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a b s t r a c t

Land use is a cornerstone of human civilization, but also intrinsically linked to many global sustainability
challenges—from climate change to food security to the ongoing biodiversity crisis. Understanding the
underlying technological, institutional and economic drivers of land-use change, and how they play out
in different environmental, socio-economic and cultural contexts, is therefore important for identify-
ing effective policies to successfully address these challenges. In this regard, much can be learned from
studying long-term land-use change. We examined the evolution of European land management over
the past 200 years with the aim of identifying (1) key episodes of changes in land management, and
(2) their underlying technological, institutional and economic drivers. To do so, we generated narratives
elaborating on the drivers of land use-change at the country level for 28 countries in Europe. We qualita-
tively grouped drivers into land-management regimes, and compared changes in management regimes
across Europe. Our results allowed discerning seven land-management regimes, and highlighted marked
heterogeneity regarding the types of management regimes occurring in a particular country, the timing
and prevalence of regimes, and the conditions that result in observed bifurcations. However, we also
found strong similarities across countries in the timing of certain land-management regime shifts, often
in relation to institutional reforms (e.g., changes in EU agrarian policies or the emergence and collapse
of the Soviet land management paradigm) or to technological innovations (e.g., drainage pipes, tillage
and harvesting machinery, motorization, and synthetic fertilizers). Land reforms frequently triggered

changes in land management, and the location and timing of reforms had substantial impacts on land-
use outcomes. Finally, forest protection policies and voluntary cooperatives were important drivers of
land-management changes. Overall, our results demonstrate that land-system changes should not be con-
ceived as unidirectional developments following predefined trajectories, but rather as path-dependent

ected

(Müller and Munroe, 2008), institutional shocks (Niedertscheider
processes that may be aff

1. Introduction

The past 150 years have witnessed drastic expansion and inten-
sification of land use (Ramankutty and Foley, 1999; Rudel et al.,
2009; Vitousek et al., 1997), providing societies with essential
ecosystem services. At the same time, the stark environmental
trade-offs between land-based production and environmental pro-
tection are increasingly becoming apparent, from climate change,
to land degradation and biodiversity loss (Foley et al., 2005;
Millennium Ecosystem Assessment, 2005). Designing and imple-

enting effective policies to mitigate unwanted land-use outcomes
nd to navigate land systems towards more sustainable modes is
key challenge (Smith et al., 2014). Understanding the underly-

ing technological, institutional and economic drivers of land-use
change, and how they play out differently against the background
of varying environmental, socio-economic and cultural contexts are
pivotal in this regard.

Yet our understanding of the underlying drivers of land-system
change remains partial, with three factors contributing to exist-
ing knowledge gaps. First, land-change science has so far focused
mainly on analyzing the spatial determinants of land-use change,
such as topography, soil quality, market access, and infrastructure
development, which typically only provide indirect insights into
peoples’ land use decisions (Müller et al., 2013; Munroe and Müller,
2007; Gellrich et al., 2007; Mertens and Lambin 2000). Conversely,

assessments exploring land-use decisions, such as agent-based
models (Gaube et al., 2009; Jepsen et al., 2006; Parker et al., 2003),
are usually data-hungry and constrained to small regions and pre-
defined actors.
by various drivers, including sudden events.
© 2015 Elsevier Ltd. All rights reserved.

Second, land-change science has been biased towards analyzing
conversions among broad land-cover classes, such as agricultural
expansion or urban growth (Kuemmerle et al., 2013; Rounsevell
et al., 2012). Changes in management intensity, such as in fertil-
izer use, machinery, labor, increases in yields, changing grazing
pressure, or varying forest harvesting intensity have received less
attention, in part because spatially distributed information is lim-
ited (Erb, 2012). This is problematic, because much change in land
systems occurs along intensification pathways (Rudel et al., 2009;
Ellis et al., 2013; Erb et al., 2013), and intensification is expected
to become the dominant future land change (Tilman et al., 2011;
Garnett et al., 2013).

Third, most studies assessing land-use change and its drivers
have focused on relatively short time spans (i.e., a few decades),
mainly because most studies rely on satellite images to map land
changes as historical statistics are often unavailable (Singh et al.,
2013). This is unfortunate, because many underlying drivers of
land change tend to change in parallel when observed over short
time periods, making attribution difficult (Geist et al., 2006; Jones
et al., 2011). Likewise, the location, timing and character of drivers
determine the pace of land-use change. For example, population
growth typically changes slowly, causing gradual land transforma-
tions (Whitmore et al., 1990; Ellis et al., 2013), whereas economic
crises (Sunderlin et al., 2001; Gasparri, et al., 2013), policy shifts
et al., 2012), environmental disasters (Hostert et al., 2011) or war-
fare (Rudel et al., 2005) can alter land systems rapidly (Lambin and
Meyfroidt, 2010; Dearing et al., 2010).
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ig. 1. Temporal co-occurrence of drivers of land-system change for a hypothetical
n qualitative heuristic text analysis of the country narratives combined with infor

Overall, limited generic knowledge is available on the pathways
f land- use change and the role of land management (GLP, 2005;
urner et al., 2007). Longitudinal studies could therefore provide

useful insights for revealing generic traits of the complex interplay
of sudden and gradual drivers of land-system change.

