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Abstract

The fast and broad adoption of mechanization and chemical inputs in Mediterranean terraced agriculture, combined with
warming climate trends, has led to the progressive degradation of environmental and social conditions. These factors have
concurred with the increasing abandonment of smallholder agriculture. We aimed to detect and quantify the progression of
cultivated and abandoned terraced fields in the Ricote Valley between 2016 and 2019 while also exploring reasons for land
abandonment over the past decades. To quantify cultivated and abandoned agricultural terraces, we conducted (1) a terrace
detection based on Lidar and cadaster data, (2) a land use classification based on Sentinel imagery, and (3) an investigation of the
reasons for land abandonment based on participant observation and an expert survey. Our results show high rates of abandonment
compared to the total available agricultural terraced area in the Ricote Valley. In 2016, 56% of the detected terraced area was
classified as not cultivated. In 2019, the percentage decreased to 40%. Small parcels are cultivated to a higher percentage than
large or medium-sized parcels. We identified five main reasons underlying land abandonment: (1) low income of farmers; (2)
land fragmentation resulting in higher transaction costs; (3) lack of interest in agricultural activities among young generations; (4)
lack of modernization; and (5) emotional bonds preventing the sale of abandoned parcels. We stressed the importance of a place-
based mixed method approach to gain a comprehensive understanding of the specificities of a given research area.

Keywords Cultural landscape - Multifunctionality of agriculture - Land fragmentation - Geographic information system - Mixed
method - Remote sensing

Communicated by Wolfgang Cramer Introduction

Terraced smallholder agriculture is an important component
of Mediterranean landscapes. It represents the outcome of the
long-term convergence of human and environmental trajecto-
ries, resulting in a social-ecological system that has proven its
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stability and resilience over the past ten centuries or more
(Balbo et al. 2016, 2020; Blondel 2006; Lasanta et al.
2017a). However, since the 1940s, European agriculture has
developed increasingly towards industrial, corporate, and
globalized structures (Altieri and Nicholls 2012; Chemnitz
2019; European Commission 2019; Reynolds et al. 2014).
The expansion and common practices of industrial agriculture,
such as the use of monocultures dependent on high inputs of
chemical fertilizers and pesticides, combined with warming
climate trends and increasing water scarcity, have led to dete-
riorating environmental and social conditions and the
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homogenization of agricultural landscapes (Cramer et al.
2018; Endenburg et al. 2019; German National Academy of
Sciences Leopoldina 2018; IAASTD 2009; Kurz 2018;
Lefebvre et al. 2015; Springmann et al. 2018; Plieninger
et al. 2006; Vicente-Serrano et al. 2014). These factors have
concurred with an increasing abandonment of smallholder
agriculture over the past decades (Chemnitz 2019; European
Commission 2019; Lasanta et al. 2017b; Lomba et al. 2019).

In the literature, different perspectives on land abandon-
ment are presented. Some scholars described land abandon-
ment as an opportunity while others understood it as a threat
(Otero et al. 2015). Land abandonment often occurs in moun-
tainous and remote areas and is generally associated with the
loss of biodiversity (i.e., species adapted to human-made en-
vironments), increased risk of fires, soil erosion, loss of cul-
tural, aesthetic, and historical values, as well as the loss of
traditional ecological knowledge (Barthel et al. 2013;
Gomez-Baggethun et al. 2013; van der Zanden et al. 2018;
Zagaria et al. 2018). However, benefits that may be gained
from land abandonment include passive revegetation, active
reforestation, water regulation, soil recovery, nutrient cycling,
and increased biodiversity (Rey Benayas et al. 2007; Zaragozi
et al. 2011). Socio-economic factors have been described as
the principal drivers of land abandonment, having a greater
impact than environmental factors (Rey Benayas et al. 2007).
However, climate has been identified as the most important
environmental driver in southeast Spain (Alonso-Sarria et al.
2016). Moreover, Lasanta et al. (2017a, b) identified the
Common Agricultural Policy (CAP) of the European Union
(EU) as one of the main drivers of land abandonment in the
EU member states. In arid and semi-arid regions of southern
Europe, decades of intensive cultivation and irrigation have
led to soil degradation and further increased land abandon-
ment (Lasanta et al. 2017b). Because of these and other neg-
ative externalities of current agricultural practices, an increas-
ing number of authors are calling for changes in the current
agricultural system and challenging the productivity paradigm
(Altieri and Nicholls 2012; Bernard and Lux 2017; Freibauer
et al. 2011; Hathaway 2016; IAASTD 2009; IPES-FOOD
2016; Lomba et al. 2019; Reynolds et al. 2014; WBGU 2011).

