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Abstract

Vineyards require specific ecological contexts for all stages of their life cycle, such as appropriate tem-
peratures, sufficient water availability and some pest control, to maximize wine yield and quality. In
Mediterranean Portugal, the region Alentejo is a known wine producer, with very high temperatures
in the Summer and a worsening drought situation. Alentejo also contains multitudes of different re-
gions; most of them derived from human settlement and land exploration, and some areas that are still
semi-natural. Research published in 2021 showed a correlation between the landscape surrounding vine-
yards and pest outbreaks, in across 400 Spanish vineyards, suggesting that a landscape of semi-natural
habitats may lower pests, decrease insecticide use and improve biodiversity. This thesis gathered 19
bioclimatic variables from the CHELSA dataset, as input for the ISO Cluster unsupervised algorithm,
a variation of k-means, creating 10 clusters with specific climate characteristics. Those clusters were
then integrated with a statistical description of semi-natural areas across the region, through land cover
data from DGT — COS 2018. This project aims to provide an initial, descriptive statistical study of
Alentejo, aiming, in future work, to analyse semi-natural habitats and vineyard productivity.
Keywords: Portugal; climate description; land cover; vine; GIS.

1. Introduction

Viticulture, the cultivation of grapes for the main
purpose of producing wine, is a practice with a
long history and still substantial throughout Eu-
rope. Particularly in the Mediterranean, wine is
embedded in several countries’ cultural identity,
and grape cultivation is very significant. Two Por-
tuguese regions, according to NUTS2 from the Eu-
ropean Union, dedicate more than 8% of their agri-
cultural area to vineyards, from cooperatives and
big companies to small wineries.

This article is a conjoined effort made by mem-
bers of Instituto Superior Técnico and the company
NBI, regarding wine growing and its climatic and
geographical context. NBI is a Portuguese environ-
mental consultancy group, founded in the beginning
of 2020. The group focuses on aiding companies
improve their ecological impact, implementing dif-
ferent farming strategies to improve the surround-
ing environment, or to minimize prejudicial impact.
NBI is currently partnered with CVRA, an organi-
sation dedicated to certifying and protecting wines
from a specific region in Portugal, Alentejo.

Alentejo, the blue zone in Figure 1, is the re-
gion on which this project will focus. Making up to
one third of mainland Portugal’s area, the climate

is temperate, with dry, warm Summers and mild
Winters. It is currently posing some challenges for
agriculture, as it is the driest region in Portugal,
and has some of the highest Summer temperatures.
As the climate changes, the rising temperatures and
less water availability may turn some areas inhos-
pitable [1]. It becomes relevant to study new ar-
eas on which agricultural areas may be installed ac-
cording to their ecological needs, for climate change
adaptation [1, 2].

It is one of many wine-producing regions in Por-
tugal, with its own wine classification label, “DOC
– Alentejo”. DOC, or Label of Controlled Origin,
refers to wines that grow on a specific geographical
location, follow a rigorous production method and
have a higher standard of quality.

In last years, an organic agricultural practice has
been demonstrated to have positive effects, regard-
ing changes in soil health, diversified biodiversity
and higher product quality. In 2021, a study pre-
sented that the landscape surrounding vineyards
may be also relevant: habitats classified as semi-
natural were proven to decrease pests and improve
biodiversity [3]. Therefore, it may be relevant to
study surrounding land usage when managing a
vineyard, which is the purpose of this project. This
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Figure 1: .
Portuguese NUTS2 region classification in 2013,

with subregions.

article will be the first step of a larger study, that
intents to correlate these semi-natural areas with
vine productivity, suggest a reclassification of the
Alentejo region, and lead to a more resilient use of
the land.

1.1. Objectives
This article’s main objective is to propose new re-
gions in the Alentejo area to assist decisions by
future wine producers, such as the location of
new vineyards or which grape varieties to plant.
Through the ArcGIS software, those regions were
defined according to climatic data, and by the pres-
ence of semi-natural habitats, such as nearby bodies
of water or nearby native forests.
In future work, this project will integrate a larger

research produced by NBI, that aims to associate
climate and land cover data to vineyard productiv-
ity. By studying the presence of specific habitats
and its impact on grape yield, wine producers may
be advised to install vineyards near some habitats,
and steer away from others.

