regulat ion.   I t  is also reflected in the 

growing effor ts to restore the chemical , physical  and biological integrity of  

degraded water bodies in New Zealand (e.g. , Lake Taupo, Waikato River, Te 

Waihora). 

Strong and heal thy ecosystems yield substantial economic, environmental, 

cultural and social benefits that  include enhanced biodiversi ty,  enhanced health 

and well -being of iwi,  increase in recreational value, increased resource recovery,  

and maintenance of  a compet it ive market advantage (c lean green image).  This 

theme wil l  contr ibute to meet ing New Zealand’s commitments to international 

biodiversity init iat ives.  In addi t ion, freshwater ecosystems support species that 

are iconic to Māori  and to the wider New Zealand population (e.g.,  eels , whi tebai t) 

that are an indicator  of wider heal th of  the environment. A cri t ical  component is 

the need to track progress, including the need to measure trends, monitor  

systems, report  environmental s tate,  and analyse the ecosystem consequences of  

actions associated wi th water use and al location. 

Research 
components 

Development of  management tools and techniques for  maintaining, enhancing 

and, where necessary, restoring, the heal th of freshwater ecosystems wi l l  include 

sc ience to:  

•  Measurement and moni tor ing networks to determine the health of our water 

bodies to aid report ing, management and restoration. 

•  Determine the act ivi ty levels that wi l l  support  l imit set t ing to decrease 

cumulative impacts on freshwater ecosystems. This inc ludes al location l imi ts for  

sustaining f reshwater  ecosystems. 

•  Develop new models to predict  the effects of global change, especial ly c l imate,  

on freshwater ecosystems. This wi l l  also require l inking such models with those 

associated with water  use impacts on ecosystems.  

•  Develop methods for the control  or eradication of freshwater invasive species 

(e.g.,  weeds,  pest  f ish, didymo). 

•  Provide new techniques for  information, biodiversity and biosecuri ty 

management, inc luding ecosystem restorat ion. This research supports iwi and 

community aspirat ions to restore degraded waterways. 

Theme 3 

Secure and effective water infrastructure 
Goal:  To ensure that New Zealand has crit ical  water infrastructure that has an improved 
contribution to economic value, is environmental ly optimised, and socially acceptable 

Importance 
to New 
Zealand 

New Zealand needs infrastructure for  water use that is capable of producing, 

storing and delivering safe and high-qual i ty water f i t  for  the desired purpose, 

whi le providing t ransport and effective use-specif ic t reatment of  wastewater and 

storm water . 

Freshwater is extracted, diver ted or stored to support economic activit ies, prevent 

damage (e.g. , urban storm water infrastructure,  f lood mit igation)  and provide 

water to communit ies. I t  is discharged back, di rect ly or  indirect ly,  once used.  The 

infrastructure associated wi th extract ion,  diversion, storage and discharge must 
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be secure,  robust and cost-effective and meet the purpose for  which i t  was 

designed.  There is  also an increasing demand for  “green” infrastructure, which 

includes concepts of  water and energy conservation and resource recovery.    

At  present New Zealand’s infrastructure is  commonly based on old, often 

inadequate, technologies, wi th a shif t  in practice required to improve the 

res i l ience of communit ies and protect our “c lean green” image (e.g. , PCE, 2000, 

2001).  This theme strongly contr ibutes to the Nat ional  Infrastructure Plan (2011), 

which indicates that New Zealand needs a more integrated and cost-effective 

approach to treat water catchments, supply,  wastewater  and storm water to 

ensure the growth and wellbeing of  communit ies. 

Research 
components 

Research that can contr ibute to the entire scope of inf rastructure processes 

includes:  

•  Innovative infrastructure design, best management practices for  infrastructure 

systems.  

•  Optimised and effective water and wastewater  treatment processes. 

•  Hydraulic engineer ing;  planning and engineering toolboxes.   

•  Li fe-cycle analysis .  

•  Integrat ion of infrastructure into wider catchment management and land-use 

practices (sustainable agriculture).   

•  Flood and hazard management.  

•  Energy generation.    

Research wi l l  need to inform innovat ive technologies for water systems that 

combine mult iple outcomes (e.g., pol lut ion prevent ion,  resource recovery,  water  

re-use, co-benefit  generation) , wi th s ignif icant  economic advantages (e.g.,  low 

capital  and operat ional  costs).  

Theme 4 

Empowerment of Māori  
Goal:  To empower Māori  part icipation in the management of  New Zealand’s freshwater 

resources, to preserve the mana of waterways, rangatiratanga and kaitiakitanga 

Importance 
to New 
Zealand 

This theme recognises the necessi ty of  providing for  iwi r ights and interests in 

f reshwater , including r ights to access water for customary and commercial use. 

Water is integral to Māor i cultural identi ty in many ways inc luding where there is a 

signif icant  interest  in tradit ional food and resources,  and the places where those 

resources are obtained.  In addit ion,  for  water management systems and 

processes to be effective and stable, iwi r ights and interests need to be resolved 

(Land and Water Forum Reports 1-3).    

Research 
components 

Research on management techniques that  incorporate matauranga Māori into the 

use of water resources wil l  include:  

•  Development of  cul tural  heal th indices for f reshwater  and their  incorporat ion into 

f reshwater  management practices. 

•  Protection, enhancement and restorat ion of mahinga kai resources within 

nat ional  freshwater  lakes, r ivers and estuaries. 

•  Quant if ication of water resources to aid development of Māori assets.    

•  Planning tools and process that  recognise Māor i values in freshwater.  
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Research 
Gaps and 
Opportunities 

Opportunit ies: 

•  New Zealand’s highly variable c l imate and physiography provide considerable 

challenges to predict ions of  water  resources that wi l l  be needed for water 

management , land use management, infrastructure,  water related hazards and 

economic development. 

•  Col laborat ive processes for  solving freshwater issues are increasing. These wi l l  

require a combination of social,  economic pol i t ical and biophysical  sciences in a 

way not yet ful ly contemplated. New Zealanders could be international leaders in 

this area. 

•  Cultural  recognit ion of  freshwaters and development underpinned by the Treaty 

of  Waitangi wi l l  cross discipl inary divides and al low for  fur ther development of  the 

Māori  economy.  

•  Land-use impacts on surface and groundwater  combined wi th our internat ional  

brand wi l l  force the need for  innovative mit igations, farming practices, novel 

infrastructures and, in urban environments, water treatment. These innovations 

wi l l  enhance economic and social  outcomes related to water. 

•  Development of  predict ive models of water  resources underpinned by improved 

data col lect ion and dissemination wil l  improve forecast ing and more eff ic ient  

economic use of the land wi th increasing certainty. 

Gaps:  

•  Integrated studies of the whole hydrological cyc le (cl imate,  surface and 

groundwater distr ibuted across the landscape in r ivers,  lakes, aquifers and 

wet lands) are urgent ly needed to al low holis t ic  water  resource planning and policy 

implementat ion. 

•  Ecosystem services that f reshwaters provide ( including maintenance of many 

estuarine and coastal  systems as well  as groundwater  ecosystems) are not well  

understood, but  their identi f ication and quantif icat ion wil l  provide better  

conservat ion, recreation and enhancement of the nation’s freshwaters. 

•  Limi t sett ing as directed in the Nat ional  Pol icy Statement for  Freshwater  

Management requires more information on l imit ing factors,  thresholds for change 

and economic,  social and biophysical sc ience integrat ion to ensure this national  

pol icy is implemented effect ively. 

•  The sc ience of ecosystem and biodiversi ty restoration needs to develop in 

concert with social  and economic drivers to improve New Zealand’s waters for  

tourism, the conservation estate,  cul tural  values and our international brand for 

economic development,  including exports .  

•  A part icular challenge wi l l  be the need to introduce robust sc ience to the 

col laborative processes that  we see as underpinning the future of water resource 

management in New Zealand. 

Comments In order to meet this Challenge for  New Zealand, four  interl inked outcomes are 

needed—(i) water use needs to be opt imised (both qual i ty and quanti ty) ( i i ) ,  

f reshwater  ecosystems (surface and groundwater) need to be in a healthy state 

wi th demonstrable l i fe support ing capaci ty;  ( i i i )  water infrastructure needs to be 

secure and effective, and ( iv) Māor i need to be empowered in their 

responsibi l i t ies (taonga species, kait iaki tanga etc.) .   

Since Apr i l  2011 the Government has made s igni f icant  moves that underscore the 
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nat ional  importance of f reshwater:  

•  Gazetted the National Pol icy Statement for  Freshwater Management. 

•  Established the Irr igat ion Acceleration Fund. 

•  Established the Fresh Star t for Freshwater Clean Up Fund -  funding at  several 

si tes has begun. 

•  Received the 2nd and 3rd Reports of the Land and Water Forum. 

•  Init iated a process for  establishing a framework for  nat ional  objectives for water  

qual i ty. 

•  Established a Water Directorate of off ic ials centred at  the Minis try for the 

Environment. 

I t  is worth considering that 87% of New Zealanders l ive in c it ies and these have 

the lowest f reshwater  qual i ty of  any part of New Zealand and that land-use 

intensi f ication, whi le a signi f icant contr ibutor  to water  quant ity and quali ty issues 

in New Zealand, is by no means the only one. I t  is also notable that  freshwaters 

di rect ly af fect  coastal and estuarine ecosystems and developments (aquacul ture)  

and the l inks to the wealth of our oceans are direct in many places. New Zealand 

has the science infrastructure and sk i l ls to advance the goal and themes of this 

Nat ional  Science Challenge.  Infrastructure includes high performing analyt ical 

laboratories, stable isotope faci l i t ies,  f ield equipment inc luding access to new 

remote sensing technologies, exper ienced f ield dive teams located throughout 

New Zealand, high performance computing and databases (GNS Science, NIWA, 

universi t ies).   

Development of  this Nat ional  Science Chal lenge has been undertaken 

col laboratively by NIWA, GNS Science and Landcare. 

 
 
 
Entry ID 486 

To improve water quality in lakes and streams and to enable farm production to 
increase 

Summary The goal is to improve water  qual i ty in lakes and streams whi le optimis ing farm 

productivity. Themes include Measurement of nutr ient  out f lows from farms to 

improve the accuracy and reduce the cost  of measuring or model l ing out f low of 

nutr ient f rom farms into underground or sur face waters. Model l ing of water quali ty 

to improve the accuracy of measuring and model l ing water quali ty in lakes and 

r ivers. Incorporate new technologies in catchment model l ing to integrate GIS, 

LIDAR, remote sensing and other tools so as to create whole-catchment models 

that better  opt imise farm productivity and water quali ty. 

Farming systems to reduce nutr ient outf lows and increase production to develop,  

test and improve farming systems (including farm infrastructure) that reduce 

nutr ient out f lows while sustaining or increasing product ion.  Better biological or 

chemical modi f iers (soi l  condi t ioners etc.)  to improve and develop biological or  

chemical means of reducing outf low of  nutr ients from farms, by modifying pasture,  

feeds, animals (or their biota), or soi ls.  Treatment of  st reams and lakes to 

develop and improve methods of improving water  qual i ty through in-lake and in-
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stream measures. 
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3 Increasing Production 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 3: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

152 Sustainable vegetable growing, 
producing better yields and 
qual i ty on less land 

1.  Smart management strategies and tools so 
vegetable crops achieve >90% of potential yield,  
sustainably, with less or equal  leakage of nutr ients to 
surrounding land or water 

157 Signif icant ly grow New 
Zealand’s agricultural 
production base while 
preserving the integri ty of  i ts 
environment and i ts 
international “c lean and green” 
brand 

1.  Develop the world’s best  tools and information 
systems for  managing nutr ient discharges from 
agr icul tural  enterprises 

2.  Manage the r isks to New Zealand’s agricultural  
sector of soi l  contaminants associated wi th agr i-
nutr ient use 

3.  Establish a globally recognised nutr ient management 
qual i ty assurance system 

179 Effic ient sustainable use of  New 
Zealand agr icul tural land 

1.  To improve the ef f ic iency and sustainabil i ty of New 
Zealand farming systems 

182 Agricul ture including dairy that 
is  sustainable compet it ively and 
responsibly. Compet it ive means 
profi table for the longer term 
and responsible includes 
environmental stewardship and 
high standards in employment 
and farming practices 

1.  Increase on-farm profi t  through greater product ivi ty 

2.  Preserve the natural heri tage of New Zealand 
through proact ive environmental stewardship and wise 
use of natural resources 

3.  Develop highly sk i l led people throughout the 
industry 

4.  Enhance the assurance levels of New Zealand's 
biosecur ity,  food securi ty and standards of  animal  
heal th,  welfare and well -being 

265 Sustainable agr icul ture:  
Ensur ing food product ion for  the 
next  1000 years 

1.  Improving land and water  sustainabi l i ty on-farm 

2.  Growing more f rom less 

3.  Future proofing New Zealand agr icul ture 

344 To maximise value for New 
Zealand f rom low value 
biomass.  Use fractionation 
technologies to produce 
biomaterials,  biofuels and 
stockfeed.  Add new exports 
and reduce imports.  Added 
value opportuni t ies exis t to turn 
5c/kg into $5/kg. 

1.  Identify, develop and opt imise key technologies for 
opt imal fract ionat ion technologies l inked to speci f ic  
biomass sources that ensure highest value natural  
compounds are produced 

2.  Evaluate and priori t ise biomass fractionation 
products using scale,  yield,  qual i ty and marketabil i ty 
as key cr i teria 

3.  Explore value add opportunit ies to substi tute green 
and locally sourced compounds for  imported fossi l  fuel-
der ived and possibly more harmful compounds 
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Entry 
Id 

Challenge Themes 

4. Explore the opportuni t ies to develop and establish 
dedicated crops for  biomater ials  production 

380 Engaging entrepreneurs & the 
SME sector in ‘growing the 
agr ifood economy’  

1.  Connect ing SMEs to the science providers  

2.  Understanding the national  innovation infrastructure 
in New Zealand  

3.  Unlock ing Māor i economic potent ial    

429 Sustainably profi table primary 
industr ies 

1.  globalis ing the pr imary industr ies business model : 
value chain integration and taking farming to the world] 

2.  increasing productivity in primary production 
systems 

3.  future proofing our primary industr ies 

4.  sustainable use of natural  resources 

 
 
 

Entry ID 152 

Sustainable vegetable growing, producing better yields and quality on less land 

Summary This chal lenge proposes a research programme into smart  management s trategies 

and tools to produce more and better vegetable crop yield on less land while 

reducing nutr ient leakage into ground and surface waters 

Theme 1 

Smart management strategies and tools so vegetable crops achieve >90% of potential yield,  
sustainably,  with less or equal leakage of nutrients to surrounding land or water 

Importance 
to New 
Zealand 

Intensi f ication of land use to meet export  demands can affect the quali ty of the 

land and lead to nutr ient leakage into ground and surface waters. New smart  

management strategies and tools would produce more and bet ter yields on less 

land whi le reducing such leakage to natural background levels.  

This would benef it :  (a)  Export earnings,  as we can defend New Zealand’s green 

credentials in overseas markets for our produce; (b) The environment and hence 

tourism and our qual i ty of l i fe;  (c) The profi tabi l i ty of hor t iculture - less land,  

managed better, affords economies and a degree of control  that  we lack now; (d)  

New Zealand's abi l i ty to respond rapidly to changes in marketplace requirements 

for food quali ty and environmental accreditat ion. 

Research 
components 

1. Understanding the background natural  rates of nutr ient leakage into waterways; 

2.  Developing crop var iet ies that  produce better yields using less fert i l iser and 

water;  

3.  Developing fert i l izer formulations and application techniques that increase the 

ef f ic iency of plant uptake;   

4.  Designing land and crop management schemes to minimise the amount of 
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t i l lage required and the amount of  down-t ime between crops;   

5.  Design and testing of  crop rotation schemes to ensure a profi table succession 

of  compatible crops that minimise the need for external  inputs of nutr ients;  

6.  Design and testing of  machinery needed for the new land management 

methods;  

7.  Val idation of  schemes, inc luding monitor ing of offsi te nutr ient losses,  

establishment of potential yields,  and assessing changes in enterprise prof i tabi l i ty 

and changes in natural  capi tal  of the affected landscapes;  

 8. Economic and behavioural s tudies to ensure that progress made in (1) -  (7)  is 

adopted rapidly and effectively by growers while being understood and accepted 

by exporters and their markets as well  as the general community. 

Research 
Gaps and 
Opportunities 

1. Understanding the best ways to develop radical ly new land management 

systems with the industry involved from start to f inish (so that adoption is  very 

rapid);   

2.  Understanding the dynamics of nutr ient uptake,  storage and use wi thin crops so 

that yield and quali ty remain as c lose to potent ial as possible;  

3.  Defining the optimal  condi t ions for  ear ly establishment of crops so that the 

genet ic potent ial  of the seed is attained; 

Comments A very large stretch component of  this would be gett ing a way for engineers, and 

soi l  and plant sc ient ists,  to work di rect ly in with industry leaders,  marketers and 

engineers so that al l  are empowered to focus most effectively.  The logist ics would 

be crucial and would perhaps be best control led by a vi rtual company created to 

dr ive the research and pioneer i ts applicat ions. 

 
 
 

Entry ID 157 

Significantly grow New Zealand’s agricultural production base while preserving 
the integrity of its environment and its international “clean and green” brand 

Summary The goal of this proposal  is to s igni f icantly grow New Zealand’s agr icul tural  

production base while preserving the integr ity of i ts environment and i ts 

international “c lean and green” brand.   

Themes include:  

1.  Develop the world’s best  tools and information systems for  managing nutr ient 

discharges from agricultural  enterprises -  increase the power and accuracy of 

OVERSEER across the divers ity and complexi ty of  farming systems in New 

Zealand and l ink i t  to a suite of  other agricultural  models (eg, economic models,  

etc.),  map the propert ies of  New Zealand agr icultural  soi ls in a nat ional ly 

consistent and comprehensive manner, establish and protect through covenant 

nat ional ly s igni f icant s ites for long term research t r ials  

2.  Manage the r isks to New Zealand’s agricultural  sector of soi l  contaminants 
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associated with agri -nutr ient  use - col lect ion,  col lat ion and mapping of detai led 

informat ion on Cd and F levels in New Zealand soi ls etc. 

Theme 1 

Develop the world’s best tools and information systems for managing nutrient discharges 
from agricultural  enterprises 

Importance 
to New 
Zealand 

The response in most other countr ies when their agricultural sectors face s imilar  

environmental challenges as New Zealand is to reduce agricultural inputs such as 

fert i l iser, feed supplements and stocking rates and thereby reduce production and 

economic return.   New Zealand needs to f ind a better answer to this problem i f i t  

is  to grow food and beverage exports  to $58bi l l ion by 2025 wi thin environmental 

l imits .  Rather than continue down the path of more and tougher regulations on 

farmers based around input controls l ike other countr ies have, i t  needs to manage 

nutr ient outputs,  ie, the level  of  nutr ients “ leaking” from farm systems and 

impacting the environment.   This involves developing new and innovat ive tools for  

measur ing and managing nutr ient discharges which are underpinned by world 

class informat ion systems. 

Research 
components 

A key component to developing an output  based approach to growing agriculture 

wi thin environmental l imi ts is the development of model l ing tools to est imate 

di ffuse nutr ient  discharges from farming enterpr ises.   Fortunately New Zealand 

already has the basis of  an innovative nutr ient management modell ing tool – 

OVERSEER.   This tool has been created through a partnership involving the 

fert i l iser industry, MPI and AgResearch and it  gives New Zealand a potent ial ly 

signif icant  economic advantage over other countr ies.  What is needed now is  to 

increase the power and accuracy of  this tool across the divers ity and complexi ty 

of  farming systems in New Zealand and l ink i t  to a sui te of other agr icul tural 

models (eg,  economic models, catchment models) and information systems (eg, 

soi l  and cl imate databases). A second key component is  to map the propert ies of  

New Zealand agr icul tural soi ls in a nationally consistent  and comprehensive 

manner and at  a resolution that  wil l  improve the accuracy of  OVERSEER 

estimates.   This is cr i t ical because ni trogen discharges are highly sensi t ive to soi l  

type and propert ies.   Landcare’s exist ing S-map ini t iat ive provides the basis for  

this endeavour,  but  achievement of national coverage wil l  require a concerted and 

co-ordinated national ef fort  and the development and implementation of new soil  

mapping technologies. A thi rd key component is the establishment and protection 

through covenant of national ly s igni f icant s ites for long term research tr ials aimed 

at  increasing agricultural  production sustainably.  

Theme 2 

Manage the risks to New Zealand’s agricultural sector of soil contaminants associated with 
agri-nutr ient use 

Importance 
to New 
Zealand 

There are some elements which occur natural ly in the raw mater ials  used in the 

manufacture of phosphate fert i l iser, a mainstay of  New Zealand agricultural 

productivity, which are not able to be part ly or  whol ly removed from the f inished 

product.   These inc lude cadmium, which poses a potent ial  heal th r isks i f  i t  enters 

the food chain in more than minimal amounts;  and f luor ine,  which poses a long-
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term animal  heal th challenge to New Zealand’s grazing ruminants.  The 

management of the accumulation of  these elements in New Zealand soi ls is  

cruc ial  to protecting human and animal health,  cont inued market access of New 

Zealand farmed products,  the premium enjoyed by New Zealand food products in 

some markets,  the value of  agricultural  land,  and the f lexibi l i ty of our land use 

(eg, the abi l i ty to convert farm land into residential land without costly mit igation 

measures).  Furthermore i t  wi l l  al low the cont inued long-term use of cost effective 

superphosphate fer t i l iser  in New Zealand. This research theme is also vital  for  the 

ef fect ive delivery of  the objectives of  the Cadmium Management Group which is 

sponsored by MPI and MfE and involved a range of  agr icul tural  stakeholders.    

Research 
components 

Key research components include: •  Collection, col lat ion and mapping of detai led 

informat ion on Cd and F levels in New Zealand soi ls •  Col lection of  plant uptake 

data for Cd for a range of New Zealand vegetables and arable crops and F uptake 

data in l ivestock •  Develop r isk-based soi l  guidel ine values for Cd and F for the 

protect ion of soi l  product ivi ty and value •  Assess toxici ty of Cd and F to soi l  

organisms, including microbes, under New Zealand agr icul tural  condi t ions 

•  Develop Cd and F models for modell ing the long-term accumulat ion of  these 

elements in New Zealand soi ls under various condi t ions in a range of farming 

systems •  Develop a range of cost ef fect ive mit igation technologies for  managing 

soi l  Cd and F in areas where guideline values have been exceeded  

Theme 3 

Establish a globally recognised nutrient management quality assurance system 

Importance 
to New 
Zealand 

Access of New Zealand farmed products into many high-value international 

markets is  increasingly associated with the need to provide proof of low 

environmental impacts f rom the production of New Zealand’s key agricultural 

products (eg, milk,  meat,  wool , k iwifruit) .   Most of  these markets are developing 

eco- label l ing of  products or  requir ing suppl iers to have an environmental 

reduction plan in place.  This is  occurring at both the national level  and at the 

supermarket chain level .  Proof of  sustainable nutr ient  management practices is 

now being sought by some retai lers and is a growing compl iance issue.   So far  

there has been very l i t t le development of nutr ient management assurance 

programmes in New Zealand and what has been done is uncoordinated with the 

immediate potential for many dif ferent  models and standards to be developed 

across many sectors resul t ing in ineff ic iencies and market confusion.  

Furthermore,  there are no robust on farm monitor ing and veri f ication processes in 

place in New Zealand for nutr ient use.   

Research 
components 

A key research component wil l  be the development of nutr ient management 

assurance standards though a col laboration involving industry groups, standard 

sett ing bodies, CRIs and universi t ies.   Speci f ical ly this wi l l  involve: • A 

consultat ion process covering processors,  sector groups, farmers and marketing 

organisat ions to agree on the technical approach, data requirements,  and agree 

on audit  and data management approaches •  Developing the basis of  a l i fe cycle 

assessment indicator ref lect ing potent ial  impacts of ni trogen and phosphorus 

discharges from agricultural  enterprises to waterways   • Working with Standards 

New Zealand to develop a draft set of recognised standards for nutr ient 
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management assurance •  Working with internat ional  standard sett ing groups and 

accreditat ion bodies to ensure acceptance and harmonisation of  the New Zealand 

standards with international  standards  

Research 
Gaps and 
Opportunities 

A key research gap is  the development of innovat ive devices for the cost-ef fect ive 

di rect  measurement of dif fuse discharges of ni trogen from agr icul tural 

enterpr ises.  Direct measurement of  nit rogen discharges is not present ly 

economically feasible, costing hundreds of  thousands of dol lars per farm to 

establish the required lysimeter  systems.   Modell ing of nitrogen discharges using 

OVERSEER can be done at  marginal cost and is thus the method of  choice at 

present.    However, the accuracy of  OVERSEER needs to be improved through 

obtaining many more direct  measurements of nitrogen discharges across many 

di fferent farming systems in order to better  cal ibrate and val idate the model.   

The development of  such measurement devices wi l l  require col laborat ion between 

physicis ts, biologists , and agronomists and incorporate miniaturisation 

technologies.   Another research gap is the development of  devices that wi l l  al low 

farmers to access quick ly information about their farms, such as soi l  propert ies 

and nutr ient  use, and that wi l l  provide advice on nutr ient  mit igat ion measures as 

they go about their  business (eg,  hand held devices supported by the cloud and 

broadband informat ion services).  New Zealand is  for tunate to have two long-term 

agr icul tural  research s ites -  Winchmore and Bal lantrae - which have been in 

exis tence for  60 and 39 years, respectively.   However, these si tes need to be 

modernised and imbued with a new research vis ion so that  they can contr ibute 

signif icant ly to pert inent research on increasing agricul tural production 

sustainably including i rr igat ion scheduling, and water  and nutr ient  use ef f ic iency.     

Comments The success of this science challenge wi l l  contr ibute signif icant ly to New Zealand 

being able to l i f t  agricultural  production signif icantly, meet i ts economic goals, 

protect  i ts  environment and avoid the imposit ion of the type of onerous input 

based regulatory controls that  beset agr icul ture in most countr ies and have led to 

decl ining production, lack of  innovation and an uncompet it ive industry requir ing 

subsidies to survive.  The ul t imate vis ion for this chal lenge is that New Zealand 

becomes an undisputed global  agr icul tural  powerhouse taking ful l  advantage of i ts  

natural  att r ibutes to produce premium agr icul tural products wi th some of the 

lowest environmental footpr ints  in the wor ld.   

 
 
 

Entry ID 179 

Efficient sustainable use of New Zealand agricultural land 

Summary This chal lenge proposes a research programme into improving the ef f ic iency and 

sustainabil i ty of New Zealand farming systems through understanding regional 

soi l ,  water  and c l imat ic condi t ions and assessing and implement ing new 

technologies (e.g.  germplasm and biotech solutions).   No research themes 

provided. 
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Theme 1 

To improve the efficiency and sustainabili ty of  New Zealand farming systems 

Importance 
to New 
Zealand 

Geography provides New Zealand wi th a good temperate cl imate for agriculture. 

As a consequence i t  is  New Zealand's primary industry. We should take 

advantage of this unique opportuni ty and use it  as ef f ic ient ly and wisely as 

possible   

Research 
components 

Understanding regional  soi l ,  water and cl imatic condit ions Develop and Implement 

tools to measure current sustainabil i ty and eff iciency,  undertake a national survey  

Appl ied on Farm research to assess new technologies ( inc luding uptake of new 

germplasm and biotech solut ions)  Develop a professional  body to raise  farming 

standards across the board Support  independent decis ion making tools and 

communication channels for  farmers (e.g. ref ine Dairy New Zealand and Sheep 

and beef etc)  Incentivise implementation of new technologies Develop better 

value capture chain especial ly of seed and sheep and beef product ion (e.g.  

support technologies and industr ies) 

Research 
Gaps and 
Opportunities 

Refocus the CRIs to undertake more focussed research (having come from a CRI I 

am aware of the waste and mistargeted research) and undertake basic pre-

compet it ive research in key areas plus provis ion of independent advice innovation 

and uptake for  the industry.  Post competi t ive research by CRIs cause a confl ict  of  

interest. Incent ivise appl ied research on farms to demonstrate advantages of new 

technologies. Re-evaluate the r isk benefit  equat ion of certain biosecuri ty and MPI 

practices on agriculture  

Research gap in whole-system analys is of  farming practices r ight through to 

ef f ic iency of the products use by the consumer (eg compare and evaluate niche 

products vs. s tandard inc luding wastage %, for example organic products vs. 

conventional, standard milk vs. calci tr im etc  
 
 
 

Entry ID 182 

Agriculture including dairy that is sustainable competitively and responsibly. 
Competitive means profitable for the longer term and responsible includes 
environmental stewardship and high standards in employment and farming 

practices 

Summary The goal is to promote prof i tabi l i ty,  sustainabi l i ty and environmental responsibi l i ty 

in the New Zealand dairy industry.  Themes inc lude investing in product ivity R&D 

to enable dairy farms to produce more f rom less land and increase profi ts,  

developing technologies and systems to enable dairy farms to use resources 

wisely and demonstrate environmental stewardship, increasing knowledge in 

areas essential  to educat ion and t raining in the dairy industry to develop highly 

sk i l led people industry-wide,  increasing standards of animal wel fare and 

protect ion against  disease and pest incurs ion on dairy farms to protect  New 

Zealand dairy industry’s posit ion in global markets  
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Theme 1 

Increase on-farm profit through greater productivity 

Importance 
to New 
Zealand 

Agricul ture has contr ibuted over 50% of the total merchandise exports  since the 

ear ly 1990’s with dairy being the s ingle largest export  earning industry with 19-

23% of export receipts from 2000 -2007 .  Whilst  the value of dairy exports  was 

$5.9 bi l l ion in 2006/07, The ‘New Zealandier ’ estimated that  the total economic 

contr ibution of the industry to New Zealand was NZD$23.5 bi l l ion in that f inancial  

year. To continue to underpin the economy of New Zealand, the sector  must 

signif icant ly improve current  practices to remain internat ional ly competit ive whilst  

reducing i ts  impact on the environment - Profi table dairy farming is essential to 

the viabi l i ty of the industry and i ts res i l ience,  especial ly i ts abi l i ty to respond to 

challenges - Profi table dairy farming is  also essent ial to exploring new options 

and investing in the future -  Greater  productivity means producing more from less, 

which dr ives New Zealand's competit ive advantage versus other means of 

increasing profi t   -New Zealand must invest in product ivi ty research and 

development to maintain and enhance its competi t ive advantage - Research and 

development pushes the boundar ies beyond what can be normal ly achieved in the 

commercial farming context  - I t  is important  to create viable options for the future 

Research 
components 

Forage and alternative feed product ion,  Forage value score development, animal  

breeding,  phenotypes and genet ics, farm systems research, precis ion agr icul ture,  

al ternative options for production management, information management including 

model l ing (e.g. animal and forage production,  farm systems) - Development of 

industry levels systems in areas such as breeding worth, forage value, and  

knowledge for minimum standards in areas such as farm management, equipment 

supply, food safety, animal welfare and professional  accreditat ion of industry and 

related personnel - I t  is important to create viable opt ions for  the future -  what 

opt ions are possible and viable for future dairying whils t addressing on-going 

profi tabi l i ty and the environmental footpr int and potent ial  capabi l i ty and ski l l  

issues   

Theme 2 

Preserve the natural  heritage of New Zealand through proactive environmental stewardship 
and wise use of natural resources 

Importance 
to New 
Zealand 

New Zealand has a r ich natural heri tage and biodiversi ty that is highly valued -

Dairy farmers what to leave their farms in better shape as a legacy to future 

generations  -Dairy farmers want to be respected in their work and take pride in 

their contr ibut ion to New Zealand -  A number of environmental issues face New 

Zealand (e.g. cl imate change, water  qual i ty)  and solut ions to these should be 

based on robust research and address/ opt imise the four values in the RMA - 

economic, environment, cul ture and social   

Research 
components 

Development of  solutions to enable wise use of  resources and environmental 

stewardship inc luding - systems management and model l ing inc luding economics 

and farm and catchment model l ing - alternat ive systems for future dairy farming  - 

prec ision agr icul ture - al ternative and eff ic ient  resource use options e.g.  sources 
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of  ni trogen, al ternat ive feeds and forages and  -  innovat ive solut ions to current  

and future issues related to dairy farming   

Theme 3 

Develop highly skil led people throughout the industry 

Importance 
to New 
Zealand 

The Primary Industry including the dairy industry depends on the capabil i ty of 

people both on farm and in support ing roles (e.g.  farm advisers and suppliers, 

pol icy makers in nat ional  and local government) 

Research 
components 

Consolidat ing and extending the body of  knowledge through research in areas for  

example of  farm management and systems, animal  heal th and welfare,  

appropriate environmental practices, farm and catchment systems modell ing 

including economics etc. This knowledge wi l l  form the basis of education, 

extension and t raining to develop sk i l ls and capabi l i ty required across the sectors 

(both industry and support)   

Theme 4 

Enhance the assurance levels of New Zealand's biosecurity,  food security and standards of 
animal health, welfare and well-being 

Importance 
to New 
Zealand 

The New Zealand dairy industry must maintain high standards of  food safety and 

supply chain security to retain ready access to global markets,  and its posit ion as 

a preferred supplier of  dairy products - New Zealand dairy farms must be 

protected against threats from disease and pest incurs ions which could threaten 

their product ivi ty or  create major disrupt ions  - Dairy farmers understand that  

looking after their animals is  in their interests from the perspect ive of animal 

productivity and r isk management  -  Public conf idence in dairy farmers treating 

animals wel l  is important  to the posit ive perceptions of  the industry and 

acceptance of New Zealand dairy products in markets - Animal management is an 

important  part  of the "farm system" when addressing other areas such as 

profi tabi l i ty and environmental footpr int 

Research 
components 

Research into pre, border and post border issues is  important in areas of  plant 

and animal  heal th and pest  r isk management.  Key animal health issues require 

on-going research as wel l  as management of  animal  wel fare and wel l-being. I t  is 

important  that  the result ing knowledge is grounded wi thin farm systems 

management and biosecur ity management 

Research 
Gaps and 
Opportunities 

Over the last  f ive years there has been a move to "farm systems management" 

including moving researchers to think more about how their  outputs wi l l  work 

wi thin a system so that pract ical  and pragmatic  advice can be given to farmers.  

Systems-think ing is now being expanded to catchment management,  and possibly 

regional  and national. New Zealand needs to f ind solut ions across the economic,  

environmental, cultural and social values in terms of land and resource use and 

not  just define the problems.  Research including appropriate systems research 

and modell ing needs to help management by providing technical ly based solutions 

and options.   Partnership  between researchers and relevant industr ies and 

government agencies ( local  and national)   are essential i f  solut ions are to be not  

only readily found but implemented  
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Entry ID 241 

Making the 
most of our 

water 

The commercial growing of onions using non agrichemical 
solutions to Onion Downy Mildew Certain agricultural chemicals 

such as Mancozeb, are the main method of Downy Mildew Control 
in export onions. Some of the current chemicals may be banned 

shortly   

Summary The goal is to identi fy nutr i t ional  and biological  solutions to control l ing onion 
Downy Mi ldew without the use of agricultural chemicals. 

Theme 1 

Solutions to Control ling Downy Mildew without the use of agricultural  chemicals 

Importance 
to New 
Zealand 

New Zealand has high disease pressure for Downy Mildew in Onions.  However 
one of our main export  markets is the EU.  Some of the main agr icul tural 
chemicals used in New Zealand for Onion Downy Mildew may be banned under 
the EU Farm review Policy.  New Zealand exports approx 150,000 tons of  onions.    
The onion industry rel ies heavi ly on the Polynesian community for  hand 
harvesting. A decrease in exports of onions impacts on the casual employment of  
Polynesian workers part icularly from South Auckland.   

Research 
components 

The project wi l l  provide nutr i t ional  and biological  solut ions to control l ing onion 
Downy Mi ldew without the use of agricultural chemicals.   Pi lot s tudies have 
determined a method and a spray programme to achieve this  in the Frankl in 
region.   I t  is necessary to repeat the t r ial using statist ical  analys is of data to 
provide resul ts which can be published.   

Research 
Gaps and 
Opportunities 

There are observational results from two years of successful cult ivat ion of onions 
of  exportable onion variet ies on a small commercial  scale.   To gain suff ic ient 
credibi l i ty for the methods for commercial growers to successful ly adopt the 
technology i t  is  necessary to have scient i f ic data, with stat ist ical analys is.    The 
opportuni ty for New Zealand is to add a niche market  product for wor ld markets 
for biological ly grown onions.   

Comments  World markets could demand ful l  t raceabi l i ty for the use of agricultural chemicals 
in future and ni l  tolerance to res idue of some of the most commonly used 
agr icul tural  chemicals eg Mancozeb, when these products may be banned in 
Europe in the near future. 

 
 
 

Entry ID 265 

Sustainable agriculture: Ensuring food production for the next 1000 years 

Summary The goal is to promote sustainable and product ive agr icul ture.  Themes inc lude 

increasing agr icul tural  production while maintaining qual i ty and quanti ty of water  

and soi l  resources long-term, developing ways to produce more f rom less land, 

e.g. genetic  selection of plants and animals, novel pest  control systems, planning 

for a sustainable future for New Zealand agriculture by understanding the effects 

of  a changing c l imate and ensuring farmers implement up to date sustainable 

technologies  
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Theme 1 

Improving land and water sustainability on-farm 

Importance 
to New 
Zealand 

New Zealand is an agricultural export ing nat ion,  rel iant  on i ts farming community 

for the weal th of  the nation.   The push for intensif ication of agriculture wil l  be at a 

t ime when there are mul t iple dr ivers making this more dif f icult,  inc luding land 

qual i ty is  decreasing due to overuse and poor management, and water issues due 

to increasing demand for i rr igat ion.  In this  developing scenario, New Zealand 

must produce food for i tself  and for the wor ld, to survive economically and 

social ly. The New Zealand government ’s economic growth agenda cal ls  for  export 

earnings from the land to increase by 40% by 2025.  No other country wil l  

investigate how to make New Zealand soi ls  sustainable or  manage our water  

resources.   The chal lenge is  to increase production whi le also maintaining the 

qual i ty and quanti ty of our  soi l  and water  resources for  future generat ions.  This 

is  the biggest national challenge because i t  focusses on the economic future of 

New Zealand’s biggest industr ies, our major  export  earner, and the heal th and 

wel fare of al l  New Zealanders.   

Research 
components 

Water is one of  the major l imi t ing inputs for agricul ture.   Al though New Zealand 

has an abundance of  water,  i t  is  not always where i t  is needed, when i t  is  needed.  

The quali ty of our  waterways is also under threat . Research is  required that  

ensures the sustainabil i ty of  farming practises, such as managing irr igat ion 

systems and ensuring clean water through reduct ion of  leaching of soi ls.   

Sustainable farming is also based on maintaining heal thy soi l .   Research which 

underpins farming methods that  maintain microbial  communit ies and other soi l  

components necessary for plant growth is required across the many soi l  and 

cl imate zones of New Zealand.  Managing issues l ike nitrogen and phosphate 

levels in soi l  without reducing the sustainabi l i ty of  system are crucial to future 

farming. 

Theme 2 

Growing more from less 

Importance 
to New 
Zealand 

Food product ion is facing an uncertain future, threatened by many issues but 

facing r is ing wor ld-wide demand.  We wil l  have to grow more, f rom less land.  

Communit ies and regulators are demanding less chemical inputs in growing food; 

and other factors such as non-tar i f f  trade barr iers based on res idues on food wil l  

become increasingly used to restr ic t food trade. Current ly,  food exports are 

valued at over $15 bi l l ion,  accounting for  around 16% of GDP.  The s ize of  returns 

for any improvement in productivi ty is, therefore,  massive, as even small 

percentage increases lead to very large amounts.  Conversely, not  developing 

t ruly sustainabi l i ty agr iculture wil l  threaten the enti re industry.  The status quo 

wi l l  not be maintained without changes in farming pract ise,  as demonstrated by 

the current issues with water  contamination from nit rogen fer t i l isers in our r ivers.   

Therefore,  returns must also consider potential decreases if  we do nothing. 

Research 
components 

Healthy plants: New Zealand’s agr icul tural  exports are largely based on growing 

plants and t rees.  Selection of the appropriate plant cult ivar, reducing pest , weed 
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and disease issues, developing crop rotations and determining stocking levels 

that maintain agricultural productivity and sustainabil i ty are required.  Developing 

novel  sustainable pest management systems, for example, that do not cause 

res idue issues or ecosystem disrupt ions would greatly improve our sustainabil i ty 

credentials.    Animal performance: As the country der ives much of i ts export  

earnings from catt le or sheep, research which improves animal  performance is  

required.  Animal health, genet ic select ion for more appropriate high producing 

animals and improving animal welfare are research targets.     

Theme 3 

Future proofing New Zealand agriculture 

Importance 
to New 
Zealand 

Food exports are vital ly important  to the New Zealand economy, contr ibuting 16% 

of  GDP.  I f  the country’s farmers do not farm sustainably, this  contr ibut ion to the 

economy is at r isk due to the very high proport ion of our production that  is  

exported.   In addi t ion, farming employs over 114,000 people,  which is 11% of the 

total  workforce.  However,  i t  is not  enough to s imply look at sustainabil i ty in 

today's agriculture.  Tomorrow's farmers must also be technological able to adapt 

novel  practises in a changing world.   Cl imate change, technological advances and 

changing food requirements around the wor ld wi l l  al l  continue to impact.   

Sustainabi l i ty of  New Zealand wil l  require planning for  the future.  I t  is  highly 

l ikely that in the future, food that  is produced in a cer t i f ied sustainable manner 

wi l l  attract a premium from wealthy countr ies which may not be able to produce 

enough of  their own food.  With the onset of c l imate change the number of  

countr ies that wi l l  require increased food imports is l ikely to increase.   

Research 
components 

Climate change impacts: Current scenarios around the effect of  the changing 

cl imate on New Zealand suggest that whi le the impacts wil l  not  reduce the abil i ty 

to produce of  the land,  regions wi l l  be change what can be grown there.  In 

addi t ion, more unpredictabi l i ty of  weather events is  l ikely.  Therefore,  research is  

required on the l ikely impact on sustainable farming for  each region and produce 

type. Adoption of technology and knowledge: To ensure sustainable New Zealand 

agr icul tural  systems knowledge and technology generated f rom research and 

business must be adopted by agriculturists .  This often neglected area requires 

research on how farmers learn of  new techniques, and what incent ives the 

agr icul tural  community to change pract ises.    

Research 
Gaps and 
Opportunities 

As described under the themes: Research is required that ensures the 

sustainabil i ty of farming practises,  especial ly managing irr igat ion systems and 

ensuring clean water through reduct ion of leaching of soi ls . Research which 

underpins farming methods that  maintain microbial  communit ies and other soi l  

components necessary for plant growth is required across the many soi l  and 

cl imate zones of New Zealand.  Managing issues l ike nitrogen and phosphate 

levels in soi l  without reducing the sustainabi l i ty of  system are crucial to future 

farming.  Select ion of the appropriate plant cult ivar,  reducing pest, weed and 

disease issues,  developing crop rotat ions and determining stocking levels that 

maintain agricultural product ivi ty and sustainabi l i ty are required.   

Developing novel sustainable pest  management systems, for  example,  that do not  
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cause res idue issues or ecosystem disruptions would great ly improve our 

sustainabil i ty credent ials .  Research which improves animal performance is 

required.  Animal health, genet ic select ion for more appropriate high producing 

animals and improving animal welfare are research targets.   Research is  required 

on the l ikely impact on sustainable farming for each region and produce type.  

Research on how farmers learn of  new techniques and what incent ives the 

agr icul tural  community to change pract ises.   

Comments The New Zealand government ’s economic growth agenda cal ls for export earnings 

f rom the land to increase by 40% by 2025.  This is New Zealand's largest export 

earning sector , and has a di rect  effect on the next  largest,  tour ism.  I t  is dif f icul t 

to see any science challenge bigger for  the economic and social wellbeing of  New 

Zealand than sustainable agr icul ture.   Key organisations which would be involved 

in the research under this challenge are Lincoln Univers ity ( inc luding the 

Bioprotection Research Centre),  Landcare Research, AgResearch, Plant & Food, 

NIWA, Massey University. This science challenge al igns strongly with the 

Landcare Research Nat ional  Science Chal lenge: “Increasing land product ivi ty 

wi thin environmental l imi ts” .   

 
 
 

Entry ID 344 

To maximise value for New Zealand from low value biomass.  Use fractionation 
technologies to produce biomaterials, biofuels and stockfeed.  Add new exports 

and reduce imports.  Added value opportunities exist to turn 5c/kg into $5/kg 

Summary The goal of this proposal  is to maximise the value of  New Zealand biomass by 

producing biomater ials  biofuels and stockfeed and.  The proposed research 

programme inc ludes the fol lowing themes:  

1.  Identify, develop and opt imise key technologies for optimal  fractionation 

technologies l inked to speci f ic  biomass sources that  ensure highest value natural  

compounds are produced - catalogue and compare biomass fract ionat ion 

technologies, evaluate target  biomass opportunit ies etc. 

2.  Evaluate and priori t ise biomass fractionation products using scale, yield, 

qual i ty and marketabi l i ty as key cr i ter ia - isolate and identi fy biomass compounds, 

explore and quantify the scale of  relevant biomass,  the yield of  each compound 

able to be derived from a commercial scale operation etc.  

3.  Explore value add opportunit ies to substi tute green and locally sourced 

compounds for  imported fossi l  fuel-derived  and possibly more harmful  compounds 

-  research and development of  market ready products etc.   

4.  Explore the opportuni t ies to develop and establish dedicated crops for  

biomaterials product ion -  Assess avai lable sources in broad terms such as 

grasses, softwoods and hardwood trees. 
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Theme 1 

Identify,  develop and optimise key technologies for optimal fractionation technologies l inked 
to specif ic biomass sources that ensure highest value natural compounds are produced 

Importance 
to New 
Zealand 

New Zealand grows plant biomass very effectively and eff iciently.   Therefore, 

var ious streams of l ignocellulosic biomass exis t including forest waste,  wheat 

straw, and hort icultural waste.  These contain compounds that  have potent ial  for  

other uses. The variety of biomass types (grasses, sof twood, hardwood) impl ies 

the need for a var iety of technologies to add extra value and minimise the volume 

of  waste produced. (Applying a one stop shop f ractionat ion approach wil l  not  

provide optimal  yield in qual i ty nor product ion.)  Rather, specif ic exist ing 

technologies may be appl ied or adapted to specif ic biomass sources to yield 

value.  (New fract ionat ion technologies may emerge yet  this wi l l  be a windfal l  

rather than a speci f ic  goal .)  Several  of  these situations have the potential to 

deploy substant ial new businesses in the rural sector  ranging in turnover from 

$10 mil l ion to $70 mil l ion wi th high ROI and IRR.   

