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Abstract

Grape production is likewise inherently interconnected to climate and
weather, and, although grapes may grow worldwide, premium wine-grape
production occurs in Mediterranean-like climate ranges. Changes in climate
and weather patterns are threatening premium wine-grapes, directly affecting
the European wine industry. This is because grapevines are extremely sensi-
tive to their surrounding environment, with seasonal variations in yield much
higher than other common crops, such as cereals. With a view to making
South European wine industry resilient to climate change, VISCA (Vineyards
Integrated Smart Climate Application) project has deployed a Climate Service
(CS) Decision Support System (DSS) tool that provides to wine producers
with well-founded information to be able to apply correctly adaptation strat-
egies on specific grape varieties and locations, and to achieve optimum pro-
duction results (e.g., yield and quantity). In this paper we show the meteoro-
logical, seasonal and climatic models and data sets used to answer the viticul-
turist needs; from short-term and mid-term forecast to seasonal forecast and
climate projections.
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1. Introduction

Agriculture is a highly dependent sector on heat, sunlight and water, and there-
fore very sensitive to climate change. According to the current climate projec-
tions, weather events worldwide are very likely to become more extreme and

frequent. In Europe, Southern countries will be frequently affected by heat
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waves, therefore making this region more vulnerable to droughts and wildfires,
which will lead to economic, environmental, and even human losses. In addi-
tion, Mediterranean countries are prone to undergo hydrological resources’ de-
crease, due to climate modification (lower precipitation rates) and demographic
concentration changes [1] [2]. On the other hand, extreme precipitations will
occur especially in the central and northern parts of Europe, giving rise to
floods, resulting in a decrease of water quantity and quality due to the fact that
hydrological systems will be altered, which may also decrease the water availabil-
ity in the surrounding regions [3] [4].

Agriculture happens to be the major land use of the earth, and this is expected
to increase as population growth and diet changes may drive food needs up to
60% by 2050 [5] [6]. Therefore, agriculture should ensure food security in a
world where 800 million people are currently chronically [7]. Although agricul-
ture has shown ability to adapt to changing conditions, it is very likely that the
above projections overpass agriculture’s adaptation limits. Even if policies and
efforts to reduce emissions prove effective, some climate change is inevitable;
therefore, strategies and actions to adapt to climate change impacts are needed
(8] [9].

Grape production is not different from the rest of agricultural activity, and
they are likewise inherently interconnected to climate and weather, and, al-
though grapes may grow worldwide, premium wine-grape production occurs in
Mediterranean-like climate ranges. Changes in climate and weather patterns are
threatening premium wine-grapes (e.g., decrease of the grape quality and quan-
tity, undesirable changes in alcohol production, and acid and sugar concentra-
tions), directly affecting the European wine industry [10]. This is because grape-
vines are extremely sensitive to their surrounding environment, with seasonal
variations in yield much higher than other common crops, such as cereals [11].

As wine growers are facing the growing impact of climate change, the demand
for enhanced tools designed and able to support them has grown. In particular,
there is a high interest for solutions that can provide accurate weather forecast
data together with other useful information (e.g., phenological forecast and irri-
gation optimisation) would be of the greatest value. Until now the proposed
strategies aimed at mitigating and adapting to these conditions involved a range
of climatic scales and covered multiple aspects of grapevine management (e.g.
change of locations and/or grapevine variety selection), but there was no solu-
tion integrating all those aspects in a single adapted tool for winegrowers [12]
[13] [14].

Responding to these needs, the VISCA (Vineyards Integrated Smart Climate
Application, https://www.visca.eu/) an R & I project co-funded under the Hori-

zon 2020 programme has developed a Climate Service (CS) Decision Support
System (DSS) that integrates climate and agricultural modelling, and end-users’
specifications, in order to design medium- and long-term adaptation strategies
to climate change on vineyards. This objective has been achieved through the

integration of climatic data, phenological and irrigation models, and end-users’
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requirements into a system co-designed with relevant South-European wine
companies from Spain (Codorniu), Italy (Mastroberardino) and Portugal (Sy-
mington), in order to allow them to take well-founded decisions (e.g., harvest-
ing, defoliation, pruning, minimum water needs, etc.); foresee extreme events at
short and medium time-scales; ease the decision-making planning months ahead
through the use of seasonal predictions and the development of strategies thanks
to the climate projections.