2. Background
The ecological context of a plant rules its develop-
ment. Variables related to the climate may affect
the plant’s health [4], therefore making their anal-
ysis of vital importance. The highest and lowest
temperatures the vine experiences, as well as oc-
currence of frost or lack of precipitation, may prej-

udice its development [5, 6], which will in turn af-
fect wine quality [7] and yield [8]. In a Mediter-
ranean climate like Portugal, it has not been com-
mon to have extreme weather events like prolonged
frost, snow or consistently very high temperatures;
so far, Portugal has been recognized as one of the
best countries for wine growing, along with others in
the Mediterranean area, but climate change should
be accounted for in future wine growing implemen-
tations.

In Alentejo, a region known for its high Sum-
mer temperatures, low precipitation and low wa-
ter availability, wine producers have already estab-
lished the best cultivars for specific zones, regarding
their preferred temperature and precipitation val-
ues, altitude and soil; however the surroundings of
vineyards are often overlooked.

In order to maximize yield, an absence of pests
and diseases should also be sought for. One of the
first studies of its kind, an article by Paredes et
al [3] correlated habitats surrounding Spanish vine-
yards with pest outbreaks. Organic farming is an
approach proved to be effective as a more natural
pest control, by introducing animals that are natu-
ral enemies of common pests, or by planting specific
plants that repels nefarious microbes and insects
[9]. With the changing climate, pest outbreaks and
fungal diseases may increase their impact on viticul-
ture, and pesticides start to become less effective as
pests grow more resistant [10].

The aforementioned article modelled landscape
effects on pest infestations and insecticide applica-
tions, and concluded that vineyards that were sur-
rounded with simplified landscapes, such as more
vineyard area, had a significantly higher pest out-
break and need of insecticide application. On the
other hand, vineyards surrounded by semi-natural
habitats would have four times less outbreaks of the
studied species, the European grapevine moth.

We proposed to study Alentejo’s semi-natural
habitats. Since there is not a developed research
in what constitutes a semi-natural area, we had to
analyse, one by one, land cover classes of Alentejo.
The COS dataset provided us with 11 classifica-
tions, which the NBI team divided to 13 to clarify
and distinguish some habitats. Variables that might
prove beneficial to the environment of the vineyard
were chosen to be Water, Riparian Area, Native
Forest and Shrubland. Agricultural habitats, due to
some practices by producers, negatively impact the
soil with chemicals and contaminated animal waste.
Urban areas and low vegetation areas do not pro-
vide enhanced biodiversity or any ecological bene-
fit, and pastures, also due to wrongful management,
strip the soil of vegetation and any other resource.
Pine forests and eucalyptus, for their high water
needs and for being an invasive species in Alentejo,
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were also considered non beneficial for vineyards.
Native forests are mindful and appropriate of the
Portuguese region, and water bodies provide a vital
component for vine growth.

3. Datasets

The land cover dataset COS used was provided by
DGT (Directorate-General for the Territory) [11]
and collected by the NBI team. For the months
of June, July, August, September and October
2018 the data was produced by DGT through or-
thophotography. For the remaining months of the
year, the dataset collected information from other
data sources available, like LUCAS (land cover and
Coverage Area frame Survey) [12], CORINE Land
Cover [13], and others. More information about
data collection methods and specifications may be
found on DGT’s technical document for the dataset
[14].

A supplemental dataset was utilized for water
bodies, obtained from the European Commission’s
Joint Research Centre within the Copernicus Pro-
gramme [15]. This data was also collected through
satellite imagery, derived from the Landsat dataset
[16]. The original dataset by DGT provided all
bodies of water of Alentejo, despite some of them
only being active on some months of the year, pos-
sibly due to lack of precipitation and high tempera-
tures. This additional dataset provides an attribute
to their data, “Occurrence”, that indicates, in per-
centage, how much time of the year a specific water
body exists. The Guadiana river, and the water
harnessed by the Alqueva dam have occurrence val-
ues superior to 95, while small ponds that disappear
during the warmest months have occurrences of 20
or 25%. This dataset allowed for a much accurate
assessment of water impact in Alentejo.

The COS classified the area in Alentejo into 9 ma-
jor classes. This classification is then divided into
multiple subclassifications. The NBI team grouped
many subclassifications and divided some classes,
creating their own classification system with 13 cat-
egories, which is exhibited in Figure 2.

