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Abstract

While innovation is central for understanding development over time, less is

known about how innovation affects development over space. In this paper we use

the establishment of agricultural experiment stations to examine the effects of a

permanent increase in local research on long-term regional development. Our anal-

ysis of county-level agricultural census data from 1870 to 2000 reveals that station

establishment increased local land productivity over the medium term, with land

one standard deviation closer to research receiving a 36% increase in productivity

20 years later. Research proximity effects disappear, however, after 30 to 50 years.

Furthermore, while the effects of research proximity on extensive and intensive ad-

justments of producers do persist, they cannot account for the limited persistence of

research proximity on land productivity. Instead, changes in the development and

diffusion of basic science appear to have reduced the advantages of proximity.
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1 Introduction

The concentration of knowledge production in high income areas is striking. For instance,

OECD countries account for 83% of the world’s R&D expenditure and 98% of its patenting

(OECD, 2004). Likewise, the five MSAs that produce 30% of US patents have per capita

income 35% above the US average (USPTO, 2010). While knowledge production is central

to understanding economic development over time, less is known about how knowledge

production relates to development over space. This is especially true over the long term.

Two central challenges have limited progress. First, distinguishing knowledge spillovers

from fundamentals is a tall order. Important problems arise because those who produce

local spillovers also receive them (Lucas, 2009) and persistent unobserved factors can lead

to the co-location of knowledge production and highly productive firms (Thompson and

Fox-Kean, 2005). Second, information on producer productivity at the local level is typ-

ically unavailable over long time periods.1 Because regional adjustments are often slow,

historical settings allow us to see whether long term responses of producers amplify or

reduce the long term effects of regional shocks (Davis and Wienstein 2002; Collins and

Margo, 2007; Miguel and Roland, 2011; Hornbeck, 2012; Bleakley and Lin, 2012; Kline

and Moretti, 2012).

In this paper we study the long term effects of agricultural research on regional de-

velopment. The tacit nature of agricultural technology suggests an important role for

proximity to research, as geographic proximity leads to the person to person interactions

central to the diffusion of new technology.2 We propose the establishment of federal

1Recent work measuring knowledge spillovers from university research to local firms has focused on a

much shorter 10 to 20 year time frame (Hausman, 2012; and Kantor and Whalley, 2012). Work examining

longer term knowledge spillovers has typically focused on the human capital intensive knowledge produc-

ing sector where adjustment likely occurs more quickly (Azoulay, Wang and Zivin, 2010; Waldinger, 2012;

Moser, Voena, and Waldinger, 2012; Helmers and Overman, 2013).
2Frictions in the diffusion of agricultural technology are well documented. The speed with which

new agricultural technologies are adopted depends on social contact (Munshi, 2004; Bandiera and Rasul,

2006; and Conley and Udry, 2010. Other studies demonstrate important roles for education (Foster

and Rosenzweig, 1995), heterogeneous returns to technology (Suri, 2011) and the present-bias of farmers

(Duflo, Kremer and Robinson, 2011) in determining agricultural technology adoption. Whether these

frictions persist over longer time horizons is less known. Comin and Hobijn (2010) show the technology
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agricultural experiment stations as a source of exogenous variation in the location of

knowledge production. Because the stations were opened at pre-determined land grant

college locations in response to nationwide concerns about agriculture, they create a pos-

itive shock to local research virtually independent of local economic conditions. Detailed

data allow for an examination of research proximity effects from 1870 to the present, with

an empirical analysis that compares changes in agricultural production between counties

close and far from the experiment stations.

The establishment of the federal experiment stations in 1887 provided each state with

physical and human capital necessary to generate the biological innovation that drove

agricultural productivity growth (Olmstead and Rhode, 2008). Early research focused on

finding new crop varieties, plant breeding, and animal husbandry. These innovations are

readily apparent in the much higher crop yields achieved in station experiments relative

to local farmers, as shown in Figure 1. Later, as basic research gained prominence,

newly acquired knowledge of genetics led to important breakthroughs like hybrid corn

(Griliches, 1957). While the aggregate returns to agricultural research spending are large

– most estimates are over 40% (Alston et al., 2000) – no research to date has explored

how proximity to research affected regional development in agriculture. Our paper seeks

to fill this gap.

Our paper has three main findings. We first examine how land productivity responded

to proximity to agricultural research. Our estimates indicate local spillover effects ini-

tially grew – peaking between 20-30 years after the experiment stations opened. Our

peak estimates imply that being one standard deviation closer to research increased land

productivity by 36 percent. While this estimate is economically significant, it suggests

research proximity accounts for only a small fraction of the dispersion in land productiv-

ity across space. In our sample, the 90th - 10th percentile ratios of land productivity in

1880 is 4.5:1.3 A one standard deviation in research proximity thus leads to productivity

effects that account for less than 10 percent of this dispersion. Research proximity effects

across a range of sectors diffuses globally after 40 years.
3This ratios are more similar to modern developed economies than present day US firms. Syverson

(2011) notes that within industry 90th - 10th percentile ratios for within industry TFP dispersion are

close to 2 in the US. Hsieh and Klenow (2009) find within industry TFP 90-10 ratios of 5:1 in China and

India.
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do not persist indefinitely; they died out after the stations were open for 30 to 50 years.

Our land productivity results are robust to the inclusion of controls for distance to

minor stations, urban markets, railways, and alternative measures of crop revenue. Fur-

thermore, we show that geographic distance is central. Adding controls for time varying

effects of distance between experiment station and far away counties in terms of land

quality, agricultural technology, population literacy, and ethnicity does little to change

our main findings.

We explore three opportunities to evaluate the credibility of our estimation approach.

We first examine whether land productivity localization effects appear before the opening

of the experiment stations. Second, we test whether distance to United States Department

of Agriculture research facilities – that open much later than experiment stations – show

a similar pattern of results during the period of experiment station opening. We lastly

examine whether manufacturing output per worker also reveals an agricultural experiment

station localization effect, where no direct effect would be expected. We find little evidence

from any of these analyses that our identification strategy is violated.

There are two possibilities for the lack of persistence in research proximity effects.

A first possibility is that the adjustments of producers to research proximity, that may

take substantial time to occur, offset the short run benefits of proximity to research. For

example, with prices for agricultural commodities set in a global market, productivity

enhancing research in the United States stimulates entry into agriculture. As producers

already farm the best land in an area, entry of land into agriculture will likely lower

the average quality of land farmed. If extensive adjustment primarily takes place close

to experiment stations, where the most productivity enhancing knowledge is received,

changes in the composition of land quality could explain the lack of persistence. Of

course, as the experiment stations were placed in areas where the majority of the land

was already used in agriculture, the land that the experiment station research made

marginally profitable may have been far from the stations.

Second, while the opening of experiment stations represented a permanent shock to

local research infrastructure and funding for agricultural research permanently increased,

changes in how basic science became commercialized were afoot. As the plant Plant Patent
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Act enabling the patenting of new plant varieties was passed in 1930, private sector firms

became increasingly involved in the commercialization of basic research. With private

sector involvement the relevant locational factors not only included where knowledge was

developed, but also where it was marketed to agricultural producers. Hybrid corn is a

case in point. While the development of hybrid corn was based new knowledge of genetics

discovered at the Connecticut experiment station in 1921, the technology diffusion curves

famously presented in Griliches (1957) date the introduction of hybrid corn in a state from

commercial introduction, beginning with Iowa in 1933. In addition, the introduction of

a national agricultural extension program before 1920, that disseminated the innovations

of experiment stations throughout the country, may have reduced the benefits of research

proximity.

To understand limited persistence we examine the adjustments of producers to research

proximity in our second set of results. We find adjustment responses on the extensive mar-

gin that decrease with proximity, and persist to the present day. These extensive adjust-

ments may be expected as experiment stations were located in areas whether agriculture

was already well established due to favourable climatic and agronomic conditions, leaving

most land near the margin of profitability far from the stations. Further results indicate

that research proximity led to adjustments on the intensive margin with local farmers

allocating more farmland to crop production and employing more labor. The dynamics

of the crop land and labor responses follow a similar patter to those for land productivity.

However, they do persist until the present day, perhaps reflecting irreversibility of durable

land investments.

Lastly, we examine total factor productivity and land value effects of proximity to

research. We find that total factor productivity (TFP) effects take 20 years after the

experiment stations opened to emerge, and have no persistence. As the TFP effects are

less persistent than the the land productivity effects, slow producer adjustments cannot

explain the limited persistence of the land productivity effects. Instead, the opening of

the experiment stations had only a short term research proximity effect. This finding

points to changes the location of commercialization of basic science or a highly effective

agricultural extension program reducing the benefits of proximity to basic research. In

addition we find little effect of research proximity on land values. As the land productivity

localization effects are primarily due to increasingly intense use of costly inputs by local
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farmers, any value of proximity to basic research is small.

Our paper relates to a number of literatures. While regional productivity is central

to determining spatial equilibrium, where highly mobile knowledge is produced matters

little in many textbook models. More recently the implications of knowledge diffusion

frictions across space have begun to be explored: Duranton (2007), Comin and Hobijn

(2010), Kerr (2010), Keller and Yeaple (2012), Davis and Dingel (2012) and Comin,

Dmitriev, and Rossi-Hansberg (2013). As even the largest effects of proximity to basic

research we find are modest we suggest that other factors, such as where basic research is

commercialized, may be more relevant over the long term than where basic research takes

place.

