Euro-Mediterranean Journal for Environmental Integration (2021) 6:58
https://doi.org/10.1007/s41207-021-00268-1

ORIGINAL PAPER q

Check for
updates

Long-term changes in rainfed olive production, rainfall and farmer’s
income in Bailén (Jaén, Spain)

Jestis Rodrigo-Comino'?® . José Maria Senciales-Gonzalez? - Yang Yu*® - Luca Salvati® - Antonio Giménez-Morera’ -
Artemi Cerda®

Received: 18 November 2020 / Accepted: 24 May 2021
© The Author(s) 2021

Abstract

Economic, social, and climatic conditions affect agricultural production. Those changes are relevant to the rainfed agricultural
areas of the Mediterranean Belt, including Spain—the largest producer of olive oil in the world. However, little is known
about the effect of the climate on olive production and farmer income. In this study, the correlation between changes in
rainfall and total olive production was examined using a long-term dataset (28 years) on conventional rainfed production and
tillage soil management. The dataset focused on different olive groves in the municipality of Bailén (Jaén, Andalusia) that
have been owned by the same farmer since 1966. The province of Jaén is the region of Spain with the highest production of
olive oil and the largest area of olive groves. The data included annual rainfall, production per plot and the price of olives.
After calculating missing data to complete the rainfall series, pairwise correlation analysis with nonparametric Spearman’s
rank coefficients and principal component analysis were used to process the data. The results showed that higher produc-
tion coincided with increased rainfall during August and December. Therefore, we concluded that the impact of rainfall
on olive production is variable and depends on drought intensity and the monthly rainfall distribution. An economic study
showed that farmer income was highly dependent on the seasonal distribution of the rainfall among other factors such as the
price of olives. Farmer income was low during drought periods, indicating that rainfed agriculture is perceived by farmers
as unsustainable due to the resulting highly variable income. This study could help to prevent risks to food security in the
future. We recognise that other key factors have also been important influences on the fluctuations in olive production over
the years, such as soil properties and plant status. However, cultivating olives without irrigation—depending only on the
total rainfall amount and rainfall intensity to supply all of the water consumed by the plants—is very risky too. This research
demonstrates that the subsistence of Mediterranean rainfed olive farmers can be highly dependent on the rainfall conditions.
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Introduction

The olive (Olea europea) is one of the oldest domesticated
plants. Olive grove cultivation has been linked to human
societal development throughout history. As Cicatelli
et al. (2013) mentioned, the olive tree was probably the
first domesticated tree. Olive domestication first occurred
approximately 5500 years ago, when the earliest eastern
civilisations arose. tree domestication has long informed
the image of the Mediterranean region, even given its
varied and harmonious landscapes (Delgado et al. 2013).
Scheidel and Krausmann (2011) affirmed that numerous
factors (biological, climatic, topographical and pedologi-
cal) affect the natural development of olives and its expan-
sion as a crop (e.g. the development of new technologies,
market trends, and public tastes) in the middle latitudes.
The total area of olive grove plantations has increased,
particularly in southern Spain and specifically in Anda-
lusia. Studies have utilised various statistical sources and
analytical techniques to quantify this drastic expansion
of olive cultivation and the consequences for this region
of Spain of the specific soil treatment and land manage-
ment activities needed for olive cultivation (Amate et al.
2013; Infante-Amate and de Molina 2013; Villalobos and
Mateos 1995). It is well known that most of the arable
land in Andalusia, and even areas of this region that do
not have soils that are highly suited to farming (e.g. moun-
tainous areas or floodplains), is occupied by olive groves.
The Picual cultivar is particularly common, but others
such as Royal, Picuda and Cornezuelo are also found in
this region. Similar landscapes full of olive groves have
developed around the Mediterranean Basin; indeed, it is
considered the traditional landscape of the Mediterranean.
Some authors claim that the Mediterranean Belt is where
olives grow best (Braudel 1996).

