Geography and Innovation: Evidence from Nobel Laureate Physicists

February 2007
Bruce A. Weinberg

Ohio State University, IZA, and NBER

1945 N. High St.

Columbus, OH 43215

weinberg.27@osu.edu
Social scientists have argued that innovative clusters like Silicon Valley are due to information spillovers, but there is little quantitative, individual evidence for these effects. Using data on each Nobel laureate physicist’s place of residence for every year of his or her career, we estimate these effects. The more Nobel laureate physicists each physicist is around, the more likely he or she is to begin the Prize-winning research agenda. This suggests that spillovers help identify important lines of research. Interestingly, the Prize winners are no more likely to do the work for which they received the Nobel Prize when they are around other Nobel laureates. We explore causality using the timing of changes in the number of other Nobel laureates present around the time a laureate begins his or her Prize-winning work. We also provide some evidence that highly interactive, non-hierarchical environments foster creativity.
We are grateful for comments from seminar participants at Copenhagen Business School; the Department of Agricultural, Environmental, and Development Economics at the Ohio State University; and conference participants at the Federal Reserve Bank of Cleveland. We are particularly grateful to Ben Jones, Sharon Levin, and Paula Stephan for sharing their data and to Melanie Bynum for excellent research assistance. Of course, we take responsibility for all errors.
I. Introduction
Social scientists and policymakers have argued that clusters of innovators, such as Silicon Valley, the Route 128 Corridor outside of Boston, and the Research Triangle Park, allow ideas to spill over among innovators, enhancing creativity. This idea, that when, for instance, two innovators are located together they will produce more innovations than when they are geographically separated, can be thought of as a “1+1=3” effect. The belief that these spillovers are important underlies policies to support creativity and generate clusters.
While it may seem straightforward that ideas spill over from one innovator to another and that these spillovers explain why innovators form clusters, there is little quantitative evidence that such spillovers operate, especially at the individual level.
 Nor does the presence of clusters imply that clusters substantially enhance creativity. Instead, prestigious institutions, with many important innovators, may recruit people who have highly promising research agendas or who are currently developing them.

We have assembled data on a particularly eminent group of innovators—Nobel laureate physicists. We study whether these innovators, are more likely to start the work for which they received the Nobel Prize or actually do the work while they are in proximity to the other physicists. Nobel scientists are attractive for our purposes because they constitute a well-defined sample of important innovators with substantial biographical information available and well-defined contributions. While the Prizes are primarily awarded for basic research, we are not aware of reasons why our results would not generalize to other types of innovation. Moreover, many of the innovations have had important commercial applications, including nuclear power and semi-conductors.
One characteristic of our approach is our focus on horizontal spillovers (spillovers among people of roughly comparable stature) among important innovators, rather than vertical spillovers (from the most-important innovators to those who are less distinguished). Our analysis focuses on the factors that affect the work for which each laureate received the Nobel Prize.
 While we make no assumption that these results generalize to vertical spillovers, to horizontal spillovers among less-eminent innovators, or to even the less-important work of the Nobel laureates, if one wants to explain clusters of important innovations such as Silicon Valley, horizontal spillovers affecting these important innovations must be present.

Our data also permit us to look at a wide range of other questions, including how spillovers vary over time, with the stage of the career, and across people. Highly interactive, non-hierarchical environments such as those found at the Cavendish Laboratory at Cambridge and at the Niels Bohr Institute have been identified as highly creative (see Larsson, 2001). Our data permit us to see if specific locations or individuals are associated with increased creativity.
The presence of spillovers also has vital policy implications. If there are spillovers, private innovative activity will be too low. Following standard externality logic, spillovers mean that one person’s (or organization’s) innovations enhance innovation among the people (or the organizations around them). If a person (or organization) is not compensated for the benefits received by others, he or she will ignore these benefits when deciding how much to invest in innovation and will therefore invest too little. Innovators will also have too little incentive to cluster: while each innovator takes account of the benefits that he or she receives from being near others, they ignore the benefits received by other innovators. These externality arguments imply that there are benefits from government investment in innovation and also benefits to policies that cluster innovators.

II. Data and Methods

Our data contain two components: (1) the institutional affiliations of each Nobel Laureate in each year of his or her career and (2) the year in which each Nobel laureate began or did his or her Nobel Prize-winning work. The latter data were generously provided by Benjamin Jones and by Paula Stephan and Sharon Levin. These two data sets differ in terms of their constructs: Jones’s (2004) data give the year in which each laureate did his or her Prize-winning work. Stephan and Levin’s (1993) data give the year in which each laureate started the research agenda for which he or she received the Nobel Prize. These distinct constructs will be valuable for our analysis.

The data also contain a variety of other background information, including the institutions that the laureates attended for any bachelor’s, master’s, or doctoral work and whether each laureate’s work is theoretical or experimental. Each laureate is included in the sample from three years before receipt of his or her highest degree (the earliest point at which a laureate began doing Prize-winning work) until age 66 (the latest).