Second, our paper speaks to the debate on internal and external drivers of firm pro-

ductivity (Syverson, 2011). Recent contributions have demonstrated the importance of

knowledge spillovers (Bloom, Schankerman and Van Reenen, 2012; Kantor and Whalley,

2012; Hausman, 2012), technology sourcing (Van Reenen, Harrison and Griffith, 2006)

and agglomeration spillovers (Greenstone, Hornbeck and Moretti, 2010) for firm produc-

tivity. Our contribution is to show how the effects of one external driver of productivity

– proximity to research – differs over the short and long term.

Lastly, we contribute to the literature on the role of reallocation in long term pro-

ductivity growth. Economic historians have long debated the importance of changes in

technology versus the quality of land farmed for long term trends in agricultural produc-

tivity growth (Johnson and Gustafon (1962); Olmstead and Rhode (2002)). We contribute

to this literature by showing that location of reallocation can matter for the location of

productivity growth over the long term.

Our paper unfolds as follows. The next section discusses the opening of the federal

experiment stations, their research and discoveries. Section three presents our measure-

ment framework. In section four we discuss the data and descriptive statistics. Section

five presents our central results. Section six concludes.
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2 Historical Background

This section describes the establishment, research and discoveries of the federal agri-

cultural experiment stations in the United States.4 Early experiment station research

contributed to agricultural productivity through biological crop innovations (Olmstead

and Rhode, 2008) and the application of emerging findings from chemistry (Rosenberg,

1971).5 Summarizing the contributions of the stations, Rasmussen writes “The flowering

of agricultural research in the last decades of the nineteenth century resulted in the estab-

lishment of principles that eventually affected every aspect of agricultural production and

the welfare of the nation” (Rasmussen, 1962 p. 584). The high rates of return to agricul-

tural research and development spending – many exceeding 40% – support Rasmussen’s

statement.6

American experiment stations were based on the model of the Moeckern plan in Saxony

(Knoblauch et al., 1962).7 After a trip to Germany and convincing local agriculturists of

its value, Samuel Johnson founded the first American experiment station to receive state

4The discussion here focuses mainly on U.S. agriculture in the late 19th and early 20th century to

guide our empirical analysis that examines the effects of station establishment in 1887. Excellent surveys

of the role of public research in U.S. agriculture spanning both the 19th and 20th century include Huffman

and Evenson, 2006 and Allston et al. (2010).
5While the transition from man power to animal power to mechanical power in 19th and 20th centuries

dominate many textbook accounts of productivity growth in agriculture more detailed studies show that

biological innovation plays a central role. For example, Olmstead and Rhode (2008, p.61) present a

particularly through account of productivity improvement in in U.S. wheat production and conclude

that about half of the increase in wheat productivity from 1839 to 1909 can be attributed to biological

innovation. Similarly, Johnson and Gustafon (1962) show that new varieties accounted for 60 percent

of the increase in yields for U.S. grain production from 1928 to 1954 in the West. After the mid-

1930’s national agricultural productivity growth accelerated with innovations based on an improved

understanding of genetics, such as the development of hyrid corn famously studied by Griliches (1957),

taking center stage.
6The meta-analysis of rate of return estimates in Alston et al. (2000) includes 292 studies that reported

a total of 1,852 estimates of rates of return to agricultural R& D, with an overall mean internal rate of

return of 81.3%, with a mode of 40%, and a median of 44.3%.
7The Moeckern station, perhaps the first to use the term “Agricultural Experiment Station”, appointed

chemists to analyse farmer’s soil and fertilizer, promote experimentation as a source of farm improvement,

as well as, travel throughout the district to bring scientific advice to farmers.
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funds at Yale in 1875 based on the Moeckern plan. Advocates for Federal experiment

stations who saw the value of scientific agriculture began creating plans for stations in the

1880s.8 Further support was provided by land grant colleges themselves as they struggled

to live up to expectations on the original Morril Act. Yet limited land grant income alone

and the still quite new Department of Agriculture meant that research activity was quite

modest. Opposition emerged from states rights advocates and those concerned about the

oversight of Federal stations finances. Rosenberg (1964) argues that “President Cleveland

had grave doubts as to the constitutionality of the Hatch Act, the first direct cash grant-

in-aid to individual states.” (Rosenberg, 1964; p.3). Ultimately, the broader benefits to

agriculture – petitions favouring passage came from 34 states (Harding, 1947; p.175)–

carried the day and the Hatch Act passed on a voice vote with widespread support in

1887.

The Hatch Act charged the stations with acquiring and spreading practical information

on subjects connected to agriculture and performing original scientific research. Each state

was allocated $15,000 to support investigation and distribution of the results. Experiment

stations were to send all reports to local newspapers and cover the costs of mailing to

farmers requesting materials. Subsequent legislation in the form of the Adams Act of

1906 further strengthened the prominence of basic research and the role of the Office

of Experiment Stations as overseer of a national agricultural research program (Ferleger

1990, 20).

Notable biological innovations were achieved quite soon after the stations were estab-

lished. For example, the corn trials at the Illinois Station in 1888-1895 showed that soft

corn and Flint varieties had only 64 to 71 percent of yield of the Leaming variety (Steckel,

1983). Some early Wheat trails showed similar yield differences amongst varieties. In tri-

als in the Red River Valley region between 1892-1894 China Tea was found to have only

88 percent of the yields of the Blustem and Fife varieties (Olmstead and Rhode (2008),

p.33). These early advances were possible because the Hatch Act led experiment stations

to be established, hire staff and begin research quickly. By the end of 1888, 46 states

8Rosenberg (1971) writes “The political needs of the station scientists guaranteed that the educated,

adequately capitalized farmer would be their natural ally in the achievement of power. Indeed, the larger

the scale of an enterprise the more likely it was in general to find experiment station scientists relevant.”

Rosenberg (1971, p.18)
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already had stations established employing 369 staff nationwide (True, 1888).9

The testing of new varieties continued to be a major focus of crop research and a

cornerstone of the biological innovations produced by the stations. New crop varieties

better suited to climatic conditions were often found. In addition, as the productivity

of planted varieties declined relatively quickly, new varieties were constantly required for

farmers to simply keep productivity from falling (Olmstead and Rhode, 2002).10 While

some farmers adopted varieties shown to be superior, quickly the differences in average

yields between experiment station trials and farmers in the same county we display in

Figure 1 suggest that many did not.11 While some farmers initially derided experiment

station techniques as ‘book farming’ that lacked real world applicability, the value of

new innovations was soon more broadly appreciated: “Years ago doubts of the value of

experiment station work were commonly expressed among farmers... No one now doubts

that such discoveries amply justified the trouble and expense involved.” (Indiana Farmer’s

Guide, 1922).12

Other innovations in agriculture, such as the use of appropriate crop rotations and

commercial fertilizer were built from applying new knowledge of chemistry to agricultural

practices.13 Indeed, the majority of scientists involved with experiment stations, such

9Prior to the Hatch Act, 12 states had already established their own experiment station and a number

of others reported such work without having a formal structure governing such work (Carstensen 1960,

13). We refer to the states with pre-Hatch stations as the non-Hatch states in our empirical analysis.
10Crop varieties depreciate because pests and fungis adapt to infest available varieties. As a result

many varieties are only is use for a short period of time. For example, Olmstead and Rhode (2008, p.32)

note that in 1919 roughly 80 percent of the U.S. wheat acreage consisted of varieties that had not existed

in North America before 1873.
11An important caveat to comparing yields from experiment trails to those of farmers in the field is

that experiment station trails frequently dropped varieties that appeared to have low yields. For this

reason we plot the average yield reported in each trial rather than the maximum yield to represent the

state of knowledge of experiment station scientists at the time.
12Other contemporary accounts also note the value of experiment station research to farmers. “In-

telligent farmers long since ceased to scoff at the work of the agricultural experiment stations, and the

unintelligent ones may revise their opinions...” (Christian Advocate, 1901) “If we know our business we

ought to keep in touch with our experiment station, not carelessly glance at the bulletins and toss them

in the waste basket, but study them until we have the ideas learned right at our fingertips, using them

in everyday business.” (Michigan Farmer, 1904)
13The importance of chemistry for agriculture was well known. As Rosenberg writes: “Indeed, to many
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as Samuel W. Johnson at Yale and Wilbur Olin Atwater the first director of the Office

of Experiment Stations, were German trained chemists.14 Much like with crop varieties

experiment station trials with fertilizers and crop rotations showed notable effects. For

example, including legumes in a wheat crop rotation rather than continuous wheat plant-

ing was shown to roughly double wheat yields in a trial in Kansas (Elwood et al., 1939,

p.74).

Many important agricultural innovations came from other sources. Immigrant farmers

often brought their native seeds with them which was sometimes well suited to the United

States climate and soil. The introduction of Turkey hard red winter wheat of Russian

origin in Kansas in 1873 (Quisenberry and Reitz, 1974), and the hardy alfalfa brought by

German settlers to Minnesota in 1858 (Kletzer, 1957) are just some examples.15 Plant

breeders with another source of innovation with varieties such as Fultz wheat in 1862 or

Robert Reid’s Yellow Dent corn achieving prominence (Olmstead and Rhode, 2008; p.

29). Similarly, the United States Department of Agriculture’s research program led to

breakthroughs such as the use of airplanes to deliver insecticide and to the development

of disease resistant plants (Harding, 1947).

A last element of the modern agricultural research infrastructure was the development

of the agricultural extension program. Again, a number of states had already begun

experimenting with small scale extension programs, such as offering short courses for

farmers off campus (Smith and Wilson, 1930: p.31) before the federal policy was enacted.

