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Abstract 

 

New Zealand, having converted most of its forest into greenhouse gas, is thereby blessed 

with an abundance of grass, and yet, notwithstanding attempts to subdue it, sufficient 

residual natural environment to claim the label “clean and green”.  While previous 

prosperity derived from the farm,  tourism is now our dominant foreign exchange earner. 

Meanwhile our per capita income, while growing, remains in the doldrums relative to 

OECD averages, despite occasional up-cycles of commodity prices and terms of trade. 

This lecture will consider a prosperous New Zealand future beyond the farm and theme-

park, through globally-connected businesses whose incomes range between $200 000 and 

$1 million per employee per annum.  Such a future will require culture change, assisted 

by the right investment instruments. The second part is the easy bit. 
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I am very grateful to Grant Scobie and colleagues at Treasury for the invitation to give 

this lecture.   You have asked a scientist, and so you will get a scientist’s perspective. 

Furthermore, what I will give you is just that, a perspective and not a scholarly discourse.  

I will immediately admit to not being an expert in economics, though that discipline is 

one I have some respect for, especially because of its inherent scepticism. But I am 

interested in economic history, and in what makes nations wealthy or poor.  I am going to 

make the assumption that we would rather be wealthy than poor, although we are aware 

that there are measures of a nation’s well-being that cannot be expressed in per-capita 

income. But let me declare that I am all for a higher per capita income for New Zealand. 

Surplus economic capacity is what enables societies to improve life quality, should they 

choose to spend such capacity this way.  And like many of you, I am extremely interested 

in the process of increasing New Zealand’s economic capacity. Not surprisingly, I have 

no brilliantly simple solutions to offer. 

 

Having expressed a wish to see improvement, I want to point out that our quality of life 

has improved in many ways, despite our relative per capita income having declined. I 

remember the 1950s, when we were near the top of the world in per capita income. I 

remember when my father called five shillings a dollar, because that is what our 

exchange rate was then. And yet in the 1950s men died in their fifties because of heart 

attacks, teenage girls disappeared for periods of nine months to stay with distant relatives, 

people who had travelled abroad were regarded, at least in my street, as slightly scary, 

food was meat and three veges and drinking coffee was something riské and done at night 

in darkly lit places called coffee bars. Life was good but a bit boring, and I couldn’t wait 

to escape New Zealand. You certainly couldn’t be an international scientist or a concert 

pianist with New Zealand as your base. 

 

Of course what has changed, and especially benefited New Zealand, is technological 

innovation driven by science. In his book, “The wealth and poverty of nations”, David 

Landes(1) cites the case of Nathan Rothschild, the richest man in the world in 1836, an 
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abscess developing on his lower back and dead at 59 years from streptococcus 

septicemia. No antibiotics in those days. To quote Landes “The man who could buy 

anything died of a routine infection, easily cured today for anyone who could find his way 

to a doctor or a hospital or even a pharmacy.” 

 

Let me give you just a few ways in which the real wealth of nations has been 

immeasurably improved over the past five hundred years: 

 

*The eyeglass, and its descendents, through Galileo and others, the telescope and 

magnifying glass. The science of optics. Nothing has quite so increased human 

productive potential, as the ability of those beyond 40, to continue to apply their skills 

and contribute to their craft. 

 

*The steam engine, the science of thermodynamics, and hence the refrigerator. 

Refrigeration lifted New Zealand from subsistence trade, to trade advantage and relative 

wealth. 

 

*The telegraph, radio waves, the science of electromagnetism due to Faraday and 

Maxwell, and modern communications. In the New Zealand case, we moved from 

isolation to sudden connection to the world. 

 

*The discovery, by Fleming and Florey, of penicillin, the science of antibiotics and the 

bacterial causes of many diseases. 

 

*The discovery, by Fritz Haber, of how to fix Nitrogen from air, enabling the synthetic 

manufacture or fertiliser (and high explosives). 

 

*The discovery of the electron by JJ Thomson, the atomic structure, by Rutherford, the 

laws of quantum physics, by Schroedinger and others, and thus the birth of modern 

electronics and the possibility of the computer age. 

 



 4 

*The discovery of DNA structure, which taken together with Darwin’s theory of 

evolution, suddenly explained the molecular basis of the origins of life, the connectedness 

of the human family, and the history of human peoples. 

