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Abstract: Agricultural statistical data enable the detection and interpretation of the development of
agriculture and the food supply situation over time, which is essential for food security evaluation in
any country. Based on the historical agricultural statistics, this study produces a long spatial time-
series with annual production values of three cereals relevant to global food security—wheat, maize,
and rice, aiming to provide geographical and historical perspectives. Therefore, we reconstructed
past and current production patterns and trends at the district level over 169 years, which supported
a space–time cross-reading of the general characteristics of the regional agricultural production value
distributions and relative densities in Portugal. Particularly, the production trends of wheat, maize,
and rice showed three different situations: growth (maize), stability (rice), and decline (wheat). For
decades, maize and wheat production alternated, depending on agricultural years and political
aspects, such as the Wheat Campaign (1929–1938). The changes over time presented a pattern that, in
the case of these three cereals, enabled a clear division of the country into major regions according to
cereal production. Overall, maize and rice, both grown on irrigated croplands, presented a similar
pattern in some regions of Portugal, mainly the central region. In this study, a preliminary analysis
was presented and related to successive public policies; however, notably, there are more lessons to
be learned from this long spatial time-series.

Keywords: historical data; census; agricultural statistics; spatial analysis; time-series; cereal production

1. Introduction

Since at least the first half of the nineteenth century, agricultural statistics have been
collected and reported by most countries in Western Europe [1,2]. These data play an
important role in academic discussions and in planning a sustainable future as they provide
insights into the development of agriculture and the food supply situation over time [3–5],
which is essential for food security evaluation in any country. However, the agricultural
statistics data of many countries present limitations due to the variations in administrative
units (i.e., geographic boundary changes for the attribution of data), which hampers in-
depth long-term interpretations of agricultural development and also prevents comparison
in terms of the evolution of regional production, that is, what was produced, in which
locations and in which amount.

Considering the example of Portugal, public administration services have been col-
lecting data every year since the mid-1850s. In terms of quantitative data, currently there
are 140 years (1850–1989) of agricultural production information available at the district
level. However, agricultural statistical data for the period after 1989 were collected and
published linked to two different administrative units: from 1990 to 2005 at the agrarian
region level, and since 2006 at the Nomenclature of Territorial Units for Statistics (NUTS) II
level. Due to the incompatibility of these administrative units, a long-term analysis that
also includes the last 30 years, reflecting regional production dynamics and oscillations,

Land 2021, 10, 776. https://doi.org/10.3390/land10080776 https://www.mdpi.com/journal/land

https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0001-6858-4522
https://orcid.org/0000-0002-5477-8657
https://orcid.org/0000-0002-7228-6330
https://doi.org/10.3390/land10080776
https://doi.org/10.3390/land10080776
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/land10080776
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land10080776?type=check_update&version=1


Land 2021, 10, 776 2 of 18

was not possible to reach. To date, several authors have been conditioned to use aggregated
statistical series at the national level [6–9].

As phenomena occur at multiple spatial and temporal scales, the creation of a long
spatial time-series is essential, and can strengthen the ability to assess past occurrences via
scientific analysis and provide insights in order to form more effective solutions for current
and future phenomena faced by society [10–12]. Therefore, for different scientific subjects,
it is crucial to contour the limitations of statistical data that hamper the creation of a long-
time series, and the ability of cross-timescale analysis to detect spatiotemporal patterns
and trends, as well as to forecast future events [10,11,13]. Accordingly, considering the
importance of agricultural statistical data in reinterpreting both past and current agriculture
and food supply situations, this study focused on the Portuguese agricultural statistics
data to find solution in order to homogenize the data at the upper scales and to create a
long spatial time-series to provide geographical and historical perspectives.

Why analyze the Portuguese context? Because Portugal was one of the first European
countries to published reliable agricultural statistical data since at least the last century
and a half, at regular intervals, and linked only to three different administrative units.
In addition, agriculture was the most important economic sector in Portugal until the
1960s, and despite being a relatively small European country, the presence of very distinct
edaphoclimatic and agroecological conditions in the northern, central, and southern regions
enables the cultivation of various agricultural products (e.g., wheat, maize, rice), with
each one having an important role in the primary sector. Thus, the main objectives of
the present study were threefold: (i) apply a method to overcome the variation in the
administrative units of the Portuguese agricultural statistical data to create a long spatial
time-series with annual agricultural production values at the district level for three cereal
crops (wheat, maize, and rice); (ii) provide geographical and historical perspectives on
each cereal production value distribution and relative density from 1850 to 2018; and (iii)
analyze the historical spatiotemporal patterns and trends in regional cereal production
over 169 years.