Seamen Knapp is generally credited with developing the first large scale co-operative

demonstration program at the Porter Farm in Texas in 1903. Under Knapp’s direction

large scale co-operative demonstration extension spread throughout the south to combat

the boll weevil. The contours of the debate for funding a federal Extension program under

the Smith-Lever Act of 1914 were similar to those of the Hatch and Adam’s acts. The

Smith-Lever Act was rolled out across the nation quickly, partly to support the war effort,

with over 2600 counties having extension agents by 1918 (Smith, 1930).

Americans agricultural science was chemistry...” Rosenberg (1971, p. 3, emphasis in the original).
14In 1930 the first year disciplinary breakdowns for station scientists are available, 40 appointments

were in agricultural chemistry, 10 appointments were in bacteriology and three were in biology (Huffman

and Evenson, 2006, p.66).
15Ethnic communities continue to be an important source of technology transfer. See Kerr(2008) for

modern evidence.
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3 University Research and Agricultural Production

3.1 Measurement Framework

Our empirical strategy exploits the timing of federal experiment station establishment

dates within a flexible event-study framework. Formally, we first estimate the equation,

Yit = θi + γt + γCit + π1870D1870 ×Distancei +
2000∑

j=1890

πjDj ×Distancei + εit.(1)

Here Yit is the agricultural outcome in county i in years t=1870,...,2000. θi is a set of

county fixed effects, which absorbs time-invariant differences in observable and unobserv-

able characteristics and allows consistent estimation of π1870 and πj even in the presence of

fixed differences across locations. D1870 and D1890, ..., D2000 are dummy variables that take

a value of one in the year indicated and a value of zero otherwise. γt is a set of year fixed

effects that flexibly control for national time series variation in agricultural outcomes.

γCit is a set of year fixed effects or county characteristics in 1880-by year fixed effects that

may be included depending on the specification. Distancei is the linear distance in miles

between the experiment station and county i bases on the geographic coordinates of each

county seat. To ease comparisons to other non-geographic distances, we normalise all the

distance variables to have a mean of zero and a standard deviation of 1.

An advantage of the less-restrictive event-study specification we use is that it de-

scribes the dynamics of the experiment station effects. Our parameters of interest are

π1890, ..., π2000 that measure how the relationship between distance to the experiment sta-

tion and the agricultural outcome differs from the reference year 1880. If experiment

stations generate local spillovers to production that persist indefinitely, then we would

expect that for all years πj < 0. However, if local experiment station effects only per-

sisted until say 1960 then we would expect that πj < 0 for j < 1960 and that πj = 0

for j >= 1960. Our specification allows us to estimate how long knowledge spillovers

take to emerge, and whether they grow or persist without imposing any specific dynamic

structure on the effects of interest.

Our empirical approach utilizes variation in university research that is plausibly exoge-

nous to local agriculture. As noted above, the passage of the Hatch Act in 1887 provides
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variation in the location of university agricultural research. As the experiment stations

were opened in already chosen locations (counties with land grant colleges) the combi-

nation of timing and location of the Hatch Act spending provides a compelling source

of exogenous variation in the location of university research. Our central identifying as-

sumption is that changes in university research at land grant colleges are unrelated to

changes in unobserved determinants of local agricultural development.

While it is not possible to test our identification assumption directly the use of a flex-

ible event-study specification allows us to gauge its plausibility. Estimates of π1870, π1890,

..., π2000, allow a visual and statistical evaluation of the evolution of pre-treatment unob-

servables that are correlated with distance to the experiment station. More specifically,

estimates of π1870 also allow an explicit test of whether any “effects” preceded the opening

of the experiment stations – an important falsification test.

After presenting the fully flexible event-study estimates, we summarize the magnitudes

and joint statistical significance for the years 1940-2000 in a specification that replaces

those individual year exposure dummies with a year group for the last periods by esti-

mating,

Yit = θi + γCit + π1870D1870 ×Distancei +
2000∑

j=1890

πj ×Distancei +

1930∑
j=1890

πjDj ×Distancei + π1940−2000D1940−2000 ×Distancei + εit.(2)

Here D1870 and D1890, ..., D1930 are again dummy variables that take a value of one in the

year indicated and a value of zero otherwise, where as D1940−2000 is a dummy variable

that takes a value of one for the years 1940 to 2000 and zero otherwise. This specification

allows us to study the dynamic effects of station opening for the 50 years following opening

in a flexible way, while summarizing the magnitudes and joint statistical significance of

any persistence beyond that period with the parameter π1940−2000. We choose to present

this specification for the majority of our reported results as the parsimony it provides

for a more straightforward presentation of alternative specifications, while retaining the

flexible structure of the dynamics for the first fifty years after the stations opened.

To explore the sensitivity of our results we add a range of covariates to the model

in equation (2) to capture other time trends. We explore whether our results are robust

11



to state times year fixed effects as controls. We examine how robust the results are to

political economy concerns by adding county vote share in 1880 for president Cleveland,

who initially advocated states rights over federal experiment stations, times year fixed

effects. We also explore whether adding distance to markets or transportation affects

our results. We add a range of year times various distance interactions. We further

examine whether our results are consistent with an effect of agricultural research driven

by geography alone by separating the effects of East-West versus North-South distance

to the experiment station, and including time effects that depend on an array of non-

geographic distances. We explain further details of these specifications in the results

section below.

A few other estimation details are worth noting. All our analysis is based on the

balanced panel of counties that report agricultural output every year. Each county is

weighted by its total land area in 1880 so that estimates capture the effects for a typical

acre of land rather than county. In all specifications, to address the possibility of persistent

autocorrelation in outcomes within a county, we cluster the standard errors at the county

level.

4 Data and Descriptive Statistics

Agricultural, Population and Geographic Data. The primary data we use to esti-

mate the impact of university agricultural-related research on local agricultural develop-

ment comes from the Agricultural Census (Haines, 2005). We obtain county-level data on

agricultural outcomes from 1870 to 2000 from this source. We use county-level data on

crop revenue, farm value, farm acreage, improved acres, and equipment value for the full

sample period. Our main outcome of interest is total crop revenue per acre of farmland.

This variable is collected in most, but not all, years in the agricultural census data we use.

For the years 1870, 1880, 1890 and 1900 total farm revenue, but not crop revenue, is re-

ported. Our crop revenue measure for these years is interpolated using the reported level

of total farm revenue times the average fraction of revenue from crops from the county

in the years where both total and crop revenue are reported.16 Starting in 1880 we also

16The years where both are reported are from 1950 to 2000. The average fraction of revenue from crops
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have data on acreage planted with wheat and corn, and fertilizer expenditure, allowing

us to calculate crop specific yields.

We merge into our dataset variables reported at the county level from the decennial

Population Census and the Fishback, Horrace and Kantor (2005, 2006) (FHK) county

geography database. We measure time-invariant land suitability to capture agricultural

technology as of 1880. To construct our soil suitability measure we take the prediction

from a regression of all 12 county level soil quality measures, and all 13 county level

climate, elevation, and geographic coordinate measures that FHK report on crop revenue

per acre in the 1880 cross section. Further details of this procedure as well as the variable

definitions are in the data appendix.

We also create a measure to capture the social distance between the experiment station

county population and others in the state. Our measure of ethnic relatedness is based on

the genetic distance measure used in recent work by Spolaore and Wacziarg (2009). This

simple measure captures how far back in time the populations of two countries split off

from the same initial population, so that the population of China would be more geneti-

cally distant from England than from Japan, for example. We utilize a similar approach

to Spolaore and Wacziarg (2009) here based on the place of birth of the population of

each county in 1880. We use the 100% sample of the 1880 census to construct a measure

of the ethnic distance of the population of the reference county form the population of the

experiment station county in the same state.17 To do so we first create country of origin

shares in each county as well as the experiment station county. We then use country of

in our sample is 37.6%. As our fraction of revenue for crops is based on observations from the end of our

sample long term changes in crop revenue share could affect our measure. To address this concern we also

consider another crop revenue measure that is the summation of the quantity of each of four crops times

their national price. We use corn, wheat, oats and barley to create this second measure of crop revenue

as national prices for these crops are available in each year of our sample from the historical statistics

and these crops account for a large share of planted acreage in our sample states.
17We also explored measuring the genetic distance between station staff and a counties population by

typical places of birth for station scientists. However, the name based place of birth for station scientists

reveals that the vast majority are U.S. born, and so there is little variation across states. In addition,

as the empirical evidence on learning frictions in agricultural technology adoption indicates that farmers

learn from observing other farmers genetic differences between the county populations are likely to capture

the relevant diffusion friction.
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origin shares from the census data and the genetic distance between each country of origin

to measure the weighted genetic distance from county i to experiment station county e

as F ST
ie =

∑n
j=1

∑n
k=1(sj,e × sk,i × djk) for birthplaces j, k = 1, ...n with genetic distances

between them of djk (Spolaore and Wacziarg, 2009) to create a measure of the ethnic

distance between each county in the experiment station county. We then have a measure

of the relatedness or social connections in place between the experiment station county

and each other county in the state.

