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This paper studies the effects of agricultural diversification on economic development. Evidence
from United States counties shows that the structure of agricultural production at early stages
of development affects manufacturing productivity and income per capita in the long-run. Using
a novel instrumental variable strategy that relies on exogenous variation in agricultural diversification patterns generated by natural endowments, I show that a one-standard-deviation increase
in agricultural diversification in 1860 led to a gain of 5% in income per capita in 2000. Moreover,
the positive effect of diversification can be traced back to manufacturing productivity in 1920,
suggesting that diversification affected the process of industrialization over the Second Industrial
Revolution (1860-1920). An exploratory assessment of possible channels of causality points to
the role of human capital formation and industrial diversification.
(JEL N11, O11, N51)
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Introduction

Patterns of production at early stages of development –which are partly induced by geographic
endowments– can affect long-run growth. The importance of history for economic development is
underlined by a burgeoning literature that uncovers the persistent effects of deep-rooted factors
(Galor, 2011; Nunn, 2013; Spolaore and Wacziarg, 2013). Geographic factors have significant
effects on contemporary outcomes by shaping historical paths of economic, social and political
development (Diamond, 1997; Acemoglu and Robinson, 2001).
Agricultural productivity and land abundance have attracted considerable attention in the
literature on economic development (Matsuyama, 1992; Gollin et al., 2002; Galiani et al., 2008).
The effects of particular specialization patterns have also been extensively studied (Engerman
and Sokoloff, 1997, 2002; Nunn, 2008; Chay and Munshi, 2011; Bruhn and Gallego, 2012). But
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in contrast to dominance of particular crops and overall productivity, the role of agricultural
diversity remains largely unexplored.1
This paper studies the effects of agricultural diversification on long-run development across
US counties. The empirical analysis takes into account land productivity and the dominance of
specific agricultural products as well as other environmental conditions, distances to the coastline
and main cities, and an extensive set of socio-economic variables. The results show a robust
positive relationship between agricultural diversification in 1860 and per capita income in 2000.
If early agricultural diversification had a long-run effect on development, it must have operated through historical channels, since for most US counties contemporary agricultural production
represents a negligible fraction of output per capita. In fact, agricultural diversification in 1860 is
positively associated with manufacturing productivity already by 1920. This suggess that diversification affected patterns of growth and structural change over the Second Industrial Revolution
(1860-1920), a key historical period in which the US economy was transformed from predominantly agricultural into global industrial leader.
The positive correlation between agricultural diversification in 1860 and later development
outcomes could be driven by unobservable factors (e.g., related preferences and technology). To
identify the causal effect of agricultural diversification I propose an instrumental variable (IV)
strategy that relies on exogenous variation in diversification generated by natural endowments.
I use productivity measures for different crops based on climate data to construct an index of
diversification potential. To do this, I estimate a fractional multinomial logit model of crop choice,
in which the outcome variables are the shares of each agricultural output in production and the
explanatory variables are the crop-specific productivities. With the predicted shares obtained
from this estimation, I compute an index of diversification potential, which can be used an IV for
actual agricultural diversification. Two-stage least squares estimations confirm positive effects of
agricultural diversification on development outcomes.
The empirical evidence indicating a positive effect of agricultural diversification on manufacturing productivity begs the question: what was the channel? The analysis of development
outcomes across US counties allows me to abstract from the effects of state institutions and to
focus on the effects of diversification through different channels suggested by growth theory and
urban economics. I examine different mechanisms through which cross-county development outcomes may have been affected by the structure of agricultural production at the onset of the
Second Industrial Revolution, including volatility, agricultural productivity, land concentration,
human capital formation, industrial diversification, and innovation. The evidence presented in
the exploratory assessment of different channels is consistent with the idea that the persistent
1

To my knowledge, the only exceptions are the contributions of Michalopoulos (2012) and Fenske (2012),

who study the effects of different measures of diversity in geographical endowments on –respectively–
ethnolinguistic fragmentation and state centralization in Africa.
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effects of agricultural diversification operated through human capital formation and industrial
diversification.
The results complement recent quantitave studies of US history showing persistent effects of
geographical features that are not longer directly relevant (Bleakley and Lin, 2012; Hornbeck,
2012; Glaeser et al., 2012). The impact of geography highlighted in this paper echoes Engerman
and Sokoloff’s influential thesis that climate and soil characteristics historically influenced crop
choice, which in turn affected inequality, institutions and long-run performance; however, the
emphasis here is on the role of diversity in the agricultural production mix rather than predominance of particular crops. The focus on diversification offers a distinct addition to the literature
on the role of agriculture on industralization and long-run development. The results also complement the literature on diversification and growth, providing an analysis of different channels
in historical perspective and a focus on the agricultural sector that permits a novel identification
strategy.
The paper is organized as follows. The next section discusses the literature on diversification and griowth. The third section presents the data as well as the estimating equation and
baseline results from ordinary least squares (OLS) estimation. The following section outlines the
instrumental variable strategy and discusses the IV estimates. Section 5 explores the mechanisms
through which diversification may have affected productivity over the industrialization process.
The final section concludes.
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Diversification and Growth: Theories and Evidence

The relationship between diversification and development has been addressed by a number of
theories with different implications about the sign and direction of causality. While this paper
focuses on the effect of agricultural diversification, the ideas discussed in this section address
the relationship between diversification and development for the economy as a whole. These
theories remain relevant notwithstanding the particular sectoral focus of the links identified in
the empirical analysis, in some cases calling for additional considerations that are introduced in
the section on mechanisms.
Among theories that predict a positive relationship between diversification and income levels,
a well-known group emphasizes the role of risk and volatility. In Acemoglu and Zilibotti (1997),
risky projects with high returns are only carried out when economies have the possibility of
entering a wide array of projects (sectors); thus, higher diversification goes hand in hand with a
higher expected rate of return. A somewhat related theory is advanced by Koren and Tenreyro
(2013), who develop a model in which diversification dampens the adverse effects of sector-specific
negative shocks by limiting the direct impact of a negative sector-specific shock and facilitating
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substitution away from the negatively affected sector.2
Another theory is that higher levels of diversification reflect a wider availability of productive
capabilities, implying –under the assumption that capabilities are complementary– a positive
effect of diversification on income and subsequent growth (Hausmann and Hidalgo, 2011). A
somewhat related idea –connected with urbanization economies, in particular those operating
through increased flows of knowledge– goes under the name of Jacobs externalities: diversity can
foster technological dynamism, i.e. innovation and adoption of new technologies (Paci and Usai,
1999).
The different theories reviewed above can be seen as complementary, insofar as they predict a
positive relationship between diversity and development. However, there are also theories that imply a negative relationship. Within urban economics, the idea of localization externalities points
to the benefits that firms derive from clustering together with firms in the same sector. Another
theoretical argument predicting a positive effect of specialization –rather than diversification– on
income levels is based on the concepts of comparative advantage and gains from trade. Standard
trade theory posits that increased trade openness or reduced transport costs foster specialization
and also increase income. This prediction arises in any Hecksher-Ohlin type of model, or in trade
models with a continuum of goods (e.g., Eaton and Kortum, 2002; Dornbusch et al., 1977), where
a reduction in trade costs shrinks the range of goods produced and increases income.
Besides theories that predict a causal effect of diversification on development or a relationship
between the two driven by a third factor, there are reasons to expect causality going from development to diversification. If increases in income change the composition of consumption bundles
(e.g., Engel’s law) and the composition of demand affects production patterns, then diversification and development would be linked through an entirely different channel and with a direction
of causality opposite to that of theories discussed above.
Given the multiple forces that may be involved in the relationship between diversification and
development, identification of causal effects is challenging and it is not surprising that empirical
studies have not produced conclusive evidence. Within the macro-development literature, Imbs
and Wacziarg (2003) and Imbs et al. (2012) show that at the country-level diversification follows
an inverted U-shaped in relation to income, and interpret this pattern as driven by increases
in trade, first between regions and subsequently between countries (the two types of integration
having opposite effects on country-level diversification). The effects of diversification have been
assessed by a large number of papers in urban economics literature, but the evidence on the
2