The climate set of data was collected from
CHELSA (Climatologies at high resolution for the
earth’s land surface areas) [17], by the NBI team.
CHELSA is a dataset that consists of “downscaled
model output temperature and precipitation esti-
mates” for a climatological period from 1979-2013
[18], using data collected with a 6-hour period from
the ERA-Interim dataset.

This dataset has a 30 arcsec resolution. Arcsec-
ond is an angular measurement, corresponding to

1
3600 of a degree. Because of the spherical shape
of the planet, arcsecond is a more precise way of
describing the raster resolution. When “flattened”
and converted to meters, 30 arcsec are approxi-

Figure 2: Land cover original and reclassified clas-
sifications.

mately 1000 meters.
The baseline for climate data are individual reg-

istries from local weather stations and observa-
tories, that create a local report and analysis of
weather. These, stations, however, have a limited
geographical scope. Downscaled models of temper-
ature or precipitation utilize climate records, which
provides accurate readings for a finite number of
locations, and interpolate it for a larger area using
mathematical models.

ERA-Interim calculated that interpolation using
specific models, which CHELSA reformulated using
their own formulas, correcting possible biases.

This was used to calculate 19 bioclimatic vari-
ables, known as being biologically meaningful and
used for ecological and climatic models [19]. A com-
piled table of these variables, with respective titles
and units, was adapted from the official dataset
source [18] and is presented in Figure 3.

Figure 3: Climate variables, respective meaning and
units.
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4. Implementation
To analyse Alentejo regarding its climate, a Prin-
cipal Component Analysis was applied to 19 bio-
climatic variables, gathered from the CHELSA
dataset. The output for this PCA produced a text
file containing the covariance matrix, correlation
matrix, eigenvalues, and eigenvectors of the tech-
nique. Given the nature of these variables, and that
some are derived from other ones in the dataset
(e.g., Bio07 = Bio05 − Bio06), it’s expected that
the whole dataset is very correlated [20].
Two pairs of features were found to be identi-

cal (|ρ| = 1): the pair Bio09 and Bio10, and the
pair Bio17 and Bio18. Considering the meaning of
these variables in Fig. 3, this is not unexpected.
As Portugal is a Mediterranean country, the driest
quarter of the year, the Summer, is typically also
the driest [21, 22], similar to other countries in the
same Koppen climate classification [23]. We there-
fore proceeded to eliminate two of these features,
Bio10 and Bio18.
Bio03, which refers to isothermality, is a measure

of how temperature oscillates on a daily basis and
its relation to an annual variation. We found its
purpose to not be clear and easily explainable, and
with its very low significance in the first three Prin-
cipal Components, it was also not included in the
final variable set.
Upon further examination of the correlation ta-

ble, variables with correlation |ρ| > 0.7 were elim-
inated, keeping the one with higher eigenvalue,
therefore relevance. |ρ| > 0.7 was tested as being a
rigorous value for biologic variables, while still pre-
serving a sufficiently high amount of information
[20]. The remaining features were

• Bio01, average temperature for each month of
the 1979-2013 period;

• Bio02, average diurnal temperature range (
Tmax − Tmin ) for each month of the year set;

• Bio04, standard deviation of the mean monthly
temperatures;

• Bio07, temperature annual range, Bio05 −
Bio06;

• Bio12, cumulative precipitation values of each
year, summed and averaged;

• Bio13, maximum value between precipitation
amounts for each year, averaged;

• Bio14, minimum value between precipitation
amounts for each year, averaged;

• Bio15, standard deviation of precipitation
amounts for each month;

• Bio16, mean monthly precipitation amount of
the wettest quarter;

• Bio17, mean monthly precipitation amount of
the driest quarter.

This final set of variables, the ones most relevant
after cleaning, were used to create the final PCA.
This PCA has also created a map output, describing
the variables across the surface. The first PC is
displayed in red, the second PC in green, and the
third PC is displayed in blue, creating all colours in
the RGB spectrum.

Figure 4: Output from Principal Components Anal-
ysis of the final ten bioclimatic variables, Alentejo
Region. The three first components are pictured
here in RGB format.