Locational Data. The locations of the federal experiments stations are obtained

from the Office of Experiment Stations (1910; p.300). While nearly all of the states in our

sample have a single federal experiment station located at their land grant college there are

a couple of exceptions. Connecticut, Missouri, and New York had two stations in different

locations in operation in 1910.18 For these states we denote one station as primary and

the other as secondary. We denote the land grant college station as primary in these states

and denote the other station as a minor station.19 We use these locations to compute

the distances from the primary and secondary experiment stations for each county. We

specify the distance to the experiment station in model (1) and (2) as the distance to the

primary station and add year time distance to secondary station as additional controls as

a sensitivity analysis.

We next merge in data on the locations of USDA research stations, railways, and large

urban markets to calculate distances to these for each county. We measure the presence of

a USDA station by the location of research staff in 1929, the first year such information is

available, from United States Department of Agriculture (1929). We measure the presence

of a railroad in 1880 referenced against the NHGIS boundary file for 1880.20 A county is

coded as having railroad access if the county boundary is crossed by or touches a railroad.

18New Jersey also has two stations reported, however as they are both in the land grant college county

the existence of multiple stations does not affect how we measure station location.
19The primary and minor stations for these states are as follows. Connecticut: Storrs (Primary) and

New Haven (Minor). Missouri: Columbia (Primary) and Mountain Grove (Minor). New York: Geneva

(Primary) and Ithaca (Minor). Most states that have multiple stations are in the south (i.e. Louisiana)

or far west (i.e. California and Montana) and are not in our sample.
20The railroad mapping itself is based upon the digitized image from the Library of Congress of

“Colton’s railroad map of the United States” published in 1882 in the manner described in Atack, Bate-

man, Haines and Margo (2010). We thank Jeremy Atack for making this data available to us.
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A county is coded as a large market if is in the top 5 percent in the 1880 distribution

of county percentage urban. For every county we then compute distance to the nearest

county with a USDA station, railroad, and urban market.

Sample Selection and Descriptive Statistics. To create our balanced panel of

counties we impose the following sample restrictions. We first keep states east of the

continental divide so that we are working with counties that were relatively settled in

1870 and did not experience large boundary changes over our period. We drop southern

states (as defined in Olmstead and Rhode (2002) who use the regional definitions from

Parker and Klein (1966)) because attributing Hatch Act funding or agricultural extension

to locations is less clear in the south as some Historically Black Colleges received funding

that is difficult to document. This sample of 20 states in the Northeast and Midwest has

1277 counties based on their boundaries in 1880 (Horan and Hargis, 1995).21 We drop

the 44 counties with large boundaries changes during our sample period based on Horan

and Hargis (1995). Lastly, we drop counties that do not report crop revenue every year.

Our final analysis sample contains a balanced panel of 1063 counties based on consistent

county boundaries defined as of 1880.

Table 1 provides a first look at summary statistics of relevant measures. We report

the 1880 summary statistics for the full sample and then stratify the counties based

on whether their geographic distance to the experiment station was below- or above-

median. As shown in Panel A, agricultural outcomes in below-median distance counties

were quite different from their counterparts in counties that were further away. The

comparisons indicate many differences exist with the closer counties having higher levels

of crop revenue and land value per acre. These differences can also be seen visually in the

map of crop revenue per acre in 1880 displayed in Figure 2. Similarly, farms further from

the station have lower input intensities, fraction of county acres in a farm and smaller rural

populations. In panel C we see that land closer to experiment stations is more suitable

for agriculture suggesting that the differences in outcome before the experiment station

opened could be partly explained by more favourable conditions near the experiment

stations. Lastly, we see that counties close by the experiment station have characteristics

that may allow them to absorb experiment station discoveries at lower cost, with higher

21The 20 states contained in our sample are: CT, IA, IL, IN, KS, MA, ME, MI, MN, MO, NE, NH,

NJ, NY, OH, PA, RI, TX, VT, and WI.
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levels of literacy rates and closer ethnicity to the experiment station population.

5 Results

Land Productivity. We first examine how crop revenue per farm acre responds to

research proximity with the fully-flexible model in (1). We report these results in Table 2.

Column (1) of the table reports the year-by-year distance interaction estimates under the

baseline model. To capture underlying trends the model in column (1) of Table 2 includes

year fixed effects interacted with woodland above 4% in 1880 to capture the diffusion

of bared wire at this time (Hornbeck, 2010), and year fixed effects interacted with the

fraction of land in farms in 1880, as well as, year fixed effects interacted total population

in 1880, to capture secular trends in settlement patterns. In column (2) we exclude

the interactions of initial county characteristic variables to examine a more parsimonious

specification. Lastly, in column (3) we estimate the baseline model for the 10 states

without any permanent experiment stations before the passage of the Hatch Act. As the

opening of experiment stations in these states is completely determined by federal policy,

the station openings in these states are most likely to satisfy the exclusion restriction.

The first result to note in Table 2 is that none of the 1870 times distance interactions

is statistically significant. Moreover, the lack of statistical significant in the models is not

driven by imprecision in the estimates as the sign of the point estimates differs across the

specifications, and magnitude of the point estimates are quire small. We continue to use

the model in column (1) as our baseline model throughout our analysis as the pre-trend

point estimates in Table 2 are very small. These first results in Table 2 indicate that

the opening of federal experiment stations did not follow changes in local agricultural

production; an important falsification test for our specification.

The central results in Table 2 concern the dynamics of the research proximity effects.

Across all three specifications the results are very similar. Localization effects emerge

quite quickly with a distance effect first emerging and becoming statistically significant in

some specifications in 1890. The distance effects grow over time until 1910 – more than 20

years after the experiment stations first opened. The effects of distance then decline and
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become statistically insignificant by 1920 or 1950 depending on the specification. There

is little evidence of a statistically significant localization effect longer than 60 years after

the experiment stations opened. Figure 3 visually depicts the year-by-year interactions

for all three models along with the 95th percentile confidence interval for the estimates

in the first baseline model.

The magnitude of these proximity effects, while economically significant, are not es-

pecially large. Our peak estimates in column (1) imply that that being one standard

deviation closer to research increases land productivity by 36 percent. In our sample,

the 90th - 10th percentile ratios of land productivity in 1880 is 4.5:1.22 A one standard

deviation in research proximity leads to productivity effects that account for less then

10 percent of this dispersion. And these are the peak effects. This finding suggests that

research proximity accounts for a relatively small fraction land productivity across space.

Land Productivity: Alternative Specifications. We next examine the robustness

of these results in Table 3 by fitting the more parsimonious equation (2). This allows us

to examine a range of possible concerns with our approach thus far. We first report

estimates from our baseline model for the more parsimonious equation (2) in column (1)

for comparison purposes. We then present models where we further includes state-year

interactions (column (2)) and percent voting Democrat in 1880-year interactions (column

(3)).23 Our results change little. Similarly, the estimates in column (4) indicate that using

distance to the nearest station, regardless of whether it was in the same state or not, does

little to alter the results.

While we might consider agricultural markets as largely integrated at this time, if

they were not experiment station opening could affect local commodity prices and our

revenue based land productivity measure, even if productivity remained unchanged. The

22This ratios are more similar to modern developed economies than present day US firms. Syverson

(2011) notes that within industry 90th - 10th percentile ratios for within industry TFP dispersion are

close to 2 in the US. Hsieh and Klenow (2009) find within industry TFP 90-10 ratios of 5:1 in China and

India.
23One important issue in the 1880 Presidential election was railroad regulation, often pushed for by

agricultural interests at the time to lower transportation prices. We thus use vote share in 1880 to

measure voters agriculture related policy preferences before the Hatch Act passed to address potential

policy endogeneity.
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direction of any bias depends on the importance of local fiscal versus productivity effects

of experiment stations. On the one hand, if the opening of the station was primarily a

local fiscal stimulus we may expect local prices to increase. This would lead farm revenue

to run counter to any productivity effects, and lead us to underestimate the productivity

effects of the experiment station. On the other hand if experiment stations primarily

increase productivity, then local agricultural prices may be expected to fall. In this case

our estimates would overestimate the productivity effects of experiment stations. To

address this issue we construct an alternative measure of crop productivity that is based

on county level quantities of the three crops reported consistently throughout our sample

(corn, wheat and barley) times their national prices which are unaffected by local shocks.

When we estimate our model using this measure (in column (5)) we obtain similar but

slightly larger estimates, perhaps indicating a small short term fiscal impact of experiment

stations.24

Similarly, the results in columns (6), (7) and (8) of Table 3 show that controlling for

distance to minor stations, railways or urban markets does little to change the results.

As minor stations did produce a modest amount of research and market access can be

an important driver of regional growth (i.e. Redding and Strum, 2008) we see these as

important robustness analyses.

In the last two columns of Table 3 we examine the effects of research proximity for

the yields of two main crops: corn and wheat. While examining the effects of research

proximity on crop yields is a more direct way to measure productivity spillovers, there are

two challenges in this context. First, while the agricultural census recorded information

on each farm’s output of corn and wheat in 1870, the acreage planted for each crop was

not recorded. It is thus not possible to calculate the crop yield for each crop in 1870,

making the examination of prior trends in crop specific productivity impossible. A second

challenge is that agricultural crops are geographically specialized in certain areas based

on the suitability of the soil and climatic conditions. We thus examine the responses of

each crop within its region of production using the Parker and Klein (1966)’s corn states

for our corn productivity analysis and grain states for wheat analysis.25

24See Hornbeck and Keskin (2012) for evidence that spillovers from the Ogallala Aquifer primarily had

short term impacts on regional agriculture.
25We do this so that we are focusing on counties where the crop is likely to be planted each year and
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The effects of research proximity on crop productivity in columns (9) and (10) are

relatively modest. The effects are stronger and similar to crop revenue per acre for corn,

while appearing later for wheat. A central difference between the crop yields and the

revenue per farm acre results is likely due to how farm land is utilized, and how land use

responds to research proximity. We return to this issue later.