 

*The development of the contraceptive pill, completely changing social relationships, 

empowering women, giving a new impetus to our productive potential. 

 

I know, as you do, that the keys to prosperity and wealth are effective markets, legal 

frameworks, property rights and an honest work ethic. However, as a scientist, I cannot 

help but look at the graph of world population (figure 1) as a record of increasing human 

capacity.  Those who seek to return to some mythical arcadian pre-industrial past, better 

reckon on reducing the world’s population to 100 million, and then, to be prepared for a 

brutal and probably precarious existence. Unless we relish the thought of some sort of 

“rapture” or “Armageddon” where the unbelievers will be struck down, the unbelievers I 

guess needing to be 98% of humanity, we humans probably have no choice except a 

future based on science and technology.   

 

I want now to focus on New Zealand and its wealth generating capacity. I have made a 

few ribald remarks in my abstract about our use of forests. We all know how our use of 

land has been a springboard for our present prosperity.  I don’t really think we need make 

apologies for that. In fact, if you take Jared Diamond’s perspective(2) about the 

importance of a biodiversity buffer of indigenous forest (he reckons about 1/3 is ideal) 

then we are looking very balanced at present (figure 2), and I don’t think there is any 

serious suggestion that we should cut down more of our native forest. Of course we may 

not have quite the moral high ground in telling developing countries that they shouldn’t 

cut down their rainforests, but that is a matter for politics. 

 

So let us look at some current data about New Zealand. First, for amusement, the 

University of Sheffield(3) has given us “World Mapper” in which we can see how we 

perform in different terms, for example, net dairy exports, net electronics exports and 
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tourism. We really are a “big power” in dairy, and we are significant when it comes to 

travelling. 

 

Second we can look at some of New Zealand’s OECD rankings(4), in wealth measures 

such as per capita income and GDP growth rate (figure 3). We are perfectly OK here in 

terms of relative ranking, so long as we continue with our present growth rate. In quality 

of life measures such as imprisonment rates and life expectancy, we have a spottier story. 

I didn’t show infant mortality here. That is really shameful.  

 

And how do we earn our living? The relative export dollar fractions as indicated by the 

latest Department of Statistics data (figure 4), show that Tourism is now number one, 

with manufacturing close behind. Dairying continues to be a great New Zealand success 

story.  However the longer-term perspective is worrying. First, our OECD per capita 

income ranking has slipped somewhat over the past 30 years (figure 5). Australia has 

done better than us. Further, the very long-term trend for commodities is not great, as 

“The Economist” data shows (figure 6).  David Bibby, of IRL, produced an interesting 

graph a few years ago (figure 7) showing the ratio of meat exports to pharmaceutical 

exports. The number of sheep carcasses needed to buy a quantity of aspirin or some 

chemotherapy treatment, if you like, showing that we have deteriorated in advantage by a 

factor of 4 in the past 30 years. I decided to update it a bit, and so I have added the last 7 

years.  Well, at least matters have stabilised for the moment, but they have merely 

stabilised when we have enjoyed a commodity boom.  

 

So I have tried to look at how much different sorts of businesses earn, both in terms of 

revenue per employee and in terms of profit per employee(5). Table 1 shows a list of 

companies, many in what I would call the “science/technology” sector, and some, for 

comparison in retailing or food. I am not arguing that either revenue per employee or 

profit per employee is necessarily that helpful an indicator of wealth generation, but it is 

interesting.  Of course, one needs to look at the assets of a company to get the full 

picture.   What did it cost to build the asset base to allow that industry to function? In the 

case of high tech companies, the asset base is mostly brains and knowledge, whereas for 
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an energy company, it may be large-scale construction along with some brains, or fewer 

brains, depending on the particular company. 

 

But looking at largely brain-based business, it does seem, overall, that high technology 

companies come out quite well.  Indeed there are several companies, in the US 

especially, where $1 million US revenue per employee is not uncommon.  Of course 

large revenue will be most interesting, from a wealth generation perspective, when it 

arises from the lowest raw materials input value, or supplier product input value (and 

least capital asset base).  In this regard, Samsung, which makes its own chips and 

consumer electronic products, could be close to that ideal. The point is that Samsung 

produces about half New Zealand’s GDP with 123,000 employees. That’s a sobering 

thought. 