Research 
components 

1. Catalogue and compare biomass fractionation technologies inc luding 

Organosolv,  soda, Kraf t (along with less well-known approaches).   The emphasis 

would be on technologies which preserve as many valuable biomass components 

as possible, rather than on destructive methods such as pyrolysis.  2.  Evaluate 

target biomass opportunit ies especial ly those that  involve added costs or even 

problems to a sector.   These could inc lude Radiata waste at  hauler sk id si tes,  

wheat and barley straw that  is  not used for stockfeed, and waste streams from 

hort iculture.  Each of  these situations presents an opportuni ty to reduce waste 

whi le creating value. 3. Combine a biomass source with the optimal f ractionation 

technology 4.Bui ld and ut i l ise smal l scale extract ion equipment for proof of 

concept s tudies 5.Pr iori t ise and progress those wi th highest potent ial  to pre-

commercial scale technology development. 6.Scion and IRL are able to provide 

key ski l ls and resources to faci l i tate proof of concept and pre-commercial scale 

technology development 

Theme 2 

Evaluate and prioritise biomass fractionation products using scale,  yield, quality and 
marketabili ty as key criteria 

Importance 
to New 
Zealand 

Rather than focus on producing a single or  blended product from biomass the 

challenge is to ident ify and isolate mul t iple valuable compounds from within a 

given l ignocellulosic biomass source.   Since the typical  biomass source may have 

dozens or hundreds of components, the importance of  this challenge is to 

pr iori t ise key products.  For instance, l ignin is the second most common natural 

compound behind cel lulose.    (Lignin is produced wi thin plant cel l  walls  and 

provides the archi tecture to hold plant  cel ls together in wood, leaves and bark).  

Therefore,  the f i rst part  of this challenge is  to ident ify opportunit ies to der ive the 

best quali ty l ignin rather than destroying l ignin dur ing the fract ionat ion of 

biomass. Within the plant kingdom var ious forms of  l ignin have been ident if ied.  

Each may offer New Zealand the opportunity to create and deploy new high value 

products.   For instance, l ignin der ived from hardwoods using Organosolv 
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technology may wel l  substi tute for phenols in the polyurethane sector .  Other 

l ignins have other points of  ut i l isation and therefore other value.    Cellulose as a 

feedstock has a very wide range of  potential  uses.   As cel lulose f ibre i t  may be 

used as an animal  feed or for paper pulp or  text i le f ibres.  After  convers ion to 

glucose it  can be fermented to ethanol  or butanol  for  biofuels, and to a wide 

var iety of biomater ials .  Hemicellulose sugars can also be used for  a wide var iety 

of  food or fermentation appl icat ions.  The importance to New Zealand is mani fold,  

including reduction in imports and new value add export opportuni t ies.  

Research 
components 

1. From proof of concept (Theme 1) isolate and identi fy biomass compounds  

a.  This should inc lude str ingent biochemical  analys is using ski l ls and 

resources at Scion, IRL and AgResearch 

b.  Focus research on key components of  l ignocel lulosic biomass 

including: i .  Cellulose i i .  Lignin i i i .  Hemicel lulose,  

2.  Explore and quant ify the scale of relevant biomass, the yield of each compound 

able to be derived from a commercial scale operation  

3.  Test  and evaluate compounds to determine sui tabi l i ty as substi tutes for known 

products.   

Theme 3 

Explore value add opportunities to substitute green and locally sourced compounds for 
imported fossil fuel-derived and possibly more harmful compounds 

Importance 
to New 
Zealand 

Adding value to products f rom biomass challenges the preconception that  New 

Zealand should target  commodity markets.  Instead, there may also be signi f icant  

opportuni t ies for  biomaterials where smaller  scale resources, are t ransformed to 

niche products of high uti l i ty and value.  Commercial isation requires assessment 

of  market  opportunit ies and trends in markets,  al igned to an understanding of 

sk i l ls  and resources to ful f i l  markets.  Given a commitment to Themes 1 and 2,  

New Zealand wi l l  be best placed to evaluate new opportuni t ies in biomater ials . 

This theme integrates the challenge with the market place.  That does not imply a 

total  and comprehensive understanding of  the market for biomater ials , yet  i t  does 

imply that New Zealand must clari fy key opportunit ies l inked closely to the scale 

and qual i ty of core compounds avai lable from New Zealand biomass resources.  

Fai lure to integrate markets and biomaterials resources means that the 

biomaterials challenge could target false opportunit ies.   Integration with markets 

wi l l  underpin the opportunity to focus on and target opportuni t ies with signif icant  

potential.   Transforming New Zealand’s own biomater ial compounds to ful ly 

manufactured green products wi l l  drive business interest and investment in 

biomass sources.  Before that  occurs science must pave the way with investment 

into uti l isat ion of source compounds.  

Research 
components 

1. Based on potential resources of  high value natural compounds der ived from 

biomass, research and development of market  ready products should be 

undertaken.  

2.  Product samples from proof of  concept stage wi l l  be suppl ied to al ternat ive 

sc ience expert ise and commercial partner ent i t ies for tr ial and evaluation  
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3.  This stage wil l  require signif icant  ins ight to achieve targeted R&D on markets 

that best f i t  New Zealand's core compounds and sk i l ls.   Nevertheless, the c loser 

to the market the better  for New Zealand in general .  

4.  An example is  the use of  l ignin as a substi tute  to manufacture ‘green’ 

polyurethane  

Theme 4 

Explore the opportunit ies to develop and establish dedicated crops for biomaterials 
production 

Importance 
to New 
Zealand 

This chal lenge is premised upon der iving biomaterials from biomass.  There is 

l i t t le question that New Zealand provides great  rainfal l ,  wonderful sk i l ls  and a 

var iety of cl imat ic condit ions for  growing crops. Yet i f  the premise that  dif ferent 

sources of  biomass provide alternative product s treams for biomaterials then it  

would be short-s ighted to suggest that current  crops cover al l  biomass 'c lasses'.   

There may be alternative biomass that wi l l  improve the biomater ials  sector. Given 

that biomass is  the source of  biomaterials being considered, and that biomass 

takes t ime to be assessed and tr ial led this theme should not  be left  unt i l  the 

biomaterials sector  is active.    ‘Dedicated biomass crops’ is  an approach that  

lends i tsel f to sustainable land use.  This appl ies part icular ly to sensit ive 

catchments such as Taupo and Rotorua where more tradit ional forms of land use 

such as pastoral farming form part of the problem.  A solut ion that adds value to 

the New Zealand economy is  surely good for  our environment, our  communit ies 

and our land owners.  

Research 
components 

Assess avai lable sources in broad terms such as grasses, softwoods and 

hardwood trees. Quantify the l ikely sources from within those streams Identify 

gaps in each of  the broad biomass streams Collate other R&D that has occurred 

wi thin the 'gaps' Determine the relevance and f i t  of  biomass streams with other 

themes.  

Research 
Gaps and 
Opportunities 

In the past  there have been many successful businesses developed by isolating a 

single valuable product from a biological  source mater ial.   However, our  vis ion is 

of  a bioref inery approach where mult iple valuable materials can be der ived from a 

single l ignocellulosic feedstock.   The research gap we have identi f ied is in 

selecting the best  fractionat ion technique to apply to a given feedstock type,  and 

to opt imise i t  for the product ion of several valuable biomater ials  in high yield and 

high quali ty.  New Zealand has only recently star ted to coordinate the research 

and development of  biomater ials .  For that reason alone this  is  a new and exci t ing 

sector for research and development.   As an infant sector there is ample 

opportuni ty to achieve s igni f icant gains i f  New Zealand ‘gets i t  r ight’ .   

Comments This chal lenge has been prepared as an integrated and inter-related set of 

sc ience goals.   Conceptually, there must be str ingent feedback between:  

1.  Theme 1 and theme 2 to ensure that resources are spent on biomass 

f ract ionation of  speci f ic  resources that produce preferred compounds for  products 

f rom fractionation businesses.   

2.  Theme 2 and theme 3 to ensure that streams of compounds with appropr iate 
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qual i ty are truly available for  value add business opportuni ty. 

3.  Opportunit ies may exist  to develop dedicated crops of biomass for this 

challenge.  This challenge has focussed on exist ing biomass opportunit ies yet 

dedicated crops may open further opportuni t ies to develop the scale and quali ty of 

biomass based biomater ials and biofuels in New Zealand.  

Interaction between the pr imary sector , sc ience community, business and markets 

is  vi tal  to success from the biomater ials  from biomass challenge.  Any 

pr iori t isation and dominant posit ion taken by the primary sector or  science 

community r isks a product ion or resource driven program rather than clear 

emphasis on delivering to markets. 

For some t ime the Liquid Biofuels Interest  Group, a sub-group of the Bioenergy 

Association of  New Zealand has recognised that  success is more l ikely i f  

biomaterials AND biofuel are produced from the same biomass.  Adding revenue 

streams through biomater ials is  vi tal to cost effect ive 2nd generation biofuels.  

Hence this  group has redef ined itself as “Biomaterials and Biofuels”. 

This chal lenge has the capacity to reduce New Zealand’s dependence on imports 

of  oi l ,  improve our carbon footpr int and make a dif ference to land and water  

qual i ty.  The challenge is unl ikely to compete with food, and may actually 

complement food production. 

 
 
 

Entry ID 380 

Engaging entrepreneurs & the SME sector in ‘growing the agrifood economy’  

Summary The goal of this proposal  is to improve New Zealand's economic performance by 

l inking SME entrepreneurs to the agr ifood economy.  The proposal 's proposed 

research programme inc ludes the fol lowing themes: 

1.Connecting SMEs to the sc ience providers  

2.Understanding the national  innovation infrastructure in New Zealand  

3. Unlocking Māor i economic potent ial   

Theme 1 

Connecting SMEs to the science providers  

Importance 
to New 
Zealand 

Existing research indicates that  the individuals who operate New Zealand’s smal l 

and medium-sized enterprises (SMEs are defined here as f irms wi th fewer than 

100 employees) are highly entrepreneurial.  At the same t ime the enterprises they 

run are characterised by low levels of innovation and R&D. The consequence of  

this f irm- level  behaviour is that  the SME sector as a whole (which inc ludes 99% of 

the 469,118 enterprises as at February 2012 that make up the ent ire New Zealand 

economy) sector is  fai l ing to contr ibute to the economic growth i t  is capable of. 

This is  a cr i t ical  factor for New Zealand: Unti l  al l  f i rms are connected to the 

sc ience providers as a way of supplement ing any internal R&D they are 

undertaking, the New Zealand economy wi l l  continue to under-perform.     

Research Although previous research has been conducted on the innovation process in 
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components SMEs in other developed nat ions,  there has been l i t t le previous research in New 

Zealand. Statist ics New Zealand reports  innovation and R&D levels via i ts 

Business Operations Survey,  but  this excludes f irms employing less than 6 staf f 

and,  therefore, 89% of the businesses in New Zealand. This component of the 

project  wil l  employ a mixed-method approach to invest igate the causes of low 

levels of innovat ion and R&D in f irms employing fewer than 6 staff .  The focus wi l l  

be on those f irms operating in the agr ifood business sector – def ined here as 

encompassing pr imary production,  food processing and the servic ing activit ies 

that relate to these areas of  operation.   

Theme 2 

Understanding the national innovation infrastructure in New Zealand  

Importance 
to New 
Zealand 

By international s tandards New Zealand SMEs are poor innovators. This is  

surpris ing given New Zealand’s high levels of entrepreneurship and high ‘social 

proximity’.   Both of these factors are general ly associated with high innovation 

levels as they make it possible for networks to evolve on the basis of  shared trust 

– and for the f irms that are members to col laborate with each other. Higher levels 

of  col laboration could be of  cri t ical importance in New Zealand – where almost 

70% of the whole business populat ion (469,118 enterpr ises as at  February 2012) 

is  operated by individual wi th no employees. I t  is  unclear whether (or  how) these 

self-employed individuals part ic ipate in the ‘national innovat ion infrastructure’ – a 

term that refers to a range of organisations that  support New Zealand’s 

commercial sector.   – those Gaining a bet ter  understanding of  the barr iers to 

engagement wi l l  be the f i rst  step in improving the design of  the system in a way 

that overcomes any barr iers to part ic ipat ion.   

Research 
components 

The project uses a quali tat ive social network approach to capture the dynamics of  

smal l f irm networks in New Zealand, and to build a picture of these networks f rom 

the perspective of  the f irm (wi th one f irm being selected as the ‘primary 

networker’ ) and the network.  Data col lected wil l  be supplemented by data from 

key informants,  as the researchers seek to develop a r ich picture of the ent ire 

infrastructure and to ident ify how this can be improved in ways that  wil l  contr ibute 

to the overal l  project goal. The focus wil l  be on those f irms operat ing in the 

agr ifood business sector – defined here as encompassing pr imary production, 

food processing and the servicing act ivi t ies that  relate to these areas of 

operation.     

Theme 3 

Unlocking Māori economic potent ial   

Importance 
to New 
Zealand 

The New Zealand government ’s commitment to the set t lement of historic  

gr ievances has created considerable challenges and opportuni t ies for  Iwi  and 

other Māor i organisat ions.  BERL estimates that  the asset base of the Māor i 

economy is current ly $36.9 bi l l ion, and wil l  add a potent ial  $12.1 bi l l ion to New 

Zealand’s GDP by 2060.  The individuals involved in the organisations managing 

these assets now need new ski l ls in order to maximise their capacity to manage 

their assets in ways that are productive and sustainable. Whi le current  research 

indicates that Māor i are highly entrepreneurial ,  as yet  the knowledge inst i tut ions 
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(univers it ies and science providers) have fai led to understand how best  to unlock 

this potent ial or to develop appropr iate delivery mechanisms for  Māori  

organisat ions and to the entrepreneurs that run them. The consequence is that 

the Māori  economy is largely disconnected from the nat ional  innovation 

infrastructure and from the science inst i tut ions that  are at i ts  heart . This si tuat ion 

needs to be reversed in order to ensure Māori enterpr ises ful ly part ic ipate in the 

innovat ion ef fort  fac ing New Zealand as a whole.   

Research 
components 

The central element of the project  is a research programme on Māor i 

entrepreneurship which wil l  focus on leaders in a wide variety of  f ields inc luding 

for-profi t  business, not-for-profi t ,  community and iwi .  The inclus ion of not-for-

profi t  and community enterpr ise is del iberate as i t  is  l ikely that  these sectors may 

provide the most fruit ful f indings. This quali tat ive research wi l l  be used to ident ify 

the key characteris t ics of Māori  entrepreneurship and develop a f ramework for 

Māori  leaders to contr ibute to, and t ransform, Māori  business performance – wi th 

a focus on those f irms operating in the agrifood business sector .    

 
 
 

Entry ID 429 

Sustainably Profitable Primary Industries 

Summary The goal of this proposal  is to increase the value of New Zealand's primary sector 

products via a research programme with the fol lowing themes:  

(1) globalis ing the primary industry model  

(2) increasing productivity in pr imary production systems  

(3) future proof ing our pr imary industry  

(4) sustainable use of natural resources  

Theme 1  

Globalising The Primary Industries Business Model: Value Chain Integration And Taking 
Farming To The World 

Importance 
to New 
Zealand 

Research is  required to improve the rel iabi l i ty of  product f lows through what are 

of ten very long value chains that  l ink New Zealand producers to their ult imate 

consumers, often passing through mult iple agents along the way.  I t  is important 

in extracting the maximum value f rom New Zealand primary industr ies and in 

providing secur ity of food supply.  Internat ional  research stresses that to optimize 

management of New Zealand’s biological value chains,  col laboration,  

organisat ional  cul ture and leadership, s tructure and strategy, t rust and respect,  

long term planning and ef fective communication are cr i t ical success factors.  

These cri t ical factors are very much the province of universi ty-based business 

schools both wi thin New Zealand and internat ional ly.  They are also factors 

addressed successful ly by corporat ions that lead the wor ld in the qual i ty and 

outcomes achieved f rom professional value chain management.   

New Zealand wi l l  increasingly struggle with capaci ty issues in domestic  
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agr icul tural  production. The opportunity exis ts to think not in terms of  what can we 

produce wi thin New Zealand, but  what can we produce global ly,  managed from 

New Zealand.  The role of sc ience is to determine the transferabi l i ty of  New 

Zealand systems to other regions ( i .e., accounting for dif ferent  environments,  

soi ls,  genet ics and disease pressures) and in developing the sensors and IT 

infrastructure/software so that  condit ions in offshore production bases can be 

moni tored and responded to from New Zealand in real-t ime.  

Theme 2 

Increasing productivity in primary production systems  

Importance 
to New 
Zealand 

Understanding the fundamental biological  processes in plant and animal-based 

systems is  cri t ical to making informed decis ions on how to manipulate and 

manage these for greater  profi tabi l i ty and reduced environmental impact.   

Signif icant  progress has been made over recent decades using tradit ional  plant  

breeding;  however, there remains signif icant untapped potent ial  to increase 

productivity and f i tness-for-purpose by applying new (non-GE) sc ience 

approaches.   Genet ic, genomic, proteomic and physiological techniques have 

rapidly advanced, and can now permit more bespoke targeting of desired traits  

(such as inducible or repressible f lower ing or regenerat ion;  speci f ic  pathogen 

res istance).  There is part icular scope to apply these new approaches to species 

at  the heart  of  New Zealand’s production systems such as ryegrass and clover, in 

order to achieve step-wise gains in product ivity. 

There is  also scope for generating greater coordination between plant  and animal-

based researchers to better  al ign supply (e.g.  plant  nutr i t ion or growth t iming) 

wi th demand (animal  nutr i t ion or  human consumpt ion needs).  There is also scope 

to f i l l  cr i t ical capabil i ty gaps in the areas of  plant biochemistry and physiology and 

soi l<>plant microbiology (e.g., microf lora / soi l  rhizobia <> plant interactions), and 

in invertebrate genetics, physiology and ecology and genetics (e.g.,  in improving 

pol l ination capaci ty and in pest control) . 

Signif icant  animal  heal th and product ivi ty gains are also possible through the 

appl ication of new techniques developed out  of human studies (e.g.,  in genet ics,  

reproduct ion,  pharmacy,  anatomy and immunology).   This could lead to new 

disease diagnost ics,  animal  remedies and delivery systems that would heighten 

productivity and reduce on-farm animal health costs. 

Theme 3 

Future proofing our primary industries 

Importance 
to New 
Zealand 

Developing a biosecuri ty system that  can respond to the ever increasing 

pressures associated wi th f ree t rade and globalisation is imperat ive.  This 

requires the development of  state-of-the-art detect ion,  diagnostics and 

management responses.  The uti l isation of modern technology (e.g. , por table 

diagnost ics) to detect wil l  greatly heighten management (containment or 

eradicat ion)  responses. 

Related to this is the abi l i ty to bui ld more res i l ience into l ivestock, plants and 

pol l inators to make them less suscept ible to disease incurs ions.   Modern genetics 
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and genomics can greatly improve tradit ional breeding approaches to select  for  

heightened genet ic diversi ty,  whilst also target ing speci f ic  traits . 

The abil i ty to reduce New Zealand’s greenhouse gas emiss ions is l ikely to play an 

increasing part on both on-farm prof i tabi l i ty (e.g. , i f  GHG/C-equivalent taxes or  

emiss ions trading schemes are implemented).  I t  may also become a ‘ l icence to 

operate’  issue in some premium markets.  Developing tools that help farms 

measure and manage emissions is l ikely to be an increasing need. 

Theme 4 

Sustainable use of natural  resources 

Importance 
to New 
Zealand 

Minimising and managing the impact the agriculture has on the natural 

environment wil l  increasingly become a ‘ l icence to operate’  issue for  the sector 

nat ional ly and internat ional ly.   Fai lure to mit igate of f-si te impacts wil l  also have 

knock on consequences in other economic spheres such as tourism.   

I t  is cr i t ical that robust  scient i f ic approaches are appl ied at the appropriate level  

(e.g.,  farm vs. catchment level).   Again, the role of new techniques to measure 

and monitor  physical and biotic  changes in ecosystems wil l  play an important role 

in creating a ful l  picture of what these impacts are and why they are occurr ing.  

This understanding is  a necessary precursor to taking steps to prevent or mit igate 

them.  Of part icular importance in this  regard is  the impact that  intensive dairying 

is  having on freshwater systems.  The abi l i ty to model , measure and monitor  

mult iple stressors on f reshwater ecosystems wi l l  be important to generating ‘real  

wor ld’ insights and designing meaningful interventions.   This theme is also l ikely 

to require understanding the human factors important  in inf luencing behaviour 

change. 

Comments This Chal lenge covers a wide area with extensive capabi l i ty across CRIs & 

Universi t ies.   The Univers ity of  Otago works col laborat ively with many providers 

in this area and sees i ts role as both providing cr i t ical  support to core work 

programmes and leading specif ic /niche Research Components. 

The continued profi tabi l i ty of  New Zealand’s primary industry is cri t ical  for  New 

Zealand’s overal l  economic success.   There is  a compel l ing need to maintain and 

extend the science-led innovat ion that  has made New Zealand a world leader in 

many of the pr imary sectors.   However, there is also an increased recognit ion that  

continued growth through intensif icat ion is unsustainable.  Smarter  approaches 

are therefore required that can ‘make more f rom less’. 

By being more market  led and understanding and integrating with global value 

chains more value can be captured per kg of protein exported or per hectare of  

land used.   The quantity and quali ty of production can also be increased through 

exploi t ing new scienti f ic tools that enable a greater understanding and 

manipulat ion of  the biological systems being farmed (be i t  plants, trees,  animals 

or  f ish/shell f ish). 

There is  also a pressing paral lel need to future-proof the pr imary industr ies from 

biosecur ity threats, and reduce the impact that  i t  has global ly (greenhouse gas 

emiss ions) and regional ly/nat ional ly ( impact on water and soi l  quali ty). 
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To achieve this  Chal lenge requires both building on the extensive exper ience 

developed within the tradit ional primary industry-based research providers such 

as AgResearch,  Scion, Plant  & Food, Massey and Lincoln, and l inking with new 

thinking, technology and expert ise from other quarters.    

A part icular  exci t ing opportunity is  the target ing of innovat ion at the agr itech and 

farming-related service sector (e.g. , stock feeds; fert i l iser manufacturers; seed 

companies).   Del ivering innovat ion to companies in this sector not only l i f ts the 

productivity of their pr imary industry c l ient base, but  also makes them more 

internationally competi t ive. 
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4 Sustainable Resource Use 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 2: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

124 Empower NZ to innovate and 

implement sustainable 

technologies and practise in 

as many areas as possible 

and to develop enough 

sc ienti f ic  inf rastructure so 

that we have the resources to 

respond quickly and 

ef f ic ient ly to biosecuri ty, 

heal th and environmental 

threats.   

1. Developing sustainable technologies/behaviours 
and implement ing them into al l  parts  of  dai ly l i fe 
and business practises as wel l  as adopt ing 
sustainable technologies and pract ise developed 
elsewhere.    

2. Having the scienti f ic infrastructure in place that 
enables us to have the resources and expert ise 
to respond quick ly and ef f ic iently to biological, 
heal th,  geological  and environmental threats. 

3. Support ing scienti f ic personnel  -  enabl ing us to 
retain a pool of  capable researchers in NZ and 
to tap their expert ise ef f ic ient ly. 

4. Improve general sc ience education/awareness to 
al low us al l  to work together to understand new 
sustainable technologies,  biological threats etc. 
bet ter. 

151 A clean and heal thy sea:  

New Zealand's native land 

animals and plants are almost 

ent irely gone.  Our marine 

resources are going the same 

way due to overf ishing and by 

catch, lack of protect ion,  

global cl imate change, and 

pol lut ion. 

1. Improve water  qual i ty enter ing the sea from the 
land 

2. Protecting important  and representat ive 
ecosystems along al l  of New Zealand's coasts 

3. Evidence-based decis ion-making regarding 
resource extraction from the sea 

4. Examining ways to reduce the ef fects of global  
changes to the sea 

202 The Coastal  Marine Area 

(CMA) - In a wor ld of  

extensive exploitat ion of 

terrestr ial resources,  but wi th 

increasing demands for 

pr imary needs (food, water,  

energy) there is a vast  

potential of untapped 

productive and ecosystem 

resource in the marine 

environment. 

1. Understanding and managing anthropogenic 
impacts on water quali ty in the CMA 

2. Improve nat ional  planning for the CMA 
recognis ing New Zealand’s need for productivity 
as well  as protect ion 

3. Predict ing and planning for impacts on CMA 
productivity from global  environmental changes 

203 Development of  real ist ic and 1. Develop regional  plans that  provide realis t ic  and 
profi table systems for increased primary 
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Entry 
Id 

Challenge Themes 

affordable national water  and 

land management resources 

as a foundation for  the 

increase of primary 

production development for  

domest ic and export markets.   

production for domest ic and export  markets 

2. A focus on the issues around the reduct ion in 
profi tabi l i ty through increased compliance costs 
for pr imary producers standpoint 

3. Management of r isks associated with the intense 
farming practises 

277 To enable New Zealand 

society to l ive sustainably. 

1. To reverse the loss of New Zealand's 
biodiversity 

2. To understand the l imits to the consumption of 
non-renewable resources and how these wil l  
af fect  New Zealand in coming decades 

3. An ident if ication of  the l ikely impacts of  cl imate 
change 

4. Understand societal resistance to change 

300 New Zealand wi l l  improve the 

management of land and 

water to increase weal th and 

environmental integr ity 

1. Develop best-practice management approaches, 
tools and technologies to enable opt imal use of  
land and water resources at  catchment- and 
farm-scales. 

2. Advance New Zealand’s economy and enhance 
environmental integr ity by us ing sc ience to 
identi fy, real ise and protect  the unique 
advantage provided by our land and water  
resources. 

3. Del iver an appropriate evidence base, 
part ic ipatory processes and uptake methods to 
faci l i tate more effective land and water resource 
governance and decis ion-making at catchment-, 
regional- and national scales. 

4. Establish credible information at  appropr iate 
scales to character ise the state,  trend, impacts 
and opportunit ies for land, water and associated 
ecosystem services. 

305 Using science, innovat ive 

technologies and tools to 

improve our production from 

land whi le maintaining or  

enhancing our f reshwater  

qual i ty. 

1. Development of  best  practice land management 
to reduce leaching of contaminants and reduce 
impacts on receiving waters to wi thin l imits for 
environmental sustainabil i ty 

2. Robust  understanding and assessment of  the 
assimilat ive capaci ty of  New Zealand’s 
f reshwater  systems so that they can be uti l ised 
and managed to achieve a bet ter outcome of 
productive land within environmental l imi ts 

3. Develop an integrated model  to inc lude the 
farming system ( including economics),  transport 
and attenuation processes through the soi l ,  
unsaturated zone, and groundwater, 
groundwater-surface water inter face,  in-stream 
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Entry 
Id 

Challenge Themes 

processes and estuarine environments 

4. To gain a shared ownership of the issues 
concerning land product ivi ty while achieving 
environmental l imits  by a broad spectrum of  
society so that a range of innovat ive solutions 
can be assessed in a grounded manner to give 
the desired outcomes 

318 Oceans Management -  gett ing 

the best  from our ocean 

1. Br inging Together Data on Ocean Ecosystems 
and Human Activit ies/ Impacts 

2. Set t ing objectives for  oceans management 

3. Legal  and economic system of  oceans 
management 

324 Rehabi l i tat ion and conversion 

of  land and waterways 

current ly deemed as unsafe 

for productive ut i l isation due 

to the presence of Dioxin and 

other persistent organic 

poisons.  Extension of  the 

current bioremediation 

project    

1. Understanding the impact of  pers istent organic 
poisons on the product ivi ty of land, soi l  and 
waterways  

2. Maintenance of the Heal th of  the population and 
understanding the evidence of harm from 
pers istent organic poisons  

3. Managing the future r isk to Papatuanuku and 
whenua  

339 New Zealand needs to grow 

the economic value gained 

f rom its land and natural 

capital  and resources while 

reducing the environmental  

impact of  agr iculture and 

forestry. 

1. The goal is to increase productivi ty from 
agr icul tural  land in a way that  is  social ly and 
environmental ly sustainable and acceptable to 
New Zealanders,  and to the markets/consumers 
on which our exports rely 

2. The goal is to increase the real value we der ive 
f rom the food, beverage and f ibre we export.  In 
doing so we wil l  be adding value and also 
get t ing a bigger s l ice of  the value that  is created 

3. The goal is to develop better  models of r ivers 
and lakes to ensure the impacts of  draw-offs 
enable recovery 

326 To develop a theoret ical 

basis for understanding the 

undesirable physiological  

t rade – offs  that occur when 

plants and animals of  

agr icul tural  importance are 

subject to genetic  selection 

for production traits . This 

requires a combination of 

Evolution th 

 

1. To understand the process of port ioning energy 
in organisms and the l inks to gene expression 

2. Determine the mechanism of  Developmental 
Programming and the l ink to the trade off  
between traits . Investigate how this l ink is 
mediated 

3. Apply the results of themes 1 and 2 to develop a 
breeding strategy for organisms which are 
productive and resi l ient  
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Entry 
Id 

Challenge Themes 

351 The integration and 

reconcil iat ion of 

environmental and economic 

benef its  to support a hybrid 

approach to prosperity and 

wel l-being for New Zealand 

society 

1.  What have we got  – Measur ing the state,  trends, 
and l imi ts of our  natural resources 

2.  How do we value i t  – Understanding and 
pr iori t is ing values around natural  resources wi thin 
an inclusive society 

3.  What can we do about i t  – Integrat ion by creative 
and innovative win-win solut ions to wicked problems 

4.How do we evaluate progress – Providing a 
feedback loop for learning how to deliver  integrat ion 

362 Increasing agr icul tural  output  

whi lst improving f reshwater  

qual i ty 

1.  Understand interactions between agricultural 
activi ty and freshwater qual i ty 

2.  Understand soi ls and soi l  processes in New 
Zealand 

3.  Improve nutr ient  use eff ic iency in plant-based 
production systems 

4.  Improve downstream processing of agr icul tural 
outputs and decrease post-harvest  losses 

411 Generating sustainable 

growth, wealth and res i l ience 

f rom land by managing land 

and water resources to 

increase product ivi ty whi le 

maintaining environmental 

integr ity 

1.  Establish and maintain credible information at  
appropriate scales to characterise the state, trend, 
threats and opportunit ies of  land, water and 
associated ecosystem services in relat ion to land 
use, land-use change and cl imate change 

2.  Provide a robust  scienti f ic  framework for 
explaining var iabi l i ty and l imitat ions to productivi ty,  
developing innovative solut ions for improved 
management and resource use ef f ic iency and new 
opportuni t ies for  increasing product ivi ty wi thin 
environmental l imits 

3.  Collaborat ion for sustainable land use and 
integrated resource use: threats & opportunit ies 

4.  Contr ibute to growing weal th by developing 
coordinated nat ional , regional  and industry 
strategies and pol icy to incent ivise land uses and 
implement the adoption of practices to maximise the 
environmental, social ,  cultural and economic 
benef its  from the landscape 

412 New Zealand increases 

weal th f rom natural capital 

whi le maintaining or  

improving i ts  environmental  

integr ity. 

1.  Develop best-pract ice management approaches, 
tools and technologies to enable opt imal use of  land 
and water resources at  catchment and farm scales. 

2.  Advance New Zealand’s economy and enhance 
environmental integr ity by us ing sc ience to identi fy, 
real ise and protect  the unique advantage provided 
by our land and water  resources 

3.  Deliver an appropriate evidence base, 
part ic ipatory processes and uptake methods to 
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Entry 
Id 

Challenge Themes 

faci l i tate more effective land and water resource 
governance and decis ion making at catchment, 
regional  and national scales 

4.  Establish credible information at  appropriate 
scales to character ise the state,  trend, impacts and 
opportuni t ies for  land, water  and associated 
ecosystem services.  This theme underpins al l  other 
themes by providing baseline state-and-trend data 

418 Green land, blue water  and 

prosperous people for  the 

next  mil lennium 

1.  Enable the integrated management of  land, 
f reshwater  and coastal  resources through 
partnerships between resource managers, iwi, 
catchment communit ies ( including e.g.  private,  
commercial, and lobby or /and special interest 
groups) and scientis ts bui lding on the col laborative 
approach taken by the Land and Water Forum 

2.  Identify and evaluate potential approaches for 
increasing pr imary sector returns in order to 
determine what actions should be taken to real ise 
the desired gains 

3.  Ensure that  al l  stakeholders have access to the  
environmental data they need to be act ively involved 
in decision making  

4.  Determine which tools and approaches for  
ecosystem health moni tor ing New Zealand should 
use and deploy them 

434 Promote the sustainable use 

of  the New Zealand’s 

marginal agricultural lands 

and protect the quali ty, 

supply and image of New 

Zealand’s high-value 

products and al low the 

development of regional  

industry clusters. 

1.  Authentic ity of product involving sample 
col lect ions by industry 

2.  Leptospermum plantations, improving New 
Zealand environmental image 

3.  Sustainable bee management and product quali ty 

4.  Development of  economically sustainable 
opportuni t ies in regions -Developing sel f-support ing 
economic clusters of opportunit ies around endemic 
plant species 

435 Urea production from wood 

waste 

 

454 Land, Water and Coasts -  

“Achieving integrated 

management of land,  water  

and coasts, which 

incorporates the connections 

between them and leads to 

productive resource use and 

sustainable, healthy 

ecosystems.” 
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Entry 
Id 

Challenge Themes 

398 To have an integrated suite 

of  environmental  tools which 

are used for benefi t ing al l  

New Zealanders through 

opt imising agr icul tural  

productivity whils t being used 

to enhance biodiversi ty and 

opt imise water quali ty  

1.  To have an integrated sui te of environmental tools 
which are used for benefi t ing al l  New Zealanders 
through optimis ing agricultural product ivity whilst 
being used to enhance biodiversi ty and opt imise 
water quali ty  

 

469 Balancing increased 

agr icul tural  production and 

environmental concerns 

 

 
 
 

Entry ID 124 

Empower NZ to innovate and implement sustainable technologies and practise in 
as many areas as possible and to develop enough scientific infrastructure that 
we have the resources to respond quickly and efficiently to biosecurity, health 

and environmental threats.   

Summary This research proposes to develop sustainable technologies and behaviours which 

are integrated into everyday public-usage through the development of an 

advanced scienti f ic  inf rastructure.  Research wil l  f i rst ly ident ify areas where the 

biggest improvements can be made (e.g. improving farming technologies to 

benef it  waterway heal th),  and wil l  then need to develop appropr iate technologies/  

co-opt other technologies that  are suited for use in the NZ environment. 

Theme 1 

Developing sustainable technologies/behaviours and implementing them into all  parts of 
dai ly l ife and business practises as well  as adopting sustainable technologies and practise 

developed elsewhere   

Importance 
to New 
Zealand 

New Zealand needs to cont inual ly improve its eff ic iency and sustainable practise.  

Our environment (e.g. waterways, air pol lut ion,  energy use, greenhouse 

emissions,  amount in landfi l ls ) wi l l  benefi t .  Our heal th should benef it .  And we 

would waste less money and resources. The more eff ic iently we can do things and 

the less mess we make when we do the better  for  everyone. 

At  the moment this is  not  something we do consistently or  well .  I  see the benefits 

of  this being huge.  Also in order to develop and implement sustainable 

technologies we would create more jobs in a new area -developing a nat ional  

expert ise with people learning to special ise and provide answers to "NZ specif ic" 

sustainabil i ty issues.    

Research 
components 

Needs would need to be ident if ied -  what are the main areas where the best  
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improvements could be made to maximise impact. e.g.  would improving farming 

technologies and techniques to improve waterway qual i ty be a good area or  would 

developing new quickly biodegradable packaging that minimised landf i l l  be better , 

how would invest ing in development of more energy ef f ic ient devices for  those in 

heal thcare set t ings compare to the f irs t two etc.   

The sustainable technologies would need to be developed - this would be a huge 

research input  requir ing people wi th a range of expert ise due to the number of 

di f ferent areas covered.   Exist ing technologies would also need to be researched 

to see which ones would sui t NZ condit ions best.    

Research on how best  to implement these technologies/pract ises would need to 

be carr ied out and a plan developed We would need a pool of sc ient i f ical ly l i terate 

people to be aware of  the needs and the developments and faci l i tate groups 

involved in each of  these things to interface   We would need people a lot of cross 

communication - sustainable technology innovators and implementers would need 

to talk wi th those in academia,  industry, farming,  natural resource managing and 

people going about their  dai ly l ives to ident ify the needs and areas where 

improvements could take place. These people would have to have strong and 

broad ranging sc ience backgrounds and be exper ience.    

Theme 2 

Having the scientif ic infrastructure in place that enables us to have the resources and 
expertise to respond quickly and efficiently to biological,  health, geological  & environmental 

threats 

Importance 
to New 
Zealand 

NZ needs to be able to respond to threats to i ts wel lbeing (be they environmental , 

biological,  heal th related etc.) without relying on other countr ies.  We are very 

vulnerable i f  we cannot do this.  In some cases it  wi l l  issues primar i ly affecting NZ 

(e.g. PSA in k iwif rui t).  In other cases i t  might  be a global  health threat  e.g. 

pandemic - and other countr ies might be overwhelmed. If  NZ has a pool of  i ts  own 

experts i t  can cal l  on in these situations ready to hand they can f ind out the 

problem and deal with i t  a lot sooner -  hopeful ly minimis ing damage and l ives lost. 

Research 
components 

A pool of specif ic experts in f ields relat ing to microbiology, virology,  plant  

sc iences,  agriculture, medicine, molecular  biology,  genet ics,  geology, 

environmental sc ience etc. who are available when needed to pool resources and 

research the part icular threat  faced - f ind out as much as they can and 

propose/develop solut ions (e.g. f ind out what was ki l l ing kiwi frui t /other crop and 

how to t reat  i t ;  identi fy what bacteria/virus has causes an outbreak and 

source/develop t reatment for  i t ;  identi fy and be able to f ind out how best  to treat 

ant ibiot ic  resistant  bacteria;  f ind out  what mysterious organism was responsible 

for k i l l ing dogs on our beaches and why; be able to ident ify and deal quickly with 

damage from toxin spi l ls/  discarded biological  weapons waste dumped our oceans 

and  suddenly leaking etc.) An organisat ion to co-ordinate these people -  with 

research expert ise in overal l  threat  management/  l ikely r isks to NZ 

Theme 3 

Support ing scientific personnel - enabling us to retain a pool of capable researchers in NZ 
and to tap their  expert ise efficiently   
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Importance 
to New 
Zealand 

Improving NZ sustainable practise and response to threats (biological/ health/ 

environmental etc.) requires we have researchers on-hand that  have a varying 

range of  ski l ls.  The benefi t  to NZ of having this resource within our own country is  

huge. This resource i f  tapped correctly could improve standards of  l iv ing. 

Research 
components 

Support ing general research in NZ in a wide range of areas -  enabling us to have 

the expert ise on hand when we need them. Often sc ience in NZ can be 

undervalued and many top scient ists  leave. Support and value these people and 

also tap into their  expert ise when needed. Perhaps we need look into how we 

could better  do that than we currently do?       

Perhaps developing speci f ic careers or research insti tutes that br ing people with 

di fferent research backgrounds together to work on problems l ike sustainable 

practise or pool their  knowledge and research ski l ls  to deal quickly with var ious 

biological/health/geological /environmental  threats. 

Theme 4 

Improve general  science education/awareness to al low us all to work together to understand 
new sustainable technologies, biological  threats etc. better 

Importance 
to New 
Zealand 

I f  we improved the overal l  sc ienti f ic  l i teracy in NZ then many ideas people might 

current ly be suspic ious of they might  understand better . This would lead to 

greater uptake of newly developed technologies and ideas as people felt  more 

comfortable with them. This would enable NZ to become a country of  "early 

adopters" of beneficial technologies and would also encourage innovat ion.    

I t  might also help when facing things l ike pandemics or  disease outbreaks in 

crops i f  people understood more about why they needed to do something (wash 

hands, c lean boots of f etc.)  or get vaccinated etc. and how those things actual ly 

worked.  I t  could mean those in industr ies/areas where pollut ion was a problem 

might understand better the need for moving to more sustainable practises 

instead of seeing i t  as unnecessary.   I t  might mean people approach sc ient ists 

more and more mutually benef icial col laborations are fostered. 

Research 
components 

Researchers real ise that an important part of their research is  "outreach" - putt ing 

what they do out into the community and faci l i tat ing schools etc. to access them. 

Not direct research as such but hugely important.  Empowering al l  of  us in NZ to 

be a l i t t le more aware of the science that  af fects our day to day l i fe and work.  

This does also involve research though someone needs to do the work to f igure 

out  what New Zealander's need to know more about and how best  to get this  

message out!  

Research 
Gaps and 
Opportunities 

Communicat ion -  between sc ientists and NZ general publ ic,  schools, specif ic 

industry and poli t ical groups.  Scienti f ic  research needs to be made approachable 

and accessible.  I f  we can do that  better we can work together bet ter to produce 

good outcomes in a huge range of areas.   People wi l l  learn what is possible and 

sc ientist wi l l  learn about specif ic  needs and requirements.    Development of  a 

nat ional  insti tute or organisation that  is able to pool sc ienti f ic  expert ise/equipment 

along wi th other resources when deal ing wi th specif ic threats/emergencies so they 

can be dealt with quickly and eff iciently.  Don't  leave things as was the case with 
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the mystery bug k i l l ing dogs on Auckland beaches as there was no-one with 

funding or in charge to say we need to f igure out what is  going on here. 

 
 
 

Entry ID 151 

A clean and healthy sea:  New Zealand's native land animals and plants are 
almost entirely gone.  Our marine resources are going the same way due to 

overfishing and by catch, lack of protection, global climate change, and pollution 

Summary This chal lenge proposes a var iety of ways with which the var ious threats to our 

marine biota can be combatted such as;  reducing the pol lut ion of f reshwater  which 

enters the sea, establishing 'no-take' mar ine reserves to preserve mar ine 

populations, and investigating and mit igating the effects of  cl imate change. 

Theme 1 

Improve water quality entering the sea from the land 

Importance 
to New 
Zealand 

Improvement of  water  quali ty entering the sea has obvious benefits to coastal 

heal th,  diversity, f isher ies, and recreation.  I t  is  l ikely to have a s ide-benefit  of  

improving freshwater environments and biodiversi ty as well .  

Research 
components 

Development of  robust and inexpensive methods for measur ing water quali ty. 

Development of  water  treatment methods. Pol icy development regarding ef fective 

methods of encouraging good water-management practices across sectors. Policy 

development for funding of water treatment in small  communit ies.   

Theme 2 

Protecting important and representative ecosystems along all  of New Zealand's coasts 

Importance 
to New 
Zealand 

Nothing conserves and retains biodivers ity as effect ively as no-take reserves.  

The resul ts of  protecting an area spi l l  over into neighbour ing ecosystems and 

improve both f isheries and biodiversi ty over a much wider area.  No-take reserves 

are insurance against  large scale disasters.   No-take reserves are a signif icant  

drawcard for visitors, tour ists and locals and can great ly improve the economy 

nearby. No-take reserves gazetted today may someday attain the lost biodiversi ty 

our coast l ine once had.  People today talk about what their grandparents 

remember but we have lost what their great-great-great  grandparents once had.  

Research 
components 

What are the ef fects of No-Take Coastal Reserves? Data and analysis  necessary 

to ensure reserves are large enough and in the r ight places. Revised policy where 

MPI is not part of  the decision-making team on no-take reserves.  

Theme 3 

Evidence-based decision-making regarding resource extraction from the sea 

Importance 
to New 
Zealand 

I t 's t ime we stopped ignor ing science when making decisions.  I t 's  t ime to l isten 

when data shows a species is in danger.  I t 's t ime to set f isheries l imits  and 

decide appropriate levels of  protection based on data and knowledge instead of  

pol i t ical  ideology and guesswork.   
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Research 
components 

Development of  good-quali ty robust methods of  populat ion modell ing for 

commercial ly f ished species.  Development and analysis  of  the effects of a range 

of  f isheries management tools including mataitai ,  taiapure, bag l imits,  seasonal 

l imits . Research into by-catch issues and f ishing methods that  might  address 

them. Increasing research into effects of  aquaculture and ways to mit igate them. 

Research into the extent of  recreational catches.    

Theme 4 

Examining ways to reduce the effects of global changes to the sea 

Importance 
to New 
Zealand 

Global warming wil l  change what l ives in our seas, and how they work,  as wel l  as 

weather patterns and ocean currents.  An ef fect  of warming is  to lower oxygen 

levels across the sea, reducing productivity.  On top of  that, ocean acidif icat ion 

looks l ike i t  wi l l  reduce the capacity of  many organisms to l ive and thr ive in the 

sea, inc luding many commercial ly important  species.  The only way to address 

this "t r iple whammy" is to cut CO2 emiss ions around the world.  New Zealand 

needs to do i ts part,  perhaps even be a leader,  in f inding ways to l ive our l ives 

and keep our economy going but also stop creating so much CO2.  This is the best 

possible use of "Kiwi  Ingenui ty" - - to develop ways for  the whole wor ld to cope 

wi th a cris is i t  is only just coming to understand. 

Research 
components 

Research into reducing CO2 product ion in al l  sectors of  society.  Research into 

model l ing ways that global warming might af fect  New Zealand f isheries and 

cl imate.  Research into the l ikely ef fects of ac idi f ication on our coastal 

ecosystems. Mult idiscipl inary research, monitor ing and modell ing to address the 

combined ef fects of warming,  acidif icat ion and deoxygenat ion.    Development of 

new and innovative ways to create energy (t idal power, wave power, wind power) 

wi thout creat ing CO2.     

Comments Some people look at the sea and just see the surface.   But  i t  is  imperative that 

our research and pol icy looks below the surface and realises the role the ocean 

plays in our l ives.  The ocean has spir i tual , recreational , economic, transport,  and 

nutr i t ional  values that i t  contr ibutes to our l ives every day.  The greatest  

challenge fac ing marine science today is achieving the funding and policy 

at tent ion that the mar ine environment needs to survive.   Because people cer tainly 

need the sea to survive. 

 
 
 

Entry ID 202 

The Coastal Marine Area (CMA) - In a world of extensive exploitation of 
terrestrial resources, but with increasing demands for primary needs (food, 

water, energy) there is a vast potential of untapped productive and ecosystem 
resource in the marine environment 

Summary This goal  of  this  proposal is to maximise the productivi ty and protection of  the 

Coastal Mar ine Area (CMA) by developing tools, information and national 

recommendat ions for anthropogenic inputs, lack of  nat ional  strategy and global 
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environmental changes.  The programme proposes the fol lowing themes:   

1.  Understanding and managing anthropogenic impacts on water quali ty in the 

CMA  

2.  Improve nat ional  planning for the CMA recognis ing New Zealand’s need for  

productivity as wel l  as protection  

3.Predict ing and planning for  impacts on CMA product ivi ty f rom global 

environmental changes  

Theme 1 

Understanding and managing anthropogenic impacts on water quali ty in the CMA 

Importance 
to New 
Zealand 

Integrated catchment management recognises that upstream inputs have an effect 

on downstream activit ies. This approach should be expanded into the CMA where 

anthropogenic inputs can have negat ive effects on CMA water qual i ty thus 

preventing the eff ic ient use of the CMA for  conservation, recreat ion or food 

production. Unfortunately at  this t ime New Zealand lacks some of  the tools 

necessary to identi fy inputs,  sources and effects. 

Research 
components 

Research component 1a:  Develop tools to moni tor inputs (nutr ients,  sediments 

etc.) to and changes in the CMA and identify the source of inputs. 

Research component 1b:  Understand nutr ient inputs and nutr ient balances in the 

CMA in the context  of  oceanic and anthropogenic sources. 

Research component 1c:  Develop tools to ident ify,  track and mit igate sources of  

pathogen ( faecal  col i forms, human vi ruses) entry into the CMA to safeguard food 

production and recreational  water  safety. 

Theme 2 

Improve national planning for the CMA recognising New Zealand’s need for productivity as 
well as protection 

Importance 
to New 
Zealand 

There is  a lack of  nat ional  informat ion and strategy on values and potential of the 

CMA for  conservation, recreat ion and food production.  A region by region 

approach r isks either under-protecting or over-protect ing ecological values for the 

country as a whole, but appears to invariably under-del iver  on the potential 

productivity of the CMA for primary product ion.  Investigation of  tools, values and 

the interplay between them, on the basis of  national benefi t ,  is cri t ical  in 

addressing this  issue. 