Within Spain, the largest producer of olive oil in the
world, Jaén Province produces about 600,000 Mg of olives
on more than 66 million olive trees (covering 550,000 ha),
thus contributing 20% of the world’s olive oil production
(Regional Government of Andalusia). This corresponds to
an economic value of 300 M€, so olive production is the
economic engine for this region. Some authors point out
that although Spanish state support mechanisms for olive
farmers have gradually been lost, an olive grove model
created and popularised by the Common Agricultural Pol-
icy can still be observed (Perujo Villanueva and Colombo
2017; Rocamora-Montiel et al. 2014). This intensive struc-
ture results in groves with 200-300 olive trees per ha, or
up to 450 if they are irrigated. Recently, superintensive
olive plantations with 2000 trees ha~! have been created.
This increasing landscape fragmentation has large finan-
cial benefits for large state owners of plantations, but not
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for local farmers who did not know how to take advantage
of this situation because they manage small properties and
lack information on the very bureaucratic system of subsi-
dies (Areal and Riesgo 2014; Emmanouilides et al. 2013).
Specifically, among the various olive groves of Jaén, there
are a range of productive capacities (500—15,000 kg/ha™"),
and producers cannot set their sales prices in the global
market (Jiménez et al. 2002).

Generally, natural resources such as the soil or water
are not used efficiently during the olive production pro-
cess (Taguas and Gémez 2015; Zema et al. 2015), there are
new competitors with lower prices, and the age profile of
smallholding farmers is increasing because the number of
young people that wish to work on smallholdings is dwin-
dling (Martinez and Simén 2011). This situation results in
negative effects on the environment, such as increased ero-
sion rates, water pollution, and losses of biodiversity and
productivity (Vanwalleghem et al. 2011; Kairis et al. 2013;
Rodrigo-Comino et al. 2018a, b). However, despite these
difficulties, the ownership of an olive grove continues to
provide a degree of social prestige and a good patrimonial
refuge for Andalusian rural society (Rodrigo-Comino et al.
2020b). Furthermore, olive cultivation is considered viable
if the current price of olive oil is taken into account and
considering the numerous applications of olive oil in the
Mediterranean diet as well as its healthy properties (Gimeno
et al. 2002; Marin et al. 2011; Kairis et al. 2015).

Given these considerations, one might ask: what are
the factors that determine high olive production? Several
researchers attribute the greatest weight to environmental
factors such as crop variety, soil type and surface cover or
topography, and to aspects of the human management of
olive groves such as the degree of mechanisation and use of
agrochemicals (Cerda et al. 2021a; Karamesouti et al. 2015;
Lépez-Vicente and Alvarez 2018; Michalopoulos et al. 2020;
Yu et al. 2016). But what about the olive farmers? According
to the farmers, the key factor in olive production is rainfall.
Moreover, they work daily on their land and have a deep
knowledge of their groves. Furthermore, their experience
allows them to become environmental experts if they are
taught or well advised (Benites et al. 2005; Kosmas et al.
2016; Sastre et al. 2016), meaning that farmers can advise
on land management and environmentally friendly policies.
This is something that seems to have recently been discov-
ered by politicians and scientists.

When olives are cultivated under rainfed conditions, olive
growth is highly dependent on the climatic conditions pre-
sent (Scarascia et al. 2006). Thus, given that the olive tree
is a masting plant, it is not surprising that alternating good
and bad harvests of such olives are observed, as this is inevi-
table for such a traditional system with a limited capacity to
increase production (Benmehaia et al. 2020; Naredo 1983).
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Therefore, the starting hypothesis in the work reported
in the present paper was that rainfall determines olive
production under Mediterranean climatic conditions
(Rodrigo-Comino et al. 2021; Salvati et al. 2012). Some
recent studies of olive groves have correlated bioclimatic
(Oteros et al. 2014), geomorphological (Taguas et al.
2015), hydrological (Salmoral et al. 2017) or economic
(Emmanouilides et al. 2013) variables with olive produc-
tion to explain this fact. Modelling investigations aiming
to provide future projections at large scales have recently
become very common, and seem to be very accurate (e.g.
Incerti et al. 2007; Ponti et al. 2014; Tanasijevic et al.
2014; Fraga et al. 2019, 2020; Arenas-Castro et al. 2020).
Also, the impacts of the climate and global warming on
the production of other rainfed crops such as grapevines
have been estimated through diverse techniques (Ashen-
felter and Storchmann 2010; Storchmann 2005; Urhausen
et al. 2011). However, recent research focusing on long-
term (> 25 years) in-situ rainfall monitoring data obtained
with rain gauges (installed on private olive plantations)
and production data obtained directly from farmers and
cooperatives is scarce. Even the validation of such data
and results obtained by farmers is rare. While the moni-
toring of production and climate data has recently been
implemented, old and long-term datasets—which are very
valuable for understanding changes in production—are
unusual.

