European
Historical

Economics
Society

"H'S 1%0& 0+, - ST .&*&J). #)$0&'1 12A1F & 345!

New crops, local soils and urbanization:
Clover, potatoes and the growth of Danish market towns,
16721901

Torben Dall Schmidt
University of Southern Denmark, S¢ ndetp

Peter Sandholt Jensen
University of Southern Denmark, Odense

Amber Naz
University of Southern Denmark, S¢ nderborg

& . 0&6™ 789!




!
"#'$1%;<=>?@!,ABC<!2;3! 4512KDE;FC¥89!

New crops, local soils and urbanization:
Clover, potatoes and the growth of Danish market towns,
16721901

Torben Dall Schmidt
University of Southern Denmark, S¢ ndetp

Peter Sandholt Jens®n
University of Southern Denmark, Odense

Amber Naz**
University of Southern Denmark, S¢ nderborg

Abstract

This research evaluates the impact of the introduction of clover and potatoes on urbanization
using a panel of Danish market towns from 283 1901. We find evidence that both clover

and potatoes contributed to urbanization using a differanddference type estimation
strategy which exploits that the breakthrough of clover and potatoes should have differential
local effects because of isuitability. To take into account the endogeneity of clover
adoption, we instrument by suitability for growing alfalfa, which like clover is a legume.
Importantly, alfalfa did not have its breakthrough in the period studied. Our IV estimates
suggest thiaclover accounted for about 8 percent of market town population growth between
1672 and 1901, whereas roughly 6 percent can be attributed to potatoes. The analysis als
indicates that the potato had its breakthrough later in Denmark than in many otiteesas
suggested by the historical narrative.
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1. Introduction

From 1672 to 190laverage Danish markettown population$ increased froml,826 to
15,493 inhabitantscorresponding to aimcreaseby a factor ofnearly 85.2 The evolution of
urban populations iarguablyone of the begproxies for economic development historically
(Acemoglu, Johnson and Robinsd?005h Cantoni, 2013 Therefore,understanishg the
causes of this evolutioprovides insights intothe causes oéconomicgrowthin periodsin
which it is difficult to measure growthIn addition, wban populations capture the
geographical distribution of economic activity as pointed ouFdyiihough and O’Rourke
(2014).Further,the historical rise ofowns and citiesirguablymattes for presentday urban
agglomerationgss suggestedby Percoco (204) who stressephysical geographalong with
institutionsas important sources of path dependence in urbanization through economies of
agglomerationlin this paper, wegoom in onthe interaction between new crops gigysical
geographyas asource ohigheragricultural productivity whicltause urbamation We doso
by investigating whethethe widespreacadoption of two new cropscloverand potatoes-

affectedmarket towrpopulationdifferentially acrossDenmarkbecause of soil conditions

There are several reasons whhgher agricultural productivig could affect town
development First, it is arguably the case that only societies with a certain level of
agricultural productivity can sustain urban centers; Acemeghl.(2005b)* Second, higher
agricultural productivity may spur rurakban migration if it sems to lower demand for
labor in the agricultural sector as stressedfdryexampleNunn and Qian (2011). Third,
Gollin, Parente and Rogers¢2007) propose a model in which agricultural productivity is
important forthe developmenotf societiesin terms ofincome per capitaThey argue that
countries initially suffer from the “food problem”—a term due to Schultz (1953)which
refers to the fact that many poor countramvote most d their resources to agricultural
productionin order to meet subsistence neddg to low productivity The present research
investigates how two potential solutions to the “food problem” used in Denmark® and other
North European countries affectedbanization Finally, historically it was the casthat

‘Based on 56 market towns for which data exist for the population over the whole period 1672!to 1901.

*This development runsarallels to what happened elsewhere in Europe (Acemoglu, Robinson and Johnson,
2005a; Van Lottum, 2011; Percoco, 2013).

*Other channels such as the impact on nutrition and health may also be important.

“See also Glas€R014) who stresses agriculturabpuctivity ashistoricallyimportant for thedevelopment of

cities.

*jeergaard (2003) observes that Denmark was one “among the many European countries that experienced more
or less identical problems.” This suggests that the lessons from Denmark may apply more broadly.
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Danish market town dwellers wedé@ectly involvedin the agriculture just outside their town,

and therefore they would experience productivity increases difectly.

Clover and potatoesontribute to agriculturalproductivity via a number of principa
advantagesThefirst advantagef growingcloveris thatcrop yields increase since clover is a
nitrogenfixing plant. In fact, nitrogergoverns the yields ofrops that have enougater
(Kj%argaard, 1995:p.3)As stated by Taylor (2008), clover wé&ghe chief provider of
atmospheric nitrogen for ceredlsThe second advantage tisat clover providesexcellent
animalfodder, whichallows for alarger cattle population and increased production of milk
and butter Fixing nitrogenmay also be importantof potato adoption as suggested by
Kj¥rgaard(1995) He argues that theow expansion of potatoegascausedoy an absence
of “biological opportunity” which waseventuallyprovided by cloverUnlike clover, potates

do notincrease the supply of nitrogen in the gdlunn and Qian, 2011put they ddhave a
number ofother advantagesThese advantages includleat (1) they produce higher yields
than many old world crops; (2) they can be used as animal fodder; (3) theycalers
human food since they are superior in nutritional terms, tt@®y allow for crop
diversification and (5) they carbe planted on land otherwise left fallo@unn and Qian
2011).We discuss these advantages in more detail below.

Both clover andpotatoesmay have beewrucial for economicdevelopmentFor example,
Taylor (1983) proclaimthat clover had “a greater influence on civilization than the potato.”
Cloveris alsoemphasized by Chorley (1981) for northwest Europetandllen (2008) for
England. Kj%rgaard (1991, 199&nd 2003 highlights the importance foclover for the
Danish casand note that @ntemporary observers of Danish agricultaiso praised clover.
One example idie founder of the Royal Danish Agricultural Socjetfo argued thatlover
would transform Denmark “into a new Canaan with milk and honey”. Similarly, 19" century
agronomist Karl A. Jergensen proclaimed that clover was “a blessed gift, one of Denmark’s
great benefactors” (Kjergaard, 1995:p.11). Regarding thepotatq Langer (1963) associated
larger populations with the spread of potato agriculture in Europe, and Adam Smith
emphasized that the food produced on a field of potato&smush superior to what is

produced by a field of wheat” in the Wealth ofNations In line with this, Nunn and Qian

"For example, Elkj%r (2001) stresses that Danish market town dwellers were simultaneously craftsmen,
merchants and farmers as they grew crops on the fields outside their town. She also documents that three of the
market towns in Jutland ine¢hwestern part of Denmark all helbver and potatogsroduction at the time of the

first agricultural census of 1837. For thé"i&ntury, Mikkelsen (1993) demonstratubstantial production in

the vicinity ofmarket towns on Zealand in the eastern phBenmark, but at this point in time neither potato or
clover production is reportdd.



(2011) find that the introduction of the potato can account for about a quarter of population
growth from 1700 to 1900rhe potatchasalsobeenstresseds importanby Ax (2008) for
the case of Denmark

The Danish case has at le&stir features that make #@ppealingfor testing the effects of
widespread adoption afover and potatoes.

First, the Danish data showonsiderableregional variation insoil suitability for growing
potatoesand legumes such as clové@ihey also showariation inthe placeswhich adopted
clover early. Suitability measures arguably capture exogenous variation, aticenefore
worry lessabout reverse causality biasgarding potatoed-or clover, we test theffect of
adoptbn using data from Kj¥rgaard (1994 the distributionin 18057 By this year, clover
hadspreadto many places in Denmar&ince hese data indicate adoptiaeverse causality
concernsnaturally arisesas early adoption malye caused bincreased demand from rising
urban populationsTo addressthis, we nstrument clover adoption by using suitability for
growing alfalfa—another legume-which according to the historical narrativead its
breakthroughafter the period studiedThis allows us to gauge the relatiimportance of

clover and potatoesvhich has not been done in previous literature.

Secondgdetaileddata for clover adoptioare not availabléor other countries, and the Danish
data therefore provide a uniqueopportunity for investigating the role of clovdor
urbanizationIn related researcillen (2008)carried out simulations, whichttributes more

than 50 percent of the rise in cropelds in England between 1300 and 1800 to nitrogen
fixing legumes suclas clover Yet, Allen (2008)hadno measurgof local clover adoption

and localeconomic activityneeded to evaluate the effect econometricdllge breakthrough

of clover in Denmark has been placed from the earfyy d@ntury to the 1830s. In some
countries, thebreakthroughseens to have happened earlier, whereas in countries such as

Denmark and Sweden, this happened I&ee Kj¥%rgaard1995 p.5)° The relatively late

L L

The adoption of clover spregtadually from 1775 to 180%ccording to Kyrgaard (1991), where adoption in

1775 was veryimited. We also explore this variation.

8Chorley (1981) providga calculation suggesting that legumes were important in expanding the nitrogen supply
from 1750to 1880.Yet, like Allen (2008), he provides no econometric analysis.

"He gives the following yearasindication of some adoption foh¢ following places: Andalusia (before 1270),
Brescia (155Q) Flanders (1563), France (1583), England (1620), Mainz (1645), Fehmarn (Wi®burg
(1720) Schleswii-Holstein (1725), Berlin (1735)Moravia (1740). For Sweden, Mats Morell indicated in
peronal communication that clover had early introductions in Sweden in the efriyem8iry, but that it was

only about 100 years later that it had its breakthrough.
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breakthrough, combined with Kjergaard’s data, allows us to investigate the effect of clover

on urbanizationt!