2. Materials and Methods
2.1. Study Area

Mainland Portugal is located on the western coast of continental Europe, sharing its
North and East borders with Spain and being bounded by the Atlantic Ocean to the West
and South. In the territory of Portugal, to the northwest the landscape is mountainous and
is characterized by the abundance of water and existence of fertile soils, and property is
structured around the minifundium. In the southern interior, in the direction of Algarve,
open rolling plains and granite hills characterize the relief, with water scarcity, poor soils,
and agriculture that developed around the latifundium [14]. For statistical purposes, the
Portuguese government uses the NUTS system (NUTS is a geographical nomenclature
subdividing the economic territory of the European Union into three different levels, NUTS
I, II, and III, respectively, moving from larger to smaller territorial units) and, informally,
the district system (established in 1835 and used until European integration). This study
was conducted for the 18 districts of mainland Portugal (Figure 1).

A considerable part of mainland Portugal is dedicated to agriculture, although the
importance of agriculture varies between the different regions due to the edaphoclimatic
and agroecological conditions (climate, soil fertility, water availability, and land structure,
among others). In terms of the main products, the northern region is known for vineyards
in the Douro Valley, while the southern region, specifically in Alentejo, developed an
extensive monoculture of cereals and olive trees. Other important production includes
fruits, namely oranges from Algarve, cherries from the Central region, and pêra rocha from
the Oeste region, and a wide variety of crops, namely green vegetables, oilseeds, nuts, and
cork. Nonetheless, the primary sector in Portugal was the most important until the 1960s,
when the population working in agriculture fell rapidly from 42% in 1960 to 32% in 1970.
This decline continues to the present day, with just 12% in agriculture [15].
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2.2. Portuguese Agricultural Statistical Data

From the second half of the nineteenth century until the mid-1960s the Portuguese
Civil Governors started annually reporting quantitative information on agriculture statisti-
cal data. Thereafter, the Statistics Office, and subsequent organizations, were responsible
for the publication of an official statistics repository: the Portuguese Statistical Yearbook. In
1935 Statistics Portugal (INE) was founded and assumed these functions, and from 1943 to
now the INE has published quantitative information on agriculture statistical data annually
in the Agricultural Statistics book. Thus, when consulting various Portuguese statistical
yearbooks and the annual Agricultural Statistics, it is possible to gather about 70 years of
long-term continuous time-series data at the district level (1916 to 1989) [8].

However, agricultural statistical data for the period before 1916 and for the period
after 1989 present two distinct problems: firstly, the data before 1916 were scattered across
the central and regional Portuguese public archives. As such, to gather the data, an
interdisciplinary research team of the ‘Agriculture in Portugal: food, development, and
sustainability (1870–2010)’ project, funded by the Portuguese Foundation for science and
technology (FCT), had to work for three years by looking at thousands of documents
deposited in the National Archives of Torre do Tombo (formerly known as the General
Archive of the Kingdom, an organic nucleus of the General Directorate of Books, Archives
and Libraries, which has been the central archive of the Portuguese State since the Middle
Ages, being more than 600 years old), and the Arquivos Distritais (the Arquivos Distritais
of Portugal has the mission of preserving and valuing the archival heritage of historical
interest). The research team was able to gather agricultural data at the district level with
annual production values from 1850 to 1915 for different agricultural products. It should
be noted that the first version of the database had an absence of certain annual production
values for specific products. Since the database had a sufficient temporal continuity, which
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allowed a decrease in the margin of error and did not affect the attributes of the data [16,17],
the team applied the linear interpolation technique to fill the gaps. Secondly, the agricultural
statistical data for the period after 1989 were published by different administrative units
over the years: from 1990 to 2005 at the agrarian region level (AR) (the agrarian regions are
agricultural statistical regions, and there are seven agrarian units in Portugal mainland),
and from 2006 until 2018 (the last year with agricultural statistics data already published)
at the NUTS II level (Figure 2).
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Figure 2. Differences between each administrative level (district vs. agrarian regions and district vs.
NUTS II).