A key feature of this model is a CES production function, which has become a widespread modeling

building block following seminal contributions in endogenous growth theory (Romer, 1990) and the New
Economic Geography (Krugman, 1991). This type of production function implies a positive effect of
diversification (i.e., the number of inputs, product varieties, or technologies used in production) on the
level of output – the analogous on the production side to “love-of-variety” in consumption.
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quantitive relevance of localization versus Jacobs externalities is mixed (for a comprehensive
review, see Beaudry and Schiffauerova, 2009).
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A First Look at Agricultural Diversification and
Development in United States History

3.1

Data on Agricultural Production and Development Outcomes

Historical data on county-level agricultural production and manufacturing productivity, as well
as several socio-economic variables that will be used as controls, are obtained from United States
censuses for 1860 and 1920. Data on personal income and population (used to calculate income
per capita) in 2000 is obtained from the Bureau of Economic Analysis. The units of observation
throughout the paper are US counties as defined in 1860. At that time, most of the West was
composed of territories (not yet states) that had only started to be partitioned into counties. In
most territories there were only a few large counties, and county boundaries changed dramatically
in the subsequent decades. To restrict the analysis to established states and counties whose
boundaries remained relatively stable (as discussed below), I drop from the sample all of the
Western US, plus Dakota Territory, Kansas Territory, Nebraska Territory and Indian Territory
(later Oklahoma). Some other counties are also dropped because of missing data.3 Most of the
empirical analysis is conducted on the sample of 1,821 counties displayed in gray in Figure 1.
Among the counties in the sample (defined in 1860), over 70% did not experience changes
in boundaries during the period under consideration, and only 10% have overlaps of less than
80% in terms of area with a county defined in 2000. In this sense, boundaries were relatively
stable for counties in the sample. In any case, boundary changes need to be taken into account
to have consistent units of observation. To accomplish this, I use geographic shapefiles of county
boundaries obtained from the National Historical Geographic Information Systems (Minnesota
Population Center, 2011) and –with the help of ArcGIS– I determine the 1860 county that
contained each 2000 county or county fragment, discarding all fragments with less than 1 square
mile. Then I construct 2000 variables for counties defined with 1860 boundaries by assigning
values from 2000 variables in proportion to the area of the 2000 county that each 1860 county
represents. I do exactly the same for 1920 census variables. This procedure would be fully accurate
3

After dropping counties in the West and the territories mentioned before, there remain 1907 counties

in the sample, of which 85 are subsequently dropped for lack of data on agricultural production in 1860
and/or on manufacturing production in 1920. Washington D.C. is also dropped from the sample, as it has
missing data for some control variables and would not have any effects in any estimation including state
fixed effects. Independent cities are considered as part of their containing/adjacent county.
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Figure 1. Continental US counties, 1860

if the quantities measured in aggregate variables for 1920 and 2000 were uniformly distributed
over space.
In 1860, over 55% of the labor force was employed in agricultural production, which accounted
for around 45% of output in the US economy (Weiss, 1992). Within my sample, the share of the
total labor force employed in agriculture was around 60%, and almost 70% of counties had over
90% of their labor force employed in agriculture. To study how patterns of agricultural production
in this early stage of development affected subsequent growth paths, I use detailed data on
agricultural activities. The 1860 Decennial Census provides data on the value of agricultural
output for 36 agricultural products composing agricultural production. Table 1 reports the share
of total agricultural production that each of these agricultural products represents in my sample
of US counties as well as the maximum percentage share of value that each product attains
across these counties, the percentage of counties in which a product was the dominant one and
the percentage in which it represented over 50% of agricultural output. As can be seen, even
marginal products represent large shares of agricultural output in some counties (e.g., rice, which
amounts to less that 0.3% of total agriculural output, had a share larger than 86% in Georgetown,
South Carolina).
Using these data I calculate a measure of agricultural diversification as 1 minus a Hirschman-
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Herfindahl index of the shares of each product in total agricultural output (designated as θi ,
P 2
with i = 1, 2, ..., 36), so for each county c the index is Diversificationc = 1 − i θic
. As can be
seen in Figure 2, agricultural diversification in 1860 was high in the Northeast and Midwest, but
also in the Southeastern seaboard, along the Appalachian Mountains, and in Northern Texas.
Besides the regional disparities, diversification shows significant variation within states, which is
important for identification of its effects.
Table 1. Agricultural Production Data
Product
Corn

% of Agr.Output

% of Counties

Overall

Max

Dominant

>50%

23.80

98.89

43.73

11.28

Product
Barley

% of Agr.Output

% of Counties

Overall

Max

Dominant

>50%

0.44

10.54

0.00

0.00
0.00

Ginned cotton

16.03

94.11

20.08

13.86

Clover seed

0.30

12.93

0.00

Animals slaughtered

13.08

95.16

04.35

05.50

Rice

0.27

86.38

0.51

0.28

Hay

11.86

73.97

17.22

01.65

Dew-rotted hemp

0.26

64.86

0.55

0.55

Wheat

10.39

92.86

08.42

00.44

Cane molasses

0.25

19.58

0.00

0.00

Butter

04.22

25.36

00.66

00.00

Sorghum molasses

0.25

07.19

0.00

0.00
0.00

Oats

03.92

98.89

00.66

00.00

Honey

0.23

08.41

0.11

Irish potatoes

03.10

59.87

00.77

00.11

Maple sugar

0.22

36.26

0.00

0.00

Tobacco

02.34

57.27

02.59

01.65

Hops

0.17

19.51

0.00

0.00

Sweet potatoes

01.26

30.15

00.22

00.00

Grass seed

0.16

09.39

0.00

0.00

Orchards

01.18

24.18

00.00

00.00

Hemp (other)