In this paper we show the innovative work done within the VISCA DSS, a
platform that integrates meteorological and climate modelling services that will
improve the work of the end-users in their daily tasks as to support them long
term activities. In particular, we show the meteorological models and data sets
used to answer the viticulturist needs from short-term to mid-term forecast and

from seasonal forecast to climate projections.

2. Methodology

2.1. Demo Site Areas and Cellars

With a view to making South European wine industry resilient to climate
change, VISCA intends to deploy a climate service tool that provides wine pro-
ducers with well-founded information to be able to correctly apply adaptation
strategies on specific grape varieties and locations and, thus, achieve optimum
production results (e.g., yield or quality). It has been validated by real demon-
stration with end-users on three demo sites belonging to wine stakeholders from
Spain, Italy and Portugal, which are likewise partners in the consortium: Codor-
niu, Mastroberardino and Symington. In Table 1 it is shown the end-users demo

site characteristics.

2.1.1. Codorniu (Spain)

Codorniu wine cellar (https://www.codorniu.com/es) is located in the Denomi-

nation of Origin (DO) region called Costers del Segre, in the southwest slope of
Raimat hills in Catalonia (Spain). This location confers special and differentiated
characteristics: higher sunlight exposure in the afternoon, which allows the
grapes to accumulate more degree days, achieving an earlier ripening without
losing acidity. These are well drained soils; the slight inclination of the fields

confers a natural draining of the rainwater. Being on the slope of the hill causes

Table 1. End-users demo site characteristics.

Average annual Average annual
Location Altitude 8 8

precipitation temperature

41°39'44.99"N,

Codorniu . . ~300 mm ~450 mm ~15°C
0°3026.71"E
41°3'41.40"N,

Mastroberardino . . ~400 mm ~750 mm ~16°C
14°58'53.04"E

Symingt 41145425°N, 170 540 16°C

mington ~170 mm ~540 mm ~
yming 7°6'32.76"0
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steady currents of air, which provides a natural cooling down, conferring a spe-
cial microclimate.

The viticulture performed in this plot is ecological, where the green pruning is
especially important: buds and leaves thinning is used to adjust the vine’s pro-
ductive-vegetative equilibrium. The soil composition consists of lutites (mineral
clay and limestone) with sandstone (compact fine sand), and it keeps a vegetal
cover that contributes to increasing the biodiversity, plus controlling erosion.
Regarding general climate characteristics, Costers del Segre region has a conti-
nental climate, with annual rainfall between 300 and 450 mm. Annual average
temperature is around 15°C, but variations among the year are remarkable,
going below 0°C in winter and overpassing 35°C in summer. The grape varieties

in these plots are Chardonnay and Tempranillo.

2.1.2. Mastroberardino (Italy)
Mastroberardino (https://mastroberardino.com/) is an Italian winery located in

the Campania region. The demonstration site is located in Mirabella Eclano Es-
tate, in the heart of the Taurasi DO area. The vineyards are surrounded by a
large natural landscape, not far from the archaeological excavations of Aecla-
num. The estate covers 65 hectares on hill territory with an altitude between 350
and 450 meters above sea level. This estate is spread over several hills with dif-
ferent exposures and it is dedicated to the production of red grapes on the slopes
from the Aglianico variety. Actually, this state is epicentre of Aglianico grape
production, research and experimentation. The climate in this area is continen-
tal and characterized by large thermal day-night excursions (up to 20°C). Aver-

age annual rainfall is around 750 mm.

