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Abstract: The growing and multiple interests in land as a resource has led to an increase in locally
or regionally clashing land use interests on agricultural land which may result in conflicts or open
up possibilities for synergies. Urbanization, food production, renewable energy production, envi-
ronmental protection, and climate protection are known as key land use interests in many regions.
The objective of our study is to identify and map land use conflicts, land use synergies, and areas
with land use synergy potentials in the federal state of Brandenburg, Germany. We have combined
different methods: an analysis of statistical data, an online survey with farmers, a primary document
analysis (articles, court documents, policy documents, position papers), and a GIS-based spatial
analysis. In our Brandenburg case study, we have identified the use of agricultural land for renewable
energy production and environmental protection as the most relevant land use interests leading to
conflict situations. We show that land use synergies can make a significant contribution to achieving
environmental and climate protection goals, as well as sustainable development. Through the site-
adapted and targeted establishment of agroforestry systems, agricultural areas with agri-photovoltaic
systems and agricultural parcels with integrated nonproductive areas may lead to land use synergies.
Our study contributes to a better understanding of the occurrence of land use conflicts and land use
synergies. We highlight the potential for targeted and sustainable environmental and climate protec-
tion through the promotion of land use synergies as a result of establishing agroforestry systems and
agricultural parcels with agri-photovoltaic systems and integrated nonproductive areas. Our results
provide a basis for agricultural policy to promote land use systems that contribute to environmental
and climate protection.

Keywords: land use interests; land use; land use conflicts; land use synergies; agriculture; sustainable
development

1. Introduction

For decades, the world population has been steadily increasing, and this is expected
to continue in the coming decades [1], causing far-reaching problems [2]. The demand for
land is reflected in different land use interests, which may lead to conflicts but potentially
also to synergies in land use that manifest on a local scale. Urbanization, food production,
renewable energy production, environmental protection, and climate protection are known
as key land use interests in many regions. This is also the case in Brandenburg, where
population numbers have increased by 34,000 from 2010 to 2021 [3], and increasing pressure
from urbanization in the periphery of Germany’s capital Berlin on environmental and
climate protection policies and renewable energy production can be observed. Land use
conflicts can be defined as a situation in which at least two different incompatible land
use interests or land use objectives clash [4-8]. In contrast, land use synergies may be
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considered a unilateral or mutually positive influence of different land use objectives that
are enacted on each other. The literature on land use conflicts has primarily aimed to
highlight the causes and impacts of conflicts and present the methods for identifying and
localizing these. To prevent the emergence of land use conflicts, to reduce their negative
impacts, and to derive strategies for site-adapted, targeted, and low-conflict land use,
extensive knowledge about land use synergies or the potential of such synergies is needed.
Such knowledge and a better understanding of land use synergies may be the basis for
better-informed policy decisions in the context of meeting climate change, environmental
protection, and sustainable management of natural resources.

Many scientists have already addressed the different aspects of land use conflicts
arising from the diverging objectives of land use: (a) the identification of land use conflict
potentials [4,9-11] and land use conflict [12,13], (b) the investigation of the causes and
impacts of land use conflicts [14-17], (c) the management of land use conflicts, including
how to resolve them [18-20], and (d) mechanisms for spatial variation of land use con-
flicts [21]. The ongoing scientific debates of land sparing versus land sharing in the context
of agricultural food production and biodiversity conservation illustrate this approach in
how they focus either on separating land for different land use interests (land sparing)
or on modifying the agricultural landscape so that, with extensive use and more habitat
quality, biodiversity can be supported on the same land (land sharing) [22]. Recent stud-
ies have used participatory system dynamic approaches to investigate interrelationships
between different stakeholder interests and cultural, social, climatic, or ecological vari-
ables [23,24]. In spatial decision-making and planning, one key objective is to reduce or
prevent land use conflicts by means of suitable laws and regulations to reconcile agriculture
with environmental protection and climate protection. In this case, exemplars are the EU
regulations on the Common Agricultural Policy with Regulation (EU) No. 2021/2115 or
the national regulations for environmental and climate protection. Planning instruments,
such as landscape, regional, or land use planning, are also appropriate means to reduce or
prevent land use conflicts through balanced land use. Based on site parameters and the
balancing of different land use interests, it is possible to zone the landscape in suitable areas
through a land use suitability analysis. These analyses have been applied numerous times.
For example, Akinci et al. [25], Amini et al. [26], and Charabi and Gastli [27] investigated
which sites in a region are suitable for the production of renewable energy through the
use of photovoltaic plants. Determining which area is suitable for which land use often
requires balancing various land use interests.