 

Let’s make some New Zealand comparisons of revenue and profits per employee.  It’s 

not as easy to get this data (Hoovers don’t analyse many NZ companies), but based on 

NZX data, CCMAU data, and company reports, I could glean the following. At the high 

end is Meridian Energy. Meridian looks embarrassingly high but they do have $4 348 

million in assets, so I suppose one shouldn’t begrudge them a 38% rate of return on those 

assets. I am not sure if this rate is embarrassing to Meridian, which seems to spend on 

advertising extravagantly, making very elegant and tasteful claims to environmental 

virtue.  Of course all electrical energy generation comes at some environmental cost, 

though you mightn’t think so in the Meridian world-view. Amongst the New Zealand top 

performers, it seems that Auckland Airport also makes a large amount per employee, but 

they too have assets, and there is a cost to capital.  And of course, they do have a very 

fine airport, and, what may seem to the airlines who pay them, a nice business 

arrangement.  There is no doubt that Auckland airport greatly contributes to New 

Zealand’s wealth, and most certainly to its shareholders. 

 

Now let’s look at our high-tech stars. None of them beats Fonterra in terms of revenue 

per employee, but let’s consider for a moment their big advantage. Rakon, Fisher and 

Paykel healthcare, Navman, Vega Industries, all these high tech firms, whether 10 million 
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per annum or 100 million per annum, need no new resources to start except our brains 

and our market understanding.  Unlike Fonterra they need no land, they incur no 

significant costs of transport across the world, they emit neither significant greenhouse 

gases (figure 8) nor nitrates to our lakes. Fonterra is a great success but it has its limits to 

growth and potential risks, including environmental impact, methane contribution to 

greenhouse gas, and international perceptions regarding “food miles”.  Tourism is 

extremely successful but it has its limits as well. Indeed, we may have already reached 

the limits to “eco-tourism” in some areas. Suppose we were looking to surpass 

Australia’s per capita GDP. Another $20 billion a year in our per annum export earnings 

would help. But I doubt that it would be feasible to double or triple Fonterra’s production 

and earnings, and I doubt whether we would want to double or triple the number of 

tourists visiting New Zealand each year. 

 

And so, if we are to generate significantly more wealth in our economy without new land 
impacts or environmental impacts, a path worth carving out is “high technology”.  High 
tech is characterised by(6) “Products that embody relatively intensive research and 
development  (R&D) inputs, either directly at the final manufacturing stage or through 
the intermediate components used in their production.”  One British definition includes  
“processes which could be carried out in a residential area without detriment to amenity.�” 

The high technology sector is often perceived as having greatest financial risk, yet 
greatest potential for future growth.  It is an international phenomenon, assisted by 
internet communications.  

 
In New Zealand the industrial area in the economy exhibiting greatest growth rate is 

elaborately transformed manufactured goods (light metals, electronics)(7).  My particular 

focus is on those companies where exceptionally high scientific or technological 

knowledge is central to the business. Star performers include Rakon and Navman with 

GPS technology, Fisher and Paykel Healthcare with medical technology and Tait 

Electronics with communications electronics. These companies build on a platform of 

physical sciences and engineering capability, and they have shown that knowledge-rich 
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physical technology platforms can be as competitive from New Zealand as from 

anywhere else.  

 

Clearly we want many more such “knowledge-businesses” to form, but what can we do 

to seed that process? The reason that each of these companies started, the nucleus of each 

subsequent growth, is not widely understood, although in several cases, pathways to 

success have been examined(8). Anecdotal evidence suggests the role of inspired 

individual entrepreneurs, few of whom came from a formal, research-based scientific 

background, but all of whom have extensively employed high-level R and D capability. 

To quote(8) from one CEO in the Davenport et al study, head of a company employing 

160 design engineers in the largest electronic s R&D facility in Australasia,  

 

“In those days (30 years ago), a radio was designed by one person and it took hundreds 

of people to manufacture it.  Nowadays, you almost need no-one to manufacture it, but it 

takes hundreds of people to design it.. ...so right now we are looking at what we have to 

do to give highly creative engineering people and software people an environment.... 

which enables them to be creative.....we have done a lot of work on a career path for 

technical people.” 