2.1.3. Symington (Portugal)
Symington Family Estates (https://www.symington.com/) is one of the principal

Port producers and is the leading vineyard owner in the Douro Valley with a to-
tal area of 1006 hectares (2486 acres) of vines spread across 27 Quintas dotted
around the Douro’s three sub-regions (Baixo Corgo, Cima Corgo and Douro
Superior) in what is the world’s largest mountain vineyard. Portugal’s geograph-
ic isolation, as well as some past conservatism on the part of its wine producers
has worked in the country’s favour in terms of the preservation of the rich ge-
netic diversity of its indigenous grape varieties. The demonstration site, Quinta
do Ataide, is located in Douro Superior and it has in total 85 ha vineyards. It
consists of two plots with the variety Touriga Nacional, and one plot with Tou-
riga Franca. Although Ataide has a fairly homogeneous, flat terrain, sandy-loam
and loam soil composition, uneven soil drainage has been identified to result in
some variance in grape quality. The Douro enjoys its own micro-climate, which
is an important reason for the quality and style of its wines. The most important
geological features responsible for this are several mountain ranges sheltering it
from the Atlantic Ocean influence, giving it a continental climate, with hot and

dry summers and cooler and wetter winters. Average annual temperatures range
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from 11.8°C to 16.5°C. Rainfall ranges throughout the year from 50.6 mm in the

wettest month down to 6.9 mm during the driest month.

2.2. Modelling Approach

This section summaries the developments carried out for the meteorological
components of the VISCA DSS and shows the meteorological and climate mod-
els used for each time-scale, from short-term to mid-term weather forecast and
from seasonal forecast to climate projections. Figure 1 shows and schema about
the different timescales covered by the meteorological and climate models used
in the VISCA DSS and the related skill. Since short-term and mid-term weather
forecast have pretty good skills the first forecast days, after some days, the skill
decreases rapidly. On the other hand, seasonal forecast and climate projections
have a constant fair skill along the forecast lead time. The sub-seasonal to sea-
sonal timescale was not considered within the project.

2.2.1. Short and Mid-Term Weather Forecast

During the last years, the use of deterministic Numerical Weather Prediction
(NWP) models has increased significantly due to higher accuracy of the models,
easier access to community models, computational advances, etc. Despite the
inherently uncertainty they can have due to the initial conditions of the atmos-
phere, several calibrations can be applied to minimize the discrepancies against
the real weather conditions. Due to numerical weather prediction models have a
wide range of options to set up: physical options, dynamical options, horizontal
model resolution, number of vertical layers and density, etc., it is crucial confi-
gurate the model with the properly parametrizations and model options [15]
[16].

On the other hand, weather forecasts are inherently uncertain because the ini-
tial state of the atmosphere can never be known perfectly, and the model equa-
tions must be expressed through approximations and simplification in the model
system. Furthermore, even the smallest uncertainties in the initial conditions of
the forecast model tend to rapidly increase over time because of the chaotic na-

ture of the atmosphere. Therefore, rather than integrating a single forecast from

excellent ot
SHORT-TERM AND MID-TERM

WEATHER FORECAST
CLIMATE

PRJECTIONS
SEASONAL
._%.

Daily Values Weekly Averages Monthly or Seasonal Averages ~30 Year Climatologies

FORECAST LEAD TIME

good

fair

FORECAST SKILL

poor

Figure 1. Timescale showing the skill progression from weather and seasonal forecast to
climate projections, as used in VISCA DSS. Source: Adapted from iri.columbia.edu/news/

ga-subseasonal-prediction-project.
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a supposedly best guess of the initial state (as was done in short-term forecast-
ing), it has been shown that a better approach would be to start the forecast from
several slightly different initial conditions and then derive as many, presumably
somewhat different, outcomes from these differing initial conditions (Figure 2).
This approach is called ensemble forecasting and as outcome, produces forecasts
that are given as probability distribution. From these distributions it is possible
to calculate local probabilities for different weather events using thresholds.

In this way and within the VISCA framework, the short-term weather data
covers the hourly deterministic forecast for the following 48 hours and provides
information of the mean temperature, wind speed, accumulated precipitation,
relative humidity and downward short-wave flux. The mid-term, on the other
hand, it’s a 10-day probabilistic forecast of the same variables.