Given this context, we explored recent trends of smallhold-
er agriculture in the Ricote Valley. We examined cultivation
and land abandonment in a study region still dominated by
smallholder agriculture. This study aims to detect and quantify
actively used and abandoned terraced fields in the Ricote
Valley over the period of 20162019 while also exploring
reasons for land abandonment over the longer period (i.e.,
1940s to present). This aim led to the following research
questions:

1. What is the state of smallholder agriculture in the Ricote
Valley?
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2. How much of the traditional terraced agriculture in the
Ricote Valley was not cultivated between 2016 and 2019?

3. What are the reasons for the observed land abandonment
over the past decades?

We used GIS-based analyses to detect agricultural terraces
and quantify land cultivation and abandonment in the tradi-
tional orchards of the Ricote Valley. Using spatial analysis
and place-based research methods, i.e., expert survey and par-
ticipant observation, we explored the reasons for the abandon-
ment of terraces combining quantitative and qualitative re-
search methods.

The term “abandoned” is used as equivalent to “not culti-
vated.” We define the “traditional” agricultural area as the area
that integrates local historic and cultural agricultural elements
and has been established over decades to centuries. Examples
for local historic and cultural agricultural elements are ter-
races, gravity-based flood irrigation, rainfed cultivation, stone
walls, local crops, integration of livestock, and little mechani-
zation. Nowadays, some of these elements have been
substituted by conventional modern agricultural elements
(e.g., monoculture, chemical inputs) in the study area.

The study area: smallholder agriculture
in the Ricote Valley and its multiple functions

The study area includes the traditional orchards of the Ricote
Valley and is part of the Segura river basin located in the
region of Murcia in southeast Spain. The climate in the study
area is semi-arid with strong seasonality. The studied orchards
are spread across seven villages: Abaran, Blanca, Ojos,
Ricote, Ulea, Villanueva, and Archena (Fig. 1). This region
contains a hydraulic system, which was introduced by
Amazigh Berber populations more than 1000 years ago (Puy
and Balbo 2013). Agricultural terraces are a central element of
the hydraulic system. These terraces were constructed using
stonewalls, and small canals between the terraces are used for
flood irrigation. Drip irrigation has partially substituted tradi-
tional irrigation techniques over the past 12 years (Garcia
Avilés 2014; Puy et al. 2016). The primary crop planted on
the terraces is lemon, followed by olive, almond, and a variety
of fruits. The agricultural land is highly fragmented due to the
traditional heritage system in this region, which mandates that
parts of land are granted to all siblings within a family.
Smallholder family farming remains the most widespread
form of farming in this area to the present day. Generally,
farming activities on lands smaller than 2 ha are defined as
small-scale farming (Jouzi et al. 2017), which is the case for
most agricultural activities in the Ricote Valley.

Agriculture serves various functions for the environment,
society, and economy of the Ricote Valley: traditional small-
holder agriculture involves greater biodiversity of species
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Fig. 1 The study region: Ricote Valley, Murcia (map); traditional orchards, Abaran (above); parcel without cultivation for a long time, Abaran (below)

(Photos: Heider)

adapted to the human-made environment compared with in-
dustrial agriculture due to its small parcel sizes, diversity of
microhabitats, and variety of cultivated crops such as lemon,
olive, almond, peach, and vegetables. Additionally, a low de-
gree of mechanization produces lower emissions and less air
pollution. Furthermore, nature and wildlife protection is sup-
ported in the study area due its participation in the Natura
2000 network (Region de Murcia 2017).

From a social perspective, traditional smallholder agricul-
ture provides space for recreation. Furthermore, local heritage
is preserved in the forms of traditional agricultural systems,
traditional irrigation technologies (e.g., hydraulic systems and
water wheels), traditional agricultural practices, and tradition-
al ecological knowledge (Bravo Sanchez 2018; Gil Meseguer
2014; Puy and Balbo 2013).

From an economic perspective, smallholder agriculture is a
source of food security, income, and employment in the
Ricote Valley (Garcia Avilés 2000, 2014). Often, agriculture
represents an additional income source for families
(pluriactivity), increasing their resilience to price volatility of
the production. Moreover, the cultural landscape shaped by
smallholder agriculture attracts tourists, opening new income
opportunities.

