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Tariffs and Trees: The Effects of the  
Austro-Hungarian Customs Union on 
Specialization and Land-Use Change

Jennifer Alix-GArciA, SArAh WAlker,  
Volker rAdeloff, And JAcek kozAk

This article examines the impact of the 1850 Austro-Hungarian customs union 
on production land-use outcomes. Using newly digitized data from the Second 
Military Survey of the Habsburg Monarchy, we apply a spatial discontinuity 
design to estimate the impact of trade liberalization on land use. We find that 
the customs union increased cropland area by 8 percent per year in Hungary 
between 1850 and 1855, while forestland area decreased by 6 percent. We provide 
suggestive evidence that this result is not confounded by the emancipation of the 
serfs, population growth, or technological change in agriculture.

There is little debate that trade liberalization generates economic 
gains, however, empirical assessments of the underlying shifts in 

production in response to the agreements that liberalize trade are scarce.1 
The presence of reverse causality or omitted variables that may drive 
both changes in production and the timing of trade agreements presents 
a key challenge to understanding the causal effect of these agreements on 
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production. This article circumvents this problem by drawing on a natural 
experiment from the first wave of globalization—the Austro-Hungarian 
customs union of 1850—to examine the impact of trade liberalization 
on land use, a proxy for production. Before 1850, Hungarian exports to 
Austria were taxed at approximately half the rate of other foreign goods. 
In 1850, the elimination of all tariffs between Austria and Hungary estab-
lished the Habsburg customs union. We ask whether the 1850 agreement 
changed land-use patterns in a way that suggests increasing specializa-
tion, as classical trade theory would predict. That is, did trade liberaliza-
tion in the Habsburg Monarchy lead to changes in the spatial distribution 
of agricultural production? Furthermore, do we see long-run effects of 
any change in specialization? 

To answer these questions, we exploit a new dataset comprised of 
a sample of digitized points from the Habsburg Monarchy’s Second 
Military Survey (Munteanu et al. 2015). Using a 2 km x 2 km grid of 
points overlaid onto the military survey, each point is assigned the unique 
land-use category from the underlying map in the year that the map was 
produced, as well as a host of geographic characteristics associated with 
that point in space. Although this dataset provides only a snapshot of 
land use during the survey, the data collection process resulted in time 
variation across space because survey dates range from 1819 to 1873. 
This variation in mapping dates generates a temporal discontinuity in 
space that we exploit here in order to identify the impacts of the trade 
agreement. Specifically, we compare points mapped the decade after 
1850 with those mapped the decade before, while limiting our analysis 
to those points closest to the spatial-temporal break in mapping in order 
to minimize geographic differences.2 Using district fixed effects in this 
setting restricts variation to changes in land use before and after 1850 
within a given district, thereby controlling for time-invariant administra-
tive characteristics that may affect production. Additionally, we control 
for global trends and a variety of geographic covariates likely to indepen-
dently affect agricultural productivity, including soil quality, ruggedness 
(Nunn and Puga 2012), and proximity to cities and rivers.

We find that the probability of observing agricultural land after 1850 
decreases in Austria and increases in Hungary. The average post-1850 
effect is an annual increase of 8 percent in the presence of agricultural 
land use in Hungary. We also observe annual decreases of 6 percent in 

2 No single point was mapped twice. Instead, we observe points mapped before and after 1850 
that are within a given geographic bandwidth of one another. We explore bandwidths of 40 km, 
30 km, and 20 km in our empirical analysis.
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the presence of forest and natural grasslands in Hungary. The results are 
consistent with specialization in agricultural production on the Hungarian 
side of the Austria-Hungary border. Our results are robust to varying 
the width of the discontinuity, allowing for differential slopes on either 
side of the discontinuity, and using a sub-sample of districts containing 
observations both before and after 1850. We also calculate the level of 
correlation between our impact estimate and potential omitted variables 
that would be necessary to overturn our results, and find it unlikely that 
the results would be nullified. Further, we discuss how the potentially 
confounding effects of the emancipation of serfs and advances in agri-
cultural technology during the same period might affect our estimates. A 
placebo test examining trends in land use prior to 1850 shows no antici-
patory changes in land-use behavior. Additional evidence that trade is the 
mechanism driving the result is the fact that the majority of the effect is 
observed in areas that are within two days travel of the border between 
Austria and Hungary, where we would expect the strongest impact of the 
agreement.

The contributions of this article are both topical and methodological. 
Primarily, our work speaks to the historical debate surrounding the causal 
impacts of the customs union. Throughout the historiography of the 
Habsburg Monarchy, assessments of the customs union’s effects have 
ranged from condemnation for having relegated Hungary to colonial 
status to outright praise.3 Specifically with regard to trade, Scott Eddie 
(1972, 1977, 1989) documents evidence of specialization and interdepen-
dence between Austria and Hungary in the latter part of the nineteenth 
century, arguing that the terms of trade served as a tax on Hungarian agri-
culture. Since the 1980s, however, the prevailing narrative in the litera-
ture is that the customs union had little-to-no effect on production and 
economic growth throughout the Monarchy. This is based on the argu-
ment that Austrian industrialization was underway prior to the customs 
union and that the tariff wall was low vis à vis the rest of Europe, such that 
patterns in Hungarian trade and agricultural production did not change 
significantly after tariff barriers were reduced (Komlos (1983); see Good 
(1984) for a discussion). More recently, work by Max-Stephan Schulze 
(2000, 2007), building on estimates from David F. Good (1978), Anton 
Kausel (1979), and Good and Tongshu Ma (1998), shows that between 
1870 and 1910 Hungary’s economy grew at a markedly faster rate than 
Austria’s, and that this growth was primarily driven by advancements in 

3 See Komlos (1983) for a discussion.
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the agricultural sector. Schulze, however, makes no assertions that the 
customs union is responsible for these trends.

We contribute to this narrative by using a disaggregated dataset that 
allows us to test whether or not the customs union shaped the Habsburg 
economy. The spatial disaggregation of our data allows for the generation 
of a locally plausible counterfactual, while the temporal focus around the 
immediate period before and after the customs union (1840–1860) rules 
out long-run trends that potentially confound the results in other studies. 
Specifically, we are able to examine how factors of production—namely, 
land—adjusted in response to a reduction in trade barriers. Our results 
show higher allocations of land to agriculture in Hungary after 1850. This 
finding is consistent with the interdependence in trade between Austria 
and Hungary observed by Eddie (1989) and the rapid growth of the agri-
cultural sector in Hungary estimated by Schulze (2000, 2007) in late 
nineteenth and early twentieth centuries.

Our work also speaks to the literature related to empirical appli-
cations of classical trade models.4 Many of these studies test the rela-
tionship between comparative advantage—measured by relative labor 
productivity differences across industries—and exports, relying on 
cross-sectional analysis, as well as imputed measures of trade openness.5 
Classical trade models are difficult to test because they require data on 
goods that have been driven out of production by trade, making it hard to 
find a proper counterfactual.6 While we are not primarily concerned with 
examining the relationship between factor productivity and exports, or 
formally testing the theory of comparative advantage per se, we are able 
to examine adjustments in the factors of production as expressed through 
land use before and after trade is “opened.” Our findings are consis-
tent with predictions on specialization that arise from classical trade  
models.

4 See Costinot and Komunjer (2012) for an excellent and more recent application, as well 
as MacDougall (1951), Stern (1962), Balassa (1963), Golub and Hsieh (2000), Bernhofen and 
Brown (2004) for more traditional applications. In addition, a growing literature based on the 
Eaton and Kortum (2002) model extends the discussion to a multisector environment.

5 For instance, Stern (1962), Balassa (1963), Golub and Hsieh (2000) use the overall export 
ratio in order to account for trade barriers.