Research 
components 

Research component 2a:  Develop tools to understand and pr iori t ise values in the 

CMA (conservat ion, f isheries, aquaculture, recreat ion,  etc.) 

Research component 2b:  Ident ify key areas cri t ical  for  each value,  and determine 

maximum and minimum essential  areas for  each value for New Zealand as a 

whole, rather than at the regional level. 

Research component 2c:  Investigate the cr i t ical interplay of  competing CMA 

resource use in the context  of del ivering maximal national value. 

Theme 3 
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Predicting and planning for impacts on CMA productivity from global environmental  changes 

Importance 
to New 
Zealand 

Understanding the effects of  global environmental changes (e.g. water 

temperatures or ocean acidi f ication) on ident if ied conservation, primary 

production and recreation values is essential to al low meaningful adaption or 

mit igat ion measures to be developed. This may inc lude recogni t ion that values 

and areas may change across New Zealand and to ensure cont inued protection of 

al l  legi t imate uses of  the CMA that a national approach may be necessary. 

Research 
components 

Research component 3a:  Develop tools to determine spatial  dis tr ibution and 

expected quantum of  l ikely CMA changes given global  environmental  trends. 

Research component 3b:  Ident ify r isks f rom environmental changes to CMA 

productivity at al l  trophic levels, and develop models to quantify impact on CMA 

ecosystems, f isheries and aquaculture resources. 

Research component 3c:  Develop recommendations and tools to mit igate effects 

of  environmental  change in the CMA where meaningful  New Zealand intervention 

is  possible e.g.  relocation of  aquaculture si tes, commercial isat ion of  di f ferent 

species,  changes to f ishing effor t,  enhancement of wi ld s tocks etc. 

Research 
Gaps and 
Opportunities 

There are a number of projects funded around New Zealand looking at integrated 

marine spat ial  planning,  models, predict ing plankton, nutr ient changes etc. that  

could form a core of  research in this  chal lenge, However the main gap is  that  i t  is 

not  integrated at  a NATIONAL level . Not considering the values,  science and 

model l ing at a nat ional  level  (but at  each of the regional  levels)  r isks both over-

protect ing and under-protect ing values whils t almost invar iably under-uti l is ing 

productive resources. 

Comments Whilst the Resource Management Act does place the control and onus on 

terr i torial author it ies, this challenge is an at tempt to del iver  the science, tools and 

decision support systems to faci l i tate either Nat ional Resource Management 

Guidelines or changes to Resource Management legis lat ion. 

 
 
 

Entry ID 203 

Development of realistic and affordable national water and land management 
resources as a foundation for the increase of primary production development 

for domestic and export markets 

Summary The goal is to protect  prof i tabi l i ty from pr imary product ion in New Zealand, 

themes inc lude ident ifying the impacts of  urban spread on pr imary production, 

developing and assessing the impact of  high tech systems that  reduce costs and 

improve pr imary production (e.g.  GM), managing r isks associated wi th intense 

farming practices. 

Theme 1 

Develop regional plans that provide real istic and profitable systems for increased primary 
production for domestic and export markets 
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Importance 
to New 
Zealand 

Understand the long term impact of urban spread on the cost of primary 

production.  Maintain and encourage increased primary production as a base for  

economic growth for New Zealand 

Research 
components 

Identi fy current  urban spread hazards on pr imary production as wel l  as the 

associated economic & social costs.   Water , ai r and qual i ty  waste management  

Theme 2 

A focus on the issues around the reduction in profitability through increased compliance 
costs for primary producers standpoint 

Importance 
to New 
Zealand 

Agricul ture and hort iculture are the bases on which our economy was born and 

form an important  fabric of New Zealand society.  I t  cont inued existence as a 

foreign currency earner for New Zealand is important 

Research 
components 

Identi fy r isks associated wi th reduced primary product ion growth.   Develop new 

high tech systems to reduce costs and improved production.  test t rue impact of  

genet ical ly modif ied organisms on New Zealand and how our impact would be 

perceived internat ional ly  

Theme 3 

Management of  risks associated with the intense farming practises 

Importance 
to New 
Zealand 

I t  would support the aim introduced by Hort  New Zealand in reaching $10 bi l l ion 

by 2020. 

Research 
components 

water rec irculation, energy creat ion, pest incurs ion control 

Research 
Gaps and 
Opportunities 

Domestic plant breeding to support  increased production.   Robot ics to f ruit  

harvest.    Post-harvest technologies for  sea freight of perishable goods   

 
 
 

Entry ID 277 

To enable New Zealand society to live sustainably 

Summary This proposes a research programme to al low New Zealand society to l ive more 

sustainably.  The themes inc lude the development of a research programme to  

(a) quantify New Zealand biodiversity (and a strategy for revers ing the decl ine),   

(b) identi fy l imits  to the consumpt ion of non-renewable resources,  

(c) identi fy the ef fects of c l imate change (and develop a subsequent s trategy) and 

(d) identi fy barriers to societal change  

Theme 1 

To reverse the loss of New Zealand's biodiversity 

Importance 
to New 

New Zealand has a high rate of  species ext inct ion.  A resi l ient  ecosystem is  

dependent on maintaining a high level  of  biodiversi ty.   Not only does our “Clean, 
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Zealand green” international image depend on a heal thy ecosystem, our abi l i ty to survive 

potential future cl imatic  catastrophes may also depend on access to a broad 

spectrum of  plant and animal genomes. 

Research 
components 

•  A complete catalogue of  New Zealand’s biota. • A study of  the drivers of  species 

ext inct ion.  • Ident if ication of  strategies to reverse species ext inct ion.   

Theme 2 

To understand the limits to the consumption of non-renewable resources and how these will 
affect New Zealand in coming decades 

Importance 
to New 
Zealand 

Liquid hydrocarbons and rare-earth elements are examples of resources that 

underpin much of our l i festyle.  The fact that they are non-renewable resources 

that are rapidly being depleted has implications on the long-term viabi l i ty of many 

of  our current technologies.    

Research 
components 

I t  is common to look at each of the non-renewable resources in isolat ion when 

consider ing the impact of  shortages.   However important  synergies exist  between 

these resources,  with shortages of  any one resource potential ly impact ing on a 

wide range of processes.  An early attempt to understand these inter-relat ionships 

was presented in “The Limits To Growth” (Meadows et .al . ,  1972).  A systems-level  

approach based on the latest science wi l l  help pinpoint  potential future 

bot t lenecks. 

Theme 3 

An identif ication of the l ikely impacts of climate change 

Importance 
to New 
Zealand 

A changing cl imate is  arguably the greatest threat to our way of  l i fe.   I f  carbon 

emissions continue to increase the mean temperature is l ikely to increase by at 

least 2o C this century, and there may be an increase in extreme weather events.  

Sea level  r ises, coupled with storm surges, are l ikely to cause serious disrupt ion 

to infrastructure and may force relocat ion of  low- lying. 

Research 
components 

Develop a strategy that def ines the needs and prior i t ies for  New Zealand-based 

cl imate research. Conduct measurement programmes of  relevant cl imate 

var iables. Advance understanding of key components of the global c l imate system 

and the processes that  connect anthropogenic emissions of  greenhouse gases 

and changes in land use to changes in c l imate.   Provide robust  scenar ios of 

potential future changes in regional extreme cl imate events. Generate scenarios 

of  l ikely future changes in sur face c l imate that are important  to agricultural 

productivity. Quant ify the potential impacts of future cl imate change on 

hydropower generat ion. Col lect  the data needed to establish a carbon footpr int 

calculator for New Zealand condit ions.   

Theme 4 

Understand societal resistance to change 

Importance 
to New 
Zealand 

Even when the unsustainable nature of many aspects of our modern society is  

acknowledged, prudent changes are commonly rejected.   The numerous ‘denial ist ’  

groups associated with many issues inc luding the dangers of  smoking,  the 

exis tence of c l imate change, and the f ini te nature of hydrocarbons resources are 
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examples.  The issue of  intergenerat ional  equi ty, although frequently commented 

on,  is  commonly disregarded.   

Research 
components 

The Stern Report (“The Economics of  Climate Change: The Stern Review”, 

Cambridge University Press,  2007) considered both the economic and social 

implicat ions of various discount rates when considering the needs of  future 

generations relat ive to our own.  The appl icat ion of more sophist icated tools such 

as hyperbolic discounting has been suggested.   An extension of this  work for very 

long t ime scales (e.g. in excess of  100 years) is needed to provide a guide for 

publ ic expendi ture on very long term issues such as cl imate change. 

Research 
Gaps and 
Opportunities 

Establish a unif ied approach to solving these problems.  Research is  frequently 

f ragmented across a range of organisations, and a nat ional  strategy would lead to 

ef f ic iencies and to a better ident if ication of  gaps in current knowledge.    

 
 
 

Entry ID 294 

(Epi)genetic instructions for organism assembly are highly conserved across all 
life-forms, but research effort is fragmented. Coordination of (epi)genetic 

research while allowing end-user customisation of new knowledge would be 
advantageous 

Theme 1 

Decoding life forms 

Importance 
to New 
Zealand 

The funct ioning of  al l  l i fe forms is derived from the (epi)genet ic code.  New 

Zealand has a unique set of  organisms upon which i t  is dependent for economic 

prosperi ty.  We also have unique organisms wi th conservation value and the 

demographic make-up of  New Zealanders is  unusual .  This uniqueness of New 

Zealand’s fauna and f lora, and of New Zealanders, suggests that we need sc ience 

capabil i ty in decoding the l i fe forms that consti tute New Zealand. 

Research 
components 

Fundamental sc ience capabi l i ty to unravel the (epi)genet ic code.  New 

(cheaper/ faster?) technologies to read the code wi l l  be largely generated outs ide 

of  New Zealand.  However, some New Zealanders are wor ld- leaders in describing 

the physical arrangement of  genet ic material which in turn is known to affect how 

the code is read.  In addi t ion,  understanding the inf luence of non-coding genetic 

mater ial  is clear ly an important step in understanding which parts of the genetic 

mater ial  are uti l ised in dif ference cel l  l ineages. 

Theme 2 

Interpreting the code 

Importance 
to New 
Zealand 

Having deciphered the (epi)genetic  code of organisms of unique interest to New 

Zealand, the next  challenge is to turn that information into ‘useable’  knowledge 

about how the organism functions.   In addit ion we wi l l  need to know how species 

to species interactions at the genetic level inf luence phenotypic outcomes. 

Research An integrated research programme wi l l  be required to turn the (epi)genetic  code 



 

67 
 

components into useful  knowledge for  appl icat ion in theme 3.  This includes, for example,  

developmental  biology,  metabolism and physiology through to population genet ics 

and evolutionary theory.  Each element of such a programme wi l l  require access 

to technologies to support the var ious -omic discipl ines. Cross disc ipl inary fusion 

wi l l  occur at the interfaces with technology development and application 

Theme 3 

Applying new knowledge 

Importance 
to New 
Zealand 

While some of  the research in themes 1 and 2 might be undertaken outside of 

New Zealand, i t  is inescapable that we must take responsibi l i ty for  the appl icat ion 

of  new (epi)genetic  knowledge to benefi t  New Zealand(ers). 

Research 
components 

The application of  new (epi)genet ic knowledge wi l l  vary by end-user.   Thus 

appl ication of new genomic knowledge to improved breeding decisions in the New 

Zealand dairy sector  wil l  dif fer tremendously f rom how s imilar  new knowledge wi l l  

be applied to ameliorate the human obesi ty epidemic or  to conserve native f lora in 

the Urewera National Park.   That said, there wil l  be common under lying threads 

such as genotype-phenotype mapping,  species-species interact ions, population 

dynamics and theory of systems biology. 

Research 
Gaps and 
Opportunities 

I t  is impossible for  New Zealand to fund al l  potential research activit ies covered 

by the 3 themes.  The establ ishment of a coordinated programme of  research 

ent it led “Genetics for  New Zealand(ers)” across biological ly research-active 

insti tut ions in New Zealand (Univers it ies, CRIs, CoREs, conservation ent it ies, 

heal th organisations) wi l l  ident ify and secure focus around the cri t ical areas for 

New Zealand to invest in. There is  a shortage of suitably quali f ied young people 

in a number of  disc ipl ines, notably bioinformatics,  systems biology and 

quant itat ive / populat ion genet ics.   Nat ional  coordinat ion wi l l  identify where these 

shortages are most cri t ical,  thereby enabling more targeted investment in ter t iary 

education and the associated structures which underpin the infrastructure. 

 
 
 

Entry ID 300 

New Zealand will improve the management of land and water to increase wealth 
and environmental integrity. 

Summary This chal lenge proposes to develop best-pract ice management approaches, tools 

and technologies to enable optimal  use of land and water in order to increase 

weal th and environmental  integri ty. Key targets for research wi l l  include; 

agronomic technologies/ techniques to opt imise product ivi ty/profi tabi l i ty, better  

management of soi l  qual i ty/nutr ient levels, effect ive water al locat ion,  and 

managing greenhouse gas emiss ions.  This research wi l l  be complemented by 

studies looking at  al ternat ive approaches to wealth creat ion which draw upon New 

Zealand's inherent advantages, thereby ensuring prosper ity and improved 

wel lbeing. 
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Theme 1 

Develop best-practice management approaches, tools and technologies to enable optimal use 
of land and water resources at catchment- and farm-scales. 

Importance to 
New Zealand 

I t is est imated that  New Zealand loses 200-300 mi l l ion tonnes of soi l  per annum, a 

rate 10x the rest  of the wor ld, and in monetary terms costs >$127 mil l ion p.a.  

Recent studies show signif icant amounts of  soi l  organic matter are being lost 

under f lat land dairy grazing.  This loss reduces the soi l ’s  capaci ty to f i l ter 

contaminants, retain nutr ients or  resis t pugging.   The effect is  twofold,  impact ing 

on the quali ty of farming operations and the underpinning resource. 

El i te and versati le soi ls  provide disproport ionate value to our economy, just 0.4% 

of  land supports 14% of the total contr ibution the primary sector  makes to GDP. 

But these soi ls are currently disappearing to tar-seal  and l i fe-style development. 

Given the very s low rates of  soi l  formation there is  mount ing concern over the 

avai labi l i ty of productive soi l  ( ‘Peak Soil ’) .   Contaminat ion of groundwater  with 

ni trate and/or microbial pathogens occurs in many regions.  

Water  avai labi l i ty is  also a problem in some regions due to the wi thdrawals 

needed to support  agr icul ture and/or seasonal f luctuat ion in supply and demand.  

Our primary industr ies are therefore under extreme pressure to maintain (or 

increase) their profi tabi l i ty,  protect the resources they and future generat ions 

depend on,  whils t s imultaneously meet ing the requirements of markets and 

government pol ic ies (e.g. Nat ional  Policy Statement for Freshwater) .  

Science has a s ignif icant  role to play in helping these industr ies f ind the ‘sweet 

spot’ to reduce operating costs, grow weal th and protect the integri ty of  soi l ,  land 

and water assets, through informat ion, tools and technologies.   

Research 
components 

The research in this  theme provides a robust scienti f ic framework for explaining 

var iabi l i ty in the vulnerabil i ty and potential of  soi l ,  land and water resources.   This 

provides a scienti f ical ly credible basis to inform appropr iate best-pract ice 

approaches,  tools and technologies to ensure profi table use and retain land and 

water resources for future use.  Research components ref lect the scale of 

implementat ion and the major  challenge around gett ing uptake and adoption of 

best practice.  

Key research components include: On-farm tools and farm systems: Including 

agronomic techniques to opt imise product ivi ty and maximise long-term prof i tabi l i ty 

for NZ; Plant  and animal breeding – the genet ic characterisation of trai ts and 

genet ic manipulation;  Agricultural technologies and precision techniques;  soi l  

at tr ibutes to enable better  management of soi l  qual i ty,  productivity,  nutr ient  

management and greenhouse gas emiss ions;  minimising waste and maximising re-

use. Catchment-scale approaches: Including optimis ing land use at  mult iple 

scales and across mult iple co-benef its ; More effective water al location and use; 

Integrated land management approaches; Mit igating nutr ient loss and impacts of  

contaminants in soi l  and groundwater;  Reducing erosion and sediment loss; 

Mit igat ing the impacts of extract ion and use of aggregates, l imestone and 

fert i l iser; Dr ivers and barriers to uptake: Inc luding economic analys is and cost  

benef it ;  farmer behaviours and value; methods to dif fuse best pract ice across 
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pr imary industr ies. 

Theme 2 

Advance New Zealand’s economy and enhance environmental integrity by using science to 
identify,  realise and protect the unique advantage provided by our land and water resources. 

Importance to 
New Zealand 

The land economy currently represents more than 25% of  GDP.  But wi th a large 

focus on intensif icat ion, commodity export and single species (e.g.  trees and 

crops) i t  is a fragi le economy.  Potential  or  actual threats inc lude a decreasing 

natural  resource base (e.g.  ‘Peak Soil ’) ,  changing market preferences and 

condit ions, fraudulent products in overseas markets claiming to be of New 

Zealand or igin, and devastat ing infectious diseases (e.g. PSA or Foot & Mouth).  

The Government’s  Business Growth Agenda cal ls for export  earnings from the 

land to increase by 40% by 2025.  

But  this goal should not  be met without consider ing how to increase the resi l ience 

of  the economic,  environmental and social systems on which i t  is based. And 

whi le making more optimal use of  land and water resources i .e. sustainable 

production (Theme 1) is  important , new paradigms have a role to play in creat ing 

a green, wealthier New Zealand. Signi f icant intel lectual  ef fort  by government and 

business leaders has been devoted to explor ing new paradigms including Pure 

Advantage, Vision 2050 NZ and the Maori Economic Growth Strategy.  However, 

this transformation is  not wi thout r isk and must draw from emerging sc ience and 

innovat ion.  

Science therefore has a role to play in:  •  Ident ifying New Zealand’s natural and 

cultural advantages • Putt ing into practice approaches to leverage those 

advantages (that  are restorative and promote shared-value) • Developing tools 

and technologies to protect  and give credence to these advantages as part of the 

New Zealand brand. 

Research 
components 

The research in this  theme provides the foresight , underpinning data, testing and 

val idat ion to support alternat ive approaches to wealth creat ion, drawing upon New 

Zealand’s inherent advantages.  

The contr ibut ion of  knowledge draws on a number of current ly disparate science 

domains. Research components include: Identif icat ion of natural  and cultural 

advantage: Including characterisation and valuat ion of  resource potential;  Food 

technologies to support new products and product values; Mātauranga Maori  and 

cultural values;  scenar io analysis  and visual isat ion technologies; land use 

opt imisat ion modell ing;  Real ising natural  and cultural  advantage: Including 

research to underpin new land uses and primary produce, reuse of  waste and 

increased ecosystem service provis ion;  understanding princ iples behind 

successful  co-management and governance models; and social and economic 

model l ing. Tools and technologies to protect NZ advantage: Including l i fe-cycle 

analysis , foot-pr int ing and eco-veri f ication;  use of environmental tracers and 

identi f iers; enhanced survei l lance for cont inued consumer trust and market 

access. 
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Theme 3 

Deliver an appropriate evidence base, participatory processes and uptake methods to 
facili tate more effective land and water resource governance and decision-making at 

catchment-, regional-  and national scales 

Importance to 
New Zealand 

To ensure New Zealand’s prosperi ty and improved wel lbeing, i t  is cri t ical  land and 

water governance and decision-making is inclusive,  col laborative and gains 

confidence from a range of interested part ies. Adversar ial  approaches and 

contention incurs considerable costs associated with the t ime taken to arr ive at  a 

decision, as well  as the mult iple impacts of delaying action.   

Even a modest reduct ion in t ime taken to make decisions or  number of 

stakeholder submissions/ legal  appeals wi l l  save mi l l ions of dol lars in terms of 

legal analys is, addressing submissions and stakeholder engagement. But  

governance in New Zealand is complex. With a signif icant proport ion of  the Maor i 

asset base in land and water , and the importance of  these resources to cul tural  

identi ty, Maori are a signi f icant stakeholder.   

The Maor i Court challenge over proprietary r ights over water  i l lustrates the 

potential for content ion. Another complexity unique to New Zealand is the 

simultaneous dependency on the land economy (compared with OECD peers)  but  

large percentage of urban dwel lers (>80%).   This can often manifest publicly as a 

clash of  values: ‘greedy farmers ’ vs. the community interest .  

Land and water resources must therefore be ef fect ively managed to account for 

the range of interests and preferences, as well  as the capabi l i ty and capacity of  

the resources themselves. This requires taking into account both economic and 

non-economic values,  working towards a shared vision of the outcomes required 

at  catchment-,  regional-  and national-scale;  and val idat ing the progress towards 

those outcomes through planning, monitor ing,  report ing and adaptive 

management. 

Research 
components 

Signif icant  research progress has been made in this theme in recent years.  

Science of fers the potent ial  to provide the evidence base, part ic ipatory 

processes,  and policy instrument design to faci l i tate ef fect ive decision-making.  

But to do so i t  wi l l  need to resolve the challenges of  work ing wi th uncertain data,  

consider ing non-economic values alongside economic values,  and improving the 

way sc ience is communicated to stakeholders. Underpinning research components 

thus inc lude: Values and part ic ipatory processes: Including resource valuation 

and values; socio-ecological  and socio-economic systems; Mātauranga Maori ;  

economic, social  and futures modell ing and analys is ( including integrated 

model l ing/analys is);  analysis of  trade-of fs between economic, social , 

environmental and cultural values.    

Evidence and monitoring:  Inc luding biophysical  monitor ing and data col lect ion; 

uncertainty analysis ; cultural  indicators; scenario analysis.   Uptake and 

implementat ion: Including part ic ipatory processes, col laborative learning and 

other decision-making processes; Knowledge t ransfer  processes; adaptive 

management; governance structures; behavioural and organisational analysis ; 

instruments to support pol icy development and their design. 
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Theme 4 

Establish credible information at  appropriate scales to characterise the state, trend, impacts 
and opportunities for land, water and associated ecosystem services 

Importance to 
New Zealand 

Comprehensive and f i t  for purpose data and information on the state of  New 

Zealand’s environment is fundamental to land and water research and underpins 

al l  other themes and goals of this Challenge.  Similar to the way in which the New 

Zealand Treasury’s  monthly and annual (year-end) f inancial  statements provide 

informat ion on the government's  economic assets and l iabi l i t ies, to inform 

government spending,  prior i t ies and polic ies,  robust quant itat ive and sc ient i f ic 

data is  needed to assess the overal l  health or s tate,  l ikely trend, threats and 

opportuni t ies of New Zealand’s natural  land and water  assets.  

There is  st i l l  considerable uncertainty about how far we can push land and water  

unt i l  t ipping points are reached and the environmental  benef its  derived f rom 

natural  resource systems diminish. Credible information at  appropr iate scales is 

needed urgently,  in order to ensure we can respond to r isks rapidly as wel l  as to 

manage the balance of needs and somet imes confl ict ing goals between economic 

development and environmental integrity.  

So,  theoretical model l ing, data col lect ion and interpretation is  more than stamp 

collect ing – i t  is  about establ ishing an evidence base on the land and water 

system, and al l  the connect ions and complexi t ies wi thin i t ,  to dr ive al l  other 

themes and outcomes.  Examples of good quantitat ive data include improved soi l  

var iabi l i ty mapping in the Mataura which resulted in savings for farmers and 

reduced leaching into groundwater; the existence of  a long data record about 

Taupo Basin,  made possible to implement sc ience-based decis ions for improved 

land use management and enhanced prosperi ty for al l  New Zealanders.   

Research 
components 

This theme wil l  del iver  the fundamental  understanding and pr imary data on soi ls 

land cover, land use, terrain,  freshwater and ecosystem services, inc luding 

understanding state,  trend, r isk and opportuni ty.   This basic science is needed for  

operational,  tact ical  and strategic decis ion-making at  nat ional , regional and local  

scales. 

Research components underpinning this theme inc lude: Component 

character isat ion: Including soi l ,  geological and geochemical character isat ion; 

groundwater characterisation and management; characterisation of ecosystem 

service condit ions and t rend; spat ial  and longitudinal data on economic,  social 

and cultural  systems; measur ing uncertainty; data on behaviour, behaviour 

change and preference over t ime and space. System understanding:  Inc luding 

system function and cumulat ive impacts across t ime and space – e.g. nutr ient  

f lows, water transmission through the system; ecosystem interactions; spatial,  

integrated and predict ive model l ing;  data stewardship, visual isat ion and del ivery: 

Including data l i fe cycle management; data retr ieval and semantics; dealing with 

data provenance, quali ty and erosion; measur ing and communicating uncertainty 

and r isk; Integrated model l ing, syntheses and analyses to recommend pract ical 

real-t ime solutions; service,  interoperabil i ty,  and informat ion visual isat ion;  

communicating data l imi tat ion and uncertainty. 
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Research 
Gaps and 
Opportunit ies 

A large opportunity is to bet ter understand landowner behaviour and the tr iggers 

that wi l l  cause farmers to implement best  pract ice – and then to engage these 

t r iggers. 

There are also very s igni f icant science and technology chal lenges,  ranging f rom 

the relat ively easy to the extremely dif f icul t and with their respect ive low to high 

rewards for success. At the extreme end is  for  science to come up wi th innovative 

and cost-effective ways to decouple product ive land from the receiving water.  

The new science wi l l  need to deal  with mult iple stressors and cumulative impacts 

and ensure that  productive and profi table farming at the top of the catchment has 

relat ively low impact on other values downstream. 

Comments There is  currently a signif icant disconnect  between researchers focusing on 

increased product ion of exis t ing commodit ies and the opportunity to develop new 

crops, new products, and the integral  value chains that  can provide assurances of  

product integrity (safe food and sustainable practices) . The opportunity is to bring 

these research effor ts together, potent ial ly in a new centre for sustainabil i ty 

research.  As a country we have the ski l ls and the scient ists  to increase 

productivity and develop new products, and others that  have an excellent  grasp of 

sustainabil i ty and environmental protect ion. The opportuni ty is  to bring them 

together to develop higher value and sustainable productive systems that wil l  

enable New Zealand to become a world leader in sustainabi l i ty and product 

integr ity.   (This is Strategy 4 out  of the Cal l  to ARMS publ ication) . 

 
 
 

Entry ID 305 

Using science, innovative technologies and tools to improve our production from 
land while maintaining or enhancing our freshwater quality 

Summary The goal is to use science, innovat ive technologies and tools to improve land 

productivity while maintaining or  enhancing our freshwater quali ty.  The proposed 

research programme themes include development of  

(a) best  practice land management to reduce leaching of contaminants and reduce 

impacts on receiving waters to wi thin l imits for environmental sustainabil i ty  

(b) robust understanding and assessment of the assimilat ive capacity of New 

Zealand’s freshwater systems so that  they can be ut i l ised and managed to 

achieve a better  

(c)  an integrated model  to include the farming system ( including economics),  

t ransport and attenuation processes through the soi l ,  unsaturated zone, and  

(d) a shared ownership of the issues concerning land productivity while achieving 

environmental l imits  by a broad spectrum of  society. 
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Theme 1 

Development of best practice land management to reduce leaching of contaminants and 
reduce impacts on receiving waters to within l imits for environmental sustainabili ty 

Importance 
to New 
Zealand 

A large proport ion of New Zealand’s export  earnings come from agr icul ture and 

der ived products and there is pressure to increase the product ivi ty of  this sector . 

However, the intensi f icat ion of land use that has occurred over the past  few 

decades has resul ted in environmental st resses such as poor water quali ty, 

eros ion and loss of  biodivers ity. The importance of  achieving and maintaining a 

balance between land productivi ty and environmental  impacts has been 

recognised by the NPS for Freshwater and the reports from the Land and Water 

Forum. 

Research 
components 

Scienti f ic research is  needed to inform best pract ice in the fol lowing areas: 

•Development of integrated land & water  ( i .e. catchment) management that  

operates within the framework of  environmental  l imi t sett ing and sustainable,  yet  

profi table land-use •New or ref ined products from plant  and animal species 

•Sett ing of  robust and appropr iate l imits for freshwater  and near-coastal systems 

at  the national,  regional  and catchment scales. •Incorporation of water quali ty into 

natural  capi tal evaluations.   •Contr ibuting technical  information to the integrated 

model l ing of the whole system from top of  catchment to the sea ( theme 3) 

•Development of farming systems to take advantage of  new knowledge, 

technologies and ins ights from the other themes in this challenge   

Theme 2 

Robust understanding and assessment of the assimilative capacity of New Zealand’s 
freshwater systems so that they can be utilised and managed to achieve a better outcome of 

productive land within environmental l imits 

Importance 
to New 
Zealand 

Freshwater systems have varying levels of  resi l ience and assimilat ive capacity. In 

order to maintain or increase product ivi ty whi le remaining wi thin environmental 

l imits  there needs to be much better understanding of  these factors and the 

incorporation of these concepts into land management and farming systems.  For 

example,  there is s ignif icant  assimi lat ive capacity in groundwater systems for 

ni trate where groundwater f lows through a reducing environment (no oxygen 

present) . In these condi t ions nit rate wil l  be reduced to innocuous ni trogen gas 

which is  the major component of  the atmosphere. Increasing land intensity in 

these areas would result in no increased levels of  nit rate impact ing receiving 

waters. This is analogous to applying ef f luent to soi ls where there is suf f ic ient  

capacity for  treatment and minimising appl icat ion to stony soi ls where there is 

l i t t le treatment capacity.   

Research 
components 

Scienti f ic research is  needed in the fol lowing areas:  •Robust assessment of 

assimilat ive capaci ty of  groundwater systems •Enhancing and managing 

subsurface removal  processes through novel engineered remediation systems. 

•Reductions in nutr ients at the groundwater–surface water interface •Assessment 

of  the in-stream assimilat ive capaci ty •Incorporat ion of  new knowledge, 

technologies and ins ights from this  theme into the other themes in this challenge    
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Theme 3 

Develop an integrated model to include the farming system (including economics), transport 
and attenuation processes through the soil , unsaturated zone, and groundwater, 

groundwater-surface water interface, in-stream processes and estuarine environments 

Importance 
to New 
Zealand 

There are models available for many farming systems (dairy, other pasture, crops, 

hort iculture) which indicate l ikely levels of leaching to groundwater or  runoff to 

sur face waters.  NIWA have developed some models for sur face water transport 

for a number of  key contaminants. Key missing components for most of these 

models are the transport and attenuation processes wi thin the unsaturated zone 

and groundwater system, and what happens at  the groundwater – surface water 

interface. Al l  these aspects needs to be included i f  land product ivi ty is to be 

maintained or increased whi le achieving environmental  l imits.  A whole system 

integrated model  wil l  enable researchers, resource managers, farmers and the 

publ ic to examine issues, opportuni t ies and consequences in a more informed 

manner. This wil l  ass ist  in the adopt ion of new management systems and pol icies 

necessary to maintain productivi ty while achieving environmental l imits .  

Research 
components 

Scienti f ic research is  needed to develop models in the fol lowing areas:   • transport 

and attenuation processes through the soi l ,   •t ransport and attenuation processes 

through the unsaturated zone, • transport and at tenuation processes through the 

groundwater,   •groundwater-surface water  interface,  • in-stream processes 

•natural capital evaluation of  water  qual i ty  •economic and social impacts of 

proposed developments and scenarios • l ink ing of these components in a sensible 

and suff icient manner so that  key processes are appropriately represented in a 

whole system model     

Theme 4 

To gain a shared ownership of the issues concerning land productivity while achieving 
environmental l imits by a broad spectrum of society so that a range of innovative solutions 

can be assessed in a grounded manner to give the desired outcomes. 

Importance 
to New 
Zealand 

The issues of land use and product ivi ty and environmental quali ty affect  everyone 

in New Zealand society,  either direct ly or  indirectly.  Direct impacts include those 

who make an income from farming and associated activit ies,  those who depend on 

r ivers and lakes for a l iv ing,  and those who enjoy various water based 

recreat ional  activit ies.  Indirect impacts are the general  standard of l iving which is  

af fected by exports  and environmental costs that are borne by the general  publ ic 

through taxes.  Māori have a key role in both resource development and 

stewardship.   A major  problem with many “solutions” is a fai lure of 

implementat ion. This can have a number of causes but  a key reason is a lack of  

ownership of the issue and proposed solut ions by the ful l  spectrum of  

stakeholders. The Land & Water Forum has explored a consensus based approach 

which shows promise.  More work is  needed in this  area to examine potential ly 

workable solut ions and how they can be owned and implemented by New Zealand 

society.  There needs to be equity with respect to both benefi ts and costs for  any 

proposed solution.  
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Research 
components 

Scienti f ic research is  needed in the fol lowing areas: •Economic and social  

consequences and modell ing of proposed solut ions •Assessment of  key societal  

values regarding land productivi ty and environmental  qual i ty •Development of 

clear communication of al l  relevant issues, including how things l ike standard of 

l iving, sustainabil i ty of activi t ies, and l ikely future scenar ios,  are impacted by the 

issues and proposed solutions •Demonstration of eff icacy of (engineered) 

mit igat ion measures for water contaminants   

Research 
Gaps and 
Opportunities 

There is  signif icant research effort being undertaken in the area of best practices 

for land management and much of this effor t needs to be maintained. There is 

opportuni ty to focus some of  this ef fort  from areas where processes are well  

known to areas where the knowledge is less wel l-establ ished.  There is some 

work being carr ied out by ESR and LVL into groundwater assimilat ive capaci ty, 

there is some work being carr ied out by ESR, LVL, GNS, AquaLinc and NIWA on 

groundwater-  sur face water  interact ions,  and the 

There is  some work on in-stream assimilat ive capacity being carr ied out by NIWA. 

The work on in-stream assimi lat ive capacity is  more advanced than the 

groundwater work. There is signi f icant opportunity to advance understanding in 

these areas and incorporate the concepts into land management and farming 

systems. There are fur ther opportunit ies to boost  the assimilat ive capaci ty of  a 

hydrological system through engineered remediation measures, the ef fect iveness 

of  which remains to be proper ly examined in New Zealand.          

There is  a good body of research available for the soi l  processes throughout New 

Zealand. Much less informat ion is available for the unsaturated zone and 

groundwater systems and l i t t le is  known about processes in the groundwater-

sur face inter face.  AgResearch, Landcare Research and Plant  & Food have 

expert ise in soi ls, ESR and LVL have expert ise in unsaturated zones,  ESR, LVL 

and GNS have expert ise in groundwater  systems, ESR, GNS, LVL and NIWA have 

some expert ise in groundwater-sur face water inter face processes. NIWA (& 

Cawthron?) have expert ise in in-stream at tenuat ion processes. Modell ing 

expert ise l ies wi th al l  these agencies but putt ing together a whole system model  

would require an inter-agency approach.  

 
 
 

Entry ID 318 

Oceans Management - getting the best from our ocean 

Summary This chal lenge proposes that  to proper ly manage the mult i tude of  uses the EEZ 

has/might have, various data col lected ( i .e. ecological , c l imact ic, human related) 

needs to be integrated into one place. Concurrent  to this is  set t ing objectives for 

oceans management,  such as establishing ecological l imi ts for resource use, and 

f inding the best  ways of  measuring of these l imits . Developing these l imits wil l  

require a legal framework to be developed, which should take into account New 

Zealand-specif ic  contextual  factors (such as treaty obl igat ions.) 
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Theme 1 

Bringing Together Data on Ocean Ecosystems and Human Activit ies/ Impacts 

Importance 
to New 
Zealand 

New Zealand has the 5th largest EEZ in the wor ld, the ocean provides valuable 

ecosystem services and i t  is  potential ly a massive economic resource. Fish stocks 

al ready are worth in excess of $4 bi l l ion. To manage the mult iple uses of the 

oceans we need to bring together al l  the oceans data into one place.   

Research 
components 

Integrating al l  exis t ing data on oceans ecosystems and human act ivi t ies into one 

place, so that the data can be used to inform spatial oceans management.   

Theme 2 

Sett ing objectives for oceans management 

Importance 
to New 
Zealand 

New Zealand has the 5th largest EEZ in the wor ld, the ocean provides valuable 

ecosystem services and i t  is  potential ly a massive economic resource. Fish stocks 

al ready are worth in excess of $4 bi l l ion. 

Research 
components 

In order to manage economic use of  the ocean we need to establ ish ecological 

l imits , and f ind ways of measur ing and managing those l imi ts. This wil l  ensure 

that the ecosystem services of the ocean are not adversely impacted by use of the 

ocean, which wil l  ensure sustainable use.  

Theme 3 

Legal and economic system of oceans management 

Importance 
to New 
Zealand 

New Zealand has the 5th largest EEZ in the wor ld, the ocean provides valuable 

ecosystem services and i t  is  potential ly a massive economic resource. Fish stocks 

al ready are worth in excess of $4bil l ion.  Freedom in the commons brings ruin to 

al l  -  we wi l l  need a legal  and economic system of  oceans management to prevent 

a tragedy. We have this for  f ish, but nothing else.   

Research 
components 

We need to take the best internat ional  good practice, and contextual ise i t  for  New 

Zealand (part icular ly Treaty obligations) to work out the best way forward. This 

must include a way of  managing confl ic t between di fferent ocean users, and ways 

to protect key ecosystems and ecosystem services.  

Research 
Gaps and 
Opportunities 

This wil l  become clear when the f irs t two themes are completed -  once we know 

what is important to know, and brought together what we know, we wi l l  have a 

gaps analys is showing the research needed to bet ter manage the ocean.  

 
 
 

Entry ID 324 

Rehabilitation and conversion of land and waterways currently deemed as unsafe 
for productive utilisation due to the presence of Dioxin and other persistent 

organic poisons. Extension of the current bioremediation project   

Summary This chal lenge proposes to perform research to ident ify how environmental ly-

dumped organic poisons have (and continue to) negat ively af fect those that  are 

exposed to them and how that  r isk to population heal th and environment can be 
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managed. Bio-remediat ion is  seen as an attractive avenue to combat this 

pol lut ion,  and in some tests has already shown great promise (which might be 

bui l t  upon wi th proposed fur ther research). 

Theme 1 

Understanding the impact of persistent organic poisons on the productivity of  land, soil and 
waterways  

Importance 
to New 
Zealand 

In Whakatane alone there are at least  36 known  contaminated sites associated 

wi th the Sawmil l  and its  use of Pentachlorophenol  and the dumping of  waste 

around Whakatane .There are many other potential s imilar s ites in Tokoroa,  

Pūtāruru,  Rotorua and other sawmil l  host  communit ies. The land and streams 

associated with these dump sites which are contaminated by the presence of 

pers istent organic poisons remain unproductive and the streams l i feless and no 

longer able to be uti l ised for  productive activity or harvest.  Many of  these areas 

and streams were t radi t ional  providers of kaimoana for  the Māori of our  country.  

Return of  the viabi l i ty of such treasures must be cri t ical to the health of  the 

whenua and Papatuanuku. The potent ial  benef it  in respect on mana, sustainable 

t radit ional  food-baskets and the environment are dif f icult to quantify but  wil l  

provide enormous benefit  to the populat ion and country as a whole.  With 

increasing urbanisat ion and rapidly increasing populat ions the abil i ty to maximise 

al l  remaining areas of productive land and waterways becomes an important 

imperative. Rehabil i tat ion of  currently barren land and waterways therefore 

becomes a cr i t ical component of  a sustainable future for our coming generat ions 

and their mokopuna.     

Research 
components 

Early research evidence from Whakatane bio- remediat ion project has shown the 

potential for up to 87% rehabi l i tat ion of  the soi l  by conversion of dioxin to i ts  less 

dangerous by products. Extension of this research to the larger environmental 

appl ication of the technology within the real world environment wil l  not  only 

provide further evidence of benefi t  but potential ly del iver  a remedy to already 

af fected lands and r ivers in whakatane. Current research has uti l ised black fungi , 

Poplar t rees and a combinat ion of fungi and Poplar t rees in a l imited set of soi l  

samples.  There is opportuni ty to extend the armamentarium of bio remediation 

opt ions i f  such research is supported and funded into the future. 

Theme 2 

Maintenance of the Health of the population and understanding the evidence of harm from 
persistent organic poisons  

Importance 
to New 
Zealand 

Maintenance of the health of  the population and understanding the evidence of  

harm done and potential ly st i l l  to be done to future generations as the result  of  

exposure to pentachlorophenol , i ts persis tent  by- product of  dioxin, and other 

pers istent organic poisons wi l l  assist  in managing present and future threats to 

the wel l-being of  whanau and whenua. There is evidence of the damage to and 

consequences of exposure of Vietnam war veterans to agent orange and more 

recently evidence of  harm to subsequent generations from exposure of veterans 

f rom Malaya to paraquat.  Understanding the impact of  dioxins and other 

pers istent organic poisoning on our populations here in New Zealand is therefore 
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a cri t ical  research project  as these persis tent  organic poisons have a simi lar 

chemical s tructure to those aforement ioned poisons. 

The health of  our current  and future generations depends on c learer  

understanding of  the impact and potent ial  impact of the chemicals res iding within 

the land and streams and ensuring these remain free of potential detr imental 

chemicals and poisons. Understanding these impacts wi l l  also al low proact ive 

t reatment and management of i l lness and harm within the individuals directly and 

indirectly exposed to the pers istent organic poisons present.   

Research 
components 

Research into the health data of  those known to be direct ly exposed to 

pentachlorophenol  through their  workplace. There has been some already 

reported evidence in the New Zealand research l i terature. A current cohort study 

is  potential ly underway comparing Whakatane and Masterton populations to 

at tempt to show dispar it ies in health outcomes between distr icts. This is research 

that should continue to be supported and expanded to a larger populat ion study.   

Medical examination and establishment of  individual medical and heal th related 

data on those individuals who have worked in or been associated wi th sawmil l  

s i tes  and the associated whanau of these sawmil l  workers wi l l  contr ibute to 

broader understanding of di f ference of prevalence of specif ic i l lnesses or 

physiological  changes as compared to the general  population.  Long term fol low 

up research studies of these ident if ied famil ies monitor ing  the potent ial  

generational effects would provide opportunit ies to init iate preventative heal th 

care measures for  affected whanau  

Theme 3 

Managing the future r isk to Papatuanuku and whenua  

Importance 
to New 
Zealand 

Research and expansion of  the bio remediat ion tools explor ing wider opt ions and 

choices of remediation, research into improved monitoring mechanisms and the 

use of health data f lags within the national data identi fying populations and 

whanau at r isk would provide New Zealand with information to pro-actively 

improve the well -being of  Papatuanuku and the population as a whole.  Addi t ional  

research support  would accelerate the assessment and implementation of a 

project  with the potent ial  to return signif icant  arable land and clean healthy 

waterways to the nation.  

Research 
components 

Implementat ion of  the current  pi lot model of bio remediation and further research 

into development of addit ional  research projects support ing sustainable bio 

remediation act ivi t ies wil l  provide options for  our community to maintain a healthy 

environment and contr ibute to a sustainable future.  The current capacity of the 

local bio remediat ion team including Environment Bay of Plenty,  the Whakatane 

Distr ic t Council ,  Waikato And Massey Universit ies,  l imits the scope and impact of  

such essent ial  act ivity. Research measurements on the health of  the waterways 

and a return of common and tradit ional species and inhabi tants of  the waterways 

would demonstrate a return of the health of the Kaimoana.  Tools to measure and 

ensure the safety of the return of  previously contaminated soi ls to arable land 

would provide confidence for  the sustainable use by future generations  

Research The current bio remediation project is l imited in scope and support to extend the 
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Gaps and 
Opportunities 

research to a larger project . Support for larger areas of  implementation of  the 

current research  project  and the exploration of addit ional  bio remediation 

approaches to soi l  and water  rehabil i tat ion is essential   

Comments I  have tr ied to ref lect  the Kaupapa of  the current  bio remediation project into this 

submission though my involvement has been recent.  There are years of 

exper ience and commitment to the larger Kaupapa of the health of papatuanuku 

wi thin the people who are interested in this  proposal and its  submission who are 

able to cont inue discussion should this  be considered.   The combinat ion of 

Matauranga Māor i and western Science as partners in f inding a solution to heal 

Papatuanuku is inherent  in this  kaupapa 

 
 
 

Entry ID 326 

To develop a theoretical basis for understanding the undesirable physiological trade 

-offs that occur when plants and animals of agricultural importance are subject to 

genetic selection for production traits.  

Theme 1 

To understand the process of port ioning energy in organisms and the l inks to gene 
expression 

Importance 
to New 
Zealand 

Energy part i t ion to productive t raits  underpins the production of meat and mi lk,  

but  also serves in reproduct ion and in the response to environmental insul t.  The 

t rade-of fs between these t rai ts is central  to the interact ion between product ivity, 

res i l ience and animal  welfare. These issues are of increasing importance to New 

Zealand agr icul ture. 

Research 
components 

1. Develop dynamical models of  the important components of  the energy 

management physiology.   2.  Understand the pathway from (mult iple) gene 

expression to how the physiology of energy management is altered in response to 

environmental st imuli  3. Determine how trade-offs e.g.  between milk  product ion 

and reproduction in the cow are related to changes in the dynamics of the 

physiology of  energy management.  4. Invest igate the potent ial  for  external 

manipulat ion for favourable outcomes.  

Theme 2 

Determine the mechanism of Developmental Programming and the l ink to the trade-off 
between traits. Investigate how this link is mediated 

Importance 
to New 
Zealand 

The importance of  developmental programming, part icularly in early l i fe has 

recently been real ised in medic ine.  The knowledge from medicine has directed 

at tent ion to the importance of this phenomenon to agriculture. The impact of  early 

l i fe developmental programming appears to be at the heart  of rais ing animals and 

plants that  are resis tant to environmental insul t.  An understanding of  the role of 

developmental  programming would guide sc ient ists  towards breeding res i l ient  

animals and al leviate some animal welfare concerns. 
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Research 
components 

1. Identify the mechanism whereby environmental  variat ion guides developmental  

programming. There is evidence that this is mediated by epigenetics. The 

epigenet ic "code" that l inks environmental variat ion and subsequent gene 

expression needs to be ident if ied. 2. I t  is l ikely that the responses from several 

genes which have been epigenetical ly modif ied determine the physiological 

response. How such a system of genet ic responses operates needs to be 

determined. 3.  How the responses from a system of genes operate to al ter the 

physiology to determine a t rade-of f must be invest igated. A leading hypothesis is 

that the dynamic nature of  such a response is the key issue, result ing in a 

qual i tat ive change in the response of  the physiological  dynamics. This could 

result  in a discontinuous change in the energy part i t ioning of  the physiological 

system. 

Theme 3 

Apply the results of themes 1 and 2 to develop a breeding strategy for organisms which are 
productive and resi lient  

Importance 
to New 
Zealand 

Emphasis ing both resi l ience and production in agricultural plants and animals 

meets New Zealand's goals of better  productivity and increased animal wel fare.  

Reducing animal deaths through increased resi l ience provides a c lear monetary 

benef it  to farmers, whi le the animal welfare benef it  is also c lear. Bet ter resi l ience 

in plants addresses a problem prevent ing the wider introduct ion of newly 

developed pasture species. 

Research 
components 

Assuming that the molecular  and physiological  pathways of the trade-off are 

identi f ied in themes 1 and 2,  the investigation of how to manipulate these 

pathways at  the farm level  needs to be addressed. In part icular,  the problem of 

how to reverse an undesirable inf luence is  of central importance.  The work from 

themes 1 and 2 wi l l  suggest  a number of  opportunit ies for intervent ion, and 

designed exper iments wil l  need to be constructed to investigate their feasibi l i ty. 