1) Short-term forecast simulation domains

To ensure that the model represents as many meteorological phenomena as
possible in the different meteorological scales (synoptic, mesoscale, microscale),
meteorological modelling has been applied to a nested grid architecture defined
by three domains. Since Tables 2-4 show the main characteristics of the simula-
tion domains, Figures 3-5 show the modelling domain schemes for each

end-user demo site area.

-~ -~ — -
¢ ™~
\ ~
S A
Deterministic \ N
forecast \
I Forecast I
Initial condition ! uncertainty
uncertainty ’/ ) 4

I
: Climatology

Analysis \ Y

Time - _

Figure 2. The principle of ensemble-based probabilistic forecasting. In this example it is
shown how 12 different ensemble members evolve in time due to slightly different initial
conditions.

Table 2. Simulation domains and its characteristics for Codorniu end-user area.

CODORNIU end-user

Characteristic Domain D01 Domain D02 Domain D03
e South-West Europe and X Vineyard
Description . East Spain .
North West Africa surroundings
Horizontal resolution 9 km x 9 km 3 km x 3 km 1km x 1 km
Grid size 370 x 300 310 x 310 100 x 100
Domain size 3330 km x 2700 km 930 km x 930 km 100 km x 100 km
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leida.

Figure 3. Simulation domains for Codorniu end-user located in Spain. 9 km grid resolu-
tion domain D01 (red), 3 km grid resolution domain D02 (green) and 1 km grid resolu-
tion domain D03 (blue). Images generated using Google Earth.

Hongria

P

Benevento e
Campan

Ialia

Toma
“Avellino

Hinis

Malta®

Figure 4. Simulation domains for Mastroberardino end-user located in Italy. 9 km grid
resolution domain D01 (red), 3 km grid resolution domain D02 (green) and 1 km grid
resolution domain D03 (blue). Images generated using Google Earth.

Figure 5. Simulation domains for Symington end-user located in Portugal. 9 km grid res-
olution domain DO1 (red), 3 km grid resolution domain D02 (green) and 1 km grid reso-
lution domain D03 (blue). Images generated using Google Earth.
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Table 3. Simulation domains and its characteristics for Mastroberardino end-user area.

MASTROBERARDINO end-user

Characteristic Domain D01 Domain D02 Domain D03
Italy, Nord-West Tunisia, .
I . . Vineyard
Description Balkans region, Corsica and South Italy .
. surroundings
Southern Europe countries
Horizontal resolution 9 km x 9 km 3 km x 3 km 1 km x 1 km
Grid size 151 x 151 150 x 150 100 x 100

Domain size 1350 km x 1350 km 450 km x 450 km 100 km X 100 km

Table 4. Simulation domains and its characteristics for Symington end-user area.

SYMINGTON end-user

Characteristic Domain D01 Domain D02 Domain D03
. South-West Europe and ~ West-north Spain and Vineyard
Description i .
North West Africa North Portugal surroundings
Horizontal resolution 9 km x 9 km 3 km x 3 km 1km x 1 km
Grid size 370 x 300 370 x 262 100 x 100
Domain size 3330 km x 2700 km 1110 km X 786 km 100 km x 100 km

2) Short-term forecast data set

The regional and mesoscale meteorological model used in the project has been
the Weather Research and Forecasting-Advanced Research (WRF-ARW) ver-
sion 3.9.1.1 [17], developed by the National Centre of Atmospheric Research
(NCAR). It is a universally used community mesoscale model and a state-of-the-art
atmospheric modelling system that is applicable for meteorological research,
climate scenarios and numerical weather prediction. WRF-ARW is a fully com-
pressible and non-hydrostatic model with terrain-following hydrostatic pressure
coordinate.

Different options that WRF-ARW offers can be combined in many different
ways. WRF-ARW has different parameterizations for microphysics, radiation
(long and short wave), cumulus, surface layer, planetary boundary layer and
land surface as physical options. To obtain WRF-ARW highest accuracy, it is es-
sential to carry out a sensitive analysis of these different options by numerical
experiments [17] [18] [19].