6 A few studies have been successful in finding appropriate counterfactuals. Costinot and 
Donaldson (2016) use agronomic data on predicted output by crop to structurally estimate 
a Ricardian trade model for crop markets in 1,500 U.S. counties from 1880 to 1997 and find 
significant long-run gains from economic integration. Costinot and Komunjer (2012) develop 
a theoretical model that yields counterfactual predictions, allowing for empirical tests of the 
Ricardian model that are theoretically founded. Bernhofen and Brown (2004) directly test the 
theory of comparative advantage using Japan’s opening up to international trade in the 1860s as 
a natural experiment.
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Lastly, our empirical approach is novel within the broad set of trade 
applications. Whereas much of the existing literature uses aggregated 
census data to present general summary statistics and correlations, our 
article uses spatially disaggregated data that gives insight into land-use 
changes at a micro level. We contribute to the small but growing set of 
articles using spatial discontinuities to analyze phenomena in economic 
history and trade (Becker et al. 2016; Egger and Lassmann 2015; Grosfeld 
and Zhuravskaya 2015; Schumann 2014; Basten and Betz 2013; Grosjean 
and Senik 2011; Michalopoulos and Papaioannou 2014; Dell 2010), as well 
as illustrating the value of historical maps in elucidating economic deci-
sion making. The Habsburg Military maps have been used in small case 
studies of land-use change in particular areas of the Carpathians (Konkoly-
Gyuró 1991, 1995, 2003; Kozak 2003; Nagy 2008a, 2008b, 2008c; Ostafin 
2009; Munteanu et al. 2014) but rarely in broad-scale analyses.7 The large 
archive of available maps provides a rich dataset that can be used to iden-
tify important economic and environmental trends at a key period in the 
history of economic development—trends that are likely to have had long-
lasting effects. We hope our work encourages other scholars to contribute 
to the effort to digitize and understand this source of information.

BACKGROUND AND FRAMEWORK

Reforms enacted by Maria Theresa in the late eighteenth century 
eliminated tariff barriers between the Austrian regions of the Habsburg 
Monarchy, forming the largest free trade area in Europe at the time, to the 
exclusion of the Kingdom of Hungary (Komlos 1983).8 Although Austria 
and Hungary acted as one in foreign and military affairs, and even had 
a common currency, trade restrictions between the two regions of the 
Monarchy persisted well into the mid-nineteenth century.

The tariff wall consisted of a complicated structure of import and 
export taxes on various goods exchanged between the two regions. The 
consensus in the historical literature is that these levies, while poten-
tially inhibiting to trade, were preferential relative to extra-imperial 
tariffs (Komlos 1983; Good, 1984). For instance, in the 1830s and 1840s, 
Hungarian wheat exports to Austria were charged a 7.5 percent tax, while 

7 For exceptions, see Munteanu et al. (2015), Kozak (2003), and Shandra, Weisberg, and 
Martazinova (2013).

8 We use the Komlos (1983) definition of Austria, denoting all the lands represented in the 
parliament at Vienna after 1867, in spite of our use of the term prior to 1867. Similarly, we refer 
to Hungary as the Kingdom of the Crown of St. Stephen, including Croatia and Transylvania 
(Komlos 1983).
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foreign wheat paid 10.0 percent. On average, Hungarian goods imported 
into Austria were taxed at half of the rate levied on foreign goods. Imports 
of Austrian manufactures into Hungary were taxed considerably less at 
3.5 percent, while Hungarian wool entered the Austrian market virtually 
duty free (Komlos 1983).

Because the Austrian Constitution prohibited internal trade restrictions, 
the tariff wall between Austria and Hungary dissolved when Hungary was 
formally incorporated into the Austrian Empire after the failed revolutions 
of 1848 (Eddie 1977). The customs union was officially created in 1850, 
but the years just prior to 1850 and the following two decades (roughly, 
1848 to 1873) are generally known as a period of political and economic 
liberalization throughout the Monarchy (Eddie 1977; Komlos 1983; Good 
1984). Internally, reforms included the emancipation of the serfs in 1848, 
the establishment of a central bank, and the abolition of the guild system 
in 1859 (Eddie 1967). Externally, Habsburg trade liberalization followed 
European trends during this era, engaging in tariff reductions and “liberal 
treaties” with England and Germany, which limited Austrian-specific 
duties and ad valorem taxes. The most notable of these are the tariff reduc-
tions of 1851, 1853, and 1865, the 1865 treaty with England, and the 
“Supplementary Convention” of 1869, which limited Habsburg-specific 
duties to agreed maximum ad valorem levels (Eddie 1977).

Ricardian trade theory predicts that countries specialize in the produc-
tion of goods in which they have comparative advantage. Differences 
in production technologies or factor endowments make labor relatively 
more or less efficient in the production of certain goods, such that with the 
opening of trade countries specialize in the goods that they are relatively 
more efficient in producing (Costinot 2009). Throughout our analysis 
we assume that Hungary has the comparative advantage in agricultural 
goods, while Austria has the comparative advantage in forest and manu-
factured goods. Online Appendix Figure E1 supports this by showing 
that Hungary has a lower relative price for wheat (relative to wood) in the 
years prior to the customs union.

A simplified Ricardian framing predicts that after the customs union 
of 1850, Hungary should exchange agricultural goods for manufactured 
goods. To extend the prediction to land use, in the absence of significant 
and differential technological change in the years following the customs 
union, we expect more land to be allocated to agriculture in Hungary and 
less in Austria. Due to a lack of disaggregated trade data for the Habsburg 
Monarchy, we cannot specifically examine goods. Instead, we use highly 
disaggregated data on land as a production indicator, and examine trends 
in land use after the opening of trade. To support our analysis, we also 
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explore aggregated trade and production statistics, which are not suited 
for formal analysis, but do support the trends found in our data.

We first present summary statistics in Table 1 illustrating the interde-
pendence and specialization in trade between Austria and Hungary over 
time. Ideally, we would like to examine trends in the data before and after 
the customs union. Unfortunately, however, while trade data for Austria 
is available in the period prior to the customs union, reliable data for 
Hungary only exists from the 1880s onward (Eddie 1989).9 However, the 
data in Table 1 show clear patterns of interdependence and specializa-
tion between the two regions in the period between the 1880s and early 
1900s—30 years after the establishment of the customs union. Panel A 
indicates that Austria sustained a trade deficit with Hungary in agricul-
tural goods (field crops, sugar, and flour) and a surplus in manufactured 
goods (fibres and textiles), which steadily increased from 1884 to 1913. 
Moreover, when we examine each partner’s share in the other’s trade 
as a percent of the total value of imports and exports, similar patterns 
emerge. Panel B shows that the Austrian share in the value of Hungarian 
agricultural exports was 70.1 percent in the period between 1884 and 
1888, increasing to 80.0 percent between 1909 and 1913. Over the same 
period, the Austrian share in the value of Hungarian agricultural imports 
declined from 50.9 percent in the period between 1884 and 1888 to 
28.5 percent between 1909 and 1913. Hungarian imports of manufac-
tures came almost entirely from Austria, whereas the Austrian share of 
Hungarian imports declined slightly from 94.9 percent in 1884–1888 to 
89.3 percent by 1909–1913. Moreover, Hungary was the principle export 
market for Austrian manufactures, with the Hungarian share in the value 
of Austrian fibres and textiles exports representing 65.0 percent in 1884–
1888, declining slightly to 58.7 percent by 1909–1913. 

The observed changes in flows of goods are consistent with the 
production data from nineteenth century Habsburg statistical records.10  

9 Intra-regional trade statistics in the period before the customs union only present information 
on Austria’s trade with Hungary and the outside world (complete data trade data for Hungary 
does not exist for this period). Moreover, imperial trade data in the period immediately following 
the customs union do not exist. Specifically, no Hungarian data was collected from 1850 until the 
beginning of the Dual Monarchy in 1867. Moreover, data on Hungarian trade with Austria and 
the outside world are considered to be incomplete and suspect through 1881, the year that the 
statistical office in Hungary was reformed (Eddie 1977).

10 Tafeln zur Statistik der Österreichischen Monarchie (Austria, Statistisches Central-Comission 
1865), Statistisches Jahrbuch der Öesterreichisch-Ungarischen Monarchie (Austria, Statistisches 
Central-Comission 1881), Östrreichisches statistisches Handbuch fur die im Reichsrathe 
vertretenen Konigreiche und Lander (Austria, Statistisches Central-Comission 1914), Magyár 
Statistikai Közlemények (Országos Magyar Kir 1911), and Magyár Statistikai Évkönyv (Országos 
Magyar Kir 1918).
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TAble 1
STRUCTURE OF AUSTRO-HUNGARIAN TRADE

Panel A: Net exports (millions crowns).