This is  the task of this theme. It  wi l l  be important that  this work is carr ied out  wi th 

the practical i t ies of adoption on-farm in mind.    

Research 
Gaps and 
Opportunities 

1. The mechanism of developmental programming that  l inks an environmental  

signal to a physiological outcome underpins the success of this  chal lenge. It  is 

l ikely that a number of  pathways are involved, then the need becomes of 

identi fying the path with suf f ic ient inf luence to make a dif ference to the goal of  

more resi l ient animals.  2, Because of the variety and complexi ty of  l ikely 

physiological  responses i t  seems axiomatic that nonlinear dynamics are involved.  

Identi fying the key nonlinear att r ibutes of  the energy management system would 

help to focus studies on those factors most l ikely to make a dif ference. 

Comments The ideas expressed in this challenge have been developed wi th col leagues in the 

Centre of  Research Excel lence "Gravita", which represents a vehic le for 

implementat ion by bringing together agr icul tural  scient ists , animal breeders,  

molecular biologists , evolut ionary biologists and mathemat icians. 
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Entry ID 339 

New Zealand needs to grow the economic value gained from its land and natural 
capital and resources while reducing the environmental impact of agriculture and 

forestry 

Summary The goal is to increase agricultural/ forestry product ivity while reducing the 

environmental impact.  This is proposed via a research programme with the 

fol lowing themes:  

(a) The goal is to increase product ivi ty f rom agricultural land in a way that  is  

social ly and environmental ly sustainable and acceptable to New Zealanders, and 

to the markets/consumers on which our exports rely.   

Theme 1 

The goal is to increase productivity from agricultural land in a way that is socially and 
environmentally sustainable and acceptable to New Zealanders,  and to the 

markets/consumers on which our exports rely 

Importance 
to New 
Zealand 

Agricul ture is New Zealand’s most important export industry (worth $21.6 bi l l ion in 

the year to July 2012, or 46% of  merchandise exports) . I f  New Zealand’s economy 

is  to grow s igni f icantly,  ei ther  the productivi ty of the agr icul ture sector  wil l  have to 

grow substantial ly,  both agr icul ture and smaller sectors would have to grow, or 

the smaller sectors by themselves would have to grow enormously.  The f irs t two 

opt ions (which would require growing agr icultural  productivi ty)  seem to be the 

most promising. However, out  of  31 countr ies for which OECD Stat provided 

agr icul tural  GDP data and agr icul tural  workforce numbers for  the year 2009, New 

Zealand was ranked 15th in the key productivity measure of  agricultural GDP per 

worker. This was a substant ial  decl ine f rom 1998 when New Zealand was 8th out  

of  29 countr ies. I f  agriculture is  to make a major  contr ibut ion to economic growth 

in New Zealand, i t  is vital that  we greatly increase the rate of agricultural 

productivity improvement.  Agriculture is also our most important land use af ter 

nat ive vegetat ion,  tak ing up 39% of New Zealand land area,  a major  user of our 

water resources and potent ial  pol luter  of our waterways. Agr iculture thus has a 

major  inf luence on the New Zealand environment and society. Agr icul tural 

productivity improvements must go hand-in-hand with reduced environmental 

impact and improved resource use eff iciency, including improved nutr ient 

management.   

Research 
components 

The fol lowing components are needed: 1.  Improved production from home-grown 

feed.  2. Improved product ivi ty in dairy,  meat and f ibre-producing animals. 

3.  Improved animal  heal th and welfare. 4. Adopt ion of new farm management 

practices which improve productivity.  5. Improved on- farm productivity in Māor i 

agr ibusiness enterpr ises.  6.  Pract ical  pol icy solut ions for economical ly,  

environmental ly and social ly sustainable agr icul ture.  7.  Reduced environmental 

footpr int of pastoral  farming operat ions.  8. Practical pol icies and strategies to 

improve on-farm water and wastewater  management.  9.  Improved understanding 

of  ecology of  farm land so the res i l ience of  underpinning soi l  and water  systems 

can be sustained 



 

82 
 

Theme 2 

The goal is to increase the real value we derive from the food, beverage and fibre we export . 
In doing so we wil l be adding value and also getting a bigger slice of the value that is 

created 

Importance 
to New 
Zealand 

New Zealand’s food, beverage and f ibre exports make up about $26 bi l l ion per 

year, or  about 55% of  merchandise exports  but we only supply dietary energy for  

20 mil l ion people,  the protein requirements of 45 mil l ion people and the dairy 

product requirements of  165 mi l l ion people.  Thus, New Zealand is a niche 

producer of food, beverage and f ibre products that has the opportunity to target  

the high end of wor ld markets rather than having to compete with larger food-

producing countr ies on price. To earn premium prices from the products we sel l  to 

those high-end markets,  we must produce foods, beverages and natural f ibre 

products that  are of the highest and most consistent standard,  are most appealing 

to the world’s most discerning customers, and have the greatest functional 

benef its  for  those customers.  At the same t ime, we must capture a greater  share 

of  the value chain that  secures for  New Zealand a greater percentage of the price 

paid by the consumer for the f inal product.  This requires that the products we sel l  

have att r ibutes that are rarely or  never found in compet ing products, that al low us 

to command premium prices,  or that  New Zealand owns a large f ract ion of the 

of fshore value chain – up to the retai ler or even up to the consumer her/himsel f.  

The lat ter requirement would have to be met by business and investment 

strategies rather than research, but research can certainly del iver at tr ibutes 

whose uniqueness or  rari ty can be secured by intel lectual property or appel lat ion.    

Research 
components 

The research components required are:  1. New high-value dairy and food solution 

products and processes. 2.  Meat and processes which consistently meet the 

needs of exist ing and new markets. 3. New products from Māor i agribusiness 

enterpr ises. 4. Higher value wool products.  5. Products that consistently comply 

wi th demanding internat ional  food safety regulat ions. 

Theme 3 

The goal is to develop better models of r ivers and lakes to ensure the impacts of draw-offs 
enable recovery 

Importance 
to New 
Zealand 

Maintaining and enhancing New Zealand’s water  resources is  vi tal as businesses 

rely on water . Making the best use of water resources is important to ensure 

suff ic ient  water is available for the cultural,  social ( recreational) , environmental  

and economic activit ies New Zealand wishes to take. Better understanding is 

needed of  the f lows of r ivers and lakes.  Such understanding wi l l  enable modell ing 

of  these waterways and the sett ing of minimum flows and other sett ings to ensure 

the ecosystems within the waterways can cont inue to exist  even with the use of 

water f rom those other waterways for  other purposes. The outcome of this  

understanding wi l l  be cont inued pract ice of agr icul ture and forestry in New 

Zealand which wil l  maintain or boost the economy. In addit ion natural  ecosystems 

wi l l  be protected, enhancing New Zealand’s integr ity as a clean green nat ion.  New 

Zealand may also be able to share the knowledge it  develops through modell ing to 

other countr ies which would i tself provide a contr ibution to the economy. 
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Research 
components 

Research is  needed to better  model r ivers and lakes and the effect of  draw-offs 

on these water bodies and associated ecosystems. 

 
 
 

Entry ID 351 

The integration and reconciliation of environmental and economic benefits to 
support a hybrid approach to prosperity and well-being for New Zealand society 

Summary The goal of this proposal  is to develop methods/measures to el iminate the current  

t rade-of fs between economic performance and management of environment ( i .e.  

the negat ive environmental  impacts that accompany improvements in primary 

production). 

1.  Measuring the state, trends, and l imi ts of our  natural  resources  

2.Understanding and priori t is ing values around natural  resources wi thin an 

inclus ive society  

3.Develop creat ive and innovat ive solut ions to 'wicked'  problems 

4.  Providing a feedback loop for learning how to deliver  integrat ion,  al lowing us to 

evaluate progress of  implemented measures.  This theme provides assurance that  

both Government investments in research and changes to primary sector  practices 

are del ivering against this  challenge. 

Theme 1 

What have we got – Measuring the state,  trends, and limits of our natural resources 

Importance 
to New 
Zealand 

The theme provides an under lying stocktake of our greatest  asset  – the New 

Zealand environment – and how that asset provides f lows of benef its,  inc luding 

economic weal th as well  as social values and cultural  identity.  The New Zealand 

economy remains focused on land-based pr imary industry;  the New Zealand 

identi ty is focused on our relat ionships with the land and our use of  that , through 

farming communit ies, tourism, recreation,  and spir i tual  values. Without knowing 

the start ing point -  how that  natural assets are performing - i t  is impossible to set  

a credible strategy for future growth.  The story of  New Zealand agriculture over 

the past  two decades is one of expansion and intensi f ication. Al l  primary 

industr ies have strategies of  growth which are running up against the l imits  of  

natural  resources. At the same t ime, New Zealand’s key overseas brand of “100% 

Pure New Zealand” is  suf fer ing from the reali ty of our  over-use of  our natural 

assets. Resolving this tension is  the l inchpin of continuing to gain value from 

both. 

Research 
components 

1. Increase the value of  current baseline and trend data by continuing work to 

assemble, val idate, and make avai lable exis t ing information into consolidated 

databases wi th suitable metadata and custodian-ship. 

2.  Carry out a state of the knowledge survey through a l i terature survey supported 

by research-provider survey to ident ify not just gaps in knowledge but evaluate 

the qual i ty of the knowledge that  is available.   Some quant if icat ion and evaluation 
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of  economic and ecological  values has already occurred or can be inferred f rom 

publ ished and unpublished works towards other purposes but not al l  previous 

work is equally useful.  Some retrospective evaluation wil l  be required to inform a 

synthesis of current knowledge. The survey provides a benchmark to ident ify 

research needs.   

Our current understanding of  the state and trends of natural  resources is  r ich for  

some resources but poor for  others. There is  an opportuni ty to bui ld on that  

knowledge to bench-mark future progress,  al low a comparison of  past  rates and 

t rends wi th future outcomes, and to provide a base to detect  outcomes from policy 

and management decisions.  Our current  understanding of how environments 

t ranslate into economic benef its  is  well  developed for a few key resources but 

absent for many others – especial ly those where the l ink is  indirect  e.g., sense-of-

place values.  Advances in accounting and economic models which incorporate 

other non-monetary can be achieved with these types of detai led study but  are not  

possible without them. 

Theme 2 

How do we value it – Understanding and prioritising values around natural resources within 
an inclusive society 

Importance 
to New 
Zealand 

The goal of this theme is  to understand how people value the benef its  that  come 

from our natural assets, including the economic value that  intensive use creates 

and the support ing services provided by less intensive use, as wel l  as how people 

rate and assess the state and trends of  these resources. We wi l l  need bet ter 

understanding therefore of what makes up New Zealand ident ity, how that 

depends on our environment, and how those identi ty values act as a lens to judge 

economic proposit ions.    

This research al lows us to understand how to reconcile development and 

protect ion. I t  seeks out our opportunit ies for development to del iver increased 

value and prosper ity from natural  resources and ident if ies the win-win options.  I t  

provides valuat ions of our natural  capi tal and informs the optimisation of the set 

of  benef its  and co-benef its that  f low from that capital,  with the ult imate goal  of  

informing and improving management and development decis ions across a wide 

range of  t imescales and spat ial  scales. I t  provides an appreciation of the r isk to 

the biosphere and associated social sub-systems from a wide range of  biophysical 

and socioeconomic stressors, al lowing a desired degree of resi l ience to be 

identi f ied and achieved.  

 This research informs the ef f ic iency and ef fect iveness of pol icy implementation 

and management actions. 

Research 
components 

1. Quanti fy and qual i fy the values held by user groups.  Quant if ication instruments 

can be informed by previous work but there are many ways of  saying how our 

natural  environment is valued. Seeing i t  as capital and valuing i t  as an economic 

asset is  one way, but there are others that should be included, such as spir i tual  

and tradit ional values.  

2.  Researching how socio-cultural values can be implemented as targets or 

normat ive reference values for biophysical  indicators.    
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3.  Researching method of  integrat ion and reconcil iat ion for dif fering sociocultural , 

socioeconomic, and biological ly focused values. What kinds of  social processes 

are needed to re-image these ideas and deliver  a social transformation where 

these disparate value sets are assembled or re-constituted?  

We need to focus in on this question of  integrat ion.  I t  comes back to what we 

mean by ‘weal th’  and what we choose to measure. How can we maximise 

economic growth whi le not maximising resource and energy use beyond 

biophysical l imits?  What social processes are needed to re-imagine these ideas 

of  wealth and prosper ity? How does this kind of  social  transformat ion occur? For 

example,  do we need role models/champions/l iv ing examples which demonstrate 

these pr inciples and inspire others to act? Do we need f inancial  incentives?  

These component contr ibute to how natural capital is valued by al l  sectors of 

society,  we must understand and document those value systems. The components 

above integrate to provide a holis t ic  pic ture of the value of natural capi tal  across 

t radit ional , spir i tual , economic and other value systems. 

Theme 3 

What can we do about it  – Integration by creative and innovative win-win solutions to wicked 
problems 

Importance 
to New 
Zealand 

This theme comprises the research and del ivery of solutions to the tension 

between economic and environmental  outcomes by exploring integrated 

approaches to governance, pol icy,  management, business and operations through 

innovat ive strategies, science, technology, technology transfer and uptake, and 

social knowledge transfer.   Actual ly del iver ing on the promise of  integrated 

solutions wi l l  be necessary to resolve the tensions between demands for 

continued growth from the pr imary sector and the str icter l imits  placed on that  

sector by the rest  of New Zealand society.  Pr imary production st i l l  dominates the 

New Zealand economy and each sector of pr imary industry has a strategy based 

around on-going and accelerating growth. These clashes directly with the 

constraints on the New Zealand biosphere. Integrat ing and reconcil ing these 

factors would al low us to have our cake and eat i t ,  to create new forms of growth 

for both the primary sectors and the rest of  the nation. 

Research 
components 

1. Research aimed at del iver ing new strategies for  futures thinking, collaborative 

governance, creat ivi ty, and pract ical  resi l ience. 

2.  Delivering innovative and integrative solutions in partnership wi th pr imary 

sectors that  provide and demonstrate win-win advances.  

3.  Understanding social and technology change in the primary sectors, the 

part icular sociocultural and economic constraints on the rate of  solution uptake, 

and models of innovat ion del ivery that take into account the avai labi l i ty of  

innovat iveness,  capi tal,  expert ise and the appetite for  r isk in primary producers.   

Model l ing new behaviours and solutions wil l  lead direct ly to the outcomes sought 

here, through a process that  combines social, technological  and economic 

research with a process of ‘ learning by doing’.  Trial l ing new partnerships across 

the pr imary sector wi l l  provide al lows the practical test ing of research ideas and 

wi l l  lead to workable new solutions. 
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Theme 4 

How do we evaluate progress – Providing a feedback loop for learning how to deliver 
integration 

Importance 
to New 
Zealand 

The tension between economic and environmental goals is  not  a static  one, nor 

are solutions clear. Thus the approach taken must be an i terat ive model, wi th 

feedback,  learning,  and response bui l t  into the process at al l  levels and 

t imescales. For the wicked problems that  this  chal lenge addresses, solutions are 

more l ikely to come from f lexible and evolving ini t iat ives as the ideal design for 

init iat ives is di f f icult  to define in advance, thus evaluat ion wil l  play a key role in 

providing direction. This theme also plays a role in knowledge t ransfer  amongst 

and between researchers and user groups,  providing an interact ive pathway 

where the success of new init iat ives depends upon the social knowledge and 

uptake that those init iat ives create within their  user groups.   

Ef fect ive evaluat ion depends on the work towards previous themes being 

structured by an adaptive-management framework. Goals, techniques, and 

measurement are appl ied by the consensus of diverse stakeholders in ways that  

simpli fy evaluation and interpretat ion.  Recent advances in evidential  (cf . 

f requent ist or Fisherian) s tat ist ics can then be applied to structure t ransparent, 

publ ic,  and stakeholder evaluations of  progress. The process towards evaluat ion,  

therefore, is i tsel f a research project designed to inform and guide future i terative 

research towards themes 1-3.  Innovat ion,  by definit ion,  explores new processes 

and new outcomes. Without evaluation to provide a feedback loop, i t  is not 

apparent whether innovat ive changes are ef fect ive changes. 

Research 
components 

This theme provides assurance that  both Government investments in research and 

changes to primary sector practices are delivering against this  chal lenge.  The 

f irst  two themes, ‘What have we got?’ and ‘How do we value i t?’ provide a robust  

and quant if iable basis for assessing the value of our natural  capi tal.   The thi rd 

theme provides a set of st rategies for increasing that  value. The research 

component of  this fourth theme is to monitor the natural  capi tal  identif ied in theme 

one, evaluate changes in natural  capi tal according to the cr i ter ia developed in 

theme two from implementing the strategies in theme three.  Direct evaluat ion 

al lows us to assess,  both quant itat ively and qual i tat ively, what level of progress is 

being made.   

 
 
 

Entry ID 362 

Increasing agricultural output whilst improving freshwater quality 

Summary Increase agricultural product ivi ty by improving nutr ient  use eff ic iency in plant-

based production systems and improving downstream processing of  agr icultural  

outputs and decreasing post-harvest losses.  While doing this,  also maintain water 

and soi l  qual i ty, by gaining a clear understanding of  the interact ions between 

intensive agr icul tural  systems and freshwater quali ty to be able to manage 

adverse ef fects, and by col lecting detai led data about New Zealand’s soi l  
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resources and making it  avai lable to agricultural decision support systems to 

enable sustainable intensif ication of  production 

Theme 1 

Understand interactions between agricultural  activity and freshwater quality 

Importance 
to New 
Zealand 

Increasing agr icul tural  productivi ty can be associated with degradat ion in 

f reshwater  qual i ty from diffuse agricultural pol lutants e.g. nutr ients such as nitrate 

and phosphate. A c lear understanding of  the interact ions between intensive 

agr icul tural  systems and freshwater quali ty wi l l  be essential  to enable 

development of ef fect ive mit igation strategies. 

Research 
components 

Developing methods for moni tor ing diffuse pol lut ion from agriculture.  Elucidation 

of  at tenuat ion processes between pol lut ion source and receiving water body.  

Establishing current  baseline for dif fuse pollut ion impacts on freshwater quali ty. 

Theme 2 

Understand soils and soil  processes in New Zealand 

Importance 
to New 
Zealand 

Detai led characteris ing of the chemistry,  ecology and geology of New Zealand's 

soi ls resources, and making these data available in way that  can be 'mined'  by a 

range of  agricultural decis ion support  systems, wi l l  be essent ial to enable 

sustainable intensif ication of  production. 

Research 
components 

Improve mapping of New Zealand soi ls.   Improve understanding of  biological 

processes,  inc luding nit rogen cycl ing, in New Zealand soi ls .  Improve 

understanding of  drainage and leaching r isk of New Zealand soi ls. 

Theme 3 

Improve nutrient use efficiency in plant-based production systems 

Importance 
to New 
Zealand 

Ferti l isers represent a signi f icant f inancial and environmental cost in plant 

production. Improvements in ef f iciency of nutr ient use wil l  del iver  both economic 

and environmental  benef its. 

Research 
components 

Develop precision agr iculture approaches to improved targeting of nutr ients 

according to crop needs.  Opt imise product ion systems, integrating crops and 

l ivestock where appropr iate.   Use plant  breeding and genomics to improve 

resource use ef f ic iency in crop plants. 

Theme 4 

Improve downstream processing of agricultural  outputs and decrease post-harvest losses 

Importance 
to New 
Zealand 

Reducing waste is  a key target for increasing productivity. 

Comments Many aspects of this proposed chal lenge are also relevant to l ivestock systems 

but  t ime has not permitted proper consideration of this here.   Thanks for  the 

opportuni ty to contr ibute. 
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Entry ID 411 

Generating sustainable growth, wealth and resilience from land by managing 
land and water resources to increase productivity while maintaining 

environmental integrity 

Summary Del iver primary data on soi ls , land cover, land use, terrain,  freshwater and 

ecosystem services in order to understand the var iabi l i ty and l imitat ions to 

productivity for  New Zealand’s pr imary industr ies and to develop ecosystem 

perspective on product ivi ty gains from land. Use data to manage the balance 

between economic development and environmental integrity, f inding solutions with 

ef f ic iency gains from land and water resources and low environmental footpr ints 

and integrat ing solutions across environmental, economic, social and cul tural 

dimensions  

Theme 1 

Establish and maintain credible information at appropriate scales to characterise the state, 
trend, threats and opportunities of land, water and associated ecosystem services in relation 

to land use, land-use change and climate change 

Importance 
to New 
Zealand 

Primary production from agr icul ture,  hort icul ture and forestry is at  the core of the 

New Zealand economy and is cr i t ical ly dependent on the country’s  land, water and 

biological resources. 

Success in primary product ion is underpinned by management of  the land 

resource,  but this  resource is increasingly under pressure from alternat ive land 

uses. With more pronounced intensif icat ion of  farming pract ices there are 

increasing demands on avai labi l i ty of  resources,  such as water  and nutr ients,  and 

more intense scrutiny on managing losses such as sediment, nutr ients and 

pathogens into freshwater systems through surface runoff and leaching into 

groundwater. 

There remains considerable uncertainty about how far  we can push these 

resources unti l  t ipping points are reached and the environmental benef its  derived 

f rom natural resource systems diminish, as is already happening to water quali ty 

in many lakes and r ivers.   

New Zealand wi l l  benefi t  from credible information at  appropriate scales for land 

resource status, t rends,  threats and opportunit ies,  in order to manage the balance 

between economic development and environmental integrity.  

Success in managing this  balance wi l l  involve a divers ity of land resource issues 

(water quali ty and quant ity,  carbon, erosion,  biodiversi ty,  waste etc.) . This can 

only be achieved by the development of pol icy instruments at national,  regional 

and distr ic t scales to establ ish best practice and report per formance to diverse 

stakeholders. 

This theme wil l  del iver  the pr imary data on soi ls, land cover,  land use, terrain,  

f reshwater  and ecosystem services,  inc luding understanding state,  trend, r isk and 

opportuni ty needed for this decision making. This research, therefore, underpins 

al l  the other themes in the challenge. 
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Research 
components 

Provide the evidence base for land use and land management decis ion making by:   

•  Developing and standardising methodologies for  quant ifying the natural  capi tal  

stocks that support  and underpin the values and services of  the terrestr ial 

productive sector in relat ion to land use, land-use change and c l imate change; 

•  Augmenting credible datasets, f i l l ing gaps to give appropriate temporal and 

spatial  coverage, and account ing for uncertainty, error  and r isk.  Achieve 

informat ion r ichness and resolution through innovat ive data capture and analysis 

of  land use and character ist ics,  resource availabi l i ty ( including soi l  propert ies, 

water and nutr ients) , productivi ty (agriculture, hort icul ture, cropping and forestry). 

This provides both for the near-term and future requirements of  our sectors;  

•  Curat ing col lections, maintaining data, and managing nationally signif icant  

databases for sc ient i f ic and research data in a sustainable manner, incorporating 

uncertainty and maximis ing the reusabi l i ty and inter-operabil i ty of datasets for  a 

range of  science users  

•  Measuring and monitor ing inputs and losses of resources (such as nutr ients or 

soi l  erosion) and the impacts on freshwater quali ty and net greenhouse gas 

emiss ions; 

•  Monitoring and forecast ing changes in carbon storage in forest  and shrubland 

and long-term changes in soi l  carbon storage under di fferent land-use, land-use-

change and c l imate-change scenarios; 

•  Defining appropr iate environmental l imi ts for l icence to operate at a range of 

scales, ident ifying and forecasting t ipping point ; 

•  Making data and information more accessible and avai lable by developing new 

and eff ic ient methods for  synthesis ing and visualis ing land resource data and 

informat ion, including the design of onl ine and interact ive services and 

visual isation technologies. 

 

The theme provides al l  the primary, spat ial ly-specif ic and temporal data needed 

for the other themes in the challenge. This wi l l  provide maximum benefi t  f rom the 

use of exist ing data and models on land capabi l i ty for  dif ferent uses, inc luding 

social,  cul tural and economic values. 

Theme 2 

Provide a robust scientif ic framework for explaining variability and l imitat ions to 
productivity,  developing innovative solutions for improved management and resource use 
efficiency and new opportunities for increasing productivity within environmental  l imits 

Importance 
to New 
Zealand 

The government ’s economic growth agenda cal ls  for  export  earnings from the land 

to increase by 40% by 2025. To meet this goal  whi le not  degrading the resources 

that support agriculture, hort iculture and forestry ( including capaci ty for future 

use), is a signi f icant challenge. With l imi ts for resources being reached, New 

Zealand’s land-based industr ies are now approaching t ipping points. There is an 

urgent need for  ef f ic iency gains wi th lower environmental footpr ints  ( low input, 

high output)  that  increase the intensi ty of  productivity (e.g. economic return per 

uni t of natural  resource used), whi le avoiding the depletion of natural capital.   

New Zealand wi l l  benefi t  from the development and implementation of innovative 

practices based on credible research to increase productivi ty while ensuring 
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ef f ic ient use of  land and water resources.   

While there is  considerable research emphasis global ly on sustainable 

intensi f ication and food secur ity, New Zealand’s agricultural, hort icultural  and 

forestry systems dif fer from those elsewhere.  The opportuni t ies and environmental 

l imits  for  land management and use need to be determined under our own 

condit ions and from forecasts of  future global  trends in the costs of energy and 

other inputs such as pest icides and fer t i l isers. 

Improvements in productivity wil l  be achieved through management of  resources 

( including soi l ,  water  and genet ic resources) at a farm system scale. This theme 

provides the sc ient i f ic understanding of  the key processes that wi l l  explain 

var iabi l i ty and l imi tat ions to product ivi ty in the context  of  New Zealand’s pr imary 

industr ies. 

Research 
components 

Quant ify how var iabi l i ty in cl imate,  soi ls and water  avai labi l i ty and management 

regulate potential productivi ty and determine the environmental  l imits on 

production by: 

•  Quant ifying the effects of management practices on productivity and resource 

use eff iciency, inputs, and losses including water, nutr ients and carbon, and the 

consequences for ecosystem services; 

•  Quant ifying the storage and losses of water,  carbon and nutr ients ( including run-

of f,  leaching and net greenhouse gas emissions); 

•  Developing integrated tools and technologies for  def ining the physiological l imits 

of  grassland, crop and forest  production and ident ifying the cri t ical  soi l  and 

environmental factors needed to meet those l imits without adversely impact ing on 

the wider environment; 

•  Developing and implement ing biocontrol strategies to mit igate against r isks from 

invasive weeds, pests and diseases; 

•  Exploring opportunit ies for  productivity gains and/or  environmental  benef its from 

genet ic improvement of plants and animals; 

•  Developing innovat ive methodologies and products to increase production 

ef f ic iencies; 

•  Determining the r isks and opportunit ies of  reaching the environmental l imits  of  

productivity. 

Theme 3 

Collaboration for sustainable land use and integrated resource use: threats & opportunit ies 

Importance 
to New 
Zealand 

Sustainable land use requires a consideration of economic, social,  cul tural and 

environmental issues. With increasing primary product ion and economic benef its,  

there is a r isk that  ecosystem exploi tat ion and land-use intensif icat ion dr ives 

widespread biodiversi ty loss, decl ines in the natural  capital  stocks and services 

supplied by different ecosystems and the associated non-market benefi ts people 

obtain from ecosystems. 

There are addit ional  r isks to product ivi ty and ecosystem services from c l imate 

change and biosecur ity threats. Because catchments and landscapes are 

heterogeneous and contain mult iple,  coupled ecosystems, these r isks need to be 

assessed ul t imately at the catchment or  landscape scale, for both product ion land 
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and the conservat ion estate.   

New Zealand wi l l  benefi t  from the development an ecosystem perspective on the 

productivity gains that  can be obtained in relat ion to the provision of other 

ecosystems services and forecasts of future threats. 

Research 
components 

Develop tools that integrate the impacts of environmental and management 

practices on product ivity, incorporat ing environmental  l imits,  threats and t rade-

of fs wi th other ecosystem services at large spatial scales by: 

•  Enhancing tools to scale productivity and resource use from farms up to 

landscapes and f rom landscape-scale l imi ts back to farms; 

•  Matching spatial  mapping of resource availabi l i ty, inputs and losses with 

scenarios for  land-use change and improved land management practices; 

•  Developing spatial forecast ing for product ivi ty and soi l  and water  management 

wi th changing c l imate, land use practices and land use intensif icat ion; 

•  Assessing land use capabi l i ty and best  options for land use to enhance 

productivity while minimis ing environmental impacts and the loss of other 

ecosystem services; 

•  Identifying and forecast ing uncertainty, threats and r isks associated wi th cl imate 

and land-use change, erosion, invasive weeds, pests and diseases and input  

avai labi l i ty,  then ident ifying which geographic areas, land uses and land practices 

are most vulnerable to those threats; 

•  Identifying adaptat ion measures to reduce r isks; 

•  Identifying issues that  might  enable or  constrain land managers ( ident if ied as 

vulnerable to r isks) from adopt ing those measures and coping with change (social  

res i l ience); 

•  Developing tools and methodologies to monitor  productivi ty,  economic and 

environmental per formance; 

•  Integrat ing research across landscapes to understand how to optimise land uses 

against landscape capabil i ty, and cope with cumulative effects,  for  example on 

water quali ty and in the coastal zone. 

Theme 4 

Contribute to growing wealth by developing coordinated national,  regional and industry 
strategies and policy to incentivise land uses and implement the adoption of practices to 
maximise the environmental, social , cultural and economic benefits from the landscape 

Importance 
to New 
Zealand 

To achieve both increased economic prosperi ty and improved environmental  wel l-

being, i t  is essential that New Zealand’s industr ies and organisations increase in 

profi tabi l i ty, develop wi thin environmental l imi ts and meet market and community 

requirements. The sustainable business approach is al igned with the green growth 

concept of decoupling growth from ever-expanding resource use and 

environmental impacts. This approach is key to maintaining l icence to operate 

f rom the community and maximising prof i tabi l i ty through adding value for  New 

Zealand in overseas markets. Given the increasing complexi ty and inter-

relatedness of  natural resource issues, we need new approaches to engage and 

analyse these issues,  new pol icy processes and instruments to resolve issues and 

approaches to adapt to manage our natural resources.   
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New Zealand wi l l  benefi t  from integrated solut ions across environmental , 

economic, social  and cultural dimensions that  add value to industry by 

demonstrating compl iance wi th regulatory and internat ional  market  requirements,  

reduction in costs of product ion,  and providing measurable benefi ts to local 

communit ies. 

Research 
components 

•  Analyse environmental , economic, cultural and social  consequences of  pol icy 

scenarios, inc luding human health and employment opportuni t ies to assess the 

ef fect iveness and ef f ic iencies of  pol icy; 

•  Develop new and ref ine exis t ing methodologies to enable monetary and non-

monetary values for ecosystem services to be incorporated and compared for 

decision making; 

•  Research how to value the economic and social/cultural dimensions of natural 

resources,  inc luding the opportuni t ies to share resources using market  

mechanisms but also the impl ications of  market  fai lure; 

•  Evaluate and identify cr i t ical future trends that can impact terrestr ial 

landscapes,  inc luding key dr ivers, barr iers to social, insti tut ional and 

technological  change, and opt ions to mit igate against or adapt to mult iple trends; 

•  Value ecosystem services to provide the value proposit ion for  business to 

protect  and enhance these as wel l  as the means by which they can be provided; 

•  Provide ef fect ive media for  communicat ing thresholds and l imits  and the 

implicat ions of these on the environment and cultural,  social and economic 

values; 

•  Introduce effective processes for  balancing competing values and developing 

robust pol ic ies and strategies; 

•  Incorporate Māori  cul tural  perspectives, develop mātauranga Māor i,  indigenous 

branding and elements of  cultural identi ty (values, principles and ethics) to 

enhance market  access. This research is cross-cut t ing across al l  themes within 

the chal lenge. 

Opportunit ies include: 

•  Developing and implement ing innovat ive methodologies through discovery 

research to increase product ivi ty, improve resource use eff iciency and minimise 

losses of resources; 

•  Reviewing, test ing and val idat ing the range of  models used to assess 

productivity, resource use ef f ic iency,  inputs and losses including water,  carbon 

and net greenhouse gas emiss ions,  leading to an agreed suite of  models to be 

developed and ut i l ised national ly; 

•  Fostering processes for  bet ter development and use of models among 

researchers and end-users,  especial ly supported ensemble-based approaches 

that take advantage of mult iple models operat ing in the same domain to improve 

the robustness of the analys is; 

•  Using models to inform the design and analysis  of  cr i t ical laboratory and f ield 

exper iments that  address and al low integrat ion of the responses of product ivi ty to 

mult iple var iables; 

•  Taking advantage of  opportuni t ies for ‘c losing the loop’  by making connections 

among different  productive land sectors such that output  from one becomes the 
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input for another 

Gaps include: 

•  Fundamental understanding of interaction of  processes and variables regulat ing 

productivity and resource use eff ic iency at  a range of  scales from individual 

management units  (such as paddocks) to whole farm systems and catchments; 

•  Response of product ivity and resource use eff ic iency to mul t iple environmental 

var iables; 

•  Reveal ing the genetic basis for regulat ion of product ivi ty and opportunit ies for 

breeding and genetic manipulation; 

•  Understanding interact ions between the carbon, water and nutr ient  cycles that 

def ine the l imits and opportunit ies to increase the resource use eff ic iency and 

profi tabi l i ty of product ion systems; 

•  Reviewing, test ing, val idat ing and agreeing on a set  of models and tools to 

assess and manage water  use so as to enhance soi l  and water quali ty; 

•  Knowledge of the stocks and services that regulate water, carbon and nutr ient  

losses ( i .e. run-off ,  leaching and greenhouse gas emiss ions) at farm/forest scales 

and methodologies for mit igat ing them; 

•  Captur ing and translating new knowledge to implement new methodologies and 

innovat ive practices. 

Research 
Gaps and 
Opportunities 

•  Developing and implement ing methods to quant ify the natural capital stocks and 

services that  are cri t ical  to support ing New Zealand’s economic,  environmental , 

social and cultural values in the terrestr ial product ive sector ; 

•  Implementing national moni tor ing programmes using the standardised 

methodologies identif ied above; 

•  Enhancing the qual i ty and spatial coverage of and access to soi l  data to enable 

government, scientists , industry and land managers to understand soi l  variabi l i ty 

and thereby improve agr icul tural land management; 

•  Developing and implement ing improved mapping and data synthesis methods to 

assess state and trend in land cover and land use to enable central  and regional  

government to easi ly and cost-ef fectively monitor  and report  on the implications of  

land use change; 

•  Quant ifying the errors and uncertainty associated wi th a key land resource 

dataset,  identifying the key sources of uncertainty across scales, and determining 

how best to communicate this to end-users to improve the use of  land resource 

sc ience as an evidence base for  pol icy, planning and resource management; 

•  Developing and implement ing readi ly accessible, onl ine,  interact ive services to 

del iver  appropriate, t imely and tai lored information for  end-users, including 

visual isation. 

Gaps include: 

•  Signif icant omissions in nat ional ly s igni f icant datasets for soi l  and water , 

especial ly for soi l  hydraul ic parameters and nutr ient character ist ics; 

•  Data that  can be used to quant ify changes in freshwater and soi l  quali ty through 

t ime using nat ional ly applicable state-of-environment data on natural capital 

stocks and services; 
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•  Systemat ic evaluat ion of the status and trend of  a range of other ecosystem 

services,  inc luding the potent ial  to l ink to the status and trend of biodiversi ty; 

•  Systemat ic assessment of  changes in soi l  carbon storage, greenhouse gas 

emiss ions and nutr ient  dynamics due to agr icul tural  management and 

intensi f ication and their  impacts on product ivi ty.• Development and test ing of 

models that al low integration across ecosystem services for  assessing the 

mult iple benef its  and consequences of  land use and management decis ions; 

•  Assessment of the distr ibut ion of productivity at a range of spatial scales to 

match end-user needs; 

•  Abi l i ty to forecast the cost-effectiveness and environmental consequences of 

intensi f ication on productivi ty,  inc luding irr igat ion and fert i l iser application; 

•  Identify t rade-of fs in productivi ty,  resource use and ecosystem services in 

relat ion to environmental  l imits and define environmental l imits to operate at  

landscape scales; 

•  Abi l i ty to forecast changes in product ivity and consequences for other 

ecosystem services,  inc luding uncertainty, in response to c l imate change and pre- 

and post-border biosecurity ( invasive weeds, pests and diseases) at  farm to 

landscape to national scales. Identif icat ion of potential  r isks; 

•  Developing options for  sustainable land use for  land and other economic 

resources being returned to Māor i through treaty sett lements. Decision making by 

Māori  organisat ions usually takes a ho l ist ic approach, l inking the environment 

wi th people, history, culture and the economy. 

 

Gaps include: 

•  The urgent need for ful ly integrated, mult i -dimensional , agent-based modell ing 

for analysis  of the impacts of mul t iple var iables on environmental and economic 

performance on the product ive sectors; 

•  Methodologies for  understanding connect ivity of  land and water across 

landscape scales,  identi fying choke points (si tes and t imes cr i t ical for 

management)  within catchments; 

•  Col laborat ive processes that  support integrative model l ing for  decision making. 

Opportunit ies include: 

•  Robust  methods to balance monetised and non-monet ised values in decision-

making frameworks for  pol icy evaluation; 

•  Development of  robust models that integrate across environmental,  economic 

and social dimensions; 

•  Development of  col laborat ive processes that  del iver enduring solutions to land 

and water challenges at catchment, regional and nat ional  scales; 

•  Integrated frameworks and models that l ink land to fresh water  and coastal  

zones to address sustainable development of resources; 

•  Integrat ion of Māori  cul tural perspect ives and cul tural  identi ty (values,  principles 

and ethics) across environmental, economic and social  issues to enhance market  

access. This research is cross-cutt ing across al l  themes within the chal lenge. 

Gaps include: 

•  Tools to value the economic and social /cultural  dimensions of natural  resources 

that incorporate market mechanisms, to identi fy opportunit ies to share resources 
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and forecast the implications of market fai lure; 

•  Robust  methodologies to value ecosystem services that  can be used for  decis ion 

making by businesses; 

•  Processes for ef fect ive engagement with the publ ic and stakeholders on 

thresholds and l imi ts and reconcil ing and trading off values; 

•  Effective processes for removing barr iers to adoption of research f indings and 

opt ions to mit igate against or adapt to mult iple trends. 

 
 
 

Entry ID 412 

New Zealand increases wealth from natural capital while maintaining or 
improving its environmental integrity 

Summary Col lect  information about state,  trend, impacts and opportuni t ies for  land,  water  

and ecosystems. Use information and science to ident ify and maximise New 

Zealand’s natural and cul tural advantages in the land and water sectors,  reduce 

operating costs, grow wealth, and protect the integr ity of soi l ,  land and water 

assets at pr imary industry level,  and provide the evidence base, part icipatory 

processes,  and policy instrument design to faci l i tate ef fect ive decision making 

Theme 1 

Develop best-practice management approaches, tools and technologies to enable optimal use 
of land and water resources at catchment and farm scales 

Importance 
to New 
Zealand 

Fifty- f ive per cent of New Zealand’s land area is under primary production, 

providing more than 25% of  New Zealand’s GDP. Primary industr ies therefore play 

a key role in sustaining rural  communit ies and stewarding landscapes.  However, 

the backbone elements of  farming success – land and water resources – are 

showing signs of  stress. 

I t  is est imated that  New Zealand’s annual  rate of soi l  loss is  200–300 

megatonnes, a rate 10 t imes higher than the rest  of the world,  which in monetary 

terms costs >$127 mil l ion p.a. Recent studies show signif icant  amounts of soi l  

organic matter are being lost  under f lat land dairy grazing. This loss reduces the 

soi l ’s  capacity to f i l ter contaminants, retain nutr ients or  resist pugging.  The effect  

is  twofold,  impact ing on both the qual i ty of farming operations and the 

underpinning resource. 

El i te and versati le soi ls  provide disproport ionate value to our economy: just 0.4% 

of  land supports 14% of the total contr ibution the primary sector  makes to GDP. 

But these soi ls are currently disappearing to tar  seal  and l i fe-style development. 

Given the very s low rates of  soi l  formation there is  mount ing concern over the 

avai labi l i ty of productive soi l  ( ‘Peak Soil ’) .  

Trends in nat ional r iver water quali ty data between 1998 and 2007 

(http: //www.mfe.govt.nz/publ icat ions/water/analysis-of-national- r iver-water-

qual i ty-data-1998-2007/page10.html)  show an overal l  degradat ion in water quali ty 

in our major r ivers. Over that  per iod, nit rogen and phosphorus – key plant 
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nutr ients added in fer t i l isers – increased strongly at many s ites. Contamination of 

groundwater with nit rate and/or microbial pathogens occurs in many regions. 

Water  avai labi l i ty is  also a problem in some regions due to the wi thdrawals 

needed to support  agr icul ture and/or seasonal f luctuat ion in supply and demand. 

Our primary industr ies are therefore under extreme pressure to maintain (or 

increase) their profi tabi l i ty yet s t i l l  protect  the resources they and future 

generations depend on, whi le s imultaneously meeting the requirements of  markets 

and government pol icies (e.g. Nat ional  Pol icy Statement for  Fresh Water). 

Science has a s ignif icant  role to play in helping these industr ies f ind the ‘sweet 

spot’ to reduce operating costs, grow weal th and protect the integri ty of  soi l ,  land 

and water assets, through informat ion, tools and technologies. 

Research 
components 

The research in this  theme provides a robust scienti f ic framework for explaining 

var iabi l i ty in the vulnerabil i ty and potential of  soi l ,  land and water resources.  This 

provides a scienti f ical ly credible basis to inform appropr iate best-pract ice 

approaches,  tools and technologies to ensure profi table use and retain land and 

water resources for future use. Research components reflect the scale of 

implementat ion and the major  challenge around gett ing uptake and adoption of 

best practice. Key research components include: 

•  On-farm tools and farm systems (including forestry and hort icul ture) : agronomic 

techniques to optimise productivi ty and maximise long-term profi tabi l i ty for  New 

Zealand; plant  and animal breeding – the genet ic characterisation of  traits and 

genet ic manipulation;  agr icul tural technologies and precision techniques;  soi l  

at tr ibutes to enable better  management of soi l  qual i ty,  productivity,  nutr ient  

management and greenhouse gas emiss ions;  minimising waste and maximising 

reuse 

•  Catchment-scale approaches: opt imising land use at mul t iple scales and across 

mult iple co-benefi ts; more ef fect ive water al location and use; integrated land 

management approaches; mit igat ing nutr ient loss and impacts of contaminants in 

soi l  and groundwater;  reducing erosion and sediment loss; mi t igating the impacts 

of  extraction and use of  aggregates,  l imestone and fer t i l iser 

•  Drivers and barr iers to uptake: economic analysis  and cost benefi t ;  farmer 

behaviours and value;  methods to dif fuse best practice across primary industr ies. 

Theme 2 

Advance New Zealand’s economy and enhance environmental integrity by using science to 
identify,  realise and protect the unique advantage provided by our land and water resources 

Importance 
to New 
Zealand 

The land economy currently represents more than 25% of  GDP. But with a large 

focus on intensif icat ion, commodity export and single species (e.g.  trees and 

crops) i t  is a fragi le economy. Potent ial or actual  threats inc lude a decreasing 

natural  resource base (e.g.  Peak Soil) ,  changing market preferences and 

condit ions, fraudulent products in overseas markets claiming to be of New 

Zealand or igin, and devastat ing infectious diseases (e.g. Psa or Foot & Mouth). 

The Government’s  Business Growth Agenda cal ls for export  earnings from the 

land to increase by 40% by 2025. But this goal should not be met wi thout 

consider ing how to increase the resi l ience of the economic, environmental and 

social systems on which i t  is  based. And while making more opt imal use of  land 
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and water resources, i .e.  sustainable production (Theme 1), is important , new 

paradigms have a role to play in creating a green, weal thier New Zealand. 

Signif icant  intel lectual  effor t by government and business leaders has been 

devoted to exploring new paradigms including Pure Advantage, Vision 2050 New 

Zealand and the Māor i Economic Growth Strategy.  

However, this t ransformation is not wi thout r isk and must draw from emerging 

sc ience and innovation. Science therefore has a role to play in: 

•  Identifying New Zealand’s natural and cul tural  advantages 

•  Putt ing into pract ice approaches to leverage those advantages (that  are 

restorat ive and promote shared-value) 

•  Developing tools and technologies to protect and give credence to these 

advantages as part of  the New Zealand brand. 

Research 
components 

The research in this  theme provides the foresight , underpinning data, testing and 

val idat ion to support alternat ive approaches to wealth creat ion, drawing upon New 

Zealand’s inherent advantages. The contr ibut ion of  knowledge draws on a number 

of  currently disparate science domains.  Research components inc lude: 

•  Identif icat ion of natural  and cultural  advantage: Including character isat ion and 

valuation of  resource potent ial ;  food technologies to support new products and 

product values;  Mātauranga Māor i and cul tural  values;  scenar io analysis  and 

visual isation technologies; land use opt imisat ion model l ing 

•  Real ising natural and cultural advantage: Including research to underpin new 

land uses and pr imary produce, reuse of  waste and increased ecosystem service 

provision; understanding the princ iples behind successful co-management and 

governance models; and social and economic modell ing 

•  Tools and technologies to protect New Zealand advantage: Including l i fe-cycle 

analysis , footpr int ing and eco-veri f ication;  use of environmental tracers and 

identi f iers; enhanced survei l lance for cont inued consumer trust and market 

access. 

Theme 3 

Deliver an appropriate evidence base, participatory processes and uptake methods to 
facili tate more effective land and water resource governance and decision making at 

catchment, regional and national scales 

Importance 
to New 
Zealand 

To ensure New Zealand’s prosperi ty and improved wel l-being, i t  is cr i t ical that 

land and water governance and decision making is inclusive, col laborative and 

gains confidence from a range of interested part ies. 

Adversarial approaches and content ion incur considerable costs associated with 

the t ime taken to arr ive at  a decis ion, as wel l  as the mult iple impacts of  delaying 

action.  Even a modest reduction in t ime taken to make decis ions or  number of 

stakeholder submissions/ legal  appeals wi l l  save mi l l ions of dol lars in terms of 

legal analys is, addressing submissions,  and stakeholder engagement. 

But  governance in New Zealand is complex.  With a s igni f icant proport ion of the 

Māori  asset  base in land and water,  and the importance of these resources to 

cultural identi ty,  Māori are a signif icant stakeholder.  The Māor i Court challenge 

over proprietary r ights over water  i l lustrates the potent ial  for  contention. 
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Another complexi ty unique to New Zealand is the simul taneous dependency on the 

land economy (compared wi th OECD peers)  but  a large percentage of  urban 

dwel lers (>80%).  This can of ten mani fest  publ icly as a clash of values:  ‘greedy 

farmers’  vs. the community interest. 

Land and water resources must therefore be ef fect ively managed to account for 

the range of interests and preferences, as well  as the capabi l i ty and capacity of  

the resources themselves. This requires taking into account both economic and 

non-economic values,  working towards a shared vision of the outcomes required 

at  catchment, regional and national scales;  and val idat ing the progress towards 

those outcomes through planning, monitor ing,  report ing and adaptive 

management. 

Research 
components 

Signif icant  research progress has been made in this theme in recent years. 

Science of fers the potent ial  to provide the evidence base, part ic ipatory 

processes,  and policy instrument design to faci l i tate ef fect ive decision making.  