We studied drivers of long-term agricultural land-use change
at the country scale by constructing and analyzing national-
level narratives of land-use change. Subsequently, we classified
co-occurring drivers of change into broad prototypes of land man-
agement, referred to here as ‘land-management regimes’ (Fig. 1).
We deliberately distinguished between land use and land man-
gement: Land use encompasses all socio-economic activities that
ontrol or alter flows of energy and matter on a given piece
f land (e.g., agriculture, forestry and urban usage). We define
and management by the combined legal, fiscal, and political or
ther institutional arrangements (e.g., land reforms, protection
cheme, subsidies) that affect land use, as well as inputs of land,
abor, and capital. The co-occurrence of certain levels of these
spects thus constitutes a certain land-management regime. Shifts
etween land-management regimes may result in typical land-use
hange processes, such as scale- enlargement, agricultural expan-
ion, increasing agricultural outputs or afforestation. Likewise, a
anagement regime may result in stability in land use, for instance,

hrough environmental protection or subsidies. Methodologically,
ur approach thus resembles earlier analyses of trajectories of land-
over change (see, e.g., Mertens and Lambin 2000; Munroe and
üller 2007; Müller et al., 2011), but differs in (a) our focus on

land use (as opposed to cover), (b) a much longer time scale, and
(c) our qualitative narrative approach which allows to consider a
much broader range of drivers to establish regimes.

Our overarching goal here was to examine the evolution of
European land- management regimes for the past 200 years at
the country-scale with the specific aims of (1) identifying major
land-management regimes and shifts between them, (2) reveal
important technological, institutional, and economic drivers of
such shifts, and (3) elucidate spatial and temporal variations in
land-management regimes. Europe is an interesting case for such
analyses because of (a) the long and well-documented land use
history, (b) the various shock events during the past 200 years,
including changes in political settings, changing land ownership
and warfare, (c) the exposure to common sets of policies during
the past 60 years both in Western and Eastern Europe, and (d)
the strong biophysical gradients from Boreal to Mediterranean,
mountains to lowlands, and oceanic to continental climates. Our
study was based on systematically compiled narratives on land-
system developments which allowed us to identify drivers of
land-use change, discern slow from fast drivers, and understand

long-term, systemic changes in land management. While the land-
cover history and landscape patterns of Europe have been described
elsewhere (e.g., Meeus (1995) Gerard et al. (2010), Bakker et al.
(2011), Fuchs et al. (2015)), we are not aware of a systematic anal-
ry. Characteristic land-management regimes (colored boxes) were identified based
n on the co-occurring sets of drivers (black lines).

ysis of long-term trends in drivers of land-system change across
larger areas in Europe or elsewhere.

2. Methods

With a scope covering 200 years for 28 European countries and a
focus on the ways in which society utilizes or transforms land, a key
methodological challenge of our study was to identify the predom-
inant drivers of land-use change at the national level. We obtained
information on these predominant drivers by producing and ana-
lyzing narratives of major changes in land systems with regards to
land-use change, including management changes, and their respec-
tive drivers. For each country, land-use experts were invited to
compile a narrative, following the procedure outlined below. The
complete narratives are available as supplementary information to
this paper.

The core focus of the narratives was on understanding the main
technological, institutional, and economic driving forces of land use
through time, not on a detailed, data-rich account of the land-use
changes that had happened throughout the study period. The use
of narratives is well-suited for that purpose because they serve
to standardize country-specific information along a common story
line. Further, the narrative allows constructing a story with a begin-
ning, middle and an end, with a focus not only on historical events
but also on underlying causes (White, 1987), which we antici-
pated to be useful for revealing trajectories in land management.
The literature contains numerous calls for exploring narratives for
understanding historical changes in land systems (Costanza et al.,
2007; Young et al., 2006), and some interesting examples of such
esearch exist for smaller study regions (e.g. Burgos and Maass,
004; Klepeis and Turner, 2001). However, we have not come across

a single study synthesizing land change across larger areas using a
narratives approach.

To obtain, analyze, and synthesize country-level narratives, we
followed a five-step, iterative approach (Fig. 2):

1. We produced a sample narrative to illustrate the envisioned
narrative style and structure. This sample summarized land
management in Denmark for the last 200 years and was divided
into sub-sections, reflecting periods when one or more under-
lying drivers of land change were dominant (e.g., “1880–1920:
Transformation to the family farm”; “1920–1960: Intensifica-
tion and consolidation of the family farm”, and “1960—today:
Specialization, European management and gradual, local exten-
sification”).

2. We used this template, along with a description of our research

questions and the conceptual definition of land management
regimes, to invite national land-use experts to author a narra-
tive for their respective country, with sub-sections dividing the
history into characteristic periods.
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Fig. 2. Iterative data processing. A template narrative was sent out to the national land-use experts (1), who produced narratives for their respective countries (2). These
mes (

4

5

3

narratives were analyzed for drivers of land-use change and land-management regi
a final analysis was done to synthesize drivers and regimes across countries (5).

3. The national narratives were then analyzed on two levels based
on Qualitative Comparative Analysis (Rudel, 2008; Ragin, 1987;
Young et al., 2006): (1) a driver-centered analysis, focusing
on trends in major drivers, and (2) a regime-centered analysis
identifying groupings of countries that represented similar land-
management transitions. For the driver-centered analysis, a list
of all drivers mentioned in the narratives was created, all nar-
ratives were then re-examined and the occurrence of drivers by
country was noted in a cross-table. A driver was counted each
time it was mentioned in different time periods within the same
narrative (e.g., if the development of railways was mentioned
several times as a driver in the period 1870–1920 for a given
country, it was only counted once—but if railway development
was mentioned again as a driver for the period 1950–1970 it was
counted twice). This produced a frequency table of drivers across
all narratives from which sets of temporally co-occurring drivers
were identified (Table 1). Land-management regimes were then
identified by combining information on these sets of drivers with
a qualitative heuristic text analysis of the narratives, where all

narratives were read, and direct or indirect mentioning of peri-
ods with particular land management were noted.