We selected the study region because it is a multi-
functional (agri)cultural landscape dominated by small-
holder agriculture. Moreover, the study region is domi-
nated by terraced agricultural landscapes, which could
become a hazard if abandoned (Tarolli et al. 2014), and
the broader Murcia region is severely affected by land

abandonment (Alonso-Sarria et al. 2016). However, our
study region represents one case of a broad range of
European landscapes threatened by land abandonment
or land use intensification (Lomba et al. 2019).

Despite the high value of the various functions of
smallholder agriculture, European statistics show that
small-scale agriculture has deteriorated in recent years.
Between 2003 and 2013, one-third of European farms
were abandoned and smallholder farmers with family
enterprises have been substituted by large companies
(Alonso-Sarria et al. 2016; Chemnitz 2019). In the fol-
lowing sections, we discuss whether a similar trend can
be identified in the study area.

Data and methods

To research the state of smallholder agriculture in the Ricote
Valley, we used GIS-based analyses to detect agricultural ter-
races and quantify land cultivation and abandonment in the
traditional orchards of the Ricote Valley. We implemented a
three-step approach. First, we located traditional agricultural
terraces and, second, determined if they were cultivated.
Third, we quantified cultivated and abandoned agricultural
terraces in the years 2016 until 2019. Furthermore, we inves-
tigated the reasons for land abandonment using spatial analy-
sis to include parcel sizes and place-based research methods
(Reynolds et al. 2014), i.e., participant observation and an
expert survey, to include local and expert knowledge.

@ Springer



23 Page4of12

Reg Environ Change (2021) 21: 23

Phase 1

quan

Geo data analysis

Phase 2

e [VE]
Participant
observation

Phase 3

quan/qual
Expert survey

e Quantification of land -
abandonment

Identification of reasons .
for land abandonment

Quantification of identified
reasons (quan)
* |dentification of additional
reasons (qual)

Fig. 2 Mixed method research design combining quantitative methods (quan) and qualitative methods (qual)

The mixed method research design is shown in Fig. 2.
The sequential 3-phase design combines an explanatory
design (phases 1 and 2) to deepen the findings of the
quantitative geo data analysis about land abandonment
with an exploratory design (phases 2 and 3) to identify
reasons for land abandonment and quantify them. In the
third phase, we integrated quantitative and qualitative
data using the reasons identified during participant ob-
servation for the expert survey. The priority is given to
quantitative research methods (Kuckartz 2014).

Data and preprocessing

The GIS analysis is based on cadaster data; a Digital
Elevation Model (DEM, 2 x 2 m), which was calculated
using Lidar point clouds from 2016; and satellite imag-
ery. As satellite images, we used Sentinel data with a
resolution of 10 x 10 m. For the analysis, we selected
the months May and June for all available years, 2016
until 2019, of the Sentinel sensor. All data is freely
available. We used SAGA-GIS and ArcGIS to conduct
the analysis. For field validation, we used ArcGIS
Online and the ArcGIS Collector App.

Cadaster data and Lidar point clouds need various steps
of preprocessing. Cadaster data for the Ricote Valley is
provided by the Spanish authorities (Ministerio de
Hacienda 2020). Based on local expert knowledge, we in-
cluded only the zones of traditional orchards in the cadaster
data of every village for further analysis. Urban areas, as
well as rivers and streets, were excluded.

High-resolution Lidar point clouds and Sentinel data
can be downloaded free of charge (Instituto Geografico
Nacional 2019; USGS 2019). We conducted the prepro-
cessing of point clouds in SAGA-GIS (Conrad et al.
2015). The point clouds have a mean point distance of
0.44 m. We merged and converted them to raster data
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with a grid size of 2 x 2m. Gaps in data were filled using
the tools “shrink and expand” and “spline interpolation.”
A Digital Surface Model (DSM) was created. In order to
create a DEM, we excluded small structures like trees
and bushes of the DSM using a morphological filter with
a radius of 4m (2 cells). The DSM and DEM were cut to
the extent of the study area using the selected zones of
the cadaster data.