In order to reduce the biases of the WRF-ARW model, some improvements
have been implemented in order to better perform the precipitation and tem-
perature, two of the main variables that directly affect the vineyards. Firstly, we
have chosen the parametrization of physical processes of the model that better
perform in the area of interest. Many previous studies have evaluated the sensi-
tivity of WRF-ARW to several parametrization schemes for regional climates
over Europe [20]. They showed how the temperature is significantly dependent

on the land surface model. On the other hand, they reveal how averaged daily

DOI: 10.4236/acs.2021.111010

155 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2021.111010

I. Porras et al.

precipitation appears to be unaffected by the longwave radiation scheme. They
conclude that modelling precipitation is problematic for WRF-ARW with biases
of up to 100%. Other studies presented how the precipitation is directly related
to land surface model and cumulus scheme parametrizations. Vertical distribu-
tion of humidity and temperature were also studied examining the sensitivity of
planetary boundary layer schemes [21].

Secondly, we have investigated the potential improvements in using numerical
weather prediction model data assimilation system to set-up better initial condi-
tions [22]. Data assimilation is the technique for combining observational data
with the model [23]. Within the VISCA framework, the three-dimensional
variational data assimilation (3DVar) system has been implemented into the
WREF-ARW, and the analysis system used was the Grid point Statistical Interpola-
tion (https://ral.ucar.edu/solutions/products/gridpoint-statistical-interpolation-gsi).

3) Mid-term forecast data set

The National Centres for Environmental Prediction (NCEP) is the leading
centre that produces global forecasts. The Global Ensemble Forecast System

(GEFS) forecast ensemble is based upon the notion that erroneous forecasts re-
sult from a combination of initial analysis errors and model deficiencies, the
former dominating during the first five days. Analysis errors amplify mostly in
the sensitive parts of the atmosphere where strong low-pressure areas develop.
These errors then move downstream and amplify and thereby affect the
large-scale flow. To estimate the effect of possible initial analysis errors and the
consequent uncertainty of the forecasts, small changes to the analysis are made
creating an ensemble of many different “perturbed” initial states. In order to
save computational time, the ensemble members are run at a lower (~40 kilome-
tres) spatial resolution.

The GEFS consists of 21 separate forecasts or individual ensemble members
that are created for lead times of up to 16 days (384 hours) four times a day.
However, within the VISCA proposes, GEFS products are considered up to 10
days forecast.

More information about the work done and the results can be found in the
VISCA project website (report on weather forecast extreme events,

https://www.visca.eu/index.php/the-project-4/deliverables-and-scientific-articles

/send/4-delivera-bles-and-scientific-articles/26-visca-deliverable-2-2-report-on-

weather-forecast-extreme-events).

2.2.2. Seasonal Forecast

The production of statistically consistent and reliable predictions is a necessary
condition for the elaboration or climate services. To this aim bias correction and
downscaling techniques have been applied in the development of the VISCA
DSS seasonal forecast. In our case, after comparing the performance of simple
bias correction and calibration approaches, we have chosen the latter as the one
showing the best results [24]. Regarding the spatial scale gap, the VISCA DSS
uses calibration with in-site data as a downscaling adjustment method (after
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comparing it with a perfect prognosis analog approach that gave a poorer out-
come).

We have also improved the seasonal forecasts trough the combination of sea-
sonal forecasts from several forecast systems in a multi-model ensemble [25]
[26]. The main advantage of the multi-model ensembles comes from a better
consistency and reliability than those ensembles from individual systems [27],
which are essential properties for the probabilistic seasonal forecast to be usable
for decision-making [25] [28]. Nevertheless, the skill enhancement of the mul-
ti-model ensemble compared to the best available forecast system is rather mar-
ginal and limited to some specific regions.