Since the objective is to create regions of this area
of Portugal, we have applied a clustering algorithm.
Given a set of observations, clustering algorithms
intend to assemble such observations into groups,
As there are no previously labelled groups a point
could belong to, it is appropriate to apply an unsu-
pervised machine learning method. The algorithm
applied was ISO Cluster, an algorithm mainly uti-
lized on ArcGIS. The ISO Cluster algorithm is a
variation of K-Means, one of the most used tech-
niques for unsupervised clustering. The algorithm
that initializes K number of cluster centres (means),
and assigns each sample to the nearest cluster. Af-
ter the assigning step, the centroids are recalcu-
lated, samples are reassigned them to the nearest
one, and this is done iteratively until convergence.

A key parameter of a clustering algorithm is the
number of clusters to create. The optimal number
is largely situational, depending on the context and
goal of performing a clustering classification. For
a general sense of the major zones, it might suffice
to categorize into 5 classes; a more specific setting
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could benefit from 10 classes or more, depending on
the importance of changes in temperature or precip-
itation. One degree Celsius of difference between
two clusters, for example, might be too high and
need additional classes in some situations.

In a general setting, to create too few clusters
would be to misclassify the data, and to not provide
as much information as the algorithm could. Too
many would fall into a loss of significance over each
cluster, as they would represent very small subsets
of data and, at a maximum degree, would exist one
cluster per observation. After gathering data about
the ecological context of Alentejo, we decided to
perform the algorithm with 5, 6, 7, 8, 9 and 10 clus-
ters. Less than 5 would provide little information,
too broad for the scope of the project, while more
than 10 classes was found, by consultation with ex-
perts at the NBI company, to be too specific for the
area under study.

Through ArcGIS Statistical Analysis tools, we
were able to gather data to apply the ANOVA sta-
tistical test for cluster significance. Both tests cal-
culate the mean and variance of populations, com-
pare them and test the null hypothesis. In this set-
ting, the null hypothesis states that cluster means
are approximately identical, therefore the cluster is
not robust enough to be relevant, and may be dis-
solved. If it’s found that this hypothesis may be
rejected, then there is statistical significance in the
tested clusters. The chosen α = 0.05 indicates that,
for the null hypothesis to be rejected, a 95% or more
Confidence Interval for the difference of means must
be reached. The p-value, the value outputted by
the statistical tests to prove the null hypothesis,
must also verify p-value < 0.05 for it to be rejected
[24, 25].

After gathering the number of observations (pix-
els), means and standard deviation values of the
first PC, the ANOVA was applied. Through these
gathered values, it revealed that all 10 clusters are
statistically significant, with p-values = 0.000 for
each calculated comparison.

The ANOVA, a widely used method in statisti-
cal analysis, is considered a valid assessment of sig-
nificance [26, 27]. Possibly due to the large num-
ber of observations per population, small changes
in means or standard deviation values were consid-
ered sufficiently relevant to justify the existence of
all classes.

To try to capture small, and possibly relevant,
microclimates in this area, and not do a too sim-
plistic analysis, the 10 class clustering iteration was
the one chosen to proceed with the statistical de-
scription, as seen on Figure 5.

Apart from the PCA analysis, this project focuses
on intersecting COS and climate data. Having the
clustered map, we aim to describe how habitats are

Figure 5: Clustered map of Alentejo, per biocli-
matic variables.

scattered throughout Alentejo, therefore we aimed
to intersect COS variables with each region. How-
ever, some habitats’ impact is not limited exclu-
sively to their area, but have a wider impact. The
presence of some variables, such as water bodies,
might completely alter their location, from the soil
composition, plant health, to the habitats of polli-
nating insects and larger animals.

To cater for that, we created buffers. A buffer is
an area created around all sides of a feature, uti-
lized here to portray the reach of a habitat’s influ-
ence. The decided area of influence was 300 meters,
counting from the edges of the feature.

Figure 6: Example of buffer surrounding a water
body.

Because cluster areas are important for future
statistics, if there are polygons near each other
with overlapping buffers, the buffer area in total
would be miscounted. Overlapping areas of influ-
ence should count as a single one, but their ar-
eas would be summed, largely overstating the real
value. They were therefore dissolved with the Dis-
solve Boundaries tool, which allowed for a join of
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Figure 7: Visual representation of variables Bio01 (a), Bio07 (b), Bio12 (c), Bio15 (d) and Bio17 (e)
across the Alentejo map. Darker colours indicate higher values.

overlapping buffers, flattening them and unifying
their area.

For reasons stated earlier, these buffers were ap-
plied on specific variables: water bodies, native for-
est, riparian areas and scrubland.