. The major drivers and land-management regimes identified
were distributed to the authors, asking them to align their narra-

n
d
s
i

Table 1

Results of the driver-centered analysis. Numbers refer to the frequency with which the dr
single narrative if mentioned in more than one time period.

Institutional Technological

Land reforms 58 Mineral Fertiliz
Forest protection 39 Tractors
Voluntary cooperativesa 24 Drainage
Land reclamation 21 New crops (clo
Subsidies, guaranteed prices 21 beets, feed crop
Protectionist policies 17
Forced collectivization 17
Nature conservationb 17 Roads
Abolition of serfdom 15 Railroads
Freeholders right to buy land 11 Irrigation
Military operations 8 New plough ty
Set-aside programs, agro-environmental schemes 8
Shift from production to area based subsidies 8
Land consolidation schemes 6
Subsidies for organic farming 4
Marshall plan, European recovery plan 4
Tax on agricultural inputs 1
Fascist land use paradigm 1

a Includes establishment of cooperatives following political revolution in Portugal.
b 10 of these are from Lithuania.
c Includes introduction of higher quality seeds.
d This dominantly covers the iron-plated plough, but also the seed drill (UK).
e Wine, hops, fruits, vegetables, flowers, livestock.
3). The authors revised their narratives according to the identified regimes (4), and

tives with these drivers and regimes. Specifically, authors were
asked to apply regime names as section titles and to update the
section texts to include information on the drivers related to
the regimes, if relevant. In addition, authors were asked to sup-
ply quantitative information on the prevalence or timing of the
drivers such as fertilizer use or the development of the number
of tractors over time in a spreadsheet template. This quantita-
tive information supported the delineation of regimes for the
individual countries by revealing when and how fast changes in
drivers occurred.

. Finally, the revised narratives were re- analyzed as in step 3
to accommodate for new information emerging in the second
round of narrative writing. This caused the identification of
an additional land-management regime and inclusion of new
drivers.

. Results

A major result of our study was the compilation of 28 national

arratives that were the basis for our subsequent analyses of
rivers and land-management regimes. While too extensive to be
hown here, this compilation provides a unique resource for explor-
ng land-system change in Europe (see http://dx.doi.org/10.1016/j.

ivers were mentioned in the narratives. Drivers can be counted multiple times in a

Economic

er 48 Demand for wood 24
47 Production for the market 22
37 21

ver, potatoes, 33
s in rotation)c Specialization of agriculture 13

26 Shift from grain to dairy 10
24 Cash cropping of certain cropse 9
20

pesd 9
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andusepol.2015.07.003). Below, we summarize key insights from
he synthesis analyses across all narratives. We first present the
dentified drivers of land-use change and their spatio-temporal
ccurrences. Next, quantitative data are displayed for those drivers
here statistics were available. Finally, the land-management

egimes identified are presented, followed by an analysis of their
patio-temporal patterns.

.1. Drivers of land-use change

The analysis of drivers of land-use change mentioned in our
arratives resulted in a total of 34 drivers that were mentioned

n at least one narrative. We identified three groups of main
rivers: technological (i.e., pertaining to agricultural production
odes), institutional (i.e., drivers enforced by organizations at var-

ous levels), and economic (i.e., drivers with a direct impact on
rices or mode of production) (Table 1). The choice of these driver

groups was based on Geist and Lambin (2001). Within the group of
technological drivers, mineral fertilizer was mentioned most fre-
quently, followed by tractors, drainage and introduction of new
crops. Land reforms were the most frequently mentioned driver in
the institutional group, followed by forest protection policies and
establishment of voluntary cooperatives. Land reforms included
laws regulating privatization of land and (re) distributing land,
often from clerical land, state land, or large private landholders
to landless peasants or persons resettled due to changing borders.
Finally, within the group of economic drivers, demand for wood,
market integration and specialization of agriculture were ranked
highest.

Some drivers where confined to distinct periods whereas oth-
ers occurred throughout the entire study period. An illustrative
example of the latter is the adoption of drainage: At the onset
of the study period (1800–1850), drainage by traditional means
(open ditches) was mentioned for Czechia, Finland, Italy, Norway,
Poland, Slovakia and the UK. Around 1850, following the inven-
tion of the clay drain pipe which allowed subsurface drainage,
application of this technology was mentioned in Austria, Czechia,
Denmark, Estonia, Finland, France, Germany, Hungary Ireland, Italy,
Lithuania, Luxembourg, Poland, Romania, Slovakia and Sweden.
After 1945, drainage remained a driver in Albania, Estonia, Finland,
Hungary, Latvia, Lithuania, the Netherlands, Romania, Slovakia,
Slovenia and Switzerland. A contrasting example was the num-
ber of tractors, which were adopted in a confined period from
1910 to 1970 in all countries. A full cross-tabulation of drivers
by country and period is available in the supplementary data
(http://dx.doi.org/10.1016/j.landusepol.2015.07.003).

Our result also revealed temporally co-occurring drivers. A first
ohort of drivers of land-use change (<1800–1850) comprised the
ntroduction of new crops, drainage and land reforms. The land
eforms included abolition of serfdom and rights for peasants to
wn land (often related to enclosure of former communal land) in
enmark, Belgium, France, Germany, parts of Latvia, the Prussian
arts of Poland and Lithuania, Luxembourg and Norway. The new
rops referred to the introduction of roots, tubers and leguminous
odder (beets, turnips, potatoes, clover) in a four-field rotational
ystem, diffusing through Europe from Flanders (1500s) and Eng-
and (1700s). Both these drivers were labor-intensive means of
ncreasing production prior to introduction of mechanization and

ineral fertilizers. Demand for wood products was also mentioned
s an early driver of change.