Land use synergies, on the contrary, have only recently been addressed [28-30]. Earlier
studies identified different land use systems with land use synergies on agricultural land
when established in a targeted and site-adapted manner, particularly agroforestry sys-
tems, agricultural land with agri-photovoltaic systems, and agricultural areas that contain
nonproductive areas such as fallow land or landscape features. An agroforestry system
represents a land use system in which agricultural production (crop cultivation or animal
husbandry) and the cultivation of woody plants (trees and hedges) occur simultaneously
on the same agricultural parcel (field) [31]. Synergistic effects, which can result from the
targeted establishment of an agroforestry system, include the stabilization of agricultural
yields by a reduction in wind erosion and improvement in soil enrichment, on the one hand,
and the cultivation of woody plants to produce valuable timber, on the other hand. Finally,
agroforestry systems can lead to positive effects on the environment and the climate [32,33].
In agricultural land with agri-photovoltaic systems, agricultural production is combined
with the use of solar radiation to generate renewable energy. Thus, this area generates
income from different sources, including agricultural production and renewable energy
generation. At the same time, the shading provided by agri-PV systems can lead to a reduc-
tion in the evaporation rate and, at the same time, to the mitigation of drought stress [34,35].
Land use systems in which nonproductive areas are integrated into agriculturally used land
can lead to synergy effects, such as increased biodiversity, reduced plant protection and
fertilizer inputs, or habitat provision and soil enrichment [36,37]. These land use systems
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are associated with several ecosystem services. They illustrate the multifunctionality of
agricultural land (see Knickel et al. [38]). Although several studies have identified the
general potential synergies of such land use systems, few have explored how to identify
potential areas for these systems as a basis for spatial decision-making and planning.

The main objective of our study is to identify and map land use conflicts, land use
synergies, and areas with land use synergy potentials. Hence, we address the following
research questions.

(1) What are the key interests in agricultural land, and to what extent do they lead to
land use conflicts or land use synergies?

(2) How and where can we identify and map land use conflict areas and land use synergy
areas on agricultural land?

(3) Whatis the extent of land use synergy potentials on agricultural land in Brandenburg?

In the present study, we consider the case of the federal state of Brandenburg, Germany,
which represents an excellent example for investigating land use conflicts and land use
synergies. The study area has very heterogeneous environmental conditions and cultivation
practices, along with large shares of landscape and nature conservation areas. In addition,
Brandenburg surrounds the metropolitan region of Berlin. As a result of heterogeneity,
there are a variety of possible land use interests that may clash and lead to conflicts, but
also synergies. We assume that land use conflicts will increase, especially in and around
the urban belt. Furthermore, we assume that the areas used for agriculture in Brandenburg
have a large amount of potential for generating land use synergies. For the identification
and localization of land use conflicts and synergies in the context of agricultural production
and designation of agricultural areas with land use synergy potentials, we have combined
different methods to address the research questions, including an analysis of statistical data,
an online survey with farmers, a primary document analysis (articles, court documents,
policy documents, position papers), and a GIS-based spatial analysis.

2. Materials and Methods
2.1. Study Area

Brandenburg is the fifth-largest federal state of Germany. It covers 29,654 km? and is
located in the north German lowland in the northeast of Germany, with an east-west exten-
sion of 234 km and a north-south extension of 244 km [39]. The study area is divided into
14 counties, with 413 municipalities and 4 county-level cities [40]. Brandenburg surrounds
Berlin, the capital city of Germany (Figure 1). Germany is located in a warm temperate
climate zone and is subject to the maritime climate of Western Europe and the continental
climate of Eastern Europe. The mean temperature and mean precipitation of the study area
in the long-term average (1991-2020) are 9.5 °C [41] and 586 mm, respectively [42].

The area of Brandenburg is divided into 48.65% agricultural area, 34.8% forest, 6.87%
settlement, 3.71% transportation, 3.36% water, and 2.61% other vegetation. More than 42%
of the area of Brandenburg has a special protection status and is designated as either a
landscape-protected area or a nature reserve [39]. Since 1992, the agricultural area—thus,
the area available for primary agricultural production—has been decreasing by more than
800 hectares per year, that is, by almost 6% between 1992 and 2018.

Brandenburg’s agriculture is dominated by large farms. The average farm size is
242 hectares, which is far above the national average of 63 hectares [43,44]. In Brandenburg,
about 15% of all farms manage almost 70% of all farmland [43]. The agricultural area of
1,317,500 hectares is divided into about 77% arable land and 23% grassland. The main
cultivated plants are wheat maize, rye, and barley [39]. The agricultural landscape is
divided into six different types: peri-urban, high fragmentation, low fragmentation, high
intensity, low intensity, and organic production [45].
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Figure 1. Agricultural and forestry land use in the study area of Brandenburg, Germany:.

In the context of political efforts to protect the climate, the expansion of renewable
energy production—especially through wind turbines and solar modules—has been pushed
in recent years. In the meantime, around 3700 wind turbines, 35,000 photovoltaic systems,
and more than 500 biogas plants in Brandenburg cover 66% of the electricity consumption
from renewable energies [46].

2.2. Methodology

Our mixed methods approach, which consists of an analysis of statistical data, an
online survey, a document analysis, and spatial data analysis, relies on primary and
secondary data, as well as information from document analysis. We first compared different
land use classification systems and developed our own simplified and harmonized land
use classification approach to identify the relevant stakeholders and their potential specific
land use interests together with a farmer survey and a document analysis.