Table 1 shows the number of laureates living at some point in their career (i.e. from three years before receipt of the highest degree until age 66) in all cities that had 10 or more laureates ever in residence during their career. The second column gives the sum of the total number of years spent in the city across all laureates who lived in a city at some point in their career. (Thus, a laureate who spent 10 years living in a city would contribute 10 years, while one who spent 20 years there would contribute 20 years.) The table shows considerable clustering, with 50 laureates spending time in New York and four more cities serving as homes for 30 or more laureates. Data for the United States are aggregated to the level of Consolidated Metropolitan Statistical Areas (CMSA), which tend to be quite broad, partially explaining the prevalence of U.S. cities.
We estimate logit models of the probability that a Nobel laureate who has not yet started (or done) his or her Prize-winning work starts (or does) his or her Prize-winning work in the following year. The primary variable of interest is the number of other Nobel laureates in the person’s location.

III. Estimates

Our main estimates, which are log odds ratios, are reported in table 2. The first column shows that among Nobel laureates who have not yet started their Prize-winning work, a 1 log-point increase in the number of Nobel laureates present is associated with a probability of starting Prize-winning work 130 percent of the underlying rate. Among laureates who have not yet begun Prize-winning work, the annual probability of starting Prize-winning work is 9.4 percent. A standard deviation, a measure of the typical variation, in the log of the number of Nobel laureates present over the career is .6. Thus, the typical change in the number of Nobel laureates present experienced over the career is associated with an 18 percent increase in the probability of starting Prize-winning work, from 9.4 percent to 11.1 percent. This estimate is estimated precisely and is of a meaningful, but moderate magnitude. Thus, being around other Nobel laureates appears to be associated with somewhat enhanced creativity. In the terms discussed above, perhaps 1+1=2.1, not 3!
The second column reports the relationship between the number of Nobel laureates present and the probability of doing the work that received the Prize. The estimates indicate that there is no relationship between being around other Nobel laureates and doing Prize-winning work. The contrast between this estimate and that for beginning Prize-winning work indicates that being around other Nobel laureates may help generate the ideas and research agendas that lead to Prize-winning creativity, but it is not a factor in bringing that work to fruition.

Causality

Researchers have found that Nobel laureates tend to have connections with other Nobel laureates. For instance, Zuckerman (1977) finds that over half of American Nobel laureate scientists studied or worked under other Nobel laureates. These results could indicate that being with other important scientists is a key determinant of the creativity of important innovators. On the other hand, this clustering may indicate that important innovators choose to associate with each other disproportionately. Thus, being with other innovators may have only a small causal effect with clustering being evidence of strong sorting.

The preceding results shed some light on causality. If prestigious institutions with many Nobel laureates hire people who have highly promising research agendas or who are currently developing them, 
the number of laureates present should be more strongly related to the probability of doing Prize-winning work than the probability of beginning it. We have also looked at changes in the number of Nobel laureates present around the time that someone begins his Prize-winning work. We find that people move to locations with more Nobel laureates present in the two years before they begin their Prize-winning work. There is, if anything, a slight tendency to move toward locations with fewer Nobel laureates present after beginning Prize-winning work. These results are also reassuring in terms of causality.
While economists are interested in the causal effect of knowledge spillovers , which do have important policy implications, it is worth noting that even in the absence of any causal spillovers, local authorities can gain from building knowledge clusters. If innovators are attracted to an area by the presence of other innovators, local governments that want to generate innovative hot spots have an incentive to build clusters even if there are no benefits from spillovers. If there are no spillovers, building a cluster in one area is zero-sum from a broader social perspective in that it simply redistributes activities that would have happened from other areas, but it can have substantial local benefits.

Specific Locations and People

Niels Bohr modeled his Institute in Copenhagen after Ernest Rutherford’s Cavendish Laboratory at Cambridge University. The Niels Bohr Institute in turn served as a template for other highly creative environments, including the Cold Spring Harbor and the Basel Institute for Immunology (Larsson, 2001). All were informal in the sense of being highly interactive and having little hierarchy. Fritz Melchers, director of the Basel Institute for Immunology, wrote of it:
Freedom from financial constraints and from bureaucratic regulations, so graciously and generously provided by Roche, has given all members the chance to organize their scientific and social life in the [Basel] Institute [for Immunology] in the scientific spirit of the Niels Bohr Institute in Copenhagen during the 1920s and 1930s, where an international group of physicists developed a model of scientific teamwork on a free and equal basis. Max Delbrück, a pupil of Niels Bohr and scientific mentor of Niels Jerne, used to remark that one of the essential ingredients of free teamwork had to be ‘joyful disrespect’ for any possible hierarchy among the members of a team. Chaos is prerequisite to develop the creativity needed to detect the world which we have not yet discovered. (1994)