But to do so i t  wi l l  need to resolve the challenges of  work ing wi th uncertain data,  

consider ing non-economic values alongside economic values,  and improving the 

way sc ience is communicated to stakeholders. Underpinning research components 

thus inc lude: 

•  Values and part icipatory processes:  Including resource valuation and values;  

socio-ecological and socio-economic systems; mātauranga Māori ;  economic, 

social and futures modell ing and analysis  ( inc luding integrated 

model l ing/analys is);  analysis of  trade-of fs between economic, social , 

environmental and cultural values 

•  Evidence and monitor ing: Including biophysical moni toring and data col lection; 

uncertainty analysis ; cultural  indicators; scenario analysis 

•  Uptake and implementat ion:  Inc luding part icipatory processes,  col laborat ive 

learning and other decis ion-making processes;  knowledge transfer processes; 

adapt ive management; governance structures; behavioural and organisat ional  

analysis ; instruments to support pol icy development and their design. 

Theme 4 

Establish credible information at  appropriate scales to characterise the state, trend, impacts 
and opportunities for land, water and associated ecosystem services. This theme underpins 

al l other themes by providing baseline state-and-trend data 

Importance 
to New 
Zealand 

This theme underpins al l  other themes by providing baseline state-and-trend data,  

as well  as the theoretical understanding to minimise r isks, real ise opportuni t ies 

and support  new paradigms.  Science is conducted and data held about land and 

water resources by many agencies who wil l  thus be contr ibutors to this theme. 

The National Land Resource Centre,  Landcare Research, NIWA, GNS Science, 

AgResearch, Plant & Food Research,  and ESR, as wel l  as publ ic service 

departments who are increasingly involved in data creat ion,  management and data 

provision. With respect to informatics/information science, Landcare Research, 

NIWA, GNS Science, ESR, the Universi ty of Auckland and Victoria University of  

Well ington would play important roles. 
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Comprehensive and f i t- for-purpose data and information on the state of  New 

Zealand’s environment is fundamental to land and water research and underpins 

al l  other themes and goals of this Challenge. 

Simi lar to the way in which the New Zealand Treasury’s  monthly and annual  (year-

end) f inancial statements provide information on the government's economic 

assets and l iabi l i t ies, to inform government spending, prior i t ies and pol icies, 

robust quanti tat ive and scient i f ic data are needed to assess the overal l  health or  

state,  l ikely trend, threats and opportunit ies of New Zealand’s natural land and 

water assets 

There is  st i l l  considerable uncertainty about how far we can push land and water  

unt i l  t ipping points are reached and the environmental  benef its  derived f rom 

natural  resource systems diminish. Credible information at  appropr iate scales is 

needed urgently,  in order to ensure we can respond to r isks rapidly as wel l  as to 

manage the balance of needs and somet imes confl ict ing goals between economic 

development and environmental integrity. 

So,  theoretical model l ing, data col lect ion and interpretation is  more than stamp 

collect ing – i t  is  about establ ishing an evidence base on the land and water 

system, and al l  the connect ions and complexi t ies wi thin i t ,  to dr ive al l  other 

themes and outcomes. 

Examples of the power of  good quant itat ive data include: improved soi l  variabi l i ty 

mapping in the Mataura Val ley,  which resul ted in costs savings for  farmers and 

reduced leaching into groundwater; the existence of  a long data record about 

Lake Taupo Basin, which made it  possible to implement science-based decis ions 

for improved land use management and enhanced prosperity for  al l  New 

Zealanders 

Research 
components 

This theme wil l  del iver  the fundamental  understanding and pr imary data on soi ls,  

land cover, land use, terrain,  freshwater and ecosystem services, inc luding 

understanding state,  trend, r isk and opportuni ty.  This basic sc ience is needed for  

operational,  tact ical  and strategic decis ion-making at  nat ional , regional and local  

scales. Research components underpinning this theme include: 

•  Component characterisation: Including soi l ,  geological and geochemical 

character isat ion; groundwater character isat ion and management; character isat ion 

of  ecosystem service condi t ions and trend; spat ial  and longi tudinal data on 

economic, social  and cultural systems; measur ing uncertainty; data on behaviour, 

behaviour change and preference over t ime and space 

•  System understanding:  Including system funct ion and cumulat ive impacts across 

t ime and space – e.g.  nutr ient  f lows, water transmission through the system; 

ecosystem interactions; spat ial ,  integrated and predict ive modell ing 

•  Data stewardship,  visualisation and del ivery: Including data l i fecycle 

management; data retr ieval  and semantics; deal ing wi th data provenance, qual i ty 

and erosion; measur ing and communicating uncertainty and r isk; integrated 

model l ing, syntheses and analyses to recommend practical  real-t ime solutions; 

service,  interoperabil i ty,  and information visualisation;  communicat ing data 
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l imitat ion and uncertainty. 

Research 
Gaps and 
Opportunities 

New Zealand has a long history of agronomic expert ise, and many of the diff icul t 

questions on how to optimise product ivi ty, and more importantly maximise 

profi tabi l i ty, have been answered through sc ienti f ic  discovery. 

Infert i le landscapes have been transformed into highly product ive and profi table 

systems, but of ten at an environmental cost. Landowners have logical ly been 

most interested in implement ing the sc ience that  wil l  increase profi t ,  wi th less 

focus on ensuring a healthy and sustainable productive system that wil l  provide 

prosperi ty for future generat ions. 

As New Zealanders, and also overseas’ markets, become more concerned about 

environmental ly sustainable product ion and stewardship of  resources there wi l l  be 

a demand for  a greater  focus on ensuring product ion wi thin sustainable l imi ts,  not  

only at  an individual  farm level , but also at catchment,  regional,  and national 

levels. 

In many si tuat ions the answers to wise and prof i table land use are known by 

sc ientists and leading farmers, but are not implemented uniformly across the 

landscape. Therefore, a large opportunity is  to better understand landowner 

behaviour and the tr iggers that wi l l  cause farmers to implement best  pract ice – 

and then to engage these tr iggers. 

However, there are also very signif icant science and technology challenges, 

ranging from the relat ively easy to the extremely dif f icult and with their respect ive 

low to high rewards for success. At  the extreme end is for science to come up 

wi th innovat ive and cost-effective ways to decouple productive land from the 

receiving water . There are relat ively low tech solutions to this in existence (e.g. 

animal housing wi th eff luent  col lect ion),  but  science can do more. 

The new science wi l l  need to deal  with mult iple stressors and cumulative impacts 

and ensure that  productive and profi table farming at the top of the catchment has 

relat ively low impact on other values downstream – both for  production (e.g. 

aquaculture) and conservat ion. 

The challenge isn’t  easy,  and the r isks of fai lure are high. Therefore i t  is  

mandatory that the correct environment is  provided so that  scientists have the 

f reedom to think lateral ly and try new approaches. 

There is  a very large potent ial ,  not  only to increase the product ion (and 

profi tabi l i ty) of  exis t ing commodit ies but also to make greater economic gains by 

target ing high-value products to new, mainly Asian,  markets. A key opportunity is 

to opt imise the value of our land and water resource and to develop value chains 

( from soil  to market) that enhance the value and integr ity of our products.  

Associated with this  is  the opportuni ty to become world leaders in sustainabil i ty 

and product  integri ty (Call  to Arms 2012; A Report from the Riddet Insti tute Agri-

Food Thought Leadership Team).   Achieving this  wil l  require a substant ial  change 

in thinking and strong leadership from both government and industry. 

There is  currently a signif icant disconnect  between researchers focusing on 

increased product ion of exis t ing commodit ies and the opportunity to develop new 

crops, new products, and the integral  value chains that  can provide assurances of  
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product integrity (safe food and sustainable practices) .  

The opportunity is to bring these research efforts together. As a country we have 

the ski l ls  and the sc ientists to increase productivi ty and develop new products, 

and others that have an excellent  grasp of sustainabi l i ty and environmental  

protect ion, by br inging these disc ipl ines together New Zealand can develop higher 

value and sustainable productive systems that wil l  enable i t  to become a world 

leader in sustainabil i ty and product  integri ty.   

New Zealand has a r ich her itage in basic discipl ines such as soi l  characterisation,  

conservat ion ecology and biosystemat ics,  together wi th emerging research 

expert ise in l i fecycle assessment, visual isation and genomics. At  the t ime of 

wri t ing, this theme is  not  wel l-s tructured or  def ined,  but  is  inc luded to provide a 

home for such science innovat ion.   

Potential ideas emerging f rom the community involved in draft ing this submission 

include: 

•  Identifying the health-benef its  of indigenous food products to del iver  added 

value and access new markets 

•  Scenar io analysis  to ident ify new landscape configurations that  of fer greater  

res i l ience to f inancial and natural  r isks 

•  Developing pathways to use waste as a resource: e.g. waste with high metal  

content,  to metal-defic ient  land to for t i fy crops for animal and human health; or  

forestry by-products, to increase productive capacity (e.g. soi l  macroporosity) and 

use within processing industr ies (e.g. to replace fossi l  fuels for heat generation) 

•  Increasing biodivers ity within product ive and urban landscapes to improve 

aesthetic appeal and deliver  broader landscape benef its  (e.g. use of native 

species as indicators of  environmental damage) 

•  Advancing rural land-based producers through the col laborative act ion of  

mult iple landowners, e.g.  pr iori t is ing high value activit ies on el i te and versati le 

soi ls fragmented across mult iple enterpr ises 

•  Designing new socio-economic production systems wi th shared capital  

infrastructure and co-governance 

•  Incentives and behaviours to achieve a paradigm shi ft  to a more prosperous and 

res i l ient future ( including economic, social  and cultural  incentives) 

•  World-c lass survei l lance systems combining real-t ime genotyping with spacio-

temporal data to assure market access, maintain trust  and resolve problems 

where they occur 

•  Report ing and cert i f icat ion to demonstrate improved environmental,  social and 

cultural per formance for markets and the New Zealand public and ensure the 

‘ l icence to operate’. 

A continual challenge is  reconcil ing the t ime frames of  research development with 

pol icy need. This necessitates versati le tools and techniques that can be adapted 

and reused to provide t imely answers to pol icy quest ions, as well  as dedicated 

funding for longer-term research. 

Major  gaps exist  around evaluating: 

•  How much informat ion do you need to make a defensible decision? 
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•  What are the best  insti tut ional and governance processes to inspire confidence 

f rom a range of  stakeholders in a decision? 

•  How do we better couple biophysical data to value-dr iven goals such as ‘swim-

abi l i ty’  or Māor i values for water such as ‘ l i fe-giving essence’ and spir i tual ly? 

•  How do we better incorporate mātauranga Māor i wi thin a range of pol icy-based 

research to help faci l i tate embedding of  Māori values within decision making and 

faci l i tate the process and agreement on outcomes? 

•  How can we encourage and support  research that is scient i f ical ly sound but also 

t imely,  comprehensible and relevant to pol icymakers? 

•  How do we make trade-offs  between values? 

•  How do we design more robust pol icy to adaptively manage the landscape? 

Much of the current data upon which we are rel iant are l imited by coverage, 

currency or quali ty. There is  a lack of stat is t ical ly viable data to ident ify trends 

over t ime, part icularly data directly addressing environmental change. The data 

we have are not of a qual i ty,  quant ity or coverage to meaningful ly answer the 

questions being posed today.  Many national databases and col lections are 

vulnerable and we are not maximis ing their  potential use. 

Emerging technologies can be used to improve data col lect ion,  synthesis and 

analysis , adding data r ichness and resolut ion.  Increasingly they wil l  al low us to 

implement new f lexible end-to-end electronic capture,  transmission and 

t ransformation infrastructures to acquire data from the environment and eff ic ient ly 

measure and moni tor. 

New technologies and analys is methods wil l  al lows us to get more out of the data 

we already hold, whi le improving national f ield sampling coordination across 

insti tut ions, and indeed sectors,  wil l  lead to more cost  effective and complete data 

col lect ion. 

Integrating data from a range of sources for trends, moni tor ing and decis ion 

making is  a complex process, introducing issues around dif ferent  levels of 

uncertainty,  scale and provenance in the data.  Quant if ication of  the errors and 

uncertainty in data, and communicat ing this  to end-users, is a major opportunity 

to increase the use of science as an evidence base. 

Future model l ing and predict ion of the impacts of  mult iple variables on 

environmental and economic performance on the productive sectors wil l  rely on 

sophist icated, mult idimensional models and more col laborative approaches to 

environmental data infrastructure.  Of s ignif icance is the need for review, 

evaluat ion and val idation of  the range of models current ly in use for  diverse 

purposes such as forecasting primary productivi ty,  opt imising on-farm 

management, and understanding basic soi l ,  water  and nutr ient cycles. This is  a 

key opportunity to col lect,  assess and make avai lable exist ing modell ing 

capabil i ty and to encourage the further ut i l isat ion and development of a nat ional  

suite of models that can be shared among insti tut ions. 

An effective and comprehensive infrastructure for gather ing,  shar ing and 

managing for  the long term data and observations on land, water and associated 

ecosystem services is required.  Such an infrastructure could l ink to simi lar 

infrastructures for biodiversi ty,  biosecurity, and heal th stat ist ics. The technologies 

and standards for bui lding such platforms are mature but  research is required into 
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how to br ing data together in way that is meaningful  to users,  while maintaining 

data integr ity and val idi ty. 

Comments Research ef fort  is distr ibuted across a number of organisations including: 

Landcare Research, ESR, Lincoln Univers ity,  Massey Univers ity,  Univers ity of 

Auckland, Cawthron,  MOTU, New Zealand Inst i tute of  Economics Research,  

AgResearch, Plant & Food Research,  Scion,  GNS Science as wel l  as regional 

councils  and central  government agencies. The success of this  theme is 

dependent on leveraging New Zealand’s inherent uniqueness and advantage and 

as such requires New Zealand based research effort.  

Potential ly, this is one of the best offer ings the New Zealand sc ience community 

can make – and one that could be exported overseas.  But i t  holds the largest 

gaps in terms of research contr ibution. 

Because of the disparate nature of the research components, much of the effor t is  

distr ibuted over a number of  organisat ions including: Lincoln University, 

AgResearch, Landcare Research, Plant & Food Research, Scion, ESR, GNS 

Science, Massey University ( inc luding Riddet Insti tute)  as wel l  as the National 

Land Resource Centre and business community. 

 
 
 

Entry ID 418 

Green land, blue water and prosperous people for the next millennium 

Summary Promot ing community based decis ion making regarding management of  land, 

f reshwater  and coastal  resources and making ecosystem data available for use by 

stakeholders to fac i l i tate bet ter informed decis ion making. I t  is also important  to 

develop new tools and approaches to monitor how ecosystems in these areas are 

being maintained and to ident ify and evaluate potential  approaches for increasing 

pr imary sector returns (e.g.  crop and animal select ion) 

Theme 1 

Enable the integrated management of  land, freshwater and coastal resources through 
partnerships between resource managers, iwi, catchment communities (including e.g. 

private,  commercial,  and lobby or/and special  interest groups) and scientists building on the 
collaborative approach taken by the Land and Water Forum 

Importance 
to New 
Zealand 

Export  earnings based on our environment,  inc luding agriculture, seafood and 

forestry (~$32bil l ion in total ) are the backbone of New Zealand’s economy and wi l l  

continue to be important for  maintaining l iv ing standards of  New Zealanders.  

However, recent intensif icat ion of agr icul ture and requests for increased 

al locat ion of space for  aquaculture (e.g. New Zealand King Salmon) have led to 

issues wi th and concern about contamination of  groundwater, surface water  and 

coastal environments wi th sediment, nutr ients and faecal bacteria.  This has the 

potential to ser iously harm values cherished by most New Zealanders.  

Strengthening our clean green image is also a hugely important economic 
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advantage and wil l  become even more important in the future.  

Intensi f ication in small parts  of  catchments can have unforeseen detr imental  

social,  cul tural, environmental and economic effects downstream and off  the 

coast.  We need a better understanding of  how land use intensif icat ion wi l l  

inf luence downstream and coastal areas and how the community can make 

endur ing resource management decis ions.  Similar chal lenges arise for  act ivi t ies 

in marine environments – coastal or off-shore. 

Fai lure is not an opt ion. The economic consequences of New Zealand’s pr imary 

sector either  going backwards in a productive sense or  of New Zealand’s exports 

(direct  or  indirect)  from environmental sources being rejected by our markets 

would be dire. 

Increased certainty for  long term planning and investment in the pr imary sector  

would ease investment planning and operat ional  decisions as well  as improving 

regulatory and resource management. 

Research 
components 

Kait iak itanga: faci l i tat ing involvement of iwi in resource co-management and 

decision making.  Increasing involvement of iwi  as we str ive towards long term 

economic and environmental  res i l ience is essential.  Understanding and predict ing 

movements of sediment,  nutr ients and faecal bacteria from the mountains to the 

sea. This inc ludes not only understanding natural processes but  also 

understanding the ef fects of  di f fer ing land use etc. on the overal l  system. For 

example,  what are the l imi t ing factors generated by one primary industry or land 

use for  other developing primary industr ies, business opportuni t ies or needs? How 

does upper catchment development and land use affect eco-tourism, potable 

water supply or  heal thy aquaculture development? Promot ing community-based 

decision making – a bottom up approach: bui lding on the Watershed Talk process 

that was used in the Motueka Integrated Catchment Management project. 

This component wil l  necessar i ly draw on the other components of  the various 

themes to ensure that  the community understands the decis ions i t  must make.  

Understanding the cumulative ef fects of s tressors on New Zealand’s ecosystems. 

Theme 2 

Identify and evaluate potential approaches for increasing primary sector returns in order to 
determine what actions should be taken to realise the desired gains 

Importance 
to New 
Zealand 

As a nat ion we lead the wor ld in the eff ic iency of  our production systems. But are 

we growing the optimum crops and animals given the range of  chal lenges 

(economic, trade, cl imate,  environmental, social ,  cultural etc.)  we are facing? 

Research 
components 

Crop and animal select ion.  

Accounting for  al l  of  the consequences ( including e.g. c l imate change, knowledge 

and tools re pastoral greenhouse gases,  market  demands): 

-  Are there crops/animals New Zealand is growing that  i t  should not  be growing? 

What,  where and why? (Need to consider al l  opt ions:  land, sea, water, f ish, 

shell f ish…) 

-  Are there crops/animals New Zealand is not  growing (or not growing 

commercial ly) that i t  should be growing? Or not growing enough? What, where 

and why? 
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-  Can crops/animals be improved for New Zealand condi t ions? 

-  Is there a signif icant  role for algae and/or  algae bio-products for  New Zealand? 

-  Food security is  a factor , both for domestic consumpt ion and re on-going export 

revenue 

-  Food safety,  inc luding provenance/t raceabi l i ty, contamination etc.  Farming 

systems and pract ices 

Just as important as crop/animal selection is  how we farm on the land,  in 

f reshwater  or mar ine environments. What are the optimal approaches for farming 

di fferent species in dif ferent  environments,  now and in the future? 

Maximis ing uptake of optimal pract ices. 

Li f t ing the performance of the average New Zealand farming operation, in al l  

facets,  wil l  produce a direct  economic gain for  the country wi th,  for  example,  

increased product ion,  lower costs and reduced environmental degradation per uni t 

output.  What are the systems and pract ices that  maximise uptake of optimal  

practices, are they being appl ied – and if  not how should New Zealand ensure 

they are appl ied? 

Theme 3 

Ensure that all  stakeholders have access to the  environmental data they need to be actively 
involved in decision making  

Importance 
to New 
Zealand 

Considerable amounts of data are col lected on our freshwater and coastal 

ecosystems. However, much of this  data has restr ic ted access,  is t ied up in 

inaccessible databases and/or only digestible by experts.  Information on the 

state and trends in these ecosystems needs to be made avai lable in new and 

accessible formats to encourage more involvement in maintaining and improving 

ecosystem health. 

In addi t ion there are cases where New Zealand has insuff ic ient  data to enable 

smart , informed compromises to be made. Better  informed part icipants in decision 

making processes should signif icant ly reduce confl ict and make i t  easier to 

determine acceptable compromise solutions for al l  par t ies. 

Research 
components 

Establish monitoring frameworks. Ensure appropriate status and t rend moni toring 

is  carried out in terrestr ial,  aquatic , coastal  and mar ine environments over 

required t imeframes. New technology and data dissemination – web 

developments/mobile apps/video/YouTube. With the ever increasing power,  

f lexibi l i ty and accessibi l i ty of  computing power and data i t  should be possible to 

enable stakeholders to not only have visibi l i ty of  raw data but  also to have the 

abi l i ty to interpret, use or  combine data in ways that enable faster  and smarter 

interpretat ions,  understanding and therefore decision making. 

Bui ld,  for  example,  on the work with counci ls,  ref . www.landandwater.co.nz ,  e.g.  

under water  qual i ty, which enables access to data but also shows scope for  

improvement in usabil i ty and accessibi l i ty for non-technical users.   
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Theme 4 

Determine which tools and approaches for ecosystem health monitoring New Zealand should 
use and deploy them 

Importance 
to New 
Zealand 

The National River Water Qual i ty network has provided a good picture of changes 

in water  qual i ty in a selection of New Zealand’s larger r ivers over more than 

2 decades.  Smaller  r ivers,  lakes and coastal environments have largely been 

over looked.  

New tools and approaches wil l  help ensure that  New Zealand can carry out  the 

moni toring needed to determine how the values and services that are provided by 

our freshwater and coastal ecosystems are being maintained. 

Developments in data logging technology enable a new approach to moni toring 

including continuous measurements and molecular technology so that the 

parameters that are measured are more relevant to the decis ions we need to 

make 

Research 
components 

Cont inuous monitor ing,  for example, temperature, oxygen, coastal monitor ing 

buoys, and associated data distr ibut ion and maintenance.  

New instrumentation as wel l  data communication approaches mean that we are 

now in a better posit ion than ever before to capture the data required. Molecular  

methods, e.g. MST (Molecular Source Tracking). 

The development and, where necessary, the refinement of  molecular methods wil l  

s ignif icant ly improve New Zealand’s abi l i ty to determine the causes of problems 

and therefore to correct ly ident ify the appropr iate react ion to take (see e.g. 

ht tp: //www.cawthron.org.nz/aquatic-biotechnologies/microbial-source-

tracking.html ).  Link ing moni tor ing parameters with key ecosystem services. 

Understanding which parameters are cri t ical in understanding ecosystem services 

and when and where they should be monitored. Enabl ing proof that  our export  

products are produced in a healthy environment.  Systems and processes are 

increasingly required to sat isfy export market  requirements for  environmental ly 

f r iendly/sustainable product ion methods. New Zealand has led the world in 

pr imary sector product ion ef f ic iency and could also lead the world in the 

development of systems and processes to veri fy production methods to end 

customers/consumers. Such systems and processes wi l l  be of  huge value not only 

to our own pr imary sector but  could also become expert earners in their  own r ight  

as they could be applied and used by the primary sector value chain wor ldwide. 

Comments We welcome the opportunity for  experts f rom our staff  to be act ively involved in 

the development of this or  related chal lenges,  or in reviewing suggested 

challenges.  
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Entry ID 434 

Promote the sustainable use of the New Zealand’s marginal agricultural lands 
and protect the quality, supply and image of New Zealand’s high-value products 

and allow the development of regional industry clusters. 

Summary The goal is to increase benef its  for  New Zealand from our plants. Themes inc lude 

developing chemical typing processes to authent icate New Zealand manuka honey 

products and el iminate mislabelled products,  establishing t r ial  leptospermum 

plantat ions in r ipar ian margins and monitor ing improvements to water quali ty,  

whi le generating honey der ived income for land owners, develop bee hive 

management strategies that  minimise contamination of  honey products and 

improve the image of New Zealand honey products internat ional ly, creat ing 

sustainable c lusters of  employment in rural regions based on New Zealand 

endemic plant species 

Theme 1 

Authenticity of product involving sample collections by industry:   

To ensure that honey that is labelled as originating in New Zealand has been sourced from 
New Zealand, an independent collection of a New Zealand wide set of  reference honey 

samples is necessary.  These samples can be used to create sets of data that allow chemical 
typing and identif ication of the honeys 

Importance 
to New 
Zealand 

The New Zealand Manuka honey industry is coming under at  increased pressure 

f rom opportunist marketers exploi t ing publ ic goodwil l  towards the Manuka brand. 

To ensure the on-going heal th of the industry, i t  is  perceived that  chemical  typing 

of  genuine New Zealand product is  necessary to identi fy and el iminate mislabelled 

products.  The Manuka honey industry current ly has a retai l  value in the order of 

NZD$100 mi l l ion however this f igure could rapidly be undermined wi thout a robust  

set of  identif iers. 

In association with this work, i t  would be prudent to protect  other emerging 

markets in New Zealand special i ty honeys for the good of the entire industry. 

Research 
components 

Development of  independent honey col lection with the beekeeping industry 

throughout New Zealand where f loral  source is  ident if ied. 

1-  Identif icat ion of f loral  markers 

2-  Collection of  nectars from pr incipal f loral sources to establ ish chemical  l inks 

wi th honeys with New Zealand universit ies. 

Theme 2 

Leptospermum plantations, improving New Zealand environmental  image: 

Leptospermum plantings in riparian margins with other suitable indigenous plant species are 
most likely to signif icantly limit or even eliminate agricultural run-off.  The establishment of 
tr ial  plantat ions and the monitoring of improvements to water quality would demonstrate the 

value of this model 

Importance 
to New 
Zealand 

The New Zealand agricultural sector current ly receives a degree of  adverse 

publ ici ty regarding current farming practices. Whether this  perception is correct , i t  
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would be t imely to research and promote our management strategy for r ipar ian 

margins that would improve water quali ty as well  as generate honey der ived 

income for  land owners. 

Research 
components 

Establishment and monitoring of  Leptospermum and other species in r ipar ian 

margins to quant ify improvements in water quali ty. 

Theme 3 

Sustainable bee management and product quality: 

To develop a bee management strategy that eliminates the need for cane sugar syrup and 
protein supplements feeding to improve the quality of  product or industry 

Importance 
to New 
Zealand 

Internationally New Zealand honeys have recently received a reputation for  

adul teration with cane sugar syrup. Whils t there is not  much evidence that a 

del iberate post-harvest adul teration occurs,  there are indications that the current  

management of beehives throughout the industry promotes contamination of 

products.  New Zealand honeys are marketed internationally under the image of 

pur ity and undermining this concept has a detr imental  ef fect on honey industry as 

a whole and the general perception of  New Zealand. 

Research 
components 

Treatments of hives wi th a range of management strategies to ident ify methods 

for successful  honey harvest  el iminat ing ar t i f ic ial feeding regimes. 

Theme 4 

Development of economically sustainable opportunities in regions 
The development of self-support ing economic clusters of opportunit ies around endemic plant 

species 

Importance 
to New 
Zealand 

In many rural regions of  New Zealand there has been a consistent  dr i f t  of the 

population to the larger centres.  This has left the aging remnant populat ion 

al ienated because of  the lack of local  opportunit ies for  the younger generat ions.  I t  

may be possible to create sustainable c lusters of  employment us ing s imple and 

t ransferable technologies and captur ing the values exhibi ted by the New Zealand 

endemic plant species.  Classic examples of  this would be harvesting the essential 

oi ls present in a range of the New Zealand Myrtaceae species and this approach 

could be coupled to ski l ls improvement around farming,  business and land 

management. I t  may also be that  such c lusters would br ing about environmental 

improvements in regional  bases. 

Research 
components 

Establish yields and bioactivit ies of extract ions f rom a range of New Zealand 

plants. 

-  To determine suitabi l i ty of  plantation of  the selected New Zealand plants. 

-  Select ion of variet ies that  exhibit elevated levels of desired compounds. 

Research 
Gaps and 
Opportunities 

Theme 1: For the data from a study such as this independent and credibi l i ty of the 

col lect ion and subsequent analysis  is essent ial.  Current ly the industry recognises 

the need for accurately descr ibing honeys however on-going col lections over 

three years would al low seasonal variat ions to be descr ibed. 

Theme 3: Currently, the industry has not  addressed the on-going problem of  

contaminants in products. 
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Theme 2: Leptospermum is not current ly being tr ial led on a large scale in these 

environments. 

Theme 4: Whils t many New Zealand plants have been examined for extractives,  

the low tech commercial  appl icat ion has not  been examined. 

Comments Theme 1: Unique Manuka Factor Associat ion is af f i l iated with the research 

undertaken under theme 1. 

 
 
 

Entry ID 435 

Urea production from wood waste 

Summary The goal of this proposal  is to manufacture urea from carbon based material 

( including the three grades of coal, natural gas and from wood waste to export 

green urea at a premium pr ice.   Suggested research inc ludes:  l i terature/web 

search, contact  with people discovered in the l i terature search, calculation of the 

t rue cost-benefit  to New Zealand, laboratory tr ials,  pi lot  plant.  
 
 
 

Entry ID 454 

Land, Water and Coasts - “Achieving integrated management of land, water and 
coasts, which incorporates the connections between them and leads to 

productive resource use and sustainable, healthy ecosystems.” 

Summary (This submission was 4000 words and mainly summarised here.)  The goal is 

integrated management of land, water and coasts leading to productive resource 

use and sustainable ecosystems. Themes include increased resource product ivity 

for land and water use whi le enhancing environmental quali ty; e.g.  improving 

i rr igation technology,  invest igat ing aquifer  recharge, improving management of 

connection between land use and f reshwater  to increase productivi ty and enhance 

water quali ty, e.g. develop ecological models, improving productive and native 

f isher ies by enhancing the habi tat  that supports them, e.g.  determining catchment 

discharges to r iver  mouths and coastal waters,  identifying barriers to f ish 

migration, high quali ty dr inking water for al l  New Zealanders, e.g. determining 

source and pathway of contamination, invest igat ing algal  blooms in water supply,  

establishing a monitoring system for  integrated land, water and coastal 

management, e.g. defining a sustainabi l i ty performance framework,  incorporating 

matauranga Māor i indicators, developing cost-effective rehabi l i tat ion techniques 

for land, water and coastal environments, e.g. restorat ion goals for aquatic  

environments, recreat ion of  wetland environments,  ident ifying governance and 

organisat ional  arrangements that fac i l i tate integrated resource management and 

incentivising sustainable approaches,  e.g.   national frameworks for  water  

governance, crown/ iwi governance models  
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Theme 1 

Increased resource productivity for land and water use while enhancing environmental 
quality. 

Importance 
to New 
Zealand 

Water avai labi l i ty is  becoming the l imit ing factor for fur ther agricultural 

productivity gains from irr igated agr icul ture.  Also the cumulative adverse ef fects 

upon water  qual i ty,  indigenous diversity and aquatic  ecology health from land use 

intensi f ication are becoming a l imit ing factor in further land use intensif ication. 

Strategic studies l ike the Canterbury Water Management Strategy have identif ied 

the high cost  of storage and sustainabil i ty issues associated with mainstream 

storage. The seven possible storage projects in Canterbury have been estimated 

to involve a capi tal expendi ture of $5.2 bi l l ion.  However the strategic studies have 

also shown that  there are substant ial inef f iciencies associated with current water  

management systems. The potent ial  improvements in eff ic iencies are associated 

wi th i rr igation technology,  managing ir r igation appl icat ion to soi l  moisture 

demand, ir r igation water distr ibution,  increasing rel iabi l i ty of  supply and use of  

sur face water for irr igation (or aquifer recharge) in the upper catchments to 

enhance recharge. Irr igat ion inef f ic iency is also related to increased runoff to 

sur face water and leakage to groundwater . There is  a substantial  opportuni ty cost 

associated with ir r igat ion inef f ic iency in terms of  lost resource productivi ty.  There 

is  also a substant ial  environmental cost and loss of ecosystem services from 

ineff icient use of water.     

Research 
components 

1. Improve water  use eff ic iency: Eff iciency gains can be achieved through 

improved i rr igation technology;  bet ter management of irr igat ion application in 

relat ion to soi l  moisture,  crop type and rainfal l  availabi l i ty; irr igat ion 

distr ibution systems; rel iabi l i ty of  supply; and enhanced recharge through 

greater use of  sur face water  as the source of  ir r igation in upper catchments. 

2. Develop measurement technology to support improved management of  water  

and its  effects:  The eff ic iency of irr igat ion can be improved by better 

management. However for the bet ter management to occur more robust  

measurement is  needed to make informed decisions (e.g. soi l-moisture 

measurement). Similarly wi th managing adverse ef fects there is a need for 

improved measurement with feedback to prevent ongoing contaminat ion (e.g. 

warning devices when eff luent  storage is approaching overf lowing). 

3. Increase resource productivi ty:  Much of  current research is  focussed on 

increased product ion rather than increased productivity. With water  as the 

constraining factor in much of New Zealand decisions should be based on the 

resource product ivity of  water use.  

4. Investigate aquifer recharge:  Prel iminary investigations indicate that  aquifer 

recharge is about two/thi rds the cost of sur face storage; involves less r isk of 

dam fai lure and reduces evaporation losses. The lack of sc ient i f ic 

investigations of  i ts feasibi l i ty is l imi t ing fur ther consideration of this  cost  

ef fect ive alternative to surface storage. 

5. Develop consent arrangements to fac i l i tate eff ic iency:  RMA consent 

condit ions are designed for  plac ing upper l imits  on use and impacts of use.  
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There is  a need to develop consent ing arrangement that  fac i l i tate water  use 

ef f ic iency and minimisation of effects.  

Research 
Gaps and 
Opportunities 

Rel iable f ield measurement of water use ef f ic iency and improvements achieved by 

technology and management changes in water use eff iciency is  a gap. This 

includes the integration of  meter ing of use with soi l  moisture measurement,  crop 

type, and soi l  type. I t  also includes the integration of  i rr igation equipment 

ef f ic iencies and application rates. 

The f ield testing of  aqui fer recharge methods to ascertain their practical i ty. While 

ineff icient i rr igation indicates the occurrence of  aquifer  recharge, more systemat ic 

measurement is  needed for  the design of aquifer recharge as a means of storage. 

Resource productivity analys is. There is a need for an analyt ical  framework for  

systematic  analys is of potent ial  improvements. 

Compatibi l i ty of farming act ivi t ies for  a region’s cl imate and geography. 

Broader sustainabil i ty analyses of water s torage opt ions. Assessments of  

environmental ef fects tend to focus on downstream ef fects on f low and ecology. 

However damming of  r ivers and diversions of  water  have impl ications for nutr ient , 

sediment and trace element cycles on a broader scale such as coastal 

environments with the potent ial  wide-ranging regional and even national effects. 

Themes 2-7 

Land use, groundwater and surface water interactions 

Catchment and coastal  waters interactions 

High quality drinking water for all  New Zealanders 

Nested system of sustainability performance indicators for integrated land, water and 
coastal management 

Remediation and rehabilitation techniques for land, water and coastal  environments and their 
interconnections 

The institutional arrangements and behaviour changes to facili tate integrated management 

Research 
goals 

To improve management of  connect ions between land use and freshwater for 

increased product ivi ty of land and water use, enhanced water quali ty and aquatic  

ecosystems, and greater achievement of social  and cul tural values associated 

wi th land and water. 

To improve product ive and native f isheries by enhancing the habi tat that  supports 

the f isheries and reducing the adverse ef fects of contaminants, reduced f lows, 

barriers and habitat loss f rom land and water use. 

To protect the heal th and safety of people and communit ies by promoting 

adequate supplies of  safe and wholesome drinking water f rom al l  dr inking water 

supplies. 

To establ ish a system of moni tor ing that ref lects the economic, environmental,  

social and cultural wel l  being for land,  water  and coasts and their 

interconnections over mult iple spat ial  and temporal  scales. 
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To develop cost-effective techniques for rehabi l i tat ing and remediating land, 

water and coastal systems for improved product ivi ty and enhanced indigenous 

diversi ty and ecosystem resi l ience. 

To ident ify governance and organisational arrangements that faci l i tate integrated 

resource management and incent ives for behaviour change to adopt and 

implement sustainable approaches. 

Comments Further to the goal of  theme 1:   

1) . We need to enhance and expand exist ing tools for environmental data 

assimilat ion environmental sensors,  GIS, LIDAR, environmental sensor and 

environmental and economic model applications; 2). Link exper imental research 

programmes in the environment to pol icy development and end-user requirements 

3.  Integrat ing the data obtained in (1)  to provide an open data inventory and sui te 

of  models to greatly increase knowledge of the l inks between the natural 

environment and agr icul tural  productivity  

 
 
 

Entry ID 398 

To have an integrated suite of environmental tools which are used for benefiting 
all New Zealanders through optimising agricultural productivity whilst being 

used to enhance biodiversity and optimise water quality  

Summary This chal lenge proposes to develop an integrated suite of environmental tools 

which wil l  enable us to optimise agr icul tural  productivi ty whilst  simul taneously 

enhancing biodiversi ty and water quali ty. Research themes include enhancing 

environmental sensing and economic model l ing appl ications so that they 

seamlessly assimi late the vast amount of relevant data which is generated. 

Enhancing and innovating exper imental programmes to address specif ic  

challenges for  improving ef f ic iency,  optimising biodivers ity and minimising 

nutr ient losses in agr icul tural systems. Integrating these programmes so that they 

provide information on best  value for  money in the appl icat ion of environmental 

mit igat ions and provide whole-of- landscape ef f iciencies that  opt imise agricul tural  

productivity whils t concurrent ly providing suitable ecological connectivity to 

achieve biodiversity and water quali ty goals. 

Theme 1 

To have an integrated suite of environmental tools which are used for benefiting all New 
Zealanders through optimising agricultural  productivity whilst  being used to enhance 

biodiversity and optimise water quality  

Importance 
to New 
Zealand 

New Zealand faces one of i ts greater  ever environmental challenges; how to 

opt imise agricultural product ivi ty whi lst  preserving and enhancing the natural 

capital ,  biodiversity and ecosystem services inherent wi thin i ts  unique 

ecosystems. Failure to meet this challenge wil l  compromise New Zealand’s global  

compet it iveness through restr ic t ions in agricultural production both at a regional  

level and in overseas markets. Furthermore, fai lure to act decisively wil l  drive 
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increasingly acute environmental legacies as poor land-use practices accrue costs 

for future generat ions.  I t  wi l l  lead to loss of credibi l i ty for our environmental 

branding ( ‘green New Zealand’).  World leading science is integral to achieving the 

overarching environmental object ives for this  chal lenge. The benefi ts relate to 

cr i t ical aspects of the environmental,  social and economic capi tal of New Zealand.   

Research 
components 

1. Enhancing exist ing remote sensing, GIS, LIDAR, environmental sensor and 

environmental and economic model applications so that  they seamlessly 

assimilate the vast  amount of environmental data that is available from these 

tools.   

2.  Enhancing and innovating exper imental programmes to address specif ic 

challenges for  improving ef f ic iency,  optimising biodivers ity and minimising 

nutr ient losses in agr icul tural systems.   

3.  Integrat ion of these programmes so that they provide informat ion on best value 

for money in the applicat ion of environmental mi t igat ions and provide whole-of-

landscape eff ic iencies that optimise agr icul tural  productivi ty whi lst  concurrently 

providing sui table ecological  connectivity to achieve biodiversity and water quali ty 

goals.   

Examples of the way in which the science tools can be integrated and reinforce 

the catchment-based design includes, for example:  •use of LIDAR, remote sensing 

and environmental  models (OVERSEER) to identify cri t ical source areas on 

agr icul tural  landscapes where soi l  and nutr ient  loss is greatest; •use of 

environmental models (e.g.  exis t ing lake models or r iver  models)  to plan a l imit-

based approach for  meeting minimum environmental  goals on a catchment-by-

catchment basis,  beginning with those catchments that  are most at  r isk f rom 

intensive agr icul tural  development. •making sure that there is not  a discont inui ty 

wi thin catchments where agr icul tural  intensi f icat ion is being supported through 

publ ic money concurrent ly wi th restorat ion measures at  the bottom of the 

agr icul tural  landscape (e.g. , in lakes),  also funded with publ ic money.    

Research 
Gaps and 
Opportunities 

New Zealand has developed leading science programmes in Geographic 

Informat ion Systems (GIS),  remote sensing, LIDAR for  land surface elevation 

mapping, sensor system and networks, and environmental models. I t  also has 

leading programmes in exper imental  research to benef it  the environment and 

agr icul tural  productivity.   Each of these methods or  tools has been applied in a 

somewhat ad hoc fashion in terms of their integration at whole system scale 

al though there have been excel lent applicat ions and del ivery of  some products 

(e.g.,  the environmental  model  ‘OVERSEER’ or  the GIS database ‘Land 

Informat ion New Zealand’).   The dif f iculty is that these applications do not have 

the cr i t ical mass, funding or  integrat ion to achieve environmental goals and on-

ground act ions.   The rapid development and appl icat ion of these tools in recent 

years now offers a major opportuni ty to l ink them together and exponent ial ly 

increase environmental informat ion.  The integration of  the information from each 

of  these tools wi l l  al low for planning and engineer ing of  landscapes so that  they 

are productive, biodiverse and eff icient in their recycl ing of  materials such as 

nutr ients and sediments.    
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Comments Further to the goal of  theme 1:   

1) . We need to enhance and expand exist ing tools for environmental data 

assimilat ion environmental sensors,  GIS, LIDAR, environmental sensor and 

environmental and economic model applications; 2). Link exper imental research 

programmes in the environment to pol icy development and end-user requirements 

3.  Integrat ing the data obtained in (1)  to provide an open data inventory and sui te 

of  models to greatly increase knowledge of the l inks between the natural 

environment and agr icul tural  productivity  

 
 
 

Entry ID 469 

Balancing increased agricultural production and environmental concerns 

Summary The goal is to improve the ef f ic ient and ef fect ive use of  inputs required to deliver  

high quali ty primary products whi le protect ing the environment that  underpins 

future product ion endeavours. Themes include 1.  Adding value to primary exports, 

2.  Reducing impact on the environment,3. Impacts of cl imate change, 4. Wel lbeing 

der ived from the environment. Measurable outcomes include improvement of New 

Zealand’s ranking on the Environmental Performance Index and increase in yield 

per uni t of  ni trogen lost  to the environment 
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5 Marine Resource Management 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 3: Summary of proposed challenges and themes  

Entry 
Id 

Challenge Themes 

273 An extreme endurance, mul t i-

tasking,  oceans information 

gathering network. I ts primary 

miss ion is Fisheries 

Protection but  is  also capable 

of  environmental  monitoring,  

survey and scienti f ic 

research,  search and rescue, 

nat ional  and regional 

defence. 

1. The construction and production of extreme 
endurance, autonomous robot ic ocean going 
craft.   These are the key l ink in the proposed 
system. They offer a mult i tude of small,  geo-
synchronised, f ield replaceable informat ion 
gathering uni ts 

2. The construction and production of autonomous 
robotic  aircraft .  These craft  are a vi tal  l ink in the 
proposed system that of fer a mult i tude of small,  
f ield replaceable information gather ing and 
communication relay uni ts 

3. A robust  communications system with l inked 
sensor arrays, capable of independence f rom 
satel l i te based systems 

419 Understanding, preserving 

and benef it ing from our 

Exclusive Economic Zone 

1. Ensure New Zealand has suf f ic ient knowledge to 
make and monitor sound decisions in the EEZ 

2. As a nat ion we need to understand the range of  
potential approaches to secur ing economic 
benef it  from the EEZ. Without this understanding 
our abi l i ty to make opt imal decisions wi l l  be 
compromised 

3. Establish a New Zealand specif ic  management 
f ramework for the EEZ. The framework must 
enable smart decisions to be made effectively 
and eff ic iently, bear ing in mind the s igni f icant 
scale of  the EEZ compared to the current size of 
New Zealand’s economy and therefore i ts  
capacity to manage such a system 

426 Wealth and stewardship of 

our oceans - 95% of the New 

Zealand estate is under 

water, making i t  one of the 

largest  ocean estates in the 

wor ld  

1. Understanding New Zealand’s undersea mineral 
resources and how to minimize the impacts of 
their extraction 

2. Food from the sea: sustainable ocean 
ecosystems 

3. Management of coastal  and estuar ine habitats: 
understanding the impacts of mul t iple stressors 

458 Increased Wealth from and 

Stewardship of our Oceans: 

Goal : Accelerate development 

1.Environmental ly sustainable extract ion of  marine 
geological resources  

2.  Growing seafood product ion and value 
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Entry 
Id 

Challenge Themes 

and extraction of wealth from 

New Zealand’s marine 

resources,  while maintaining 

the diverse range of  

ecosystem services that  our 

vast oceanic region provides. 

3.  Anticipat ing the effects of  ocean change 

4.  Managing mult iple-uses of  the marine 
environment 

 
 
 

Entry ID 273 

An extreme endurance, multi-tasking, oceans information gathering network. Its 
primary mission is Fisheries Protection but is also capable of environmental 
monitoring, survey and scientific research, search and rescue, national and 

regional defence. 

Summary This chal lenge proposes to research the product ion of highly durable, robot ical ly 

control led,  ocean-faring vessels that wi l l  al low the government to ef f iciently 

perform a mult i tude of tasks that  maximise New Zealand's presence in our 

surrounding waters. Tasks performed by these vessels might  include sc ient i f ic 

research,  f isheries protection,  and search and rescue. Construction wil l  need to 

combine several new and exis t ing technologies, with extensive R&D into the use 

of  advanced composite materials, robot ic systems, and communication relays. 

Theme 1 

The construction and production of extreme endurance, autonomous robotic ocean going 
craft.   These are the key l ink in the proposed system. They offer a mult itude of small , geo-

synchronised, field replaceable information gathering units 

Importance 
to New 
Zealand 

Extreme endurance, low maintenance information gather ing tools that  can be 

mass produced offers a cost  ef fective way to extend government presence into 

the oceans both nationally and regionally.  Activit ies inc lude environmental 

moni toring, survey and scient i f ic research,  f isheries protect ion, search and 

rescue, national and regional  defence. These mult i task ing craft  thus offer a wide 

var iety of benefi ts to nat ional  government ministr ies and regional council  bodies,  

saving costs by removing dupl ici ty of operations, al lowing coordinated 

mult i task ing operat ions and maximising information shar ing opportunit ies, whilst  

of fering large amounts of  fact based data on which to make sustainable pol icy 

decisions.  Operation of  these craf t can be integrated into exis t ing organisations 

such as NIWA, GNS and the NZDF, saving costs by al lowing exist ing assets to be 

focused on their pr imary tasks, part icularly relevant to the f isher ies protection 

role. I t  is a true capabil i ty mult ipl ier based on indigenous logist ical s trength.  Both 

craft and system is  exportable. A primary capabi l i ty is solving the issue of  

f isher ies protect ion.  I l legal f ishing for Pacif ic  nat ion states is current ly estimated 

to be around two bi l l ion US dollars per annum in lost revenue and this f igure wil l  

continue to r ise.  There is currently no effective long term solut ion to this problem.  
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These craf t include a range of high end technologies,  components of which can be 

exported without compromising the secur ity of the system as a whole. Exports to 

al l ied nat ions and integrat ion into their systems of fers trans-national cooperat ion 

and foreign policy benef its.    

Research 
components 

These robot ic craft  combine several  exis t ing and emerging technologies.   

Research and development of advanced composite materials and their 

construct ion techniques in New Zealand are recognised as wor ld class. This is 

part icularly true in the marine industry where current  composi te construction 

techniques are seen as being at the leading edge of this industry.  The Centre for  

Advanced Composite Mater ials  at Auckland Univers ity and IRL are current ly 

operating in this  area.   This craft is designed to uti l ise art i f ic ial  muscle 

technology as a method of propuls ion.  This incorporates the f ield of hybrid and 

intel l igent mater ials , many of which have appl ications in a variety of industr ies. 