A later cohort of coinciding drivers was the combination of
rainage, mechanization, and mineral fertilizers. This wave of tech-

ological progress marked a new period, where capital became
n important production factor. Open ditch drainage was supple-
ented with underground drainage by the invention of the clay

rain pipe, phosphorous fertilizers such as Thomas phosphate and
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uano where marketed and horse-drawn reapers and threshing
achines became available, soon to be challenged by machin-

ry powered by fossil fuels. These capital inputs were adopted
y manors or by small-holders forming voluntary cooperatives.
n the period 1850–1900 this is exemplified by Denmark, France,
ermany, Latvia and Luxembourg, while Austria, Czechia, Finland
nd Lithuania experienced this in the period 1900–1950. After
945, tractors and mineral fertilizers were described in almost all
arratives.

In addition to the identification of drivers, consistent time series
ata were obtained for (1) number of tractors per agricultural area
16 countries), (2) length of railroads per agricultural land (15 coun-
ries), and (3) consumption of mineral nitrogen per agricultural
and (14 countries). Tractor density on agricultural land was used
s a proximate indicator of input intensity in agriculture, reflect-
ng capital investments. A group of mainly mountainous countries
eported introduction of the tractor in the early 20th century, with
steep adaptation rate after 1950 and a persistent increase until
resent (Fig. 3a). These statistical data are in general agreement

with the development described in the narratives and presented
in the supplementary data. A set of former Eastern Bloc coun-
tries had substantially lower tractor densities, slower rates, and
experienced the peak in tractor density around 1990 (Fig. 3b).
For this group of countries, the narratives generally indicated
importance of tractors earlier than the quantitative drivers reveal.
Finally, Germany, Luxembourg and Denmark showed almost sim-
ilar trends and levels of tractor densities over time, with uptake
beginning around 1950 and a peak in tractor density around 1980
(Fig. 3c).

Railroad density was interpreted as an indicator of access to
rban markets for agricultural producers and for the rural popula-
ion to migrate to urban centers. A group of early adopters spanned
cross Europe with highest uptake rates until the 1920s, followed
y slight increases or even decrease in the rail density (Fig. 3d).

Fig. 3e depicts five late-starter countries (Albania, Latvia, Lithuania,
oland and Slovakia), while the last group exhibits a rapid rate of
onstruction and early stagnation (around 1920) (Fig. 3f). No clear
elation was found between the groups of early/late adopters of
ailroads and the countries reporting early or late engagement in
he market economy in the narratives.

Like tractor density, mineral nitrogen (N) fertilizer use per
ectare of agricultural land is an indicator of input. The use of min-
ral N took off after 1945 when particularly the countries of the
ormer Eastern Bloc showed high rates of adoption, reaching an
pplication of approximately 100 kg/ha around 1965, peaked in the
ate 1970s and declined strongly towards 1990–2000 (Fig. 3g). Curi-

ously, this group overlaps with the countries in Fig. 3b that had low
uptake of tractors per agricultural land.

3.2. Land-management regimes

The analysis of the 28 narratives allowed identifying seven
distinct land-management regimes characterized by particular
land-system changes and the prevalence of specific drivers of
change (Table 2).

.2.1. Era of Peasantry
Most of the narratives depart in the description of a ‘traditional’

and use system. We identified this period as a land-management
egime dominated by feudal structures, low technological input
nd often some version of usufruct rights to village land. This
egime was characterized by limited market access (due to lack-

ng infrastructure, but also because urbanization had not taken
ff) and production was mainly oriented towards subsistence. This
egime also covers the latifundia found in Southern Italy, Spain, and
ortugal, where vast tracts of land where owned by few landlords
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Fig. 3. Statistical data on technological drivers of land-use change, standardized by agricultural area. Number of tractors and kilograms of synthetic nitrogen are indicators
of input intensity. Railroad length is a proxy of market accessibility. Countries are grouped to document relatively homogeneous patterns of change for each indicator across
groups of countries.. (a) Mainly montane countries where tractor densities are still increasing. (b) Former eastern European countries with relatively low tractor densities,
which stabilized during the 1970s and have decreased since the 1990s. (c) Western European countries where tractor densities have decreased since the 1980s, perhaps
due to structural adjustment. (d) Early establishers of railroads. (e) Countries where railways were established relatively late, mostly Eastern European countries. (f) Mainly

tion. (
simila
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montane countries with early and rapid railway development followed by stagna
Austria’s use of N peaked early, around 1960, while Norway followed around 1980,

and managed with very low inputs, or left unmanaged. Labor was
abundant and labor costs were low due to a large group of landless
peasantry.
3.2.2. Innovations and Rights
With the abolition of serfdom, rights of peasants to own land

were established. Often, land reforms also granted land from
the state, monasteries, churches and manors to landless peas-

i
f
i

g) Eastern European countries where nitrogen (N) used peaked around 1980. (H)
r to Albania. (i) Western European countries where N use peaked around 1990.

nts. In countries where agricultural production was based on
hree-field rotation systems coordinated by village institutions,
rivatization of land led to enclosure of fields and to the intro-
uction of new crops such as alfalfa, clover, beets and turnips
n a multi-field rotation. Increasing use of fossil fuels allowed
or better steel manufacturing and the iron-plated plough was
ntroduced.
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Table 2