Goods Categories
Five-Year
Average

Austria to
Hungary

Austria to
non-Hungary

Hungary to
non-Austria

Monarchy
Total

Field crops, 1884–1888 –196.6 158.6 59.0 217.7
sugar, and flour 1889–1893 –280.8 219.5 75.0 294.5

1894–1898 –320.0 121.3 17.4 138.7
1899–1903 –363.7 147.3 65.5 212.8
1904–1908 –454.8 135.7 48.5 184.2
1909–1913 –560.0 40.9 23.1 64.0

Fibres and 1884–1888 296.3 –178.8 0.9 –177.9
Textiles 1889–1893 314.3 –195.7 –0.8 –196.5

1894–1898 348.3 –209.1 –3.3 –212.4
1899–1903 370.9 –248.6 –4.3 –252.9
1904–1908 449.0 –321.3 –16.4 –337.7
1909–1913 537.6 –389.0 –32.0 –421.0

Total exports 1884–1888 137.1 168.4 93.1 261.3
or imports 1889–1893 37.7 204.3 110.6 314.9

1894–1898 59.9 76.8 34.4 111.1
1899–1903 –20.2 157.8 127.7 285.6
1904–1908 39.5 3.1 67.8 71.0
1909–1913 82.1 –412.5 –62.5 –475.0

Panel B: Partner’s shares in each other’s trade (percent).
Austrian Share in Value of Hungarian Share in Value of

Goods Categories
Five-Year
Average

Hungarian
Exports

Hungarian
Imports

Austrian
Exports

Austrian
Imports

Field crops, 1884–1888 70.1 50.9 14.2 67.0
sugar, and flour 1889–1893 74.6 56.2 12.5 74.5

1894–1898 79.4 35.5 13.1 69.8
1899–1903 76.2 39.4 11.2 71.6
1904–1908 79.8 33.0 10.7 73.2
1909–1913 80.0 28.5 13.0 66.7

Fibres and 1884–1888 75.5 94.9 65.0 14.3
textiles 1889–1893 78.0 95.4 64.0 13.0

1894–1898 79.2 92.7 66.7 12.3
1899–1903 73.5 94.4 62.4 10.4
1904–1908 68.2 91.9 60.2 9.7
1909–1913 67.1 89.3 58.7 9.6

Total exports 1884–1888 71.7 84.0 38.3 37.0
or imports 1889–1893 73.6 83.1 37.4 40.2

1894–1898 75.2 78.9 38.7 38.4
1899–1903 70.9 78.3 34.7 37.5
1904–1908 72.4 76.5 36.6 35.9
1909–1913 74.1 73.2 39.1 33.8

Source: Eddie (1989).
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Figure 1 shows per capita production over time averaged across prov-
inces in Austria and districts in Hungary, and fitted across time with a 
second degree polynomial. Two things are evident from these figures. 
First, there is no information on production between 1854 and 1872. 
Therefore, a contribution of our work is that we show changes in produc-
tion indicators during this period. Second, the data that do exist show 
increased productivity (output per capita) in Hungary relative to Austria, 
particularly for wheat and barley, in the post-customs union period.

While summary statistics using aggregated data are illuminating, they 
suffer from significant measurement error, a high proportion of missing 
observations in key years, and the fact that identification of specializa-
tion relies on comparing differences in time trends across large areas, 
whose counterfactuals are time trends in very different places in Austria. 
Recent work by Schulze (2000, 2007) carefully constructs per capita 
GDP measures for Austria and Hungary from 1870 to 1913, consid-
ering physical and human capital stock and growth. The data show that, 
consistent with the trends noted earlier, the agricultural sector was far 
more productive in Hungary than in Austria and was the main driving 
force of Hungarian economic growth between 1870 and 1913 (Schulze 
2000, 2007). Linking these trends with the creation of the customs union 
requires counterfactuals over time and across nearly identical geographic 
spaces. We examine disaggregated data in order to compare places with 
similar geographies and observe tradeoffs in key land uses. In addition, 
the spatial detail of our data allows us to exploit heterogeneity that can 
reveal the mechanisms through which production evolved over the last 
half of the nineteenth century.

DATA AND METHODOLOGY

The main source of data for this study are maps from the Habsburg 
Monarchy’s Second Military Survey, which took place from 1806–1869 
(Timár et al. 2006). The First Military Survey occurred from 1763–1785 
after the failed Seven Years War (1756–1763). Because the first survey 
expedition was plagued by a lack of precision, the Second Military 
Survey used more sophisticated cartographic techniques. It is important 
to bear in mind that the primary purpose of the Second Military Survey 
was just that—military. The Monarchy was under constant threat from 
outside incursion, and it was clear from the late eighteenth century that 
the Habsburgs saw mapping as an essential input into military organiza-
tion. The maps produced by the military engineers were highly secre-
tive—the results of the First Military Survey, for example, were kept 
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fiGure 1
AUSTRO-HUNGARIAN AGRICULTURAL PRODUCTION SPECIALIzATION

Dots indicate averages of observations within Austria and Hungary by year, and lines are fitted 
second order polynomials. 
Sources: Tafeln zur Statistik der Österreichischen Monarchie (Austria, Statistisches Central-
Comission 1865), Statistisches Jahrbuch der Österreichischen (Austria, Statistisches Central-
Comission 1881), Östrreichisches statistisches Handbuch fur die im Reichsrathe vertretenen 
Konigreiche und Lander (Austria, Statistisches Central-Comission 1914), Magyár Statistikai 
Közlemények (Orszagos Magyar Kir 1911), and Magyár Statistikai Évkönyv (Orszagos Magyar 
Kir 1918).
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hidden until the 1850s (Veres 2015), and public access to successive 
military surveys was also forbidden.

Even though the Second Military Survey was not designed to assess 
production (unlike cadastral maps), it provided detailed information 
on land-use patterns across the region, and is the oldest reliable dataset 
providing wall-to-wall land-use data (Munteanu et al. 2014, 2015). The 
Second Military Survey also represents a major achievement in scientific 
and political knowledge. Building on the nineteenth century revolution 
in mathematics and science, it spurred the creation of a tremendous infra-
structure for mapping, including building an engineer corps, astronomic 
observatories, map archives, and the regularization of practices across a 
diverse set of surveyors and mappers (Veres 2015).

The study region encompasses what is known as the Carpathians 
Region of Eastern Europe and includes parts of the modern-day coun-
tries of Hungary, Poland, Slovakia, Romania, Ukraine, Czech Republic, 
and Austria. The underlying maps are at very fine scale—1:28,000 (each 
centimeter on the maps represents 0.28 kilometers). Complete digitiza-
tion at this scale would have been prohibitively costly. Therefore, we 
did not digitize all the information in the maps, but rather a sample of 
points at the vertices of a 2-kilometer resolution grid over the entire study 
region, which contained around 80,000 data points. Each point in our 
sample grid was assigned the land-use classification from the point on the 
map directly below it (points have no area). Online Figure E2 illustrates 
an overlay of the grid, the sampled points, and a small part of the under-
lying historical map.

The land-use classifications used in this article include crops, pasture, 
forest and natural grasslands, wetlands, and urban land, although some 
of the maps had more extensive divisions. The classification represents 
categories that are both available across all maps and that roughly corre-
spond to categories of production. We conduct our estimations on crops, 
pasture, and forest and natural grasslands because these are most closely 
related to traded production, and because observations of the other 
possible categories—wetlands and urban land—are scarce in the data 
and estimations are unlikely to be robust. The classification process and 
resulting dataset is described in Catalina Munteanu et al. (2015). Because 
each point is classified into a unique land-use category, the outcomes that 
we analyze are binary.

GIS software was used to calculate the following characteristics for each 
point: slope, elevation, distance to nearest city, distance to nearest river, 
and whether or not the land had agricultural limitations according to the 
European Soil Database (ESDB, 2004). These limitations are determined 
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by the scientists who created the ESDB. Some of the 17 possible agri-
cultural limitations are: gravelly (more than 35 percent gravel), stony 
(presence of stones >7.5 cm, impracticable mechanization), lithic (hard 
rock within 50 cm), glaciers and snowcaps, frangipans, and excessively 
drained. The overlay of the points with district boundary maps from the 
Habsburg Monarchy provides boundary identifiers as well as distance to 
the Austria border. Finally, the statistical yearbooks of the Monarchy give 
population totals by district within Hungary for the years 1840, 1846, 
1851, and 1857.11 We use these totals to calculate approximate population 
densities in the districts that we use for estimation, assigning the popula-
tion density of the year closest to the year in which a point was mapped. 
Basic means and variations are shown in Online Table A1. Across the 
entire sample, the two dominant land uses are forest/grasslands and crops. 

The main innovation of this article is to exploit the variation in the 
timing of mapping to try to isolate the effect of the customs union on land 
use. Figure 2 illustrates the temporal variation in the mapping process. 
The earliest mapping was clearly very strategic, focusing on the indus-
trial and mining regions near the northern border, and then moving south 
and east.