Third, some confounding factors can be ruled out. Denmark @&k dig not have coal
deposits, and this rules out that proximity coal confound the result&ernihoughand
O’Rourke (2014) demonstrate a relationship between proximity to coal and city growth after

1750 Their maps indicate that the Danish cities in the Bairoch dataset were all far from coal
reserves’ FalbeHansen (1887pp.7-9) emphasized that agriculauwas the most important
sectorin the Danish economgs late as 1880He noted themore than 50 percent of the
population earned its living from agriculture according to census data from thaiAiszgr.

while the potato was introduced in Denmark in plegiod studied this was not the case for

other new world cropsuch as maiz&" Finally, Cook (2013) argues tha@buntries with

higher shares of lactase persistent population, i.e. the share of the population that can digest
milk, benefit more from the potatoes. In the Danish case, lactase persistence is almost 100
percent, Ingram et af2009) Thissugges that tre benefits can be enjoyed in fufocusing

on Denmarlkalsoallows us to control for the effect aoncurreninstitutional changesvhich

are difficult to control for in studies that exploit variations in city size across borders as done
by Nunn and Qian (2011§ During the period studied the kingdasfi Denmarkwas subject

to serfdom from 1733 to 1800, and we can control for thimbyding common time effects.

The common time effects arguably also capture atbermoninstitutional changes thatere

taking place in this periodrurther there wereeven some (early) institutional differences

within Denmark, and we demonstrate thas#do not drive our results.

Fourth the data for Danismarket townsave a number of advantages relative to the Bairoch
et al. (1988)and deVries (1984)city population dataised by Nunn and Qiaf2011) and
othersin analyss of European cities. The first advantagéhet we can evaluate more tightly

when potatoes (and clover) had theirdkt@rough in Denmark. This caot be donevith the

*We note below that deposits of brown coal were mined on the island of Bornholm. Sioaeneé obtain

data on this, we opt to leave out this remote island ferethd a number of other reasons in our baseline results.
Thaarup (1820) discusses some attempts to grow maize in Denmark from thé'le¢@tLidy to the 1810s.

While, the experiranters report some success, later sources argue that maize could not be grown for human

food in Denmark due to the growing season being too short (Mddggdal, 1912; Encyclopedia Denmark).

The same source discusses some experiments with using maioelderacrop, but this use was recent and not

widespread around 1912 when Maddéygdal published his handbookccording to FAO soil suitability

measures, sweet potatoes cannot be grown successfully in Denmark though this crop reached Europe very early

(Nunn and Qian, 2011).

$They also consider the effect of potato introductionr@heights of French soldiers, and in this setup they

control for countryspecific institutions as well as changes to these. We note, however, that the outcome of these

regressins is heigh, and not urbanization.



Bairochet al. (1988Wataset whichonly has data for 10 Danish towns from 1668503

By contrast, the Danish data include 56 market towns with data available fromNLGW?2.

and Qian (2011) assumed that the potato had its breakthrough from 1750 anweaudspe

as a wholeHowever, he historical accounts for Denmark and Swédsmgest that tis
yearis too early for these countries. For Denmark, the timing has been argued to be from the
182030s onwardsThus, the Danish data allow us to relax the assumption of a widespread
breakthrough from 1750 onwards and investigate whetheerhistorical narrative fits the
guantitative evidenc&.he second advantagetigt the data are not selected on the basis of a
size criterionBy contrasttheBairoch et al. data includewnsthat reached,B00inhabitants

at some point in the period 16A@00. In this way,townsthat historically reached a certain
size are selected into the datasitis increases the risk of using the wrong counterfactual
when carrying out empirical analyses. Usinigrgerse of markettowns, whichalsoinclude
thosethat dd not reach 5,000 inhabitantsut might have similar soil conditions for growing
potat@s and clovereduces this risk® The third advantage is that ¢hDanishdata have
higher frequency which increaseserthe 19" century.This allows for a tighter assessment

of theimpactof the potatoon the growth trajectory aharkettowns.The final advantage of

the Danish data is that they aetualcensus data. By contraBairoch et al. (1988)onstruct
dataat regular intervais-every 108' and later every50" year—by interpolating between

censusyears'®

Based orae differencen-differencetype estimation strategwhich exploit that the two crops
should have differential local effects because of variation in soil congdteng&ndthatboth

clover and potatoedhad an effecton urbanization Our instrumental variables estimates
suggest that clover had its effectinig in the 19" centiry, whereas the OLS estimates
suggest that towns which had adopted clover by 1805 had high populations before adoption.
This may plausiblybe attributedo endogeneity biasvhichis further corroborated when we

exploit time variation inthe adoption of cloversince we find little evidence of an effect
JERNN RN NN AR ARRN N ARRRITTn AN

*Bairoch et al(p. x) note that they have included all cities that reached Sr0@bitantsat least once between

800 and 1800. In the Danish case, only Copenhagen and Ribe have coverage before 1600. Nunn and Qian
(2011, p. 640) indicate that they use European cities with at least 1,000 inhabitants, but the Danish cities that
they include all come from the Bairoch et al. database. This means that 10 cities which had 1,000 inhabitants in
1672 are missing from the dataseed by Nunn and Qian (2011).

f“Hecksher (1945) argues that widespread adoption happened in Sweden in the"ezehytrg.

®As explained below, the Danish part of the Bairethl.data for 1700 and 1750 were constructed using data
for 1672 and 1769. &, for two out of ten townslata are not included in the Bairoch datalfas¢hese years.
®Bairochet al. (1988, p.2) indicate that they have used either 1) the probable evolution as indicated by other
sources or 2) an interpolation using the surrounding periods. The data used for 1769Issleased on
interpolation between 1672 and 1768 the soces used give data for these periods, andandt700 and

1750.



before 1805For the potato, the effects also appear in thecEditury around the time that the
historical narrative suggestsloreover, thecombinedeffect from the IV estimation of the
two crops correspond to roughly 14 percent of growth in market town populatifnasn
1672 to 1901with a little more than half being attributable to clover.

The rest of the paper is organized as follows. Section 2 gives historical background and
discusseghe advantages of clover and potatoesmare detail Section 3describesthe

empirical strategy anthe data Section 4 pesents theesults Section 5condudes.
2. Historical background

This sectionprovidesbackground on thenain advantagesf clover and potatoeand thé
historical breakthrough in Denmar®e need to explaiim more detailwhat benefits arise

from these crops in order to understand why they would be adopted and how they might
impact agricultural productivityThe timing ofbreakthroughs informs the empirical analysis

on when to expect effects froctover and potatoes
Advantages of clover

As mentioned abovehe first advantage of introducing cloves a crop ighat it serves to
increase nitrogen suppig the soil According to Cooke (1967, p.3), nitrogen is in a clafss

its own for in most agriculture its supply governs the yields of crops that have enough water.
For the historical period under consideration¥4§jaard (1995, p.4) concludes that thain

way to increase the supply of nitrogen was to increase the cultivatiegushinous crops. In
northern Europe, this was done mainly by introducing clovbich isconsiderablybetter at

fixing nitrogen than many other crops such as pea@sh were already growrsee Kysgaard
(1991, p.111)who shows thatlover adds about 3tes as much nitrogen as e.g. pesken

(2008 p.186) notes that experimental data posits a proportional relationship betwgen
yields and nitrogen input, and his simulations suggest that clover contributed more than half
of the increase of nitrogeroif England’’ The second advantage is tt@over served as

fodder for cattle,wherebymilk and butterproductioncould be increasedvioreover, as

*Allen (1992) ran regressisnising a dataset of 285 Oxfordshire villages and found no relationship between
the share of land used for leguminous crops such as beans and pulgeddsnfbr wheatand barley. Allen’s
datado not include clover or yields of clover (which indicate suitability) and are drawn from a very small
database. By contrast, when we ds¢a from the agricultural census for Germany of 1886 fronPtiugsian
Ecoromic History DatabaséBecker et al., 2012)ith 518 observations, we do in faéind strong, positive
relationships between clover yields and yields of wheat and bfiRegults are available upon requést].
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pointed out by Mokyr (2009, p.180), betfed animals produce more fertilizEtHe also

points out thathe empirical relationship between clover and soil fertility was known at the
time. This is corroborated by Marshall (1929, p. 46) who notes that the relationship was
known by 18&' century writerssuch as Stephen Switzer and Robert Maxwéib posited that

clover draws nitrogen from the air and “gives it to the land.” Finally, we note that alfalfa has
similar advantages but as described below, it did not have its breakthrough in Denmark in the

period studied.
Advantages of the potato

The potato has certain advantages compared to other crops. First, they produce higher yields
thanold world crops. Evidencen this is given in Figurel from early 19" centuryfarmer

S¢ren Pedersen from western Zealanbo kept a diary in which he recodleseed and
harvest The yield measure is given pemde of seed.The unit t;ndecorresponds to 100
kilograms (plural: tgnder). On average, potato yields are higher thia@ other cropsvith
around 12 gnder per t¢,ndef seed in comparison to 7.05 for wheat and 6.92 forSgeond,

they can be used as fodder for animals, as also empthdsizeontemporary writer§Ax,

2009). Third, they are superior to other staple crops in nutritional terms. Was
acknowledged by some writeet the time, e.g. Bendix (1807, p.22), but others did not
believe that potatoes were proper food for humans due to their role as foddefActpps
2009). Fourth, they allow for crop diversification and as noted by Ax (2@ti8)as one of

the man arguments that writers of théne used to promote the potato. Finally, “potatoes

could be planted on the land that was otherwise left fallow between the periods of grain
cultivation” (Nunn and Qian, 2011: p.601) and in this way oa did not need to switch

completely away from old staple crofi$ie case of S¢ren Pedersdsoillustrates this.

**He also argues that the above mentioned piiedithat clover introduction would transform Denmark into a
“new Canaan of milk and honey” should be understood literally. Clover contributed both to increased milk
production and increased the biological niche for the honeybee.

8



Figure 1: Yield for Potato, Wheat and Rye of Sgren Pedersen, 1811-1838
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Source: Schousboe (1983).