0.09

22.04

0.00

0.00

Cane Sugar

01.15

88.43

00.77

00.66

Maple molasses

0.06

07.43

0.00

0.00

Wool

01.01

100.0

00.22

00.22

Flax

0.05

04.83

0.00

0.00

Rye

00.92

13.86

00.00

00.00

Flaxseed

0.04

03.35

0.00

0.00

Market gardens

00.88

94.36

00.66

00.11

Beeswax

0.02

01.03

0.00

0.00

Peas and beans

00.72

22.95

00.00

00.00

Wine

0.02

04.72

0.00

0.00

Cheese

00.70

35.70

00.22

00.00

Water-rotted hemp

0.02

07.17

0.00

0.00

Buckwheat

00.56

15.31

00.00

00.00

Silk cocoon

0.01

02.86

0.00

0.00

Notes: Based on data from the US Census, 1859/1860. The statistics for the 36 products that comprise agricultural production
are for the sample of 1,821 counties considered in this paper. The first column for each product indicates the share of total
agricultural production in this sample corresponding to the product; the second column shows the maximum percentage
share of value attained by the product in a county within the sample; the third column indicates the percentage of counties
in which each product was the dominant one (i.e., in which its share was the largest one); the fourth column shows the
percentage of counties in which it represented over 50% of the county’s agricultural output.

Besides personal income per capita in 2000, a key outcome variable in the empirical
analysis is manufacturing labor productivity in 1920, which captures the dynamism of the
development process over Second Industrial Revolution. Manufacturing labor productivity
is defined as total annual manufacturing output over the average number of manufacturing
workers – the measure used by Atack et al. (2008) in their study of labor productivity
growth in nineteenth century American manufacturing; more broadly, average output per
worker is a commonly used measure of economic performance in the growth literature (e.g.
Hall and Jones, 1999).
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Figure 2. Agricultural Diversification, 1860

Figure 3 shows the spatial distribution of manufacturing labor productivity in 1920 and
personal income per capita in 2000. Not surprisingly, 1920 manufacturing productivity
levels are higher in the North than in the South, but visual inspection also shows counties
with high productivity in Southern states (such as several counties in Texas that stand
out in the map). There is also significant variation within states. Figure 3b displays some
similar patterns, with its most salient feature being the concentration of high income levels
in the Northeast megalopolis.

3.2

Estimating Equation and OLS Results

This section presents the basic specification and OLS results. To estimate the long-run
impact of agricultural diversification, I use the following estimating equation:
0

0

0

Ln yc,2000 = β0 + β1 Diversificationc,1860 + β2 ∆c + β3 Xc + β4 Mc,1860 + εc
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(1)

Fig. 3a. Ln Industrial Productivity, 1920

Fig. 3b. Ln Income per capita, 2000

where yc,2000 is income per capita in 2000, ∆c is a vector of state fixed effects, Xc is a vector
of time-invariant controls and Mc,1860 is a vector of initial conditions, i.e. variables measured
at the beginning of the period under consideration. I estimate a series of regressions adding
controls sequentially. These specifications are also used with other outcomes variables
(i.e., manufacturing productivity in 1920, and a series of variables that capture potential
mediating channels, discussed in section 5).
Time-invariant controls comprise a rich set of variables. First, I control for some ecological variables, most importantly land productivity measures (these data will be discussed in
detail in section 4.1). Besides average land suitability, I take into account product-specific
productivities by including as controls the max and average price-adjusted yields of the five
major products.4 Including these land productivity controls is crucial to avoid confounding the effects of agricultural diversity with the effects of agricultural resource abundance.
To get an unbiased estimate of the effects of diversification, I need to make sure that the
estimate does not pick up the effects of other variables that may be significantly correlated
with diversification and have an independent effect on the outcome variable. With this in
mind, I also control for mean annual temperature and terrain elevation. Besides all the
previous ecological controls, I include distances to water (i.e. to the Coastline or the Great
Lakes) and to major cities (New York, Chicago, Boston, Philadelphia and New Orleans)
measured in logs. These distances, which might be correlated with initial agricultural di4

The price adjustment consists in multiplying the county-level productivity for each crop by the average

crop price over the 1880-1920 period before calculating the max and average.
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versification in this sample, could affect the market access of industrial production and the
inflow of new ideas, and thus including them as controls is important to avoid ommited
variable bias.
Among the set of initial conditions, Mc,1860 , I include crop-specific controls. Since
the Herfindahl index is a non-linear function of individual shares, and some particular
agricultural products (wheat, corn, hay, cotton, animals slaughtered) represent large shares
of agricultural output, these shares may be strongly correlated with diversfication at the
county-level; thus, the estimated coefficient for diversification could pick up the positive
or negative effect of being specialized in one of those particular products. To address that
identification issue, I include dummies for those 5 major agricultural products that take a
value of 1 when the product has the largest share in a county’s agricultural production.5 I
also control for the combined share of plantation crops (cotton, tobacco, cane sugar, rice),
to avoid confounding the effects of diversification with those of large scale plantations. The
latter are emphasized by Engerman and Sokoloff (1997, 2002) to explain the US NorthSouth divide, which is not picked up in the estimated coefficient of diversification when
state fixed effects are included, but the extent of plantation crops could remain relevant to
explain cross-county within state variation in development outcomes.6
Within the set of initial conditions I also consider an array of socio-economic controls,
including the urbanization rate, population size (in logs), farm output (in logs), the shares
of people below 15 and above 65 years of age, the shares of slaves and foreign population,
a dummy variable indicating access to railroads, and a measure of “market potential,” all
for 1860. Following the classic definition of Harris (1954), market potential in county c
P
is given by Marketc = k6=c d−1
c,k Nk , where k is the index spanning neighboring counties,
dc,k is the distance between county c and county k, and Nk is the population of county k
(here, in 1860).7 Since trade theory posits that access to market induces specialization and
5