Terrace detection

The terrace detection is based on location (cadaster) and pla-
narity of parcels (DEM). Spano et al. (2018) tested different
detection methods for terraces in Italy and their regional-scale
approach using DEMs and cadastral maps represents a good
fit to our data availability. We adapted the procedure to our
study area. First, we transferred the elevation values (z-values)
of the DEM to the polygon vertices of the cadaster data.
Second, we calculated the standard deviation for the z-
values per polygon in order to determine the planarity of a
parcel. We set the threshold for the calculated planarity to
11.8. If polygons had a planarity value below or equivalent
to 11.8, they were classified as terrace. If the value was larger,
they were excluded. The planarity values and the usage as
terrace are highly dependent on the study area and can vary
from village to village. We set the threshold at 11.8 because it
produced the best results excluding most of the rugged terrain
and including almost all terraces in every village. As an
additional parameter for terrace detection, Spané et al.
(2018) used the slope index. For our study area, the use of a
slope index did not alter the results. One polygon in the
cadaster data can consist of only one terrace containing almost
no slope or various terraces containing very high slopes. This
reduced the usability of the slope index for terrace detection in
the study region. In consequence, we excluded it from the
terrace detection procedure.
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Land use classification

After the terrace detection, we classified the cultivation status
of every parcel to cultivated or not cultivated. We used two
different classification methods to determine if parcels were
cultivated or not. The first method is based on Lidar data,
calculating the plant height. The second method is based on
Sentinel images using the Normalized Difference Vegetation
Index (NDVI) to determine plant health.

To determine the plant height with Lidar data, we used the
difference between the beforehand calculated DSM (including
plants) and the DEM (excluding plants) to create a surface
model of the plants in the study region. In the next step, we
classified the plant height according to our needs. The main
crops in the study area are lemons and olives. In consequence,
we focused on tree heights of up to 3.5 m as this is the max-
imum height of trees in the study area, to facilitate the picking
of fruits. Higher trees are mainly forests or parcels that are no
longer in use. As minimum height, we used 0.25 m including
young trees. The classification of plants based on Lidar data
can be seen in Fig. 3 (left). The map shows a classification of

plant heights in Ricote. Green parcels are cultivated; brown
and blue parcels are not cultivated. In the following, the cul-
tivation per parcel was calculated and quantified using the
“zonal statistics” tool in ArcGIS. The results were cut to the
extent of the detected terraces.

As an alternative approach to the land use classification
based on Lidar, we used the NDVI based on satellite data from
Sentinel.

The NDVI is calculated using the following formula:

NIR-red

NDVI = ————
NIR + red

where NDVI is the Normalized Difference Vegetation Index,
NIR is near infrared (Sentinel: band 8), and red is the red band
(Sentinel: band 4).

The NDVI for Ricote can be seen in Fig. 3 (right). In
the following, we set a threshold for the differentiation
between cultivated and not-cultivated parcels at 0.3
adapted to Mediterranean tree crops between April and
August (Bendetti et al. 1994). We calculated and quanti-
fied the cultivation per parcel using “zonal statistics” in

"

N Legend
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Fig. 3 Land use classification based on Lidar data in Ricote village. The
use of agricultural parcels is based on plant heights. Brown, heights lower
than local tree plantations; green, possible tree plantation heights; blue,

N Legend
[ Cadaster Ricote
NDVI
] High :0.8
0 200 400 800 Meters B ow:-08
- —

heights higher than local tree plantations (left). Normalized Difference
Vegetation Index based on Sentinel data in Ricote village. Green, healthy
vegetation (right)
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ArcGIS and cut the results to the extent of the detected
terraces. We conducted the procedure for the years 2016
until 2019. The working steps of terrace detection and
land use classification based on Sentinel data can be seen
in Fig. 4.

For the accuracy assessment, we conducted a preliminary
assessment in the first step using high-resolution satellite im-
agery of Google Earth comparing Lidar (2016) and Sentinel
classification results (2016-2019) (See et al. 2015). In the
second step, we validated the results locally in the orchards
of'the seven villages in the Ricote Valley in summer 2019. For
the validation, we created 100 random points according to our
two classification classes (Lillesand et al. 2004). In the next
step, we uploaded the validation points to ArcGIS Online and
used the ArcGIS Collector App to validate and edit the data
locally in the study region. Due to the construction of fences in
the study region, we were not able to validate all points. The
results of the validation are shown in a confusion matrix,
based on which we calculated the producer’s accuracy, the
user’s accuracy, and the accuracy rate (Story and Congalton
1986).