The variation in mapping dates across space allows us to employ a 
spatial discontinuity design, where the discontinuity in space proxies for 
a temporal discontinuity. This strategy is different than a standard spatial 
discontinuity approach, which usually measures the differences between 
“treatment” and “control” observations at the same point in time, but on 
different sides of a spatial treatment threshold (e.g., an administrative 
boundary, as in Dell (2010)). In our case, the “treatment” is time itself, 
since we are interested in the impact of a policy that has only temporal 
and not spatial variation. Ideally, we would like to analyze the same set 
of mapped data points before and after 1850 within Hungary and within 
Austria. However, since no single point was mapped both before and 
after 1850, we instead examine points that are arbitrarily close in space, 
but were mapped at different years. The timing of the map dates allows us 
to draw a line across space that represents a temporal discontinuity. The 
underlying assumption is that two points within a bandwidth of the 1850 
mapping line are similar in their key determinants of land use (e.g., soil 
quality, slope, elevation, etc.), and that the placement of the line contains 
some element of random variation.

The non-random nature of mapping in general makes it difficult to 
argue time is uncorrelated with key determinants of land use, such as the 

11 Sources listed in footnote 10.
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inherent agricultural productivity of land. In order to assess whether or 
not the timing of mapping was related to agricultural productivity, we 
examine the distribution of mapping years for land with no agricultural 
limitations and land with some agricultural limitations. Figure E3 of the 
Online Appendix demonstrates that there was some tendency to map land 
with no limitations (better land) earlier, although it is also clear that for 
almost all time periods, both types of points exist. This means that when 
we run a regression that controls for whether or not a point has limitations, 
there are always sufficient observations to make comparisons across land 
of different qualities. Furthermore, if it is the case that the government 
mapped more productive lands first, then average agricultural produc-
tivity would decrease with the time variable in our sample. Given that 
more productive land is more likely to be used in agriculture, if we then 
compare land use before and after 1850, the fact that land mapped after 
1850 is slightly less productive means that in the absence of any policy 
change, we would be more likely to observe decreases in the presence of 

fiGure 2
YEAR IN WHICH THE 2ND MILITARY SURVEY WAS CONDUCTED

Shading indicates approximate mapping year for each military map in the study sample. 
Source: Authors’ calculations using Timár et al. (2006) historical maps.
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agricultural land use over time. If the policy causes agricultural produc-
tion to increase, then our estimation is likely to understate this impact.

To limit the impact of variation in underlying geophysical characteris-
tics that affect land productivity across space, our main strategy exploits 
the immediate areas along the line of maps before and after 1850. Figure 
3 highlights the potential areas of analysis. The light grey areas in the 
figure indicate maps made before 1850, and the dark grey areas maps 
made after 1850. The black rectangles highlight two potential sources of 
variation: in Austria, before and after 1850, and in Hungary, before and 
after 1850. We will focus our analysis on the latter because this area has 
a sufficient number of districts within which there is temporal mapping 
variation. Discontinuity 1 provides only qualitative results, since Austria 
had only one district, Moravia, that was mapped before and after 1850. 

Our sample is defined by the region with maps created between 1840 
and 1860, and within 40 kilometers of the discontinuity. The location of 

fiGure 3
SPATIAL-TEMPORAL DISCONTINUITIES

Dark grey indicates areas mapped after 1850 and light grey before. The black boxes highlight the 
approximate regions of interest for data analysis. 
Source: Authors’ calculations using Timár et al. (2006) historical maps.
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these maps is indicated by the rectangles on the map. We also check the 
robustness of this distance by using windows of 20 and 30 kilometers. By 
focusing on a narrow band of land around the mapping dates of interest, 
we hope to minimize geographic differences that might drive large scale 
changes in measured land use across space, as would occur, for example, 
if we compared lowlands, mapped in the earliest survey years, with high 
mountain vegetation of the Carpathians, which were mapped in the latest 
years of the survey. This approach is similar to recent articles with a 
European focus by Peter H. Egger and Andrea Lassmann (2015) and 
Pauline Grosjean and Claudia Senik (2011), who use spatial discontinui-
ties with analysis windows of 50 and 25 kilometers, respectively.

The key outcomes are land-use dummy variables (yik) for point i in 
district k: crops, pasture, and forest. The identification of the impact of 
the customs union comes from a combination of an indicator variable 
equal to one if mapping was done after 1850 and zero otherwise (Dik), 
and its interaction with a linear time trend set to zero at 1850 (Tt). The 
estimation also contains a vector of control variables Xik, the elements 
of which are ruggedness, agricultural potential, distance to nearest river, 
distance to the Hungarian border, and distance to the 1850 discontinuity 
line. We also include a quadratic of distance to the 1850 discontinuity 
(xi(d)), as well as district fixed effects (γk).

12 In some specifications we 
also include the log transformation of the approximate district/year popu-
lation density. The standard errors (εik) are clustered at the district level. 
The basic estimation equation is thus:

yik = α0 + α1Dik + α2DikTt + α3Tt + β · Xik + ωxi(d) + γk + εik (1)

All of the outcomes are binary, and we estimate this equation as a linear 
probability model using OLS.13 The key assumptions underlying a causal 
interpretation of α2 are: (1) that individuals could not manipulate their 
position on either side of the temporal discontinuity and (2) that, condi-
tional on controlling for smooth measures of distance and time, there are 
no omitted variables that are changing in the same way as DikTt and thus 
driving the result. These are equivalent to the assumptions required for 

12 We chose the quadratic form because it resulted in the best fit of the data in a regression 
of the residual variation in agricultural land after controlling for all of our other covariates. We 
compared the fit across linear, quadratic, third order polynomial and the log-transformation of 
distance to the discontinuity.

13 We make this choice for three reasons: (1) Probit/Logit can suffer from bias when error terms 
are heteroskedastic, (2) the OLS model allows us to use fixed effects without losing observations, 
and (3) we can easily apply the correct error structure (clustered and bootstrapped).
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a standard regression discontinuity design (Lee and Lemieux 2009), and 
we present evidence that they hold in the following section.

Because our discontinuity is both spatial and temporal, we require 
that individuals not change their behavior in anticipation of mapping. 
Anticipatory behavior alone should not be problematic if it is similar 
across time periods—for example, if people always anticipated that they 
would have improved tenure after mapping. However, it could threaten 
the identification strategy if the reasons for this anticipatory behavior 
were changing over time. The secretive nature of the mapping (discussed 
earlier) minimizes our worries about this problem. Furthermore, carto-
graphic history of the Habsburg Military Surveys definitively establishes 
that the maps were made by a highly trained corps, that they were of 
predetermined sizes, and that more militarily sensitive areas were mapped 
first (Veres 2015). The starting reference point for mapping was Vienna 
(Timár et al. 2006). Because map sheets within Hungary were uniform in 
size, the location of the edges of these sheets is exogenous to local condi-
tions. However, it could still be the case that mapping of an entire sheet 
was accelerated or slowed by local conditions. Because of this uncer-
tainty, the robustness checks section presents a variety of estimations, 
including a test for anticipatory behavior and an estimation of the neces-
sary correlation of an omitted variable that might overturn our results.

Discontinuity Summary Statistics

We begin by presenting graphs of one of the key outcomes in our 
data—the change in seasonal crops over time across our two within-
country discontinuities. The vertical axis on the right side of Figure 4 
shows the average values of outcome variables in Hungary and Austria, 
together with smoothed polynomial regressions estimated separately 
over the pre- and post-1850 periods for Austria (Figure 4a) and Hungary 
(Figure 4b). The bars, which correspond to the vertical axis on the left 
side of the figure, show the density of the data (the relative frequency of 
observations) for each year. The figures are consistent with the predic-
tions: agriculture decreases in Austria and increases in Hungary, and it 
appears that the increases may be increasing over time (Figure 4b).

The figures highlight the weakness of the data for the within-Austria 
(Moravian) sample. In Austria, in addition to having all the data located 
in one province, there are very few years of observations after 1850. 
Because there is no provincial level variation in our Moravian data, and 
also because of the limited post-1850 data, we take these results as merely 
suggestive.
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Trends in aggregate statistics for Austria available in Roman 
Sandgruber (1978), which record increases in forest and crop land over 
the time period that we study, seem to potentially conflict with our find-
ings in Figure 4.14 However, while the Sandgruber (1978) data is gener-
ally respected for its accuracy and scope, specific statistics pose chal-
lenges because they: (a) have been aggregated from various sources with 

.4
5

.5
.5

5
.6

0
.2

.4
.6

.8
D

en
si

ty

1842 1844 1846 1848 1850 1852
Year

Density 95% CI
Smoothed regression

.3
6

.3
8

.4
.4

2
.4

4
.4

6

0
.0

5
.1

.1
5

.2
.2

5
D

en
si

ty

1840 1845 1850 1855 1860
Year

Density observations 95% CI
Smoothed regression

Pr
op

or
tio

n 
ag

ric
ul

tu
re

fiGure 4
DISCONTINUITIES FOR CROPS

The figures show kernel-smoothed regressions before and after 1850, where the dependent 
variable is an indicator for whether the point was used in agriculture in a given year. The densities 
show the distribution of the data across years, thus indicating the proportion of observations used 
in the regression in each year bin. 
Source: Authors’ calculations using Timár et al. (2006) historical maps.