In the research described in this paper, the main goal
was to characterise the production of olive groves under
a rainfed production system in Andalusia and to analyze
the correlation between rainfall data (a tracer of climate
variability and change) and the production of olives. This
research focused on plots with olive trees in the munici-
pality of Bailén (Jaén). To achieve the goal of the study,
two long-term datasets (on rainfall and production) were
collected by a farmer for two different periods: 1966-1977
and 1991-2007. The agricultural fields of interest utilised
arainfed system and manure was employed as a fertiliser.
The intention was to quantify the probability that olive
production increases or decreases with fluctuations in
rainfall during specific months. To reinforce and validate
the rainfall series and to fill the gaps in that series due
to a lack of data collection by farmers, data from nearby
climate stations were also collected. We hypothesised that
changes in the price per year paid to the farmers by their
olives could demonstrate the difficulties that traditional
farmers face when their olive production depends on the
occurrence of rain events at specific times of the year.
The main challenge could be the difficulty involved in pre-
dicting the annual pattern of variation in the climate. The
main concern for olive producers is the monthly rainfall
distribution, and so this distribution was researched in the
present work.

Materials and methods
Study area

The selected study area corresponds to a group of cul-
tivated olive tree plots in the municipality of Bailén
(Comarca de la Campifia, Jaén Province, Andalusia,
Spain). This municipality is located in the NW of Jaén
Province, and borders the municipalities of Bafios de la
Encina, Guarromén, Linares, Jabalquinto, Espeldy and
Villanueva de la Reina. It is located between 300 and
400 m a.s.l. in the north of the physiographic unit of the
Guadalquivir countryside and south of Sierra Morena, and
encompasses an area of 320 km? (Fig. 1). The average
temperature in Bailén is 17.4 °C and its annual precipita-
tion averages 474 mm.

Historically (since the 1980s), Bailén was an important
economic centre within Jaén for two reasons: (1) national
highway 323 through Bailén to the mountain pass of
Despeiiaperros provided the best access route to Madrid,
and (2) its high-clay soils represent natural resources for
the brick and ceramic industry. However, the subsequent
construction of another road to and from Madrid that
avoids Bailén and the current economic crisis linked to
construction have diminished the economic importance of
Bailén. Nevertheless, Bailén has a rururban character due
to its demographic development since the 1980s. Nowa-
days, the urban and rural roots of the local inhabitants are
deeply entrenched due to the development of the brick
and ceramic industry and the importance of olive grove
cultivation in this region.

The parcels within Bailén of interest in this study (cov-
ering 4.6 ha) belong to one owner and are distributed
throughout the municipality. The plots contain 384 olive
trees of the Picual variety. Plot data, including surface
area, exact location and some other characteristics are reg-
istered an application called SIGPAC viewer (http://sig-
pac.mapama.gob.es/fega/visor/) managed by the Junta de
Andalusia. Selected plot data are presented in Table 1 and
Fig. 2. Pruning is usually carried out in January—Febru-
ary each year after the olives have been harvested. As the
harvested olives are intended for oil production, pruning
can last until March.

Data sources
Olive production
Two different data series were used in this study. A total of

28 years of olive production and euros per kg (converted
from pesetas, the currency of Spain between 1868 and
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Fig. 1 Location of the municipality of Bailén

2002) data were collected, covering two different peri-
ods: 1966-1977 and 1991-2007. The data were quantified
by the Agrarian Cooperative of Bailén when the farmer
transported the harvested olives each year. The total olive
production, measured in kilograms, was handwritten by
the farmer’s wife in a notebook (Fig. 3) and subsequently
transferred to an Excel datasheet in 2013.

Rainfall dataset and calculation of gaps

Rainfall events occurring during the same month were
grouped together to facilitate the statistical analysis. The
data were obtained from AEMET (Spanish Meteorological
Agency) weather stations of the Maria Bellido Institute
(5281A) and from an approved rain gauge of the Agrar-
ian Cooperative of Bailén, which provided the production
records used in this work. However, there are more gaps
in the official data series than in the private ones. Thus, in
some cases where it was possible, data to fill the gaps in
the data series were calculated to alleviate this situation