Breakthrough of clover

According to Falbe-Hansen (1887, p.136), it was only from the 1830s that clover was
introduced on many farms in Denmark. Kjergaard (1991, 1995) provides a short
historiography of clover in Denmark. Importantly, he provides maps of its diffusion covering
1775, 1785, 1795, and 1805. Clover seems to have been grown in a single town in 1732, but
Kjaergaard (1995, p.6) stresses that it was still regarded as a new crop and only grown
experimentally. His maps suggest that only few places had adopted clover by 1775 (see panel
A of figure 2) and it was only by 1805 that it had spread to a significant proportion of the
country (see panel B of figure 2). The map for 1805 shows limited diffusion in the western
part of the country, whereas adoption in the eastern part was much more widespread. It is
important to note that Kjergaard’s maps only indicate clover adoption and not the intensity.

This would be consistent with a later breakthrough as suggested by Falbe-Hansen (1887).



Figure 2: Clover adoption in Denmark in 1775 and %86llowing Kj%rgaard (1991)

Panel A Panel B
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Source: Kjergaard (1991)

Notes: Each town is shown by a dot.

Clover would often be introduced on Danish fields using a crop rotation system known as
koppelwirtschaftinvented in Holstein (Bjorn, 1988:p.35-37)."" This system would require
that the cultivated area was divided into at least seven fields. Clover would be planted on
some of the fields along with old world crops and on pastures, and in this way, the

advantages of clover could be enjoyed.
Breakthrough offtte potato

German immigrants who were invited by King Frederik V, in the period 1759-62, grew the
potatoes on the Juttish heath in western Denmark. Nonetheless, it was not until the 1820s or
1830s that the potato spread widely to all Danish areas and all parts of the population, Ax
(2008, p.45). Falbe-Hansen (1887, p. 137) notes that potatoes were mostly grown in people’s

gardens in the beginning of the 19 century, but it was uncommon as a field crop. Begtrup

*In England, some places adopted a four-course (or Norfolk) rotation which included: (1) wheat, (2) turnips, (3)
barley or oats, and (4) clover. In both koppelwirtschaft and the four course rotation system, clover paid an
important role, see Birnie (1962, p.14). Turnips were not included in koppelwirtschaft, and are only included in
official agricultural statistics from the 1870s in Denmark together with other fodder plants. Moreover, turnips do
not fix nitrogen from the air, whereas clover does (Allen, 2008:p.197). Thus, it is likely that good turnip yields
depend on growing clover, but not the other way around. Timmer (1969) says that the turnip was used as winter
fodder, and also stresses the importance of increased hoeing associated with growing turnips.!
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(1810, p. 86) corroborates this. He notes that in Randers county in western Denmark
(Jutland), potatoes were only grown in relatively small quantities in farmers’ gardens. While
Begtrup points to a few areas where potato were grown in fields, his descriptions suggest that
potatoes were being grown in relatively small quantities around the country (Ax, 2008).
Seren Pedersen’s diaries support the views of Falbe-Hansen (1887) and Ax (2008) as
potatoes became a more and more important crop on his fields in the 1820s. Figure 3 plots
Pedersen’s potato seed over the period 1811-1838. Around 1811, Pedersen only grew them in
his garden and his seed was less than one tende. The breakthrough seems to happen around
1821 where total potato seed exceeds 10 tender corresponding to 1000 kilograms. Ax (2009)
surveys the county descriptions from the period 1826-1844. All counties had potato
production in this period, production was expanding, and potatoes were no longer only grown

2
as a garden crop.”

Figure 3: Soren Pedersen’s Potato Seed, 1811-1838
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The late breakthrough of the potato in Denmark—despite being grown in gardens in a few
places—is also corroborated by the fact that the harvest reports collected by the government
agency “rentekammeret” of the late 18" century do not mention potatoes at all. While not a
question that we will resolve, one may wonder why the breakthrough took such a long time.

Some authors mention that storage during winter was a challenge (Thaarup, 1820; Bendix,

*Ax (2009) mentions that the islands of Lolland and Falster were exceptions in that they had little potato
production. As we explain below, these areas are dominated by heavier, clay soils which according to our
sources do not produce the best potatoes for human consumption.
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1807). The basic challenge was to protect the potatoes from frost, and Thaarup mentions that
at the time of writing relatively simple ways of storing potatoes had been devised. Other
authors stress skepticism towards potatoes as food for humans.?! Above, we also noted that
some authors stress that clover introduction may have mattered for potato introduction, since

nitrogen may be needed to enjoy the high yields of potatoes.
Summing up

This section discussed the benefits and breakthrough of the clover and potatoes. The
historical narrative suggests that clover and potatoes had their breakthroughs around 1820-
30s with a possible earlier breakthrough for clover. In the next section, we discuss what areas
were more likely to benefit from adopting these crops and as a consequence are more likely

to experience town growth.
3. Empirical strategy and data

This section describes our empirical strategy and the data we use in the analysis. The

empirical model is described in subsection 3.1 and data descriptions follow in subsection 3.2
3.1 Empirical model

We estimate models that build on the logic of the difference-in-difference estimator. In
practice, we interact measures, which vary within the cross-section of towns, with time
dummies. We estimate flexible and non-flexible models using both OLS and IV. We begin by
estimating the following flexible specification for the natural logarithm of the populations (In

pop) of town i, which allows for separate coefficients for each point at time (t):

13 13 1

3
Inpop;, = Z ﬁ}”omtoln(l + potato;) I} + Z BfveTIn(1 + clover; 1g05) I + Z ARIF + Z pil] + & (1),
- R

j=1 Jj=1 j=1

where ,ijomw and 8 ]-Clo"er are the parameters of interest that measure whether there are effects of

the breakthrough of the potato and early clover adoption. Itj represents time dummies and I}
represents market town dummies, i.e. time and town fixed effects. The variable potato; is the
share of land suitable for growing potatoes, while clover; 1445 1s the share of land on which clover

was grown in 1805 as will be explained below. Note that we log transform the variable in the

21Bjﬂ1’1’1 (1988) attributes the breakthrough of potatoes to the enclosure movement. By 1810, most villages had
abandoned the tradition of having common lands in favor of individual plots (Dombernovsky, 1988). This
allowed peasants to introduce potatoes on their own fields. While this may be a valid explanation of the timing,
it fails to explain why the potato may have had differential effects on town populations across Denmark.

12



same manner as in Nunn and Qian (2011). We also estimate non-flexible specifications that

assume breakthroughs in the 1820-30s:
In pop;; = ,Bpommln(l + potato) [P + [)’f“’"erln(l + cloveri‘lgos)IpOSt + R ARIF+ 252 pjltj + & (2),

where 7%t is equal to one after 1830 and zero otherwise. This model allows us to evaluate

the effect of clover and potatoes on urban populations. We also estimate versions of the

model that combine a flexible specification for clover and non-flexible for potatoes.

We further estimate versions of the models where we replace clover; 1405 by alfalfa; which
denotes the share of soil suitable for growing another legume — alfalfa. As we note below,
obtaining better alfalfa and clover yields requires similar soil conditions. The alfalfa
suitability measure is arguably plausibly exogenous, and since the historical record shows
that alfalfa had its breakthrough in Denmark long after the period studied, we use it as an

instrument for clover; ;4¢s.

3.2 Data

This subsection describes the data used for the outcome of interest, our two variables of

interest and other control variables. We discuss each in turn.

Outcome and variables of interest

Market t own populations: The data for populations of market towns have been compiled by
“den digitale byport” (the digital town gate).”> The market towns had the privileges of
carrying out trade, craftsmanship and other bourgeois business until the Trade Act of 1857
(Christensen and Mikkelsen, 2006; Degn, 1987). This had been the case since the Market
Town Act of 1422, which meant that trade was transferred to market places and fairs, and
thus peasants were prohibited from selling or buying goods in the countryside. While
privileges were lost in 1857, this was arguably a common shock, and we therefore do not

believe that it poses a threat to identification.

We use data on the kingdom of Denmark to keep focus on an area with similar institutions.
Parts of present-day southern Denmark near the German land border were part of duchies

which were under the rule of the Danish king, but had their own institutions. Further, these

"“Den digitale byport” is hosted by the University of Aarhus. The website serves as an information and data
resource for researchers working on Danish town development, see
http://dendigitalebyport.byhistorie.dk/privilegier/.!
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parts were nolonger under Danish rule after the DanRtussian war ofl864. The
populationdata are available at irregular time periods. The first complete data for market
town populations are from 16723 eompiled by Degn (1987)The next data are census data

for 1769, which was the first census for the whole country and not just the towns. Census
data ardurtheravailable for the following yeard:787, 1801, 1834, 1840, 1845, 1855, 1860,
1870, 1880, 1890and 1901. We use all these data in our estimatieigsire 4shows the
change in the average town popida among the 56 towns that haspulation data through

out the considered period. There is a positive change in the average population through the

period, but the most outspoken increases seem to take place after 1845.

Figure 4: Average market town population 1672-1901
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Source: “den dgitale byport”, http://dendigitalebyport.byhistorie.dk/privilegier/.

To allow for checkng whether there were effects of the potato after 1700 as assumed by
Nunn and Qian (2011), we focus on a balanced panel of market towns frorl9®r.2
Starting in 1672 allows us to test whether the effects of the potato are already present in 1769
This would be the case if the adoption after 1700 fits the Danish ddse.focus on a
balanced panghowever, comes at the cost of losing observations from the island Bornholm.
Yet, leaving out the market towns of Bornholm also grants us some beRefitsBanholm

is a smal] remote island, and we do netsh results to be dependent of special remote island

dynamics Second,Bornholm never hadserfdomas in the rest of the countryFinally,

*This area is kown collectively aSouthern Jutlad (“Senderjylland”) or North Schleswig“Nordslesvig™).
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Bornholm has deposits of brown coal which was mined during the period studied

(Encyclopedia Denmark), and we have no data that allow us to control for this.