(a) Austria

(b) Hungary

14 We refer the reader to Tables 79–85 in Sandgruber (1978).
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little explanation of the methods and assumptions used to aggregate the 
data, (b) are available at only five discrete points in time,15 (c) cannot take 
into account variation in land quality, and (d) may confound global trends 
with local causality. Nonetheless, we attempt to reconcile our sugges-
tive findings with existing data sources by exploring land-use trends for 
Austria using aggregated data available in the Habsburg statistical year-
books.16 While these data also suffer from some of the same problems as 
the Sandgruber (1978) data, there is potential insight to be gained from 
examining trends over a longer time period.

We fit quadratic polynomials to the data for Austria and for Moravia 
between 1830 and 1880 and examine trends in cropland and forested 
areas as a proportion of total provincial area. We expect to see a break 
in land-use trends before and after 1850. Note, however, that a classic 
regression discontinuity approach requires large samples around the 
discontinuity, which are not available in the aggregated yearbook data.17 
With this caveat in mind, the results presented in Figure E6 of the Online 
Appendix show no significant break in trends for crop or forested land 
around 1850 for Austria as a whole or for Moravia. In fact, they show 
almost no variation at all (note the limited range of the y-axis). We inter-
pret these findings as evidence of the difficultly in precisely estimating 
the impact of the customs union without a proper counterfactual or highly 
disaggregated data. Taken together with our suggestive evidence for 
Moravia in Figure 4 we conclude that, at the very least, there were likely 
heterogeneous impacts of the customs union throughout Austria that are 
difficult to measure without detailed data.

In addition to the visual discontinuities presented in Figure 4, we 
examine the summary statistics of outcomes and covariates across the 
temporal discontinuity within Hungary. Table 2 shows means, variances, 
and normalized differences across the 1850 cutoff for both the full sample 

15 According to the footnote in Table 79, land-use data was aggregated from the following 
sources: Josefinischer Kataster; Franziszeischer Kataster, Definitiver Kataster; Revision 1897; 
Tafeln zur Statistik 1828; Tafeln zur Statistik des Steuerwesens; Hain, Hanbuch der Statistik; 
Fillunger, Vergleichende Statistik; Statistisches Jahrbuch der Öesterreichisch-Ungarischen 
Monarchie, Östrreichisches statistisches Handbuch fur die im Reichsrathe vertretenen 
Konigreiche und Lander; and Hassel, Neueste Erdbeschreibung. Tables 79–85 display data for 
each province of Austria, as well as in total, in the years 1789, 1830/50, 1883, and 1897.

16 Specifically, we use data listed in the tables for “Productive Bodenfläche der Länder nach den 
Haupt-Culturarten” available in the Tafeln zur Statistik der Österreichischen Monarchie (1831–
1865) and Statistisches Jahrbuch der Öesterreichisch-Ungarischen Monarchie (1872–1881).

17 In order to be consistent with the discontinuity approach to our map data, we should set 
the discontinuity window to be between 1840 and 1860. This, however, would only give us 
13 provinces over 11 years of data, due to significant missing data around 1850. We therefore 
extend the window to be between 1831—the earliest year for which we could access the historical 
yearbooks—and 1880. This provides 13 province observations over 34 years.
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of points (columns (1) and (2)) and the sample that is restricted to within 
40 kilometers of a discontinuity (columns (4) and (5)).18 The table also 
contains normalized differences of outcomes and covariates across the 
discontinuity (columns (3) and (6)).

We observe slight decreases in the proportion of cropland and forest 
(Table 2), and increases in pasture and wetlands in the full sample. 
When we limit the sample to the discontinuity (columns (4) and (5)) 
we observe much less variation across covariates—for all control vari-
ables, the normalized differences between covariates in the before and 
after 1850 sample substantially decrease. In addition, in the discontinuity 
subsample, cropland now appears to increase substantially over time in 
Hungary rather than decrease.

Because of our discontinuity strategy, it is important that we assess 
whether there are jumps in key covariates at the discontinuity threshold 
that indicate that there might be omitted variables driving the result. Table 
3 shows the same regression specification that we employ for our main 
results, substituting as dependent variables some of the key covariates 

18 In this setting, where sample sizes are very large, normalized differences provide greater 
insight into variation across the samples, since normalized differences are independent of n and 
highlight the magnitude of difference.

TAble 2
SAMPLE WITHIN HUNGARY

Full Sample Discontinuity Sample

(1) (2) (3) (4) (5) (6)

Before After
Norm.  
diff. Before After

Norm.  
diff.

Crops (0/1) 0.360 0.341 –0.028 0.384 0.444 0.087
Pasture (0/1) 0.187 0.199 0.022 0.202 0.197 –0.008
Wetlands (0/1) 0.009 0.017 0.053 0.005 0.006 0.005
Forest/grasslands (0/1) 0.424 0.322 –0.150 0.389 0.330 –0.086
Urban (0/1) 0.007 0.014 0.048 0.012 0.012 –0.002
Ruggedness index 0.949 0.761 –0.196 0.753 0.659 –0.119
Km to nearest city 16.145 20.263 0.287 16.202 17.069 0.074
Km to nearest river 59.941 38.355 –0.518 56.237 55.260 –0.023
No ag. limitations (0/1) 0.802 0.731 –0.117 0.873 0.910 0.084
Approx. population density 65.603 45.933 –0.263 56.773 47.031 –0.475
Observations 15,202 48,266 63,468 5,064 5,292 10,356
The full sample includes all points mapped within Hungary. The discontinuity sample is limited 
to points mapped between 1840 and 1860 within 40 kilometers of the 1850 map line.
Source: Authors’ calculations using dataset described in Data and Methodology.
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included in the estimation: if the point has no agricultural limitations, 
ruggedness, and proximity to the nearest city (1/(km to nearest city)). 
The “post customs union” variable then measures if there is a discrete 
jump in the value of this variable, conditioning on all the other covari-
ates in the regression, and the interaction between post-union and time 
assesses whether or not the slope of the covariate also changes system-
atically across time after the establishment of the customs union. Out 
of the three outcomes, only proximity to nearest city is marginally 
significant after 1850. In particular, there is a positive and marginally 
significant (at the 15 percent level) coefficient on the interaction between 
post-union and time. However, the magnitude of this effect is quite 
small—less than 1/10th of a standard deviation of the proximity to city  
measure. 

ESTIMATION RESULTS

In Table 4 we show estimations for our main subsample, using the 
specification given in equation (1). There are significant and fairly large 
increases in cropland and decreases in forest/grasslands, while changes 
in pasture area are not statistically different from zero. The precision 
of the estimates increases with the addition of covariates, but does not 

TAble 3
TEST OF COVARIATE DISCONTINUITY

 
Ag Soil  

(1)

Dependent Variable 
Ruggedness  

(2)

 
Proximity to City  

(3)
Post customs union –0.060 –0.045 0.023

(0.061) (0.124) (0.016)

Years since 1850 x post union 0.013 –0.013 0.007
(0.015) (0.021) (0.004)

Other covariates Yes Yes Yes
District FE Yes Yes Yes
Observations 10,356 10,356 10,356
R2 0.130 0.106 0.032
N districts 23 23 23
* p< 0.10, ** p<0.05, *** p < 0.01.
Unit of observation is the point. Standard errors are in parentheses and are clustered at the district 
level. These are partial results using the sample within 40 km of the 1850 discontinuity. Other 
covariates include ruggedness, an indicator for agricultural soil, proximity to city, proximity to 
river, a quadratic of km to discontinuity, years since 1850, and ln(km to border with Austria).
Source: Authors’ calculations using dataset described in Data and Methodology.
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substantially change their magnitude. For crops, the point estimate of 
0.031 for the coefficient on the interaction between years since 1850 and 
the post-1850 indicator variable, relative to the baseline of 0.38 (column 
(4) of Table 2), implies that after 1850 crop area increased by 8 percent 
per year. The parallel impact on forest presence is about 6 percent given 
the baseline of 0.39.19 Table 5 presents the results with standard errors 
clustered at the district level. Our small number of clusters (23) is some-
what problematic. However, when we estimate the standard errors using 
wild-bootstrap clustering (Cameron, Gelbach, and Miller 2008), we find 
equivalent significance levels (95 percent confidence intervals shown in 
square brackets in table). 