@ Springer
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(CEOTMA 1996). Only the years with the least gaps in
the data series were selected for the study. To calculate
the gaps in the data series, reference data from the Ubeda
and Linares stations handled by the IFAPA (Instituto de
Formacién Agraria y Pesquera de Andalusia; http://www.
juntadeAndalusia.es/agriculturaypesca/ifapa/web) were
used through the following equation (Aguilar et al. 2003):

Py=1/nx ((N,/N,) x (N,/N.) x P.+ -+ ((N,/N,) X P,)),

Y]
where P, is the missing value from an AEMET station; n
represents the number of stations used as reference stations
(preferably stations within the same physiographic unit as
the AEMET station with the missing value); N, is the mean
of the AEMET station with the missing value; N;,, N.and N,
are the mean precipitation values for the reference stations
b, ¢ and n for the month of interest (i.e. when the missing
value occurs); and, finally, P,, P, and P, are the precipitation
values from reference stations b, ¢ and n during the month
of interest.
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Table 1 Characteristics of the

. . Name N°of trees Area(ha) No of the Plot number  Aerial photography
plots in the study area (retrieved .
. . polygon high-
using the SIGPAC application) lighted in the
image
Garran 30 0.47 14 69

E

»
..
ve
-
-

sse

Arroyo Mataero 90 1.56 18 45

Cafiada Mesas 60 0.35 21 260

Cuarterones 85 1.04 27 49

Pinos de Quevedo 76 0.71 31 6

Valdemolin 27 0.27 31 21

Valdemogin 16 0.23 31 68

Total 384 4.64
Statistical analysis median values, and the range using SigmaPlot 12.0. To

evaluate correlations between variables, pairwise correla-

Arithmetic means, standard deviations, coefficients of var- tions with Spearman’s rank coefficients were examined

iation and the maximum total values for the whole datasets ~ using SPSS v.22 (IBM, USA), since the empirical data
were calculated. The results were then visualized in box  deviated from a normal distribution. Significant correla-
plots showing the 5th and 95th percentiles, the mean and  tions were tested at the p <0.05 level. Finally, to detect
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Fig.2 Overview of the study area, showing olives and bare soils on gentle hill slopes. Photos were taken by Mr. Francisco Comino Oriola

Fig. 3 Photographs showing
the notes taken by Rosa Oriola
and Manuel Comino during the
monitoring period

the months that drive high production and affect the whole Table 2 Data (total rainfall amount in mm) from nearby climate sta-
rainy year, a principal component analysis (PCA) was tions that were used to fill gaps in the precipitation data series for
conducted. Variables were centred and normalised, and a Bailén

Kaiser—Meyer—Olkin (KMO) test of sphericity, the coef-  Year Month Linares Ubeda Bailén
ficients and the determinants were included. The PCA was

performed using an orthogonal rotation method (Varimax) 2000 December 107.6 116 115.16
based on a standard correlation matrix. 2004 November 24 6.2 3.99
2004 December 47.8 40.8 47.14
2007 November 65.6 41.6 54.38

2007 December 5 4 4.8

Average November 59 65 -

December 67 87 -

@ Springer
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Results and discussion

Calculation of gaps and description of the monthly
rainfall regime in the municipality of Bailén

The accurate analysis of rainfall data was impeded by the
presence of gaps in the precipitation data series from sta-
tions set up to provide such data (Stooksbury et al. 1999).
Table 2 presents data used in calculations performed to
fill the gaps in the precipitation data series. In the case
of the municipality of Bailén, data from the agroclimatic
stations of Ubeda and Linares managed by the IFAPA were
used because they met two essential conditions: (1) they
provided data for the dates for which Bailén had gaps in its
rainfall data series, and (2) the physiographic and climatic
conditions at the Ubeda and Linares stations were similar
to those in Bailén.

In Fig. 4, we can observe that the rainfall tends to be
greatest in the autumn and winter months (October, Decem-
ber and January). In addition, the lowest rainfall occurs in
the middle of spring, throughout the summer and in early
September. The total annual rainfall is 532.3 + 173 mm on

