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The literature suggests that somewhere around 50% of global per capita income 
differences and a similar fraction of growth cannot be attributed to the accumulation of 
physical factors.  This residual “measure of our ignorance” is often associated with 
technological progress and explains the renewed emphasis on innovation, science and 
technology on the development agenda, and the intensification of the study of the 
national innovation system among the OECD countries. 
 

Figure 1 presents some standardized estimates of TFP growth in several countries 
of relevance to New Zealand.2 That they should be taken as only rough guides is 
suggested by the work of Black, Guy and McLellan (2003) who find that once the 
Australian and NZ industrial series are harmonized, in fact, TFP growth across 1990s for 
the two countries is very similar.  The authors also remind us that TFP isn’t the whole 
ball game:  Labor productivity nonetheless grew substantially faster in Australia largely 
because of faster capital accumulation, a finding found more generally in the work on 
OECD convergence by Bernard and Jones (1996). 
 
Figure 1: TFP growth across 3 decades for selected countries 
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Nonetheless, it clearly is a large part of the game.  As someone whose beat is 

largely Latin America, the dismal performance of the region relative, not only to East 
Asia, but even to the OECD whose accumulated stock of knowledge we, in theory, 
should be able to freely tap into is mysterious and tragic from the point of view of 
alleviating poverty.  Chile’s free market reforms of the 1970s have paid dividends. But 
liberalized Mexico, so far from God, yet so close to the most dynamic generator of 
technological progress in human history, remains a dramatic under-performer.  Part of 
this is due to the region’s longstanding problems of macro-economic instability, but it is 
in fact more the rule than the exception for LDCs.  Figure 2 shows first, that globally, 
TFP growth is higher in agriculture than in manufacturing, a fact confirmed by Bernard 
and Jones for the OECD, but also that the average for developing countries, who can in 
theory easily adopt technology, is perversely always below that of the advanced countries 
which need to invent it.3  
 
Figure 2: TFP growth in agriculture and manufacturing 
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Meanwhile, Finland, which thirty years ago could easily have been mistaken for 
its Latin American contemporaries in almost every dimension, including education, has 
shown that a tiny natural resource rich country extending into the polar regions could 
rapidly converge to OECD levels and be ranked as the world’s most competitive 
economy.   

 

                                                 
3 Calculations by Martin and Mitra (2001) 
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As I’ve studied the Latin case, I’ve become increasingly convinced by Howitt and 
Mayers’ (2003) “convergence club” theory, which offers an explanation for why human 
capital and innovative capacity more generally shape the discrete patterns of convergence 
among countries that we see. They trace three possible productivity-growth paths for 
countries exposed to identical global technological progress. Countries with innovative 
capacity relative to that at the technological frontier will push the frontier forward and 
experience the highest levels of income and seem to have the fastest rates of TFP 
growth.4 That is, the most dynamic economies would tend to be those that have the 
necessary human capital and the required learning capacity for pushing the technological 
frontier forward. Countries with lower learning capacity will tend to rely on the adoption 
of previously invented technologies in the most dynamic countries, and will be poorer 
and appear to show slower levels of TFP growth than the leading countries.  Those that 
have inadequate capacity even to adopt technologies stagnate.   
 

Finland has arguably moved from a very effective adopter to the innovator 
equilibrium and emerging industries such as Nokia are emblematic of that transition.  
Latin America has maintained a weak stock of human capital and technological capacity 
whose adequacy as eroded as the technological frontier has advanced.  The equally 
emblematic paradox here is why Chile’s La Escondida, one of the largest copper mines in 
the world, was discovered by Australians whose mining industry is substantially younger 
than that of its antipodal colleague who had once dominated the global market. Latin 
America’s original sin of extremely inequality, a penchant for theology and poetry, and a 
certain aversion to dirty fingernails led to an inability to build on its early experience in 
production.  By mid century, diffusion of new mining technologies could not be handled 
by Chileans and they ceded control, relatively voluntarily, to foreigners and effectively 
lost the capability for accumulating mining know how.  Arguably Chile slipped from an 
innovative equilibrium to that of adoption. Meanwhile, Australia did the reverse.  At the 
turn of the 20th century, Australia had more than three times the share of literate citizens 
and five times the number of engineers per capita that it could build with.  The New 
South Wales School of Mining, patterned on MIT and the Berlin School of Technology, 
now globally dominates in mining education and Australia exports more in mining know-
how than its celebrated wines.   