Land Productivity: Future USDA Research and Manufacturing Compar-

isons. One possible concern with our estimation approach thus far is that perhaps local

trends in unobservable determinants of agricultural productivity drove the opening of the

experiment stations at land grant colleges. For example, if local producers who were

experiencing productivity gains were able to determine the locational choice of research

facilities our identification strategy may be threatened. To evaluate the importance of

this concern we conduct two additional analyses.

We first examine whether each county’s distance to research stations opened by the

USDA much later display similar dynamics around the experiment station opening in

1887.26 The results for this analysis are reported in the first three columns of Table

4 where the distance included in model (1) is now the distance to the nearest USDA

station open in 1929. Comfortingly we find little evidence that the distance to the future

USDA station mattered where the experiment station effects are prominent. We see some

distance proximity effects for the USDA facilities in the 1950’s and 1960’s. This would

be consistent with our main results showing experiment station effects peak 20-30 years

after the stations opened, if most USDA stations opened in the 1920s. Of course as we

do not know the precise date each USDA station opened and USDA facility openings

could be endogenously related to agricultural outcomes (i.e. in responses to plant disease

outbreaks) we cannot be more definitive. In any case, the results showing little dynamics

the experiment stations are likely to specialize in research related to that crop for time-invariant reasons.

We follow Olmstead and Rhode (2008) in using the Parker and Klein (1966) crop region classifications.

The corn states in our sample are: IA, IL, IN, MO, and OH. The grain states in our sample are: KS, NE

and TX.
26We measure USDA station location as of 1929, the earliest year we have been able to find a compre-

hensive source. While the dates that the facilities opened is not recorded the legislative history of USDA

research suggests most facilities would have opened after the Bureau of Plant Industry was established

in 1901. Most opening probably occurred 10 to 20 years after this as the USDA began to play a larger

role in inspection and conservation.
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near the dates of experiment station opening are robust across all three columns. We

display them visually in Figure 4.

We also examine whether manufacturing productivity respond to experiment station

opening in an similar fashion to agricultural land productivity. As manufacturing produc-

tivity should not be directly affected by the agricultural innovations from the experiment

stations we should expect little response if the results thus far are due to research.27 We

report the result of fitting equation (1) with manufacturing output per worker as the

outcome variable in columns (4)-(6) of Table 4. We find statistically significant negative

point estimates early in our sample period. Importantly, the pattern of point estimates

and statistical significant show little effect of experiment station opening, suggesting that

the prior results cannot be accounted for by changes by correlated changes in agricultural

research. Instead, the manufacturing results indicate very stable distance effects that do

not change when the experiment station opening, consistent with an educational effect

that diminishes over time. These results are displayed visually in Figure 5.

Land Productivity: Geographic versus Other Distances. The results thus far

demonstrate that the productivity of agricultural land geographically close to experiment

stations is enhanced when the stations open. However as producers in counties close and

far from experiment stations differ along a number of dimensions that can be related

to regional productivity growth, we might wonder if these other differences account for

the research proximity effect. For example, recent research has indicated central roles

for education (Glaeser and Mare, 2001; Glaeser and Gottlieb, 2009; Gennaioli, La Porta,

Lopez-de-Silanes, and Shleifer, 2012), and ethnic distance to technology (Spolare and

Wacziarg, 2009) in explaining development. To address this question we examine whether

our research proximity results are robust to controlling for time-varying relationships

between other distances to the experiment station county and land productivity.

We present the results of our analysis in Table 5. In columns (1) and (2) we first

consider the possibility that the effects of agricultural research differ across space. As

agricultural innovations often have local applicability they may be difficult to transfer

27Of course linkages between agriculture and manufacturing could lead to indirect effects. The role of

structural transformation away from agriculture in the United States is related increasing urbanization

(Micheals, Rauch and Redding, 2012), and regional income convergence (Caselli and Colman, 2001).
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to further away conditions profitably, making them especially valuable for local farmers.

Alternatively, policymakers could value innovations that make distant marginal land more

productive, and push experiment station scientist in that direction. To examine whether

heterogeneous effects of agricultural innovation can explain our results we add year times

distance in terms of the suitability of land and the initial level of productivity interactions

to the model. We find that adding time varying controls for these distances does little to

alter our central results.

We next examine whether differences between experiment station counties and other

counties in terms of their knowledge absorption costs can explain the results we find. To

do so we add distances between the experiment station county and each county in terms

of literacy rates and ethnic background. In columns (3) and (4) of Table 5 we find that

adding these controls does little to alter the geographic based research proximity results

above.

Agricultural technology is generally more transferable to areas with similar latitudes

than those with similar longitudes (Diamond, 1997). This suggests a natural test for

research proximity effects. If the results thus far are driven by agricultural research from

the experiment stations then east-west distance to the experiment station should be more

important that north-south distance to experiment station. The results in Table 5 column

(5) are consistent with this expectation, and provide more direct evidence of a research

proximity based effect.

Extensive and Intensive Adjustment Responses. Adjustments made by agricul-

tural producers to the location of knowledge production may be crucial for understanding

the longer term localization effects of university research. Persistent extensive margin

responses could account for our results. If nearby producers respond to persistent pro-

ductivity spillovers from research proximity by bringing lower quality less productive

land into production over a longer time horizon this could counteract any productivity

spillovers. However, as areas nearby experiment stations have extensive agricultural land

use before experiment stations opened, land made marginally productive by experiment

station innovation may not be near the stations.

We first examine these extensive margin responses in Table 6 column (1). Our results
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reveal that entry of land into agriculture occurs far from experiment stations. That

these extensive response also happen quickly and persist suggests that responses on the

extensive margin are unlikely to explain the lack of persistence in the effect of research

proximity on land productivity.

We next turn examining intensive adjustment responses across a range of margins.

The results in columns (2)-(5) reveal that producers to adjust to research proximity on

some intensive margins. We find research proximity increases both the intensity of land

used for crops as well as the size of the rural population, and that both responses persist

to the present day. These results echo Foster and Rosenzweig (1996) who find that new

agricultural technologies lead to the accumulation of complementary inputs, in their case

education. We find little effects of research proximity on the intensity of farm equipment

or fertilizer use per acre in columns (4) and (5) however, suggesting these inputs were less

complementary to the biological innovations produced by the experiment stations.

Total Factor Productivity and Land Values. How important are adjustments of

producers in explaining the effects of research proximity on land productivity? In partic-

ular can they account for the lack of persistence in effects of proximity to a permanent

research facility? To examine this issue we follow Hornbeck, Moretti and Greenstone

(2010) and examine the total factor productivity responses. While the use of county-level

production data on a limited number of inputs renders the analysis necessarily more crude

than a study of individual firm productivity with modern data, we view it as worthwhile

to understand how meaningful the adjustments are. Even more so, as many estimates

of knowledge spillovers are based on single factor productivity measure – like our land

productivity estimates above– it is important to know how much of these responses are

due to input responses and how much are total factor productivity spillovers.

We estimate the effects of proximity to research on total factor productivity in Table

7. The results in column (1) differ from the land productivity results above in two key

ways. First, TFP effects take more time to manifest than the land productivity effects.

This suggests that producers adjustments are highly responsive to research proximity. A

second feature of the TFP effects is that the magnitude of the 1910 point estimate is less

than half of the land productivity results above.
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Most centrally our TFP results show no more persistence than our land productivity

results above. Thus the adjustments of producers to research proximity, while persistent,

do not account for the lack of persistent land productivity effects. Our results are more

consistent with research proximity producing a temporary local TFP shock. That the

commercialization of basic research no longer was co-located with where the basic science

was discovered and the introduction of the extension program seems to have reduced the

impact of proximity to basic research.

One potential caveat with our TFP estimates is that they do not address the endo-

geneity of input choices by producers. We address this issue by examining how robust

our estimates are to the use of methods using the adjustment of investment (Olley and

Pakes, 1996) to control for the endogeneity of input choices. To do so we add fourth

degree polynomials of log capital and log investment, and their interactions, for both

equipment and land. These results are reported in column (2), and are very similar to our

baseline estimates. We also follow Levinsohn and Petrin (2003) in using material inputs

to address endogeneity concerns. Here we use fertilizer as the relevant material input by

adding fourth degree polynomials of log equipment, log cropland, and log fertilizer, as

well as their interactions to the model in column (3). Again the results are very similar

to our baseline estimates.

Our last analysis examines whether land values respond to the production of university

research. As some input responses may be unobserved the use of land values allows us

to further assess whether our small and temporary TFP results are robust to concerns

about unobserved inputs. Of course, as land supply is relatively elastic (due to significant

amounts of public land being available for claim) we might expect land value effects to

be smaller than any TFP effects. We present the land value effect estimates in the last

column of Table 7. The results reveal little land value impacts. This finding further

strengthens the case for small TFP effects of research proximity that do not persist.

23



6 Conclusion

This paper uses the establishment of federal agricultural experiment stations in 1887 to

provide new evidence on the effects of university research on long-term regional devel-

opment. Our analysis of county-level agricultural census data from 1870 to 2000 reveals

that station establishment increased local land productivity for 20-40 years, but research

proximity effects do not persist to the present day. Permanent changes the location of

knowledge production do not have permanent effects of the geography of economic ac-

tivity, and contrast with recent evidence on the persistence economic effects of cultural

traits and environmental shocks.