250 [}
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E _— .
E . .
E 150 |
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& T e o
100 ¢
L)
50
.
.
0 . v - = .
1 2 3 4 5 6 7 g8 9 10 11 12
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.
50 200 ¢
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Max Average
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Fig.4 Monthly rainfall (A), maximum monthly rainfall (B) and total
average rainfall (C). A dotted line represents an average value; a solid
continuous line indicates a median value, and black circles represent
the 5th and 95th percentiles

average, and the estimated maximum monthly precipitation
was 257 mm (in December 1995). The maximum annual
rainfall exceeded 961 mm and the minimum was almost a
fifth of this value (324 mm in 2005). These results illus-
trate the irregularity of climate data for the Mediterranean.
They also highlight some interesting points to be made if
we consider the rainfall to be a separate factor that influ-
ences the olive production in this area. Twenty-three percent
of the months included in the dataset had rainfall of less
than 3 mm; most of those were summer months. Recurring
drought periods can limit the recharge of soil water available
for plants and living organisms, thus affecting food security
and soil quality, as seen in other territories (Bot and Benites
2005). Knowing this, it could be possible to develop effi-
cient tools to reduce the negative effects of drought and aid
policymakers in their decisions (Parsons et al. 2019; West
et al. 2019). Another important issue is that the soils tend
to be bare during the rainiest period; therefore, using these
data, farmers could determine when vegetative cover should
be established and sown to best avoid water and nutrient
competition (Novara et al. 2021).

Total olive production and total rainfall in the study
area

Figure 5 depicts the olive production and rainfall during
the two time intervals of interest. Neither the precipitation
nor the total production follow a regular pattern if we con-
sider annual values. In general, it seems that increases and
decreases in production tend to coincide with those in rain-
fall. However, it is not possible to discern the overall trend
in each parameter from this graph, or if it depended on a
specific moment of the year. The average total production
per year was 12,323.6 kg (~ 1487.56€), with the maximum
total production of 27,006 kg occurring in 2005 (rainfall:
660 mm), which yielded 1311€. The minimum total produc-
tion, 548 kg, occurred in 1974 (when the rainfall was only
363 mm), which yielded 63€.

From these results, it is possible to identify the difficulties
that a farmer could have in maintaining the minimum pro-
duction needed to ensure food security for their family; such
difficulties have also been reported for other least developed
countries (Haghtalab et al. 2019; Kyei-Mensah et al. 2019).
As shown by Coughlan de Perez et al. (2019), the results
obtained from analyses of precipitation trends and agricul-
tural production can be very useful for rural communities.
Those authors pointed out that the utility of such analyses
could also be improved by including seasonal forecasts to
prevent possible outcomes that could lead to a higher risk
of food insecurity in the future. We recognise that other key
factors are also important for understanding the fluctua-
tions in olive production over the years, such as soil proper-
ties and plant status. However, crop cultivatation without
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Fig.5 Total olive production (A), total rainfall and production each year (B), and payment per kilogram of olives in euros (C). A dotted line rep-
resents an average value; a solid continuous line indicates a median value, and black circles correspond to the 5th and 95th percentiles

irrigation—relying exclusively on total rainfall amount
and rainfall intensity to provide all of the water required
by the plants—is very risky. Such an approach makes the
olive plantations studied in this work highly vulnerable to
droughts, given the rainfall patterns observed for the study
area.

Therefore, we can hypothesise that this problem could be
very common in rainfed olive plantations across Jaén (the
region that produces the most olive oil globally). In fact,
this problem could become even worse given the expected
increase in temperature due to global warming, as this warm-
ing could affect the plant phenology in this region (Galan
et al. 2005; Garcia-Mozo et al. 2006), making this region
even more dependent on the water and subsidies available.
This is a key reason to transform the rainfed plantations into
irrigated ones.

Correlation statistics and principal component
analysis

Finally, in Table 3 and Fig. 6, the correlations among the
monthly average rainfall values, the total rainfall, and the
total olive production are analysed using the bilateral Spear-
man’s rank correlation coefficient and PCA. The results
obtained must be interpreted taking into account the great
variability of the Mediterranean climate and noting that the
only factor that helps to determine the annual olive produc-
tion and is integrated into the study is rainfall. However, as
already noted above, other prominent factors also influence

@ Springer

Table 3 Spearman’s rank correlation coefficients for pairwise cor-
relations among the average rainfall for each month from January to
December, the total average rainfall (R), the total olive production (P)
and the average annual rainfall (A)

Variable R P A

Jan 0.210 0.001 —0.144
Feb 0.138 —-0.212 —0.151
Mar 0.024 0.312 —0.191
Apr 0.176 —0.004 -0.130
May —0.130 0.073 0.024
Jun —0.299 —0.126 —-0.368
Jul 0.175 0.251 0.384*
Aug 0.346 0.449* 0.326
Sep 0.342 0.362 0.379*
Oct 0.467* 0.289 0.076
Nov 0.426* 0.144 0.018
Dec 0.403* 0.455% 0.315