To obtain an initial quantitative overview of the area where different land use interests
clash, we evaluated the land use data from the statistical office Berlin-Brandenburg for the
period from 1995 to 2020. These data represent the annual area of land use divided into
six categories. Using these data, we derived the amount of annual land use change and
potential land use conflicts that accompany the loss of agricultural area.

Within an online survey of farmers (conducted with LimeSurvey), we addressed
the stakeholders confronted with land use conflicts and land use synergies in agricul-
tural practice. The objectives of the survey were to identify (a) what land use conflicts
farmers already faced and (b) what land use systems farmers are targeting to establish to
generate land use synergies. A total of 178 farmers participated during the period from
20 March 2021 to 20 May 2021. For the evaluation of the survey data, the information from
118 farmers could be considered. For the analysis of the survey data, we applied a simple
descriptive analysis and calculated the frequency distributions.

The survey data were supplemented with information from a document analysis.
We considered articles in regional newspapers, administrative court decisions, and po-
sition papers of political parties and associations of interest for the time frame of 2000
to 2021 to identify and locate further land use conflicts and land use synergies in the
study area. The search for relevant documents was based on the following keywords or
keyword combinations: agriculture, agricultural use, arable land, biodiversity, climate pro-
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tection, construction land, environmental protection, environmental protection association,
farmers association, fertilizer regulation, forestation, insect protection, land use conflicts,
loss of agricultural land, nature conservation, photovoltaic, road construction, and wind
power plant.

In total, we identified 103 articles, seven court decisions, and 32 position papers that
address conflicts between agricultural production and at least one other land use interest.
We have listed the results of the search of the relevant documents by document type. The
core attributes of the lists consist of the assignment of land use conflict/land use synergy
and locality. Using these attributes, each individual conflict/synergy was mapped as a
separate point using the GIS tool QGIS.

Finally, we conducted a spatial data analysis consisting of the localization of conflict
areas and the designation of agricultural areas with land use synergy potentials. The data
used for spatial analyses (with QGIS) are shown in Table 1.

Table 1. Overview of the data sources used for spatial analysis.

Data

Availability
(WMS = Web Map Service,
WES = Web Feature Service)

Time/

Update Status Data Source

Spatial Resolution

Area based on EU directive 92/43 /EEC 02-06-2017 Polygon layer State Office for Environment Free download (shp)
Area based on EU directive 2009/147/EG 05-02-2010 Polygon layer State Office for Environment Free download (shp)
Nature reserves 12-31-2020 Polygon layer State Office for Environment Free do‘e/\;lligad (shp)
. . Free download (shp)
Protected landscape areas 12-31-2020 Polygon layer State Office for Environment WFS
. . Ministry of Economy, Labor,
Biogas plants 11-24-2020 Point layer and Energy of Brandenburg WMS
Combined heat and power plants 03-26-2020 Point layer State Office for Environment Free download (shp)
Digital map land value figures 09-03-2020 Plot-level data BonaRes Data Center Free download (shp)
Digital orthophotos 2018-2020 0.2 m grid WMS
. N State Survey and Basic
Digital orthophotos 2009-2012 0.2 m grid Geodata Brandenburg WMS
Digital orthophotos 2001-2009 0.4 m grid WMS
Forestry ma; 10-26-2021 Plot-level data Brandenburg State Free download (gml), WMS
y map Forestry Office gme,
Ground-mounted photovoltaic systems 11-24-2020 Plot-level data Ministry of Economy, Labor, WMS
and Energy of Brandenburg
. . Ministry of Agriculture,
Integrated Adsmlmstratlon and Control 02-16-2021 Plot-level data Environment, and Free download (shp)
ystem data . -
Climate Protection
Legally effective development plans 11-19-2020 Plot-level data State Office for Construction WFS
and Transport
Municipality boundaries 07-05-2020 Plot-level data State Survey and Basic Free download
pality Geodata Brandenburg
Brandenburg State Office for
Soil types (VDLUFA) 07-29-2021 Plot-level data Mining, Geology, and WES
Raw Materials
Wind turbines 04-01-2021 Point layer State Office for Environment WMS

We focus on mapping the conflicts between agricultural production or food production
and (a) production of renewable energy production, (b) environmental protection, and
(c) forestry. We have chosen these three conflict situations because of their high political
relevance in the context of environmental and climate protection. Based on the reference
year 2020, we assumed that each area that was used for nonagricultural purposes in 2020
but that was originally agricultural land represents a conflict area. Areas that are to be used
for the generation of regenerative energy in the future, according to planning data, are also
categorized as conflict areas.

To localize the conflict area between agricultural production/food production and
renewable energy production, we combined a visual interpretation of orthophotos with
the spatial data of ground-mounted photovoltaic plants, wind turbines, and biogas plants
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that have already been built or are in the planning stage. We used aerial photos from 2018
to 2020 at a resolution of 1:5600. To assess whether the area used for renewable energy
production by ground-mounted photovoltaic systems and wind turbines was originally
used for agricultural production, we considered every potential conflict area retrospectively.
This consideration would not be possible for the conflict between the production of food
and biomass as a substrate for biogas plants because, in any case, agricultural use continues.