C
Producer’s Accuracy = T

¥

Transfer z-values

on polygon
vertices
Calculate st. dev.
Terrace of z-values
detection

Suitable as
terrace

Land

use -
classifi- | No |
cation

Yes

ﬁ

Calculate NDVI

Transfer NDVI on
terraces

Fig. 4 Workflow of GIS analysis: terrace detection (above) and land use
classification (below) to identify cultivated and not-cultivated parcels
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where CC is the number of correctly classified samples of one
category and CT is the column total, which represents the total
number of reference samples of one category.

C
User’s A =—
ser’s Accuracy = -
where CC is the number of correctly classified samples of one
category and RT is the row total, which represents the total
number of samples that were classified in one category.

TP + TN
Accuracy Rate = Kl

where TP is true positive (actual cultivated and classified cul-
tivated), TN is true negative (actual not cultivated and classi-
fied not cultivated), and N is the total number.

Exploring the reasons for land abandonment

In the next step, we explored the multivariate reasons for land
abandonment in the study region. Using two separate ap-
proaches, we conducted a spatial analysis based on parcel
sizes and we used participant observation and expert surveys
in the study region to identify the most important reasons. To
research the abandonment of parcels according to different
parcel sizes, we classified parcels in three quantiles to deter-
mine small (< 556m?), medium-sized (556-1533m?), and
large parcels (> 1533m?). In the next step, we calculated the
absolute and relative cultivated and not-cultivated area for
every class and year of analysis. Moreover, we calculated
how much of the total cultivated and not-cultivated land was
covered by small, medium-sized, or large parcels.

Giving voice to the local people, participant observation
and expert surveys enabled the integration of local perspec-
tives to better understand the research results. During partici-
pant observation in the field, we participated in agricultural
activities, communicating regularly with local stakeholders
(Thomas 2019). Insights from participant observation sup-
ported by a literature review enabled the preselection of rea-
sons for land abandonment used in the expert survey. We
selected the experts on the basis of their expertise on the topic,
location, and their availability. Eleven experts with scientific,
economic, and administrative backgrounds participated in the
survey. In personal interviews in June 2019, the experts were
requested to evaluate the importance of preselected reasons
for the abandonment of parcels in the Ricote Valley on a scale
from 0 (not important) to 4 (very important), and they could
also add other reasons. In the evaluation process, first, we
created new categories that combined the preselected and
added reasons; second, we calculated the weighted arithmetic
mean of the new categories, considering the number of per-
sons mentioning each added reason; finally, we only included
reasons with a value higher than 2 (moderate importance).
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Results

We found high rates of agricultural land abandonment within
the terraced fields of the Ricote Valley. Figure 5 shows the
dynamics of abandonment and cultivation of parcels between
2016 and 2019. Parcels are marked in red if they are classified
as cultivated in 2016 and as not cultivated in 2019. Parcels are
marked in green if they are classified as not cultivated in 2016
and as cultivated in 2019. Yellow parcels indicate no change.
The map shows more green parcels than red parcels, which
corresponds to the calculated increase of cultivated area in the
Ricote Valley over the 20162019 period. Furthermore, the
largest agglomerations of new cultivated areas are observed
mainly in Abaran, Villanueva, and Archena. The mean per-
centage of abandonment of agricultural area between 2016
and 2019 is 51.35%. In other words, more than half of the
agricultural terraced land available in the Ricote Valley was
not cultivated on average in the 20162019 period. The aban-
donment varies between years. While the percentage of aban-
donment in the first year of the analysis was 56.33% (2016),
the percentage decreased in the following years to 55.01% in
2017, 54.12% in 2018, and 39.94% in 2019 (Table 1). Thus,
in 2019, with a difference of 14.18% in comparison to 2018,
much less abandoned area is detected. 2019 marks the year
where the detected percentage of cultivated area (60.06%) is
higher than the abandoned area (39.94%). After the descrip-
tion of the accuracy assessment, we will describe the detected
reasons for abandonment including an analysis of parcel sizes.

In the preliminary accuracy assessment using high-
resolution satellite imagery of Google Earth, we found a
higher accuracy of land use classification based on Sentinel
data than based on Lidar data. In the next step, we validated
the classification results based on Sentinel imagery of 2019
locally. The field validation was conducted in summer 2019
and the results are shown in a confusion matrix. The confusion
matrix illustrates the performance of the land use classification
using predicted and actual classes of cultivated and not-
cultivated parcels (Table 2). The producer’s accuracy shows
that 89% of cultivated parcels are classified correctly, while
only 44% of not-cultivated parcels are classified correctly.