R 1.000 0.328 0.407*
P 0.328 1.000 0.063

A 0.407* 0.063 1.000

Jan, Feb, Mar, ..., Dec are the average rainfall values for the corre-
sponding months

* Correlation is significant at the p <0.05 level

olive production, such as temperature, soil type and mecha-
nisation of olive production (Assefa et al. 2020; Iwasaki
et al. 2020; Marques et al. 2020; Yazdanbakhsh et al. 2020).
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total olive production values

The dataset shows that the rainfall data series for the
municipality of Bailén is highly irregular. Thus, taking
into account the relationship between the total annual pre-
cipitation and production, some significant correlations
were observed. Positive growth in the production of olives
occurred when the rainfall was highest, in December (0.455)
and August (0.499). In the PCA, we can also observe the
effects of the driest months (July and August) and the wet-
test ones (November and December) on olive production.
Also, the data for April and September can strongly affect
the production for the whole year.

These results largely coincide with two key times for olive
cultivation, as pointed out by Aguilera and Ruiz Valenzuela
(2009): (1) flowering between May and July and (2) the end
of the dry season and soil water recharge before the final
ripening of the olives. Therefore, the discussion of these data
is tempered by a clear biological and edaphic argument. If
rainfall is high during the period in late spring and summer
when the temperature is rising, the flowering of olive trees
can be interrupted and affected. On the other hand, high
rainfall in December could coincide with a greater recharge
of soil water after the usual arid summer season. The dataset
also shows another phenomenon related to the Mediterra-
nean climate of this municipality. If rainfall is high during
October (0.467), November (0.426) and December (0.403),
the total annual rainfall may also be high, reducing climate
aridity (Reiser and Kutiel 2010).

Knowledge of the seasonal pattern and spatial distribu-
tion of rainfall makes it easier to understand the ecosystem
behaviour and easier for humans to manage these drylands.
Furthermore, by extrapolating the results of this study to
other areas with similar or different agroclimatic situations,
this study could lead to new advances in our knowledge of

the relationship between rainfall and production. Our results
for this region are interesting because they relate interannual
production to precipitation and address the issue of farmer
income, which is directly related to production. The olive
groves of interest here do not have irrigation systems and
use manure as a fertiliser. In rainfed environments with a
Mediterranean climate, the application of manure without
irrigation water has only a limited effect on the availability
of nutrients to the olives (Fernandez-Hernandez et al. 2014;
Zipori et al. 2020). To release nutrients, the manure needs to
be mineralised, and this process depends on microbial activ-
ity, which is also limited in the absence of moisture. For this
reason, the present work would be even more beneficial if it
were to include rainfed olive groves where mineral fertilis-
ers are applied and to evaluate the effect of precipitation on
olive yield. This analysis could demonstrate whether there
is a yield benefit associated with the application of mineral
fertilisers in a rainfed environment, as it could make nutri-
ents available to plants more quickly and could make this
study more valuable by providing useful advice to producers.

Another key point is related to weed control. Weeds
are controlled through hand tillage each year, based on the
advice of their ancestors, neighbours and the olive coopera-
tive. In contrast to other systems, tillage damages the superfi-
cial roots of trees, which can reduce their capacity to absorb
water and nutrients (Barneveld et al. 2009; Gémez et al.
1999; Turrini et al. 2017). Also, the olive trees will then
need to use photoassimilates to reconstruct their roots dur-
ing a period when those photoassimilates should be used to
develop fruit. Two other issues could strongly compromise
our data analysis: pruning and masting (Conde et al. 2008;
Famiani et al. 2019; Tekaya et al. 2016). Pruning can dam-
age trees and reduce their photosynthetic area; thus, in the
year after the pruning is performed (especially if the pruning
was severe), the olive trees invest in rearranging their pho-
tosynthetic structure, and this activity competes with fruit
development. As pruning is performed yearly by the same
farmer, this was not a key factor in our study, although it
may have had an impact on some trees. Another important
factor that could affect olive production is the alternate bear-
ing (masting) typical of olive trees. For those reasons, to
establish more accurate correlations, it is necessary to gather
more reference data for this study.