These dummy variables are meant to capture the idea of dominance reflected in terms such as “cotton

counties” or “wheat counties.” The results are not qualitatively affected if I control for the actual shares
of those 5 products rather than the dummy variables.
6
The results are not qualitatively affected if I adopt a more drastic approach to avoid confounding the
effects of diversification with those of these particular crops and run the same regressions restricting the
sample to (1,119) counties where the share of plantation crops in production was less than 5%.
7
Donaldson and Hornbeck (2012) show that Harris’ ad hoc measure is similar to a first-order approximation to market access derived from an Eaton-Kortum general equilibrium trade model, with the diferrence
that neighboring populations are not weighted by inverse distances but instead by the inverse of trade costs
elevated to the trade elasticity, for which they use a baseline value of 3.8. Measuring market potential as
P
Marketc = k6=c d−3.8
c,k Nk does not affect the results presented in this paper.
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also enhances economic performance, including market potential as a control may avoid a
potentially sizeable (negative) bias in the estimated effect of diversification.
All the controls included in Mc,1860 are predetermined with respect to the outcome
variable, but they are potentially endogenous and thus their inclusion may introduce bias
in the estimates. Because they are not predetermined with respect to the regressor of
interest, they may be “bad controls,” as explained by Angrist and Pischke (2008). If any
of these variables reflect mechanisms through which diversification affects productivity,
including them as controls would mask the true effect. For these reason, I tend to prefer
the specifications that do not include these “initial conditions” as controls. However, if
there is a correlation between agricultural diversification and these variables that does not
reflect casuality from the former to the latter, then including these as controls would be
necessary to avoid ommited variable bias. In this sense, even if it is hard to argue that
these variables are exogenous, one might want to control for them and check if the results
remain robust.
Panel A in Table 2 shows OLS results for the basic estimating equation with the (ln of)
income per capita in 2000, expanding the set of controls sequentially in 6 specifications. As
can be seen, the OLS estimates of the coefficient on agricultural diversification are positive
and significant at the 1% confidence level in all specifications.8 Panel B displays results
for the equation with manufacturing productivity in 1920 as the outcome variable. As
can be seen, a positive and significant coefficient estimate for agricultural diversification in
all specifications appears again. The table reports robust standard errors clustered at the
state level.9

4

Instrumental Variable Strategy and Results

The estimates presented in the previous section uncover a suggestive correlation, but cannot
be taken as evidence of a causal relationship. The positive correlation between agricultural
diversification and development could be driven by ommited variables that induced higher
diversification in 1860 and also improved subsequent economic performance. For example,
8

The results are qualitatively the same if I control for the (ln of) initial manufacturing labor produc-

tivity; this variable does not appear to be significant, and its inclusion barely changes the estimate for the
coefficient of interest. In what follows this variable will not be taken into account, since it is known that
lagged dependent variables bias the estimations (see, for example, Bond, 2002).
9
Conley (1999) standard errors adjusted for spatial dependence with cuttoffs of 50, 100 and 150 miles,
are lower than standard errors clustered at the state level for all specifications.
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diversification may reflect high propensity to adopt new ideas, which would also boost
productivity growth. Another possibility would be that diversification resulted from a
more diversified local demand for agricultural goods due to higher purchasing power (not
fully captured by the control variables), which would in turn be correlated with long-run
development.10
Table 2. Agricultural Diversification and Development: OLS results
(1)

(2)

(3)

(4)

(5)

(6)

Panel A. Dependent variable: Ln Income per capita 2000
Diversification 1860
R

2

0.547***

0.241** 0.290*** 0.333*** 0.310***

0.287***

(0.0781)

(0.105)

(0.0869)

(0.0564)

(0.0612)

(0.0609)

0.102

0.297

0.355

0.410

0.420

0.492

Panel B. Dependent variable: Ln Manufacturing labor productivity 1920
Diversification 1860

0.470*** 0.291**

0.257***

0.275*** 0.296*** 0.277***

(0.113)

(0.106)

(0.0906)

(0.0910)

(0.0886)

(0.0845)

0.029

0.220

0.246

0.250

0.253

0.268

State FE

N

Y

Y

Y

Y

Y

Ecological controls

N

N

Y

Y

Y

Y

Distances to water and cities

N

N

N

Y

Y

Y

Crop-specific controls

N

N

N

N

Y

Y

Socio-economic controls

N

N

N

N

N

Y

1,821

1,821

1,821

1,821

1,821

1,821

R

2

Observations

Robust standard errors clustered by state in parentheses
* p<0.10, ** p<0.05, *** p<0.01
See pages 9-10 for an explanation of control variables

Conversely, if there are ommited variables that are negatively correlated with diversification and positively associated with subsequent economic perfomance, the OLS estimates
would be negatively biased. For instance, diversification might also partly reflect a higher
level of risk aversion, which could in turn hamper productivity growth in the nascent manufacturing sector. Higher diversification could also reflect the predominance of traditional
agriculture –implying that farmers grow most of what they need for their own subsistence–,
10

A positive correlation between diversification in the demand for agricultural products and income

levels could arise if some goods (e.g. meat, cheese, fuits) are superior. However, the opossite implications
about the correlation of diversification with income (and thus with subsequent development) could be
drawn from the fact that some agricultural staples are be inferior goods.
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which may in turn be associated with poor economic outcomes. Market access would also
introduce a negative bias if not adequately captured by the controls: the extent of potential
gains from trade would induce both specialization and growth.
With the aim of identifying the causal effects of agricultural diversification on economic development, this section introduces an instrumental variable strategy that relies on
exogenous variation in agricultural diversification generated by geographical endowments.

4.1

Agricultural Productivity Data and IV Construction

The identification strategy proposed here exploits variation in agricultural diversification
created by diversity in product-specific productivities determined by geographical endowments. The FAO’s Global Agro-Ecological Zones project (GAEZ) v3.0 constructed cropspecific measures of attainable yields using climatic data (including precipitation, temperature, wind speed, sunshine hours and relative humidity) –based on which thermal and
moisture regimes are determined– together with crop-specific measures of cycle length (i.e.
days from sowing to harvest), thermal suitability, water requirements, and growth and
development parameters (harvest index, maximum leaf area index, maximum rate of photosynthesis, etc). Combining all these data, the GAEZ model determines the maximum
attainable yield (measured in tons per year) for each crop in each grid cell of 0.083x0.083
degrees. I also use data on grazing suitability from Erb et al. (2007), who provide a world
map with grid cells of 0.083x0.083 degrees classified into four grazing suitability classes.11
Finally, I use a general measure of agricultural suitability for cultivation –to be interpreted
as the probability that each grid cell will be cultivated– constructed by Ramankutty et al.
(2002) for grid cells of 0.5x0.5 degrees.
Figure 4 displays the county-level average values of land suitability and selected cropspecific productivities (corn, wheat and cotton). Interestingly, the region in the Midwest
commonly known as the Corn Belt seems to correspond more closely to the highest values
in the map of wheat productivities rathen than those for corn. Productivity for corn
production, which is highest in the Cotton belt, is still high in the Midwest. Thus, as
suggested by these broad regional patterns, it is necessary to think in terms of relative
productivities.
Variation in agricultural diversification generated by variation in relative crop-specific
11

To calculate mean county-level grazing suitability, I assign to their four grazing suitability classes

(which go from “least suitable class” to “best suitable class”) consecutive integer values from 1 to 4, and
a value of zero to the grid cells that they report as not suitable.
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Figure 4. Land suitability and selected crop-specific productivities

productivities is key for the identification strategy. Intuitively, a county that has similar
levels of productivity for several different crops is likely to be more diversified than a
county that has a productivity level for one crop that is much higher than its productivity
for all other crops. To construct an instrumental variable using crop-specific productivities
from GAEZ, I estimate a fractional multinomial logit (FML) for the shares of specific
agricultural products in total agricultural output at the county level. The FML framework
(due to Sivakumar and Bhat, 2002) generalizes the fractional logit model (Papke and
Wooldridge, 1996) to an arbitrary number of choices, and can be applied to the context
under consideration in a straightforward way, as explained below.
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The FML model estimates by quasi-maximum-likelihood a system of equations in which
the outcome variables are the shares of each product in total agricultural output in county
c (that is, θic for i = 1, 2, ..., 36) as functions of the vector of product-specific productivities
Ac .12 The functional form considered is the following
0

θ̂ic = E[θic |Ac ] =
By construction,

PI

i=1 θ̂ic

1+

eβi Ac
PI−1
j=1

(2)

0

eβj Ac

= 1 , i.e. the predicted shares for each county add up to 1.