We have completely geometrically delineated the agricultural land that has been lost or
will be lost because of the construction of ground-mounted photovoltaic systems, digitizing
this as a conflict area. To determine the conflict area associated with the construction of
wind turbines, including access roads, we geometrically delineated 10% of the area of the
plants, including access roads, and extrapolated them subsequently. Both the plants that
had already been built and those in the planning stage were considered. To determine the
conflict area associated with the production of biogas, we used a different approach. Here,
the focus was less on the area lost to the construction of biogas plants and more on the
land used to produce biomass instead of food. Based on the orthophoto interpretation,
we evaluated each captured biogas plant in terms of the main substrate used. For this
purpose, we assumed that maize is mainly used as a biomass substrate in biogas plants.
Biogas plants that did not have storage facilities for silo maize were excluded from the
analysis because it can be assumed that they were fed with other substrates. For the
remaining biogas plants, based on the data on the biogas plants and the combined heat and
power plants under consideration of the national law for renewable energy, we determined
the required area for energy maize production. This arose as a result of the total output
of all biogas plants (KWHr), multiplied by the permissible share of maize of 60% as
biomass according to the German Renewable Energy Law and the average requirement
of maize area per KWH of 0.7868 ha [47]. In addition, we assumed an additional maize
requirement of 15% as a reserve to buffer any yield losses. Then, based on the study of
Machl et al. [48] and Reckleben et al. [49], a mean distance between farm and field of 4.9 km
was assumed. As energy maize areas—i.e., as conflict areas—we counted all areas that were
cultivated with maize according to the 2020 IACS data and were within a radius of 4.9 km of
biogas plants.

To locate the conflict area between agricultural production and environmental pro-
tection, we used the IACS data from 2020. All areas set aside under greening or agri-
environmental and climate measures were selected. In this case, the areas not used for
agricultural production in 2020 were also considered conflict areas. For the localization of
the conflict area between agricultural production and forestry, we intersected the forest
area from 2021 with the digital field block cadaster from 2010. The difference produced the
conflict area.

For the identification and localization of agricultural parcels with land use systems that
may lead to land use synergies, understood as a unilateral or mutually positive influence
of different land use objectives, we also used a mixed methods approach. For this purpose
and as part of the document analysis, we specifically used the keywords agroforestry
system, agri-photovoltaic systems, and nonproductive land combined with agriculture
and agricultural land. Based on the spatial analysis, we first determined the area total
of agroforestry systems and then identified and located agricultural land with integrated
nonproductive areas using IACS data.

In the process of designating agricultural land with land use synergy potential, we
used a literature review to identify the general site requirements for the suitability analysis
and the positive effects associated with establishing the already mentioned three types of
land use.

Simultaneously, we highlighted the objectives related to environmental protection,
climate protection, and sustainable development based on Regulation (EU) 2120/2115,
the German GAP Strategic Plan, and the coalition agreement of the Brandenburg state
government (Table 2, column 1).
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Table 2. Parameters per land use system for zoning.

Parameters
Objectives Criteria
AFS @ APS ® N-PA ©
Reduction of wind erosion
Reduction of water erosion Type of agricultural area Arable land Arable land Arable land
Reduction of pesticide inputs
Reduction of fertilizer inputs Size of agricultural parcel Top 10% >10 ha >1ha
Reduction of greenhouse gas emissions - - - -
Reduction of water transpiration Soil type Sandy soil Sandy soil Sandy soil
Storage of carbon dioxide in biomass Standard soil values 3040 pt 20-30 pt <25 pt
Maintenance/increase in biodiversity
Increase in yield stability Located in protected area No No yes

@ agroforestry system; ® agri-photovoltaic systems; ) nonproductive area.

Based on the literature review, we defined five location criteria for our analysis
that may contribute to achieving the objectives, depending on the respective parameters
(Table 2, column 2). For example, large, low-structure agricultural land with sandy soils and
low ground cover may experience high wind speeds and promote erosion from wind [50].
In addition, the size of an area has an indirect effect on the evaporation rate. Large areas are
usually characterized by only a few structural elements that could reduce the evaporation
rate in the area through their shading [51]. To identify and designate agricultural land with
land use synergy potential, we subsequently determined the analysis parameters for each
land use system based on the objectives, as well as the identified site requirements and
positive effects (Table 2, columns 3 to 5).

We chose the parameters per land use system so that there would be no overlap, even
though any land use system could potentially be established on the same area. Because,
in our view, a significant contribution to the achievement of environmental and climate
protection goals can be made through the targeted and adapted management of arable
land, we have considered only arable land. The determination of the area size was based
on the objectives and the potential synergy effects of the respective land use system. Thus,
agroforestry systems can significantly contribute to the structuring of the landscape, which
contributes to lower wind speeds and a reduction of the risk of erosion. At the same time,
the shade cast by woody plants can reduce the evaporation rate in the immediate vicinity
of the woody plants [31,52]. Because Brandenburg has little fertile soil, we only considered
sandy soils. The determination of the respective parameter values regarding soil fertility
in the form of standard soil values was carried out by considering the respective site
requirements. For agroforestry systems and areas with agri-photovoltaic systems, we chose
“located out of protected area”, and for nonproductive areas, we chose “located in protected
area”. The reason for this is that protected areas need a high level of protection, and habitats
within these protected areas should be strengthened or restored. The establishment of
nonproductive areas in an agricultural area can significantly contribute to achieving this
objective. Finally, for each land use system, based on the defined parameters and using the
IACS data, the data on soil types and standard land values, and the protected areas, we
determined and identified the agricultural areas with land use synergy potentials.