 

I don’t think that it is sufficient for us to merely create a macro-economic environment 

conducive to business, and especially export business, and to then hope for seed nuclei to 

form. My interest is in multiplying the seeding process and seeing the first steps to 

market assisted. One obvious place to look for such seeds is in the large body of publicly 

funded scientific research, especially in those areas of science where commercial 

opportunities abound.  Our prior success stories suggest that physical sciences may be our 

best hope.  

 

In another study(9) Davenport et al, look to the mechanisms by which new businesses can 

“spin-out” from existing science research platforms, defining(9) spin-out as “a company 

formed through the transfer of technology from an R&D company, which is completely 

independent of the parent (R&D) company, and involves the transfer of human capital”. 
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Given that the receptor capacity of New Zealand is weak (ie there are not suitable pre-

existing vehicles for commercialisation), the spin-off strategy is, in many cases, the only 

viable option for the parent IP owner(9).  Examples of such recent spin-offs are: HTS-110 

(High temperature superconductor magnets, IRL), magritek (magnetic resonance 

technology, VUW and Massey University), Anzode (battery technology, Massey 

University) and Nanocluster Devices (nanowires and nanoclusters, University of 

Canterbury) while Australo (nanomanipulation of DNA) has grown out of prior 

University of Otago Research but is now independent of the university. 

 

We have outstanding human research capability already in physical sciences and 

engineering, mostly in the universities but also in some CRIs. Our challenge is to turn 

that capability into manufacturing industry, to get people to “make things that the market 

wants”.  Some opportunities for technology platforms in New Zealand that are 

particularly relevant to our circumstances include: Artificial intelligence/embedded 

solutions, Intelligent (including adaptive) materials, Nanotechnology and quantum 

technologies, Virtual reality, Sensors and Biosensors, Electricity from fluid flow and 

Enabling technologies for people suffering physical impairment. 

 

Anecdotal evidence, while informative but unconvincing, can hopefully, in some cases, 

inspire. I want to tell you about one such start up that I have been involved in. It grew out 

of geophysics research funded under a global climate change output of the Foundation for 

Research, Science and Technology. It had a myriad of causes, many of which were to do 

with physicists and electronics engineers working together in an Antarctic adventure. It 

was encouraged by the Foundation for Research, Science and Technology twisting our 

arms in the direction of enterprise. It took off because we had a brilliant and 

unconventional young entrepreneur with a PhD in magnetic resonance who could act as 

CEO.  It grows out of the principle that technology and science are intertwined.  I can’t 

be certain that magritek will make it, but it is performing, with revenue of 0.5 million per 

annum, 4 employees, and minimal asset base(10). 
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I think, given our capability in physical sciences and engineering, that we could generate 

many more such start-ups, and if a fraction of them succeed we may do better than via the 

biotechnology gamble into which New Zealand’s meagre, and hence precious, research 

dollars have been poured in high proportion. One of our main funding instruments for 

building a platform for high technology spin-out has been the New Economy Research 

Fund (NERF).  The MoRST-commissioned report on this fund, undertaken by US firm 

ABt Associates(11), suggests that New Zealand disproportionately invests in 

biotechnology (figure 9a), yet the outcomes, in science, intellectual property and business 

activity, have been significantly poorer than those for physical sciences and engineering 

(figure 9b).  The problem is that we as a country have simply decided that because we are 

small, we need to specialise and that our best specialisation is in biotechnology. Why? Is 

it because we have more talent in this area or because it is easier to get products to market 

in this area?  In fact biotechnology is one of the most difficult areas in which to get 

products to market.  

 

New Zealand’s research investment profile is anomalous by comparison with most of the 

countries with which we compare ourselves (figure 10).  My own impression, and all I 

read from Ministry papers suggests this, is that a decision has been taken that we should 

invest in biotechnology because we are good at farming. In my view we should invest in 

platforms where we have capability and talent, and being the small country that we are, 

we would be most unwise to plan in advance where these capabilities and talents are 

likely to arise. The list of output area allocations in this years NERF bidding round, prior 

to calling applications, shows just how we are trying to micro-manage our research 

(figure 11).  No public servant has the prescience needed to make such pre-selected 

allocations.  It would not be difficult to change the way we manage these instruments. 