In summary, we used two different data sources to gather agricultural statistics from
1850 to 2018. The first source is the data exploited by the ‘Agriculture in Portugal. . . ’ project
at the district level from 1850 to 1915, being freely available for download on the project
website (http://www.ruralportugal.ics.ul.pt/ (accessed on 10 June 2021)). The second
source is the Statistical Yearbooks and Agricultural Statistics published by the statistics
public administration services (INE) at the district level (1916 to 1989), at the agrarian
level (1990 to 2005), and at the NUTS II level (2006 forwards), being freely available for
download on the INE website (https://ine.pt/ (accessed on 10 June 2021)).

Data Homogenization

To create a continuous time-series database of the annual agricultural production
at the district level from 1850 to 2018 it was necessary to overcome the administrative
unit variation of data from 1990 to 2018 (at the agrarian and NUTS II levels). Therefore,
we proposed the use of the traditional method of areal weighting enhanced by an an-
nual growth production coefficient to disaggregate the statistical data to the district level
(Figure 3). The district level was used because it was the smallest administrative unit which
can consistently compare the available official space–time data. In addition, for the three
administrative levels, this was the level with the longest reporting.

http://www.ruralportugal.ics.ul.pt/
https://ine.pt/
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The GIS-based technique of area-weighting has been applied in many studies because
it enables different geographical units of analysis containing attributed data to be stan-
dardized [18–20]. Ref. [21] define the area-weighting as a ‘transfer of data from one set
(source units) to a second set (target units) of overlapping, non-hierarchical, areal units’.
Thus, the collected variable (source unit) is interpolated onto a target unit (the unit the
analyst requires for the analysis) weighted by each source unit area within the target unit
area [10,22,23]. Accordingly, in this study, the area-weighting method is as follows:

ŷt = ∑
s

(
Ast

As
× ys

)
(1)

where ŷt is the estimated variable of the target zone, ys is the variable of the source
zone, As is the area of the source zone, and Ast is the area of the zone of intersection
between the source and target zones [23]. This method assumes a spatially homogeneous
relationship between the source and target units, which means that the variable is equally
distributed across the source unit. However, this assumption is unrealistic in the real
world [24,25]. Thus, to overcome the spatially homogeneous relationship and improve the
areal interpolation accuracy, we applied the annual growth production coefficient:

a1 =
Pt

Pt−1
(2)

where Pt corresponds to the first known agricultural production value at the agrarian
region level for the period from 1990 to 2005 and at the NUTS II level for the period from
2006 to 2018 (N1), and Pt−1 corresponds to the sum of the agricultural production value
of each district unit area that overlaps with the AR level or the NUTS II level (N1*). Thus,
the evolution of agricultural production in each district is given by the annual production
growth of the AR or NUTS II, where the district mainly overlaps.
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We adopted this approach for three main reasons: (1) we were unable to use ancillary
data due to their scarcity [22,26–28]; (2) we could not simply assume the source unit
area as the spatial conversion criterion to disaggregate the data, as there is no spatially
homogeneous relationship between the source and target units, that is, both administrative
units (agrarian regions and NUTS II) have large areas regarding each district level unit
(Figure 2); and (3) we aimed to control for significant increases in annual production values
(suspicious spike values) (for more information regarding spike values see [29]).