Our analysis also highlights the role of producer adjustments to knowledge produc-

tion. We find that producers engage in meaningful adjustments in response to research

proximity that persist to the present day. However, these persistent adjustment do not

account for the lack of persistence in the effects of proximity to research. Indeed TFP

effects of research proximity are notably smaller than those for land productivity, and

display no further persistence.

Many argue that policies to create knowledge hubs are central to regional economic

development (Saxenian, 1994). Our results echo Durranton (2011) in casting doubt upon

this view. Two features of our context are worth pointing out, however. First, the histor-

ical record and our TFP estimates indicate the agricultural experiment stations produced

only transitory local productivity effects. Research facilities that produce permanent lo-

cal productivity shocks could well have longer term impacts on regional development.

Second, widely dispersed agricultural production may not capture effects for spatially

concentrated sectors, if strong agglomeration effects are necessary for persistent local

knowledge spillovers to emerge. Care should be taken in transporting our results to other

settings with much different innovation processes or stronger agglomeration economies.

We view examining these issues in other contexts as an important direction for future

work.
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TABLE 1: Descriptive Statistics, 1880 

  
Full  

Sample 

Distance from Experiment Station:  
t-stat 

[p-value] 
(2)-(3) 

Below  
Median  

High  
Median 

 (1) (2) (3) (4) 
 
Panel A: Crop Production and Farm Values 
Crop Revenue Per Farm Acre 4.15 

(2.68) 
4.94 

(2.36) 
3.51 

(2.76) 
-5.69 

[0.000] 
Corn Produced Per Corn Acre 28.24 

(11.17) 
32.47 
(8.02) 

24.78 
(12.14) 

-6.82 
[0.000] 

Wheat Produced Per Wheat Acre 12.22 
(4.68) 

13.62 
(4.26) 

10.98 
(4.68) 

-6.04 
[0.000]

Farm Value Per Farm Acre 20.68 
(18.26) 

25.87 
(18.28) 

16.51 
(17.14) 

-6.55 
[0.000] 

     
Panel B: Agricultural Inputs 
Cropland Acre Per Farm Acre 0.56 

(0.23) 
0.64 

(0.18) 
0.49 

(0.25) 
-6.30 

[0.000] 
Farm Equipment Value per Farm Acre 0.86 

(0.60) 
1.05 

(0.54) 
0.71 

(0.60) 
-6.33 

[0.000]
Fertilizer Expenditure Per Farm Acre 0.03 

(0.08) 
0.04 

(0.10) 
0.02 

(0.06) 
-3.43 

[0.001] 
Rural Population Per Farm Acre 0.07 

(0.08) 
0.07 

(0.04) 
0.08 

(0.10) 
0.71 

[0.475] 
Farm Acre Per County Acre 0.60 

(0.31) 
0.71 

(0.25) 
0.51 

(0.33) 
-5.68 

[0.000]
     
Panel C: Other Characteristics 
Agricultural Land Suitability 
 

1.12 
(0.84) 

1.44 
(0.46) 

0.87 
(0.98) 

-4.64 
[0.000] 

Any Literacy Rate 0.84 
(0.18) 

0.90 
(0.12) 

0.80 
(0.20) 

-4.33 
[0.000] 

Ethnic Distance to US Population 
 
 

0.70 
(2.89) 

-0.12 
(0.06) 

1.35 
(3.76) 

2.31 
[0.021] 

County Observations 1063 532 531  
Notes: Authors’ calculations with 1880 county data unless indicated otherwise, as described in the text.  The unit of observation 
is county.  The main entries in column (1) present the mean of the selected variables for all counties.  The main entries in column 
(2) present the mean of the selected variables for counties below median distance from the experiment station.  The main entries 
in column (3) present the mean of the selected variables for counties above median distance from the experiment station.  The 
standard deviations of the selected variable are presented in parenthesis in columns (1)-(3).  The main entries in column (4) 
present the test statistics for a test of differences in means between column (2) and (3), with the p-value of the test presented in 
square brackets. All monetary values are expressed in 1880 $.   
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TABLE 2: Research Proximity and Land Productivity 

Dependent Variable= Log(Crop Revenue Per Farm Acre) 
Specification:  Baseline No Initial Conditions Baseline: Hatch 

 (1) (2) (3) 
    
1870 × Station Distance 
  

0.01 
(0.05) 

0.06 
(0.06) 

-0.02 
(0.06) 

1890 × Station Distance 
  

-0.07* 
(0.04) 

-0.04 
(0.04) 

-0.07* 
(0.04) 

1900 × Station Distance 
 

-0.24*** 
(0.09) 

-0.20** 
(0.09) 

-0.28*** 
(0.10) 

1910 × Station Distance  -0.36*** 
(0.11) 

-0.27** 
(0.12) 

-0.40*** 
(0.10) 

1920 × Station Distance 
 

-0.26** 
(0.12) 

-0.14 
(0.13) 

-0.29** 
(0.13) 

1930 × Station Distance 
  

-0.20* 
(0.11) 

-0.07 
(0.12) 

-0.20 
(0.12) 

1940 × Station Distance 
 

-0.20* 
(0.09) 

-0.12 
(0.12) 

-0.22* 
(0.11) 

1950 × Station Distance 
  

-0.05 
(0.12) 

0.01 
(0.11) 

-0.03 
(0.14) 

1960 × Station Distance 
 

-0.05 
(0.10) 

0.00 
(0.09) 

-0.03 
(0.12) 

1970 × Station Distance 
  

-0.13 
(0.10) 

-0.06 
(0.10) 

-0.10 
(0.12) 

1980 × Station Distance 
 

-0.13 
(0.10) 

-0.08 
(0.11) 

-0.10 
(0.14) 

1990 × Station Distance 
 

-0.13 
(0.10) 

-0.08 
(0.10) 

-0.09 
(0.12) 

2000 × Station Distance -0.17* 
(0.10) 

-0.12 
(0.10) 

-0.14 
(0.12) 

    
Year FEs yes yes yes 
County FEs yes yes yes 
1880 IC × Year FEs yes no yes 
Sample States All All Hatch 
R2 0.92 0.91 0.92 
County Observations 1063 1063 723
Notes: Authors’ calculations with county data from 1870 to 2000 as described in the text.  The unit of observation is a county-
year.  Each column reports the results from one regression, weighted by 1880 county land area.  The main entries in the first row 
of columns (1)-(3) report estimates of βt from equation (1) in the text.  Standard errors clustered at the county level reported in 
parentheses.  The excluded year interaction is 1880.  The models in all columns include additional controls for year and county 
fixed effects.  The model in column (1) and (3)  also includes controls for: 1880 woodland fraction × year fixed effects, 1880 
population × year fixed effects, and 1880 fraction of land in farms × year fixed effects.  * indicates significance at the 10 percent 
level, ** significance at the 5 percent level and *** significance at the 1 percent level. 
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TABLE 3: Research Proximity and Land Productivity: Alternative Specifications 

 
Dependent Variable= 

 
Log(Crop Revenue Per Farm Acre) 

Log (Corn 
Output Per 
Corn Acre) 

Log (Wheat 
Output Per 

Wheat Acre) 
      Add Year-Distance To x Interaction:   

Specification: Baseline State  
× Year 

1880 PE 
× Year 

Closest 
Station  

National 
Price 

Revenue 

Minor 
Station 

Railway Urban 
Center 

Baseline Baseline 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
           
1870 × Station Distance 
 

0.01 
(0.05) 

-0.06 
(0.06) 

-0.04 
(0.05) 

0.03 
(0.06) 

0.00 
(0.06) 

-0.02 
(0.05) 

0.00 
(0.05) 

0.06 
(0.05) 

  

1890 × Station Distance 
 

-0.07* 
(0.04) 

-0.07** 
(0.03) 

-0.07** 
(0.03) 

-0.05 
(0.04) 

-0.07 
(0.07) 

-0.08*** 
(0.03) 

-0.07* 
(0.04) 

-0.09** 
(0.04) 

0.01 
(0.01) 

-0.11* 
(0.06) 

1900 × Station Distance 
 

-0.24*** 
(0.09) 

-0.26*** 
(0.10) 

-0.26*** 
(0.09) 

-0.22** 
(0.10) 

-0.47*** 
(0.15) 

-0.27*** 
(0.09) 

-0.24*** 
(0.09) 

-0.22*** 
(0.08) 

-0.02* 
(0.01) 

-0.09 
(0.07) 

1910 × Station Distance 
 

-0.36*** 
(0.11) 

-0.35*** 
(0.10) 

-0.36*** 
(0.10) 

-0.36*** 
(0.10) 

-0.45*** 
(0.14) 

-0.33*** 
(0.10) 

-0.36*** 
(0.10) 

-0.35*** 
(0.09) 

-0.04*** 
(0.01) 

0.03 
(0.04) 

1920 × Station Distance 
 

-0.26** 
(0.12) 

-0.28** 
(0.12) 

-0.27** 
(0.12) 

-0.25** 
(0.12) 

-0.20 
(0.17) 

-0.27** 
(0.11) 

-0.26** 
(0.11) 

-0.25** 
(0.11) 

-0.05*** 
(0.02) 

-0.06 
(0.05) 

1930 × Station Distance 
 

-0.20* 
(0.11) 

-0.20** 
(0.10) 

-0.21** 
(0.10) 

-0.20* 
(0.12) 

-0.45* 
(0.24) 

-0.24** 
(0.10) 