3. Results
3.1. Stakeholders and Their Interests in Agricultural Land

Regarding the first research question and our own developed simplified land use clas-
sification approach (Table A1) and mixed methods approach, we identified 16 stakeholders
with an interest in agricultural land (Figure 2). Some of these stakeholders are mentioned
more frequently than others. From this, we could deduce that these stakeholders show an
increased interest in agricultural land.

Stakeholders’ interests in agricultural land may vary, but they may also overlap. For
example, the interest of an energy producer may be to use an agricultural area to produce
renewable energy using ground-mounted photovoltaic plants. In contrast, a farmer’s
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interest may be to continue to use the land for agricultural purposes (different interests).
However, the farmer’s interest may also be that the land is used to produce renewable
energy to profit financially from it (same interests). Based on our mixed methods approach,
we identified the following key interests in agricultural land: food production, production
of renewable materials, renewable energy production, environmental protection (including
nature conservation and resource protection), climate protection, and the use of agricultural
land as living space, industrial, or commercial space and transport routes.

Agricultural
land use

Figure 2. Important stakeholders with an interest in the use of agricultural land. (* stakeholders that
are mentioned more frequently than others).

3.2. Land Use Conflicts—Differentiation and Spatial Distribution

The analysis of different land use interests revealed that a distinction of conflicts
could be made between (a) conflicts with or without positive effects on agriculture and
(b) between internal and external land use conflicts (Figure 3).

Land use
conflicts

Effects Relationships

External land
use conflicts

Internal land
use conflicts

No positive

Effects effects

‘ Positive ’

Figure 3. Classification of land use conflicts.

As described in Section 1, a land use conflict is a situation in which at least
two different incompatible land use interests or land use objectives clash. If a conflict
situation occurs on an agricultural parcel between agricultural use and nonagricultural use,
two results can occur:

(a) Agricultural use remains on the agricultural parcel,
(b) Agricultural use is displaced by nonagricultural use, so agricultural land is lost.

In addition, conflict situations can arise in which several different agricultural use
interests clash. An example of this is the conflict between the interest in food production
and that in producing renewable raw materials such as energy maize.
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Thus, as a result, we can summarize that the land use conflicts related to agricultural
land can be divided into external and internal land use conflicts (Figure 4).

Externar,,

ey
‘et

Services  Aquaculture

Residential Industrial

use production
Inte,-n
C)
o,
. Nature
Supply Production of Climate ’?;\ &
renewable b ococion conservation
materials
Mining of .
rawg Nature Food Fodder Timber
ik Tt conservation Production production production
_— Resource  Environmental
Logisticand : d Rescource
protection protection %
storage protection
Waste Energy
management production

Transpor- Recreational
tation and leisure

Figure 4. Schematic representation of the identified internal and external conflict relationships between
land use objectives. External conflicts: no agricultural activity; internal conflicts: agricultural activity.

In our study, we identified existing conflict situations through document analysis,
existing and already displaced conflict situations were identified through the farmer survey,
and already displaced conflict situations were identified through statistical data analysis
and spatial data analysis. An exception can be found in the court decisions that we used
as part of the document analysis. Based on these documents, only completed conflict
situations could be identified.

Based on the assumption that a land use change is the result of a conflict situation and
regarding the evaluated statistical land use data, a total conflict area of 132,895 ha can be
identified for the state of Brandenburg over the period from 1995 to 2020. This corresponds
to an average annual conflict area of 5316 ha. The average annual conflict area regarding
agricultural use amounted to 2476 ha. In total, this amounted to 61,903 ha over the period
from 1995 to 2020. Of this, 49,569 hectares were at the expense of agricultural use, and
12,334 hectares were in favor of agricultural use.

Table 3 presents a summary of the development of all the statistical land use data
collected by the state of Brandenburg over the period of 1995 to 2020. In this period, the
agricultural area decreased by a total of 37,235 ha. Considering that the average size of a
farm in Brandenburg was 242 hectares in 2021 [53], around 40 farms were deprived of their
production during the period under review.

Table 3. Land use changes in Brandenburg.