Potato suitable soils: We use a raster file from the Food and Agriculture Organization
(FAO) which gives data for soil suitability of growing potatoes under conditions of rainfed
agriculture; see Figure 5 and Nunn and Qian (2011) for details. We use as a baseline soil with
at least a good level of suitability. To construct our measures, we use the fact that the market
towns had local markets. We approximate the local market by a circle with a radius of 10
kilometers measured from the center of the town. The local markets varied historically from 1
(approximately 7.5 kilometers) to 4 Danish miles. In many cases, the radius was 2 miles, but
the historical narrative suggests that this could often not be enforced.”* We examine the
robustness of this choice in the empirical analysis by choosing different radiuses. Thus, we
calculate the share of soil with at least good suitability in a circle with a 10 kilometer radius
as a benchmark. The share is calculated from the land mass within this 10 kilometer circle
around each town. This is what we use to construct our potatomeasure in equations (1) and
(2). The measure reflects the underlying suitability for growing potatoes. Similar measures
are constructed for circles with a radius of 5 kilometers and 20 kilometers to check for the

sensitivity of the distance from town.

One concern about our use of the suitability maps from FAO may be that the soil conditions
given on modern maps do not resemble those of the past. In the Danish case qualitative
sources suggest that the ‘best’ potatoes are those grown on sandy soils and not the heavier
clay soils (Madsen-Mygdal, 1938: p. 708). According to Madsen-Mygdal (1912), Denmark
has good conditions for growing potatoes mainly due to the presence of sandy soils in
Jutland.” Potato cultivation on these soils produces the best and tastiest potatoes. Two
reasons are given by Madsen-Mygdal (1912, 1938). First, they are less susceptible to potato
blight. Second, they are said to produce the most reliable food, industrial and fodder potatoes.
Potatoes may be cultivated on heavier, clay soils with high yields, but the quality is lower as
the potatoes tend to become “too big, watery and poor tasting.” (p. 708). This would also

mean that the sandy soils are likely to be able to take better advantage of using potatoes as a

f4This is indicated in the market town descriptions by “den digitale byport.”
*1Jutland is the western peninsula of Denmark which has a land border with Germany to the south, see Figure 5.
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source of food for human beingdoreover, the historical narrative suggests that there were

not large differences in yields across Danish localities, Bj¢.rn (1988,75.45).

Figure 5 Sdl suitability for growing potatoes
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Source: FAO raster data on soil suitability for potato

The sandy soils are to a higher degree present in Jutland where we also find many areas with
good soil suitability for growing potatoes under rainfed conditions according to the FAO
legend. A map of the sadluitability for growing potatasis shownin Figure 5 which shows

the soilsuitability levelsandthelocation oftowns. The areas in Jutland which have good soll

suitability or better tend to be clayey sand soils or a mix of sand soils and clayey sand soils.

*Data fran the first agricultural census of 1837 supports this view, as soil suitability does not predict yields. It
should be noted that these measures do not make quality adjustments. The historical narrative suggests that most
areas would have similar yields,tlihese similarities do not correct for quality differences. Thus, it is plausible

that qualityadjusted yields would vary across localities according to soil suitability.
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The eastern islands of Funen and Zealand have less soil with good suitability or better.”” The
areas with medium suitability overlap with the heavier clay soils located in the eastern part of
the country. This is particular true for the islands Lolland and Falster in southeast Denmark
which have the heaviest soils in Denmark. Given this, we hypothesize that the towns that
benefit most from potato adoption will be the ones that have better conditions for potato

production.

We also note that Andersen, Jensen and Skovsgaard (2013) establish that the soil conditions
of the late 20™ century closely resemble those of late 19" century suggesting that present day

soil maps proxy well for the past.

Clover adoption, 1805: We use Kjergaard’s map for the distribution of clover adoption in
1805 which was collected on the basis of all “18"™ manor archives and a number of other
sources” (Kjargaard, 1995:p.6).”® We calculate our clover measure from a digitized version
of Kjergaard’s map using the buffers described above. We measure the effect of clover by
using data on the areas that had adopted this crop by 1805. According to Figure 2, clover had
not been adopted in many areas prior to 1805. The 1805 distribution is probably close to an
“equilibrium distribution”, and will include many areas with good suitability for growing
clover. Yet, it is likely to be endogenous, and we therefore implement an instrumental
variables strategy based on soil suitability for growing alfalfa as explained next. We also

exploit Kjaergaard’s data for four available periods between 1775 and 1805.

Alfalfa suitable soil: As for potatoes, we use a raster file from the Food and Agriculture
Organization (FAO), see Figure 6. Clover and alfalfa are both legumes, and according to
Danish supplier “Hunsballe”,” both clover and alfalfa prefer clay and clayey soils. This
suggests that suitability for growing alfalfa also captures suitability for growing clover. Thus,
we could interpret the measure more broadly as “suitability for growing legumes.” As Figure
6 indicates, the best soils for growing alfalfa have medium suitability, and we use this as our

measure of alfalfa suitability.

71t may be noted that western Zealand, where Seren Pedersen lived, has some soil of good suitability for
growing potatoes.

*For a more detailed description of methodological issues of establishing the maps of clover adoption in
Denmark, see Kjargaard (1991).

** Hunsballe is a supplier of amongst others clover seeds to the Danish agricultural sector dating back to 1921.
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Figure 6: Soil suitability for growing alfalfa
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Source: FAO raster data on soil suitability for alfalfa.

Alfalfa may have been grown in small amounts, but as stressed by Kjaergaard (1995) clover
was the legume par excellence in Denmark. Kjergaard (1991, p.71) notes that alfalfa was not
widely adopted for climatic reasons. The historical narrative supports this. Brendegaard
(1978), for example, stresses that alfalfa was not widely adopted in the 19t century. This is
also corroborated by handbooks on agriculture edited by Madsen-Mygdal (1912, 1938).
Madsen-Mygdal (1912, p. 452) explains that Danish farmers had made many attempts at
growing alfalfa which had been unsuccessful, and therefore they viewed the crop as too
uncertain. He concludes that many farmers believed that alfalfa was unlikely to ever gain
importance for this reason. In the 1938 version of the same handbook, it is reiterated that
many farmers held the view that alfalfa is too uncertain under Danish conditions, Madsen-

Mygdal (1938). This suggests that since alfalfa was not widely adopted in the period studied,
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suitability for growing alfalfa does not affect town populations directly.’® Thus, alfalfa

suitability plausibly satisfies the exclusion condition for an instrumental variable.

As noted, Danish soils have at best medium soil suitability for alfalfa under rain-fed
conditions. This is in line with the historical narrative which also indicates that clover was
much better suited for Danish soils. Therefore, it is plausible that these soils capture the areas

with better than medium suitable soil for growing clover.

Thus, the relevance of suitability for growing alfalfa and the exclusion restriction are
plausibly satisfied. Regarding the relevance condition, we can further point to evidence from
the agricultural census of Prussia of 1886 available in Prussian Economic History Database
(Becker et al., 2012). Prussian farmers grew alfalfa perhaps due to better climatic conditions®!

and, in fact, yields for clover and alfalfa are strongly correlated, see Appendix B.

Yet, alfalfa suitability is also required to be uncorrelated with the error term. This would fail

if all clay soils in general were experiencing productivity changes. We return to this below.

Town and period fixed effects
We include town and period fixed effects to avoid confounding the effects of our variables of

. . . . . 2
interests with town-specific and time-specific common factors:”

Town fixed effects: These variables will capture spatial heterogeneity in terms of direct fixed
effects of, for instance, soil quality and location in contrast to our focus on time-varying
effects that arise due to the interaction between soil quality and the breakthrough of new

crops. We also capture fixed effects of the geographic factors stressed by Percoco (2013),

"#Madsen-Mygdal (1912) speculated that alfalfa could be grown with success in some areas of Denmark as also
indicated by the map. His discussion suggests that this is due to the climate, but he explains that the reason why
growing alfalfa had failed was likely that farmers had not respected the requirements for growing alfalfa. He
also mentions that some of these requirements have only recently become known.!

*'In line with this, Madsen-Mygdal (1912) emphasizes that countries with a continental climate, rather than a
coastal climate, may obtain higher yields of alfalfa. Moreover, none of the present day Danish towns of
Aabenraa, Senderborg, Tender or Haderslev—which in 1886 were part of Germany—grew any alfalfa, though
they did grow clover. Data on alfalfa are also absent from the agricultural censuses for Denmark for the 19
century.!

*Most of the market towns have easy access to the sea. In fact, 50 out 56 towns have direct access to the sea or
rivers. In general, variation in distance to sea or rivers is limited for the Danish market towns, and we therefore
do not control for a time-varying effect of this. Yet, we note that the town fixed effects capture direct access to
the sea, and any direct effect of this.

19



such as altitudeandinitial access to main raa. By including these, waake sure that we

are not simply capturing town fixed effects.

Time fixed effects: Since we are interested in the differential impact of potatoes and clover
on development, we need to include time effects such that any effemtewastimating is
relative to a common shoand aggregate change&3ontrolling for common shocks is also
important, since the period studied was a time of institutional chatgéecountrylevel.

For example, 18 century Denmark had serfdom which tied rural workers to the country side
and this may have hampered town growth by ité&elj. Christenserl945).Serfdom was a
common shock to the whole country, and it is accordingly important to control for it.
Similardy, in 1849 Denmark introduced male suffra@eg Aidt and Jensen, 2@}, which

may also have fiected overall growth, and thiagain will be capturedy common time

effects
4. Main results

The following subsectiors present our main results. We first present the results for the
flexible model, therwe move on to the on-flexible modelfor potatoes, and finally present

flexible and norflexible instrumental variables estimates.