The estimation of the seasonal forecast quality based on its past performance
is a fundamental step to aid end-user decision-making [25], because it allows
quantifying the forecast benefit relative to other prediction approaches. Thus,
seasonal predictions must be systematically compared to a reference (reanalysis
or observations) to assess their overall quality in a multi-faceted process known
as forecast quality assessment [29]. Three sources of uncertainty in common
scoring metrics of probabilistic predictions should be considered: improper es-
timates of probabilities from small-sized ensembles, insufficient number of
forecast cases, and imperfect reference values due to observation errors. A way
to alleviate these problems is to use several scoring measures to offer a compre-
hensive picture of the forecast quality of the system [30] and to apply statistical
inference as often as required. This information is also valuable to decide about
the application of the optimal bias correction and downscaling methods [31].
Hence, this quality assessment framework seeks to provide the end-users with
the tools to understand which approaches could be better for their interests con-
sidering three different probabilistic metrics: fair ranked probability skill score
(FRPSS), fair continuous ranked probability skill score (FCRPSS), reliability dia-
grams; and one deterministic: ensemble-mean correlation.

Within the VISCA framework, the seasonal forecasts provide information for
the temperature and precipitation tercile probability for the next six months
(monthly forecasts) and the next two seasons (3-month aggregation forecasts).
The forecasts have been bias corrected and downscaled following a calibration
procedure. Besides, a multi-model approach has been developed (with little gain
compared to the use of single forecast). They have been also verified considering
four metrics: ensemble correlation, fair ranked probability skill score, fair conti-
nuous probability skill score and reliability diagrams. In all the cases, whenever
the skill of the forecast is worse than the climatology, the climate information is
provided instead of the model forecast.

Seasonal Forecast Data Set

a) Seasonal Forecast System 4 (SEAS4)

SEAS4 is the fourth generation of European Centre of Medium-range Weath-
er Forecasts (ECMWF) seasonal prediction system [32]. Is a fully coupled gener-
al circulation model that provides operational multi-variable seasonal predic-

tions in a real-time basis. In this study we have focused on period 1981-2015.
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Last 35 years of predictions proceed from the combination of the 30-years hind-
casts with the 5-year regular contemporary pool of predictions. All predictions
have a minimum of 15-member ensemble (51 members for those which start
dates are on 1st day of months February, May, August and November, and at
every month since May 2011) and 7-month’s forecast horizon. The predictions
used for the discussion are those initialized the 1st of November and the 1st of
May. We have used monthly mean data for mean temperature, maximum tem-
perature, minimum temperature and precipitation.

b) Seasonal Forecast System 5 (SEAS5)

SEASS is the fifth generation of ECMWF’s seasonal forecasting system [33]. It
replaces the former SEAS4 and uses the Integrated Forecast System (IFS). The
re-forecast of SEASS5 covers a 36-year period, from 1981 to 2017, with an ensem-
ble of 25 members. Compared to the SEAS4 it includes a number of enhance-
ments in the atmospheric resolution, land-surface initialisation and in the ocean
model. In the atmospheric component, there are 9 vertical levels. Regarding the
land-surface initialisation, the SEAS5 includes a new offline recalculation at the
native atmospheric resolution with a revised precipitation forcing. Although this
initialisation is still not perfect (the reanalysis and real-time assimilation are not
the same), the tests performed show a good degree of consistency between the
inijtialisation of SEAS5 re-forecast and real-time predictions. Finally, the SEAS5
uses the new version of ocean model Nucleus for European Modelling of the
Ocean (NEMO), with and upgraded model version, ocean physics and resolu-
tion.