 
The issue of how to foment technological transfer, and how to graduate to the 

better equilibria, or at least to avoid slipping to worse equilibria strike me as critical 
questions for advanced and lagging nations alike.  

 
 

Patterns of innovation  
 

Performance in the realm of innovation is often evaluated by benchmarking 
certain instruments which permit the absorption of technologies and give countries their 
learning capacity.  The literature offers candidates in FDI, R&D, Licensing (royalty) 
payments, and the stock of citizens with higher education.  Though it is common to 
                                                 
4 For these authors, “innovative-effective” human capital is a combination of the level of education and the 
effort invested by the economy to develop new technologies based on the existing technological frontier. 
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compare such indicators unconditionally across countries, figure 3 plots the median 
trajectory of R&D relative to GDP/capita and shows it rising across the development 
process, a tendency that we find with licensing payments and tertiary education as well.5  
What drives this tendency is not clear.  The share done by the “productive” sector rises as 
a share of the total but whether this represents a real increase in effort or simply better 
measurement among richer countries we can’t know.  

 
Intuitively, a more relevant comparative “benchmark” may be deviations from 

these trends. Figures 4a-c plot the residuals of the appropriate regression techniques for 
each of these four  measures.  4a shows the trajectories of some of the major success 
stories of the last decades, largely focused on exporting electronic based products.  Here 
we see, for instance, the R&D superstars from figure 3 often associated with “high tech” 
electronic manufacturing- Finland, Korea, Israel.  4b presents a more “Latin model” 
showing four of the countries on my beat at the World Bank as well as the “madre patria” 
Spain, and Italy.  4c deals with advanced, but not necessarily frontier countries that are 
abundant in natural resources.   
 
Figure 3: R&D vs. GDP/Capita, median and selected countries 
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Though the temptation is strong to interpret these as normative performance 
measures - Finland, for instance, being a high performer in R&D relative to New Zealand 
- a little squinting of the eyes suggest that from one perspective, what we’ve done can be 
seen as estimating something like a demand for innovation inputs where the flow is 
broadly proxying for a stock of R&D or licensing generated knowledge.6  So, in some 
                                                 
5 Royalty payments show a log linear relationship and tertiary enrollments level off with development.  
There is essentially no relationship with FDI.  
 
6 In fact, it can be shown that the current stock is equal to the current flow (1+g)/(1+d) where g is the rate 
of growth of R&D and d it’s rate of depreciation if g and d are constant across time. 
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sense these can be seen as recipes that countries use to attain their present level of income 
and there appear many different combinations of both these inputs, and others not shown, 
such as natural resources and capital.  From this perspective, it is not obviously optimal 
for India to have very high rates of R&D- that would depend on the relative costs of all 
factors and in turn the production mix.  White elephants come in traditional and high-tech 
varieties.  And given Latin America’s rich endowments in natural resources, which tend 
to be less R&D intensive, perhaps their level of R&D is appropriate.  Interestingly, 
production structure seems to matter less than we might think.  Including the 10 Leamer 
categories capturing comparative advantage in sectors leads to major revisions in only 
one series:  taking account of Finland’s sudden shift into electronics eliminates its “over 
performance” in R&D.   