Work is current ly underway in New Zealand in this area,  part icularly in Univers ity 

medical research laboratories.  The incorporation of a hybrid power system, 

ut i l is ing hydrogen, solar and wave energy are al l  areas that  have received 

at tent ion in New Zealand research. This is part icular ly true in the long standing 

research projects f rom the Chr istchurch branch of  IRL.  Robot ic autonomy has 

several important aspects which are currently being undertaken in New Zealand. 

These range from data storage and processing power to hierarchical  decis ion 

making processes and situat ional  awareness in the mar ine environment. Many cal l  

this century " the robotic age" and robotic systems, part icularly autonomy, wi l l  be 

at  the heart  of  these developments and emerging industr ies.   

Theme 2 

The construction and production of autonomous robotic aircraft . These craft are a vital l ink 
in the proposed system that offer a mult itude of small , f ield replaceable  information 

gathering and communication relay units 

Importance 
to New 
Zealand 

Autonomous aircraf t are the fastest growing sector in the aerospace industry. 

These craf t are of  an ideal scale that  New Zealand industry is real is t ical ly capable 

of  achieving global  market  t ract ion.  The vast scale of New Zealand's marit ime 

regional  responsibi l i t ies can only be adequately monitored from the air.  This can 

be achieved by a mult i tude of smal l airborne robot ic systems. I t  is the only 

f inancial ly real ist ic method capable of achieving this task.  Automated aircraft 

of fer operat ional  capabi l i t ies comparable to exist ing systems but  at reduced cost . 

This is  part icularly relevant to an aging f leet  of aircraf t that wi l l  soon require 

replacements cost ing substantial f igures.  Operations can inc lude a range of tasks 

include environmental moni toring, survey and scienti f ic  research, f isheries 

protect ion, search and rescue, nat ional  and regional defence. Thus saving costs 

by removing dupl icity of  operations, al lowing coordinated mult i task ing operations,  

maximis ing information shar ing opportunit ies, offer ing fact  based data  on which 

to make sustainable policy decisions.  This inc ludes a mult i tude of benefits  for  a 

var iety of national government ministr ies and regional  council  bodies.   Operations 

of  these craft can be integrated into the exist ing organisations. I t  is a true 

capabil i ty mul t ipl ier  based on indigenous logist ical st rength.  The craft  include a 

range of  high end technologies which can be exported global ly without 
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compromis ing the security of  the system as a whole. This inc ludes al l ied nations 

and integrated into their systems offering trans-nat ional  cooperation and foreign 

pol icy benefi ts.    

Research 
components 

Autonomous aircraf t are already operational in New Zealand. We have aircraf t 

capable of achieving designated tasks in this informat ion gather ing system. 

Nevertheless there are several areas of  research and development that  wil l  offer  

increased capabi l i ty to exist ing systems as well  as open export  market  potential ,  

capital is ing on this  rapidly growing aerospace sector .  Hybrid power systems, 

part icularly solar electr ic systems to offer increased ef f ic iency and endurance 

over exis t ing systems. Part icularly relevant to development of ultra-thin solar 

arrays and energy storage systems.  Acoustic control  of  engines and propel lers 

for stealthy operations.  Use of intel l igent,  hybrid materials and smart systems, 

part icularly in sel f repair ing composites and shape morphing materials for 

increased endurance, rel iabi l i ty and stealthy operat ions.  Further development of  

autopilot systems, part icular ly in the realm of "swarm",  mult i -uni t operations, 

expands potential application of mul t iple smal l units on specif ic tasks such as 

search and rescue or disaster rel ief operations.  Enlarging data storage capacity 

and computat ional  power wi l l  al low these systems bet ter tools for  analysis and 

pre-communicat ion processing thus ensur ing maximum ef f ic iency,  clari ty and 

accuracy of data which is transmitted. This wi l l  also assist in eff ic ient  and rel iable 

self determination during operational procedures.  Advancing sense and avoid 

technology, the heart of  which al l  safe airspace operat ions hinge and an area 

of fering substant ial rewards in the global  market.    

Theme 3 

A robust communications system with linked sensor arrays, capable of independence from 
satelli te based systems 

Importance 
to New 
Zealand 

As New Zealand does not have its  own satel l i te system, i t  therefore rel ies on 

other nations satel l i tes for many important communicat ion tasks.  In a recent 

review our nat ional  search and rescue organisat ion has highl ighted both the 

operational vulnerabil i t ies of  this rel iance and the high cost of use.  From a 

Defence operations point of  view this  vulnerabi l i ty is  also exacerbated by the 

rapidly growing range of technological hardware, part icular ly f rom some Asian 

nat ions,  that is  aimed at mi l i taris ing space. Any system rel iant on satel l i tes for 

communication or mi l i tary command and control systems wi l l  hold a tenuous l ink 

in t imes of  large scale regional  confl ic t.   I f  New Zealand is able to develop a 

robust system that is not  rel iant  on other nations satel l i te systems we wi l l  be 

bet ter able to enhance the opportuni ty for a low cost,  indigenous al ternat ive that 

is  focused on  pr iori t is ing sol id l inks within our region of national interest.  

Development of  a national wireless system capabil i ty would enhance the potent ial  

of  remote sensing for  a variety of tasks, from environmental moni toring to remote 

industry operations such as wind farms.  The establishment of semi-permanent 

sensor arrays wi l l  offer substantial cost savings and increases in information 

gathering productivity compared to exis t ing methods, part icular ly in dif f icul t or  

remote environments.   Having sensor arrays on geo-synchronised sea craft  means 

this potent ial can be easi ly redeployed and thus cover vast  areas,  simul taneously,  
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wi th great accuracy.   Developing an al ternative communication and remote 

sensing system would offer  potential  system export  opportuni t ies to small,  poor or  

emerging nat ions. 

Research 
components 

The proposed system is easi ly capable of l ink ing into satel l i te systems. It  is  

intended that  satel l i tes are a fourth t ier  of communicat ions in this information 

gathering system.  What is suggested here is to develop a system that can st i l l  

operate effectively wi thout the necessity of  having this l ink and therefore offer  an 

extremely robust , rel iable and ult imately cheaper al ternative.  The proposed 

system has mult iple l ines of  communicat ion,  between al l  the craf t in the system, 

both ai r and sea based, with any air,  land or sea based command and control  

centre.  Ensuring the rel iabi l i ty of  these communicat ion l inks is  the f irst prior i ty for  

this area of  research and development.  Once this communicat ion system is  

robust,  the inclusion of satel l i tes in the system wil l  be optional rather than 

mandatory. The SERC organisation at  Canterbury Universi ty and IRL are ideally 

placed to pursue this task.  Research and development into the operation of 

ocean based sensor arrays,  along with the SWARM operation of mult iple sea 

based craf t is al ready in progress. Further work in this area wi l l  ideally be as a 

joint  venture between Austral ia's  CSIRO, who already have considerable 

exper ience in this  f ield,  IRL and Well ington's Victoria Univers ity. 

Comments  With an exponent ial growth in the wor ld’s  population,  increasingly l imited 

resources,  chal lenges of global  warming and environmental damage from over 

extract ion, the issue of Fisher ies Protect ion wi l l  increasingly grow more acute.    

Our Pacif ic neighbours are already under severe economic pressure f rom losses 

of  their primary resource asset. As these losses grow they wi l l  increasingly rely 

on the aid of other nations.  Inevitably those countries wil l  be forced to seek 

greater assis tance and with that  wil l  grow the inf luence of outside nat ions in their 

economic and poli t ical self determination.  As those Paci f ic  Nation's s tocks 

decl ine the focus for more f ishing resources wi l l  move south.  We currently have 

no comprehensive, long term solut ion to this threat  and therefore no adequate 

tools to ensure a strong, sustainable oceans governance pol icy.   I f  we cannot 

convincingly maintain an ef fect ive role in protect ing the extended economic zones 

granted by the United Nations, not  only may our own resource opportunit ies be 

threatened but  we may also forfeit  our exclus ive r ights to these terr i tor ies of 

seabed.  Addit ional ly, i f  we wish to ut i l ise these terr i tor ies for  our own nat ion, be 

i t  for f ishing or  mineral extraction, there is an increasingly urgent need to gain 

sc ienti f ic  data on which to base informed, sustainable policy for  our future 

management of our oceans.  Currently our capabil i t ies fal l  short of being able to 

achieve this anywhere but in the dis tant future.  The Hydra Project is a proposal  

that offers long term solut ions to these current ly intractable problems. The 

success or  fai lure of achieving these tasks wi l l  be one of the most powerful 

factors in the wealth and wel l-being of New Zealand's future. 

 
 
 



 

120 
 

Entry ID 419 

Understanding, preserving and benefiting from our Exclusive Economic Zone 

Summary This chal lenge proposes to carry out prel iminary research which is required to 

properly understand how to harvest  resources wi thin the EEZ, which wi l l  al low us 

to maximise economic benef it  at minimum environmental/ecological cost.  To 

ensure that harvests are sustainable, management strategies and l imits need to 

be developed and defined, that  consider both economic and ecological factors. 

Theme 1 

Ensure New Zealand has sufficient knowledge to make and monitor sound decisions in the 
EEZ. 

Importance 
to New 
Zealand 

Our EEZ covers more than 5.8 mi l l ion square ki lometres – more than 20 t imes the 

land area of  New Zealand. This is a very extensive area for  a relat ively small  

country to manage.  

This area contains huge potential weal th in both l iving and non- l iv ing resources – 

we have the responsibi l i ty of  ensur ing that the benefit  of these resources is  

sustained for  the long term benefi t  of  our  people. For example,  wi thin New 

Zealand’s EEZ there are signi f icant hydrocarbon and mineral reserves inc luding 

phosphates,  sulphide deposi ts and iron sands. New Zealand’s mineral and 

hydrocarbon resources are current ly conservat ively est imated to be worth 

$500 bi l l ion. However we have l imi ted knowledge of what the environmental  r isks 

of  extraction are or how to mit igate those r isks.  Within New Zealand we have 

some knowledge about deep-water species and ecosystems but  in general  our 

understanding of  these ecosystems is  inadequate.  Deep-water environments have 

immense value,  support ing sustainable f isheries ecosystem services such as 

sequester ing carbon, as wel l  as holding their  own intr insic  worth. 

I t  is cruc ial  that  we do not inadvertently ir reparably damage our EEZ. 

Research 
components 

Research component 1: Geology 

Including oi l ,  gas, gas hydrates,  minerals. 

Within New Zealand’s 200 naut ical miles of  EEZ there are s igni f icant  hydrocarbon 

and mineral  reserves.  These include hydrocarbon reserves and iron r ich mineral  

sands ( i ron sands) off the Taranaki coast,  phosphate deposits on the Chatham 

Rise, sulphide deposi ts on the Kermadec Ridge and sources of  methane gas 

hydrates.  Extraction of seabed mineral  resources has not occurred to date, but 

explorat ion of these reserves is on-going. Currently the primary offshore mining 

activi ty that is occurring in the EEZ is offshore oi l  and gas production. The oi l  and 

gas industry is New Zealand’s fourth largest export earner, generat ing 

$400 mil l ion in petroleum royal t ies in 2011. 

Research component 2: Ecosystems and ecosystem services 

Including food (f isher ies value),  cl imate regulat ion ( inc luding both carbon 

sequestrat ion and nutr ient cyc l ing) , nutr ient regulat ion (sources, l imits , quotas,  

management) , recreat ion, cultural, pharmaceut icals , chemicals.  Our EEZ also has 

intr insic and bequest values for future generations. 

Research component 3: Climate effects 
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How wi l l  the changing cl imate af fect our EEZ and the divers ity of ecosystems it  

current ly contains? 

Theme 2 

As a nation we need to understand the range of potential  approaches to securing economic 
benefit from the EEZ. Without this understanding our abil ity to make optimal decisions wil l 

be compromised 

Importance 
to New 
Zealand 

New Zealand already generates s igni f icant economic benef it  from its  EEZ and this  

could be grown s igni f icant ly.  The potent ial options could inc lude: 

-  Oil  and gas extraction 

-  Energy generat ion 

-  Mineral extract ion 

-  Fisher ies 

-  Aquacul ture 

-  Tourism 

-  Other novel ideas 

Each of these areas needs to be understood before any meaningful debate is 

possible on whether or  not New Zealand wishes to progress them. In part icular 

the cumulative effects of the various potential activi t ies must be understood if  the 

best possible decis ions are to be made. 

Research 
components 

Research component 1: Mineral 

-  How could minerals be extracted, and of the potential methods which would be 

acceptable where and why? 

-  What would be the environmental, cultural and social  impacts of  extraction be? 

-  Would extract ion be economically viable for New Zealand? 

Research component 2: Energy 

What forms of energy could be accessed? How would they be used? What would 

the impacts of  this be? 

Research component 3: Natural products ( including food) 

-  Establ ish baseline understanding of current  ecosystems 

-  Determine impacts of  extractions from that  ecosystem 

-  Determine impacts of  farming approaches 

-  Determine cumulat ive effects  

-  Determine areas of confl ict  (e.g. sentinel benthic  f isher ies habitats and seaf loor  

mining) 

Research component 4: Other potential economic benef its , including tourism 

Theme 3 

Establish a New Zealand specific management framework for the EEZ. The framework must 
enable smart decisions to be made effectively and efficiently,  bearing in mind the significant 

scale of the EEZ compared to the current size of New Zealand’s economy and therefore its 
capacity to manage such a system 

Importance 
to New 
Zealand 

Currently New Zealand does not have an EEZ management framework in place 

that enables eff icient , effect ive management and decis ion making although this  is  

being created (ref . ht tp:/ /www.mfe.govt.nz/issues/oceans/current-
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work/index.html) . I f  New Zealand is to make sound decisions on the use of the 

resources in i ts EEZ it  is cr i t ical that  a sui table management framework is 

established. 

Current adversar ial approaches are proving expensive in both f inancial and social  

senses and there appears to be s igni f icant potential for  New Zealand to establish 

a more ef fective f ramework than is typical ly evident in Westminster  style systems. 

Research 
components 

Research component 1: Assess alternat ive framework structures and determine 

opt imum for  New Zealand. 

The Resource Management Act 1991 (RMA) provides the regulatory framework for  

management of natural resources on land and in the terr i torial sea - out to 12 

naut ical miles. In order to assess whether environmental management in the EEZ 

is  adequate, the Ministry for  the Environment (MfE) has reviewed the current 

legislat ion (Marine Mammals Protection Act , Wildl i fe Act , Mari t ime Transport  Act  

and Fisher ies Act) and ident if ied gaps in the environmental management of 

exis t ing act ivi t ies. These act ivi t ies inc lude shipping, petroleum activit ies 

( including prospect ing and extraction) , laying and maintenance of submarine 

cables and pipel ines, f ishing,  scienti f ic research (biological  and non-biological),  

dumping, and prospecting for minerals.   

This analysis indicates that  there are few procedures in place for assessing the 

environmental ef fects of current activit ies past the 12 nautical mi le boundary of  

the RMA. The report  concluded that  in New Zealand’s EEZ there are no 

procedures in place for assessing the environmental ef fects of exploration or 

mining for petroleum and minerals or the cumulative effects of  these act ivi t ies.  

Proposed laws have been introduced to Par l iament that  wil l  manage the 

environmental ef fects of act ivi t ies such as mining within our Exclus ive Economic 

Zone (EEZ) and Extended Cont inental Shelf (ECS). Once passed, this 

environmental legislat ion wi l l  be the responsibi l i ty of the Environmental Protection 

Authority. Development of regulatory f rameworks and a robust environmental 

moni toring plan for  mineral exploration and extract ion are urgently needed and 

have been ident if ied as a signif icant  gap by many organisations (Straterra,  MfE, 

Mari t ime New Zealand, IPENZ and industry) . 

Research component 2: Implement regulatory f rameworks for New Zealand 

This research component would aim to develop regulatory frameworks that include 

international best practices based on environmental  r isk assessment and 

Environmental  Impact Assessment (EIA) in developing an Environmental  

Moni toring Plan (EMP) for activi t ies within our EEZ. Internat ional ly many 

countr ies have developed environmental legislat ion frameworks (both pol icy and 

sc ience based monitoring programmes) for industry sectors operat ing wi thin their 

jur isdict ion. Formalised decision frameworks are often based on r isk assessment 

matr ices for specif ic Valued Ecosystem Components. The development of 

formalised frameworks would ideally be integrated within larger scale spat ial  

planning approaches to ensure that: 

i )  ef fects of mult iple anthropogenic stressors on the marine environment are 

considered and, 

i i )  that  sensi t ive habi tats are protected when managing the expansion of mineral  
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and energy exploration and product ion activit ies within the marine environment. 

Development of  these frameworks wil l  include adapt ive management, the 

precautionary princ iple and assessment of cumulative impacts. 

 
 
 

Entry ID 426 

Wealth and stewardship of our oceans - 95% of the New Zealand estate is under 
water, making it one of the largest ocean estates in the world 

Summary The goal of this proposal  is to have a better  knowledge of the New Zealand under 

water estate in order to exploit  this weal th responsibly and sustainably. We 

understand very l i t t le about our vast mineral  resources,  and potent ial  for  food 

production.  Scient i f ic understanding is  needed to exploit  this weal th responsibly 

and sustainably The proposed research programme inc ludes the fol lowing themes:  

(1) Understanding New Zealand's undersea mineral  resources and how to 

minimize the impacts of  their extract ion -  comprehensive stocktake of sea f loor 

sediment deposits  and sub-sea oi l  and methane reservoirs,  develop measurement 

tools and predict ive models to assess how mineral  extract ion wi l l  impact on 

oceanic ecosystems etc.  

(2) Food from the seas: sustainable ocean ecosystems - assess and understand 

the factors control l ing the growth rate of  the photosynthetic  plankton at the base 

of  the food chain etc.    

(3) management of coastal and estuarine habi tats:  understanding the impacts of 

mult iple stressors,  the physical or biological impacts of  var ious activit ies, 

community involvement etc. 

Theme 1 

Understanding New Zealand’s undersea mineral resources and how to minimize the impacts 
of their  extraction 

Importance 
to New 
Zealand 

We tend to think of  New Zealand as a smal l country compr ising a few islands.  Yet  

our ocean estate occupies 5% of  the global ocean, making us a major  mari t ime 

nat ion.   Despite active scient i f ic ef for ts, the sheer scale of  this estate means that  

our current knowledge of the nature and locat ion of minerals,  oi l  and other 

hydrocarbons is very l imi ted.   A scient i f ical ly-di rected stocktake is  needed.  

Lessons from recent disasters such as in the Gulf of Mexico, or  Rena, show that  

the publ ic expect valuable marine ecosystems to be protected from harm.  

A comprehensive stocktake of sea f loor sediment deposits and sub-sea oi l  and 

methane reservoirs  must take place to better assess development options.  At the 

same t ime, we need to develop measurement tools and predict ive models to 

assess how mineral extract ion wi l l  impact  on oceanic ecosystems. 

Research 
components 

For speci f ic  resources such as oi l  and gas,  the hydrocarbon industry is  well-

advanced in i ts investment into exploration, both in New Zealand and elsewhere.   

However, this is not  the case for  other minerals, part icularly when much of the 
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seafloor  has not been comprehensively explored.   Mar ine research of this nature 

is  of  necessi ty very expensive, meaning that sc ient i f ic efforts need to be 

mult idiscipl inary and wel l  coordinated.  Modern seafloor  mapping techniques, 

together with various geological approaches, provide a mechanism for developing 

a directed approach to explorat ion. 

Scienti f ic understanding of the vulnerabil i ty of marine ecosystems to the ef fects of  

sub-sea mining is al ready wel l-developed, but each instance depends on local  

factors (e.g., water depth,  nature of reef systems, food webs).  As wi th 

explorat ion,  this  requires a coordinated,  interdisc ipl inary approach involving 

geologists, chemists, physicists and biologists.   New Zealand’s major players in 

this form of  science, the CRIs NIWA and GNS, together with their univers ity 

partners, are well  placed and actively connected to contr ibute immediately to this  

Chal lenge. 

Theme 2 

Food from the sea: sustainable ocean ecosystems. - Food from the sea is vital for the future 
of a growing global population.  The oceans represent a new opportunity for New Zealand to 

al ign f isheries and aquaculture alongside its leading strengths in agriculture, hort iculture 
and other land-based food production 

Importance 
to New 
Zealand 

I t  is est imated that  the world needs to increase food production by at least 70% to 

meet projected populat ion growth.  At the same t ime, developing countr ies 

become wealthier,  leading to increased demand for  high-quali ty protein.  As a 

country with a small  land area, New Zealand has l i t t le scope to greatly increase 

agr icul ture without increased stress on land-based ecosystems and water 

resources.   However, our  vast marine estate c lear offers the potential  for  New 

Zealand to become a major  global exporter  of seafood, just as i t  is currently a 

major  exporter of dairy products.  This can be achieved through a twin approach: 

the harvesting of wild f isher ies and the development of  aquaculture.  

Exploi tat ion of tradi t ional wi ld f isher ies needs to be based on sound stewardship 

pr inciples in which the long-term sustainabil i ty of the f ishery is maintained.  The 

potential for enhancing overal l  yield is  probably l imited,  but  there is  great  

potential for adding value through the development of innovat ive foods involving 

f ish species of low perceived market value (the kiwi frui t  approach).  On the other 

hand, aquaculture of fers the abil i ty to tai lor specif ic high value products suited to 

the market , and have greater  control over production rates. 

Both approaches to marine food product ion require sound husbandry of the 

under lying marine resources, which means looking af ter the “soi l  and pasture” of  

the sea, namely the quali ty of the water, i ts consti tuent  nutr ients, the recycl ing of  

wastes and, most important ly,  the photosynthetic plankton at  the base of the food 

chain. 

Research 
components 

Fisheries science is  now wel l-developed in New Zealand and underpins the quota 

management system.  However, this is highly focused on individual species of 

economic importance, and does not address the under lying environmental  

systems that service the overal l  ecosystem.  By analogy,  i t  is a waste of  t ime to 

farm extremely poor soi ls,  or  in areas where water supply is  unrel iable. Equivalent  
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concerns apply to ocean ecosystems and f isheries.  

Thus a research component of primary importance is to assess and understand 

the factors control l ing the growth rate of  the photosynthetic  plankton at the base 

of  the food chain.  This is the ult imate l imit  on the productivi ty of a mar ine 

ecosystem.  The factors that  inf luence this productivity are quite di fferent f rom on 

the land, pr incipal ly because phytoplankton are short l ived (< 1 day).  The 

del ivery of  nutr ients through ocean currents, and their recycl ing in the uppermost 

sur face layers of the ocean, mean that a sound understanding of  the physics and 

chemistry of a marine ecosystem underpins the abi l i ty to model  ecosystem 

response.  

Theme 3 

Management of  coastal  and estuarine habitats: understanding the impacts of multiple 
stressors 

Importance 
to New 
Zealand 

Coastal and estuarine regions are only a small  part  of  the overal l  mar ine estate, 

but  because they are visible from land, they represent the “ocean” in the eyes of  

most members of  the public.   This region is subject  to mult iple uses: food 

gathering, aquaculture, recreation, t ransport, s tructures and engineer ing and 

cultural values.   As a result ,  the nearshore region is subject to mul t iple stressors, 

and their management requires a mult ipl ici ty of compet ing interests,  not  least of 

which are personal at t i tudes towards what uses are proper and improper.  

Science is not  the only answer to the di lemma of  how to manage nearshore 

resources.   However, sc ience is necessary to understand the physical or 

biological impacts of various activit ies,  and to inform the public  about the 

consequences of di f ferent decisions.   

Predict ive model l ing is a valuable tool  that science can provide for this purpose.  

At  the same t ime, science needs to be bet ter informed about the relevant societal  

at t i tudes and needs in relat ion to the mult iple uses.   What is needed for this is a 

more coordinated sc ience-community-ci t izen approach that  integrates community 

part ic ipat ion in science programmes at al l  levels.  This is  needed to an important  

extent  in al l  three themes proposed here, but i t  is most relevant to this  part icular  

theme. 

Research 
components 

Scientis ts need to increase their engagement with local communit ies,  iwi  etc.  in 

order to identi fy the key societal  att i tudes and needs in relat ion to the various 

recreat ional , cul tural, food gather ing and commercial uses of  nearshore 

environments, part icularly to bet ter ident ify and societal concerns about human 

impacts on these environments. 

At  the same t ime, scientis ts need to fur ther develop measurement programmes 

that are simple and robust  enough that on-going assessment of the mar ine system 

heal th is not prohibi t ively expensive nor technical ly too dif f icult for local  

authori t ies and communit ies to use for  monitoring.  The arr ival of the “ internet 

age” makes possible a host  of new opportuni t ies involving the networking of  

instruments that gather data and make it  available for communit ies and authori t ies 

to use.   Bet ter coordination of such resources is needed on a national level , and 

good examples already exist  with the temperature networks operated by NIWA, for  
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example.  

This enhanced measurement programme, coupled with community involvement, 

wi l l  be greatly enhanced by the development of predict ive models to quant ify the 

impacts of  var ious human activi t ies as stressors of  coastal environments.  This is 

an important second research component of this  Theme. 

Research 
Gaps and 
Opportunities 

Both cl imate change and ocean acidif ication are extremely l ikely to have a strong 

inf luence on the product ivity of  marine ecosystems.  Therefore research into the 

ef fects of these factors is vi tal  and should be integrated into an overal l  mul t i-

discipl inary approach (wi th strong connect ion to [ i l lustrative] Challenge 7: Climate 

Change).  NIWA and i ts key partner, the Universi ty of Otago, have been leading 

providers of science in this area for many years,  with conspicuous success on 

both the internat ional  stage and nat ional ly (2011 Pr ime Minister ’s Science Pr ize) . 

Comments 95% of the New Zealand estate is under water, making i t  one of the largest ocean 

estates in the wor ld. However, we understand very l i t t le about i ts vast mineral  

resources,  and its potent ial  for  food production.  Scient i f ic understanding is 

needed to exploit this  wealth responsibly and sustainably.  

 
 
 

Entry ID 458 

Increased Wealth from and Stewardship of our Oceans: Goal: Accelerate 
development and extraction of wealth from New Zealand’s marine resources, 

while maintaining the diverse range of ecosystem services that our vast oceanic 
region provides 

Summary This chal lenge proposes to carry out prel iminary research which is required to 

properly understand how to harvest  resources wi thin the EEZ, which wi l l  al low us 

to maximise economic benef it  at minimum environmental/ecological cost.  To 

ensure that harvests are sustainable, management strategies and l imits need to 

be developed and defined that are considerate of  both economic and ecological 

factors.  

Theme 1 

Environmentally sustainable extraction of marine geological resources  
Goal:  Through Government, industry and community collaboration, discover the full  extent of 

petroleum and mineral resources within our EEZ, and advance extraction methods that 
minimise and mit igate environmental impacts while maximising economic return 

Importance 
to New 
Zealand 

In 2009, the United Nations Law of  the Sea (UNCLOS) confi rmed New Zealand’s 

jur isdict ion over an area of 5.6 mi l l ion km2 of Exclusive Economic Zone (EEZ) and 

Extended Cont inental Shelf  (ECS),  one of the largest mar ine terr i tor ies in the 

wor ld. I t  is estimated that this region contains many bi l l ions of dol lars of 

petroleum and mineral resources, most largely unexplored for and yet  to be 

quant if ied.  For this endowment to be accessed for  the benefi t  of al l  New 

Zealanders there is a need to provide cri t ical resource data to at tract prospective 

explorers, and to provide information to Government to al low them to make sound 
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l icensing decisions and enact ef fect ive regulatory policy.  

There is  much yet  to know regarding the petroleum prospectivity of the sub-

seafloor  sedimentary basins that  comprise 30% of  the zone, before they can 

become targets for explorat ion and, ult imately,  petroleum extract ion.  Similarly, the 

extensive seaf loor mineral  deposits  must be better mapped and their  format ion 

understood to reduce exploration r isk. Commensurate with these invest igat ions,  

there is an obligation to acquire baseline knowledge and develop predict ive 

models to assess the potent ial  ecological  and environmental impact of  any 

extract ive process being considered.  Research that provides useful  information 

for the management of r isks associated wi th deep-sea dri l l ing, and the fragi l i ty of  

marine ecosystems, is a necessary precursor to the awarding of mining l icenses 

and the gaining of  publ ic approval.  Development of  techniques and methods to 

minimise or  mit igate the environmental impacts of  extract ion may also be needed. 

Research 
components 

1. Oil  & gas ( inc luding gas hydrates): More and better  qual i ty data is needed on 

the petroleum prospect ivity of our 17 known frontier sedimentary basins to attract 

international petroleum companies and encourage explorat ion and dri l l ing 

programmes. Evidence f rom the Taranaki Basin, now a signif icant oi l  and gas 

producer,  indicates that  enhanced explorat ion activi ty in other prospect ive basins 

is  highly l ikely to yield posi t ive results in the medium term (at c . $6.5 bi l l ion pa, 

petroleum is current ly among the country’s highest  export earners) .  

2.  Seaf loor minerals : Enhanced knowledge of the origins and extent  of  al luvial  

minerals,  seaf loor massive sulphides, iron sands,  phosphorites and 

ferromanganese nodules and crusts, is needed to spur exploration interest by 

mineral exploration companies, especial ly in current ly unexplored regions,  such 

as the Havre t rough and Colvi l le Ridge to the north of  New Zealand.  

3.  Environmental  impact: Measurement tools and predict ive models are needed to 

assess how mining and other seaf loor activit ies wi l l  impact  oceanic ecosystems 

and other resource users, and to assess the r isks associated with extraction 

operations (deep-sea dr i l l ing,  hydraulic  fractur ing, natural hazards) . 

Theme 2 

Growing seafood production and value 
Goal:   Expand and diversify the aquaculture industry into high value species and products, 
maximise the sustainable catch and value from our wild fisheries, and develop ecosystem 
based management approaches to increase economic returns from New Zealand seafood 

Importance 
to New 
Zealand 

Our EEZ has 16 t imes the pr imary product ion of  our land,  and provides enormous 

opportuni ty to meet the growing global demand for  seafood (over 3 bi l l ion people 

depend on seafood as a protein source). The wild f ish catch has peaked yet  the 

number of wild f isheries over-exploited continues to increase. Global  aquacul ture 

has grown 260% since 1992, and now produces the equivalent of  hal f the global 

f ish catch.  There is a need, however,  to ensure that  improved seafood sector 

productivity and product att r ibutes wi l l  meet the growing consumer demand for  

environmental ly sustainable produce.  

Intensive aquaculture development has resul ted in coastal environmental 

degradation in many countr ies and excess use of ant ibiot ics for  disease control . 
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New Zealand’s extensive clean coastal waters and internationally accepted 

f isher ies quota management system provides a basis for s igni f icant growth in our 

seafood production in response to this  global market si tuat ion.  To realise this 

opportuni ty New Zealand wi l l  need to expand and divers ify the aquacul ture 

industry, through adding value to exis t ing species and introducing new high-value 

species,  explore and develop under-uti l ised wild f isher ies,  and increase certainty 

and conf idence in f ish stock management.  Marine farming and wi ld f ish catching 

techniques need to be developed that maximise product qual i ty and minimise 

environmental impacts, especial ly damage to seafloor  communit ies and unwanted 

by catch. Management of our  aquacul ture and f isher ies needs to incorporate an 

ecosystem based approach if  our seafood products are to meet international 

cer t i f icat ion requirements and consumer preferences,  and therefore command 

high value 

Research 
components 

1. Wild f isheries Management: Improved knowledge of  the biology and populations 

of  key f ishery species is needed to better inform annual  quota levels and in so 

doing meet product  cer t i f icat ion requirements for sustainabil i ty. Also, the potential  

to increase harvest  of under-uti l ised species needs to be determined.  

2.  New aquaculture products and species: There is a need to develop and 

advance commercial product ion of high value species and products.  This includes 

the development of new farming technology,  managing environmental r isks, t rait  

selection through select ive breeding, and development of  ter t iary aquaculture 

products.     

3.  Environmental  impact: Measurement tools, predict ive models, new management 

approaches and industry guidelines are needed to quant ify, minimise and mit igate 

the environmental  ef fects (e.g.,  water quali ty,  nutr i f icat ion,  seaf loor damage, 

unwanted by catch,  marine food chain changes) of aquaculture and f isheries 

activi t ies.  Research wi l l  ensure that the sector is able to meet consumer demand 

for seafood of ver if iable qual i ty and ecosystem sustainabi l i ty attr ibutes.  

4.  Ecosystem management approaches. There is  a need to develop new models 

and tools that show how ecosystems and seafood production interact  to enable 

predict ion of future product ivi ty and enable an ecosystem based approach to 

development and management of the seafood sector. 

Theme 3 

Anticipating the effects of  ocean change 
Goal:  Enable New Zealand to maintain the health of its marine ecosystems and associated 

resources through adapting to and mit igating the impacts of ocean change 

Importance 
to New 
Zealand 

New Zealand is dependent on, and der ives a wide range of ecosystem services 

f rom, i ts mar ine environment.  A range of exist ing and potent ial  new industr ies 

depend on these services (e.g.,  f isheries, aquaculture,  tour ism and energy). The 

oceans inf luence our cl imate, support infrastructure,  have cul tural  signif icance 

and are an important recreat ional  resource.  The health of  the oceans has global  

signif icance, especial ly the Southern Ocean, as i t  dr ives the world’s cl imate 

system, has a major  inf luence on atmospheric  composi t ion (through the 

absorption or  release of  gases such as greenhouse gases and oxygen) and 
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mediates the earth’s  temperature.   The oceans are undergoing change, however, 

in response to cl imate change, r is ing atmospher ic CO2 levels, pol lut ion,  land-use 

change and intensif ication, and overf ishing.   As a resul t the health of coastal  

regions has deteriorated,  the oceans are ac idifying at an unprecedented rate, 

sea- level r ise is accelerat ing,  major  currents are changing, the oceans are 

warming and levels of primary productivity in some regions have changed.  

Predict ing the impacts of  these changes on the marine environment wi l l  be 

essential i f  we are to grow economic benefi t  f rom our ocean resources 

sustainably, especial ly f isher ies and aquaculture.  Research wi l l  underpin 

development of mi t igat ion and adaptation measures required to optimise the 

heal th of coastal  and oceanic ecosystems and the management of  associated 

natural  resources.  Determining the impacts of global changes in the oceans is 

also of  internat ional  concern, and research associated in this area of sc ience 

plays a key role in New Zealand’s science diplomacy wi th many of our key trading 

partners.  

Research 
components 

1. Measurement: Monitoring of the changes in coastal and oceanic regions around 

New Zealand and the Ross Dependency to inform management response to ocean 

change. Data from this  region is  key to international ef forts to monitor and predict 

changes in the global ocean, and assists  New Zealand’s part ic ipation in 

international fora and decision making associated with ocean governance.   

2.  Predict ion: Development of predict ive models of the mult iple stressors (e.g.,  

sea surface dynamics, current  changes, ac idif icat ion,  coastal runoff) affect ing our 

oceans to forecast i ts future health and changes to mar ine resources (e.g., 

f isher ies, biodiversi ty,  bio-invasions).  

3.  Resource management: Development of  methods and tools, based on ocean 

moni toring and forecasts, to inform marine resource use and management.  Such 

development wil l  also assist  New Zealand’s contr ibution to internat ional  ocean 

governance.  

Theme 4 

Managing multiple-uses of the marine environment 
Goal:   Management systems that al low multiple uses of oceanic, coastal and estuarine 

habitats,  incorporate environmental and human-derived stressors,  and meet the needs of all 
stakeholders 

Importance 
to New 
Zealand 

New Zealand’s oceanic and coastal ecosystems contain customary, recreat ional  

and commercial  f isheries; energy, mineral , oi l  and gas resources; unique biota 

and areas with Wor ld Her itage status; ports,  cables and pipel ines;  many 

opportuni t ies for  recreation and tourism, and spir i tual  signif icance; and a 

fantast ical ly r ich biodiversity that del ivers numerous ecosystem services.  Use of  

our marine environment and its  resources, and conf l ict  between users, has 

signif icant ly increased.  As a result pol icy makers and resource managers face 

di ff icult  decisions: how can industr ies work wi thin the environmental capaci ty of  

our  marine ecosystems but not be needlessly hindered in their  development?; how 

do we ensure that  cr i t ical ecosystem services (the value of  which is estimated to 

be twice GDP) and heritage species are protected?; how do we ensure that the 
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spir i tual values and enjoyment of society, including iwi , are not impaired?; how do 

we retain our green image by not degrading our marine environment?; how do we 

capture and accommodate the diverse range of  values of al l  exist ing and potential 

users?; and how do we do al l  this in an environment subject to constant  natural 

change?. A combinat ion of ecological and social science is needed to provide an 

inclus ive and transparent framework that  fac i l i tates economic growth, improves 

marine stewardship and ensures that cumulative stresses placed on the 

environment do not  degrade the ecosystem beyond i ts capaci ty to adapt 

Research 
components 

1. Connect ing ecosystems. A whole system approach is  needed whereby al l  

ecosystems ( land to coast, r iver  to estuary, seabed to water column, coast to 

deep sea) are appropriately understood and connected.   Part icularly important but  

poor ly understood are the ef fects of land-derived inputs (sediment runoff , 

stormwater,  pol lut ion) on marine ecosystem function.   

2.  Marine ecosystems resi l ience. Measurement and development of predict ive 

models to determine the resi l ience of  marine ecosystems to the impacts of  human 

activi t ies, invasive species and global change. This is an essential  prerequis ite to 

developing tools to mit igate the impacts and enhance stewardship of  our seas. 

3.  Stakeholder values. There is  a need to ident ify the aspirations of al l  users of 

marine waters ( including iwi)  in relation to recreational , food and commercial  uses 

and incorporate their dif fering perspectives of  sustainabi l i ty in a scient i f ical ly 

r igorous way into planning and management f rameworks. Mechanisms for  

involvement of al l  stakeholders, rather than a sectarian approach, in def ining 

acceptable l imits of ecological sustainabil i ty is necessary to reduce conf l ict  and 

enhances buy- in to management decis ion making.  

4.  Management frameworks and models.  New management frameworks and 

interactive models to inform policy and management decision-making need to be 

developed that incorporate mul t iple uses and impacts,  ecosystem resi l ience, and 

stakeholder values.  The models need to include both spatial and temporal 

components.  

Research 
Gaps and 
Opportunities 

•  Enhancing knowledge, ski l ls  and expert ise of  al l  mar ine stakeholders,  including 

managers and regulators,  pol icy makers, industry and Māor i,  to ensure uptake of  

research in the development and management of  marine resources. 

•  Developing effective outreach init iat ives to inform and educate the youth and 

general public  about the ocean realm to foster  publ ic part icipat ion in the 

stewardship, development and use of marine resources.  

•  Enhanced coordination and support  of  marine research – establ ishment of large 

integrated research programmes, especial ly coastal  research, that  focus and 

leverage exist ing capabil i ty across al l  providers,  encourage industry part icipation,  

and to ensure coordination and cost-ef fective use of inf rastructure and resources.   

•  Increased baseline seaf loor  mapping and ecological  studies – there is  a need to 

signif icant ly expand the areas of quali ty survey data on seafloor resources and 

habi tats and map al l  pr iori ty areas of potential resource use (e.g. , sedimentary 

basins) to inform both economic and environmental impact assessments. 

•  Our mar ine region offers a unique laboratory for  ocean research (plate 

boundary, ocean t renches, underwater  volcanism, major  water-mass boundaries,  
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western boundary currents,  proximity to the Southern Ocean and Antarct ica,  

marine biodivers ity, deep water f isher ies, sedimentary basins etc). New Zealand 

has a history of attracting overseas researchers and resources to our region 

through part icipat ion in international research ini t iat ives. This has included 

vessels,  equipment and data that New Zealand does not  have access to, and 

represents mil l ions of dol lars of  addit ional  investment in marine science that  New 

Zealand has been able to leverage. Investment to join such init iat ives is 

considered cri t ical to increased use and management of our  ocean resources. 

Part icipation in internat ional  research programmes (e.g., IODP, Argo, SOLAS, 

ICED, OceanSITES, IMOS) also acts as a vehicle for  enhancing and bui lding 

diplomat ic t ies wi th other nat ions and increases New Zealand’s credibi l i ty and 

abi l i ty to part ic ipate in international ocean governance.  

Comments New Zealand has the science infrastructure and sk i l ls to advance the goal  and 

themes of this  National Science Challenge.  Infrastructure includes coastal 

vessels (universit ies,  NIWA), a wor ld c lass deep-water  research vessel 

(Tangaroa) and associated equipment, high performance computing and 

databases (GNS Science, NIWA, univers it ies),  aquacul ture research fac i l i t ies 

(Cawthron, NIWA, universit ies)  and laboratory faci l i t ies (al l  providers).  

Opportunit ies exist  to leverage and gain access to expensive special ist  offshore 

resources such as submersibles,  and deep seismics and ocean dri l l ing based on 

this capabil i ty.   

Development of  this Nat ional  Science Chal lenge has been undertaken 

col laboratively by NIWA, GNS Science and the Universi ty of Otago. 
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6 Higher Value Foods 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 4: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

206 Robust and defensible food 

supplies (Organic food 

studies) 

1.  Veri f iable c laims for organic food benef its   

207 Leading the wor ld wi th the 

honey bee 

1.  Sustained and secure pol l ination services for al l  
crops/products that depend on pol l ination 

2.  Total domest icat ion of  the honey bee for  the 
purpose of  pol l ination secur ity and sustainabil i ty of 
al l  industr ies depending on bee act ivi t ies 

3.  In addit ion to providing pol l ination secur ity,  the 
bee industry wil l  make a s igni f icant contr ibution to 
export  revenue from a range of food, health & wel l-
being and medicinal products 

239 Population project ions state 

by 2050 there wi l l  be 9 bi l l ion 

persons to feed. The aquatic  

environment wil l  have to 

produce much more than the 

present 2% food and 

biomaterials.  Marine studies 

wi l l  have move into 21st 

century sc ience. 

1.  Seaweed has been uti l ised by humans for 
thousands of years. Whi le other countr ies are 
researching new uses, New Zealand is spending 
very l i t t le sc ience t ime. As a country, land based 
research rules - this must change and aquatic  
research be given more importance. 

2.  Seaweed digests for  plant  and animal growth and 
heal th. 

3.  Seaweed has several compounds that  produce 
above average heal th benef its  in humans 

302 Increasing the success of 

New Zealand foods -  To 

leverage New Zealand’s 

nat ional  identi ty, eff ic ient  and 

sustainable pr imary 

production base, scienti f ic 

capabil i t ies, and innovative 

culture to provide consumers 

wi th foods that promote 

mental and physical health. 

1.  Enabl ing New Zealanders to form new dietary 
habi ts to support long and productive l ives.  GOAL: 
Promot ing mental and physical health through diet,  
exerc ise,  housing, connectiveness,  educat ion and an 
understanding of  the importance of  community 

2.  More New Zealand-foods eaten around the globe. 
GOAL: To develop consumer-relevant foods that are 
valued in the global market  and that leverage the 
New Zealand identi ty,  thereby adding value to,  and 
increasing the wealth of , al l  s takeholders associated 
wi th New Zealand’s primary sector . 

338 Enable New Zealand to be a 

powerhouse producer of 

market-def ining, world-

beat ing food and beverage 

1.  Enable New Zealand industr ies to lead in the 
production of  foods that  promote heal th 

2.  Enable New Zealand industr ies to produce high-
protein foods of superior functionali ty and value to 
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Entry 
Id 

Challenge Themes 

products the consumer 

3.  Enable New Zealand industr ies to take novel 
approaches to meet signif icantly increasing global  
demand for animal-based protein 

4.  Enable New Zealand industr ies to take novel 
approaches to meet the nutr i t ional  requirements of a 
very signif icant  port ion of the global population (c. 2 
bi l l ion) described as “the bot tom of  the pyramid” in 
terms of  standard of  l iv ing 

354 International compet it iveness 

of  agr iculture requires export 

in high value foods. 

Manufactured food exports,  

uniquely sourced from New 

Zealand, with innovat ive 

manufacturing and highly-

valued (health) target ing 

markets is  a national sc ience 

challenge.  

1.  Theme 1:  New Zealand100% Pure Foods – 
Understanding and protecting the unique 
opportuni t ies and attr ibutes of New Zealand 
agr icul ture 

2.  Theme 2:  Building better  foods - Ingredients,  
processing and value-enhanced products 

3.  Theme 3:  Harnessing Heal th - Bui lding value 
through valued health claims 

373 Growing economic value and 

our economy from New 

Zealand’s land and natural 

capital /resources 

1.  Increase product ivity from al l  types of pr imary 
production in a way that  is social ly and 
environmental ly sustainable and acceptable to New 
Zealanders,  and to the markets/consumers on which 
our exports rely 

2.  Increase the real value we derive from the food, 
beverage and f ibre we export – adding value, but  
also get t ing a bigger s l ice of  the value that  is  
created 

3.  Healthy land and healthy people in rural  
communit ies.  Connect ing people wi th the land and 
i ts abi l i ty to provide economic, social,  environmental  
and cultural  growth 

394 The Food & Nutri t ion 

Chal lenge 

1.  People and Food 

2.  Providing choice for  wellbeing 

3.  Process eff iciency 

4.  Demands on agricultural product ion 

421 Develop New Zealand’s 

agr ibusiness sector towards 

smart* foods for weal th and 

heal th benefi ts  

1.  Increasing the export  potential of  the agri -food 
sector sustainably,  in cl imate change condi t ions, is  
an obvious goal  for  New Zealand.  Food exports  
earn over $20 bi l l ion per annum, representing about 
two-thi rds of  New Zealand’s export  income and 10 
percent of total  New Zealand employment 

2.  To satisfy increased demands from customers for 
safe, health-promoting foods; maintain the 
reputat ion of New Zealand food quali ty and develop 
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Entry 
Id 

Challenge Themes 

a growing market for new exportable technologies 
for food safety and qual i ty assurance 

3.  To enhance development and marketing of novel 
food products through improved understanding of 
customer dr ivers 

427 Future Foods - New Zealand 

contr ibutes only a small  

percentage of global  food 

production.  Rather than 

compet ing solely in 

undi fferent iated commodity 

markets, New Zealand needs 

to: 

1.  Understanding and t ranslating market  signals 

2.  Generat ing high value future foods — on-farm 

3.  Generat ing high value future foods — of f-farm 

4.   Del iver ing evidence based funct ional i ty and bio-
ef f icacy 

5.  Delivering value chain integri ty through 
authenticity and safety   

479 Food Prosper ity 

Wealth from Healthy, Safe 

and Sustainable Foods 

1.  Managing environmental impact;  developing 
regional  food and beverage characteris t ics and 
project ing future intensif icat ion needs 

2.  High Value Foods– enhancing medic inal  and 
heal th impact from growing,  processing and 
val idat ing high value foods 

3.  Future foods – driving innovat ion in high value 
food development to meet future consumer needs 

4.  Models of Ownership/Property Structures to 
develop an eco-economy 

484 Food For Heal th Evaluat ion 

Centre -  Development of 

foods for health is a rapidly 

growing industry rel iant  upon 

market ing and not  science. 

An opportunity exis ts in New 

Zealand to create the f irst  

international “one stop shop” 

food for health evaluat ion 

centre to assess the heal th 

benef its  and uniqueness of 

New Zealand foods, food 

products and nutraceut icals.   