Results frontheflexible model

The resits for the flexible model are shown in TableVe report two typesf test statistics
Thefirst estimate uses the standard ercogected for towsspecific clustering, whereas the
secondtype is Conley t-statistics forwhich standard errorsare correced for spatial
correlation in the error term. These allow for direct dependence between towns that are

within 2 degreesor roughly 222 kilometersf each other

We estimate models with the potato gréynd then with the potato and the two legume
measurs separately. All three models suggest that there is little effect of the potato initially.
The coefficients are small and imprecisely estimated uddb,lat which point significance is
achievedfor model 2regardless of the assumed error structlitee other models suggest
significance from 185%0 1860. We note that the effect gets larger over tinf&.This
possibly captures that potatoes spread, but it may also capture that new types of potatoes
which were more resistant to potato blight were introduced from England, Germany and the

#strictly speaking this means that the breakthrough takes places after 1801, and thus we code a dummy which is
1 from 1834onwardsand O otherwise.
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US from the 1880sSince these resultare consistent withour prior knowledge of a
breakthrough of the period 182@30, we estimate nefiexible models with a breakthrough

date from 1834 onwards

As noted by Nunn and Qian (2014613, a concern with this type of analysis is that areas
that experienced rapid populatiorogith also developed new types of potatoes that could be
grown in these localitiedmportantlyin the Danish casesignificant potatdreedingstarted

only from 1913 at the State Research Station of TylstinpNorthern Jutland, which
demonstrates thétreedingis unlikely to have been a consequence of town population growth
(Tolstrup, 2001¥ Further discussion as to why breeding should not be regarded a major

concern is provided by Nunn and Qian (2011).

Regarding the roles of clover and legumes, we get results suggesting that clover did have an
effect on market town populations, but since we have significance for most of the period, we
might suspect endogeneity bias, which we deal with below. When weeaiséfalfa measure
which is plausibly exogenous, we observe marginal significance inWife%tandard errors
correcting for clusteringbut significance thendisappears in 1787 and 1801, and then
significance becomes more systematic frord8nwards. he coefficient on the alfalfa
measure increases from 17871901 (with asmalldip in 1880), whereas the clover measure
increaseauntil 1870 after which it decrease3he early effectof clover can plausibly be
related to reverse causality as the measepeesents the 18G3over distribution. This may
suggest that thelover adopting areas had higherbanpopulation growth before adoption.

The effects in the final years amore difficult to explain, but theymight suggest that
population pressure is taking off in the adopting areas. We vd#althe endogeneity of

cloverbelow.
Results from non-flexible model

The nonflexible models reported in Table 2 all confirm that the potato had a positd/e a
significant effet on town populations from 183ghwards. The coefficient is fairly stable,
though a little lager when we control for cloveiThe results on the flexible part of the

models are largely unchanged.

#We have also investigated whether it wbbke more appropriate to use medium or better soil suitability for
potato soil suitability. We find that when we control for alfalfa that the effects of the potato are positive, but not
significant at conventional levels. This squares with the historarahtive which emphasizes that it was the

sandy soils in Jutland with good soil suitability that benefitted the most as we find consistently significant
effects when we use soils with good soil suitability for growing potatoes.
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Instrumental variables estimation

As we argued above, alfalfa did not have its breakthrough in Denmark until the 20" century
for climatic reasons and knowledge about growing methods. Yet, suitability of growing
clover and alfalfa are likely to be linked since they tend to grow on similar types of soils.
Thus, it seems plausible that the exclusion restriction and the relevance condition are both
satisfied. Yet, one could imagine that omitted variables are correlated with the soil types and

the spread of clover are present. We deal with this concern in the robustness section below.

Table 3a reports the flexible instrumental variables estimation. The first stages that use time
dummies interacted with suitability for growing alfalfa all show a positive coefficient on the
corresponding year. For example, the coefficient on alfalfa*I(t=1769) is positive and highly
significant. The Angrist-Pischke (2009) multivariate F-test of excluded instruments is 19.03
and highly significant with similar values for other years. Thus, the relevance of the
instruments is established. The results are consistent with the early effects being zero since
the associated coefficients are statistically insignificant.”®> Marginal significance is obtained
from around 1840, which is in line with a breakthrough of clover after 1801 (which means

from 1834 in our dataset).

*A caveat to these estimations is that standard errors which correct for clustering by town may be invalid as
reported by our statistical software. We therefore report standard errors which correct for heteroscedasticity
only. Yet we note that this correction matters little for our other results in terms of significance when not
correcting for clustering. Moreover, the potentially invalid standard errors that correct for clustering for the IV
estimation give similar results. We also investigate reverse causality in a different manner below, where we
correct for clustering, and note that we get results in line with the I'V results.!
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Table 1: Flexible OLS estimates with 10 kilometer buffers

Model 1 Model 2 Model 3

OLS Conley OLS Conley OLS  Conley
Regressors B T-statistics B T-statistics B T-statistics
Potato*I(t=1769) 0.012 0.076 0.096 0.137 0.834 1.192 0.006 0.038 0.047
Potato*I(t=1787) 0.018 0.117 0.146 0.126 0.796 1.049 0.014 0.09 0.108
Potato*I(t=1801) 0.058 0.356 0.459 0.188 1.197 1.441 0.052 0.331 0.407
Potato*I(t=1834) 0.089 0.473 0.674 0.251 1.391 1.732 0.082 0.448 0.611
Potato*I(t=1840) 0.106 0.56 0.792 0.266 1.474 1.773 0.099 0.537 0.73
Potato*I(t=1845) 0.158 0.864 1.332 0.324 1.805 2.304 0.15 0.844 1.235
Potato*I(t=1855) 0.306 1.464 2.202 0.47 2.43 3.135 0.297 1.448 2.066
Potato*I(t=1860) 0.371 1.725 2.486 0.543 2.735 3.419 0.361 1.725 2.344
Potato*I(t=1870) 0.452 2.021 2.669 0.614 2.951 3.625 0.442 2.043 2.538
Potato*I(t=1880 0.546 2312 3 0.658 2.905 3.748 0.537 2.348 2.88
Potato*I(t=1890) 0.702 2.692 3.989 0.801 3.135 4.856 0.692 2.773 3.952
Potato*I(t=1901) 0.815 2.786 3.962 0.914 3.189 4.747 0.804 2.861 3.96
Clover*I(t=1769) 0.455 2.391 3.223
Clover*1(t=1787) 0.393 2.069 2.677
Clover*I(t=1801) 0.478 2.788 3.822
Clover*1(t=1834) 0.591 3.489 4.526
Clover*1(t=1840) 0.584 3.404 4.511
Clover*I(t=1845) 0.605 3.287 4.135
Clover*I(t=1855) 0.6 3.306 3.995
Clover*I(t=1860) 0.629 3.458 4.754
Clover*1(t=1870) 0.589 2.94 4.557
Clover*I(t=1880) 0.411 1.694 2.761
Clover*I1(t=1890) 0.36 1.217 2.199
Clover*I(t=1901) 0.361 1.058 2.153
Alfalfa*I(t=1769) 0.238 1.795 2.097
Alfalfa*I(t=1787) 0.167 1.174 1.391
Alfalfa*I(t=1801) 0.199 1.449 1.541
Alfalfa*I(t=1834) 0.272 1.724 1.884
Alfalfa*I(t=1840) 0.292 1.843 2.129
Alfalfa*I(t=1845) 0.305 1.965 2.394
Alfalfa*I(t=1855) 0.335 1.89 2.5
Alfalfa*I(t=1860) 0.371 2.067 2.71
Alfalfa*I(t=1870) 0.388 2.026 2.533
Alfalfa*I(t=1880) 0.346 1.656 2.065
Alfalfa*I(t=1890) 0.388 1.669 2.156
Alfalfa*I(t=1901) 0.431 1.661 2.243

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust SE-dostectrd by town. Conley

estimates corrected for spatidpendence in SE. The potato suitability measure is good or better (denoted Potato). The alfalfa suitability measureds mediu
better (denoted Alfalfa). Clover is the share of land used for cultivating clover (denoted Clover). All are computee lagjrigatisformation as in equations

(1) and (2)I(t=c) is the dummy for year c. The dataset is a balanced panel with 56 market towns for 13 years yielding 728 observations
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Table 2: Non-Flexible OLS estimates (potato only) with 10-kilometer buffers

Model 1 Model 2 Model 3

OLS Conley OLS Conley OLS  Conley
Regressors B T-statistics B T-statistics B T-statistics
Potato* 1P " %"& (& " #'C& (& "#.&% #1.& ()&
Clover*I(t=1769) "#'&  %"%( %")&
Clover*I(t=1787) "t +"*1& %"&
Clover*I(t=1801) "#*&  %"& #'118
Clover*I(t=1834) "e& ("$& )"+&
Clover*I(t=1840) ")y& #"+t& )'$&
Clover*1(t=1845) "y #& )'#HE&
Clover*I(t=1855) M$& #''& ("+&
Clover*I(t=1860) I"$& #'H& (HE
Clover*I(t=1870) M€ %"&, #'#&
Clover*I(t=1880) "#18% +"0& +"$&
Clover*I(t=1890) "+ 1"(& 1"),&
Clover*I(t=1901) "+ 1"(P& 1" #H&
Alfalfa=I(t=1769) "00& +"$& %"I&
Alfalfa=I(t=1787) "+ & +"+& +"#&
Alfalfa*I(t=1801) "G  +'0& +"),&
Alfalfa*I(t=1834) "o& +',(& +".(&
Alfalfa*I(t=1840) "0% +'& +"*&
Alfalfa*1(t=1845) "& +"& %"&,
Alfalfa*I(t=1855) "#H +"& %" (&
Alfalfa*I(t=1860) "4 %18 %"®-
Alfalfa*I(t=1870) "#& %" %".&
Alfalfa*I(t=1880) M#& +"& %"%-
Alfalfa*I(t=1890) MR +"$R %" (¥
Alfalfa*I(t=1901) "& +'& %")&

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust SE
clustering corrected by town. Conley estimates corrected for spatial dependence in SE. The potato suitability measure is
good or better (denoted Potato). The alfalfa suitability measure is medium or better (denoted Alfalfa). Clover is the share of
land used for cultivating clover (denoted Clover). All are computed using the log transformation as in equations (1) and (2).