Drivers and characteristics of the identified land-management regimes

Regime Characteristics Drivers and/or conditions

Technological Institutional Economic

Era of Peasantry Land owned by crown,
nobility, state and religious
organizations
Feudal structures
Tenants farm village land
using three-field rotation
with fallowing
Commons for grazing
Subsistence production

Low-tech Feudal society
Lack of private land rights

Few urban centers—low
demand for agricultural
products
Limited access to markets

Innovations and Rights Enclosure of fields
Multi-field rotation
Agricultural expansion
Subsistence production

Improved ploughs
New crops

Private land rights
Land reforms

Few urban centers – low
demand for agricultural
products
Limited access to markets

Intensification Industrial processing
(dairy, meat)
Specialization (in some
countries)
Land reclamation
Agricultural expansion
Agricultural intensification

Centrifugal separator
Cool storage rooms
Threshers
Harvesters
Improved ploughs
Motorization
Clay drainage pipe
Mineral fertilizer

Private land rights
Land reforms
Voluntary cooperatives
Protectionism in some
countries

Urban markets create
demand for agricultural
products
Increased access to
markets
Emerging (world) market
integration

Industrialization Commercial farming
Specialization
Larger fields, fewer borders
Agricultural intensification

Motorization
Mineral fertilizers
Irrigation

EU policies to ensure
self-sufficiency Guaranteed
prices – production-based
subsidies

World market integration

Collectivization Commercial farming
Specialization
Larger fields, fewer borders
Agricultural intensification

Motorization
Mineral fertilizers

Land reforms
Collectivization
Guaranteed prices –
production-based
subsidies

Centrally planned economy

De-intensification and
Commercialization

Polarization of land uses
Commercial farming
Specialization
Larger fields, fewer borders
Agricultural
de-intensification
Abandonment

Motorization
Mineral fertilizers
Irrigation

Land reforms Market economy

Environmental Awareness Polarization of land uses
Intensive vs. extensive/
abandonment/
organic farming
Larger fields, fewer borders
Declining agricultural work
force

Motorization
Mineral fertilizers
Precision farming
Irrigation

Agro-environmental
schemes
Limits on fertilizer
applications Area-based
subsidies

World market integration
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Goal-oriented land
management

.2.3. Intensification
This land-management regime is characterized by the intro-

uction and uptake of new technologies (i.e., new machinery, clay
rainage pipe). Mineral fertilizers such as Chilean nitrate, potash,
asic slag, superphosphate, and later urea were developed and
purred processes of agricultural expansion and intensification.
his development coincided with industrialization and urbaniza-
ion, creating a market for surplus production of smallholder farms
nd contributing to the shift to market-orientated production. To
eet demands from urban markets, which were now accessible

ue to railroad and road expansion, farmers in many countries
hifted from producing grain to higher-value farming systems
ased on livestock and dairy production. Investments in mod-
rn technology were sometimes facilitated through participation

n voluntary cooperatives, for instance dairy plants, abattoirs and
hared cool storage rooms. The land reforms of Innovations and
ights continued with clerical and manorial land being seized by
he state and granted, rented or sold to smallholders, often in

f
c
g
d

arcels <10 hectares. In some cases (e.g., in Germany), the rural exo-
us led to arable land being converted to more extensive uses or
bandoned.

.2.4. Industrialization
This regime is in all aspects a full implementation of the

anagement practices initiated in the Intensification regime. The
ndustrialization regime represents full adoption of commercial
arming specialized in crop or livestock production, including struc-
ural changes in agriculture towards fewer, but larger farms and
arger fields, which led to drastic changes in the agricultural land-
capes. Farms were increasingly oriented towards the world market

or both imports of inputs and technology and exports of agri-
ultural produce. While mineral fertilizers and motorization were
radually introduced during Intensification, the uptake of both
rivers increased dramatically during Industrialization (Fig. 3).
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Fig. 4. Spatio-temporal distribution of land management regimes across Europe fr
between countries. Due to large internal biophysical variation, Spain, Portugal, and
Austrian, a Prussian, and a Russian region until 1920.

3.2.5. Collectivization
Between 1945 and 1991, the land management regime in

the Eastern Bloc (including the communist states of Albania and
Slovenia as part of former Yugoslavia) shared some of the character-
istics of the Industrialization regime described above: throughout
this period, agricultural technologies were motorized, the use of
mineral fertilizers exploded, and farm and field sizes increased.
However, while this development in Western Europe was driven
by a combination of market forces and institutionally determined
economic incentives, in the Eastern bloc it was driven by a centrally-
planned economy through land reforms seizing and redistributing
farmland—in particular from larger landowners—and the establish-
ment of large collective and state farms.