1.  Harnessing Heal th – Foods targeting heal th 
provide opportunity for  value-add. Health c laim 
substant iat ion needs scient i f ic assessment of  foods 
for health through a readily accessible “one stop” 
centre 

2.  New Zealand100% Pure Foods – Research to 
t race the or igins, unique att r ibutes of  and integrity 
f rom paddock to plate is required to enhance the 
New Zealand-brand. New Zealand requires global 
recognit ion for product ion of  safe, sustainable and 
innovat ive food products 

 
 
 

Entry ID 206 

Robust and defensible food supplies (Organic food studies) 

Summary The goal is to create robust  and defensible food suppl ies through a research 

programme that  identif ies and veri f ies the benefi ts of organic foods produced in 
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New Zealand  

Theme 1 

Verifiable claims for organic food benefits  

Importance 
to New 
Zealand 

Need to provide evidence to underpin pr ice premiums  

Research 
components 

Nutr it ional  studies; Microbiological safety s tudies; Storage l i fe toxic ity studies   

Research 
Gaps and 
Opportunities 

Organic c laims have not  received r igorous evidence-based examinat ion and false 

claims wi l l  damage New Zealand’s food reputation.  There is  some, but 

inadequately explored, evidence that some organic food may carry def ini te heal th 

r isks.   There is  a global perspective that creates a tension between low 

productivity of organic food and the need to feed the wor ld - this is a moral 

question - where does New Zealand wish to posi t ion i tself? 
 
 
 

Entry ID 207 

Leading the world with the honey bee 

Summary The goal is to ensure New Zealand's economic security (by ensuring the on-going 

pol l ination of al l  agricultural  crops/products) with a research programme that   

(a) identi f ies ways to ensure pol l inat ion ( i .e. improve bee varroa tolerance, 

res istance to disease, bee-fr iendly management of  insecticides and pest icides, 

bee nutr i t ion, optimised bee husbandry etc.) and  

(b) develops a means to al low total domesticat ion of the honey bee (separated 

f rom the wild honey bees) through comprehensive selective breeding, bee 

molecular biology etc. and  

(c) increase product ivi ty and export  revenue of the bee industry through a range 

of  food, health well-being and medicinal products etc 

Theme 1 

Sustained and secure poll ination services for all  crops/products that depend on poll ination 

Importance 
to New 
Zealand 

Pol l ination secur ity is an issue of national economic signif icance (Frans Laas et  

al . :  NBA report on Poll ination Securi ty to Parl iamentary Local  Government and 

Environment Subcommittee,  8 June 2011). In 2011, the hort icul tural  industry 

depending on pol l ination by the honey bee generated $1.8 bi l l ion export  revenue 

per year (ht tp:/ /www.freshfacts.co.nz/f i le/fresh-facts-2011.pdf) . Pol l ination of 

clover contr ibutes a signif icant but  di f f icult  to measure value to the meat and wool  

industry. In total,  $5 bi l l ion pa of  New Zealand's economy is at tr ibutable to the 

honey bee poll ination service (ht tp:/ /nba.org.nz/about-bees/interesting- facts).  

The honey bee is under threat  from pests, diseases, insectic ides, loss of balanced 

diet due to intensif icat ion of  agr iculture,  stress from industr ial  –type husbandry,  

biosecur ity break-downs. Pol l ination alternat ives either  don’ t exist (feral honey 
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bees are essential ly ext inct  as a resul t of Varroa introduction)  or are r isky (cf Psa 

in Kiwi frui t  was probably introduced with imported pollen).  Because of biosecur ity 

r isks,  New Zealand cannot depend on the importation of bees. In order to 

guarantee the securi ty of  a mandatory service for  some of New Zealand’s biggest 

export  industr ies,  we need to be able to sustain a large and healthy bee 

population.  

Research 
components 

Varroa tolerance, resistance to disease, bee-fr iendly management of  insectic ides 

and pest icides, bee nutr i t ion,  opt imised bee husbandry for  the future. 

Theme 2 

Total domestication of the honey bee for the purpose of pollination security and 
sustainabil ity of al l industries depending on bee activit ies 

Importance 
to New 
Zealand 

Although the honey bee has been used for  mil lennia i t  is  st i l l  essent ial ly a wild 

animal. I t  may well  be the one wild animal  that  makes the biggest  contr ibut ion to 

human well-being.  New Zealand wi l l  play a key role in the research leading to 

total  domestication. This means that  the domestic  bee populat ion wil l  be 

completely uncoupled f rom the wi ld bee population. As with other domesticated 

animals, we wil l  optimise the genetic make-up of the bees for  their purpose, 

ensure the appropriate bee populat ion s ize,  manage their health and performance. 

The benefi ts wi l l  be sustained poll inat ion securi ty, a much bigger industry based 

on honey and other bee products, and possibly a new industry based on the 

sensory capabil i t ies of  the honey bee. Another big benef it  wi l l  be the revenue 

f rom export of  bees with cer t i f ied performance characteris t ics. 

Research 
components 

Comprehensive select ive breeding,  bee molecular  biology, genetic  var iety and 

special ists 

Theme 3 

In addit ion to providing pollination security,  the bee industry will  make a significant 
contribution to export revenue from a range of food, health & well -being and medicinal 

products 

Importance 
to New 
Zealand 

The total domest icat ion of the honey bee wi l l  al low the growth of other bee-based 

industr ies.  Honey production wil l  be optimised (probably t reble the current  

volume). Honey wil l  again be earning a substant ial  ‘organic’  premium. The honey 

market  wil l  become more segmented leading to opportunit ies for higher revenue 

(cf wine). The heal th benefi ts of honey and other bee products (eg propolis, 

venom) wil l  increase demand and value. Benefic ial  effects of specif ic plants wil l  

be amplif ied through nectar  and pollen col lection. As the second total ly 

domest icated insect (after  the si lk moth) the honey bee or parts of i t  wi l l  be used 

in high-tech sensory appl icat ions.  Bee products wil l  form the basis of a s igni f icant  

New Zealand industry that combines modern biology and high technology:  New 

Zealand is good at that.  Export special ised bees. Export revenue f rom IP 

l icensing. Add another bi l l ion dollars p.a. to export revenue. 

Research 
components 

Carrying capacity: determine how many bees a region/season can opt imally carry, 

throughout New Zealand: measure honey product ion ass a funct ion of region and 

bee densi ty. The result wil l  indicate the bee population size that  wil l  give the 
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highest honey return for  effort.  Important for the development of  the Manuka 

honey industry. 

Organic honey: demonstrate that  bees that have been bred for Varroa tolerance 

can produce organic honey with a commercial ly tolerable r isk. Further develop 

organic Varroa treatments to support the selectively bred Varroa tolerance. 

Honey variet ies: Augment the seasonal and regional opportuni t ies for  monofloral  

or  otherwise special  honey with select ive breeding for  preferent ial nectar  

col lect ion.  This is considerable stretch but would make for excel lent science and 

may have benef its  in the appl icat ion of bee sensory capabi l i ty.  Important for the 

development of the Manuka honey industry. 

Act ive ingredients: determine the ident ity and mode of  act ion of  ingredients in bee 

products (honey,  pol len, propol is,  venom, wax etc). Use this  knowledge for  the 

development of high-value food, heal th and medicinal  products. Use the 

knowledge to develop chemical processes for industr ial product ion of  ingredients 

in non-biological  products. 

Bioactive plant substances:  An example is  tut in.  Bees wil l  be used to col lect/  

concentrate specif ic  benef icial plant  substances via col lect ion of nectar,  

honeydew, pollen,  propolis.  Test this  idea with known bioact ives. 

Descr ibe the sensory capabi l i ty of  the honey bee at  al l  levels down to molecular 

regulat ion.  Combine the knowledge with modern electronic and information 

technology to arr ive at  new specif ic detection technology. 

Research 
Gaps and 
Opportunities 

Theme 1: Methods for  bee selective breeding based on quanti tat ive genetics; 

methods for  measurement of  Varroa tolerance or other phenotypes that correlate 

wi th Varroa tolerance; select ive breeding for  Varroa tolerance; Varroa biology 

research underpinning support ing biological means of Varroa control; select ive 

breeding for disease resistance; correlate bee diet  with pol l ination performance; 

determine minimum diet requirements for satis factory poll inat ion performance and 

colony sustainabil i ty;  correlate husbandry pract ices wi th pol l ination performance; 

determine minimum husbandry requirements for  sat isfactory pol l inat ion service 

and colony sustainabi l i ty; quant ify the interact ions between husbandry, s tress, 

diet,  insectic ides and pol l inat ion performance, colony sustainabi l i ty; develop rapid 

disease detect ion methods;  survey of bee health and performance over t ime and 

space to measure t rends,  detect emerging issues,  measure success of  R&D to 

outcomes. 

Theme 2: Selective breeding methodology, bee-specif ic quanti tat ive genet ics,  

methods for  trait  quant if icat ion,  molecular knowledge (eg gene mapping, 

appl ication of molecular  selection methods to the honey bee),  cater  for  overseas 

cl ient  needs. 

Theme 3: Methods of measur ing carrying capacity,  mapping of  carrying capaci ty 

for al l  New Zealand, opt imisation of bee population movements in both space and 

t ime, develop organic or other al ternat ive non-mit icide Varroa treatments for their 

suitabi l i ty as treatments in support  of select ively bred Varroa tolerance, 

demonstrate the commercial  feasibi l i ty of  organic beekeeping in a wide range of  

si tuat ions,  develop methods and standards in support of a more segmented 
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market , analyt ical  chemistry and pharmacology of bee product  ingredients, bee 

product development, synthet ic chemistry leading to chemical processing and 

product formulation,  test bees as col lectors of high-value dispersed substances,  

bee sensory biology, development of hybrid sensory technology. 

Comments I  am known for my work towards the total domest icat ion of the Greenshell  mussel  

and the New Zealand Pacif ic  oyster, and I  helped New Zealand to the 

international forefront of mar ine biotoxin research and associated food safety 

regulat ion.  I  l ike to ini t iate disruptive technology change. As a hobby beekeeper I 

have become aware of the Varroa issue through my own exper ience. I have 

helped Rainbow Honey Ltd to take over the SFF-funded VSH selective breeding 

programme from Plant & Food Research Ltd.   

I  am appal led by the lack of  Government funding for R&D that supports a 

biological service of  considerable national s igni f icance (pol l ination) . I  am 

disturbed by the lack of cohesion between the stakeholders in the bee-dependent 

industr ies.  Beekeepers seem to emphasise the economic potential  of  honey when 

pol l ination is  much more important for the national economy, and those dependent 

on poll inat ion services seem to think that the beekeepers wil l  take care of  

pol l ination secur ity.  Beekeepers can’t do that on their  own. 

Some of  the proposed work is quite a stretch. However I am convinced that the 

work is largely feasible and the goals are largely achievable. I  am also convinced 

that New Zealand can do this work better and cheaper than most other countr ies 

in the world. We can benefi t  f rom the considerable exis t ing knowledge. I f  the IP is  

handled r ight  then there are big opportunit ies for overseas revenue. 

This chal lenge wil l  be too smal l/specif ic on i ts  own but  i ts goal should get  specif ic 

ment ion wi thin a bigger chal lenge. 

 
 
 

Entry ID 239 

Population projections state by 2050 there will be 9 billion persons to feed. The 
aquatic environment will have to produce much more than the present 2% food 

and biomaterials. Marine studies will have move into 21st century science 

Summary This chal lenge proposes to research seaweed as a way to meet predicted future 

demand for food/nutr ients. Nutr ients benefic ial to human health can be extracted 

f rom harvested sea weed as well  as nutr ients and products that are beneficial to 

both plant and animal  stocks as fert i l isers/supplements. 

Theme 1 

Seaweed has been utilised by humans for thousands of years.  While other countries are 
researching new uses, New Zealand is spending very li ttle science time.  As a country,  land 

based research rules - this must change and aquatic research be given more importance. 

Importance 
to New 
Zealand 

While our oceans cover 70% of  the earth’s surface they produce only 2% of our 

food and bio materials. Many Countr ies are ut i l is ing more and more of the aquat ic 

resources around them. Nova Scotia, an area smaller  than New Zealand, sel ls 
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seaweed products to 50 countr ies, farms Salmon, and shell f ish mops up the 

nutr ients wi th seaweed culture.  New Zealand has to concentrate on both the 

marine and freshwater ecosystems so they are bet ter understood as they may wel l  

hold the future food and bio-material resources for an expanding population. 

There are reports f rom around the world that  state soi ls are being eroded faster 

than they can be replaced; the point being that  terrestr ial  agr icul ture is not 

looking currently sustainable.  New Zealand tends mainly to look at  land based 

production: this has to change if  we wish to have increased food and employment 

security in the future.  From t ime memorial  the nutr ients from the land are being 

leached in to the oceans through rain, r ivers and sand storms. Seaweeds are 

known to concentrate several fold the nutr ients available in their habitats. The 

ut i l izat ion of  seaweed as Liquid Seaweed is  an excellent  means to get  the lost  

nutr ients back to the land improving the yield of crops and animals. 

Research 
components 

While seaweeds take up al l  the minerals in the water  they also produce several 

other compounds that protect them from the stressful environment. The most 

important  of these biological ly active compounds are the sul fated polysaccharides 

and depending on the type of seaweed, eg brown, red or green wi l l  give different  

heal th and protect ion benef its  to humans, animals and plants. The other 

compound is the carotenoid from the brown seaweed fucoxanthin that has 

bioactive potential far greater than any other carotenoid     The research 

challenge for  New Zealand is to f irst ly f ind the extract ion method that not only 

gives the best  amount but also al lows that several  di f ferent biological ly active 

compounds to be retr ieved from the same sample. Whi le other researchers have 

extracted most seaweed compounds none have obtained what can be cal led ideal .  

New Zealanders in the past  tended to look outside the square to solve sc ience 

problems this one such problem. 

Theme 2 

Seaweed digests for plant and animal growth and health 

Importance 
to New 
Zealand 

Seaweeds not only contain natural ly balanced trace minerals in a chelated form 

but also contain betaines that  impart f rost protection and improves chlorophyl l  

synthesis. The improvement of  the nutr i t ional quali ty and f lavour of crops is an 

added advantage. Plus el ici tors that  protect plants and increase the defence 

enzyme activity. In recent t imes synthetic  chemicals have become prevalent  in our 

farming activit ies to an extent  that some countr ies are now banning synthetic  

products.  Seaweed biost imulants are loosely def ined as non-fert i l iser products 

that have benef icial effects on animal and plant  growth and health. Liquid 

Seaweeds also have chelate agents that have the abil i ty of bio-sorption of  other 

minerals when added to the l iquid.   Animal  heal th seaweeds are well  reported for  

the benef its  imparted to l ivestock.         

Research 
components 

The challenge here is  to test  one of two New Zealand produced l iquid seaweed 

products on our plants and animals:  eg ol ives, berr ies,  apples, k iwif ruit ;  plus 

vegetables; lamb parasites,  milk  fever, facial eczema, mi lk product ion, sol ids etc.   

The main advantage is that  this is  a natural , non toxic product  from New Zealand 

marine waters. 
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Theme 3 

Seaweed has several  compounds that produce above average health benefits in humans 

Importance 
to New 
Zealand 

Metabolic  syndrome, a major  r isk factor for heart  disease and stroke as wel l  as an 

important  contr ibutor to atherosclerosis,  kidney disease and bl indness, is a 

cluster  of symptoms inc luding obesity,  dysi lpidemia, hypertension, and glucose 

dysregulation.   The products in brown seaweed have shown to produce results in 

helping to combat these problems.  The sul fated polysaccharide fucodan is  one 

and the carotenoid fuoxanthin with l ipids (18:4:3) is another,  not forgett ing 

alginates.    

Research 
components 

The challenge here is  f i rst ly to extract  these compounds in a safe quick manner 

f rom our locale brown seaweeds. (See Theme 1) The next  challenge is  to test  

these and decide the best method of administering to (a) reduce obesity (b)  

reduce cancers.    The publ ished papers on these seaweed extracts are get t ing 

close to clos ing the gap as to what makes these compounds so effective.  Again 

these are safe nontoxic natural products. 

Research 
Gaps and 
Opportunities 

There is  no doubt that the culture of seaweed (brown, red and green) and the 

extract ion of their biological ly active compounds wil l  play an important role in the 

globally changing environment.  The gap- for seaweed is the cultur ing.  An IRL 

group did cul ture a red seaweed; why i t  s topped is not  known.  [Name and 

comment removed to protect  pr ivacy;  OIA 9(2)(a)]   Seaweed is the plant for the 

21st Century. There are thousands of  research papers on the benef its  gained from 

seaweed not only for human health and wellness but  animal and plant heal th,  

growth and nutr i t ional quali ty.   The gap- in New Zealand is the lack of research 

into seaweed extraction methods and the benefi ts for animal and plants.  We have 

a product  ready for  test ing.   The evidence to hand f rom science papers 

establishes that the benefits  from the use of  l iquid seaweeds can be indisputable 

in agr icul ture.   However we have a gap in that no research papers used New 

Zealand seaweed or our dif ferent  production methods.   Seaweed has a very long 

history of being used by humans both for themselves and their animals. The t ime 

has arr ived to br ing the mar ine eco systems into 21st  Century Science.  One must 

not  forget the oceans are the cornerstone of the earth’s l i fe support  system vital  

for the survival  of humankind.   A World Bank Project on seaweed stated 3 tonnes 

of  wet seaweed ut i l ises 1.27 tonnes of carbon dioxide,  0.22 tonnes of nit rogen 

and 0.03 tonnes of phosphorus.  This is al l  good plant  growing mater ial. 

Comments There is  an urgent need for  certain selected high schools to have aquacul ture 

added to their sc ience subjects. The Golden Bay High School at Takaka is  one 

that s tands out.  The sea f loor  of this  area has been decimated f rom years of 

scal lop, oyster dredging and trawl ing.   The bay has 5 types of shell f ish,  a large 

salmon hatchery, and mussel farms with seaweed also growing on these. There 

was a crab f ishery.  Soft  shel l  crab is a high priced del icacy overseas - one has to 

know how to produce them.  This is  a perfect  location to operate art i f ic ial  reefs to 

show that  marine l i fe can be restored.  These would be run and monitored by the 

school mar ine sc ience students.  No doubt the local community would also help 

wi th funding for this  venture.   These would be students that wi l l  become the 
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sc ientists and managers in 2050 when it  is estimated the population wil l  exceed 

the food supply i f  nothing is done for the eco systems’  abi l i ty to improve.  

Ar t i f ic ial reefs are being constructed in Europe, Americas,  Asia,  Afr ica and 

Austral ia and proven themselves. Nature has shown how it  works, we now need to 

fol low.  

 
 
 

Entry ID 302 

Increasing the success of New Zealand foods - To leverage New Zealand’s 
national identity, efficient and sustainable primary production base, scientific 

capabilities and innovative culture, to provide consumers with foods that 
promote mental and physical health a 

Summary The goal is to develop consumer foods that  promote mental and physical health 

by leveraging New Zealand’s nat ional  identity, sustainable pr imary product ion 

base, sc ienti f ic  capabi l i t ies and innovative culture.   

Theme 1 

Enabling New Zealanders to form new dietary habits to support long and productive l ives.  
GOAL: Promoting mental and physical health through diet,  exercise, housing, connectivity,  

education and an understanding of the importance of community  

Importance 
to New 
Zealand 

Expected Benefit :  Adopt ing an integrated holist ic approach to heal th and well -

being can help al l  New Zealanders lead long and productive l ives. This approach 

can transform health care and reduce the s igni f icant impact that poor health 

( including s ickness and disease, al lergies, sleeping habi ts,  physical f i tness and 

stress)  has on peoples’ productivity,  happiness and the New Zealand economy. 

Food choices provide an opportuni ty to prevent the occurrence of prominent New 

Zealand health r isks (e.g. diabetes - 5 t imes higher in Māor i,  obesi ty, mental 

heal th,  cardiovascular disease, cancers) or mit igate their effects.   

Taking an holis t ic  approach to mental and physical heal th through a 

mult idiscipl inary research (physiological, social ,  environmental)  wil l  ensure that 

the heal th and well -being of  the general population is maximised to benefit  our 

aging population, support  cultural diversi ty,  and ensure the growth and 

development of our  young people – this  is  a considerable challenge for  New 

Zealand. Technological breakthroughs in terms of food design, production, 

promot ion and market ing of  heal thy foods for New Zealanders wil l  enable New 

Zealand food producers to identi fy opportunit ies to apply these technologies when 

target ing global consumers (Theme 2).   

Research 
components 

•Foods for wel lness and prevent ion of i l lness and disease – specif ical ly 

addressing an aging populat ion,  a cultural ly diverse population, Māor i health 

issues, the growth and development of a physical ly and mental ly healthier 

younger generation and the social needs of our community.  

•Foods that focus on prominent New Zealand issues (e.g. diabetes, obesity, 

mental health,  cardiovascular disease, cancers).  
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•Role of human physiology,  l i fe s tage, genes and environment – how can low-tech 

personalised health r isk prof i les be used by people to make dietary changes and 

improve their health and wel lbeing status?  

•The role and impact of community/demography on the success of foods for 

heal th.   

•Hauora Māor i – health issues for  iwi  and the role of  access to tradit ional diets, 

food production and preparation pract ices and the cul tural signif icance of kai.  

•Through health educat ion, create wide understanding among New Zealanders of  

the importance of a healthy diet  and the mot ivation to make heal thy choices.   

•Maintain accurate and accessible databases for use by food researchers,  heal th 

practi t ioners and the community.  

•The inf luence of  maternal nutr i t ion, genes and environment on the inc idence and 

severity of  al lergies in the New Zealand populat ion understood in order to identi fy 

ways to reduce the r isk to the future generat ions. 

Theme 2 

More New Zealand-foods eaten around the globe. GOAL: To develop consumer-relevant foods 
that are valued in the global market and that leverage the New Zealand identity,  thereby 

adding value to, and increasing the wealth of , all stakeholders associated with New 
Zealand’s primary sector 

Importance 
to New 
Zealand 

Enhancing the value of  New Zealand’s primary sectors (hort icul ture,  arable, 

seafood, meat, dairy)  and food and beverage industr ies, wil l  contr ibute 

signif icant ly to the country’s  economic growth (some 41% of New Zealand’s 

exports are sourced f rom these sectors).  Enabl ing New Zealand growers,  food 

manufacturers and exporters to prof i tably produce and successful ly market fresh 

and processed foods that meet well-defined global food mega trends (e.g. health,  

provenance, convenience, novel ty,  sensory appeal) in a cul tural ly diverse global 

market  is  a s ignif icant  challenge that can be addressed through scienti f ic 

research and the strong integration of that  science with postharvest  and 

t ransportation pathways and business investors. Success wil l  see lower costs 

across the supply chain, greater eff ic iency in resource al location, innovat ion in 

food science and the abil i ty to produce foods that grow New Zealand’s share of 

exis t ing markets whi le also successful ly creat ing new opportuni t ies in growth 

areas. I t  wi l l  also ensure the products and systems developed in New Zealand are 

adaptable for  new environments in ‘behind the borders ’ opportunit ies for  New 

Zealand producers. 

Research 
components 

Research Components •Higher value manufacturing appl ications and novel 

technologies in supply chain for  ef f ic ient and ef fect ive delivery to distant  markets. 

•Leveraging the New Zealand ident ity (safe food, sustainable product ion,  clean 

ecosystem) to access markets and encourage consumers to purchase New 

Zealand-food. •Leveraging New Zealand’s unique bioresource (e.g.  genet ics,  land,  

sea resources) •Understanding the consumer food choices in a cultural ly diverse 

global marketplace. •Improved qual i ty,  value and benef its  of New Zealand-foods.  

•Finding new food production opportunit ies for Māor i growers. •Understanding the 
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value proposit ion of foods f rom the consumer perspect ive – is  there real ly 

anything beyond price? How do we make healthy foods affordable?  

Research Gaps And Opportunit ies •Value-added innovat ion for foods sourced from 

our primary sectors.  •Funct ional  foods with substantiated heal th and wellness 

claims. •Seamless integration of  robust production, manufactur ing,  dis tr ibution 

and marketing platforms. •Deep and fundamental understanding of  the biological  

potential of our  food resource base (bio-prospect ing)  and the systems that ensure 

i ts value is captured sustainably. •New and more sophist icated methods of  food 

preservat ion ( the ‘ indestruct ible’ sandwich).  •Growing a focus on and awareness 

of  indigenous foods/ food ingredients coupled wi th global  awareness of  New 

Zealand’s cultural  food ident ity. •Consider ing a transit ion to GM crop production 

in New Zealand i f  we are to contr ibute to feeding the increasing global  population.    

Research 
Gaps and 
Opportunities 

•Holis t ic approach to health and wel l-being – integration of  nutr i t ion, food 

functionali ty and knowledge of human responses. •Bui lding stronger connect ions 

between research providers and the community (part icularly Māori)  in the area of  

heal th and wel lbeing. •Enabl ing New Zealanders to form new dietary habits  to 

support long and productive l ives through a greater understanding of  eat ing 

behaviours, physiological  needs and psychological  states.   •Addressing the diets 

of  our vulnerable young people to stem obesity, the onset of  Type II diabetes and 

mental health disorders in future generat ions.  • Is there true cultural  diversity in 

food choices related to foods for  health? How can we leverage food choice 

preferences to improve New Zealand’s heal th statis t ics? •What are the 

proport ional roles of human physiology,  genes and environment – are 

personalised health r isk prof i les the key to a healthier  future for New Zealanders? 

•Designing a new generation of funct ional  foods based on hol ist ic human 

physiology models with substantiated health and wel lness claims. •Develop 

sc ienti f ic  evidence that explains and supports the mechanisms behind t radi t ional  

heal th beliefs of Māori ,  Paci f ic  Is landers and our growing populations of  Indian, 

Asian and Middle Eastern peoples to support the development of innovative new 

foods.  •Seamless integrat ion of robust product ion,  manufactur ing,  dis tr ibution 

and marketing platforms. •Deep and fundamental understanding of  the biological  

potential of our  food resource base (bio-prospect ing)  and the systems that ensure 

i ts value is captured sustainably. •New and more sophist icated methods of  food 

preservat ion.  •Considering a transit ion to GM crop production in New Zealandi f we 

are to contr ibute to feeding the increasing global  population.   

Comments Western styles and tastes of  food do not t ranslate di rectly within other cultures 

(e.g. Asian,  Indian, Arab) and this  practice has led to misguided product 

development and fai lure of products in the market.  By addressing our l imited 

understanding of  dietary and cultural  preferences of di f ferent cultures (addressed 

here in theme  

1.  We have the potent ial to del iver unique opportunit ies to New Zealand’s 

hort iculture, arable,  seafood, meat,  and dairy sectors as wel l  as food and 

beverage manufacturers  

2.  Many Asian local food companies are bigger than mult i-nationals so New 

Zealand has to engage wi th them direct ly as col laborat ive research providers 
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rather than focus solely on global  mult i-nat ionals.   PFR has a programme of 

developing Māori  PhD students and post docs who have exist ing l inks to Hauora 

(Māor i health centres).  

This provides an opportunity for  scientis ts to develop effective relat ionships wi th 

Hauora, to engage with research nurses and gather information regarding nutr i t ion 

and food choices as wel l  as l ink ing in wi th patients for  educat ion and to ensure 

preventat ive health.   The posit ion and think ing on research themes relat ing to 

sustainable production to support food production are further outl ined in the 

challenges ‘Increasing land product ivi ty wi thin environmental l imits ’ ‘Reducing 

greenhouse gas emiss ions from agr icul ture New Zealand while supporting the 

sector’s  prospects for growth and generation of  wealth for  al l  New Zealanders ’, 

‘Biosecur ity with open borders ’  -  these challenges are integral  to our challenge of 

‘ increasing the success of  New Zealand foods’.   

 
 
 

Entry ID 338 

Enable New Zealand to be a powerhouse producer of market-defining, world-
beating food and beverage products 

Summary The goal is to increase New Zealand's product ion of market-def ining, world-

beat ing food and beverage products.  This is proposed through a research 

programme with the fol lowing themes:  

1.  Enable New Zealand industry to lead in the production of  foods that  promote 

heal th  

2.  Enable New Zealand industry to produce high-protein foods of  super ior 

functionali ty and value to the consumer  

3.  Enable New Zealand industry to take novel approaches to meet signif icant ly 

increasing global demand for  animal-based protein and  

4.  Enable New Zealand industry to take novel approaches to meet the nutr i t ional  

requirements of  a very signi f icant port ion of  the global  population descr ibed as 

“ the bottom of  the pyramid” in terms of standard of l iv ing.  

Theme 1 

Enable New Zealand industry to lead in the production of foods that promote health 

Importance 
to New 
Zealand 

There is  a signif icant  internat ional  market  of health-conscious consumers 

selecting health-promoting products.  One segment of  this market , the functional  

foods market , is worth over US$100 bi l l ion a year,  and Omega-3 offerings alone 

are worth US$34 bi l l ion p.a.   Ret ir ing ‘baby-boomers’  in developed countries and 

consumers in emerging markets in Asia and South America are driving this  

demand. 

Research 
components 

Structur ing foods to function effectively during ingest ion and digestion to optimise 

the rate and quanti ty of uptake in the gastro-intestinal  tract of nutr i t ious and 

heal thy food components and ‘smart ’  active ingredients.  Protecting the stabi l i ty 
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and activity of these ingredients throughout the production and supply chain, is 

also a key research component. 

Theme 2 

Enable New Zealand industry to produce high-protein foods of superior functionali ty and 
value to the consumer 

Importance 
to New 
Zealand 

I t  is becoming more widely understood that quali ty protein nutr i t ion throughout l i fe 

is  a key to heal th and wellness.  I t  is not only key to physical  development and 

performance (e.g.  infant nutr i t ion,  sport ing and leisure pursuits) , but  cr i t ical to 

heal thy ageing.  Foods for  the ageing to preserve muscle wi l l  be the “next  big 

thing”.  The avai labi l i ty and absorpt ion of essential amino acids is not necessari ly 

wel l  managed in diets at var ious stages of l i fe, in part icular later in l i fe.  High-

protein foods and beverages are a key to providing the necessary nutr i t ion profi le 

for health,  and the market dr ivers in Theme 1 apply to this  category of  foods and 

beverages. 

Research 
components 

Structur ing foods to deliver  effective levels of quali ty protein is  a s igni f icant 

sc ience challenge.  The design and product ion of high-protein foods and 

beverages which opt imise nutr ient del ivery and achieve high consumer 

acceptabi l i ty for taste, texture and palatabil i ty wil l  be the focus of this research 

platform.   

Theme 3 

Enable New Zealand industry to take novel approaches to meet signif icantly increasing 
global demand for animal-based protein 

Importance 
to New 
Zealand 

New Zealand is one of the wor ld’s most t rusted suppl iers of  animal-based protein 

(meat, seafood, dairy).  The global  demand for these high-qual i ty desirable 

protein-r ich foods is  projected to more than double by 2050.  As New Zealand 

clearly cannot meet this  demand from current provis ion i t  must capture the 

opportuni ty to extend i ts base of animal protein wi th qual i ty plant and alternat ive 

source protein, thus enabling a larger and wider global  market  to be serviced from 

the same animal-der ived protein production base.  Alternat ive sources should 

include current waste streams from the meat and seafood industr ies,  and fungal , 

algal and insect protein sources. 

Research 
components 

Al l ied to the research components in Theme 2, structur ing foods to del iver  

ef fect ive levels of quali ty protein combining both animal and plant sources ( in 

order to extend or  subst i tute the animal  source) is  a signif icant  science challenge.  

The cri t ical  issues that need addressing are: nutr i t ional  balance ( indispensable 

amino acids), texture and f lavour (e.g.  many vegetable and cereal proteins have 

of f f lavours), use of  current ly underut i l ised by-products from our animal-based 

industr ies.   Such foods and beverages need to be designed and investigated to 

achieve both production and consumer expectat ions of  taste, texture and 

palatabi l i ty.   
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Theme 4 

Enable New Zealand industry to take novel approaches to meet the nutritional requirements 
of a very significant portion of the global population (c. 2 bil l ion) described as “the bottom 

of the pyramid” in terms of standard of l iving 

Importance 
to New 
Zealand 

New Zealand is unable to supply increasing demand levels for protein, including 

supplying the nutr i t ional requirements of the s ignif icant  population of 

malnourished or “ just  enough nutr i t ion but  needing more” at  the “bot tom of  the 

pyramid”.   However,  with the r ight food technology and components,  i t  is  possible 

to design nutr i t ious and af fordable food and beverages at a price point suitable to 

a very low standard of l iving.   Key opportunit ies included the fact  that  these 

products can be more profi table and in much higher volumes and smal ler  pack 

sizes.  After India,  Afr ica is the next  great emerging wor ld market . 

Research 
components 

Al l ied to the research components in Themes 2 and 3,  structur ing foods to del iver  

suff ic ient  levels of  protein, l ipids, carbohydrates and minerals in an acceptable 

‘value-added’ format at an af fordable pr ice point , is  a s igni f icant sc ience 

challenge.  Further chal lenges l ies in the fact  that of ten no cold chain exists,  

especial ly in the tropics,  thus the need for ambient stabi l i ty and novel 

preservat ion/  protection technologies.  The knowledge and IP that  can be 

developed and incorporated into such foods (manufactured in New Zealand and 

locally in-market) , is of  great  value to New Zealand industry and can potent ial ly 

be leveraged overseas.   

Research 
Gaps and 
Opportunities 

The main gap in the research landscape is  human cl inical tr ials to val idate the 

heal th c laims of funct ional foods. 

 
 
 

Entry ID 354 

International competitiveness of agriculture requires export in high value foods. 
Manufactured food exports, uniquely sourced from New Zealand, with innovative 
manufacturing and highly-valued (health) targeting markets is a national science 

challenge 

Summary The goal for this  proposal is to improve the international  compet it iveness and 

value of  New Zealand agr icultural food exports through innovative manufacturing 

and targeting high-value (heal th)  food markets.   The proposed research 

programme inc ludes the fol lowing themes:   

(a) understanding and protecting the unique opportuni t ies and attr ibutes of New 

Zealand agr icul ture  

(b) bui lding bet ter foods by development of  less environmental ly hazardous, 

minimal technologies and improved modell ing,  monitor ing, engineering and 

construct ion of better  food product ion faci l i t ies and  

(c) bui lding value through valued health claims. 
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Theme 1 

New Zealand100% Pure Foods – Understanding and protecting the unique opportunities and 
attributes of New Zealand agriculture 

Importance 
to New 
Zealand 

Processed and packaged foods is in excess of a US $2 tr i l l ion global  market,  wi th 

annual  growth exceeding 7%.  The New Zealand agricul tural sector has strong 

export  growth,  but l imi ted geography and remoteness to growing Asian markets 

l imits  long-term competit iveness as a commodity suppl ier .  Understanding the 

uniqueness ( inc luding composit ional characterist ics,  harvesting, environment), 

how this  uniqueness t raff ics through the supply chain and ends with the consumer 

product contr ibutes to key aspects of Asian food demand - safety and benefit .   

Research 
components 

1.1: Substant iat ion of  unique composit ional  characteris t ics of  New Zealand foods.  

Traceabil i ty of these characteris t ics through the food supply into manufactured 

foods to retention of  ‘uniqueness’.  There is no science on the uniqueness of 

many New Zealand agricultural products despite unique soi ls, cult ivars and animal 

feeding strategies that  cannot be matched wor ldwide.   

1.2: Contaminant detect ion,  inc luding di lut ion/substitut ion,  environmental , 

microbiological and chemical in New Zealand food ingredients and products.   

High throughput detect ion methodologies provide unheralded sensit ivi ty and 

precision in al l  aspects of  t racing highly labi le, trace minerals and contaminants in 

the food supply.      

Theme 2 

Building better foods - Ingredients,  processing and value-enhanced products 

Importance 
to New 
Zealand 

Value capture requires innovat ive food processing.  Investment in novel 

technologies to harvest,  retain,  enrich and synergise the 'unique' benefi ts wi thin 

New Zealand sources pr imary produce is  l imited.  Novel  next-generation 

technologies for eff ic iency, product  development, low-pollutant and retent ion of  

bioactives requires coordinated research from Universi t ies through CRI's  to 

businesses. 

Research 
components 

2.1: Development of less environmental ly hazardous, minimal ( including non-

thermal processing technologies)    

2.2: Model l ing, moni toring, engineer ing and construction of  better food production 

faci l i t ies.     

Theme 3 

Harnessing Health - Building value through valued health claims 

Importance 
to New 
Zealand 

Health is a major driver  of consumer purchasing patterns and increasingly a 

feature of Asian purchasing patterns wi th increasing urbanizat ion.  Health-benefi t  

foods can provide high margin profi ts, but require considerable ef fort  and t ime to 

generate the substant iated l ink between the food ingredient and the medical 

substant iat ion. Once generated food regulatory agencies worldwide have been 

reluctant to al low communication directly to the consumer on packaging and 

advert is ing.  Food Standards Austral ia and New Zealand (FSANZ) is  close to 
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agreement of  regulatory standards to enable heal th claim substantiat ion, yet 

capital ising on this  regulatory framework requires a coordinated science 

investment substantiat ing food-health connections. Internat ional ly, research has 

not  progressed due to regulatory uncertainty. 

Research 
components 

3.1: Generating internat ional  recognized medical  science in the substant iat ion of  

the relat ionships between food and health.  Leading f rom novel biomarker 

discovery through the cl inical intervention studies to achieve internationally 

recognized heal th claims.  

3.2:  Leading the coordinated approach to health claim regulatory f rameworks wi th 

SE Asia.  

Research 
Gaps and 
Opportunities 

Despi te the importance of food for health,  few national  st rategies exist to bui ld 

export-value from the paddock to the plate.  Several European and Asian 

economies (most notably Switzerland and Singapore) wi th l imited agr icultural  

capacity have generated the best performing food-export branded food business,  

based on unique characteris t ics ( ie. Swiss chocolate; regional hub/ 

automation/ski l led worker base). Yet New Zealand, despite having far  greater 

natural  resources, with many examples of unique/pure food ingredients and a 

recognized internat ional  reputation in food exports , is yet to fulf i l  the promise of 

generating high-value branded products that ‘dr ive’ consumer demand. A national  

research strategy f rom the uniqueness of the New Zealand ingredient through to 

the high value heal th c laim that  substantiates the generation of health claims are 

major  research gaps requir ing leadership and investment.  
 
 
 

Entry ID 373 

Growing economic value and our economy from New Zealand’s land and natural 
capital/resources 

Summary The goal of this proposal  is to grow value from New Zealand's primary sector  wi th 

a research programme that includes the fol lowing themes :  

(a) increase social ly and environmental ly sustainable product ivi ty f rom al l  types of 

pr imary product ion   

(b) Increase the value derived from exported food, beverage and f ibre  

(c) Connect ing people with the land and its abi l i ty to provide economic,  social, 

environmental and cultural growth   

Theme 1 

Increase productivity from al l types of primary production in a way that is socially and 
environmentally sustainable and acceptable to New Zealanders,  and to the 

markets/consumers on which our exports rely 

Importance 
to New 
Zealand 

Agricul ture is New Zealand’s most important export industry (worth $21.6 bi l l ion in 

the year to July 2012, or 46% of  merchandise exports) . I f  New Zealand’s economy 

is  to grow s igni f icantly,  the product ivi ty of  the agriculture sector wi l l  have to grow 
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substant ial ly, both agr icul ture and smaller  sectors would have to grow, or the 

smal ler sectors by themselves would have to grow enormously. The f irst  two 

opt ions would require us to grow agr icul tural  productivity. However, out  of  31 

countr ies for  which OECD. Stat provided the required data for the year 2009, New 

Zealand was ranked 15th in the key productivity measure of  agricultural GDP per 

worker. This was a substant ial  decl ine f rom 1998, when New Zealand was 8th out  

of  29 countr ies. I f  agriculture is  to make a major  contr ibut ion to economic growth 

in New Zealand, i t  is vital that  we greatly increase our rate of agricultural 

productivity improvement.   

As our most important land use af ter native vegetation,  tak ing up 39% of  New 

Zealand land area, agricul ture also has a major  inf luence on the New Zealand 

environment and society. Agr icul tural  practices are increasingly becoming subject 

to regulation to manage their environmental impacts, so i t  wi l l  be essential  that 

agr icul tural  productivity improvements go hand- in-hand with reduced 

environmental impact and improved resource use eff ic iency, including improved 

nutr ient management.   Other important land uses inc lude hort icul ture (10%) and 

forestry (9% of merchandise exports). Both share chal lenges and opportuni t ies 

wi th pastoral  agriculture. An appropr iate al location of  land between each of these 

land uses and native vegetat ion is also vital . 

Research 
components 

1. Improved plant productivi ty.  Forage plants are a crucial  driver of productivity in 

pastoral  agr iculture, while plant product ivity is  even more directly important to the 

hort iculture and forestry sectors. 

 2. Improved productivity in dairy, meat and f ibre-producing animals.  Accelerated 

whole genome select ion can produce animals with the attr ibutes farmers and 

consumers need. Research to understand and manipulate the rumen ecosystem 

wi l l  redirect nitrogen and carbon into proteins and fats,  rather than the 

greenhouse gases methane and ni trous oxide.  

3.  Improved animal  heal th and welfare. Somat ic cel l  counts and reproduction 

performance are key issues for the dairy industry.  For sheep and beef, improved 

methods to control internal parasi tes are a high prior i ty. 

4.  Biosecurity research strengthens our border security and develops new 

detection technology that  reduces the cost  of protecting against exist ing known 

threats.   

5.  Adopt ion of new management pract ices that  improve product ivi ty. Systems 

research is essential to develop res i l ient and adaptive farming and hort icultural 

systems that are responsive to opportunit ies and challenges whi le remaining 

productive, profi table and environmental ly sustainable.   

6.  Improved on- farm product ivi ty in Māori  agr ibusiness enterprises. An estimated 

20% of Māori  land is  managed or administered by well -performing businesses but  

80% have considerable room for improvement in either  ent i ty performance or land 

ut i l isat ion.  

7.  Pract ical  pol icy solut ions for economical ly,  environmental ly and social ly 

sustainable land uses.  
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8.  Reduced environmental footpr int of productive land uses. Strong environmental  

per formance wil l  enhance consumer conf idence in New Zealand’s primary 

products and, when integrated with farm business needs, reduce costs and 

improve productivity. 

Theme 2 

Increase the real  value we derive from the food, beverage and f ibre we export  – adding value, 
but also getting a bigger sl ice of the value that is created 

Importance 
to New 
Zealand 

New Zealand’s food, beverage and f ibre exports make up about $26 bi l l ion per 

year, or  about 55% of  merchandise exports , but  we only supply dietary energy for  

20 mil l ion people,  the protein requirements of 45 mil l ion people and the dairy 

product requirements of  165 mi l l ion people.   Thus,  New Zealand is a niche 

producer of food, beverage and f ibre products that has both the challenge and 

opportuni ty to target the high end of  world markets rather than having to compete 

wi th larger food-producing countr ies on price.  To earn premium pr ices from the 

products we sel l  to those high-end markets,  we must produce foods, beverages 

and natural f ibre products that are of  the highest and most consistent  standard, 

are most appealing to the wor ld’s most discerning customers, and have the 

greatest  functional benefits for those customers.  At  the same t ime, we must 

capture a greater share of  the value chain that secures for  New Zealand a greater 

percentage of the pr ice paid by the consumer for the f inal product .  This requires 

that the products we sel l  have att r ibutes that are rarely or  never found in 

compet ing products, that al low us to command premium pr ices,  or that  New 

Zealand owns a large f raction of  the offshore value chain – up to the retai ler  or 

even the consumer.   The lat ter requirement would have to be met by business and 

investment strategies rather than research, but research can certainly del iver 

at tr ibutes whose uniqueness or rari ty can be secured by intel lectual property or 

appel lat ion.    

Research 
components 

1. New high-value dairy and food solut ion products and processes.  The 

nutr i t ional  needs of mothers and babies, and healthy ageing, are two main areas 

of  emphasis. Research col laborators include AgResearch, Plant & Food Research, 

Auckland, Massey and Lincoln Universi t ies,  the Riddet Insti tute and Fonterra 

Research.  2. Meat and processes that consistently meet the needs of  exis t ing 

and new markets. This wi l l  include the need for research to assis t in product 

di f ferentiat ion through the at tr ibutes of animals supplied and intervent ions dur ing 

processing. AgResearch, Massey and Lincoln are major  contr ibutors in this  

research.   3.  New products from Māor i agr ibusiness enterprises. Extension along 

the value chain to create new and enhanced products is a signif icant opportunity 

for Māori  agr ibusiness enterprises to create greater va lue f rom their asset base 

and the cultural values of Māori  land owners and the way these are reflected in 

management pract ices provide opportuni t ies to develop “Māori  brands”. This 

requires close partnerships between research organisations and Māori  

agr ibusiness enterpr ises.  4.  Higher value natural f ibre products. This wi l l  involve 

work on inherent  propert ies of wool to improve its  functionali ty, including sc ience 

to understand the reaction of  protein structures to l ight , us ing chemicals to photo-

stabil ise wool, and improving crimp in cross-bred wools. I t  wi l l  also involve work 
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to improve the performance of plant-based f ibres, including wood. Scion, 

AgResearch and several  Universi t ies contr ibute to this research. 5.  Consistent ly 

complying with demanding international food safety and other regulations, 

including biosecuri ty to prevent pests and diseases that  threaten our abi l i ty to 

t rade f rom entering New Zealand.  

Theme 3 

Healthy land and healthy people in rural  communities. Connecting people with the land and 
its ability to provide economic, social , environmental and cultural  growth 

Importance 
to New 
Zealand 

Despi te the vital  importance of rural  land-based resources to New Zealand’s 

economy, New Zealand is  one of the wor ld’s  most urbanised countries: 86% of the 

population l ived in urban areas in 2010. It  wi l l  be vital  that economic growth from 

land and natural capital goes hand-in-hand with environmental, economic and 

social sustainabi l i ty.  I f  rural  land is  to be productive, the people who work that 

land must want to l ive in rural areas. That wi l l  require that  they have access to 

publ icly- and privately-provided services of a comparable standard to that 

obtained by urban dwel lers,  as wel l  as having the rural  l i festyle.   With an 

estimated asset base of over $36 bi l l ion and a GDP contr ibution of $10.3 bi l l ion 

per year, the Māori  economy (much of i t  rural) is a vi tal  element of growing New 

Zealand’s overal l  economy. While many Māori  farming operat ions are highly 

productive, a signif icant number are under-performing. An estimated 80% of Māor i 

land has considerable room for improvement in ei ther  enti ty performance or land 

ut i l isat ion. According to a recent Te Puni Kōkir i  report , Māor i land owners aspire:  

•  To retain and improve exis t ing long-term businesses associated wi th the land, 

especial ly farming,  and for owners to use the land directly rather than through 

lease, and •  To achieve sustainable f inancial return for  owners,  provide 

employment for the owners where possible and to bui ld a f inancial base for  

coming generations. This theme aims to achieve these goals for al l  rural 

communit ies. 

Research 
components 

1. Research to develop approaches to improving productivi ty that are consistent  

with values associated with the land as a tāonga tuku iho,  such as kai t iak itanga 

and manaakitanga.   

2.  Research to improve organisat ional governance and management capabil i ty, 

which is  a barrier  to achieving landowner aspirat ions.    

3.  Research that  appl ies to large-scale landholdings, such as those administered 

by trusts and incorporat ions.  Approximately 60% of  mul t iple-owned Māori land is 

administered by 140 organisations.  4. Research emphasising the connect ion of 

Māori  to land ownership. Work to date wi th a number of Māor i organisations 

around the country suggests that br inging people back to their  land del ivered 

improvements in mental heal th and nutr i t ion for the people whi le f ragmented land 

was networked into useable farms wi th increased productive capaci ty.  

5.  Continued health of our productive and natural ecosystems requires that  those 

biological systems be protected f rom the threat of  invading pest animals, insects, 

plants,  bacteria and vi ruses.  Our country’s island ecosystems are uniquely 

susceptible to catastrophic pest invasions that can cause hundreds of mi l l ions of 
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dol lars of damage per year.   