7% s equal to one from 1834 onwards and zero otherwise. I(t=c) is the dummy for year c. The dataset is a balanced panel
with 56 market towns for 13 years yielding 728 observations.
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Table 3a: Flexible IV estimation

v First stage OLS
Regressors
Log population Clover* 1(t=1769) Log population
Potato* I7°** 0.534" 0.0706' 0.425"
(6.48) (3.12) (3.48)
Clover* I(t=1769) 0.729 0.391"
(1.43) (2.24)
Clover* I(t=1787) 0.513 0.334*
(0.99) (1.81)
Clover* I(t=1801) 0.612 0.389"
(1.25) (2.17)
Clover* I1(t=1834) 0.802 0.673"
(1.62) (4.07)
Clover* I(t=1840) 0.864* 0.658"
@.77) (3.91)
Clover* I(t=1845) 0.908* 0.653”
(1.90) (3.83)
Clover* I(t=1855) 1.010° 0.579'
(2.14) (3.08)
Clover* I(t=1860) 1.124 0.574
(2.39) (3.03)
Clover* I(t=1870) 1.183 0.501**
(2.49) (2.44)
Clover* I(t=1880) 1.058" 0.302
(2.11) (1.25)
Clover* I(t=1890) 1.198" 0.184
(2.15) (0.65)
Clover* I(t=1901) 1.336' 0.132
(2.14) (0.41)
0.327"
Alfalfa* I(t=1769) (4.36)
Kilometers buffer 10 10 10
N 728 728 728

Notes: statistics in parentheség; < 0.10,” p < 0.05,” p < 0.01, robust SE. All estimations control for year fixed effects

and town fixed effects.  Standard OLS estimates for robust SE. The Potato suitability measure is good or better (denote
Potato). The alfalfa suitability measure is medium or betterofeel Alfalfa). Clover is the share of land used for cultivating
clover (denoted Clover). All are computed usihg log transformation as in equatiq) and (2) 17°*" is equal to one

from 1834 and zero otherwise. I(t=c) is the dummy for ye@he.first stage is for Clover* |(t=1769). Alfalfa interactions

with time dummies for other years than 1769 are suppre$&&d.is equal to one from 1834 onwards and zero otherwise.

The dataset is a balanced panel with 56 market towns for 13 yelaliagy 728 observations.
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Table 3b: Nonflexible IV estimation!

\% First stage OLS
Regressors Log population  Clover share Log population
! Potata* [Pt "#$%&&  (1")*$&&S8 I"%)#&&&

1'#% £"$$- +"%8.
Clover* [Pt "#.1&&& 1"/.%&&

"1 ¥ %/
Alfalfa* [P I"$$S& &«

)%t

N 0)* 0)* 0)*
Kilometers buffer /" X "
N 0)* 0)* 0)*
F statistic 1##"1)0

T

Notes: t statistics in parentheses, ' p<0.10, - p<0.05, - p <0.01, robust SE. All estimations
control for year fixed effects and town fixed effects. Standard OLS estimates for robust SE.
The Potato suitability measure is good or better (denoted Potato). The alfalfa suitability measure

is medium or better (denoted Alfalfa). Clover is the share of land used for cultivating clover

(denoted Clover). All are computed using the log transformation as in equation (1). [ post

is equal to one from 1834 and zero otherwise. (t=c) is the dummy for year c. The first stage is

for Clover* I(t=1769). Alfalfa interactions with time dummies for other years than 1769 are

suppressed. [ post g equal to one from1834 onwards and zero otherwise. The dataset is a

balanced panel with 56 market towns for 13 years yielding 728 observations.

Given the results for the flexible model, Table 3b follows the assumption of Falbe-Hansen
(and Kjergaard) in assuming that the widespread adoption happened from 1834 onwards (i.e.
effects are assumed to appear after 1801). We note that the F-statistic is large suggesting that
the instrument is strong. We used the IV model in Table 3b to calculate counterfactual
contributions from potatoes and clover to market town population growth from 1672 to 1901,
i.e. we use the estimated model to remove the effects of clover and potatoes in 1901. These
calculations suggest that clover and potatoes can account for roughly 14 percent of the
increase in log town populations from 1672 to 1901. On its own, clover can account for 7.7
percent, whereas potatoes can account for 6.4 percent. These effects are modest, yet not

trivial. We next turn to checking robustness of results.
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4.1 Robustness

In this section, we consider a number of robustness checks. First, we dig into whether our
results on clover simply capture a general development on claydodl would affecthe
interpretation as well athe plausibility of the exclusion restriction for alfalfa suitability
Second, we consider institutional heterogeneity. Third, we investigate the sizelotahe
markets as indicated by the size of the ciredesund the towng~inally, we discuss resl

based on a larger set of market towns for which data are not available for all years.
General productivity increase of clay soils

While our use of suitability measures as sources of exogenous variation go some way in
establishing that the results remescausal effectgoncerns may remain.oF example we

noted above that alfalfa and clover both tend to grow better on clay soils. Thus, a concern
would be that we are simply capturing the effect of other variables that make clay soils more
productive. Mokyr (1990, p.59) notes that new ploughs with a curved mouldboard were
introduced inthe Netherlands in the I7century. The new ploughs had iron mouldboards as
wood is difficult to shape into the desired forithey also tended not to have wheels, and
fewer draft animals were needdeurther, he Rotherham plougbr swing plough with an

iron mouldboardwas patented in England in 1730.was first introduced in Denmark in
1770, though itggeneraldiffusion was much slowerAccording to Falbe Hansen (1887,
pp.137%38), the swing plough replaced the old wheel plough with a wooden mouldboard
graduallyover time, but also led to improvements on the old wheel plddghmotes that in

1820, there werdO-wheeledploughs for every swing plough. Kj¥%rgaard (1991,1f)1
argues that the diffusion was faster, and that ploughs with iron mouldboards weoa mged

less than two thirds of Danish farms at the end of tHeck8tury.As noted by Christensen
(1996, p.640), contemporaries stressed that the functions dbtighpwvere to turn the seit

which incorporate$or exampleanimal manure into the se#fand to cut the roots of weeds.
Both the older heavy ploughs and the swing ploughs could carry out these furantidisey

were arguably more important on clay soilsen turning the soil was important for e.g.
effective weed contrabecauseahese soils offer more resistance than lighter soils (Andersen
et al., 2013)Qualitative evidence on the use of the swing plough is given by Dinesen (1915,
pp.13839). Herecollects that the wheel plough drawn by four horses was replaced by the

swing plough on his father’s farm on west Zealand in the 1840sHe describes the soils as
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clay soils.This suggests that the clay soils may have gotten more productive because of new
ploughs as well as thaultivation of clover. We address this concern by running a regression
on the potato variable and the share of clay soil interacted with time dunihoes. [V
resultsfor clover and our reduced form results for alfadf@ simplycapturing that the clay

soils get more productive for a variety of reasons, we should expediain alsimilar pattern

as foralfalfa.

Figure 7: Clay soils and alfalfa suitable soil
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Source: Own estimation results based on FAO raster data on soil suitability for alfalfa and raster data on clay

soils.

The model with potato and alfalfa suitability may be viewed as a reduced form asdoleth
measures are plausibly exogendfishe plausibly exogenous variation in alfalfa captuaes
effect of clay soils, we would expect a similar pattéon the coefficientsvhen we replace

the alfalfa measure by clay soilglodel 3 in Table4 which includes the share of clay soll
suggests that is unlikely that the results are driven by a general effect of clay soils. While
the coefficients are positive and rising until 08¢hey actually decrease from this period
onward, and eventually become negative. Moreover, tstistics are nevemear
significanceat any conventional leveThis suggests thaif anything, it was the clagoils,
which were suitable for legunse¢hat got more productiv&his is also apparent froffigure

7, which plots the estimatedoefficientsfor clay soils and alfalfginteracted with time

dummies) Andersen et al. (2013) provide evidence that the older heavy plough was

28



important for urbanization in clay soil areas in Denmark and Europe in general. Our results
suggest that the new ploughs of the 18" century were perhaps not as big improvements as
believed by some contemporaries. In fact, ploughing contests carried out from 1770-1820
also suggest that heavy ploughs could still compete with swing ploughs. For example, this
was the case in the 1803 tests carried out by the Danish veterinary school (Christensen, 1996:

p.632).
Institutional variation

The focus on Danish market towns means that the time fixed effects capture the institutional
changes common to all parts of the country. While, all of the country had serfdom (known as
“stavnsbaand”) from 1733 to 1800, the eastern islands of Zealand, Falster, Lolland and Men
had a version of serfdom known as “vornedskab” till 1701. The timing of the effects observed
in the estimations above suggests that this is not a major concern, but we still test whether our
results are driven by differences in institutional shocks by examining whether we get similar
results if we focus on the parts of the country which have variation in soil suitability and a
common institutional history. This leads us to focus on the island of Funen and the peninsular
of Jutland. This leaves us with 35 market towns. The results in Table 5 suggest that our
results are, in fact, not driven by this difference in institutional shocks. Yet, Table 5 shows
marginal significance in 1769 and 1801 for the alfalfa measure, and this may be indicative of
early effects of clover. We investigate this carrying out instrumental variables estimations on
the reduced sample, and we find results similar to those for the full sample with no early
effects, see Table 6a and 6b. We also looked at a measure that tracks time variation in clover
adoption from 1775 to 1805, and find again that the early coefficients are statistically