We interpret these findings as causal evidence of the effect of the 
customs union on promoting specialization in agriculture in Hungary. To 
extrapolate these findings into evidence of changes in productivity from 
a reduction in trade barriers would require us to make assumptions about 
the relationship between land, capital, and labor that are beyond the scope 
of this article. Nonetheless, in the event that agricultural yields remained 
the same or increased due to technological progress, these estimates could 
represent a lower bound for the increase in production resulting from the 
customs union. However, they might also overstate the impact if it is the 
case that the extensification of agriculture resulted in moving production 
to land with lower inherent productivity. To assess whether or not this is 
the case, we examine the distribution of our inherent land productivity 
variable by year, for the land which was classified as agricultural in our 
sample during the post-union period. We observe that generally, agricul-
tural land tends to fall into the category of having “no agricultural limita-
tions,” and that if there is any time trend in this variable at all, it appears 
that higher-quality land is coming into production over time (see Figure 
E5 in Online Appendix).

At first glance, the results in Table 4 seem at odds with previous find-
ings in the literature, namely Komlos (1983) who argues that Hungarian 

19 Land tenure institutions will have an impact on land-use changes. For instance, open access 
forests are managed differently from common property resources or private property. However, 
in order for land tenure to confound our results, land ownership structures would need to differ 
across our discontinuity in Hungary, which we believe is unlikely, given the narrow bandwidths 
of 20, 30, and 40 km, respectively, that we set around the discontinuity. Unfortunately, there is no 
information on land tenure in the historical maps or statistical yearbooks. Work by Eddie (1967) 
discusses tenure in Hungary between 1867 and 1914 (after our study period), and notes that the 
vast majority of land was privately held. As of 1867, one-quarter of land in Hungary was held 
in mortmain, with 81 percent of this land owned by the entailed estates of the nobility, the state, 
and towns. Specifically, with regard to land owned by towns (52 percent of all mortmain land), 
Eddie (1967) notes that these lands typically surrounded the inhabited part of the town and were 
often not cultivated.
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per capita grain production did not differ quantitatively before and after 
1850.20 Rather, Komlos argues, increased demand by Austrian consumers 
was the primary determinant of the growth in Hungarian grain produc-
tion between 1828 and 1870 (Komlos 1983). However, due to the aggre-
gated nature of the data, one may wish to interpret Komlos’ findings 
with caution.21 Nonetheless, the argument that demand from Austrian 
consumers drove production patterns in Hungary does not contradict 
our findings. Prior to the customs union, Hungarian wheat imports to 
Austria were taxed at 7.5 percent, making a reduction to 0.0 percent a 
significant change. After 1850, Hungarian agricultural exporters were in 
an improved position to access increasing demand in Austria that was 
less accessible to foreign competitors, due to the high external tariffs 
surrounding the Habsburg customs union (Schulze 2007). It is therefore 
entirely possible that increased demand from Austria compounded the 
effect of a reduction in trade barriers on promoting growth in Hungarian 
agriculture.

Taken at face value, the Komlos’ (1983) estimates do show a marked 
increase in the growth rate of per capita agricultural production in 
Hungary between 1869 and 1883, which Komlos argues is due in part to 
capital outflows from Austria after the 1873 Vienna stock market crash 
(Komlos 1983). It is possible that the changes in land use that we observe 
in the immediate period after the customs union were the predecessors to 
the subsequent changes in per capita production growth rates. Moreover, 
if it were true that the customs union had no effect on Hungarian agri-
culture and that trends were in place as early as 1828, then we should 
not observe any evidence of adjustments to factors of production—in 
our case, land—as a result of the customs union. The changes in land 
use that we observe in Table 4, however, are consistent with increased 
specialization in agriculture in Hungary after 1850. In the next section, 
we run a series of robustness checks to establish the validity of our main  
results.

20 Komlos (1983) calculates per capita growth rates in grain production for Hungary and 
Austria across the following time periods: 1789–1841, 1850–1868/70, 1868/70–1881/83, and 
1881/83–1911/13, and shows that in Hungary, the growth rate of per capita grain production 
declined slightly between the 1789–1841 and 1850–1868/70 periods from 0.9 to 0.6 percent, 
and increased substantially to 3.4 percent between the 1850–1868/70 and 1868/70–1881/83  
periods.

21 Komlos (1983) compiles data that has been aggregated across large regions and over various 
time periods from a number of sources (see Table 2.6 on p. 59). In addition, the data that is 
used to calculate trends before 1870 is for grains (which we interpret to mean wheat, rye barley, 
oats, and maize), while the growth rates after 1870 include all plant production, making long-run 
comparisons in trends akin to comparing apples and oranges.
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ROBUSTNESS CHECKS

Our main results are generally robust to including an interaction term 
between the post-union dummy and a quadratic of distance to the disconti-
nuity, a test that allows the slope of the distance variable to change on either 
side of the discontinuity, and is in line with the recommendations of Guido 
W. Imbens and Thomas Lemieux (2008) and David Lee and Lemieux 
(2009). We also check to see if our results are robust to narrower definitions 
of the discontinuity (20 and 30 kilometers). We observe impacts of slightly 
larger magnitude, with similar levels of significance to the 40-kilometer 
sample. These estimations are shown in the Online Appendix in Tables B3 
and Table B4. We also include district by year trends. Our results remain 
similar with these time trends included, but we suspect that they introduce 
significant collinearity into the specification, given that they exploit very 
similar district-level variation to our treatment effect (see tables in Online 
Appendix C). Consistent with this observation, the magnitude of the point 
estimates with district by year trends is quite large.

While we hope that our strategy is not threatened by omitted variables, 
in the absence of a pure randomized experiment, there always remains 
the possibility that the inclusion of key omitted variables in the estima-
tion might overturn the result. To assess this possibility, we follow the 
recommendations of Emily Oster (2017), who proposes a test based on 
the premise that changes in the coefficients of interest with the introduc-
tion of covariates can be informative about possible changes in estimation 
of treatment effects with the inclusion of omitted variables. The crux of 
the test is a conjecture about the covariance between the omitted variable 
and the treatment variable. One commonly made assumption is that the 
covariance between the omitted and treatment variable is equivalent to 
that between the observables and the treatment variable. This is known as 
the proportional selection assumption and implies a coefficient of propor-
tionality (δ) equal to 1. We calculate the coefficient of proportionality that 
would overturn our results.22 This coefficient is shown in the bottom row 
of Table 4 and Online Appendix Table B2. For cropland, the coefficient 
of proportionality required to overturn the interaction between post-union 
and the time trend result is over eight for the parsimonious specification, 
and almost ten for the full set of covariates. This indicates that an omitted 
variable would have to be substantially more correlated with the treatment 

22 Based on Oster’s (2017) recommendation, we assume an Rmax equal to 1.3 times the 
R-squared achieved by the full regression specification for each outcome. The Rmax is an 
estimate of the R-squared that would be achieved in the case where we were able to include all 
the key unobservables.
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variable than is the current set of observables in order to render the treat-
ment effect equal to zero. The results for forest are similarly stable. 

We also check to see whether it makes a difference to exclude districts 
that do not have meaningful variation in mapping dates, in other words, 
those that fall within the 40-kilometer border, but only have observa-
tions mapped either before or after the customs union. Online Appendix 
Table B2 contains estimates from the ten districts that have before and 
after 1850 maps within them. This is a relatively smaller sample, but the 
results remain robust with both clustered and wild-bootstrap clustering, 
and the estimated δ’s are again quite large. 