Table 1 Quantification of the cultivated (C) and not-cultivated (NC)
area in the Ricote Valley between 2016 and 2019

Year NC NC C C

area (mz) area (%) area (m2) area (%)
2016 12,728,791.06 56.33 9,868,456.88 43.67
2017 12,430,678.88 55.01 10,166,569.07 44.99
2018 12,230,382.72 54.12 10,366,865.23 45.88
2019 9,024,215.62 39.94 13,573,032.33 60.06

The user’s accuracy shows a probability of 78% for a parcel
classified as cultivated to be actually cultivated on the ground.
The probability for not-cultivated parcels is 65%. The overall
accuracy rate is 0.753.

In the following, we describe the reasons for land abandon-
ment. The analysis of abandonment according to parcel size
shows that the percentage of cultivated area decreases with an
increasing parcel size (Fig. 6). Parcels were categorized as
small if they had an extent of up to 556 mz, as medium with
an expansion of 556 until 1533 m2, and as large with more
than 1533 m?. Small parcels are cultivated to a higher percent-
age than large or medium-sized parcels. The mean cultivated
area of small parcels between 2016 and 2019 was 66.20%,
while the mean cultivated area of large parcels was 45.68%.
The mean cultivated area of medium-sized parcels lied in be-
tween with a value of 58.83%. In 2019, 76% of the agricul-
tural area of small parcels was cultivated, while only 57% of
the area of large parcels was cultivated. The percentage of
cultivation increased between 2016 and 2019 for all parcel
sizes and the largest increase in cultivation can be seen be-
tween the years 2018 and 2019 with an increase of over 10%
for all parcel size categories.

Based on a complementary calculation, Table 3 shows the
percentage of total cultivated and not-cultivated land within
small, medium-sized, and large parcels in 2016 and 2019,
respectively. The cultivated area of large parcels covered c.
75% of the total cultivated land in 2016, while the cultivated
area of medium-sized parcels covered c. 18%, and the culti-
vated area of small parcels covered c. 7% of total cultivated
land. For not-cultivated land, we see a similar distribution.
The not-cultivated area of large parcels covered c. 85% of total
not-cultivated land in 2016, while the not-cultivated area of
medium-sized parcels covered c. 12%, and the not-cultivated
area of small parcels covered c. 3% of total not-cultivated
land. Between 2016 and 2019, the percentage of cultivated
and not-cultivated areas covered by small and medium-sized
parcels decreased, while the percentage of cultivated and not-
cultivated areas covered by large parcels expanded (Table 3).

According to the expert survey, the most important reasons
for the abandonment of agricultural land in the Ricote Valley
are socio-economic: (1) the low income of farmers, which is
related to the current market situation and derived from com-
petition with large-scale industrial agriculture in the surround-
ing area; (2) land fragmentation, which causes higher transac-
tion costs for farmers; and (3) the lack of interest for agricul-
tural activities among young generations. This is revealed in
the high average age of farmers and the phenomenon of rural-
urban migration, contributing to the depopulation of rural
areas; (4) the lack of modernization is mentioned as a chal-
lenge that prevents agricultural farms in the Ricote Valley to
compete with the industrial agriculture in the surrounding
area; and (5) emotional bonds to agricultural land due to fam-
ily farming history prevent the sale of abandoned parcels.
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Fig. 5 Cultivation and
abandonment in the Ricote
Valley between 2016 and 2019;
red parcels, change to not
cultivated; green parcels, change
to cultivated; yellow parcels, no
change between 2016 and 2019

[ from 'cultivated' to 'not cultivated'

[CTno change

B from 'not cultivated' to 'cultivated'

Discussion

The GIS analysis has shown that a large percentage of the
detected terraced area is not cultivated in the Ricote Valley.
However, the cultivated area has increased during the last
years, especially between 2018 and 2019. In particular, small
parcels were found to be cultivated to a higher percentage than
large or medium-sized parcels. In 2018, the percentage of
cultivated area in small parcels was 22% higher than the per-
centage of cultivated area in large parcels (Fig. 6). Thus,
smaller-scale agriculture seems to be more intact than larger-
scale agriculture in the Ricote Valley. One explanation is the
long tradition of family farming in the Ricote Valley. Most of
the small agricultural parcels are cultivated by families, where
the agricultural activity is not the main income source. In these
cases, smallholder agriculture tends to be less vulnerable to
price volatility and economic shocks. Nevertheless, like in
most European regions (Chemnitz 2019), the agricultural area
covered by small and medium-sized parcels decreased be-
tween 2016 and 2019, while the agricultural area covered by
large parcels expanded.