An important detail of the riparian features is
their possibly negligible area, because of their na-
ture as usually thin streams of water, being length
a more significant measure. On final calculations of
area percentage on each cluster, riparian features
would have a minimal presence, and their substan-
tial relevance could be undervalued. To consider
this issue, ArcGIS provides the Polygon to Cen-
terline tool, particularly designed for hydrographic
polygons. This tool creates lines to represent bodies
of water, specifically through their centre. Creating
centerlines allowed for a study of riparian zones’
length, in meters, in final descriptive statistics, be-
sides the area provided by polygons.

5. Results and Discussion
5.1. Climate description

With the PCA we have gained insight on what vari-
ables explain the most variability of the Alentejo

climate dataset, so it is useful to picture some, as
well as others of general interest, for future inter-
pretation. In Figure 7 we depicted Bio01 (a), the
annual mean temperature (meanings of bioclimatic
variables in Figure 3) and Bio07 (b), deemed the
variable with the highest weight on the first PC,
which regards to the annual temperature range –
the lowest temperature of the year subtracted from
the highest temperature, for the 1979-2013 period.

We also present three variables related to precipi-
tation, with special emphasis on Bio17, the variable
with the largest weight of the second PC. To recall
their meanings, Bio12 refers to Annual Precipita-
tion, the mean amount of precipitation of this set
of years; Bio15 is a measure of precipitation season-
ality, meaning that higher values imply higher pre-
cipitation variability, and Bio17 is the mean precip-
itation of the driest quarter of the year, averaging
the aforementioned years.

In the first image, (a), we see that the central
and south areas of Alentejo present a higher an-
nual mean temperature than the northeast. Topo-
graphical features are very well detailed here, with
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the Guadiana river and other small rivers present-
ing, interestingly, the highest annual mean temper-
atures. Bio07, (b), is displaying how different the
highest temperature in the Summer is related to
the lowest temperature in Winter. Near the coast
the range is low, and it increases to the east, pre-
senting higher variability. This map of tempera-
ture range is exhibiting the region’s continentality,
an observed climate condition that states that tem-
peratures have smaller variations near a large water
body, such as an ocean, and larger variations as one
gets farther from the coast [28]. It is a known prop-
erty and prevalent in countries with a large coastal
area, such as Portugal. Near the ocean, temper-
atures are consistently temperate and with a low
range; near the opposite border, shared with Spain,
temperatures can vary greatly between the day and
the night, and between summer and winter.

From Bio12, (c), we see that North Alentejo,
as well as the southernmost area, has the highest
precipitation rates, while the interior, as expected,
presents less cumulative precipitation. The centre
and south areas of the map present higher degrees
of variability, meaning that monthly precipitation
values can vary greatly, while the north, coincident
with Portalegre district, is more stable throughout
the year. Bio17 highlights how the south of this
region can reach extremely low precipitation levels
during the driest quarter, where drought is a com-
mon situation. The northernmost region showcased
a more stable flux of precipitation throughout the
year, one of the highest yearly precipitation levels,
and the most humid dry season. We can then hy-
pothesize that this area is more resilient to drought
and favourable to species that may need higher wa-
ter availability.

On Supplementary Materials, provided in the end
of this article, we present some statistical anal-
ysis of certain bioclimatic variables per cluster.
The continentality feature is observed comparing
data of Cluster 1 and 10: the annual tempera-
ture range in Cluster 1 is 17.21 °C, while in Clus-
ter 10 it is 26.34 °C. In a future implementation
of a grape variety that needs constant temperate
weather, coastal clusters present themselves as a
better choice, temperature-wise.

The temperature values for Clusters 1, 2 and 4
are similar, with Cluster 1 exhibiting the least tem-
perature range. It should be noted that, from the
three clusters along the coast, Cluster 1 is the small-
est: both Cluster 2 and 4 cover area that might be
considered as belonging to the centre of Alentejo,
less affected by continentality.

On the eastern border, Cluster 6, 7, 8, 9 and
10 present very similar levels of temperature range,
with only one degree of difference between them.
That is clearly consistent with their annual mini-

mum and maximum temperature values. Cultivars
appropriate for hot climates, which tend to pro-
duce sweeter and stronger wine, would be a suitable
choice for new wine growing investments; if paired,
however, with bodies of water or riparian areas, as
rainfall values only seem consistent on Cluster 10.

Cluster 3 is the area with less precipitation
amount on the driest quarter, and even in cumu-
lative annual precipitation.