Additionally, we limit the Hungarian data to points mapped from 1840 
to 1849, and move the discontinuity to 1844 to see if there are effects of 
the trade union where there should not be any. These results are shown 
in Table 5. There are no significant impacts of the placebo discontinu-
ities, which is heartening, although we lose a considerable number of 
observations by removing the post-1850 data. Nonetheless, the data show 
no “anticipatory” effects, that is, land use did not change significantly 
in advance of the policy change. Another interpretation of this test is 

TAble 5
PLACEBO IMPACT TEST

Dependent Variable

Crops Pasture Forest
(1) (2) (3)

Post union = 1 after 1844 –0.069 0.034 –0.004
(0.058) (0.061) (0.040)

[–0.292, 0.132] [–0.251, 0.261] [–0.177, 0.274]

Years since 1844 x post placebo 0.010 0.065* –0.044
(0.033) (0.036) (0.004)

[–0.054, 0.130] [–0.025, 0.195] [–0.184, –0.025]

Other covariates Yes Yes Yes
District FE Yes Yes Yes
Observations 5,065 5,065 5,065
R2 0.056 0.027 0.146
N districts 16 16 16
* p< 0.10, ** p<0.05, *** p < 0.01.
Unit of observation is the point. Standard errors are in parentheses and are clustered at the 
district level. These are partial results using the sample within 40 km of a mapping border. Other 
covariates include ruggedness, an indicator for agricultural soil, proximity to city, ln(km to border 
with Austria), proximity to river, a quadratic of km to the discontinuity, and years since 1844. 
Ninety-five percent clustered bootstrapped CIs in [].
Source: Authors’ calculations using dataset described in Data and Methodology.
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that—at least prior to 1850—mapping did not result in detectable changes 
in landholder production choices. The estimate on pasture is marginally 
significant but not robust.

We are also concerned that the results could be driven by population 
changes. As mentioned in the data description, the population data are 
available only at the district level and are limited. We have data for the 
years 1840, 1846, 1851, and 1857. Generally speaking, the data show 
population declining prior to 1850 and slightly increasing afterwards in 
the districts that we analyze. This could potentially explain the increase 
in agricultural production. However, in addition to being rather sparse, 
the quality of the population data prior to 1850 is suspect, given that 
Hungarians had a strong incentive to underreport population during the 
era leading up to the failed revolution of 1848.23 Nonetheless, when we 
include district population density in the year nearest to the map year, 
the agriculture results hold in all samples, though the result on natural 
vegetation becomes weaker (see Online Appendix D).

HETEROGENEITY BY DISTANCE TO BORDER

Finally, we test to see whether or not logical correlations exist between 
distance to the Hungarian border, land use, and the discontinuity. If it 
is the case that trade is the force driving the observed land-use change, 
we would expect it to be sensitive to travel costs. Most travel at this 
time was done by horse and carriage, or approximately 25 kilometers 
per day. Some trade took place on the Danube, but due to the moun-
tainous, forested terrain throughout much of the empire, river and canal 
navigation did not attain the same significance as it did in other parts of 
Europe (Good 1984).24 To test the importance of travel costs, we interact 
the post-union and post-union time trend variables with a measure of 
proximity to the border between Austria and Hungary (specifically, 1/
km to the border).25 Table 6 shows the estimates from just the impact 
and interaction terms, and Online Figure E7 illustrates the total marginal 

23 Dux (1968) reports that population data for Hungary in the period between 1830 and 1846 
has been shown to be unreliable. Village mayors often believed that an increase in taxes would 
result from census reporting and therefore tried to conceal true population figures (Dux 1968).

24 Intensive road building began in the late eighteenth century and by 1847 Austria alone 
had developed a primary road network of more than 96,000 kilometers in length (Good 1984). 
Railroad construction began in 1835, but did not take-off until the early 1870s as the predominant 
method of transportation. 

25 To clarify the variation used in this estimation, Online Appendix Figure E4 shows the 
subsample of points used in the estimation here, including the 1850 discontinuity line, as well as 
shading coding the distance to the Hungarian border with Austria.
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effects and 95 percent confidence intervals calculated for distances up 
to 80 kilometers to the border (they remain flat thereafter). We observe 
that the significant increases in agriculture, and decreases in forest, are 
concentrated with less than 50 kilometers of the border. 

ALTERNATIVE MECHANISMS

Emancipation of the Serfs

The years around 1850 were marked by a number of liberal reforms, in 
addition to the customs union. One such reform was the formal emanci-
pation of serfs in 1848. If the freeing of the serfs was accompanied by an 
increase in agricultural labor productivity, this could potentially confound 
the results presented here. While our data limits us from formally testing 
this hypothesis, we believe that the emancipation is not likely driving the 
observed land-use changes and specialization patterns for the following 
reasons.

TAble 6
IMPACT OF CUSTOMS UNION BY DISTANCE TO AUSTRO-HUNGARIAN BORDER

Dependent Variable

Crops Pasture Forest
(1) (2) (3)

Post customs union –0.020 –0.083* 0.095**
(0.047) (0.042) (0.040)

Post union x border proximity 4.306** 3.610*** –7.736***
(1.857) (0.727) (2.560)

Years since 1850 x post union 0.042** 0.008 –0.043***
(0.017) (0.011) (0.013)

Post union x year x border proximity –1.161** –1.066*** 2.157***
(0.553) (0.194) (0.739)

Other covariates Yes Yes Yes
District FE Yes Yes Yes
Observations 10,356 10,356 10,356
R2 0.049 0.018 0.129
N districts 23 23 23
* p< 0.10, ** p<0.05, *** p < 0.01.
Unit of observation is the point. Standard errors are in parentheses and are clustered at the 
district level. These are partial results using the sample within 40 km of a mapping border. Other 
covariates include ruggedness, an indicator for agricultural soil, proximity to city, a quadratic for 
distance to discontinuity, proximity to river, and years since 1850. Border proximity is measured 
as 1/km to border.
Source: Authors’ calculations using dataset described in Data and Methodology.
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First, our findings indicate that agricultural land area increased in 
Hungary and decreased in Moravia in the post-customs union era, 
suggesting that trade openness induced a pattern of specialization consis-
tent with Hungarian comparative advantage in agriculture and Moravian 
advantage in non-agricultural production. If the 1848 emancipation were 
driving our results, then the effects of free labor would have to be different 
between Austria and Hungary. That is, the newly-emancipated serfs in 
Hungary were either inherently more productive than Austrian serfs, 
or free labor migrating from Austria to Hungary after the emancipation 
skewed the relative labor endowment in favor of Hungary, resulting in 
comparative advantage in agriculture. It is unlikely that widespread internal 
migration occurred between Austrian and Hungarian regions, given ethnic 
and linguistic barriers between the two regions. While official migration 
statistics for Hungary are scarce, internal migration within the Monarchy 
appears to have been between Austrian regions (Good 1984). There is also 
little reason to believe that Hungarian agricultural labor was more effi-
cient. If anything, in the years immediately following the reforms, there 
was better access to mechanized inputs in Austria (Komlos 1983).

The historical literature also supports the notion that the serf eman-
cipation had little effect on economic outcomes. First, serf labor repre-
sented only a small proportion of total agricultural labor in either region. 
In Hungary, robot (the system of forced labor used throughout the 
Habsburg Monarchy) days worked by the peasantry were 4.4 percent of 
total agricultural labor supply, while in Austria it constituted approxi-
mately 9 percent of total agricultural labor (Good 1984). Komlos (1983) 
provides considerable evidence that the economic effects of the emanci-
pation of the serfs were quite small. He assumes that free labor was 50 
percent more productive than serf labor and estimates that the effect of 
the 1848 reform was minimal: 1.2 percent increase in GNP in Hungary 
and a 2.4 percent increase in Austria (Komlos 1983). Unfortunately, our 
own production data, which comes from the imperial statistical records, 
does not have observations for 1848. Due to the turmoil of the revolu-
tions and reforms of 1848–1850, official production data is missing from 
1847–1850. Therefore, it is not possible to empirically test for a discon-
tinuity in agricultural productivity around 1848.

Technological Change

The eighteenth and nineteenth centuries were a time of major techno-
logical development in Europe, so it is possible that changes in agricul-
tural technology drive our primary results. For this to be a confounding 
factor, technology would need to have increased differentially across 
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our discontinuities of interest shown in Figure 3. We believe that this is 
unlikely for several reasons. First, while it is possible that different areas 
around the discontinuity could have been using different technologies 
prior to the customs union (for instance, extensive technologies on one 
side and intensive on the other), this seems improbable given that we 
document no significant differences in geophysical characteristics, such 
as soil quality, ruggedness, and distance to markets, around the discon-
tinuity. That is, intensive vs. extensive agricultural practices are deter-
mined by the underlying characteristics of land values, for which we do 
not observe any differences in our discontinuity sample.