This type of highly interactive, non-hierarchical environment has served as a template for creative environments outside of the sciences, including many Silicon Valley firms. Similarly, particular individuals, either the directors of these institutes or particularly creative individuals, may confer large benefits.
We have explored these effects by looking at whether being in particular locations and around specific people is associated with enhanced creativity. We find some evidence that being at the Niels Bohr Institute did lead to enhanced creativity. Similarly, people are more likely to begin their Prize-winning work in the years in which they are around Ernest Rutherford, one of the great leaders of the Cavendish Laboratory. Taken together, these estimates provide some indication that being in highly interactive, non-hierarchical environments enhances creativity.
Other Effects

Our data permit us to address a number of other dimensions along which spillovers could vary. The effect of spillovers could vary over a career, being particularly strong either early in the career as a person seeks to establish himself or later as someone works to remain at the research frontier. Alternatively, being around someone who has done Prize-winning work many years earlier or who will not do Prize-winning work for many years may have smaller benefits than being around someone who recently has or will soon do Prize-winning work. We have studied both possibilities and find no evidence that the strength of spillovers, either incoming or outgoing, varies over the career.

The state of the field and the nature of someone’s work could also affect the importance of spillovers. For instance, proximity could be particularly important for people who are involved in scientific revolutions. Physics underwent the quantum revolution under the period studied and so it is possible to estimate whether spillovers were stronger during this period and/or for people who made contributions to the quantum revolution. Again, there is no evidence that spillovers are stronger during this period or for people who received Nobel Prizes for contributions to quantum mechanics.

One could imagine that the strength of local spillovers could have changed over time as air travel, telephones, and the Internet have revolutionized transportation and communication. We have found no evidence that the strength of spillovers has changed over time in a variety of specifications. 

IV. Conclusions

We find a small, but meaningful relationship between the number of Nobel laureates a person is around and his or her probability of starting Nobel Prize-winning work. A variety of evidence based on the timing of when people start versus when they actually do the work for which they win the Prize suggests that this effect is largely causal. Insofar as we have not completely address causality, even our small spillovers might be overstated somewhat. Thus, our estimates suggest real, but modest benefits from clustering innovators.
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Table 1. Most-common Locations.

	City
	Number of Laureates
	Number of Years

	New York City, NY, USA
	50
	661

	Boston, MA, USA
	34
	593

	San Francisco, CA, USA
	33
	517

	Princeton, NJ, USA
	32
	259

	Cambridge, England
	30
	497

	Chicago, IL, USA
	25
	248

	Berlin, Germany
	21
	282

	Paris, France
	18
	427

	Gottingen, Germany
	15
	109

	Los Angeles, CA, USA
	15
	239

	Geneva, Switzerland
	14
	142

	Zurich, Switzerland
	14
	167

	Ithaca, NY, USA
	13
	160

	London, England
	13
	166

	Washington, DC, USA
	13
	59

	Copenhagen, Denmark
	12
	126

	Munich, Germany
	12
	97


Table 2. Being with Other Laureates.

	
	Starting
	Doing

	Log(Laureates Present)
	1.304
	(0.132)***
	1.120
	(0.109)

	Theorist
	1.479
	(0.291)**
	1.585
	(0.309)**

	Experience
	1.087
	(0.013)***
	1.082
	(0.010)***

	Cohort
	1.060
	(0.062)
	1.090
	(0.061)

	Cohort2
	1.101
	(0.027)***
	1.085
	(0.025)***

	Cohort3
	1.012
	(0.003)***
	1.010
	(0.003)***

	Observations
	1,851
	2,502


Note. Estimates are log odds ratios. Standard errors are reported in parentheses. Statistical significance given by *** at the 1 percent level; ** at the 5 percent level; and * at the 10 percent level.























































































� Exceptions include Glaeser, Edward L., Hedi D. Kallal, Jose A. Scheinkman, and Andrei Shleifer (1992); Jaffe, Trajtenberg, and Henderson (1993); Glaeser, Edward L., and Glenn Ellison (1997); Zucker, Darby, and Brewer (1998); Thompson and Fox-Kean (2005); Kim, Lee, and Marschke (Forthcoming); Kim, Morse, and Zingales (2006); Mairesse, Jacques, and Laure Turner (2006); Weinberg (2006); and Azoulay and Zivin (In Progress). See Kaiser (2005) for a fascinating analysis of the diffusion of Feynman diagrams.


� Biographical accounts suggest that a small number of Nobel laureates make multiple contributions at the level to receive a Nobel Prize. While some people have been awarded multiple Noble Prizes, in most cases, people only receive a single prize. Under this assumption, our estimates can be seen as the determinants of making the first contribution that would qualify for a Nobel Prize.





�Are you trying to say the institutions recruit people who (1) have recently developed these agendas, and YES (2) people who will soon develop these agendas? YES - IN THE PROCESS.Or people who have developed these agendas in the past? NO


�This is subject to the same question as above and should be edited as such.
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