The experts’ perceptions captured by the questionnaire
have revealed various reasons for the high percentage of aban-
donment of detected terraces in the Ricote Valley. Socio-
economic dimensions emerged as the most important reasons
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Kilometers

for land abandonment. Most of the terraced fields in the study
area are relatively small, with 2/3 of the detected terraces
having an extension of less than 1533 m”. Thus, the topogra-
phy of the Ricote Valley seems to have limited the uptake and
expansion of industrial agriculture in the traditional orchards.
However, the competition with industrial agriculture is omni-
present in the conversation with locals and experts. The Ricote
Valley is surrounded by large-scale agriculture and crop prices
are volatile, as they are determined by the European market
and the large supply. Most EU subsidies are distributed ac-
cording to the agricultural area under cultivation, which sup-
ports mainly large-scale farms (Chemnitz 2019; IPES-FOOD
2016). According to personal communications and explana-
tions obtained from the questionnaire, many parcels in the
Ricote Valley are too small to receive any helps from the
European Common Agricultural Policy. This explains the
low income of farmers and the current market situation as
important reasons for land abandonment.

According to the experts, another important reason for
abandonment was land fragmentation. The high land fragmen-
tation in the study area is determined by geographical and
cultural factors. On the one hand, the steep topography, in
which agricultural parcels are located, limits the possibilities
to merge smaller parcels into larger ones. On the other hand,
the local heritage system based on Muslim traditions imposes
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Table 2 Confusion matrix

showing the validation of land use Field validation
classification results for cultivated
(C) and not-cultivated (NC) Actual “C” Actual Row total User’s accuracy
parcels based on Sentinel 2019. “NC”
We conducted the validation for a
total of 81 parcels in summer Classified Predicted “C” 50 14 64 0.78
2019 Predicted 6 11 17 0.65
“NC?
Column total 56 25 81
Producer’s accuracy 0.89 0.44

the subdivision and inheritance of land among siblings.
Land fragmentation was mentioned in the expert survey
as an economic and management challenge that causes
high transaction costs (Heider et al. 2018) and prevents
further mechanization and industrialization of agricul-
ture. However, land fragmentation is highly related to
biodiversity, protection from winds and erosion, and to
the cultural landscape that was shaped in the region over
1000 years or more (Bentley 1987; Blondel 2006;
Crecente et al. 2002; Puy and Balbo 2013). Reducing
land fragmentation by changing the physical structure
of the agricultural area would possibly result in the de-
terioration of this cultural landscape, eroding the

Small
parcels

Medium
parcels

Large
parcels

2016 2017

0006
0006€
2000

multiple values and functions of agriculture in the
Ricote Valley. Furthermore, the spatial analysis showed
that small parcels are cultivated at a higher percentage
than large or medium-sized parcels and thus tend to be
less vulnerable.

Importance was also given to the lack of interest
shown by the next generation in continuing the agricul-
tural activities of the family. Low farm income and high
workload were mentioned as reasons for this lack of
interest. Further related reasons for land abandonment
were the high farmer age and migration to the cities.
Nevertheless, emotional bonds of the local youth to the
agricultural parcels cultivated by their ancestors are

2018 2019

Fig. 6 Percentage of cultivated (green) and not-cultivated (brown) agricultural area according to parcel sizes in the Ricote Valley between 2016 and
2019. Small parcels contain parcels up to 556 m?, medium parcels 556-1533 m?, and large parcels contain an area larger than 1533 m?

@ Springer
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Table 3  Percentage of total cultivated (C) and not-cultivated (NC) land
covered by small, medium-sized, and large parcels in 2016 and 2019
2016 2019
Parcel size category C (%) NC (%) C (%) NC (%)
Small 6.94 3.36 6.26 2.90
Medium 18.16 12.40 17.72 10.69
Large 74.91 84.24 76.02 86.40
Total (%) 100 100 100 100

strong, often preventing the sale of not-cultivated par-
cels, as explained by local experts, which reinforces land
abandonment.