We certainly need more investment in physical sciences and engineering, but we need it 

to be allocated to people with good ideas and enterprising intent, rather than bundled up 

in prepackaged boxes. It may be that we have talents in biotechnology, but we certainly 

have great potential for wealth generation in physical technologies. We should remember 

that Rutherford and MacDiarmid did their Nobel prize-winning work in physical sciences 
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(abroad, of course). And we should note that the overwhelming majority of New 

Zealand’s successful technology startups are in physical technologies.  

 

But most importantly, we should realise that we probably won’t get results on the cheap. 

We invest less per capita in R and D than the OECD average(12) (figure 12), and our 

industry research investment rate is extremely poor.  Further, we invest a great deal less 

per capita in crucial future-focused areas such as nanotechnology (figure 13). Despite 

that, our per capita rate of science publication is high, on a par with the best in the world 

(figure 14). But where we perform badly is in the generation of intellectual property per 

capita (figure 15). Here we rank with some of the worst performers. Why is that? Perhaps 

in part it reflects the nature of business in New Zealand, and in particular the low 

technology character of much of our manufacturing.  But I also believe that it is because 

the lack of an enterprise culture amongst our scientists.  It would be interesting to have 

information for New Zealand patent rates broken down by institution type. Nowhere is 

enterprise character lacking so much as in some CRIs, where public servant attitudes are 

prevalent, and where boards and management are loathe to share benefits of IP with 

research staff. By contrast, in the universities, fewer excuses for poor performance exist.  

Staff are entitled to 1/3 share of benefit, but in some institutions this is begrudgingly 

granted, and staff who seek to establish a share in ownership in business are sometimes 

resented by university councils and academic managers.  

 

So how do we boost the high technology sector in New Zealand?  First, and foremost we 

should do the easy things.  We should discard the myth that because are good at farming, 

our best high technology future lies necessarily in biotechnology. In fact our best high 

technology future will lie where are skills, our talents and our enterprise are apparent. 

Biotechnology may be one area where talent exists. However, the obstacles to successful 

commercialisation in physical sciences and technology platforms are apparently lower, 

and the country clearly has capacity in this area. The Foundation for Research Science 

and Technology needs to disengage the process of encouraging wealth generation from 

the process of maintaining CRI stability (allocations in boxes). The NERF fund in 

particular needs to be freed up to all-comers, with funds being allocated where the 
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science, engineering and enterprise capability is exhibited, and not in pre-labelled 

packages invented by FRST officials. We should be prepared to be surprised, to find 

talent in unexpected places and in unexpected science platforms.  

 

Second, we need a new injection of public funding in research.  We cannot expect to 

reach the technology-based economic performance of countries we aspire to equal when 

we invest in R and D at a much lower rate, lower in business investment and lower in 

government investment. We have it in our power to do something about the latter.  But 

new money should be invested wisely. I am not convinced that Vote R S and T is the best 

vehicle for that investment, unless the Foundation for R S and T is able to allow open and 

free competition from across the research sector, thus allowing New Zealand’s research 

capability to be fully unleashed. In my view, physical sciences and technologies languish 

under the Foundation’s stewardship. At the moment much of New Zealand’s 

nanotechnology research is funded via Vote Education. Whatever route is chosen, such 

additional funding will need to avoid prescriptiveness, except for demanding ingenuity, 

intelligence, enterprise and commercialisation intent.  

 

More funding and more effective investment instruments are relatively easy to achieve. 

What is much harder to achieve is a culture in which scientific and technological 

enterprise is valued, where business seeks to innovate, where scientists regard business as 

a valid outlet for their talents, and where children aspire to be scientists, technologists and 

engineers. That is where Centres of Research Excellence can contribute. For example, the 

MacDiarmid Institute has set itself the goal of our championing world-class New Zealand 

physical science research where only the best will do, of attracting the world’s best to 

New Zealand, and enabling New Zealanders to be world-class scientists working in New 

Zealand. But its goals also include building a new role for physical science in New 

Zealand that is internationally connected, wealth generating and a focal point for society, 

hopefully raising the status of science in the New Zealand context. And most importantly 

perhaps, the Institute see itself as educating a new generation of physical scientists who 

are excellent, entrepreneurial, communicative and socially aware, a generation seeking 

lifetime contributions to New Zealand. 
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Part of the MacDiarmid Institute’s role has been to increase international awareness of 