1995 2010 2020 Sum of Loss/Gain

Agricultural area 1,474,348 ha 1,455,972 ha —18,376 ha 1,437,113 ha —18,859 ha —37,235 ha

Settlement area 158,962 ha 194,894 ha +35,932 ha 206,578 ha +11,684 ha +47,616 ha

Transport 98,174 ha 106,956 ha +8782 ha 109,666 ha +2710 ha +11,492 ha
Forest area 1,030,018 ha 1,045,122 ha +15,104 ha 1,033,640 ha —11,482 ha +3622 ha
Water area 99,981 ha 100,775 ha +794 ha 99,676 ha —1099 ha —305 ha
Further areas 86,385 ha 44,593 ha —25,894 ha 78,762 ha +21,588 ha —4306 ha

Total 2,947,868 ha 2,948,312 ha +444 ha 2,965,435 ha +17,123 ha +16,679 ha
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In the online survey of Brandenburg farmers, 105 out of a total of 118 farmers stated
that they had already been confronted with land use conflicts at least once (Figure 5). Most
land use conflicts occurred between agricultural use and nature conservation as a part
of environmental protection (58%), the production of renewable energy (52%), and the
expansion of transport routes (49%).

Renewable energy production
Construction of transport routes [
settlement construction [ NEMEN
Industrial and commercial use _
Mining of fossil raw materials -

Forestry use .

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
105 farmers

m Farmers affected by land use conflicts

Farmers not affected by land use conflicts

Figure 5. Reported land use conflicts by farmers.

Based on the document analysis, we were able to identify and locate a total number
of 96 conflict situations between agricultural production and other land uses that still
existed at the time of our investigations. Seven conflict situations were concluded, resulting
from the evaluation of a court decision. Thus, based on the document analysis, we have
identified and localized a total of 103 land use conflicts in a period of 20 years from 2000
to 2020 (Figure 6). The conflicts that occurred most frequently were between agricultural
production and renewable energy production (49 contflicts), environmental protection
(41 conflicts), and the use of agricultural land for construction projects such as settlement,
transport routes, and industrial plants (13 conflicts).

In terms of identifying and locating land use conflicts through spatial data analysis, our
focus was on conflicts between agricultural /food production, renewable energy production,
conservation, and forestry. In the context of the use of agricultural land for generating
renewable energy, we focused on the generation of energy by wind turbines, ground-
mounted photovoltaic systems, and biogas plants. Based on the data source, as of March
2021, a total of 3888 wind turbines were installed, 279 were about to be installed, and
533 were in the approval process. Of the total number of wind turbines that have been
commissioned, about to be commissioned, and in the approval process, 3926 were located
on agricultural land. With a calculated average of 0.32 hectares per wind power station, this
led to a total conflict area of about 1267 hectares in the agricultural area of Brandenburg. As
Figure 7 shows, the distribution of the conflict area for wind turbines was heterogeneous.
Especially in the north of Brandenburg, west of Berlin, and southwest of Brandenburg,
there has been a high occurrence of conflict areas.

Conflict analysis by energy production through ground-mounted photovoltaic systems
revealed a total of 183 installed ground-mounted photovoltaic systems and 104 additional
ground-mounted photovoltaic systems in the approval process. These ground-mounted
photovoltaic systems led to an overall conflicting area of about 5140 hectares of agricultural
land. Here, Figure 7 shows a very inhomogeneous pattern, with a few clusters in the
northwest to west, the south, and parts of the east of Brandenburg.

As a conflicting area connected with the production of regenerative energies by biogas
plants, only maize cultivation area was considered within the scope of our investigation.
Based on a determination of demand, this resulted in a conflict area of 111,042 hectares
distributed over 8446 arable fields. The spatial pattern revealed a dominance in the north-
east and northwest of Brandenburg. A summary figure (Figure 7, left) is given, with all
three energy sources showing the carrying loss of land between 0.01 and 4185 hectares per
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municipality. The highest values were again in the northwest and east, while lower values
dominated in the southern part.

Conflicts between agricultural use and:
A Environmental protection

W vining

@ rorest

. Settlement

O Renewable energy production

Figure 6. Agricultural land use conflicts by the Daily Regional Press and administrative courts
decisions in the state of Brandenburg (2000-2020).
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Figure 7. Distribution of the conflict areas between agricultural production and renewable energy
production divided by the type of production.

The literature has shown that conflicts between agricultural use and the use of agricul-
tural land occur much more frequently than conflicts between agricultural use and forestry
(Figure 8). Although we identified 50,716 ha of agricultural land used for environmental
protection, the conflict area related to forestry was 19,127 ha. Regarding the agricultural
area used for environmental protection, the focus of the conflicts has been predominantly
on the central to northern or western Brandenburg. The south or southeast have been
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less affected. Regarding the conflicts related to forestry, these occurred particularly in the
north of Brandenburg, south of Berlin, and in the municipality of Schenkendodbern, which
is on the border with Poland. The number of municipalities with no conflicts related to
environmental protection or forestry was 12, or 2 out of 413 municipalities.

Conflict area [ha] - environmental protection Conflict area [ha] - forestry

[ No conflict area [ No conflict area
[J0-200 <200

[ 200-400 1 200-400

[ 400-600 [ 400-600
600-800 [ 600-800

[ 800-1000 (B 800-1000

B 1000-1200 . >1000

. >1200

Figure 8. Distribution of the conflict areas between agricultural production and environmental
protection, as well as forestry.