insignificant, see the next subsection.
Alternative measure of clover adoption

The instrumental variables estimates in Tables 3a, 3b, 6a and 6b suggest that there is no early
effect of clover. As an alternative way of testing this, we exploit Kjergaard’s maps, construct
the adoption measure for each of the years 1775, 1785, 1795, and 1805, and run a new model
where time dummies are interacted with the adoption measure for the closest year. The
results are shown in models 2 and 3 in Table 7. We observe that the coefficient on the 1775
clover measure interacted with the dummy for the year 1769 is small and insignificant
regardless of type of standard errors. The coefficient on the measure for 1787 doubles, but is

still insignificant. For the 1795 measure interacted with the dummy for 1801, the coefficient
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falls and is again insignificant with both type of specification. For years from 1834 onwards
(i.e. after 1805), the coefficient is larger than for other years, and much more precisely
estimated. Using the Conley type standard errors to correct for spatial correlation, we obtain
significance at the one percent level. With standard errors that correct for clustering,
significant is close to the 10 percent level from 1834. We therefore conclude that the signal of
an effect becomes much stronger after 1805. For the Jutland and Funen sample in model 3,
the coefficients show a less monotonic relationship, but the coefficients in the early periods
are all insignificant with both types of standard errors, and significance is only achieved after
1805 at the ten percent level using standard errors that correct for clustering, and at the one
percent level using the Conley standard errors. Thus, this approach is largely in line with the
instrumental variables approach. Yet, we note that this clover adoption measure may still

include some biases.
Alternative definition of local markets

We also check that the results are not driven by the choice of radius around a market town.
Table 8 shows some representative results. Smaller radiuses of 5 kilometers tend to reduce
the size of the effect, whereas larger radiuses make the effect slightly larger, though we
observe that with the larger local markets we generally get less precise estimates. Thus, we

conclude that results are not driven by the choice of the local market size.
Unbalanced panel

We have also re-estimated all models using a larger panel of market towns for which data are
not available for all years, i.e. unbalanced data. This means that we can check whether, for
example, excluding the remote island of Bornholm matters. The results, which are available
upon request, are in fact very similar to those from the balanced panel. Moreover, with the
unbalanced panel, we do not observe even marginal significance in 1769 for alfalfa as we do
in Table 1. This reinforces our interpretation that there are no systematic early effects of

clover as also shown in Tables 3, 4 and 7.
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Table 4: Non-Flexible OLS estimates (potato only) with 10 kilometer buffers with reduced

form for clay soils

Model 1 Model 2 Model 3

OLS Conley OLS Conley OLS  Conley
Regressors B T-statistics B T-statistics B T-statistics
Potato* [P 0.372 2.992 4508 0425 3.481 4.954 0.387 2.986 4.368
Alfalfa*I(t=1769) 0.238 1.795 2.097
Alfalfa*I(t=1787) 0.167 1.174 1.391
Alfalfa*I(t=1801) 0.199 1.449 1.541
Alfalfa*1(t=1834) 0.272 1.724 1.884
Alfalfa*I(t=1840) 0.292 1.843 2.129
Alfalfa*1(t=1845) 0.305 1.965 2.394
Alfalfa*I(t=1855) 0.335 1.89 2.5
Alfalfa*I(t=1860) 0.371 2.067 2.71
Alfalfa*1(t=1870) 0.388 2.026 2.533
Alfalfa*I(t=1880) 0.346 1.656 2.065
Alfalfa*1(t=1890) 0.388 1.669 2.156
Alfalfa*I(t=1901) 0.431 1.661 2.243
Clay* I(t=1769) 0.142 0.828 0.811
Clay* I(t=1787) 0.103 0.503 0.529
Clay* I(t=1801) 0.048 0.261 0.23
Clay* I(t=1834) 0.229 1.068 1.035
Clay* 1(t=1840) 0.283 1.325 1.378
Clay* I(t=1845) 0.235 1.152 1.186
Clay* I(t=1855) 0.225 0.972 1.078
Clay* 1(t=1860) 0.22 0.89 0.979
Clay* I(t=1870) 0.191 0.729 0.768
Clay* I(t=1880) 0.051 0.178 0.181
Clay* I(t=1890) -0.028 -0.088 -0.084
Clay* I(t=1901) -0.064  -0.176  -0.169

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust SE clustering-
corrected by town. Conley estimates corrected for spatial dependence in SE. The potato suitability measure is good or better
(denoted Potato). The alfalfa suitability measure is medium or better (denoted Alfalfa). Clay is the share of land which is

classified as clay soils. All are computed using the log transformation as in equations (1) and (2).

Ipost

is equal to one from 1834

onwards and zero otherwise. I(t=c) is the dummy for year c. The dataset is a balanced panel with 56 market towns for 13 years
yielding 728 observations
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Table 5: Non-Flexible OLS estimates (potato only) with 10 kilometer buffers, dtland and

Funen
Model 1 Model 2 Model 3
OLS Conley OLS Conley OLS Conley

Regressors B T-statistics B T-statistics B T-statistics
Potato*/"** 0.375 2225 3.607 0.484 2584 4509  0.346 2.254 3.66
Clover*|(t=1769) 0.379 2002 2181

Clover*I(t=1787) 0.382 1946 2.014

Clover*|(t=1801) 0.441 2.338 3.002

Clover*|(t=1834) 0.803 4.477  6.526

Clover*|(t=1840) 0.798 4.411  6.271

Clover*|(t=1845) 0.799  4.486  6.159

Clover*|(t=1855) 0.701 3.595 4.872

Clover*|(t=1860) 0.654 3.243 4616

Clover*I(t=1870) 0.547 2.46 3.283

Clover*|(t=1880) 0.316 1.224 1.72

Clover*I(t=1890) 0.177 0.582 0.985

Clover*I(t=1901) 0.116 0.332 0.589

Alfalfa*|(t=1769) 0.322 1.889 2.228
Alfalfa*|(t=1787) 0.267 1.444 1.773
Alfalfa*|(t=1801) 0.309 1.735 1.852
Alfalfa*|(t=1834) 0.413 1.967 1.875
Alfalfa*|(t=1840) 0.431 2.04 2.093
Alfalfa*|(t=1845) 0.435 2.151 2.226
Alfalfa*|(t=1855) 0.454  1.989 2.325
Alfalfa*|(t=1860) 0.493 2.144 2.748
Alfalfa*|(t=1870) 0.509  2.091 2.547
Alfalfa*|(t=1880) 0.464 1.793 2.195
Alfalfa*|(t=1890) 0.554 1.931 2.56
Alfalfa*|(t=1901) 0.593 1.825 2.528

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust SEyclusterin
corrected by town. Conley estimates corrected for spatial dependence in SE. The potato suitability measure is good or better
(deroted Potato). The alfalfa suitability measure is medium or better (denoted Alfalfa). Clover is the share of land used for
cultivating clover (denoted Clover). All are computed ugimg log transformation as equatios (1) and(2). 1”°* is equal to

one from 1834 onwards and zero otherwise. I(t=c) is the dummy for year c. The dataset is a balanced panel with 35mearket tow
for 13 years yielding 455 observations.
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Table 6A: IV estimation, flexible for Funen & Jutland only

Estimator v First stage oLs
Dependent Log population Clover*1769 Log population
Potata* JP°St 0.602"" 6.665 0.484""
(5.70) (40.30) (5.03)
Clover*I(t=1769) 0.698 0.379*
(1.54) (1.80)
Clover*I(t=1787) 0.578 0.382*
(1.24) (1.68)
Clover*|(t=1801) 0.669 0.441""
(1.53) (2.02)
Clover*I(t=1834) 0.845%* 0.803"
(1.95) 4.11)
Clover*|(t=1840) 0.883" 0.798""
(2.07) (4.13)
Clover*|(t=1845) 0.892" 0.799""
(2.14) 4.21)
Clover*(t=1855) 0.934™ 0.701""
(2.26) (3.72)
Clover*|(t=1860) 1.018" 0.654""
(2.47) (3.43)
Clover*|(t=1870) 1.053" 0.547"
(2.55) (2.90)
Clover*|(t=1880) 0.954" 0.316
(2.20) (1.57)
Clover*|(t=1890) 1.149™ 0.177
(2.33) (0.75)
Clover*I(t=1901) 1.235" 0.116
(221 0.42)
0.461™"
Alfalfa* 1(t=1769) (4.74)
Kilometers buffer 10 10 10
N 455 455 455

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust SE

clustering-corrected by town. Conley estimates corrected for spatial dependence in SE. The potato suitability
measure is good or better (denoted Potato). The alfalfa suitability measure is medium or better (denoted Alfalfa).
Clover is the share of land used for cultivating clover (denoted Clover). All are computed using the log

transformation as in equations (1) and (2).