This general setup and this particular functional form can be derived from a simple
optimal crop choice model under some assumptions. Reinterpreting the conditional logit
framework of choice behavior due to McFadden (1974) in terms of profit maximization
rather than utility maximization, assume that profits obtained when choosing crop i for a
unit of farm resources j are πij = βi0 Aj + µij . The relative magnitudes of the βi ’s reflect,
among other things, the price (and cost) differentials among agricultural products, which
farmers take as given. If the error term µij is assumed to be iid with type I extreme value
distribution, then choice i is optimal (i.e. πij ≥ πi0 j for all i0 ) with probability

0

eβi Aj
PI−1 βj0 Aj
1+ j=1 e

.

Thus, we get exactly the same functional form to describe the expected shares farm
resources used for of each agricultural product as a function of the vector of crop-specific
productivities. Assuming that revenues are proportional to farm resources used in each
product (or simply that deviations from this are random), the expected shares of each
product in total agricultural output at the county level correspond exactly to the equations
specified in the multinomial fractional logit model.
Figure 5 plots actual against predicted shares for selected agricultural products. The
estimation of the multinomial fractional logit model for US counties in 1860 produces a
reasonably good fit for most agricultural products. For major crops, like wheat, corn and
cotton, the fit is remarkably good. The fit is not as good for marginal crops, like rice
or cane sugar, for which most observations lie close to the origin, with very low predicted
shares and zero actual shares. But the linear fit shows a positive slope in all 36 agricultural
products.
Once the coefficients of the fractional multinomial logit have been estimated and used
12

In the empirical estimation, the vector of productivities includes 22 relevant crop-specific productivities

available from FAO (barley, buckwheat, cotton, maize, oats, pasture grasses, pasture legumes, alfalfa,
potato, sweet potato, rye, cane sugar, tobacco, rice, wheat, tomato, carrot, cabagge, onion, pulses, sorghum,
flax), the measure of grazing suitability, and the general measure of land suitability for agriculture, which
should help to predict the shares of the products for which there is no productiviity data available.
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to calculate predicted shares for each agricultural product, I can calculate a measure of
“diversification potential” based on those esimates and the crop-specific productivities for
each county. This measure is obtained by simply taking the formula for diversification and
P 2
.
substituting predicted shares for actual shares, i.e. Diversification Potentialc = 1 − i θ̂ic
Insofar as the predicted shares calculated earlier are good predictors of the actual shares,
the measure of diversification potential can be a good predictor of actual diversification.
The scatterplot of the latter variable against the former in Figure 6 seems to indicate high
predictive power in this sample.
Figure 5. Shares of Selected Crops: Actual and Predicted
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4.2

IV Estimates

I estimate the effect of agricultural diversification using diversification potential (contructed
as explained above) as an IV.13 Panel A of Table 3 reports the results of 2SLS estimation of
the effect of diversification on income per capita in 2000 for three different specifications.
These three specifications correspond to those in columns (1), (4) and (6) of Table 2,
respectively including: no controls; state fixed effects, land productivity controls, and
distances to water and cities; the previous controls plus crop-specific controls and socioeconomic controls. In each case, the corresponding OLS estimations from Table 2 are
reproduced to facilitate comparison.
Figure 6. Agricultural Diversification: Actual and Potential

Panel B of Table 3 shows the IV estimates of the effects of agricultural diversification
on 1920 manufacturing productivity for the same specifications. The corresponding OLS
estimates are also reproduced here. Panel C displays the results of the first stage, which
show that the IV has very high predictive power in all specifications, though the magnitude
of the estimated coefficient goes down when additional controls are included. In all cases
the F-statistic for the significance of the IV in the first stage is large enough to confortably
13

To account for the presence of a generated regressor, standard errors for the IV estimates have to be

computed using a bootstrap method; this is has not been done for this preliminary draft.
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satisfy the rule of thumb suggested by Stock and Yogo (2005). Panel C also reports pvalues from the rank test for weak instruments developed by Kleibergen and Paap (2006),
which reject the null hypothesis of weak instruments with very high confidence levels.
The IV estimates confirm a positive and significant effect of agricultural diversification
in 1860 on manufacturing labor productivity in 1920. To IV estimates from specifications
2 and 3 indicate that an increase of one standard deviation in agricultural diversification
in 1860 led to a gain of 5 to 7 percentage points in manufacturing productivity in 1920 and
a gain of 5 percentage points increse in income per capita in 2000.
Table 3. 2SLS estimation
Specification 1

Specification 2

Specification 3

OLS

IV

OLS

IV

OLS

IV

(1)

(2)

(3)

(4)

(5)

(6)

0.333*** 0.425***

0.287***

0.417**

Panel A. Second Stage. Dependent variable: Ln Personal Income per capita 2000
Diversification 1860
R

2

0.547***

0.866***

(0.0781)

(0.117)

(0.0564)

(0.105)

(0.0609)

(0.197)

0.102

0.067

0.410

0.409

0.492

0.489

Panel B. Second Stage. Dependent variable: Ln Manufacturing labor productivity 1920
Diversification 1860
R

2

0.470***

0.877***

0.275***

0.414**

0.277***

0.568**

(0.113)

(0.214)

(0.0910)

(0.206)

(0.0845)

(0.253)

0.029

0.007

0.250

0.249

0.268

0.263

Panel C. First Stage. Dependent variable: Agricultural Diversification 1860
Diversification Potential

0.956***

0.703***

0.489***

(0.0858)

(0.0892)

(0.108)

0.436

0.555

0.624

F-stat

124.16

62.12

20.54

Kleibergen-Paap p-value

0.000

0.000

0.000

R

2

State FE

N

N

Y

Y

Y

Y

Ecological controls

N

N

Y

Y

Y

Y

Distances to water and cities

N

N

Y

Y

Y

Y

Crop-specific controls

N

N

N

N

Y

Y

Socio-economic controls

N

N

N

N

Y

Y

1,821

1,821

1,821

1,821

1,821

1,821

Observations

Robust standard errors clustered by state in parentheses
* p<0.10, ** p<0.05, *** p<0.01
See pages 9-10 for an explanation of control variables
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The IV estimates are larger in magnitude than the OLS estimates. This difference may
be due to measurement error in agricultural diversification – the IV estimates could be
taking care of the attenuation bias generated by measurement error. A negative bias in the
OLS estimates could also be explained by ommited variables that are negatively correlated
with diversification and positively associated with subsequent economic perfomance, as
discussed above. In any case, for specifications 2 and 3, a Hausman test cannot reject the
null hypothesis that the OLS estimates are consistent.