Biosecuri ty research strengthens our border secur ity against known and 

previously unknown threats,  and develops new detect ion technology that reduces 

the cost  of  protecting against exis t ing threats.  Biocontrol research del ivers cost-

ef fect ive techniques to manage exist ing pests without creating adverse 

environmental impacts such as those result ing f rom chemical control  methods,  for  

instance. The Better  Border Biosecurity col laboration is  the key New Zealand 

grouping of biosecur ity researchers. 

Research 
Gaps and 
Opportunities 

Productivity: 

1.  Eff ic iency gains across the value chain.  

2.  Land uses that are wel l-matched to the landscape configuration.  

4.  Sophist icated moni toring systems that provide accurate and t imely feedback to 

landowners on the performance of their productive land.   

5.  Adopt ion and pract ice change enhancement. The Pr imary Innovation 

col laborative programme in which MBIE commenced investment in 2012 is  making 

a star t in this area.   

6.  Nutr i t ional enhancement of animals and plants.   

7.  Design of plausible transi t ion pathways to ensure the twin goals of economy 

and environment are al igned and in step.   

Increased Value:  

1.  Integrated “ lab to consumer”  val idation of  food & ingredient  functionali ty, 

sensory propert ies and safety. A “New Zealand Inc.” approach to carry out  qual i ty 

human nutr i t ion research, show proof-of-function and complete cl inical  tr ials  could 

substant iate c laims with respect to nutr i t ional  value, biological funct ions that 

del iver  desirable health and wellness benef its , and the bioavailabi l i ty of these 

components. Auckland Univers ity, AgResearch, Plant & Food Research et  al .  

col laborate in this area through the Nutr igenomics New Zealand programme. 

2.  Molecular mapping of  food and f ibre component modi f ication from farm to 

consumer, wi th correlat ion to quali ty and funct ion.  There is  potential  to apply 

related techniques across di fferent products and value chains, and so 

col laboration could be strengthened in future.    

Heal thy Land/People:  

1.  How can we integrate biodiversi ty concepts with productivity requirements to 

balance product ive and indigenous landscapes, bui ld res i l ience into landscapes, 

and enable communit ies to exercise kai t iak itanga over native f lora and fauna? As 

wel l  as being cultural ly important , the latter  are vital assets for New Zealand that  

create economic value through the international tourism industry.    

2.  How can we use modern technology to del iver the highest standard of  services 

and l i festyle to rural communit ies? 

Comments Increasing productivity:  •  This is  a zone of  high societal  tension and we can make 

gains through shif t ing the 75% quart i le however that is  a short term measure and 
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sc ience must work with the entrepreneurs who are sett ing and exceeding their  

own targets. • Science alone wil l  not  solve this issue. Society wi l l  have to re-

def ine the goals that i t  sets and research should assist  to develop plausible 

futures and t ransi t ion pathways.  •  Emphasis should be placed on where the key 

interventions are required in the exis t ing value chain to take that leap forward. 

Science to co- innovate wil l  require new teams inc luding pract i t ioners and 

t ransdisc ipl inary teams that  inc lude people from diverse backgrounds.  • Research 

to reduce the emissions of greenhouse gases from New Zealand agriculture is  

covered by the submission of the New Zealand Agr icul tural Greenhouse Gas 

Research Centre. • Landcare Research, AgResearch, Plant & Food Research, 

Scion, Massey Univers ity and Lincoln Universi ty contr ibute to this theme at 

present and/or  have the capabi l i ty to contr ibute in the future.  Increasing Value:  •  

Successful ly meet ing this challenge wil l  require complementary maintenance and 

enhancement of  the “New Zealand Brand”, part icular ly around considerations such 

as environmental impact and animal  welfare. • Many CRIs and Universi t ies 

contr ibute to this theme at present and/or  have the capabi l i ty to contr ibute in the 

future.  Landcare Research,  AgResearch, Plant & Food Research,  Scion, Massey 

Universi ty and Lincoln Univers ity are part icular ly prominent.  Healthy Land/ 

People: • Government agencies wi th major act ivi t ies in this area inc lude the 

Ministry for  Primary Industr ies,  Te Puni  Kōkir i ,  Ministry for  the Environment, 

Department of Conservation and others.  • FoMA and the Māori Trustee are 

already engaged wi th this issue, along wi th many individual iwi,  hapu and Māori -

owned agribusinesses. 

 
 
 

Entry ID 394 

The Food & Nutrition Challenge 

Summary This research programme proposes the fol lowing themes  

(a) people and food  

(b) providing choice for wel lbeing (food for health c laims effect  of food processing 

on food quali ty food safety and secur ity) 

(c) process ef f ic iency by moving beyond the not ion of ‘waste’ processing and 

focussing instead on ‘whole of resource’ processing,  energy recovery from food 

waste via inc inerat ion,  anaerobic digest ion,  pyrolysis or  gasi f ication technology 

presents a range of valor isat ion opportunit ies  

(d) demands on agr icul tural  production whole of system management - defining 

environmental and social l imits  

Theme 1 

People and Food 

Importance 
to New 
Zealand 

Biological,  chemical  and radiological contaminants present a continuing threat to 

human health in the developed and developing world through inappropriate 

processing and handling, spoi lage and contaminat ion. Authent icity, control and 
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bet ter management of  products, ingredients and mass f lows through the food 

chain can be achieved by improvements to food analyses and diagnost ics.  

Chemical engineers in the food process industr ies must be involved at  an ear ly 

stage. Hygiene and food safety can be improved by the application of  chemical  

engineering and chemistry to improve hygiene through al l  stages of processing, 

including bet ter design and management of  thermal processing operat ions,  

disinfectants, non-aqueous c leaning methods and the use of  novel  mater ials for 

handl ing food. 

Research 
components 

We need to move beyond the notion of  ‘waste’ processing and focus instead on 

‘whole of resource’  processing. Reduction; reuse and recycl ing options should 

take pr iori ty in any food processing strategy. However, energy recovery from food 

waste via inc inerat ion,  anaerobic digest ion,  pyrolysis or  gasi f ication technology 

presents a range of valor isat ion opportunit ies. Al l  four  routes are well  understood 

by chemical  engineers,  but the applicabil i ty of each technology is very dependent 

on the quali ty and consistency of the waste stream. Chemical engineers must 

engage with init iat ives on food waste management and contr ibute to strategies 

that explore ways of  opt imizing the use and/or  reuse of  waste streams. Effective 

r isk assessment is paramount, as is  the need for ear ly public engagement and 

chemical engineers must mount persuasive arguments in support of  the adopt ion 

of  new technologies. 

Theme 2 

Providing choice for wellbeing 

Importance 
to New 
Zealand 

In the developed world, overeating and consumption of  unheal thy food have given 

r ise to health issues including obesity and diabetes.  Innovat ive chemical  and 

process engineer ing can be deployed to design and del iver  food products that are 

af fordable and less harmful  to health whi lst maintaining consumer appeal through 

improved formulat ion and microstructure. 

Research 
components 

Food for  health claims ef fect  of  food processing on food quali ty food safety and 

security 

Theme 3 

Process eff iciency 

Importance 
to New 
Zealand 

The enti re food supply chain is  energy and resource intensive. Chemical  

engineers can provide detai led l i fe cyc le analysis  to assess energy consumpt ion 

and material f low in every part of  the chain. Process model l ing, bet ter process 

and product  design and enhanced process management and control technology 

wi l l  improve the eff ic iency and sustainabi l i ty of  food production. 

Research 
components 

We need to move beyond the notion of  ‘waste’ processing and focus instead on 

‘whole of resource’  processing. Reduction; reuse and recycl ing options should 

take pr iori ty in any food processing strategy. However, energy recovery from food 

waste via inc inerat ion,  anaerobic digest ion,  pyrolysis or  gasi f ication technology 

presents a range of valor isat ion opportunit ies. Al l  four  routes are well  understood 

by chemical  engineers,  but the applicabil i ty of each technology is very dependent 

on the quali ty and consistency of the waste stream. Chemical engineers must 
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engage with init iat ives on food waste management and contr ibute to strategies 

that explore ways of  opt imizing the use and/or  reuse of  waste streams. Effective 

r isk assessment is paramount, as is  the need for ear ly public engagement and 

chemical engineers must mount persuasive arguments in support of  the adopt ion 

of  new technologies. 

Theme 4 

Demands on agricultural production 

Importance 
to New 
Zealand 

In the developing wor ld approximately 13% of  the population are malnour ished. 

The growth in food demand is the result  of the combined effects of wor ld 

population growth to over 9 bi l l ion by 2050, r is ing incomes and dietary changes 

towards higher meat intake.  Meat product ion is part icularly demanding in terms of 

energy, cereal  and water. Today,  near ly half of the wor ld’s  cereals are being used 

for animal feed. Expanding biofuels product ion br ings new pressure. Chemical 

engineers can contr ibute to the development of new agr icul ture technologies and 

farming practices in order to meet this  demand. A broader systems thinking 

approach is needed with a shift  of emphasis from farm management to whole of 

catchment or  even enti re ecosystem management. 

Research 
components 

Whole of system management def ining environmental and social l imi ts mass and 

energy balancing with the system indicator  var iables and compliance monitoring 

Research 
Gaps and 
Opportunities 

Sustainabi l i ty and the cold chain.   The ‘cold chain’ is central to maintaining 

product quali ty and hygiene standards in the food industry.  This activity is very 

energy intensive. Chemical  engineers wi l l  deploy their  fundamental knowledge of  

mass and heat transfer  to develop new equipment and processes adapted to the 

di fferent parts of the cold chain in order to enhance product l i fe, improve food 

safety,  whils t at the same t ime reducing energy costs and environmental  impact. 

Carbon and water foot print ing Food dis tr ibution is local and global; and simple or  

complex,  depending upon the locat ion and the l i festyle of the consumer. The ‘food 

miles’ debate highl ights a clash between seemingly compet ing sustainable 

development agendas. From an environmental perspective,  encouraging 

consumers to change their purchasing pat terns by l imit ing transport emissions is  

seen by some commentators as a good thing. However, f rom an economic 

development perspect ive,  the focus on ‘ food mi les’  may undermine essent ial  

industr ies in developing nat ions.  Water is used for  dr ink ing, cooking and personal  

hygiene. Far greater  quanti t ies are used in food production.  Water footpr int ing 

of fers an indicat ion of water  ut i l ization, taking into account direct  and indirect 

water use.  The water footpr int of an individual food process act ivi ty is defined as 

the total volume of freshwater that is used to produce the f inished food product.  

Chemical engineers can deploy robust l i fecycle analys is to br ing clari ty to these 

debates. 

Comments see our pol icy paper  

ht tp: //www.icheme.org/media_centre/technical_strategy.aspx   
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Entry ID 421 

Develop New Zealand’s agribusiness sector towards smart* foods for wealth and 
health benefits  

Summary The goal of this proposal  is to increase the value of New Zealand's primary sector 

products via a research programme with the fol lowing themes:  

(a) increasing the export potential of the agr i-food sector sustainably in c l imate 

change condi t ions by identi fying ways to maximise nutr i t ional /phytochemical  

content while minimis ing environmental impacts and growing inputs  

(b) sat isfy increased demands from customers for safe,  heal th-promoting foods;  

maintain the reputat ion of New Zealand food quali ty and develop a growing by 

enhancing food funct ion ( to offer  addi t ional benefi ts) and assur ing trust  in New 

Zealand-produced food  

(c) to enhance development and marketing of novel food products through 

improved understanding of customer drivers  

Theme 1 

Increasing the export  potential of the agri- food sector sustainably,  in climate change 
conditions, is an obvious goal for New Zealand.  Food exports earn over $20 bill ion per 

annum, representing about two-thirds of New Zealand’s export  income and 10 percent of total 
New Zealand employment 

Importance 
to New 
Zealand 

Since New Zealand's agricul tural sector is unl ikely to be able to compete globally 

on cost in the long term we must be able to offer  unique, value-added products to 

maintain and grow sustainable market  niches.  The increasing personal weal th, 

par t icularly in Asian markets, and emerging knowledge of the role of food in 

heal th present an opportuni ty to develop SMART* foods through both smart 

agr icul tural  practices and smart  manufacturing. These foods wil l  draw on the 

emerging knowledge of  the relat ionship between genomics, health and food.  Not 

only wi l l  there be an export  benef it  but improved domestic health, reducing health 

costs and improving product ivi ty, using evidence-based dietary practices.  

Research 
components 

•  Identifying ways to maximise nutr i t ional/phytochemical content  while minimising 

environmental impacts and growing inputs, including,  for example, managing 

water resources and bio-for t i f icat ion 

•  Using biotechnology, including genomic selection, to develop cult ivars with 

tai lored composi t ion  

•  Finding the most cost effective sources of selected nutr ients e.g. potatoes 

produce the greatest amount of  protein per hectare,  much more eff icient than 

cows 

•  Identifying the interaction between genotype and environment effects 

•  Maintaining food safety to ensure new systems do not  introduce new r isks 
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Theme 2 

To satisfy increased demands from customers for safe, health-promoting foods; maintain the 
reputation of New Zealand food quality and develop a growing market for new exportable 

technologies for food safety and quality assurance 

Importance 
to New 
Zealand 

Customers expect their food to be safe, but  there are continued and emerging 

threats to both public  heal th and market  access. There is growing interest in 

foods that promote and sustain well-being in a busy wor ld. Food products wi th 

assured safety and healthy attr ibutes have a future in current  and emerging 

markets, given major internat ional  safety breaches and an increasingly demanding 

and busy middle c lass in, notably,  Asian markets. The research in this  theme 

would focus on two major  streams: 

1.  Enhancing function: Funct ional  foods of fer addit ional  benef its  that  may reduce 

the r isk of  disease or  promote opt imal health. They can encompass a broad range 

of  products but general ly incorporate a part icular funct ional  ingredient, eg. Sterol-

enr iched spreads.   Fermented foods with l ive cultures are also examples of  

functional foods wi th probiot ic benefi ts.  This is a rapidly expanding area within 

the food industry due to their increased popularity with heal th-conscious 

consumers. There is  a need to authent icate such c laims. 

2.  Assur ing t rust : New Zealand-produced food is  trusted internat ional ly as being 

of  high qual i ty, authentic  and safe.  To maintain and enhance this t rusted posi t ion,  

New Zealand must seek to be ahead of the game in food safety and to implement 

systems that ver ify the authent ici ty of our  food products. There is  al ready 

evidence of foods being f raudulent ly t raded as New Zealand brands and the 

incidence of this  may increase as New Zealand moves to trading in increasingly 

high-value food products.  Systems can be exported to generate revenue too. 

Research 
components 

•  Developing novel and natural biocontrol s trategies wi th fewer chemicals and 

preservat ives,  to ensure safety,  extend shel f l i fe and maintained food qual i ty 

•  Assurance of  heal th claims for functional foods 

•  Foods with a part icularly New Zealand identi ty or at tr ibute  

•  Unique combinat ions,  fort i f ications, protein analogues (meat substi tutes) 

•  Development of  novel  enzymes to assist  in health and product ion 

•  Co-products,  ut i l is ing waste 

•  Processing technologies, e.g.  high pressure processing, etc 

•  Smart packaging and label l ing - pathogen/spoi lage control ; nutr i t ional  sensors to 

identi fy when vitamin C levels drop in a product for example.  

•  Smart food labels - ult imately l ink ing to nutr igenomics data onl ine,  for  example 

•  Consumer convenience and sensory att r ibutes: Intel l igent  survei l lance, data 

col lect ing and model l ing systems to understand and provide early warning of 

potential food safety issues.  A key aspect  of New Zealand’s unique environment is  

the absence or l imi ted exposure to a range of  diseases (human, animal,  plant),  

pests and contaminants that  are widespread in other countr ies. Novel food safety 

issues are constantly ar ising.  New Zealand needs to develop model l ing and 

surveil lance systems that highl ight new issues at an ear ly s tage. 

•  Rapid r isk assessment and effective r isk communicat ion:  Fingerprint ing or 
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tagging New Zealand foods to al low posit ive authent ication.  Methods may identify 

a unique composit ional  aspect of  the food that  relates i t  to a speci f ic  geographical 

location, e.g. isoscaping. Al ternat ively, biological , microchemical or  

nanopart iculate tags may be used to brand products. 

•  Intel l igent  tracking/ trac ing systems to demonstrate food ‘history’:  Integrated 

systems that t race the movement and t reatment of foods in a cost-effective 

manner 

Theme 3 

To enhance development and marketing of novel food products through improved 
understanding of customer drivers 

Importance 
to New 
Zealand 

Smart  or novel foods are general ly successful when they meet a perceived 

consumer need or wish. This requires an understanding of consumer needs and 

consumer concerns about the food supply.  For health-promot ing foods this  

requires a good understanding of  the interact ion between food components and 

individual’s physiology. 

Research 
components 

•  Understanding the aetiology of food and heal th throughout the l i fespan 

•  Food consumption pract ices and exposure assessment 

•  Understanding the social science of food choices and behaviours. People know 

they should eat  more healthi ly but usually don’ t – how can we turn an individual 's 

understanding into posit ive behaviour - snacking on frui t  and vegetables instead 

of  potato chips for example.   

•  Ways of  assessing food acceptabi l i ty and eff icacy 

•  Risk/benef it  communication 

Research 
Gaps and 
Opportunities 

Research is  needed on the most appropriate beneficial  factors to target , f rom both 

growing and heal th perspect ives,  in a New Zealand context  i .e.  what grows/wi l l  

grow in New Zealand. 

This theme needs information from theme 3 (food and health) both domest ical ly 

and from international markets. Because the science community in New Zealand 

is  small ,  there is good opportuni ty for col laboration between wil l ing scientis ts at 

Plant and Food, AgResearch, the Riddet Insti tute,  ESR, Auckland Univers ity 

(Nutr igenomics) and the Universi ty of Otago heal th researchers.   Excit ing work is 

happening in phage bio-control of food spoilage organisms and pathogens.  The 

use of encapsulation technologies is increasingly being used in the food industry 

and can be used to protect substances such as nutr ients and antimicrobials or  

benef ic ial organisms (eg.  probiot ics) from the inhibi tory condi t ions within a 

process or  food.  I t  is important to note that the market  for  new and effective 

methods for  microbial  decontaminat ion is  buoyant and that  such products are 

themselves exportable. A recent report from PWC ident if ied China, for example, 

as a major  market .  

Smart  packaging might  incorporate sensors for  nutr i t ional  quali ty, e.g. to know 

when vitamin C levels dropping in a product or something hi ts an opt imal level,  

etc). Smart labell ing might l ink to nutr igenomics data.  Biofort i f ication offers new 

and natural means of enhancing food nutr i t ional  at tr ibutes. I t  is essential that the 

evidence for a food's safety or functionali ty is substant iated as part of the New 
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Zealand brand protect ion and promotion.  

Advances in genomics have opened possibi l i t ies in rapid and cost-effective 

profi l ing of both product and contaminants,  making rapid real-t ime response to 

authenticity or safety issues a real i ty. This creates the need for databases to 

enable the appropriate response, such as assurance for market access, response 

to food safety issue. It  is important to continue to research the relat ionship 

between food and health in our society and ident ify opportuni t ies for  change that  

wi l l  improve the wel lbeing of  the population in the future. This wi l l  necessar i ly 

require study of epigenet ics and nutr igenomics to characterise benefits  and r isks 

for di f ferent groups of people.  

The scope is large and it  wi l l  be important  to ident ify which heal th outcomes are 

best for New Zealand and/or  overseas markets to support sel l ing functional foods. 

The challenge wi l l  require informat ion on what might be acceptable/appropriate 

food preferences for  target consumers ( i .e. st rong market inf luence).    

Smart  foods wil l  require evidence that the substance is safe,  absorbed or reaches 

the si te of  act ion and that consumpt ion of the food has a beneficial inf luence on 

the physiological funct ion and effect on heal th. There is potent ial in this  area too 

for smart  technologies,  for  example wr ist  watch sensors to detect ci rculating 

levels of a substance to guide people on when and what they should be being 

eat ing. 

 
 
 

Entry ID 427 

FUTURE FOODS - New Zealand contributes only a small percentage of global 
food production.  Rather than competing solely in undifferentiated commodity 

markets, New Zealand needs to sell high value foods 

Summary The goal of this proposal  is to increase the value of New Zealand's primary sector 

products via a research programme with the fol lowing themes:  

(a) gauging consumer requirements and translating these into new product 

development goals and parameters   

(b) generating high value foods -on farm  

(c) generating high value foods-off  farm  

(d) del iver ing evidence based funct ional i ty and bio-ef f icacy  

(e) del iver ing value chain integri ty through authent ici ty and safety  

Theme 1 

Understanding And Translating Market Signals 

Importance 
to New 
Zealand 

Gauging consumer requirements and t ranslating these into new product 

development goals and parameters.  This requires int imate connect ion between 

industry and the research community to both understand the trajector ies of 

demand, and to ensure any product  or cult ivar development coinc ides with these 
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t rajectories. 

Theme 2 

Generating High Value Future Foods — On-Farm 

Importance 
to New 
Zealand 

New Zealand has a reputation for high qual i ty natural produce and environmental  

sustainabil i ty.  Primary production accounts for  the vast major ity of New Zealand’s 

food sector,  with agri -food exports predicted to treble by 2025, to around 

$58 bi l l ion.  Innovat ive approaches that develop and uti l ise the knowledge of the 

biochemistry, metaboli tes and genet ics of  key New Zealand crops, pastures and 

animals is needed to underpin the development of new cult ivars and high value 

products. 

Theme 3 

Generating High Value Future Foods — Off-Farm 

Importance 
to New 
Zealand 

Complement ing Theme 2 is the need to developed processes to rapidly 

produce/formulate new products that meet consumers’  functionali ty, sensory and 

pr ice point  demands using exis t ing produce/raw mater ials .   

Note: This wil l  require pul l ing together mul t i-discipl inary teams covering raw 

mater ial  production,  through to processing and its  impact on taste or other 

sensory at tr ibutes.   This strategy of consider ing the food and i ts development in 

the broader sense (wi thout focusing unduly on a single attr ibute such as 

heal thiness, sustainabil i ty or  functionali ty) is fundamental to achieving a f inal  

product that f inds acceptance by the consumers in the target market(s) - e.g., 

improved healthiness but that  also del ivers acceptable/desirable sensory 

exper ience and shelf l i fe duration.  

In addi t ion to f inal food products, this  theme also includes the development of 

bioactive or  functional ingredients (e.g., that may be used in or fort i fy other food 

manufacturers ’ products) using expert ise and technology derived f rom human 

heal th and medical research and applying i t  into the food space. 

Theme 4  

Delivering evidence based functionality and bio-eff icacy  
Theme 5 

Delivering value chain integrity through authenticity and safety   

Importance 
to New 
Zealand 

Theme 4: Providing scienti f ical ly robust evidence to support any human health or  

other functionali ty c laims (e.g.,  through in-vit ro and in-vivo eff icacy testing and 

intervention tr ials)  is  increasingly cri t ical in a global  market  with harmonised food 

& therapeutic regulatory regimes.  New Zealand has extensive human health 

capabil i ty that  has been relat ively unl inked from application to food production 

and development.  This Theme would enable New Zealand to harness and apply 

this capabil i ty to develop added-value foods that  meet market  regulatory hurdles 

(e.g.,  supported health / eff icacy claims) and consumer demand. 

Theme 5: Developing systems that veri fy place of  origin and/or processing or 

t reatment regimes and provides added assurance of  product safety (e.g., 

microbiological safety;  adul terat ion free) wil l  increasingly become ‘ l icence to 
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operate’  requirements in sophist icated (premium earning) global  markets.  New 

Zealand’s relat ively smal l size and scale of operat ions,  coupled wi th i ts 

sophist icated scienti f ic capabi l i t ies ( inc luding some wor ld leading proof  of origin 

analyt ical capabi l i t ies) could turn this requirement into a compet it ive advantage in 

these markets. 

Research 
Gaps and 
Opportunities 

Research Opportunit ies 

Food research expert ise spans across many organisat ions,  and this  Challenge is  

l ikely to draw broadly from across a number of CRIs and universit ies.    

The Univers ity of Otago sees itself  as playing a key support ing or co-leadership 

role in several of the themes noted above.  In part icular, i ts  leading health 

sc iences expert ise ( including nutr i t ion, physiology, biochemistry,  microbiology and 

medic ine) lends i tself to del iver ing wor ld c lass human eff icacy and intervention 

research.   This in turn is  coupled with leading genomic and bioinformat ics 

capabil i ty ( inc luding that  avai lable through Otago host ing New Zealand Genomics 

Ltd) that open the door to the determination of biomarkers that might l ink food /  

nutr i t ional  products to speci f ic  disease or  health outcomes.  This could be further 

extended to understanding and inf luencing the role of food in optimis ing human 

physical  and cognit ive abil i t ies by drawing on leading physical education and 

psychology expert ise.   

The Univers ity of Otago is  also uniquely placed to extend expert ise in public  

heal th and the medical sciences, to add value and insight into future foods-for-

heal th research.  Otago can draw from long-run baseline data established through 

i ts Dunedin and Chris tchurch-based longitudinal studies, and its  strong publ ic 

heal th research (Well ington School Medicine).  I t  can also bring to bear specif ic 

expert ise and assays associated with human heal th such as: 

•  Understanding the mechanisms of disease & disease prevent ion (free radicals 

and antioxidants); 

•  Strong cl inical research (e.g.,  Chris tchurch School of  Medicine and Heart the 

Research Insti tute) ; 

•  Whole body nutr i t ional  & immunological  expert ise, inc luding probiotics (Dunedin 

& Wel l ington) 

•  Organ-specif ic expert ise (e.g.,  gut  heal th and the gut  microbiome). 

The Univers ity of Otago also hosts some of  New Zealand’s leading chemical , 

biochemical  and molecular/genetic  analysis capabi l i ty,  which provides an 

underpinning sc ience platform for evidencing the safety, integr ity and provenance 

of  New Zealand produced food ( i .e.,  the tools and capabi l i ty to provide sc ience-

based evidence to substant iate, or  disprove, marketing or regulatory c laims).   I ts 

geochemical isotopic analysis expert ise for  examples underpins the commercial 

services of companies such as Ori tain. 

The Univers ity of Otago’s Food Science Department also of fers post-harvest  

processing and product development expert ise, and has a sophist icated sensory 

analysis  capabi l i ty ( including both a sensory analysis suite and trained sensory 

panels).   The abil i ty of the Food Science Department to offer  these services, as 

wel l  as work in wi th the wider ski l ls  outl ined above, makes it  an ideal industry-

facing conduit .  



 

162 
 

Comments New Zealand contr ibutes only a small percentage of  global food product ion.  

Rather than compet ing solely in undi fferentiated commodity markets, New Zealand 

needs to: 

1.  Future-proof and demonstrably dif ferentiate i ts commodity products in a 

globalised marketplace.  This wi l l  involve developing wor ld class systems to: 

o Divers ify i ts  produce and food products offerings to meet emerging market  

t rends; 

     Ensure produce/product  safety; and 

     Provide assurance of authentic ity. 

Note: Over-and-above these product  focused traits  i t  is cri t ical  that New Zealand’s 

food production systems are also future-proofed,  through world-class biosecurity 

and bioprotecton (refer Chal lenge 8),  as wel l  as ensur ing on-going supply of 

fundamental  services such as provision of pol l inat ion capacity. 

 

2.  Target high-end consumer segments — i.e., produce products specif ical ly 

designed to meet the requirements of  consumers who wil l  pay the most for  them.  

One high-end market segment of  part icular relevance for New Zealand is 

functional foods (foods that  offer benefits beyond basic nutr i t ion.   Funct ional  

foods are one of the fastest  growing segments of the global food industry.  Foods 

and beverages that of fer val idated heal th c laims account for around US$25 bi l l ion 

of  global sales,  mainly in the key markets of  Japan, the USA and Europe.  

Emerging economies, part icularly in Asia,  are also beginning to demand more of 

these products.   This demand for  added funct ional i ty wil l  come hand- in-glove wi th 

co-demands for world class systems for ensuring and proving safety and value 

chain integr ity.    

Signif icant  opportunit ies for  New Zealand exis t in: 

     Developing or providing added value (not just added cost)  products.  This 

dimension includes: 

     §      Developing new cul t ivars/species; 

     §      Added value processing — e.g.,  processing milk powder (@ $41/kg 

protein) into lactoferr in (@ $2,330/kg protein) .   

     §      Developing systems that enable optimum t imel iness of supply (e.g. , l ive 

lobster  or fresh cherry exports to Asia). 

     Demonstrating health-related eff icacy,  or related functionali ty, of New Zealand 

produce and products relat ive to competing product types from overseas or 

ar t i f ic ial supplements.   This needs to go beyond extrapolating the presence of  a 

compound(s) wi thin a food that  is a proxy for  a health benefi t ,  to evidencing the 

abi l i ty of the food to demonstrably del iver the benefi t .  

3.  Capture the maximum value f rom global value chains — through understanding 

consumers’ needs (e.g.,  heal th-related requirements;  functionali ty; 

l i festyle/convenience; ethical considerat ions)  and producing safe, cost effective 

products to meet those needs, and, in doing so, ensur ing New Zealand industry is 

capturing signif icant market  premiums on route. 

The above requires an integration of New Zealand’s expert ise from on-farm/ 

orchard,  through the processors, product  developers, food & sensory scientists, 
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microbiologists , to the marketers and f inal ly to the consumer.  I t  requires an 

int imate understanding of  the consumer’s  l ikes and disl ikes so that al l  aspects 

( from production his tory,  through to functionali ty, sensory at tr ibutes and f inal 

pr ice) meet or  exceed the consumer’s expectat ions.   I t  also requires development 

teams to be f lexible, coming together (& disbanding) to bring the requis ite ski l ls to 

del iver  on the identi f ied market opportunit ies.  And the seamless f low of 

researchers/product developers between academia and industry. 

“We are what we eat” is  a fundamental truth.  However, there continues to be a 

lack of  accessible and sc ient i f ical ly val idated knowledge as to the speci f ic 

benef its  that cer tain foods can provide.  Some foods may protect  against the 

development of disease and thus s igni f icantly reduce heal thcare costs. 

Progressing this Chal lenge provides the opportunity to f i l l  these knowledge gaps.   

In doing so,  i t  wi l l  not only create premiums &/or increased market  share for the 

foods involved, but  also generate s igni f icant spi l l -over benef its in terms of  

improved health status for  New Zealand consumers and the consequent ial  health 

care system savings.   

 
 
 

Entry ID 479 

Food Prosperity 
Wealth from Healthy, Safe and Sustainable Foods 

Summary The goal of this proposal  is to increase the value of New Zealand's land and 

marine based food products.   Research programme with the fol lowing themes:  

(1) Managing environmental  impact; developing regional  food and beverage 

character ist ics and projecting future intensif ication needs, def ining opt ions for 

decreasing environmental  impact; etc .  

(2) High Value Foods– enhancing medic inal  and health impact from growing,  

processing and val idating high value foods 

(3) Future foods – driving innovat ion in high value food development to meet 

future consumer needs (establishing a new food product development capabil i ty to 

pi lot  new food productions systems, species,  post-harvest processing,  evaluat ing 

sensory, f lavour and ingredient combinations, long range economic and market 

research capabil i ty etc. 

(4) Models of Ownership/Property Structures to develop an eco-economy 

(evaluat ing economic models that invest igate the impl icat ions of the Government 

ceding control  of  assets for  New Zealand’s environment etc.) 

Theme 1 

Managing environmental impact; developing regional food and beverage characteristics and 
projecting future intensification needs 

Importance 
to New 
Zealand 

Indices of environmental degradation of  productive and surrounding ecosystems 

are stabi l ised at  current 2012 levels wi th improvements in soi l  loss and fert i l i ty 

measures as food production intensity increases Stocks of economical ly important  
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marine species are maintained or improved on 2012 levels 

Research 
components 

7.1.1 Developing a Geofood Tool to identi fy the best locations to grow di fferent 

foods, in order to maximise food product ivi ty and qual i ty 

7.1.2 Blue Fields:  Increasing New Zealand’s aquaculture sustainably. Eg How can 

aquaculture learn f rom agriculture’s  issues/developing eff icient and equitable 

water use and al locat ion mechanisms.  

7.1.3 Agr icul ture: Def ining opt ions for decreasing environmental  impact; t r ial 

interventions and develop best practice farming systems both for current  

production and future intensi f ication needs 

7.1.4 Linking ecological  processes to sustainable production activit ies including in 

f ishing, aquaculture, pastoral farming,  agriculture and hort iculture 

7.1.5 Using the Hauraki Gul f,  New Zealand’s only mar ine park, as a natural 

laboratory for the development of sc ience-based optimization of a marine 

socio/ecological/economic complex 

7.1.6 Invest igat ing opt ions for creat ing and incorporat ing different  values into the 

food products and processes derived from New Zealand's natural resources 

Theme 2 

High Value Foods– enhancing medicinal and health impact from growing, processing and 
val idating high value foods 

Importance 
to New 
Zealand 

Increase in proport ion of export  food products sold with scienti f ical ly val idated 

heal th c laims at a price premium over the equivalent s tandard product (by X% by 

2025) Increased output  (returns) to input cost rat ios in primary food product ion,  

development and market ing (over 2012 levels) 

Research 
components 

7.2.1 Developing nat ional ly coordinated capacit ies to quanti tat ively measure 

qual i ty, safety,  sensory and nutr i t ive value, and substantiate health benefi ts of 

foods 

7.2.2 Developing new technologies to make foods safer , increase shelf  l i fe,  and 

preserve sensory,  nutr i t ive and heal th promoting characteris t ics. 

7.2.3 Establ ishing state-of- the-ar t pre-cl inical and cl inical val idation capabi l i ty for  

food heal th c laims including biomarker development and val idation for heal th and 

disease targets 

7.2.4 Establ ishing a nat ional  Foods for Health Inst i tute to substant iate the impact 

of  high value foods on heal th to gain legislat ive and/or  regulatory approval in 

domest ic and export markets. 

Theme 3 

Future foods – driving innovation in high value food development to meet future consumer 
needs 

Importance 
to New 
Zealand 

Increase the proport ion of branded food exports that at tract a high premium from 

embedded knowledge of safety,  heal th and other consumer benef its including 

claims to regulatory standards and the value consumers place on their  origins.  

Increase the proport ion of food exports from products launched into global 

markets wi thin the last 5 years 

Research 7.3.1 Establ ishing a new food product  development capabi l i ty to pi lot  new food 
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components productions systems, species, post-harvest processing,  manufacturing and 

packaging to accelerate new food product launches onto global markets 

7.3.2 Undertaking research evaluating sensory,  f lavour and ingredient 

combinations with speci f ic  appeal  to specif ic  export markets 

7.3.3 Establ ishing long range economic and market  research capabil i ty to develop 

deep ins ight into food consumers and markets to guide long term research and 

development programmes 

Theme 4 

Models of Ownership/Property Structures to develop an eco-economy 

Importance 
to New 
Zealand 

Definit ion of the relat ionship of  t ime horizons, social  responsibi l i ty and 

accountabi l i ty dimensions on ecosystem wellbeing and distr ibut ional  mechanisms 

from which measures that balance ownership and ecological viabi l i ty can be 

established 

Research 
components 

7.4.1 Developing and evaluat ing economic models that  investigate the 

implicat ions of the Government ceding control of assets for New Zealand’s 

environment and the prosper ity of i ts people. The spectrum of  the models should 

encompass Treaty of Waitangi /Iwi; Innovat ive approaches; Free Trade 

Agreements. 

Research 
Gaps and 
Opportunities 

Producing and export ing food costs a lot due to New Zealand’s geographical  

isolat ion and the environmental impacts of intensive farming systems. Producing 

commodity foods which compete on global markets on price wil l  not support the 

economic, environmental and social expectations of  New Zealand in the long 

term. The natural resources and comparative advantages we have ( isolation, 

rainfal l  etc) suggest  a biological economy can remain a signif icant  contr ibutor to 

nat ional  wel lbeing i f  we can address the issues of sustainable production and 

market  value. 

There are three main ways of increasing the value of  food exports – increasing 

volume, increasing the degree of processing in New Zealand and creat ing higher 

premium products, By researching,  developing and exploit ing IP in the area of 

sustainable food production,  processing,  preservation,  nutr i t ion and heal th, New 

Zealand wi l l  turn i ts  strength in food product ion into a knowledge rich export  

industry. This wi l l  both leverage and contr ibute to the nation’s green and heal thy 

image, and wil l  increase the sustainabil i ty and product ivi ty of  our  land and water 

based food industr ies. 
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Entry ID 484 

Food For Health Evaluation Centre - Development of foods for health is a rapidly 
growing industry reliant upon marketing and not science. An opportunity exists 
in New Zealand to create the first international “one stop shop” food for health 
evaluation centre to assess the health benefits and uniqueness of New Zealand 

foods, food products and nutraceuticals.  

Summary The goal of this proposal  is to increase the value of New Zealand's primary sector 

products via a nat ional  Food Health Evaluation Centre.   The proposed research 

programme with to develop higher value heal th-related food.  The proposed 

research programme has the fol lowing themes:  

(a) Harnessing Health – substantiat ion of food value added and novel health 

claims [ from understanding disease-food interactions through to legislat ive 

enforcement and international  val idat ion]   

(b) New Zealand100% Pure Foods – research to trace the origins, unique 

at tr ibutes of and integri ty from paddock to plate is required to enhance the New 

Zealand-brand. 

Theme 1 

Harnessing Health – Foods targeting health provide opportunity for value-add. Health claim 
substantiat ion requires research that transitions from understanding disease-food 

interactions through to legislative enforcement and international validation.  
Identify novel health benefits that will enhance the premium value of New Zealand health 
foods and nutraceuticals to grow exports of  premium New Zealand health foods. Attract 

international food companies to invest in New Zealand scientific assessment of foods for 
health, through a readily accessible “one stop” centre 

Importance 
to New 
Zealand 

Processed and packaged foods is in excess of a US $2tr i l l ion global market, with 

annual  growth exceeding 7%. The New Zealand agr icul tural sector has strong 

export  growth,  but l imi ted geography and remoteness of growing Asian markets 

l imits  long-term competit iveness as a commodity suppl ier . Targeted generation of  

branded products that ; have a uniqueness derived from core ingredients, are 

value-added through smart manufactur ing and packaging, but target  the most 

profound of human drives – the optimisation of health.   

Research 
components 

Harnessing Health - Bui lding value through rigorous sc ienti f ic  assessment to 

establish r igorous heal th claims. 

Component 1: Generating internat ional  recognized medical science in the 

substant iat ion of  the relat ionships between food and heal th.  Through a single 

vi rtual centre health evaluat ion of foods, food products and nutraceuticals can be 

made from lab bench (biomarkers of  heal th) through to sophist icated cl inical 

t r ials. No other such centre exists  in South East Asia,  thus this centre could 

become a regional  monopoly provider for comprehensive assessment of  food for 

heal th. 

Component 2:  Leading the coordinated approach to heal th c laim regulatory 

f rameworks throughout Asia and Europe. Coordinat ion is required between 
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international regulatory processes for the registrat ion of food health claims and 

design and methods of sc ient i f ic assessment of  foods for health to ensure science 

meets regulatory requirement. Accurate and informative health benefi ts of  foods 

wi l l  great ly assist consumers in selecting rel iably presented foods for health. 

Theme 2 

New Zealand100% Pure Foods – Research to trace the origins, unique attributes of and 
integrity from paddock to plate is required to enhance the New Zealand-brand. New Zealand 
requires global recognition for production of safe,  sustainable and innovative food products 

Importance 
to New 
Zealand 

New Zealand100% Pure Foods – Understanding and protect ing the unique 

opportuni t ies and attr ibutes of New Zealand agriculture. 

Research Component 1: Substantiat ion of  unique composi t ional character ist ics of 

New Zealandfoods. Traceabi l i ty of  these character ist ics through the food supply 

into manufactured foods to retent ion of ‘uniqueness’.   

Research Component 2: Contaminant detect ion,  inc luding di lut ion/substi tut ion, 

environmental, microbiological and chemical in New Zealandfood ingredients and 

products. 

Research 
Gaps and 
Opportunities 

Despi te the importance of food for health,  few national  st rategies exist to bui ld 

export-value from the paddock to the plate.  Several European and Asian 

economies (most notably Switzerland and Singapore) wi th l imited agr icultural  

capacity have generated the best performing food-export branded food business,  

based on unique characteris t ics ( ie. Swiss chocolate; regional hub/ 

automation/ski l led worker base). Yet New Zealand, despite having far  greater 

natural  resources, with many examples of unique/pure food ingredients and a 

recognized internat ional  reputation in food exports , is yet to fulf i l  the promise of 

generating high-value branded products that ‘dr ive’ consumer demand. A national  

research strategy f rom the uniqueness of the New Zealandingredient  through to 

the high value heal th c laim that  substantiates the generation a health c laim’ are 

major  research gaps requir ing leadership and investment. 
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7 Market Access 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 5: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

31 Long term assurance of 

overseas markets for mi lk and 

meat. Achieve this through 

three major themes, ( i)  food 

safety,  ( i i )  animal welfare, and 

( i i i )  human and animal heal th 

1.  Assur ing food quali ty and safety of  meat and milk 

2.  Improvement and assurance of animal welfare in 
New Zealandl ivestock populations providing meat and 
milk for export 

3.  Improving human and animal health by reducing 
infect ious diseases transmissible from animals to 
humans, so cal led zoonoses 

443 Supplying premium agr icultural 

products and technology to the 

wor ld 

 

 
 
 

Entry ID 31 

Long term assurance of overseas markets for milk and meat. Achieve this 
through three major themes, (i) food safety, (ii)  animal welfare, and (iii)  human 

and animal health 

Summary Proposes assuring external  markets for  New Zealandmilk and meat products 

through a research programme to  

(a) reduce heal th r isks associated with milk/meat products (pathogens,  ant ibiot ic 

res idues/resis tance etc.)   

(b) identi fy markets needs for animal wel fare and design sui table responses and  

(c) improve the testing and monitor ing of infect ious diseases transmissible from 

animal to human 

Theme 1 

Assuring food quality and safety of meat and milk 

Importance 
to New 
Zealand 

Food quali ty and safety hazards are recognised r isks for New Zealand's export 

market  that make up 30% of  total exports  from New Zealand. Mi lk powder 

exported from New Zealandcontr ibutes 30% to mi lk crossing borders worldwide. 

Pr ime hazards for  consumer heal th ar ising from New Zealand meats and milk 

include bacter ia (Mycobacter ium avium subspecies paratuberculosis ,  

Mycobacterium bovis,  Campylobacter (C.) jejunum and C. intest inal is, E.col i  

O157)  and bacteria toxins (VTEC).  Prime food quali ty hazards include 
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ant imicrobial  residues. 

Research 
components 

( I .a)  Risk analys is through source attr ibut ion studies of  human pathogenic 

molecular pathogen strains in l ive animals (sheep, deer, beef and dairy cat t le) , 

and processed meat and mi lk;  (I .b) Antibiot ic  residues in bulk tank mi lk and 

processed meat through population representative sampl ing; (I .c) prevalence 

studies of antimicrobial resistance using indicator  microbes f rom the intestinal 

f lora of l ive and s laughter stock of  the aforementioned l ivestock species. 

Theme 2 

Improvement and assurance of animal welfare in New Zealandlivestock populations providing 
meat and milk for export 

Importance 
to New 
Zealand 

The European Union has decided to reduce agr icul ture subsidies wi thin f ive years 

start ing 2014.  I t  is forecasted that this wil l  increase imports from food export ing 

countr ies such as New Zealand.  Europe is one of  the main cl ients for  New 

Zealand food exports.   Consumers in Europe are sensi t ive to the welfare of 

animals f rom which food is generated.  This was evidenced by a parl iamentary 

delegation f rom Germany vis it ing New Zealand in October 2008. 

Research 
components 

( I I .a) Moni toring cohorts of l ivestock (sheep, deer,  beef and dairy catt le) from 

birth to market for indicators of animal welfare inc luding diseases associated with 

pain such as lameness and mastit is.  ( I I .b)  Development of  a wel fare code 

appl icable to l ivestock and farming systems in New Zealand.  

Theme 3 

Improving human and animal health by reducing infectious diseases transmissible from 
animals to humans, so cal led zoonoses 

Importance 
to New 
Zealand 

New Zealand is not  free from specif ic not i f iable diseases in humans that ar ise 

f rom exposure to animals. These inc lude leptospirosis,  campylobacter iosis ,  bovine 

tuberculosis,  and possibly paratuberculosis /Crohn's disease. The leptospirosis  

burden is  as high as over 50% of al l  breeding sheep, beef catt le and deer in New 

Zealand wi th almost 100% farms having evidence of exposure to at  least one of 

two Leptospira subtypes ( 'serovars') .  Human intest inal  diseases have been 

associated with pathogen strains of Campylobacter jejuni  and E.coli  O157  in l ive 

animals and food products from ruminant l ivestock. 

Research 
components 

( I I I .a) Recent Massey tr ials demonstrated lower carcass weights at  slaughter and 

poorer reproduct ion rates in infected farmed deer herds. A much underdiagnosed 

disease both in humans and animals, another area of  research encompasses 

evaluat ing the value of  a var iety of diagnostic tests at  di f fer ing stages of the 

disease in both humans and animals. Funding is  now required to sustain this work 

and begin to develop an ecological understanding of  the var ious infection sources 

( including rodents, wi ldl i fe)  for  humans in di f ferent occupations, i .e.  farmers, 

veterinarians, stock workers (shearers, AITs) in compar ison to f indings in abattoi r 

workers; (I I I .b)  Development of  mathematical models about leptospirosis  to 

integrate infect ion sources in animals and rates of  exposure, infection and c l inical  

disease in humans that  are based on survey and laboratory data.  Such models are 

useful for developing solutions, such as rodent control  or vaccination of 
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l ivestock;( II I .c) Source attr ibution studies quanti fying the impact of  various animal  

and environmental  sources to infect ion of humans with Campylobacter  jejuni  and 

E.coli  O157 .  Such research involves strategic sampl ing from a range of sources 

and comparison of molecular  pathogen strains with strains from hospital ised 

human patients. 

Research 
Gaps and 
Opportunities 

The proposed set of research projects is l ikely to pre-empt constraints for 

accessing overseas markets that are l ikely to arise in the near future (5-10 years) . 

Already occurring global market changes in demand for  food types, food qual i ty 

and safety set  the scale for  an imminent increase in qual i ty standards.  This 

relates to biological  hazards in foods as much as to the condi t ions of primary 

production at  farm level , such as animal wel fare and environmental impacts of  

l ivestock farming.  New Zealand needs to be prepared when such improved and, 

f rom an exporter  perspective,  more r igorous standards become a reali ty.   

Comments The 3-campus Massey research group through the newly formed Infectious 

Disease Research Centre (IDReC) and the Insti tute for  Veter inary,  Animal  and 

Biomedical  Sciences (IVABS) at Palmerston North is part icular ly exper ienced, 

suited and able to provide new knowledge and develop solut ions for these 

challenges. 

 
 
 

Entry ID 443 

Supplying premium agricultural products and technology to the world 

Summary The goal is that New Zealanders understand and are proud of  the contr ibut ion of  

agr icul ture to our sustainable brand.  Suggested research components are 

understanding pressures and opportunit ies affect ing New Zealand f rom market , 

demographic and pol icy trends in other countr ies;  reconcil ing increased value per 

hectare from the land and sustained ecosystem services; reconcil ing competing 

demands for land use – the agriculture/biodivers ity/urban conf l ic t;  resolving 

animal wel fare issues; resolving the sector ’s demographic challenges; resolving 

the sector’s  land capital and debt challenges.  
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