Ipost

is equal to one from 1834 onwards and zero otherwise. I(t=c) is the

dummy for year c. The dataset is a balanced panel with 35 market towns for 13 years yielding 455 observations
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Table 6B: Non-flexible 1V estimation

v First stage OLS
Log population Clover share Log population
Potato* 17 0.602%+** -0.502% 0.4847%%%
(5.74) (-16.57) (4.96)
Clover* [P%% 0.510%** 0.245%*
(3.79) (2.49)
Alfalfa* 7% 0.508***
(18.19)
Constant 6.881%#* 0.0748%* 6.935% %%
(102.21) (2.99) (98.95)
N 455 455 455
Kilometers buffer 10 10 10
N 728 728 728
Kleibergen-Paap
rank Wald F
statistic (weak
identification) 3309

Notes:s statistics in parentheses; < 0.10,” p < 0.05,” p < 0.01, robust SEAIll estimations control for year

fixed effects and town fixed effects. Standard OLS estimates for robust SE. The potato suitability measure is
good or better (denoted Potato). The alfalfa suitability measure is medium or better (denoted Alfalfa). Clover is
the share of land used for cultivatiolpver (denoted Clover). All are computed using the log transformation as

in equationg1) and (2) 17°*" is equal to one from 1834 and zero otherwig’** is equal to one from 1834
onwards and zero otherwise.
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Table 7: Early effect ofclover based on standard OLS and Conley SE correcting for

spatial dependence, 10 kilometers Buffer

Model 1 Model 2 Model 3

OLS  Conley OLS Conley OLS Conley
Regressors B T-statistics B T-statistics B T-statistics
Potato* [P%% "4 HE H#TE I"HE TWE O #YE "M@ $HE H#'HE
Clover*I(t=1769) "9E $'$8 $'98
Clover*1(t=1787) "# e )"(8 $)IR
Clover*(It=1801) mes $),8  "MI'sE
Clover*I(t=1834) "+.&  #'E %NS
Clover*I(t=1840) "+ " %".§
Clover*I(t=1845) "+  "(#  %"g
Clover*I(t=1855) "68  MIOE  #")E
Clover*I(t=1860) "%&  "I'SE  #M)B
Clover*I(t=1870) "0g  $"HE "
Clover*I(t=1880) " )'$E )48
Clover*I(t=1890) M "+E "8
Clover*I(t=1901) I"'$ I'Hlg I'+R
Clover1775* "rog  I"M4g Mg 1068 I8 1™
1(t=1769)
Clover1785* "8 G ) "8 (B )€
1(t=1787)
Clover1795* IM$E  1"+&  )ISE  IMHE I"%E 1"+
1(t=1801)
Clover1805* "$E )"+ $U+E I"$rE ) $98
1(t>=1834)

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust
SE clustering-corrected by town. Conley estimates corrected for spatial dependence in SE. The potato suitability

measure is good or better (denoted Potato). Clover is the share of land used for cultivating clover in 1805.

Clover1775, Clover1785, Clover1795, Clover805 denote the share of land for cultivating clover in 1775, 1785,

1795 and 1805 respectively. All are computed using the log transformation as in equations (1) and (2).
equal to one from 1834 and zero otherwise. I(t=c) is the dummy for year c. The dataset used for model 1 and 2
is a balanced panel with 56 market towns for 13 years yielding 728 observations. In model 3, we use the 35

markets town on Funen and in Jutland.
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Table 8: The effect of potato as of 1830 based on standard OLS and Conley SE
correcting for spatial dependence, 5, 10 and 20 kilometers buffer

Model 1 Model 2 Model 3

OLS Conley OoLS Conley OLS Conley
Regressors B T-statistics B T-statistics B T-statistics
Potato* "HED  H'&% ("% "% *&o ()& "+ #'& ("t%

Alfalfarl(t=1769) "#% +'$% #'1% 1"#% +'$% #1% 't +'$% #1%
Alfalfari(t=1787) "+& +'+% +7%  I"+& +"+HH  +% "+&8 "+ +%
Alfalfasi(t=1801) '"#6 +'(% +)& 'S +'(% +)& "% +'(B +")&
Alfalfari(t=1834) !"#¥6 +'&%%  +'&% I"#HA& +" +" "#%  +"$B)  +"$%
Alfalfa*i(t=1840) "#% +"1% +"06 1"#8 +'86 +", "%  +"'H6  #6
Alfalfai(t=1845) "1& +"(#o  #'+% "%+ #'H&  I™H%  #'1%  #'HB
Alfalfa*l(t=1855) !"**% +"®o  #'(% "0 +%  #'#& "W "% #)&
Alfalfa*it=1860) !"*$% #'+06  #'$%E " #'1Y  #$W  I"%  #+Pp #0%
Alfalfa*i(i=1870) !"*'& #"\&% #" &% "0  #'N% #'&Y "+  #'+lp #H'S%
Alfalfa*l(t=1880) '")Po +"&%  #'#8F " (% +'&p #'H#W "o +"$%  #™fo
Alfalfarit=1890) "(I®6 +"'$% #'(% "% +'$% #(O @ +'$%H #)8
Alfalfari(t=1901) (& +'$%  #'&% " +% #)& " +"% #'&%
Buffer size )% +0 #%

Notes: All estimations control for year fixed effects and town fixed effects. Standard OLS estimates for robust SE
clusteringcorrected by town. Conley estimates corrected for spatial dependence in SE. The potato suitability measure is
good or better (derted Potato). The alfalfa suitability measure is medium or better (denoted Alfalfa). Clover is the share of

land used for cultivating clover. All are computed using the log transformation as in eq(htiand (2) is equal to
one from 1834 1ad zero otherwise. I(t=c) is the dummy for year c. The dataset is a balanced panel with 56 market towns for
13 years yielding 728 observations.

5. Conclusion

In this paper, we have evaluated the impact of clover and potatd@arsshmarket town
populations. We have presented evidence suggesting that both clover and potato mattered for
development. In this way, the Danish case suggests that there is room for a role for both.

We are also able to demonstrate that our findings are unlikely to be driven by institutional
heterogeneity, and that the results regarding cldeemost likely nosimply reflect thafor
examplenew ploughs were introduced. Moreover, if one accepts xhkison restriction,
which is that soil suitability for alfalfapnly works througtthe adoption of clover, we also

provide an estimate of the causal effect of clover adoption. This effect seems to become
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larger (see Table Bover time, and supportbe hypothesisthat clover did contribute tthe

developmenof urban population

Regarding the potato, ovesultsare in line with the views of historians and other writers on

its general breakthrough. This timing of the breakthrough is roughBO7/gears leer than

the date used by Nunn and Qian (2011), and suggests that country heterogeneity in the
adoption of the potato may be substantial. Moreover, using market towns we firidethat
potato can explain 6.6 percent of the change in the growth of ntavkefpopulationsWhile

lower than what found by Nunn and Qiar results corroborate theverall conclusion of

Nunn and Qian (20)1in the sense that the potato had importafcether the IV estimates
suggest that clover may have been marginally mionportant than the potatofor

urbanizationn Denmark.

The resultdor clover are of interest on their own as they demonstrate that Kj¥%rgaard (1991),
Allen (2008) and othershave rightly emphasized its developmental importandde
estimated effects sugsfethat the importance of clover for urbanization was about 7.7 percent

of total market town population growth

One may ask whether the results translate to other coffeédésioted above, clover has also
EHHQ GHHPHG LPSRUWDQW IRU WKH FDYV estiRates@ddtbeQ G DV
ones by Chorley (1981) farorthwest Europe. Thimdicatessome generalitpf our results,

but as noted above, the English systemropaotation was slightly differerthan the one

used in DenmarkMoreover, alfalfamay have played some role in the German case
suggested by the Prussian Economic History Datalimeetheless, the results indicate the
importance of legumes in generaihd specifically depending on climatoonditions and

knowledge, the different tyg®f legumes were adapted at different stages across Europe

Finally, we wish to discuss some caveats regarding the present researclouFiestimates

do not disentanglthe specific mechanism. Both clover and potatoes arguably helped directly
to increasehe production of food for human consumption, but also indirectly by working as
animal fodder. The results of Allen (2008) suggest that the direct effect as a mbhitdéogy
should be there, but in practice it is likely to be difficult to disentangle these effects.
Nonetheless, this is an important topic for future rese&ebond, our results are conditional

on countrywide institutional changes, which are confoundeith other common time

%The work by Bustos et al. (2013) suggests that agricultural innovations may even drive local development
today. They investigate the impact of genetically modified soy besing data from Brazil.

37



specific effects. While weneasurethe importance ofparts of) geography, the effects of
institutional change cannot be estimated, and we cannot evaluate the relative of importance of
institutions vs. geographical factoss suggsted by Acemoglu et al. (2005b), institutions

may be a fundamental cause of economic gro®@tie promising avenue fouture research

is todig deeper into institutional changes across relatively homogenous geographies
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Appendix A
Data sources:

Town population data come from “Den digitale byport” available at

http://www.bvhistorie.dk/den-digitale-byport/

Suitability maps are available from FAQO’s Global Agro-Ecological Zones (GAEZ) database:

http://webarchive.iiasa.ac.at/Research/LUC/SAEZ/index.html

Clover maps are digitized from original maps in Kjergaard (1991).

Information on growing clover and alfalfa in Denmark available from (only available in
Danish- fact sheets are available upon request from the authors):
http://butik.hunsballe.dk/shop/frontpage.html

Information on clay soils in Denmark — soil map digitized by Andersen, Jensen and
Skovsgaard (2013) from Frandsen (1988).

The Prussian Economic History database is described in Becker et al. (2010) and can be
accessed at:

http://www.cesifo-group.de/ifoHome/facts/iPEHD-Ifo-Prussian-Economic-History-
Database.html

Appendix B

In this appendix, we demonstrate that Prussian counties with higher alfalfa yields also tend to
have higher clover yields. The data cover 518 counties in total. We run regressions for the
367 counties that produce some alfalfa, and find a positive and significant relationship. We
can also include those with zero observations indicating zero production, though these seem
less plausible to include. Yet including the zero observations does not change the results, and
they are robust to Tobit estimation. Figures A1 and A2 show the associations between the

yield measures with and without the zero observations.
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Figure Al: Alfalfa yields and clover yieldsio zero observations.

o

w -

- *

o

[

- *

D_

o

o * * . *
T T T T
0 50 100 150

yie1886_hec_luc_hay

|. yie1886_hec_clo_hay

Fitted values |

Notes: yiel886 hec luc_hay = alfalfa yield; yie1886 hec clo_hay= clover yield.
Source: The agricultural census of Prussia of 1886 available in Prussian Economic History

Database (Becker et al., 2012)

Figure A2: Alfalfa yields and clover yieldsyith zero observations.
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