-0.21* 
(0.11) 

-0.19* 
(0.11) 

-0.02 
(0.02) 

-0.13*** 
(0.04) 

[1940-2000] × Station 
Distance  
 

-0.12 
(0.10) 

-0.10 
(0.10) 

-0.14 
(0.10) 

-0.11 
(0.11) 

-0.31* 
(0.19) 

-0.18** 
(0.08) 

-0.13 
(0.10) 

-0.06 
(0.11) 

-0.01 
(0.01) 

-0.04* 
(0.02) 

Year FEs yes yes yes yes yes yes yes yes yes yes 
County Fes yes yes yes yes yes yes yes yes yes yes 
1880 IC × Year FEs yes yes yes yes yes yes  yes yes yes yes
Sample States all all all all all all  all all corn grain 
R2 0.92 0.93 0.92 0.92 0.87 0.92  0.92 0.92 0.93 0.76 
County Observations 1063  1063 1063 1063 1063 1063  1063 1063 493 219 
Notes: Authors’ calculations with county data from 1870 to 2000 as described in the text.  The unit of observation is a county-year.  Each column reports the results from one 
regression, weighted by 1880 county land area.  The main entries in the first row of columns (1)-(10) report estimates of βt from equation (2) in the text.  Standard errors clustered 
at the county level reported in parentheses.  The excluded year interaction is 1880.  The models in all columns include additional controls for year and county fixed effects, 1880 
woodland fraction × year fixed effects, 1880 population × year fixed effects, and 1880 fraction of land in farms × year fixed effects.  The model in column (3) also includes state × 
year fixed effects.  The model in column (4) also includes 1880 democratic vote share × year fixed effects.  The model in column (4) uses a station distance measure based on the 
nearest station regardless of state boundaries.  The model in column (5) defines crop revenue based on crop quantity times national prices.  The model in column (6) includes 
distance to secondary station × year fixed effects.  The model in column (7) includes distance to an 1880 railway × year fixed effects.  The model in column (9) includes distance to 
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an 1880 urban center × year fixed effects. The sample in column (9) is the Parker-Klein (1966) Corn States: IA, IL, IN, MO, and OH.  The sample in column (10) is the Parker-
Klein (1966) Grain States: KS, NE and TX.  * indicates significance at the 10 percent level, ** significance at the 5 percent level and *** significance at the 1 percent level. 
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TABLE 4: Research Proximity and Land Productivity: Falsification 

Dependent Variable= Log(Crop Revenue Per Farm Acre) Log(Manufacturing Revenue Per 
Worker) 

Distance to Station Type: USDA (1929) Station Agricultural Experiment Station 
Specification:  Baseline No Initial 

Conditions 
Baseline: 

Hatch 
Baseline No Initial 

Conditions 
Baseline: 

Hatch 
 (1) (2) (3) (4) (5) (6) 
       
1870 × Station Distance 
  

-0.08* 
(0.05) 

-0.01 
(0.04) 

-0.13** 
(0.06) 

-0.07*** 
(0.02) 

-0.10*** 
(0.02) 

-0.09*** 
(0.02) 

1890 × Station Distance 
  

-0.07* 
(0.04) 

-0.05 
(0.05) 

-0.12** 
(0.05) 

-0.06** 
(0.03) 

-0.07** 
(0.03) 

-0.09** 
(0.03) 

1900 × Station Distance 
 

-0.03 
(0.09) 

-0.05 
(0.08) 

-0.07 
(0.12) 

-0.03 
(0.02) 

-0.01 
(0.03) 

-0.06** 
(0.02) 

1910 × Station Distance  -0.05 
(0.13) 

-0.03 
(0.15) 

-0.12 
(0.18) 

-0.05* 
(0.03) 

-0.04 
(0.03) 

-0.07** 
(0.03) 

1920 × Station Distance 
 

-0.09 
(0.12) 

-0.01 
(0.11) 

-0.17 
(0.16) 

-0.06* 
(0.03) 

-0.05 
(0.03) 

-0.07** 
(0.03) 

1930 × Station Distance 
  

-0.14 
(0.11) 

-0.03 
(0.11) 

-0.22 
(0.15) 

-0.06* 
(0.04) 

-0.03 
(0.03) 

-0.05 
(0.04) 

1940 × Station Distance 
 

-0.11 
(0.11) 

-0.06 
(0.11) 

-0.20 
(0.15) 

0.01 
(0.02) 

0.03 
(0.02) 

0.00 
(0.03) 

1950 × Station Distance 
  

-0.16* 
(0.09) 

-0.10 
(0.06) 

-0.24* 
(0.13) 

-0.01 
(0.02) 

-0.01 
(0.02) 

-0.04 
(0.03) 

1960 × Station Distance 
 

-0.17** 
(0.09) 

-0.10* 
(0.06) 

-0.22* 
(0.12) 

-0.03 
(0.03) 

-0.03 
(0.03) 

-0.05* 
(0.03) 

1970 × Station Distance 
  

-0.15 
(0.09) 

-0.09 
(0.06) 

-0.19 
(0.12) 

-0.03 
(0.03) 

-0.04 
(0.03) 

-0.06* 
(0.03) 

1980 × Station Distance 
 

-0.13 
(0.10) 

-0.09 
(0.07) 

-0.18 
(0.14) 

-0.03 
(0.03) 

-0.03 
(0.03) 

-0.07** 
(0.03) 

1990 × Station Distance 
 

-0.15 
(0.09) 

-0.10 
(0.07) 

-0.19 
(0.12) 

-0.05 
(0.03) 

-0.06** 
(0.03) 

-0.08*** 
(0.03) 

2000 × Station Distance -0.14 
(0.10) 

-0.11 
(0.08) 

-0.20 
(0.13) 

-0.04 
(0.03) 

-0.05** 
(0.03) 

-0.08*** 
(0.02) 

       
Year FEs yes yes yes yes yes yes 
County FEs yes yes yes yes yes yes 
1880 IC × Year FEs yes no yes yes no yes 
Sample States all all hatch  all all hatch  
R2 0.92 0.91 0.91 0.96 0.96 0.96 
County Observations 1063 1063 723 670 670 413 
Notes: Authors’ calculations with county data from 1870 to 2000 as described in the text.  The unit of observation is a county-
year.  Each column reports the results from one regression, weighted by 1880 county land area.  The main entries in the first row 
of columns (1)-(6) report estimates of βt from equation (1) in the text.  Standard errors clustered at the county level reported in 
parentheses.  The excluded year interaction is 1880.  The models in all columns include additional controls for year and county 
fixed effects.  The model in column (1), (3),(4) and (6)  also includes controls for: 1880 woodland fraction × year fixed effects, 
1880 population × year fixed effects, and 1880 fraction of land in farms × year fixed effects. The sample in columns (4)-(6) is the 
balanced panel of counties with manufacturing revenue reported every year. * indicates significance at the 10 percent level, ** 
significance at the 5 percent level and *** significance at the 1 percent level. 
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TABLE 5: Research Proximity and Land Productivity: Alternative Distance Comparisons 

Dependent Variable= Log(Crop Revenue Per Farm Acre) 
Distance to Ag Station County One: Miles Miles Miles Miles Miles EW 
Distance to Ag Station County Two: Land 

Suitability 
1880 

Technology 
1880  

Literacy 
1880  

Ethnic 
Miles NS 

Specification:  Baseline Baseline Baseline Baseline Baseline 
 (1) (2) (3) (4) (5) 
      
1870 × Station Distance One 
 

-0.09* 
(0.06) 

0.01 
(0.04) 

0.01 
(0.05) 

-0.03 
(0.06) 

-0.01 
(0.04) 

1890 × Station Distance One 
 

-0.06*** 
(0.03) 

-0.06* 
(0.04) 

-0.07* 
(0.04) 

-0.05** 
(0.02) 

-0.07** 
(0.04) 

1900 × Station Distance One 
  

-0.22*** 
(0.08) 

-0.24*** 
(0.09) 

-0.24*** 
(0.09) 

-0.22** 
(0.10) 

-0.26*** 
(0.06) 

1910 × Station Distance One 
 

-0.33*** 
(0.08) 

-0.35*** 
(0.10) 

-0.36*** 
(0.11) 

-0.27*** 
(0.10) 

-0.35*** 
(0.08) 

1920 × Station Distance One 
 

-0.27*** 
(0.10) 

-0.25** 
(0.11) 

-0.26** 
(0.12) 

-0.23** 
(0.11) 

-0.28*** 
(0.08) 

1930 × Station Distance One 
 

-0.21** 
(0.09) 

-0.20* 
(0.11) 

-0.20* 
(0.11) 

-0.23*** 
(0.07) 

-0.24*** 
(0.06) 

[1940-2000] × Station Distance One  
 

-0.14 
(0.09) 

-0.12 
(0.10) 

-0.13 
(0.10) 

-0.22*** 
(0.07) 

-0.15*** 
(0.05) 

      
1870 × Station Distance Two 
 

-0.23*** 
(0.05) 

-0.19*** 
(0.05) 

0.12** 
(0.06) 

0.04 
(0.03) 

0.05 
(0.05) 

1890 × Station Distance Two 
 

0.02 
(0.04) 

-0.08*** 
(0.02) 

0.06* 
(0.03) 

-0.02 
(0.05) 

0.03 
(0.04) 

1900 × Station Distance Two 
 

0.06 
(0.04) 

-0.14*** 
(0.04) 

0.09** 
(0.04) 