3.3. Land Use Synergies—Distribution of Potential Areas

Land use synergies may be identified in different ways. To identify agricultural areas
with land use synergies, knowledge about land use systems that may lead to land use
synergies in a targeted and site-adapted manner is needed. Based on this, we could see
the possibility of establishing a spatial relationship with land use synergies. To identify
and locate existing land use systems that could lead to synergies, document analysis, as
well as a survey of land users on this topic, was an appropriate tool. Spatial data analysis
can also be considered a suitable option, depending on the availability and quality of the
data and information. Assuming that little or no data and information are available on
these existing land use systems, a potential analysis can be conducted. Regarding the site
requirements of such land use systems and the different land use objectives of policy and
the public, potential synergy areas can be designated.

Comparatively few areas were identified and located where the land use systems
(agroforestry system, agricultural area with agri-photovoltaic system, agricultural area
with integrated nonproductive land) were established. We identified and localized 219 ha
of land where the agroforestry systems were established, 0 ha of agricultural land with
agri-photovoltaic plants, and 1282 ha of land with an integrated nonproductive area (small
fallow land, fallow strips, flowering strips) (Figure 9). The results show that, especially in
the north of Brandenburg, nonproductive land was increasingly integrated into agricultural
land. The analysis has shown that, especially in the north of Brandenburg, nonproductive
areas were increasingly planted on agricultural land. However, it is striking that, southwest
of Berlin, hardly any strips of unproductive land have been established on arable land. In
the case of agroforestry systems, no clear concentration can be identified regarding location.

Figure 10 shows the distribution of areas, here depending on the established land use
system on which synergy effects can be expected if such a system were to be established in
a site-adapted manner. The summarized map on the left side of Figure 10 shows a broad
distribution of areas on which land use synergies are expected. Some key regions had a
higher synergy potential than the rest of the state, and these were located in the northwest,
northeast, and east of Brandenburg.
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area (fallow strip

(] no synergy area
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Figure 9. Land use synergies on agricultural land; (a) distribution of agricultural synergy areas with
respect to fallow strip elements; (b) localization of established agroforestry systems.

Land use synergy potentials for:

(a) agroforestry systems -
(b) agro-photovoltaic systems W
(c) none productive area -

Figure 10. Distribution of the areas with respect to the probability of occurrence of land use synergies
in the case of site-adapted establishment of the respective land use systems. (a) agroforestry systems,
(b) agro-photovoltaic systems, (c) none productive area.

Figure 10a shows the distribution of areas with high synergy potentials regarding
agroforestry systems. Especially in the northwest, northeast, and east of Brandenburg,
synergy effects can be expected if agroforestry systems have been established and managed
in a site-adapted and targeted manner. Figure 10b shows the distribution of areas with
high synergy potential regarding agri-photovoltaic systems; in the northwest and east
to south of Brandenburg, increased synergy potentials could be localized in connection
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with the establishment of agri-photovoltaic plants. In the west and northeast, only a few
areas could be localized with synergy potentials in connection with such plants. Figure 10c
shows a broad distribution of localized areas on which land use synergies in connection
with the establishment of nonproductive areas such as fallow land or landscape features
are expected. The regions in which the nonproductive area can lead to synergy effects are
particularly located in the north, on the northwestern border of the state, in the west, and
in the center of Brandenburg, which is south of Berlin.

4. Discussion
4.1. Summary of Findings

Our study identified multiple interests in agricultural land use, as also confirmed by
Steinhédufer et al. [10], for example. We identified sustainable agricultural production, cli-
mate protection in the form of renewable energy production, and environmental protection
as the key interests in agricultural land. However, all these land use interests have been
the subject of public and political debates [54-57] because of their direct impact on the
environment and climate in both a positive (e.g., reduction of greenhouse gas emissions)
and negative sense (e.g., nitrogen inputs to water bodies). If different land use interests can
be met, land use conflicts and land use synergies can emerge.

In our study, we showed that the number of identified land use conflicts exceeds
the number of areas with land use systems, which can lead to synergies to a large extent.
Different reasons can be given for this. On the one hand, the establishment of land use
systems (e.g., agroforestry systems) that may lead to land use synergies can be associated
with high investment costs [58]. At the same time, until the end of 2022, there was no legal
basis, either at the European or national levels, for the promotion of agroforestry systems
or areas with agri-photovoltaic systems. On the other hand, a lack of knowledge transfer
about the mutual positive effects can also be assumed to be a reason for this. We suspect
that the cause lies in several different reasons.

For Brandenburg, we localized numerous different land use conflicts. These were
widely distributed throughout the entire study area. The most frequently identified conflicts
on agricultural land were between agricultural use or food production, on the one hand,
and environment and climate protection, on the other hand. Thus, the most frequently
identified and localized land use conflicts corresponded to the main land use interests and
public and political debates, which can be justified by more ambitious goals regarding
the environment and climate protection [54-57,59]. In contrast to the land use conflicts,
we identified and located only a few land use systems that could lead to synergies, even
though these can provide a significant contribution to the stated protection goals. We
assumed that the low number of such land use systems is because of the poor framework
conditions so far. At the same time, our study revealed that there are numerous agricultural
parcels in the study area that have synergy potential, provided that the land use systems
that can lead to synergies are established in a targeted and site-adapted manner.