Therefore, the proposed method disaggregates the statistical data based on the geo-
metric intersection of the source unit and target unit weighted by the production annual
growth of the original collected data. As such, the evolution of production in each district
is given by the production annual growth of the original collected data. Figure 4 presents
an example of homogenized statistical data of the wheat production values from 1990
at the AR “Entre Douro e Minho”. Thus, to disaggregate the wheat production values
in 1990 at the district level, we first selected all the districts that completely or partially
overlaid the AR “Entre Douro e Minho” and recorded their last known production values
(at district-level, 1989). There were six districts that overlaid this region, but only three of
them were spatially completely contained inside, namely “Viana do Castelo”, “Braga”, and
“Porto”. The other three districts (“Aveiro”, “Vila Real”, and “Viseu”) areas overlapped
not only with the AR “Entre Douro e Minho” but also the AR “Trás os Montes” and “Beira
Litoral”. For these three districts, a GIS overlay operation was performed in order to
obtain the areas that overlapped each agrarian region, and, accordingly, the production
values of these three districts were interpolated using the areal-weighting method. Then,
we calculated the annual growth production coefficient. Lastly, the production values
were multiplied by the annual growth production coefficient. This procedure was applied
for each AR (“Entre Douro e Minho”, “Trás os Montes”, “Beira Litoral”, “Beira Interior”,
“Ribatejo e Oeste”, “Alentejo”, and “Algarve”) from 1990 to 2005 and for the three cereals.
Finally, the same procedure was applied for each NUTS II (“Norte”, “Centro”, “Lisboa”,
“Alentejo”, and “Algarve”) from 2006 to 2018 for the three cereals. Figure 5 presents an
example of standardized statistical data for wheat production values from 2006 at the
NUTS II “Norte” that were disaggregated at the district level.
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2.3. Long-Term Spatiotemporal Interpretation and Trend Analysis

To provide a long-term spatiotemporal analysis of the annual agricultural production,
we created annual maps by rescaling the values within a range of 0 to 100 using linear min–
max normalization [30]. This procedure was necessary because the range of agricultural
production varied widely. The normalized production value (PNV) is presented as a
percentage as follows:

PNV =
xi,t − mint

maxt − mint
× 100 (3)

where xi,t is the original production value in district (i) at a given time (t); and mint and maxt
are the overall minimum and maximum production values at a given time, respectively.
An index of 100 indicates the district that produced the most in each year. This procedure
was applied for the production values of wheat, maize, and rice cereals from 1850 to 2018.

Thereafter, to identify the spatiotemporal trends over 169 years, we explored the
‘Emerging Hot Spot Analysis’ tool from ArcGIS Pro software. This tool combines two
statistical measures, namely the Mann–Kendall (MK) trend test [31] and the Getis–Ord
Gi statistic [32], and aggregates the data into a time cube to identify the trends over time
by generating space-time intervals for every location with data. The MK test searches for
a trend in a time series without specifying whether it is linear or non-linear [33]. In this
study, the partition of data across time was defined in one-year intervals, from 1850 to
2018, for each Portugal district and for the absolute values. The hot and cold spot trends
were evaluated using the MK trend test for each location, and one of eight categories was
identified: new, consecutive, intensifying, persistent, diminishing, sporadic, oscillating, and
historical hot and cold spots (https://pro.arcgis.com/en/pro-app/latest/tool-reference/
space-time-pattern-mining/learnmoreemerging.htm (accessed on 10 June 2021)).

The number of time-step periods that determine which features are analyzed together
to assess local space–time clustering was set to 20 years, which was considered as the most
appropriate regular interval considering the evolutionary phases of regional agricultural

https://pro.arcgis.com/en/pro-app/latest/tool-reference/space-time-pattern-mining/learnmoreemerging.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/space-time-pattern-mining/learnmoreemerging.htm
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production in Portugal (e.g., wheat campaign phase from 1929 to 1938 and world wars) [6].
Therefore, the final analysis provides the general trend of the 20-year cluster in recent time,
revealing the latest production tendency for wheat, maize, and rice.

3. Results
3.1. Overview of Wheat, Maize, and Rice National Production

From a national perspective, the production trends of wheat, maize, and rice showed
three different situations: growth (maize), stability (rice), and decline (wheat) (Figure 6).
The distinct amount of production for the three cereals is also clear. Overall, the largest
production of cereals occurred in the 1950–1970 period, followed by a major production
crisis in the 1970s and 1980s. Notably, for decades, maize and wheat production has
alternated. In fact, maize production was only lower than wheat in some years of the
1930s, 1950s, and 1970s. In addition, higher wheat production occurred in 1958, with
approximately 805,000 tons produced. However, since the 1980s, maize production has
increased compared to that of the other two cereals, registering an accelerated growth and
reaching its absolute maximum production value in 1998 (>1,000,000 tons). Simultaneously,
wheat started to present smaller production values, and only in the 1990s did wheat
production increase. Since the 1940s, rice production has presented a growing trend, in
which higher production occurred in 1970, but only to approximately 227,000 tons.
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3.2. Regional Long-Term Spatiotemporal Analysis