-0.02 
(0.07) 

0.05 
(0.04) 

1910 × Station Distance Two 
  

0.06 
(0.08) 

-0.17*** 
(0.05) 

0.14*** 
(0.04) 

-0.10 
(0.10) 

0.06 
(0.06) 

1920 × Station Distance Two 
 

-0.04 
(0.08) 

-0.21*** 
(0.05) 

0.20*** 
(0.05) 

-0.03 
(0.10) 

0.13** 
(0.06) 

1930 × Station Distance Two 
 

-0.03 
(0.08) 

-0.20*** 
(0.05) 

0.12** 
(0.04) 

0.02 
(0.12) 

0.17* 
(0.09) 

[1940-2000] × Station Distance Two  
 

-0.04 
(0.05) 

-0.24*** 
(0.05) 

0.04 
(0.03) 

0.11 
(0.10) 

0.11 
(0.12) 

      
Year FEs yes yes yes yes yes 
County FEs yes yes yes yes yes 
1880 IC × Year FEs yes yes yes yes yes 
R2 0.92 0.92 0.92 0.93 0.92 
County Observations 1063 1063 1063 1063  1063
Notes: Authors’ calculations with county data from 1870 to 2000 as described in the text.  The unit of observation is a county-
year.  Each column reports the results from one regression, weighted by 1880 county land area.  The main entries in the first row 
of columns (1)-(5) report estimates of βt from an extended version of equation (1) in the text, with the two sets of distance-year 
interactions indicated.  Standard errors clustered at the county level reported in parentheses.  The excluded year interaction is 
1880.  The models in all columns include additional controls for year and county fixed effects, 1880 woodland fraction × year 
fixed effects, 1880 population × year fixed effects, and 1880 fraction of land in farms × year fixed effects. The sample in columns 
(4)-(6) is the balanced panel of counties with manufacturing revenue reported every year. * indicates significance at the 10 
percent level, ** significance at the 5 percent level and *** significance at the 1 percent level.
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TABLE 6: Research Proximity and Producer Adjustments 

Dependent Variable= Log (Farmland Acres  
Per County Acre)

Log (Cropland Acres 
per Farm Acre)

Log (Rural Population 
per Farm Acre) 

Log(Farm Equipment 
per Farm Acre) 

Log(Fertilizer 
Per Farm Acre) 

Specification: Baseline Baseline Baseline Baseline Baseline 
 (1) (2) (3) (4) (5)  
      
1870 × Station Distance 
 

-0.19* 
(0.11) 

-0.01 
(0.04) 

0.19 
(0.16) 

0.15*** 
(0.04) 

 

1890 × Station Distance 
 

0.02 
(0.06) 

-0.11** 
(0.04) 

-0.03 
(0.06) 

-0.01 
(0.04) 

-0.02 
(0.15) 

1900 × Station Distance 
 

0.29*** 
(0.09) 

-0.44*** 
(0.10) 

-0.27*** 
(0.09) 

-0.18** 
(0.08) 

-0.54* 
(0.28) 

1910 × Station Distance 
 

0.31*** 
(0.09) 

-0.34*** 
(0.10) 

-0.23*** 
(0.10) 

-0.09 
(0.10) 

-0.35 
(0.27) 

1920 × Station Distance 
 

0.32*** 
(0.09) 

-0.30*** 
(0.11) 

-0.23** 
(0.10) 

-0.07 
(0.12) 

-0.27 
(0.16) 

1930 × Station Distance 
 

0.36*** 
(0.09) 

-0.27*** 
(0.11) 

-0.24*** 
(0.09) 

-0.05 
(0.11) 

-0.12 
(0.15) 

[1940-2000] × Station Distance  
 

0.41** 
(0.09) 

-0.22** 
(0.10) 

-0.30*** 
(0.10) 

-0.04 
(0.11) 

-0.18 
(0.21) 

      
Year FEs yes yes yes yes yes 
County FEs yes yes yes yes yes 
1880 IC × Year FEs yes yes yes yes yes 
R2 0.82 0.86 0.81 0.97 0.89 
County Observations 1063 1063 1063  1063 1063 
Notes: Authors’ calculations with county data from 1870 to 2000 as described in the text.  The unit of observation is a county-year.  Each column reports the results from one 
regression, weighted by 1880 county land area.  The main entries in the first row of columns (1)-(5) report estimates of βt from equation (1) in the text for the dependent variable 
indicated.  Standard errors clustered at the county level reported in parentheses.  The excluded year interaction is 1880.  The models in all columns include additional controls for 
year and county fixed effects, 1880 woodland fraction × year fixed effects, 1880 population × year fixed effects, and 1880 fraction of land in farms × year fixed effects. * indicates 
significance at the 10 percent level, ** significance at the 5 percent level and *** significance at the 1 percent level. 
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TABLE 7: Research Proximity, Total Factor Productivity and Land Values 

Dependent Variable= Log (Crop Revenue) Log(Farm Value 
Per Acre) 

Specification: Baseline Investment-Capital 
Interactions 

Fertilizer-Capital 
Interactions 

Baseline 

 (1) (2) (3) (4) 
     
1870 × Station Distance 
 

-0.04 
(0.09) 

 -0.02 
(0.06) 

0.01 
(0.02) 

1890 × Station Distance 
 

0.02 
(0.03) 

0.00 
(0.02) 

0.02 
(0.03) 

0.01 
(0.03) 

1900 × Station Distance 
 

0.02 
(0.07) 

-0.01 
(0.03) 

0.02 
(0.05) 

-0.08 
(0.09) 

1910 × Station Distance 
 

-0.14*** 
(0.05) 

-0.16*** 
(0.03) 

-0.13*** 
(0.04) 

-0.01 
(0.11) 

1920 × Station Distance 
 

-0.06 
(0.06) 

-0.09* 
(0.05) 

-0.05 
(0.05) 

0.00 
(0.13) 

1930 × Station Distance 
 

-0.03 
(0.05) 

0.00 
(0.04) 

-0.01 
(0.03) 

0.02 
(0.12) 

[1940-2000]  
× Station Distance  
 

0.02 
(0.05) 

0.02 
(0.03) 

0.03 
(0.03) 

0.00 
(0.11) 

Input Controls yes yes yes no 
Year FEs yes yes yes yes 
County FEs yes yes yes yes 
1880 IC × Year FEs yes yes yes yes 
R2 0.95 0.97 0.95 0.95 
County Observations 1063  1063 1063 1063
Notes: Authors’ calculations with county data from 1870 to 2000 as described in the text.  The unit of observation is a county-
year.  Each column reports the results from one regression, weighted by 1880 county land area.  The main entries in the first row 
of columns (1)-(4) report estimates of βt from equation (2) in the text.  Standard errors clustered at the county level reported in 
parentheses.  The excluded year is 1880.  The models in all columns include additional controls for year and county fixed effects, 
1880 woodland fraction × year fixed effects, 1880 population × year fixed effects, and 1880 fraction of land in farms × year fixed 
effects. The models in columns (1)-(3) control for Cropland Acres, Rural Population, Farm Equipment, Fertilizer Expenditure, 
and Farmland Acres. The model in column (2) also control for forth order polynomials in equipment per acre, cropland per acre, 
Δ equipment per acre, and Δ cropland per acre fully interacted.  The model in column (3) also controls for forth order 
polynomials in equipment per acre, cropland per acre, and fertilizer per acre fully interacted.  * indicates significance at the 10 
percent level, ** significance at the 5 percent level and *** significance at the 1 percent level. 
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FIGURE 1: Corn and Wheat Crop Yields: Early Station Experiments and Local Farmers Compared 

 

Notes: Authors’ tabulation of experiment station reported crop yields from crop trials and agricultural census data for the primary 
experiment station county from 1889, 1899, 1909, and 1919.   
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FIGURE 2: Station Locations and Crop Revenue Per Farm Acre, 1880 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: The map reflects station locations and crop revenue per acre in 1880 for the 1880 jurisdictional boundaries of each county.  
Station locations are for the primary federal experiment station in each state. The map reflects the balanced panel of counties that 
report crop revenue in each year and do not have larger boundary changes as described in the text.  
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FIGURE 3: Research Proximity and Crop Revenue per Farm Acre 

 

Notes: Authors’ calculation from fitting equation (2).  Each solid line plots the year-by-year distance interaction 
estimates from a different specification.  Model 1 plots estimates from Table 2 column (1).  Model 2 plots estimates 
from Table 2 column (2). Model 3 plots estimates from Table 2 column (3). The dotted lines depict 95% confidence 
intervals from fitting Model 1.  
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FIGURE 4: Research Proximity and Crop Revenue per Farm Acre: USDA Research Center Falsification 

 

Notes: Authors’ calculation from fitting equation (2).  Each solid line plots the year-by-year distance 
interaction estimates from a different specification.  Station Distance – Main Model plots the estimates 
from Table 2 column (1).  USDA Distance – Falsification plots estimates from Table 4 column (1). The 
dotted lines depict 95% confidence intervals from fitting Station Distance – Main Model.  
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FIGURE 5: Research Proximity and Crop Revenue Per Acre: Manufacturing Falsification 

 

Notes: Authors’ calculation from fitting equation (2).  Each solid line plots the year-by-year distance 
interaction estimates from a different specification.  Station Distance – Main Model plots the estimates 
from Table 2 column (1).  Station Distance – Falsification plots estimates from Table 4 column (4). The 
dotted lines depict 95% confidence intervals from fitting Station Distance – Main Model.  
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