Second, while differential growth rates of capital-driven agricultural 
productivity between Austria and Hungary have been documented in 
the literature, these differences are identified at least 20 years after 1850 
and are typically attributed to outflows of Austrian capital following the 
Great Depression of 1873–1895 in Austria (Komlos 1983; Schulze 2000, 
2007). As of 1870, Austria and Hungary displayed similar value-added 
per worker in the agricultural sector—349 Kronen in Austria and 338 
Kronen in Hungary. It was not until 1870 to 1910 that labor produc-
tivity growth rates diverged to 1.69 percent per annum growth in value-
added per worker in agriculture in Hungary and 1.12 percent per annum 
in Austria (Schulze 2007).26

Lastly, there is some evidence that adoption of new technologies, 
such as fertilizers, threshers and food processing machinery lagged well 
behind in the Habsburg Monarchy compared to the rest of Europe. By 
1910, chemical fertilizer consumption in Austria-Hungary was 3 kg per 
hectare and 0.6 percent of gross production, compared to 29 kg and 3.6 
percent respectively in Germany, and 7 kg and 1.7 percent respectively 
throughout Europe (van zanden 1991). Moreover, although Komlos 
(1983) discusses increases in mechanical and steam threshers in Hungary 
between the 1840s and 1860s, he argues that this improved mechaniza-
tion accounted for only 4 percent of the threshing requirement of Hungary 
and was consequently too small to affect production over the same time 
period (Komlos 1983). We therefore conclude that there is insufficient 
evidence of differential technological change around our sample area to 
confound our original estimates.

26 Work by van zanden (1991) estimates agricultural productivity for both Austria and Hungary 
around 0.75 units of production per capita and 0.50 units of production per hectare in 1870, 
with productivity increasing by 1.11 percent per annum in Hungary and 1.21 percent per annum 
in Austria between 1870 and 1910. These estimates are based on a Cobb–Douglas production 
function in which land, labor, and livestock are weighted as 0.35, 0.5, and 0.15 (van zanden 
1991). The Schulze (2007) figures in the text are based on constant price output and account for 
physical and human capital, as well as labor force composition.
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IMPLICATIONS AND CONCLUSIONS

Our article tries to identify the impact of a reduction in barriers to trade 
on the distribution of production and land use. Using a modified spatial 
discontinuity approach with disaggregated data from historical maps, we 
show that the 1850 customs union between Austria and Hungary resulted 
in a significant reallocation of production. Austria reduced its agricultural 
land use, while Hungary increased the amount of cropland at the expense of 
forest. We rule out that the adjustment in agricultural land in Hungary was 
part of a trend that began prior to the customs union, that it was a result of 
the emancipation of the serfs which occurred around the same time, or that 
it stemmed from differential adoption of agricultural technology. We also 
show that the estimates are sensitive to distance from the border between 
the two regions, thus more precisely identifying the trade mechanism.

We interpret these results as specialization induced by the lowering 
of tariffs. The benefits of this specialization, however, may have been 
uneven. While we do observe some decrease in agricultural land in 
Austria immediately after the customs union, recent literature suggests 
that Austria did not fully specialize in manufacturing. Schulze (2007) 
shows using aggregated census data that Austrian aggregate productivity 
growth was stifled by a slow exit of workers from the agricultural sector 
and low rates of capital formation between 1870 and 1910. Moreover, 
while capital intensity increased rapidly in Austria between 1890 and 
1910, it did not translate into labor productivity growth in the manufac-
turing sector. By 1910, Austria’s per capita GDP was just 53 percent of 
Germany’s, while Hungary’s stood at 40 percent (Schulze 2007).

Our findings for Hungary support the historiography that documents 
a dominance of the agricultural sector in Hungary throughout the nine-
teenth and early twentieth centuries (Komlos 1983; Good 1984; Schulze 
2000, 2007). Our results are also in line with observations of interdepen-
dence in trade between Austria and Hungary during the last 40 years of 
the Monarchy’s reign in which Hungary maintained a trade surplus in 
agricultural goods with Austria, while Austria maintained a trade surplus 
in manufacturing goods with Hungary (Eddie 1989). The present article 
contributes to the historical discussion by providing causal evidence that 
this specialization was catalyzed by the customs union.

In the long run, there could be broader economic implications resulting 
from specialization, particularly in agriculture. When compared to 
manufacturing, there is evidence that the returns to education for agri-
cultural workers are lower (Goetz and Rupasingha 2004; Jolliffe 2004). 
Therefore, in the event that one region specializes in agriculture, long-run 
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investment may be stifled, resulting in negative long-run economic 
outcomes. Recent work shows that per capita GDP grew substantially 
faster in Hungary than Austria from 1870 to 1913, and that growth in 
value-added per worker across agriculture, manufacturing, finance, and 
transport were much higher in Hungary over this period, as well (Schulze 
2000, 2007).27 However, there is some suggestive evidence that this 
growth was not coincident with long-run investment. It may be the case 
that Hungary’s specialization in agriculture created disincentives to invest 
in human capital and other economic fundamentals. Figure 5 shows that 
the average years of schooling was consistently lower in Hungary than in 
Austria and increased at a slower rate over the latter nineteenth and early 
eighteenth centuries. In addition, while per capita GDP grew at a higher 
rate in Hungary than in Austria, per capita income levels remained higher 
in Austria than Hungary over this period. 

Lastly, per capita savings—an important determinant of macro-level 
investment and economic growth—started out at similar levels for Austria 
and Hungary in 1870, but quickly diverged over the next 40 years, with 
Austria’s savings becoming increasingly greater than Hungary’s. 

In addition to contributing to the historical debate, our findings add to 
the broader discussion of the relationship between globalization and the 
environment. In the context we examine, forest was sacrificed in favor 
of agriculture. Because of this, our work also contributes to the ongoing 
discussion regarding the impacts of trade liberalization on natural resource 
use (see Copeland and Taylor (2004) for a review). While there are a 
significant number of theoretical articles on this issue,28 the majority of 
the empirical work relies on cross-country estimations where endogeneity 
concerns are very difficult to address and results are contradictory.29 A 

27 Schulze (2007) argues that capital outflows from Austria to Hungary after the Vienna stock 
market crash of 1873 are likely responsible for the decline in Austrian per capita GDP growth 
and increase in Hungarian income growth from 1870–1890. This pattern reversed, however, after 
financial recovery in Austria post-1890, after which point the Austrian economy grew at a faster 
pace than Hungary.

28 See Matsuyama (1992), Chichilnisky (1994), and Brander and Taylor (1997).
29 Ferreira (2004) finds over a cross-section of countries from 1990–2000 that trade openness 

increases deforestation in places where bureaucratic quality is poor and government enforcement 
of contracts is weak. López and Galinato (2005) focus specifically on Brazil, Indonesia, Malaysia, 
and the Philippines from 1980 to 1999, and show that trade has no significant effect on forest 
cover in Indonesia and Malaysia, but increases forest cover in Brazil and the Philippines through 
a reduction in agricultural expansion. Tetsuya and Shunsuke (2012) examine a cross-section of 
countries from 1990 to 2003 using a dynamic model that treats trade and income as endogenous, 
and find that trade increases deforestation in non-OECD countries and decreases the rate of 
deforestation in OECD countries. Gonzalez-Val and Pueyo (2013) develop a general equilibrium 
model to explain the short- and long-run effects of trade openness on deforestation, based on the 
role of trade liberalization in determining relative prices, migration, transport costs, and industrial 
concentration. The model predicts that in the short run, reductions in transport costs increase 
deforestation, but that in the long run the effects reverse.
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fiGure 5
LONG RUN INVESTMENT OUTCOMES

Sources: Schulze (2007) for panels (a) and (b). Tafeln zur Statistik Österreichischen Monarchie 
provided by David Good for panel (c).
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few articles use within-country estimates where it is difficult to separate 
out general time trends (Barbier 2000; Faria and de Almeida 2013). Our 
approach is unique in its ability to focus on the impacts of trade openness 
on various types of land use, including forest, pasture, and agriculture. 
However, we are unable to measure the net effect of this activity, that is, 
the amount of forest which grew back in Austria as it was cut down in 
Hungary. This is both because we do not have data for the entire Austrian 
region of the Monarchy, but also because our identification strategy relies 
on a local treatment effect. The true externality effects of this reallocation 
of activity could only be assessed were we able to examine the value of 
the regrown forest relative to that of the forest lost to agriculture. 

Using highly disaggregated data and a clean identification strategy, we 
are able to make sound claims about the effect of trade liberalization on 
land use. We find evidence of specialization with the elimination of trade 
barriers that resulted in forest loss in Hungary, which had a comparative 
advantage for agriculture. The impact of these tradeoffs in the long term 
remains an interesting area of inquiry for future work.
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