We showed that our mixed methods approach is suitable for the identification and
localization of both land use conflicts and land use synergies. For our investigation, we
based our work on Torre et al. [4], who focuses on the identification and localization of land
use conflicts. We expanded the scope of the application to include land use synergies and
synergy potential areas. Thus, in addition to the areas of conflict, we were able to identify
the areas that were of great importance in the context of environmental protection and
climate protection and sustainable development.

4.2. Limitations and Further Research

Similar to Torre et al. [4], we were able to identify and locate numerous land use
conflicts but also land use synergies beyond these. To do this, we used a wide range of
available data and information. However, the availability of information and data, as
well as their quality, limited the scope of our investigations. For example, few data were
available on existing land use systems that could lead to synergies. A further limitation is
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the scope of the considered study area. We considered the entire territory of the state of
Brandenburg. Investigations that refer to a smaller level of observation can include more
detailed information, such as the site suitability of certain woody plants in connection with
the designation of synergy potential areas for agroforestry systems.

As our research has shown, numerous studies have addressed land use conflicts [4,11,19].
The trade-offs are also intensively addressed in the literature [60-62]. However, few studies
deal with land use synergies [28,30]. There is a significant need for research in this area.
The insights gained from research can make a significant contribution to meeting national,
European, and even global goals regarding climate, environmental, and resource protection.
In addition, sustainable and appropriate land use systems can enable targeted and site-
appropriate land use that considers environmental and climate protection objectives. Land
use conflicts and synergies should be considered together in the future because a change of
perspective can also create synergies from land use conflicts. It is precisely these synergies
that need to be exploited, whether in connection with agricultural use or other land uses,
to address the call for new pathways for sustainable agricultural land use [63]. Future
investigations of the potential mechanisms and processes for the spatial variations of land
use conflicts and synergies may lead to a better understanding of how land use conflicts
and land use synergies arise.

Agriculture can make a significant contribution to environmental and climate pro-
tection, as well as sustainable development, by specifically promoting the establishment
and maintenance of land use systems leading to synergies when established in a targeted
and site-adapted manner. Therefore, it is the task of political actors to increasingly in-
clude and offer targeted measures for funding ecosystem services within the framework of
agricultural subsidies.

4.3. Conclusions

We focused on identifying and mapping the conflicts and synergies that may arise from
different land use interests on agricultural land. We considered and contrasted agricultural
production in general and food production in particular, here as the key land use interest,
with other land use interests. Our results show that renewable energy production and
environmental protection conflict with agricultural production because of the current
objectives of the state government to mitigate climate change, expand renewable energy
production, preserve biodiversity, and protect resources [59]. By combining agricultural
production with these land use objectives, such as renewable energy production via agri-
photovoltaic systems, synergy effects can be achieved if applied in a targeted and site-
adapted manner.

The investigation of land use synergies is critical insofar as an effective contribution
to the mentioned areas of protection can be made by targeted exploitation of these effects.
At the same time, conflicts can be reduced or mitigated. We identified numerous areas
that show increased potential regarding the occurrence of synergy effects when one of the
above-mentioned land use systems is established. However, it must always be kept in mind
that actual land use is also influenced by intangible factors, such as cultural, historical,
social, or ownership issues.

Our approach offers the possibility to examine every possible combination of land use
interest for possible synergy effects and identify potential areas on which a contribution
to the achievement of specific objectives (e.g., environmental protection) can be made.
Therefore, the findings provide important information for zoning and planning to delineate
and identify areas for particular land uses; they are also of high political interest, for
example, to reduce land use conflicts and achieve political and social objectives through
the use of synergy effects.
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Appendix A

Table Al. Land use classification approach: key land use classes, types, and objectives.

Land Use Classes

Land Use Sub-Classes

Land Use Objectives

(A) Primary Production

A1l Agriculture

A10 Food production

A11 Fodder production

A12 Production of renewable raw materials

A2 Forestry A21 Timber production
A3 Mining and quarrying A31 Mining of raw materials
A4 Aquaculture A41 Aquaculture
A42 Fishing
A5 Other primary A51 Hunting
productions

Ab2 Picking of natural products

(B) Secondary Production

B1 Industrial production

B11 Production of industrial products

B2 Energy production

B21 Renewable energy production

B22 Fossil energy production

B23 Nuclear energy production

(C) Tertiary Production

C1 Services

C10 Services

(D) Infrastructure

D1 Transport

D10 Road transportation

D11 Railway transportation

D12 Bicycle lanes

D13 Water transportation

D2 Logistic and storage

D21 Logistic and storage

D3 Supply

D31 Supply of population

D4 Waste management

D41 Waste utilization

D42 Waste storage

(E) Residential use

E1 Residential use

E10 Residential use

(F) Recreational

F1 Recreational and
leisure sites

F10 Recreation

F11 Leisure

(G) Conservation

G1 Nature conservation

G10 Protection of landscapes

G11 Conservation of nature

G12 Other protection objectives

G2 Managed resource

G21 Drinking water protection

Protection
G3 Other mineral uses G22 Mineral use
(H) Natural area H1 Without use H10 No land use
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