5.2. Habitat description

More than a climate description of Alentejo, in part
already addressed in literature with respect to cli-
mate change challenges [29, 1], this project’s mo-
tivation is to encompass that climatic description
with land cover data, specifically with variables that
are here hypothesized as semi-natural and positive.

This semi-natural variable distribution across the
map is summarized in Figure 8. We have calculated
the area percentage of each semi-natural habitat,
per cluster, plus the riparian length in meters.

Cluster 3, and, to a lesser degree, 2 and 1, have
considerably low precipitation values during the dri-
est quarter, and precipitation amount is very in-
consistent throughout the year. The three clusters
have very substantial riparian length, but further
research is needed to test if riparian areas might
suffice for an extensive vineyard’s water needs.

Cluster 1, which encompasses most of the
Odemira municipality of Beja, is the second high-
est valued cluster in shrubland area, with 47.5%.
From the article by Paredes et all [3], it might be
beneficial to employ that shrubland area to pro-
vide more complex and diverse biodiversity for vine-
yards; however, it is the second less fertile in water
availability, and, as seen earlier, also low on precip-
itation values. Therefore we may say that this spe-
cific area is not for cultivars with high water needs,
which is one of the most important factors for vine
development [30].

Cluster 10, which represents the Serra de S.
Mamede Natural Park, is the cluster highest in
shrubland area. Its water body percentage is low,
and is the cluster with the second lowest value of ri-
parian length. Despite these values, it is one of the
clusters with higher precipitation values through-
out the year, and its annual temperature range pro-
vides a comfortable interval for vineyards to have a
proper dormancy period, where cold is a relevant
factor. We may suggest this cluster, for all reasons
described above, a potentially good candidate for
new vineyards, proving the cultivars chosen are ad-
equate for the high Summer temperatures.

Cluster 4 stands out as a seemingly good can-
didate for wine growing. It has a considerable ri-
parian length and medium water availability; con-
siderable precipitation amounts, which don’t reach
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Figure 8: Statistical description of each semi-natural habitat, per cluster.

critical levels during the warmest quarter; and has
a medium precipitation variability. It is also fertile
in native forests and shrubland, which are being
hypothesized as being beneficial for vineyards. By
land cover data, this area is highly urban. Further
analysis of this area’s land planning might prove
beneficial, to utilize this area to its full potential.

6. Limitations

There is some lacking data that would have been
beneficial to analyse, such as aquifers. When
analysing merely water bodies at the surface, we
may be wrongly estimating water availability, there-
fore it is suggested an aquifer analysis to comple-
ment this study.

In the COS dataset, the classification “Olive
grove” was assumed to be referring to intensive
olive groves, the most common in Alentejo. These
are prejudicial for vineyards, due to specific man-
agement practices that worsen soil health and sur-
rounding biodiversity. That classification was not
explicit regarding that management, and some tra-
ditional olive groves might have been misclassified,
and could be a positive presence on Alentejo’s vine-
yards. A clarification regarding that specific class
should be sought with DGT.

7. Conclusions

Climate suitability for wine growing is highly com-
plex, and dependant on multiple factors. Per Gre-
gory Jones, renowned viticulture expert and cli-
matologist, the minimum temperature interval for
proper wine growing is [-1, 18.9] in the growing pe-
riod [31], which is, in the Northern Hemisphere,
the Spring and Summer seasons. From temperature
values alone, a producer would, in theory, be able
to grow vines on all clusters defined in this project.
Water availability is, however, a very important fac-
tor for vines, and also, proven by Paredes et al, their
surroundings.

Cluster 4 and Cluster 10 are, from the data col-

lected and analysed, good candidates for future
wine growing, due to their medium to high rainfall
values, appropriate temperatures (although for dif-
ferent cultivars), and very high percentage of semi-
natural variables.

We have described the presence of four semi-
natural variables in Alentejo, and, within that de-
scription, elaborate on the area’s climate. NBI,
partnering with CVRA, may deepen this work by
obtaining productivity data from wine producers.
Having a stable climate, productivity and semi-
natural habitat presence may be correlated, to fur-
ther discover relationships between them. A pos-
itive correlation would not only aid in control-
ling pests and lower insecticide applications, but
it might incentivize general habitat conservation,
which might bring benefits to Alentejo’s climate,
but also flora, fauna and population.
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