 
These caveats (and more forthcoming) aside, the flows measured here do offer 

some indication of the level and type of innovation effort being made compared to similar 
countries which endogenous growth models such as the convergence club model above, 
suggest are important to future TFP growth.  From this perspective, what is clear from 4a 
is that Finland, Israel, Korea and now China have used above average doses of R&D and 
licensing in the mix and the first three countries relied very little on technology transfer 
through FDI.  This is partly due to geo-strategic issues, but it also fits well with a recent 
literature that suggests that the productivity spillovers from FDI are generally low.7  This 
raises some concern when we look at 4b which shows that Latin America did the reverse-
heavy emphasis on FDI,  moderate levels of tertiary education, weak R&D and some 
amount of licensing of foreign technologies.  Chile’s high TFP growth initially suggests 
that this is a workable formula.  However, the present preoccupation in Santiago today is 
that those gains may largely result from a one-off shoveling out of import substitution’s 
Augean stables.  The Herculean reforms of  the 1970s removed some of the most 
negative rates of protection in the world and released a pent up supply of natural resource 
products that had been identified with growth potential 30 years earlier.  Policy makers 
across the political spectrum, however, are very concerned that the present growth 
slowdown is not purely due to Asia induced cyclical effects, but may actually be  secular 
and that the antidote is lifting their innovation game. 

 
Mexico, with broadly similar patterns,  has also not parlayed high levels of FDI 

from the US into sustained TFP growth and this comes from a too passive approach to 
technological transfer. As an example, Hewlett Packard and IBM have had 
manufacturing plants in Guadalajara Mexico for over 30 years, yet Mexico emits few 
patents in the area and has developed no innovative comparative advantage in the sector.  
By contrast, Taiwan, who broadly follows Korea in pattern, reverse- engineered the IBM 
AT and within 5 years was at the frontier of laptops with a large comparative advantage 
in patents. Blomstrom, Kokko and Sjöholm (2002) argue that it was precisely 
Singapore’s realization of the excessive passive reliance on FDI and lack of indigenous 
innovative effort that led to the turn around that we can see in figure 4a.  Ireland, often 
hailed in Chile as a technological marvel on the Finnish scale in fact, viewed less 
sanguinely,  looks disturbingly like a well-educated Mexico.  

                                                 
7 See Ledeman and Maloney and Serven (forthcoming)  ch 5 for a brief survey of this literature. 
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Figure 4a: “High tech” success stories: 
Deviations from trend for 4 indicators of technological adoption and capacity: 
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Figure 4b: The Latin model 
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Figure 4c: Advanced resource abundant countries 
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How important is R&D? 
 
 Part of the increase in R&D in Korea, Finland and Israel is clearly due to the 
development of the electronics sector that uses R&D particularly intensively although as 
suggested earlier this is not the whole picture. As figure 5 shows, Nokia’s sector in 
Finland had huge increases in R&D intensity, from 8% to 23% of value added and across 
the same period, it also expanded its share of the Finnish economy.  But what is also 
striking is that the increase in R&D occurred across many sectors.  Food products tripled 
its intensity, Textiles, wood products, paper and transport equipment went from 
negligible to, in the latter case, substantial shares of value added.  The lesson is that there 
are multiple ways of producing any good and the Finns have been upgrading across the 
board.  To invoke Howitt and Mayer again, in the extreme we can argue that electrical 
machinery in Taiwan is very R&D intensive and in Mexico very low reflecting, again, the 
innovative vs. adoptive equilibria and the slipperiness of the term “high tech.”  
 
Figure 5: Finland, R&D/VA by sector 
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This across the board increase in R&D intensity in Finland helps inform how we  

view the advanced resource rich countries in 4c.  Australia, Canada, Denmark and New 
Zealand all show about “average” levels of R&D for countries of their level of 
development.  And at those relatively high levels of income, we can’t all be above 
average.  Nor does it make sense for all countries to produce cell phones. But looking at 
table 1, what is clear is that these countries also seem to be average or below average in 
many manufacturing sectors.  Since, most of the convergence that occurred from 1970-87 
was within sector, as opposed to changes in sectoral shares, these gaps may be important 
to overall catch up. 8 

 
This is of some concern to observers in the third of the NAFTA partners, Canada. 