Chronologically, wheat was mainly cultivated in the southern region of the country,
more specifically in the Alentejo region (Figure 7). Over the 169-year period under study,
the importance of the districts that are part of the Alentejo region (Portalegre, Évora, Beja)
to wheat production is remarkable. Since 1984, the spatial pattern remains, and Beja and
Évora are the districts that produce the most wheat in Portugal, followed by Portalegre. In
particular, Beja consistently produced more wheat between 1850 and 2018, except for 1977
and 1981, in which Évora produced more wheat than Beja.
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Figure 7 shows the existence of two other regions situated in the south-central part of
Portugal, with a strong impact on wheat production. The first is the Lisbon District, which
has a relevant role in wheat production. During poor wheat production in the Alentejo
region (1906 and 1907), the production in Lisbon was significant. However, in the following
years, the Lisbon District started to lose importance in wheat production and became
irrelevant from a regional perspective. Historically, the Lisbon district heavily lost wheat
production due to urban development that took the good land used to produce this cereal.
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Another prominent region is the Ribatejo and Lezíria do Tejo, which mainly incorpo-
rates the municipalities of the Santarém District. Specifically, wheat production presented
several oscillations over the 169-year period under study, with a strongly decreasing trend
after 1936. It is also particularly relevant that the northwest of the country always had a
low tendency for wheat production, which will be better explained in the analysis of maize
production in mainland Portugal. Lastly, we emphasize the oscillating relevance over the
169 years of the Bragança District, which is situated in the northeast region.

Figure 8 shows that regions which produce wheat do not produce maize. In the 19th
century, maize production was concentrated in the opposite direction of wheat production,
particularly in the northern and coastal regions. This cereal expanded from northwest to
south along the coastal regions of small agricultural parcels. By the beginning of the 20th
century, maize production reached its maximum expansion in the Portuguese territory.

However, during the late 1980s, with the entry of Portugal into the European Economic
Community (in 1986), maize production moved to the south-central part of the country.
Presently, the main maize production region is the south-central region of the country, more
specifically the Ribatejo zone (Santarém District), which has emphasized maize production
since 1991. In fact, for the last 25 years, Santarém has consistently produced more maize in
the national context. Cereal production has also increased slowly in the Alentejo region.
Notably, the regions historically associated with maize production are no longer focused
on this crop.

In the second half of the 19th century, the main rice-producing regions were the
districts of Beja, Évora, and Portalegre (Figure 9). However, the rice production distribution
rapidly changed, turning the emphasis to different regions, such as the districts of Lisbon,
Santarém, and Aveiro. The main production regions of this cereal shifted to the coastal
area north of Lisbon District up to the area of Aveiro District (Vagos), passing through
the Coimbra and Mondego valleys. This distribution continued until the beginning of
the 20th century. In addition, in the 1970s, rice reached its maximum expansion in the
Portuguese territory, reaching Alentejo. Recent decades highlight the importance of Setúbal
and Santarém regions.

3.3. Spatiotemporal Pattern and Trends Analysis

The three cereals exhibited distinct production evolution trends (Figure 10). In the
case of wheat production patterns, two main regions can be identified: the north center and
the south of Portugal. The first is a cold area that includes the central (Lisboa, Santarém,
Leiria, Coimbra, and Castelo Branco) and northern regions (Viana do Castelo, Braga, Porto,
Aveiro, Viseu, Guarda, Vila Real, and Bragança). Most of these districts’ production was
statistically significant cold spots for 90% of the time-step periods, including the final time
step. The sporadic cold spot districts indicated an on-again off-again production trend, as
<90% of the time-step periods consisted of statistically significant cold spots, and none was
considered a hot spot of statistical significance. Coimbra is of particular interest because it
is the only district that presented a persistent production trend among cold spots, which
indicates that this region has no discernible production trend, showing a rise or fall in
the magnitude of the clustering of counts over time. The oscillating pattern of Lisboa
and Santarém shows that the production trend was significantly cold at the last time-step
period, but was also a statistically significant hot spot during previous time steps. The
second main region was the southern region (Setúbal, Évora, Beja, and Faro). These district
productions exhibited continuous hot spot bins with statistical values in the last time-step
periods. Finally, no pattern was observed for the Portalegre District.
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The results of the maize production trend presented distinct patterns in the north of
Portugal. On the northern coastline, the production of three districts (Viana do Castelo,
Braga, and Porto) in the most recent time period was not hot; however, in at least 90% of
the time-step periods, there have been important hot spots. Guarda was considerably cold
during the last time-step period but was considered a hot spot of statistical significance
in previous time steps. In contrast, Vila Real and Bragança presented cold spot patterns.
In the first case, a new cold spot was statistically significant in the most recent period;
however, no statistically significant cold spot occurred before then. In the second case, this
district was an important cold spot for 90% of the time-step periods, considering also the
final one.