Farmer income is climate dependent: implications
for sustainable agriculture

Figure 7 shows the relation between rainfall and olive pro-
duction, and the irregularity of the weather conditions. For
rainfed agricultural land, the climatic conditions control the
production, but this relationship is highly variable and we
can see that it is not linear. The relationship between rainfall
and olive production and thus the final income of the farmer
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Fig. 7 Scatter plots of average monthly rainfall (mm) versus olive production (kg) for each month of the year; linear trends are also shown

is difficult to predict. Our findings for the province of Jaén
show that traditional farming is highly dependent on the dif-
ficult climatic conditions in this area. Such a situation is
also observed for rainfed agriculture in Africa, where tradi-
tional farmers need to adapt to weather changes and rainfall
variability year after year (Muluneh et al. 2015; Thomas
et al. 2007). Wherever it is performed around the world,
agriculture needs to adapt to the local climatic conditions,
but this is especially the case in traditional rainfed farming
(Araya et al. 2010; Calzadilla et al. 2013; Kurukulasuriya
et al. 2011). In Australia, where there are highly mechanised
farms, several rainfed agricultural areas with maize planta-
tions are successfully coping with climate variability (Birch
et al. 2008). The availability of water is key to reducing
the negative impacts of climate variability; for example, the

@ Springer

advanced agriculture of Switzerland uses irrigation as an
adaptation strategy (Finger et al. 2011).

We consider the key factor to be the rainfall, in terms of
either the amount of rain, its seasonality, or drought recur-
rence (Rao et al. 2011). To adjust to changes in rainfall,
farmers have to apply new and adapted strategies (Graef and
Haigis 2001; Hiernaux et al. 2009). The changes in rainfall
are related to changes in the world’s climate, such as changes
in its atmospheric composition, but are also due to local
deforestation (Longobardi et al. 2016). In the last 50 years,
the Green Revolution has resulted in the introduction of
mechanisation (ploughing, herbicide and pesticide adminis-
tration, tractors, and mechanical harvesting) to olive groves,
which has increased production (Almonacid and Martinez
2018; Shiel 2018). Since the change in Spanish currency



Euro-Mediterranean Journal for Environmental Integration

(2021) 6:58

Page110of 15 58

Table 5 Registered annual price of olive oil per kg during the period 2000-2007 according to data from the Bailén Agrarian Cooperative

Year 2000 2001 2002

2003 2005 2006 2007

Price/kg (€) 2.61 2.49 2.13

2.79 2.96 2.67 2.6

Data were obtained from a handwritten notebook relating to an olive field plantation belonging to Mr. Nicolas Linares

from pesetas to euros, the price of olive oil has fallen, as
highlighted by data from the Bailén Agrarian Cooperative
summarised in Table 5. In the present work, we have focused
on a farm in Jaén where production was highly dependent on
rainfall, resulting in highly variable production and therefore
unpredictable income for the farmer’s family. This is because
the production was very low during some years (e.g. in 1975,
production was 400 kg and income was 1401¢€).

The irregularity of the prices and elevated dependency on
the weather conditions have led to two commonly encoun-
tered situations along the Mediterranean Belt (Serra et al.
2014): (1) some farmers have abandoned their lands (result-
ing in rural depopulation and the migration of young peo-
ple away from rural areas), increasing landscape fragmen-
tation; (2) other landowners have improved the production
achieved by their farms, while monoculture has increased
in importance. This second premise drastically reduces
alternative solutions to fluctuations in global market prices
(Vidal-Legaz et al. 2013) and specific issues such as ill-
ness (Hofmeister 1971) or drought periods (Cabezas et al.
2020). However, it can also be seen as the great capacity
of olive groves to generate landscapes of great cultural
value (Sanchez Martinez and Ortega Ruiz 2016). Rainfed
agriculture such as this olive monoculture is under threat
due to its low competitiveness, even though it provides a
high-quality product that has a low impact on the ecosystem
(Wani et al. 2009). However, rainfed agriculture is decreas-
ing in many countries of the world due to its low production
levels (Rockstrom et al. 2010; Sharma et al. 2017). Some
authors claim that it could provide a pathway out of poverty,
and that rainfed agriculture can directly promote household
food security (Harris and Orr 2014). Therefore, to improve
sustainability and stop land degradation in olive fields, it is
necessary to develop specific strategies such as (1) reducing
opportunity costs for the farmer’s family, (2) enhancing part-
time jobs for olive growers, and (3) helping to develop suit-
able and efficient irrigation systems or water-harvesting sys-
tems to collect the rain as well as efficient fertilisation plans
based on the nutrient requirements of the crop (Duarte et al.
2008). Areal and Riesgo (2014) also recommend the provi-
sion of economic support and the implementation of efficient
policies, mainly at the council level. Farmers’ perceptions
are also relevant to the impact of climate change on agri-
cultural production because the utilisation of farmers’ local
knowledge could help to optimize the formal and (mainly)
informal actions taken in response to climate aridity and