Daniel Trefler (1999a,b) of the University of Toronto has argued that the FTA was 
associated with closing the gap with respect to the U.S. in some manufacturing activities, 
                                                 
8 Bernard and Jones (1996) find that the bulk of convergence is driven by superior within-sector TFP 
growth rates for countries relative to the US and only 17%-20% is contributed by shifting sectoral shares. 
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but it exacerbated it in others, such as computers and industrial machinery. He argues that 
a critical explanation is low Canadian R&D and deficient basic science and that the 
presumption that the country can simply rely on basic science borrowed from the U.S. is 
misguided.  By the time a seminal innovation is transferred from the U.S., its most 
valuable applications have already been exploited by U.S. companies. To support this 
point, Trefler cites evidence showing that a 5% increase in U.S. R&D is associated with a 
rise of 6.7% in U.S. productivity, but only with a 2.4% increase in Canadian productivity.  
This is pretty consistent with Howitt’s view and places Canada in the adoption 
equilibrium.   

 
Denmark is distressed with the low level of TFP growth, sees raising R&D 

spending to the European target of 3% as essential, and has been vigorous in its proposals 
for overhauling the national innovation system. As perhaps role models, the Netherlands 
and Sweden, both categorized as net exporters of natural resources by Leamer’s measure, 
also invest and have invested heavily in R&D for years.   

 
The diagnostic of Trefler and the Danish government appears to suggest that 

present performance is not sufficient to stay in the top group of countries. 
 
 

Table 1: Average R&D intensity, 1974-1992         
               
Industry Can Dnk Fin Fra Ger Ita Jap Net Nor Swe UK USA NZ* AVG
               
Food, beverage and tobacco 0.5 1.0 1.4 0.6 0.4 0.2 1.3 2.2 1.0 1.8 1.3 1.1 0.5 1.0 
Textiles, clothing, footwear and 
leather 0.5 0.3 0.6 0.4 0.5 0.0 2.1 0.7 0.8 0.8 0.6 0.4 0.2 0.6 
Wood 0.3 0.3 0.7 0.2 0.5 - - - 0.4 0.3  0.5 - 0.4 
Paper 0.7 0.1 1.4 0.2 0.4 - 1.7 0.2 0.8 1.7 0.3 0.8 - 0.5 
Petroleum, coal, chemical and 
associated product 4.4 6.6 5.7 6.2 7.1 4.6 9.5 8.1 4.7 9.2 8.4 8.7 0.9 6.5 
Non-metallic mineral product 0.5 1.6 1.7 1.5 1.3 0.1 3.6 0.5 - 1.8 1.5 2.6 0.4 1.4 
Metal product - - - 0.6 1.3 0.4 - - - - - 1.3 0.4 0.8 
Machinery and equipment  0.7 - - 2.5 5.2 1.1 - - - - - 2.6 3.4 2.6 
Other 0.7 14.7 0.4 - 0.9 0.8 0.3 - - - 1.3 3.1 0.2 2.5 
                             
Source:Griffith, Redding and Van Reenen (2001). *New Zealand National Statistical Office - Statistics New Zealand, 
unsure of comparability 
 

However, two anti gravity economies give me pause.  Figure 4b shows that Spain 
is essentially Latin in having about half the predicted level of R&D and relying heavily 
on FDI, and Italy seems remarkably below average in everything.  Given the rapid 
convergence of these economies to the OECD core since WWII, this suggests that the 
picture sketched above is incomplete is several possible ways. First, agriculture, an 
important sector in both economies, on average has the highest rates of TFP growth of 
any sector globally, yet many aspects of R&D, for instance, investigation in soil 
properties is not covered by the Frascatti manual as R&D.  Italy had median growth rates 
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of TFP here, substantially above those in the US (numbers not currently available for 
Spain.  Mining exploration, less relevant for these countries, is also not covered.  

 
But even in manufacturing, Italy’s TFP growth in manufacturing is third highest 

after Japan and Belgium in the 1970-87 period despite far below average R&D intensity 
in most sectors.  In both countries, proximity to the core countries of Europe may have 
had a demonstration effect on production technique and approaches that we see 
happening in Poland, Hungary and the Czech Republic today.   This would not show up 
in any of our measures but my Italian spies argue that it was important. 