New Zealand science and technology capability, through major international conferences 

held in New Zealand, and though forming active links with the Kiwi diaspora. New 

Zealand has an opportunity to recruit new migrants and returning kiwis of exceptional 

enterprise and scientific/technological talent, in a world that looks increasingly tense and 

unstable. To be successful we need to be viewed internationally as more than a “Farm 

and Theme-park”. A major cultural shift towards greater emphasis on science and 

technology may thereby generate new high technology enterprises through such a 

multiplier effect. Perhaps even more important is the degree to which we can create urban 

environments in which people of talent and enterprise will want to live. Arno Penzias(13), 

Nobel Laureate and, until 1998, CEO of Lucent Technologies (Bell Laboratories), has 

expressed the view that successful technology business clusters tend to form in the 

vicinities of excellent universities where the living environment is conducive to graduates 

wanting to continue to live in the vicinity, the San Francisco Bay area, Boston and the 

Rayleigh-Durham triangle being examples.  If we are to attract the best scientific and 

technological entrepreneurs to base their business enterprise here, if we are to attract 

talented expatriate kiwis home, and retain the best of our own, then we not only need a 

vibrant science and technology culture, but great urban environments and a stimulating 

intellectual climate. 

 

I cannot be certain that we can lift our per capita GDP performance via the route I am 

suggesting.  But I think it’s worth a serious try. Further, by enhancing the role in New 

Zealand society both of science and, more importantly, of the values of science, we better 

prepare ourselves for a future where science and technology will play an increasing role 

in all our lives. Science is (or should be) about honesty, persistence, striving for 

excellence, scepticism, and seeking consistency with what we know. I suspect that some 

or all of those values lie at the heart of most effective economies. 

 

Let me finish by quoting Landes again(1). 
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“Rich economies must defend themselves (ease but not eliminate the pain) by remaining 

on the cutting edge of research, new and growing branches, learning from others, finding 

the right niches, by cultivating and using ability and knowledge. 

 

What counts is thrift, honesty, patience, tenacity. No empowerment is as effective as self-

empowerment. 

 

We live in the dessert age. We want things to be sweet; too many of us have to work to 

live and live to be happy. But that doesn’t promote high productivity.  You want high 

productivity? Then you should learn to live to work and get happiness as a by-product.  

The people who live to work are a small and fortunate elite, but an elite open to 

newcomers, self-selected, the kind of people who accentuate the positive. 

 

The one lesson that emerges is the need to keep trying. No miracles, no perfection, no 

millennium, no apocalypse. We must cultivate a sceptical faith, avoid dogma, listen and 

watch well, try to clarify and define ends, the better to choose means.” 
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Figure 1a (http://en.wikipedia.org/wiki/Population_growth) 

 

 
Figure 1b (http://en.wikipedia.org/wiki/Population_growth) 
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Figure 2 (http://www.mfe.govt.nz/publications/ser/ser1997) 
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Figure 3 (http://www.stats.govt.nz/products-and-services/nz-in-the-oecd) 
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Figure 4 (From Department of Statistics data.) 

 

 
Figure 5: (http://www.med.govt.nz/templates/MultipageDocumentPage____11210.aspx) 
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Figure 6 

 

 
Figure 7: (Courtesy David Bibby, IRL, with post 1998 added by author from 

Statistics Dept data.) 
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Table 1 (data from Hoovers, NZX, NZ Company Reports, MED data) 

 
Figure 8 (http://www.mfe.govt.nz/issues/climate/industry-feb06/presentation.html) 
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Figure 9a 

 
Figure 9b 
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Figure 10: New Zealand’s R and D investment profile (from David Bibby, IRL, 1998) 

 

 
Figure 11: NERF prescriptiveness-2006 portfolio descriptions 

 (http://www.frst.govt.nz) 
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Figure 12: New Zealand comparative R and D investment 

(http://www.morst.govt.nz/publications/statistics/decade-in-review/) 
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Figure 13: New Zealand total R and D investment (govt) and New Zealand 
nanotechnology investment. (MoRST nanotechnology roadmap) 
 

 
Figure 14: Science publications per capita (Finnish Academy of Sciences and ISI 
data)  
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Figure 15: US patents per capita (US patent and trademark Office)  
 
 
 
 
 