5

Mechanisms

Given the empirical evidence indicating a positive effect of agricultural diversification on
manufacturing productivity, the natural question is: what was the channel? The theories
discussed in the first two sections of the paper suggest a variety of mechanisms that could
generate the observed positive impact of diversification, such as productivity growth in the
agricultural sector, protection againt risk and volatility, productivity gains from increasing
the number of inputs, emergence of specific skills and technological dynamism. In this
section, I assess the validity of the main channels suggested in the theory in a preliminary
exploration.
The analysis of possible channels of causality cannot be viewed as anything more than
exploratory. With only one instrumental variable, it is not possible to make a conclusive
assesment of the relevance of several possible mechanisms. For instance, I find that agricultural diversification had a positive effect on literacy rates, which suggests that the effect of
diversification on manufacturing productivity may have operated through human capital
formation; however, it is also possible that there was some other channel that accounts for
the positive impact on manufacturing productivity, and that it was the latter which caused
higher literacy rates rather than the other way around. My aim is solely to investigate
which mechanisms seem to be consistent with the emprical evidence and which do not.

5.1

Risk and Volatility

Some theories reviewed in section 2 suggest that diversification can positively affect income
levels by improving risk management, reducing volatility and dampening the effects of
negative product-specific shocks (see Acemoglu and Zilibotti, 1997; Koren and Tenreyro,
2013). However, it is also possible that places that were not well-suited to limit volatility
through diversification turned to the development of local banking systems, which in turn
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have positive effects on development through channels other than risk management (e.g., by
chanelling savings to productive investments more effectively). Higher volatility could also
foster mutual insurance arrangements and social trust (Durante, 2009). Thus, volatility
could actually have positive effects through endogenous financial development and social
norms –especially in an epoch of rapid change such as the Second Industrial Revolution in
the US.
To assess the relevance of the volatility channel I use the year-to-year evolution of
prices at the national leve over the period to construct a measure of volatility that depends
on the mix of agricultural products of each county at the beggining of the period. I use
country-level data on the prices of 16 products which are available from 1866 to 1919
and comprise over 93% of total agricultural production in 1860 in the sample. Fixing the
predicted shares of products at 1860 levels, I calculate the value of counties’ agricultural
P
a
= i θ̂ic pit , and then calculate the average annual growth rate
output in each year as yct
a
a
a
) is
). Constructed in this way, Std.Dev.(Gyct
and its standard deviation, St.Dev.(Gyct
Gyct

an exogenous predictor of the volatility of agricultural output value growth induced by the
volatility of macro prices. This indicator of agricultural volatility is negatively correlated
with initial diversification (the correlation in this sample is -0.34), but it also depends on
the particular mix of agricultural products of each country and on the covariances of price
changes.14
To assess the relevance of the mechanism under consideration, I include the county-level
a
in the same specifications considered before. Table
mean and standard deviation of Gyct

4 reports the results of these estimations. To facilitate comparison, the results without
including these additional regressors are reproduced the same table.
The theories suggesting that diversification has positive effects by reducing volatility
a
would predict a negative effect of St.Dev.(Gyct
) on manufacturing productivity and a rea
duction of the magnitude of the coefficient on agricultural diversification when St.Dev.(Gyct
)

is included as control; if that was the only channel through which agricultural diversifica14

The main result –that the possitive effects of diversification are not accounted for by volatility

reduction– stand for alternative measures of volatility. In particular, I consider other measures of volatility
to address different concerns: (1) if changes in prices reflect supply shocks rather than demand shocks,
the baseline measure would not capture volatility exogenous to producers; to account for macro supply
shocks, I combine the price data with national data on yields per acre, and construct a measure with macro
prices times productivities for 11 crops that cover around 70% of agricultural production; (2) I construct
adjusted volatility measures to avoid bias due to heterogeneity in the percentage of production for which
data is unavailable by making some assumptions about the mean, standard deviation and correlation of
price changes for products with missing data; (3) I consider different price deflators for yearly prices.
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tion affects development, the coefficient on agricultural diversification should drop to zero.
The results are not in line with these predictions. The estimated effect of volatility is not
negative and the estimated coefficients on initial diversification do not go down, so this
channel does not seem to account for the positive effects of agricultural diversification.15
Table 4. Assessing the Risk and Volatility Channel
Dependent variable: Ln Manufacturing labor productivity 1920
Specification 1

Specification 2

Specification 3

(1)

(2)

(3)

(4)

(5)

(6)

0.470***

0.778***

0.275***

0.365***

0.277***

0.362***

(0.113)

(0.185)

(0.0910)

(0.112)

(0.0845)

(0.125)

Panel A. OLS estimates
Diversification 1860

a
)
St.Dev.(Gyct

0.574**

0.167

0.249

(0.246)

(0.126)

(0.153)

Panel B. IV estimates
Diversification 1860

0.877***

1.583***

0.414**

0.770**

0.568**

0.882**

(0.214)

(0.328)

(0.206)

(0.380)

(0.253)

(0.449)

a
)
St.Dev.(Gyct

1.353***

0.500

0.653

(0.390)

(0.323)

(0.404)

State FE

N

N

Y

Y

Y

Y

Ecological controls

N

N

Y

Y

Y

Y

Distances to water and cities

N

N

Y

Y

Y

Y

Crop-specific controls

N

N

N

N

Y

Y

Socio-economic controls

N

N

N

N

Y

Y

1,821

1,820

1,821

1,820

1,821

1,820

Observations

Robust standard errors clustered by state in parentheses
* p<0.10, ** p<0.05, *** p<0.01
See pages 9-10 for an explanation of control variables
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The estimated effect of volatility is not negative but positive (though not consistently significant) and

the estimated coefficients on diversification are not diminished but actually increased by the inclusion of
the measure of predicted volatility; these results are consistent with the idea that volatility may actually
have positive effects. The idea that this effect may operate through endogenous financial development,
however, is not supported by regression results on the effects of volatility on county-level banking deposits
per capita and other measures of local financial development (results are not reported). For alternative
measures of volatility (see previous footnote) the estimated effect of diversification does not always increase
when volatility is controlled for.
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5.2