 
Another possibility is that we’re lacking good measures for innovation in design. 

As an example, those who have seen the HBO series “Sex in the City” will know that 
Manolo Blahnik is able to sell shoes for $700 a pair with production costs that are a 
fraction of the price.  Italy, has been a trendsetter in the kind of trendsetting that lends 
slope the to demand curve for products which are not particularly high tech, but which 
certainly have high value added.  
   

My guess is something similar was happening with tourism in Spain which was 
also a significant growth sector.  Barcelona is positioning itself as a center of good living  
and even the French now acknowledge the Catalans as some of the best chefs in Europe.  
And, I also expect that NZ will owe much to Hobbits for putting its natural endowments 
more prominently in the world tourism radar much in the same way Paul Hogan and the 
Olympics did for the other wonder down under.   

 
These stories would be consistent with Bernard and Jones’ finding that most of 

the TFP convergence within the OECD was due to services, agriculture and utilities and 
not in manufacturing. However, it is not clear that this will remain the case and the 
Spaniards are concerned that these sectors will not be sufficient to propel future growth  
and are working diligently to integrate more and participate as an equal in the European 
research community.   In common with her progeny in Latin America, Spain has a civil 
service run university system that is considered woefully inadequate to the task and 
which is proving hard to reform.   

 
 
What is optimal amount of R&D? 
 

Another approach to these issues is offered by  Williams and Jones who derive 
from their endogenous growth model that the ratio of optimal to present investment in 
R&D is the same as the ratio between the social rates of return to R&D to the return on 
capital.  Most estimates of the impact of R&D spending on TFP in selected US firms and 
industries is very high,  ranging from 30 to 120 percent which, compared to a return on 
capital of 7% implies the U.S. should invest more by a multiple of at least 4 -- see Table 
2 . 
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Table 2. Estimates of the Rates of Return to R&D in the U.S. 
  Return 

(own) 
Spillovers Social 

Return 
S*/S 

Sveikauskas  1981 .17   2.4 
Griliches  1994 .30   4.3 
Griliches and Lichtenberg  1984a .34   4.9 
Terleckyj 1980 .25 .82 1.07 11.7 
Scherer  1982 .29 .74 1.03 10.6 
Griliches Lichtenberg  1984b .30 .41 0.71 5.9 
Jones and Williams 1998 .35   5.0 
Source: Jones and Williams (1998) 

 
Griffith, Redding and Van Reenen using a panel of industries across 12 OECD countries 
attempt to estimate both the conventional innovation face and as well as the technology 
transfer enhancing “face” of R&D arguing that, since most micro studies have focused on 
the US which is at the frontier, even these high estimates of social returns to R&D are  
under estimated. Supporting this view, they find rates of return ranging from .43 in the 
US to .95 for Finland.  The larger share of the latter estimate they attribute precisely to 
the technology transfer enhancing dimension suggesting that developing countries would 
indeed, need to expand their efforts.  If we believe Williams and Jones’ calculus, Finland 
should be investing somewhere around 40% of GDP in R&D.  Canada and Denmark 
should be getting close to 20% and maybe by analogy New Zealand something similar.  
 

I’m not sure I’m convinced for a couple reasons.  First, econometrically, using a 
global panel, Daniel Lederman and I have been able to very easily generate levels of 
return this high-80%.  But popping the lag of R&D into these regressions generates a 
strong negative coefficient that leaves the social return closer to 20% and arguably lower.   
Further, in some specifications we find that countries further from the frontier actually 
have a substantially lower rate of return.  This squares well with the general reaction of 
our counterparts in developing countries who generally find such high rates hallucinatory. 
Many see their R&D spending as subsidizing a few prima donnas in academia with 
foreign PhDs who contribute little to the development of the country.  And in fact, the 
share of the R&D that is done by academia increases the poorer the country, while the 
World Competitiveness Forum’s surveys of the private sector suggest that both the 
perceived quality of these institutions and the degree of interaction with the private sector 
falls.  Our preliminary results in fact suggest that the first and third factors strongly affect 
the rate of return to R&D.   
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Table 3: Estimates of the social rate of return to R&D in manufacturing, national 
level 