In contrast, the production trend of Aveiro increased overall, and this increase was
statistically significant for 90% of the time-step periods, considering also the last one. We
observed two different production hotspots in the central and southern parts of Portugal.
One is the Leiria District, which exhibited continuous hot spot bins with statistical signifi-
cance in the last time-step periods. The second is marked by an oscillating hot spot, which
indicates that, although these districts (Lisboa, Santarém, Portalegre, Setúbal, and Évora)
were not hot production spots in the most recent period, they were important hot spots
for at least 90% of the time-step periods. In contrast, for half of the central region (Viseu,
Coimbra, and Castelo Branco), no pattern was observed. Finally, in the most recent period,
the southern region of Portugal (Faro and Beja) exhibited no cold spots; however, at least
90% of the time-step periods were statistically significant cold production spots.

The trend pattern for rice production allows us to divide Portugal into four main
regions: two hot spots and two cold spots. The first is the north (Viana do Castelo, Braga,
Porto, Vila Real, Bragança, and Guarda), which presents a consistent production pattern as a
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statistically significant cold spot for 90% of the time-step periods, considering also the final
one. The second is half of the central and southern regions (Castelo Branco, Santarém, Leiria,
Setúbal, Évora, and Portalegre). Similar to the maize pattern of production regions, these
districts in the most recent period were not hot; however, they were statistically significant
hot spots in at least 90% of the time-step periods. The Lisbon District is distinguished for
having continuous hot spot bins with statistical significance in the last time-step periods.
Finally, Beja and Faro presented a sporadic pattern, which means that these districts
were on-again off-again cold production spots, with <90% of the time-step periods being
statistically significant cold spots, with no statistically significant hot spots in previous
time-step periods.

4. Discussion
4.1. Visualisation, Description, and Interpretation of the Regional Productions

Historically, the Portuguese agricultural sector has had different regional specializa-
tions because of the considerable diversity of natural and economic–social conditions,
which produced different reactions to the impacts of public policies, markets, and tech-
nological changes over time [6,34]. In this study, notably, for decades maize and wheat
production alternated, depending on agricultural years and political aspects such as the
Wheat Campaign (an initiative launched during 1929–1938 in order to achieve productive
self-sufficiency) [6]. In fact, we were able to confirm that regional production was influ-
enced by two types of public policies, with different incentives that impacted the rural
areas and agricultural activities and affected cereals. One of the policy orientations was to
stimulate the production of specific dryland (non-irrigated) crops. In the group of cereals,
wheat benefited most.

Specifically, in Portugal, wheat production, typically in dryland, was introduced by the
Romans (in the years before Christ). Therefore, wheat is one of the most important cereals
in Portugal, and historically there was a goal to extend its production to all regions of the
country. However, from an agroecological or economic perspective, this was not viable
in some regions [35]. In particular, wheat production only increased in regions in which
there was an intersection of public policies (the wheat campaign with the 1889 legislation,
and the wheat policy that started in 1929 and ended in the 1960s) with agroecological and
biophysical conditions, such as the Alentejo, Ribatejo, Lezíria do Tejo (most fertile lands in
the country), and Lisbon regions [36].

Chronologically, wheat was mainly cultivated in the southern region of the country,
more specifically in the Alentejo region, due to not only ecological and biophysical condi-
tions, but also the parcel structures. It is a cereal that grows well in large parcels, exactly
the type of field geometry of this region. However, Beja was the district that consistently
produced more wheat, mainly explained by the type of soil existing in this district, ‘Barros
de Beja’ (Beja clays), which is clayey soil rich in humus and very fertile, and so particularly
suitable for wheat production. In the minifundium districts in the northern part of the
country, wheat production has only been marginally altered, and in contrast, Évora, Beja,
Portalegre, and Santarém districts of great exploitation (latifundium) saw their production
substantially increase [37].