Agricultural Productivity and Land Concentration

Among the possible mechanisms through which diversification in agricultural production
may have affected manufacturing productivity, a straightforward one is the development of the agricultural sector. Agricultural diversification may have increased agricultural
production, which in turn may have fostered manufacturing productivity growth. Diversification may have increased productivity through different channels, e.g. by helping to
preserve soil quality over time, or by increasing the knowledge base and thus fostering
innovation and adoption of new techniques (see section 5.3)16 In turn, as emphasized by
authors that see agricultural productivity growth as a necessary condition for a successful
take-off, higher agricultural production means more resources for investment, which may
be partly channeled towards capital formation in the industrial sector; it also means higher
purchasing power and thus higher demand for local manufacuring production of both final
and capital goods.
Panel A in Table 5 shows IV estimates of the effects of agricultural diversification on
agricultural productivity in 1920 (as measured by the Ln of farm output per acre). Although not very robust, there is some evidence that higher initial levels of agricultural
diversification increased productivity levels in 1920. Note that even if the results were
more supportive of the idea that agricultural productivity was conducive to industrial
productivity, causality may have operated in the opposite direction; indeed, higher agricultural productivity may have been caused by higher demand from the manufacturing sector
and/or through the adoption of better capital goods produced by the industrial sector.
Beyond its effect on agricultural productivity, agricultural diversification may have affected the manufacturing sector through the evolution of land inequality. If there are
product-specific fixed costs (e.g., crop-specific skills or capital) or other sources of increasing returns to scale, then places with low diversification potential (very high relative
productivity for one or a few products) would exhibit a trend toward concentration in land
ownership. In turn, the presence of large land owners retards the emergence of human capital promoting institutions and thus negatively affects the dynamics of industrialization, as
emphasized by the contribution of Galor et al. (2009). This paper contains an analysis of
US state-level panel data showing that concentration in land ownership had a signifficant
adverse effect on educational expenditures from 1880 to 1940; this was a period characterized by a massive expansion of secondary education, which –as suggested by Galor et al’s
16

A positive effect of agricultural productivity on industrial productivity is consistent with the results

(not shown) indicating a positive and significant effect of land suitability.
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model– was key for the transition from agriculture to modern industry.
Panel B of Table 5 shows estimates of the effects of agricultural diversification on the
share of farmland corresponding to farms larger than 500 acres in 1920.17 On average,
farms this large represented around 1.5% of farms and 10% of farmland, but these figures
were much larger in some counties; farms over 500 acres accounted for more than 50% of
farmland for 20 counties in the sample, most of them in Texas, Louisiana and Georgia,
which had very large predicted and actual shares of production in –respectively– wool,
cane sugar and rice. The results in Panel B show that higher levels of diversification are
associated with lower levels of land concentration. Thus, the evidence is consistent with the
idea that diversification may have affected manufacturing productivity through its effect
on concentration in land ownership and –as shown next– on human capital formation.
Table 5. The effects of diversification on agricultural productivity and land inequality
Specification 1

Specification 2

Specification 3

OLS

IV

OLS

IV

OLS

IV

(1)

(2)

(3)

(4)

(5)

(6)

Panel A. Dependent variable: Ln Farm Output per acre 1920
Diversification 1860

0.142

0.240

0.175

0.933**

0.279**

1.362*

(0.215)

(0.308)

(0.135)

(0.445)

(0.133)

(0.798)

Panel B. Dependent variable: Share of farmland in farms over 500 acres 1920
Diversification 1860

-0.319***

-0.304***

-0.167*** -0.157***

-0.119***

-0.153*

(0.0715)

(0.0741)

(0.0323)

(0.0500)

(0.0364)

(0.0929)

State FE

N

N

Y

Y

Y

Y

Ecological controls

N

N

Y

Y

Y

Y

Distances to water and cities

N

N

Y

Y

Y

Y

Crop-specific controls

N

N

N

N

Y

Y

Socio-economic controls

N

N

N

N

Y

Y

1,821

1,821

1,821

1,821

1,821

1,821

Observations

Robust standard errors clustered by state in parentheses
* p<0.10, ** p<0.05, *** p<0.01
See pages 9-10 for an explanation of control variables
17

The results are qualitatively similar –although not robust across all specifications– if the outcome

variable is replaced by the share of land corresponding to alternative thresholds in farm size, or by the
share of land corresponding to the largest 5%, 10% or 20% of farms.
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5.3

Industrial Diversification, Human Capital and Innovation

Other theories about the relationship between diversification and development suggest that
diversity in the economic structure may enhance efficiency of production and/or accelerate
technological innovation and adoption. Although these theories point to distint mechanisms, in the context of this paper I treat them as complementary explanations of the
positive contribution of diversification to long-run development; in this section, I provide
some evidence regarding the plausibility of different theories without attempting to assess
their relative quantitative relevance.
Theories suggesting that diversification in the economic structure enhances production
efficiency include essentially all macroeconomic models featuring CES production functions
with imperfect sustitability across inputs of production. Given the properties of this production function, and since agricultural products are relevant inputs and that local supply
determines their availability/costs, the implication is that agricultural diversification positively affects the level of production. A conceptually distinct account of the relationship
between diversification and macroeconomic performance comes from the theory of complementary productive capabilities due to Hausmann and Hidalgo (2011). Although this
theory tells a different story and generates some different implications, its prediction about
the effect of diversification on the level of income is qualitatively the same, so I will make
no distinction in the empirical analysis.
To assess the plausibility of the theories that predict productivity gains arising from
a wider array of intermediate goods or productive capabilities, I study the effect of agricultural diversification in 1860 on diversification of production in the rest of the economy
in 1920. A more diversified agricultural production may have fostered a more diversified
manufacturing sector through the development of more (forward and backward) linkages.
As Hirschman (1981) put it, “development is essentially the record of how one thing leads
to another, and the linkages are that record”; thus, producing a wider set of (agricultural) things in the beggining could lead to a more diverse set of (industrial) things later
on. In turn, a more diversified manufacturing production could increase productivity by
enhancing efficiency or fostering skill formation.
Panel A of Table 6 reports results for regressions that estimate the effects of agricultural
diversification on industrial diversification. Industrial diversification is measured with an
index analogous to the one used to measure agricultural diversification where instead of
considering the shares of agricultural products in total agricultural output, I consider the
shares of employment in each of 59 different sectors in total manufacturing employment.