¢) Météo-France System-6 (MF6)

MF6 is the sixth generation of Météo-France long-range prediction system
[34]. The hindcast covers the period 1993-2016 and consists of an ensemble of
25 members. The operational ensemble starts from 2017 and has 51 members.
The ensemble spread is generated by a stochastic dynamics’ technique in addi-
tion to using a lagged initialization. The atmospheric component is the Ar-
pege-IFS [35] which is a complex code designed not only for weather forecast or
climate simulation, but also for data assimilation, forecast pre-and post-processing.
It has been extended, diversified and complexified since 1986 jointly by
Météo-France and ECMWFE.

d) Met Office Global Seasonal Forecasting System version 5 (GloSea5)

In VISCA we have used the latest coupled configuration of the GloSea5, in
particular the Global Coupled 2.0 (GloSea5-GC2) [36]. The re-forecast of Glo-
Sea5-GC2 covers a 36-year period, from 1981 to 2016, with an ensemble of 28
members. Overall, the GloSea5-GC2 is shown to be an improvement on the con-
figurations used currently, particularly in terms of modes of variability (e.g.
mid-latitude and tropical cyclone intensities, the Madden-Julian Oscillation and
El Nifio Southern Oscillation).

More information about the work done and the results can be found in the
VISCA project website (seasonal forecasts quality assessment report,

https://www.visca.eu/index.php/the-project-4/deliverables-and-scientific-articles
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/send/4-deliverables-and-scientific-articles/25-visca-deliverable-2-1-seasonal-for

ecasts-quality-assessment-report).

2.2.3. Climate Projections

The purpose of this section is to show an overview of the work done within the
project. The idea was to analyse the change of climate variables which are im-
pacting the most in the viticulture, namely mean precipitation and temperature,
but also temperature and precipitation extreme events for the coming decades
until 2100.

Within the VISCA framework, first of all, a set of climate indices were defined
giving key information about the impact on the wine sector: seasonal tempera-
ture climatology, defined as the mean temperature over a period of a 3-monthly
season; seasonal daily precipitation climatology, defined as the mean of maxi-
mum daily precipitation over a period of a 3-monthly season; and finally, the
Winkler index that classifies a location according to the range of the Growing

Degree-Days (GDD, https://mrcc.illinois.edu/gismaps/info/gddinfo.htm). The

analysis was performed at European scale, but also specific results were provided
for the 3 demo sites provided by the end-users of the project.

Climate Projection Data Set

a) Gridded observational dataset (E-OBS)

E-OBS data has been used as observational dataset. This is a gridded observa-
tional dataset derived through interpolation of the European Climate Assess-
ment and Data (ECA & D, https://www.ecad.eu/) station data described col-

lected at European scale. The station dataset comprises a network of 2316 sta-

tions, with the highest station density in Ireland, the Netherlands and Switzer-

land, and lowest density in Spain, Northern Africa, the Balkans and Northern

Scandinavia. The number of stations used for the interpolation differs through

time and by variable.

The E-OBS dataset is derived through a three-stage process:

- Monthly means of temperature and precipitation are first interpolated to a
0.1-degree latitude by longitude grid using three-dimensional (latitude, lon-
gitude, elevation) thin plate splines.

- Daily anomalies, defined as the departure from the monthly mean tempera-
ture or precipitation, are interpolated to the same 0.1-degree grid, and com-
bined with the monthly mean grid. For temperature, daily anomalies are in-
terpolated using kriging with elevation as an external variable. For precipita-
tion kriging is first used o interpolate the state (wet/dry); after that the mag-
nitude at ‘wet’ 0.1-degree grid points is interpolated using universal kriging.

- Finally, the 0.1-degree points are used to compute area-average values at the
four E-OBS grid resolutions (0.25-degree and 0.5-degree regular lati-
tude-longitude grid and 0.22-degree and 0.44-degree Lat-Lon rotated-pole
grids).

In the present study the 0.22-degree Lat-Lon rotated-pole grid has been used,
because it coincides with the grid of EURO-CORDEX grid (see chapter below).
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The full dataset covers the period from 1950 to 2017 (both included).

b) EURO-CORDEX climate projections

EURO-CORDEX (https://www.euro-cordex.net/) is the European branch of
the international CORDEX initiative, which is a program sponsored by the

World Climate Research Program (WRCP) to organize an internationally coor-
dinated framework to produce improved regional climate change projections for
all land regions world-wide. The CORDEX-results are being used worldwide to
assess for climate change impact and to feed adaptation studies within the time-
line of the Fifth Assessment Report (AR5) of the Intergovernmental Panel on
Climate Change (IPCC) and beyond.