Historically, the Lisbon district heavily lost wheat production due to the urban de-
velopment of the city that took the land used to produce this cereal. In addition, wheat
production in the Ribatejo and Lezíria do Tejo regions had several oscillations over the
169-year period, with a strong decreasing trend after 1936, mainly because in the late
19th century these agricultural fields began to be exploited for other production such as
wine [36]. In this period, wine competed greatly for the same resources as wheat. The
reason why the spreading of vineyards and other crops did not occur in the great region of
Alentejo was only because of public policies that gave special attention to the protection of
wheat in this region until the 20th century [37]. In summary, when the campaign finished,
due to the poor monetary credit conditions and the manner in which the land was being
exploited (e.g., left alone, tenancy agreement, trading partnership), large wheat production
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imbalances occurred, and only in the 1990s did they increase due to the exceptional weather
conditions.

The other set of public policies that supported crops enabled irrigation production
through the development of infrastructure. However, at first, this set of public policies
positively impacted the production of rice, as the first interventions in irrigated land were
initially implemented in regions where rice was already produced. Therefore, in the 1970s,
rice reached its maximum expansion in the Portuguese territory, reaching the Alentejo
region, due to the public work interventions in this region. Recent decades have highlighted
the importance of the Setúbal and Santarém regions, which considerably benefited from
public investment in irrigation infrastructures. Overall, mainly because of the manner in
which it was collected by the public agencies, the evolution of rice production has not been
thoroughly documented from the perspective of historical knowledge, which opens a set
of questions that forces us to seek a more in-depth analysis of this cereal.

In the second stage, since the 1960s, public policies have benefited dryland regions
that were liable to be converted to irrigated land through water dam construction [36].
Therefore, the abrupt change in maize production in the Ribatejo zone (Santarém District)
started when the protection measures regarding wheat stopped, and the focus turned
to the irrigation of crop production, which benefited from the developed irrigation in-
frastructures in the previous years. Since the second half of the 1970s, maize production
predominantly increased due to the construction of irrigation systems by the state. It is
interesting to see that this cereal, which was only introduced in the 16th century after the
first Cristóvão Colombo trip (in 1492), has always had more importance in the agriculture
context than wheat.

Historically, maize has been a recent cereal in the Iberian Peninsula, and it progressed
from 1905 due to the biophysical conditions that the Portuguese territory offered. This
cereal expanded from northwest to south along the coastal regions of small agricultural
parcels, particularly since at least the second half of the 19th century until the 1930s [9]. In
fact, maize production was lower than wheat only in some years of the 1930s, 1950s, and
1970s, when there was a combination of strong political wheat protectionism with ‘good’
agricultural years.

Chronologically, the distributions of wheat and maize in Portugal since at least the
mid-19th century were evidently regional. Maize was confined to the northern regions
of Portugal, which are more humid and have higher availability of water, whereas wheat
was grown mainly in Alentejo [35]. Notably, the regions historically associated with
maize production ceased to be so, mainly due to irrigation policy incentives. In fact, our
results provide some clues to solve questions that have not yet been clarified, stimulating
geographical and historical cross-knowledge and providing a national overview and a
regional prospect that was lacking.

Finally, the space–time pattern trend analysis enabled the interpretation of complex
trends that occurred over 169 years. The changes over time presented a pattern that, in
the case of these three cereals, enabled the clear division of the country into its main
regions according to cereal production. The identification of hot and cold spots helped
to determine which regions are facing increasing or decreasing threats to agricultural
production. Maize and rice, both irrigated croplands, presented a similar pattern in some
regions of Portugal, mainly the central region. The differences we observed between both
crops were mainly related to the agroecological conditions. The wheat production trend
presented a completely different pattern when compared to the other two cereals, mainly
because this cereal is a dryland crop. Thus, considering the size of the statistical series,
we suggest it would be important to select different parameters in the future that can also
provide good results and explain different trends present in the data [38].