24

Table 6. Industrial diversification, literacy and innovation
Specification 1

Specification 2

Specification 3

OLS

IV

OLS

IV

OLS

IV

(1)

(2)

(3)

(4)

(5)

(6)

Panel A. Dependent variable: Industrial diversification 1920
Diversification 1860
Observations
R

2

0.615***

0.905***

0.268***

0.394**

0.188*

0.481*

(0.111)

(0.205)

(0.0711)

(0.188)

(0.0925)

(0.286)

1,676

1,676

1,676

1,676

1,676

1,676

0.067

0.052

0.266

0.265

0.320

0.314

Panel B. Dependent variable: Literacy rate of people 21+ years, 1920
Diversification 1860
Observations
R

2

0.346***

0.524***

0.172***

0.316***

0.0811***

0.144

(0.0739)

(0.109)

(0.0393)

(0.0901)

(0.0224)

(0.111)

1,821

1,821

1,821

1,821

1,821

1,821

0.227

0.167

0.751

0.730

0.814

0.810

Panel C. Dependent variable: Ln 1 + Patents per 1,000 inhabitants, 1880
Diversification 1860

0.106***

0.176***

0.0149

0.0267

-0.00988

0.0319

(0.0263)

(0.0437)

(0.0123)

(0.0272)

(0.0117)

(0.0354)

1,821

1,821

1,821

1,821

1,821

1,821

0.044

0.025

0.311

0.311

0.398

0.395

State FE

N

N

Y

Y

Y

Y

Ecological controls

N

N

Y

Y

Y

Y

Distances to water and cities

N

N

Y

Y

Y

Y

Crop-specific controls

N

N

N

N

Y

Y

Socio-economic controls

N

N

N

N

Y

Y

Observations
R

2

Robust standard errors clustered by state in parentheses
* p<0.10, ** p<0.05, *** p<0.01
See pages 9-10 for an explanation of control variables

The same three specifications (with a sequentially expanded set of controls) are considered here, and I report both OLS and IV estimates.18 The results show a positive and
significant effect of initial agricultural diversification on manufacturing diversification in
1920, which is consistent with the story that agricultural diversity may have led to increas18

The index of industrial diversification can only be calculated for the 1676 for which there is dissaggre-

gated manufacturing employment data available in the 1% sample of the Census. Attrition is not random
in the sense that missing data is more common with relative small numbers of industrial workers; however, if we run the main estimating equation for the reduced sample with dissaggregated manufacturing
employment data, we get the same qualitative results as in Table 3.
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es in manufacturing productivity by fostering the development of a wider set of industrial
activities.
Somewhat related to the idea that diversity in the economic structure may enhance production efficiency is the hypothesis that the effect of diversification may operate through
human capital formation. The evidence in the previous subsection suggests that diversification reduced land concentration, which in turn hampers human capital formation –as
advanced by the theory of Galor et al. (2009)–. Another possibility is that the return to
human capital in various forms is higher in a more diversified local economy, which employs a wider set of production techniques. The idea is that diversification may foster not
only the formation of a wider set of specific skills but also of human capital that enables
adaptability to change.
To assess the plausibility of the human capital channel, it would be desirable to study
the effects of agricultural diversification in different measures of human capital. The available data, though, is limited. Panel B of Table 6 reports regression results that assess the
effect of agricultural diversification on literacy rates in 1920. Overall, the results are consistent with a positive and significant effect of diversification on human capital formation
in the long run (except for column 6).
Another mechanism through which diversification may have an effect on productivity
is technological dynamism. The idea of Jacobs externalities states precisely that a more
diversified economy is more conducive to innovation. Note that this mechanism could be
tightly intertwined with the ones discussed above. For instance, agricultural diversification
may foster innovation mostly by inducing industrial diversification and/or human capital
formation. Or conversely, agricultural diversification may directly foster innovation, which
in turn increases the return to human capital formation.
To assess the relevance of this mechanism, I use data on historical patents compiled
from the United States Patent and Trademark Office (the information for all US patents
is publicly available, but for patents before 1976 the information has to be retrieved from
photo image files). For the purposes of the cross-county analysis of the effects of diversification, the key piece of information from these patents is the county of the innovator.
Panel C of Table 6 shows preliminary results using a set of 4802 patents registered on
April, June and July of 1880 (3747 of which correspond to counties in my sample). The
effect of diversity appears as positive and significant in specification 1, but this does not
survive the inclusion of control variables in specifications 2 and 3. In any case, this is a
very preliminary exploration for the plausibility of this mechanism, and the results should
not be seen as conclusive.
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6

Conclusion

This paper provides evidence showing that agricultural production patterns at the onset of
the Second Industrial Revolution had long-run effects on development across US counties.
According to IV estimates, a one-standard-deviation increase in agricultural diversification
in 1860 led to a 5 percentage points gain increase in income per capita in 2000. I also
show that the positive effect of diversification in 1860 can be traced back to manufacturing
productivity in 1920, suggesting that diversification affected the patterns of growth and
structural change over the industrialization process in that period.
The correlations between agricultural diversification in 1860 and development outcomes
in 1920 and 2000 are robust to the inclusion of an extensive set of controls. State fixed
effects allow me to control for state-level institutions and policies as well as other sources
of heterogeneity across counties that are constant within each state. Different measures of
land productivity are included to ensure that the coefficient on diversification does not pick
up the effects of agricultural resources’ aboundance. The dominance of specific agricultural
products is also taken into account to avoid confounding the effects of diversification with
those of the prevalance of certain crops. The inclusion of distances to water and cities and
a measure of market potential ensure that the estimated relationship between agricultural
diversification and development is not driven by the extent of potential gains from trade.
A host of additional socio-economic controls capturing initial conditions (i.e., levels of
development in 1860) are also included in one of the specifications.
The empirical strategy proposed to identify the causal effect of diversification exploits
exogenous variation in agricultural diversification generated by endowments. Using cropspecific climate-based productivity measures, I estimate a fractional multinomial logit model derived from optimal chop choice and then construct a measure of diversification potential. The predicted shares obtained from the estimation of this model display a good fit
with actual shares for most agricultural products, and the index of diversification potential
computed with these predicted shares is a highly correlated with actual diversification.
The index of diversification potential is used as IV in the estimation of the effects
of agricultural diversification on development outcomes as well as on different variables
capturing mechanisms through which early agricultural diversification may have affected
the transition from agriculture to industry. The analysis of possible channels of causality
is only exploratory, since with only one instrumental variable it is not possible to make a
conclusive assesment of several possible mechanisms, let alone establish their relative quantitative relevance. However, the available evidence strongly suggests that some channels
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are not plausible and others are.
The evidence is not consistent with the hypothesis that agricultural diversification enhanced economic performance by reducing volatility in the value of agricultural production.
Neither do I find evidence suggesting that the positive effects of diversification operated
through agricultural productivity. Instead, I show that agricultural diversification in 1860
favored human capital formation and industrial diversification, which have been pointed
out as important determinants of economic performance in the growth literature.
This paper adds to the literature on the deeply-rooted determinants of comparative
development by showing that agricultural resource endowments and the structure of production in the agricultural sector at early stages of development can affect the process
of growth and structural change. The insights about the role of economic diversification
obtained from the history of US counties going back to 1860 might be relevant for understanding the long-run performance of developing countries. To further our understanding of
the role of diversification and establish policy implications, future research should attempt
to pin down the mechanisms through which diversification affects development outcomes as
precisely as possible, and to assess the relevance of agricultural diversification for long-run
outcomes in different contexts across space and time.
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