drought; mitigative or adaptive actions can be generalised
from a very local situation to broader contexts.

The research carried out here has demonstrated that farmer
subsistence based on rainfed olive production is highly
dependent on the local climatic conditions. To achieve sustain-
able farm management, it is necessary to adapt the production
process so that it is sustainable, and the prices of olive-based
products need to be sufficient to make it possible to achieve the
sustainable development goals of the United Nations (Keesstra
et al. 2018a; Visser et al. 2019). The soil system is another key
factor in olive production, and proper soil management will
contribute to achieving more resilient soils that can supply the
required services even under arid climatic conditions. These
issues are now being debated in Andalusia due to the large
amount of olives produced in this region and the extensive
area of land affected by olive production in Andalusia. Gémez-
Limén et al. (2012) evaluated the eco-efficiency of olive farms
in Andalusia and found that the most eco-efficient production
system is the traditional plain growing system. However, our
experience of the Bailén groves is that their olive production
levels are very low, and the low market prices of olives and low
amounts earned when the olives produced by the the Bailén
groves are sold do not help to improve farmer income. We
agree with Gomez-Limon et al. (2012), who demonstrated
that the soil and the climate are the key determinants of the
management. Similar findings were obtained by De Luca et al.
(2018) in southern Italy, who claim that a holistic sustaina-
bility assessment is useful, especially if it involves relevant
stakeholders. Recently, another pressure on olive groves—the
urban sprawl—has begun to exert its influence. The main issue
here is to achieve sustainability, and it is important to develop
farm-scale approaches such as that we developed in Bailén or
those developed by Tzouramani et al. (2020) in Greece and
Palese et al. (2013) in Italy.

The new challenge for rainfed agriculture is to achieve
sustainability through the use of organic farming, which will
protect the soil, water and biota and bring higher wages to
the farmers. This is relevant to all crops, including olives
(Berg et al. 2018) and grapes (Rodrigo-Comino et al. 2020a,
b; Cerda and Rodrigo-Comino 2021). The management of
organic matter is a key issue (Novara et al. 2019), as are
government policies (Chabbi et al. 2017; Morris and Winter
1999). Moreover, the use of small plots is very important
as it reduces the connectivity of flows (Cerda et al. 2021a;
Keesstra et al. 2018b) because each farm border acts as a
soil erosion collector. This reduces the need to apply soil
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conservation strategies, which can represent a considerable
extra expense for farmers (Cerda et al. 2021b). The general
trend in Mediterranean agriculture is to build large farms
by merging small ones to achieve economic profits, but this
risks environmental sustainability due to the increase in soil
erosion caused by the increased runoff delivery resulting
from more efficient flow connectivity (Cerda and Rodrigo-
Comino 2020; Rodrigo-Comino et al. 2018a).

Conclusions

The results of this study indicate how changes in rainfall
over time determine the total annual olive production. More
specifically, the increase in rainfall observed in December
and August coincided with a significant increase in the total
olive production by weight. It is also worth highlighting the
variability of Mediterranean rainfall trends and their influ-
ence, such that when a given year is rainy, the highest rain-
fall occurs during April, October, November and December.
These findings indirectly highlight the difficulties faced by
a farmer who has a small property, no irrigation system for
their plot, and unmechanised production processes (a very
common situation in Mediterranean olive groves across
southern Europe), as the production and therefore income
achieved by the farmer will then largely depend on whether
sufficient rainfall occurs during certain time intervals as well
as the subsidies available. We conclude that this investiga-
tion could help Mediterranean farmers to address the risks
to water availability and food security of operating olive
plantations without irrigation systems. In the future, this
study will be enhanced by including other key factors in the
correlation analysis, such as soil processes and management,
temperature, and plant status, allowing us to verify the fluc-
tuations in olive production over the years.
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