3.2.6. De-intensification and commercialization
The collapse of the Eastern Bloc after 1989 caused considerable

changes in the land management of the former socialist coun-
tries. State farms and collectives were dissolved; land reforms were
enacted to reinstate private property rights to land either through
distribution of the land to persons working in agriculture or through
restitution to historical owners. Many original owners, however,
were absent (living in cities), old or without funds or know-how
to operate, maintain or invest in modern machinery. This led to
a bifurcation in land use: intensive cultivation continued, but on
commercial premises, with large agro-companies buying former
collectives or state farms on the one hand, alongside an expan-
sion of low-intensity, mainly subsistence-oriented farming as well
as widespread agricultural abandonment of marginal land on the
other hand. The management of the low-intensity farms resem-

bled the Innovations and Rights regime as well as the Intensification
regimes: land reforms granted land to smallholders focusing on
subsistence farming with low degrees of mechanization and min-
eral fertilizer inputs.
00 to 2010. Countries are ordered to highlight similarities in regime shift patterns
were split into distinct regions. For historical reasons, Poland was divided into an

3.2.7. Environmental awareness
The development since 1990 has been influenced by an

increasing awareness of the environmental impacts of agricultural
production, in particular emissions of nutrients to the aquatic envi-
ronment and the use of pesticides. Agro-environmental policies to
curb emissions and reduce surplus production were implemented,
and area-based subsidies replaced production-based subsidies
in the Common Agricultural Policy of the EU. However, even
though this trend is important, high-input, intensive agriculture
continuous to dominate. Together, this often leads to a process
of polarization, with intensifying land use co-occurring with de-
intensification or even abandonment in the same landscape.

3.3. Distribution of regimes in space and time

All countries we studied progressed through sequences of land
management regimes (Fig. 4). From the onset of the 19th century,
he Era of Peasantry gradually yielded to the Innovations and Rights
egime (Fig. 5a). In montane regions, as well as in many of the coun-

tries associated with the Austro-Hungarian Empire, the shift from
the Era of Peasantry to Innovations and Rights took place around
1850 (Fig. 5b). In Southern Europe and areas under Ottoman influ-
ence, latifundia or chiftlik systems sustained the Era of Peasantry
regime well into the 20th century.

The Innovations and Rights regime was gradually replaced by the
Intensification regime in most countries, with the first adopters of
the Innovations and Rights regime typically being the first to tran-
sit to Intensification (Fig. 5c). Later adopters tended to be found at
the geographical periphery of the study area (Fig. 5d). By 1945,
most countries fell under the Intensification regime, except Poland

(characterized by traditional farming methods and low agricultural
yields), Hungary (where agricultural intensification stagnated after
the collapse of the Austro-Hungarian Monarchy in 1918), Albania
(where land reforms and agricultural expansion occurred at a slow
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Fig. 5. Distribution of land-management regimes in different

ace), North Portugal (where traditional, mixed farming persisted),
nd Central and Western Spain (where latifundia still dominated).

With the end of World War II, land-management regimes
hanged markedly. Large parts of Western Europe entered the
ndustrialization regime, and only Ireland, Portugal and Central
pain had not made the transit from Intensification to Industrial-

ization by 1970 (Fig. 5f).
Throughout the Eastern Bloc, the emergence of socialism

esulted in the Collectivization regime (Fig. 5e). Yet, despite dif-
ferences in land tenure and economic systems between Europe’s
East and West, policies on both sides of the Iron Curtain aimed
to increase production by intensifying land use and farm special-
ization into either livestock or plant production took place at the
expense of mixed farming. Only Portugal, Ireland, and Central Spain
remained in the Intensification regime until 1980 or even 1990.

The Collectivization regime came to a sudden end in 1990
when the Soviet Union broke down. The collapse of socialism also
had diverse effects such as in Romania where many areas de-
intensified and are to date dominated by small semi-subsistence
holdings, lacking incentives for investing into mechanization,
intermediate inputs, and into maintenance of irrigation systems.
Although commercial and agricultural societies emerged, the coun-
try characteristics and management drivers resembled those of
the Innovations and Rights regime. Lithuania and Slovakia shifted
o the Intensification regime. In Lithuania, stock companies were

llowed in 1993, but with a very low rate of adoption. Alba-
ia, Estonia, Latvia, Slovenia, Poland, and Hungary entered a
ualistic regime, where De-intensification and Commercialization
o-existed, allowing private companies to acquire collectives or
between 1800 and 2010. See text for description of regimes.

tate farms, while smallholders worked the many small, frag-
ented farm holdings. After a decade, Romania and Lithuania

ntered the De-intensification and Commercialization regime in
000, Latvia and Estonia shifted to Industrialization, Albania shifted
rom Innovations and Rights to Intensification, Poland remained in
he De-intensification and Commercialization regime and Hungary,

Slovenia and Slovakia entered Environmental Awareness (Fig. 5g).
With the exceptions of Portugal, Greece, and Ireland, the Indus-

rialization regime ceased around 1990 across Western Europe, and
nvironmental Awareness increasingly shaped land use (Fig. 5g and

h). Note, however, that negative environmental effects of agricul-
ture are not necessarily absent in the Environmental Awareness
regime. Likewise, the environmental awareness regime was often
also characterized by an increasing displacement of land use out-
side the EU’s boundaries (Kastner et al., 2014), thereby outsourcing
environmental footprints.

4. Discussion

Understanding the underlying technological, institutional, and
economic drivers of land-use change, and how they play out
differently in different environmental, socio-economic and cul-
tural contexts, is essential for identifying effective policies to
navigate land systems towards more sustainable futures. We com-

piled a unique set of narratives on 200 years of land-system
change in 28 European countries to identify seven dominating
land-management regimes. We found substantial spatiotemporal
heterogeneity in the prevalence of regimes across Europe as well as