Social Rate of Return to R&D Country Relative TFP 
(Innovation & Imitation) 

Canada 0.826 57.20% 
Denmark 0.728 67.90% 
Finland 0.525 95.20% 
France 0.849 54.90% 
Germany 0.901 49.90% 
Italy 0.696 71.60% 
Japan 0.703 70.80% 
Netherlands 0.905 49.60% 
Norway 0.663 75.60% 
Sweden 0.726 68.00% 
UK 0.626 80.50% 
US 0.994 41.70% 
Source: Griffith, Redding and Van Reenen, 2000. 

 
Improving the functioning of the National Innovation System 
 

This discussion is perhaps irrelevant to country’s like New Zealand except that it 
does highlight that the task is not only to increase expenditure on R&D or innovation 
more generally, but to ensure that it in fact is used in an effective way.  One measure of 
this is to look at how R&D expenditures are translated into patents.  Figure 6 presents the 
results of negative binomial regression of patents registered with the US patent office on 
R&D with an interactive individual country dummy to capture deviations from the OECD 
rate of transformation.9  Latin America shows up as relatively poor in this respect, 
Taiwan, Korea, and to a lesser amount, Israel and Finland show up as being efficient.  NZ 
and Australia are only slightly behind.  Again, part of these findings may be 
compositional.  But much is not.  When we also include interactive dummies to capture 
measures of the perceived quality of institutions and linkages to the private sector, the 
Latin discount completely disappears. Leamer’s measure of natural resource abundance, 
net exports of resource abundant products per worker, does not radically change the 
pattern. 

 

                                                 
9 US patents are used for standardization.  Since the incentive to patent increases with the probability that 
the idea will be stolen in the destination market, we also control for quantity of exports to the US.  
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Figure 6: The efficiency of conversion of R&D into patents 
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Given that New Zealand has the “average” level of R&D spending and apparently  
a slightly more efficient that average rate of conversion into patents, it is maybe not so 
surprising that production of both patents and academic articles is also above predicted 
for a country at this level of income per capita (figure 7b). 
 
Figure 7a,b: Deviations of patents and scientific publications from predicted value, 
Australia and NZ  
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These suggestive statistical findings correspond very well to what the Finns argue 
has been the driving force of their success- the construction of very tight and dense 
networks of high quality universities, think tanks and private sector research centers that 
serve as the means to learn about foreign technologies that can be fruitfully exploited and 
to generate those needed to support their successful sectors. In figure 8 below, Finland’s 
private sector is most enthusiastic both about the quality of the academic institutions and 
their interaction with the private sector.  New Zealand’s private sector is either inherently 
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of less optimistic temperament or the academic establishment is in fact, somewhat 
lagging compared to comparator countries. 
 
Figure 8: Subjective responses of the private sector on quality of scientific institutions and 
degree of collaboration with the private sector.  
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Conclusion 
 

Deriving meaningful global comparisons of innovation strategies from aggregate 
statistics is clearly perilous.  Standard benchmarking exercises allow for substantial 
ambiguity in interpretation, the common measures are weak for sectors like agriculture 
and mining,  and many innovations in management or design are left out altogether.  Still, 
many countries who might be seen as relevant comparators for New Zealand-Canada, 
Denmark, Spain- are concerned with their modest levels, particularly, of R&D.  Though 
suspect in many ways, the patterns of the very successful countries, and the now 
significant if not totally convincing econometric evidence suggests that the returns to 
R&D are high and that, left alone, the market will not generate enough.  But the global 
evidence also suggests that it’s not just the amount of R&D , but how it is deployed and 
by who that is critical to outcomes. This makes the task all the more daunting since it is 
not just a question of mobilizing state resources, but assuring that the incentives within 
the various non-market driven institutions involved are correct, and reinforce the to date 
poorly understood factors that drive private sector innovative activity.    
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