Finally, we discuss limitations within our mixed method
approach. The land use classification using Sentinel data pro-
duced better results than using Lidar data. The accuracy of
Sentinel data is 75.3%. However, in this analysis, there are
shortcomings in both detection methods, which produced
classification errors during the detection of recently cultivated
and recently abandoned parcels. Parcels, recently cultivated,
were classified as not cultivated due to the high distance be-
tween small trees, and the high percentage of bare soil.
Recently abandoned parcels were classified as cultivated,
due to small changes only visible in the field or with very
high-resolution images. Furthermore, there are various short-
comings using Lidar data. The most recent Lidar data is from
2016 (Instituto Geografico Nacional 2019); thus, we were not
able to research the most recent changes based on this data
source. Moreover, the analysis with Lidar data is based on
vegetation heights. Thus, it is more suitable for the detection
of the cultivation status in tree plantations than for the detec-
tion of vegetable or cereal cultivation. Although the study area
is dominated by tree cultivation, there are areas dominated by
vegetable cultivation where a classification based on heights
might not work. In order to assess the accuracy, we validated
the land use classification in situ. Due to limited access to the
agricultural parcels, we had to reduce the number of validation
points to 81.

While in this study the priority was given to quantitative
methods, qualitative methods helped to deepen the under-
standing of the reasons for land abandonment and integrate
local perspectives into the expert survey. This would not have
been possible conducting a monomethod approach.

Conclusion
In this article, we examined the most recent trends of small-

holder agriculture in the Ricote Valley, quantified the cultiva-
tion and abandonment of traditional orchards between 2016

@ Springer

and 2019, and investigated the reasons for abandonment using
a mixed method approach.

We observed a high percentage of agricultural land aban-
donment for terraces detected within the traditional orchards
of the Ricote Valley. In 2016, 56.33% of the detected terraces
in this agricultural area were classified as not cultivated. This
trend of abandonment has been decreasing recently, with only
39.94% of the detected terraces in this agricultural area being
classified as not cultivated in 2019.

In the study area, small parcels were cultivated to a higher
percentage than large or medium-sized parcels. This could be
related to small parcels being cultivated by family farms, and
agriculture not representing their main income source. In fact,
small parcels ensure food security and tend to be less vulner-
able to price volatility. Nevertheless, like in most European
regions, the agricultural area covered by small and medium-
sized parcels decreased between 2016 and 2019, while the
agricultural area covered by large parcels expanded.

In addition to a GIS-based top-down approach, we used
participant observation and an expert survey as place-based
research methods. This mixed method design contributed to a
more complete picture of land abandonment in the study area.
According to the experts, there are multiple important reasons
for the abandonment of agriculture in the Ricote Valley: low
income of farmers and market competition with large-scale
industrial agriculture in the surrounding area; land fragmenta-
tion, which results in higher transaction costs for farmers; lack
of interest in continuing agricultural activities among young
generations; lack of modernization; and finally strong emotion-
al bonds to the land, which have prevented the transfer of agri-
cultural parcels and may further explain land abandonment.

We emphasize that a paradigm shift in agriculture is
needed to identify alternative pathways for the recovery
of abandoned and degraded lands. Alternative pathways
should be based on integrating social, ecological, and
economic needs. Such an integrated approach should be
supported by dedicated policies at the European, nation-
al, and local levels. Agricultural subsidies should be dis-
tributed following the principle of public money for pub-
lic services, promoting multifunctional agriculture. More
support for young farmers, for innovative farms, and for
a transition to organic agriculture is needed, addressing
the low income of farmers and the lack of interest in
farming activities among young generations. For exam-
ple, promoting farms that use agroecological practices,
sell directly to urban customers and process their prod-
ucts in-house, can contribute to the regeneration of de-
graded and abandoned lands, the reinforcement of local
food chains, and the revival of local employment. A re-
formed agricultural policy can make one of the greatest
contributions to protecting biodiversity, mitigating the
effects of climate change, reducing rural exodus, and
supporting social innovation.



Reg Environ Change (2021) 21: 23

Page110f12 23

We are going to continue our research in Spain, investigat-
ing the regeneration of abandoned and degraded lands.
Therefore, we will explore the role of agroecological practices
for a multifunctional agriculture. We will focus on alternative
water and land management pathways, which integrate tradi-
tional agroecological knowledge, practices, and technologies
from Mediterranean semi-arid regions.
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