https://www.researchgate.net/publication/261249780_Rapid_growth_in_agricultural_trade_Effects_on_global_area_efficiency_and_the_role_of_management?el=1_x_8&enrichId=rgreq-d92a2d17adc9baa8b4a1e9b7327a4971&enrichSource=Y292ZXJQYWdlOzI3OTcxNTIwMztBUzoyNjM3NTM2Nzc2NjgzNTNAMTQzOTg5NTE4NTgyNA==
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shifts among them, yet also marked commonalities in the drivers
explaining these transitions with a general tendency of diffusion
of emerging regimes from Europe’s Northwest to its Southeast.
Regime shifts were often related to supra-national institutional
reforms (e.g., changes in EU agrarian policies or the emergence and
disappearance of Soviet land management), technological innova-
tions and their diffusion across Europe (e.g., drainage pipes, tillage
and harvesting machinery, motorization, and synthetic fertilizer),
and land reforms. While land-system change was often gradual or
unidirectional, our results highlight that abrupt transformation in
land systems can occur, including reversal to a previous regime.
Our results strongly suggest that land-system change should not be
conceived as a unidirectional process following predefined path-
ways, but is better understood as a sequence of management
regimes, with inertia and path-dependency, but also potential leap-
frogging. Our findings have major implications for policy making,
because they demonstrate the strong influence of political and
institutional factors, but also highlight the spatial heterogeneity
of land-management regimes across Europe and thus a need for
diversified, spatially-targeted land-use policies.

4.1. Shifts in land-management regimes across Europe

At the European level, we observed both gradual transitions
between regimes and abrupt shifts. Gradual transitions were more
frequent in the 19th century. For instance, the Era of Peasantry
persisted in Europe for 150 years after the first group of coun-
tries shifted to Innovations and Rights around year 1800. Feudal
structures persisted in the Southern parts of the Mediterranean
countries because of a combination of land ownership structures
and relative low agricultural potential due to water constraints.
Similarly, the transition from Innovations and Rights to Intensifi-
cation began in 1850 in the present Germany while this shifting
occurred up to 100 years later in Albania, Greece, Hungary, Poland
and Slovenia.

Abrupt shifts occurred predominately around World War II:
the Western European countries all entered the Industrialization
regime within 20 years after the war and countries in the East-
ern Bloc where forced into Collectivization to varying degrees.
Both regimes were rapidly introduced, and with comparable land
management in terms of means of intensification (driven by motor-
ization, use of mineral fertilizers, field enlargements, production
subsidies). Interestingly, both regimes endured for 40 years. Col-
lectivization came to a sudden end due to political shocks, whereas
the Industrialization regime is currently in slow transition towards
reduced local environmental impacts. The impacts on the land
system of the two transitions are thus substantially different:
while the former Eastern Bloc experienced rapid de-intensification
or complete abandonment of agriculture, Western Europe is still
undergoing a gradual change towards decreasing the pressure
exerted by land use on Europe’s ecosystems.

Compared to the gradual changes between regimes at the Euro-
pean level, regime shifts tended to occur more swiftly at national
levels. This is particularly obvious for regime shifts with a strong
relation to institutional drivers, for instance shifts from the Era
of Peasantry to Innovations and Rights (e.g., in the last decade of
the 18th century in France and Denmark or around 1848 for the
Austro-Hungarian Empire with the abolition of serfdom). Some
regime shifts, however, also occurred gradually at national levels.
For instance, the shift from Innovations and right to Intensification
happened over several decades for a group of countries where the

emerging intensification process was stalled by agrarian crisis (see,
for instance, the narratives for France and Slovakia). Gradual shifts
also occurred towards the Environmental Awareness regime, where
land management practices associated with the Industrialization
olicy 49 (2015) 53–64

regime persist at national levels. This can partly be explained by
agro-environmental schemes and policies being voluntary.

4.2. Drivers of land management change in Europe

Our narratives revealed major trends in dominant drivers of
land-use change for Europe in the period 1800–2010. Of all 34
drivers identified, the most frequently mentioned driver of change
in land management was land reforms, followed by mineral fer-
tilizer and tractors. Other institutional and in particular economic
drivers seem to play a relatively minor role in the national nar-
ratives. This indicates that regime shifts were mainly brought
about by fundamental structural changes and technological inno-
vation, a finding that is interesting in the perspective of identifying
pathways to sustainable land systems. It also demonstrates that
land-management change was driven by factors from very differ-
ent organizational levels, from land reforms being implemented
by nation states (e.g., seizure of land from large land owners), to
individuals deciding on the uptake of technological innovations in
response to variations in input and output prices.

Particular drivers were not confined to specific periods or par-
ticular countries and can produce similar land-use changes. For
example, in all the narratives mentioning drainage, it caused agri-
cultural and forestry expansion and/or conversions from meadows
to cultivated fields, whether initiated by private entities or institu-
tions. In contrast, some drivers also led to different outcomes. This
is illustrated by the effects of establishing private land rights and
granting or renting of land to smallholders, which during the Inno-
vations and Rights regime in Denmark enabled peasants to invest
their labor in production, ensure their livelihoods and produce a
surplus which they could invest in the farm. In Ireland in the late
1880s, a public rural development program bought land from large
estates and distributed it to smallholders, resulting in small and
fragmented, uncompetitive on the modern European market. In
other countries, granting of smaller (<10 ha) parcels of land took
place after the Intensification regime became dominant in Europe,
but these newly established farms could not compete by investing
labor alone; for that, they needed mineral fertilizer and mecha-
nization as well. These inputs required larger investments than the
small parcels could recoup, leaving the peasants partially outside
the market economy. In Austria, the price of acquiring land after
land privatization reforms was so high that peasants struggled to
pay back loans, thus hampering agricultural modernization. Finally,
re-establishing private property rights after the collapse of the com-
munist regimes in the Eastern Bloc caused both intensification and
land abandonment (see the individual narratives in the SI).

4.3. Uncertainty

The analyses presented in this study are based on narratives
of changes in land use and land management, supplemented
with quantitative information on technological drivers of land-use
change.