4.2. Data Homogenisation

Currently, in terms of quantitative information on agriculture production for the
period prior to 1916, there was a major advance when the interdisciplinary research team
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of the “Agriculture in Portugal. . . ” project collected many of the scattered data stored in
the central and regional Portuguese public archives. These data, together with the data
published by INE, gave 140 years (1850–1989) of agriculture production information at the
district level. While at this stage we already had absolute production values from 1850
to 2018 at the national level, we continued to struggle to obtain a clear understanding of
the individual dynamics and oscillations of regional agriculture production over the last
30 years. Accordingly, in this study, we used a GIS-based spatial analytical approach to
homogenize the Portuguese agricultural statistical data, with the purpose of creating a long
spatial time-series with annual and regional agricultural production during 1850–2018.

Although the use of the area-weighting GIS-based technique to homogenize the
different system data units has long been recognized in the literature [10,22,39–41], errors
may exist in our proposed methodology. Thus, a major limitation of this study is that we
could not attest the veracity of the interpolated production values. Nonetheless, quantifying
the error using real-world data is typically challenging, particularly with regard to historical
data [26,29]. In the future, an alternative solution should be developed to evaluate the
interpolation error of the proposed methodology in order to attest the data accuracy (e.g.,
the approaches of [42,43]). Ultimately, the developed methodology avoids time-consuming
and/or computationally intensive complex GIS-based methods, and can be tested for
agricultural statistics data from other countries or other statistical data with administrative
unit variations, such as demographic census data [22].

4.3. Data Inconsistencies

The long spatial time-series presented two inconsistencies. One is regarding rice
production data, as there were some value gaps in the first years for the period under study,
specifically from 1850 to 1900 for 7 of the 18 districts (Braga, Bragança, Castelo Branco,
Guarda, Porto, Vila Real, and Viseu). Nevertheless, we decided to use the rice production
data because, although these districts only had available data starting around the 1900s,
the production values of the following years were zero. Hence, we assumed that the gap in
data would not affect the findings.

The second limitation of our statistical data are the production values of Lisbon and
Setúbal districts. Until 1927, Setúbal District was an administrative part of the Lisbon
District, that is, both districts were a single administrative unit, which means the values of
Lisbon from 1850 to 1926 are a sum of the Lisbon and Setúbal productions. This event is,
however, explained by the way data were collected until 1927. Thus, the description and
interpretation of the production values of Lisbon and Setúbal districts until 1926 should
be made with caution, specifically for rice production, as the Setúbal District emerged as
the main producer of this cereal, particularly after 1927, whereas Lisbon ceased to be an
important producer, a conclusion that was hidden in the maps until 1927. It is particularly
important for future studies to disaggregate the production values of Lisbon from 1850 to
1926 into two administrative units to allow a more thorough analysis.

5. Conclusions

This study advances understanding and analysis of past and current regional agri-
cultural production patterns and trends in Portugal of three cereal crops (wheat, maize
and rice). Although we acknowledge that there may be some precautions taken regarding
the use of these data due to the limitations associated with the absence of the possible
error identification caused by our proposed methodology and how some partial data were
collected, this was a qualitative advance for Portuguese modern economical historiography.
The analysis of Portuguese agriculture now has a new contemporary quantitative dimen-
sion, allowing comprehensive space–time cross-reading of the general characteristics of the
regional distribution of agricultural production for a 169-year period. Additionally, we can
now consolidate important historic information on Portuguese agriculture with how it has
developed to date, articulating spatial and temporal aspects of certain events and historical
conjunctures in the Portuguese agriculture field.
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In this study, a preliminary analysis was presented and related to successive public
policies; however, notably, there are more lessons to be learned from this long spatial
time-series. Furthermore, we have the opportunity to expand the discussion relating to
European and global trends by including the Portuguese case in academic discussions, and
further contribute to the integration of long spatial time-series in scientific analysis that
can strengthen the ability to assess past and current regional food production situations,
essential for a country’s food security evaluation. One major benefit of having such data
is the possibility of conducting an in-depth analysis of the past to truly understand the
present [10] and forecast probable future events [11]. A direction for future work would
be to combine these statistical data with long-term meteorological data (e.g., ECWMF or
GLDAS), as climate change is known to directly affect the variation of crop cultivation.
Furthermore, the proposed methodological approach is a direct solution that further
contributes to the integration of long spatial time-series in scientific analysis to evaluate
past and current changes.
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