EURO-CORDEX consists of a set of simulations provided by the participating
groups. Nowadays, mainly dynamical downscaling simulations are available,
namely the output of a regional climate model (RCM) coupled to a Global Cli-
mate Model (GCM) or a Reanalysis. The outputs of these simulations are availa-
ble on rotated-pole regular grids at 0.11 degrees of horizontal resolution (~12
km, depending on the latitude). They are free to download from Earth System
Grid Federation (ESGF) nodes like https://esgf-data.dkrz.de/projects/esgf-dkrz/.

More information about the work done and the results can be found in the

VISCA project website (decadal projection performance report,
https://www.visca.eu/index.php/the-project-4/deliverables-and-scientific-articles
/send/4-deliverables-and-scientific-articles/83-2-5).

3. Conclusions

The extension and the quality of wine production are strongly related to the en-
vironmental conditions of the grape growing season. Grapevine growing factors
are determined within a narrow climatic range in which the adequate heat ac-
cumulation, the availability of enough water and the low risk of extreme tem-
perature episodes are required. As an example, in 2017 a historically low pro-
duction (8% less in comparison with 2016) was registered due to climate condi-
tions.

While climate patterns can differ radically from one year to another (climate
variability), climate change is more concerning, because a significant shift in the
long-term climatology would make the wine business unsustainable. Adaptation
measures are most probably needed to adapt the current grape varieties to war-
mer climate conditions and the presence of more frequent and more intense ex-
treme events such as heat waves, heavy rainy or long dry spells.

Future suitability of a certain viticulture region highly depends on the change
on the mean patterns on temperature and precipitation in the coming decades,
but also on the impact of extreme temperature and precipitation. For that rea-
son, estimation regional changes in temperature and precipitation and the de-
rived impacts on the suitability of vine cultivation are of paramount importance
for the business of gives critical information for making strategic decisions and
investments in the near future, which will make the industry more resilient and

adapted to climate change.
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The VISCA DSS is a tool that integrates meteorological and climate informa-
tion, among others, in order to provide well-funded information to the end-users
to design medium- and long-term adaptation strategies to climate change on vi-
neyards; foresee extreme events at short and medium time-scales; ease the deci-
sion-making planning months ahead through the use of seasonal predictions
and the development of strategies thanks to the climate projections. In this paper
we have shown the meteorological, seasonal and climatic models, and the data
sets used to answer the viticulturist needs for all time-scales.

As a short-term weather model, we have used the WRF-ARW version 3.9.1.1,
providing hourly forecast information for the following 48 hours for those in-
teresting variables for viticulturists: mean temperature, wind speed, accumulated
precipitation, relative humidity and downward short-wave flux.

GEFS information has been used to compute probabilistic forecast up to
10-days in advance for the same variables.

SEAS4, SEAS5, MF6 and GloSea5 seasonal prediction systems have been used
to compute the seasonal forecast. This provides information for the temperature
and precipitation tercile probability for the next six months (monthly forecasts)
and the next two seasons (3-month aggregation forecasts).

Within the climate projections, we have used E-OBS data to perform climatic
indices related to the wine sector and EURO-CORDEX climate projections to
analyse the projected change over the period 2010-2099.

More information about the work done and the results can be found in the
VISCA project website: Report on weather forecast extreme events,

https://www.visca.eu/index.php/the-project-4/deliverables-and-scientific-articles

/send/4-delivera-bles-and-scientific-articles/26-visca-deliverable-2-2-report-on-

weather-forecast-extreme-events; Seasonal forecasts quality assessment report,

https://www.visca.eu/index.php/the-project-4/deliverables-and-scientific-articles

/send/4-deliverables-and-scientific-articles/25-visca-deliverable-2-1-seasonal-for

ecasts-quality-assessment-report; Decadal projection performance report,

https://www.visca.eu/index.php/the-project-4/deliverables-and-scientific-articles

/send/4-deliverables-and-scientific-articles/83-2-5.
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