Relying on narratives for obtaining information through an iter-
ative process has helped authors focus on generic trends in land
management, often related to major historical events. For exam-
ple, time periods where often used as section headings in the
first versions of the narratives. But this approach also exposes the
study to some uncertainties. First, narratives represent a discourse,
potentially deviating from a neutral veridical historical represen-
tation (White, 1987; Bryant, 2000). In our case, the variation in
narrative structure and content was large and can be attributed

to many factors including differences in land cover, land use, cli-
mate, politics and the dominant national narratives of individual
countries, as well as the personal reflections of authors. The nar-
ratives thus expose a national understanding of causal drivers of

https://www.researchgate.net/publication/273946808_The_Content_of_Form_Narrative_Discourse_and_Historical_Representation?el=1_x_8&enrichId=rgreq-d92a2d17adc9baa8b4a1e9b7327a4971&enrichSource=Y292ZXJQYWdlOzI3OTcxNTIwMztBUzoyNjM3NTM2Nzc2NjgzNTNAMTQzOTg5NTE4NTgyNA==
https://www.researchgate.net/publication/12286558_'On_sources_and_narratives_in_historical_social_science_A_realist_critique_of_positivist_and_postmodernist_epistemologies?el=1_x_8&enrichId=rgreq-d92a2d17adc9baa8b4a1e9b7327a4971&enrichSource=Y292ZXJQYWdlOzI3OTcxNTIwMztBUzoyNjM3NTM2Nzc2NjgzNTNAMTQzOTg5NTE4NTgyNA==
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land-use change, conveyed by national experts for each of the 28
countries. Second, while we supplemented the drivers identified in
the narratives with statistical data, no triangulation was made to
verify the causality between land-use change and the drivers men-
tioned in the narratives because (a) the historical statistical data is
scarce; (b) it is subject to statistical uncertainties and (c) it served
as proxy variables of indicators of driving forces. Third, causal rela-
tions between drivers and land-use changes are also obscured by
time lags between the onset of a driver and its spatial impacts. For
further discussion on the use of narratives, see, e.g., Goldthorpe
(1991), in addition to Leach and Fairhead (2000) and Clement and
Amazaga (2008) who both confront dominant deforestation narra-
tives with local and historical sources.

We used the concept of management regimes to obtain an
overview of major states of and shifts in agricultural management
regimes at national level and with a decadal temporal resolution.
This generalized overview comes at the expense of detailed infor-
mation, e.g., on differences in management and change trajectories
within countries and between single years. If Europe was studied
at finer spatial and temporal resolution our results would be more
nuanced but would likely not include significantly more drivers and
regimes. However, adding more land-use sectors to the analysis,
such as forestry, could increase the number of regimes if (a) forestry
is influenced by other drivers than agriculture or (b) the regime
shifts in the two sectors are not synchronized. This would provide
a more complete picture of management of the land system.

An alternative approach to our study could be to obtain char-
acteristics of the land systems from historical land-use data and
categorize this information into sequences of distinct land systems.
Next, the analysis of drivers of change from the narratives could
be based on formal Qualitative Comparative Analysis (Ragin 1987)
or alternative rigorous text analysis approaches, coding drivers
as variables with temporal information. Finally, the land system
sequences could be regressed against the coded drivers. Such
approach would build strongly on the trajectories of land-cover
change tradition (Mertens and Lambin 2000; Munroe and Müller

007) and allow a quantitative analysis of the relationships of the
determinants of land system changes, including path dependen-
cies. This approach would potentially also facilitate inclusion of the
forestry sector which is not systematically addressed in the narra-
tives, and hence note represented in any of the seven management
regimes.

5. Conclusion

During the past 200 years, agricultural expansion and intensifi-
cation have shaped European land systems, driven by land reforms,
market access and availability of technology. This was reflected by
a seemingly deterministic progression through land-management
regimes, from Era of Peasantry through Innovations and Rights
nd Intensification to Industrialization and Collectivization. How-
ver, until around 1950, Europe was also characterized by marked
patial heterogeneity in land-management regimes, where single
ountries or groups of countries followed idiosyncratic pathways,
nfluenced by path-dependencies (for instance, focus on livestock
roduction), lock-ins (land reforms that created a large number of
ural smallholdings) or external shocks (the agrarian crisis in the
ate 19th century due to grain imports from Ukraine and the United
tates).

In the aftermath of World War II, Europe became more homo-
eneous and was dominated by two distinct land-management

egimes by 1970; the Industrialization regime in Western Europe
nd the Collectivization regime in Eastern Europe. Despite their
olitical and geographical differences, both regimes were driven
y motivations of self-sufficiency in agricultural products and
olicy 49 (2015) 53–64 63

haring adverse environmental outcomes of intensive, large-scale
gricultural production. This homogeneity was soon to end; envi-
onmental concerns in Western Europe spurred the Environmental
wareness regime while the breakdown of communism in Eastern
urope caused the replacement of the Collectivization regime with
diversity of land-management regimes.

Both historical and recent transitions in European land-
anagement regimes demonstrate that pathways are neither

nidirectional, as some countries re-entered previously expe-
ienced regimes, nor can they be applied as projections for
uture development. Regime shifts can occur suddenly or as
esults of incremental changes and change pathways are gener-
lly influenced by spatial variations in biophysical, institutional and
conomic settings. This implies that future policies on sustainable
and use in Europe should carefully consider the spatial varia-
ion in both environmental conditions and land-use legacies, while
cknowledging that land-management regimes can be changed
uickly, in intended and unintended directions, depending on the
olicy instruments.
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