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Turning climate-related information into added value for traditional Mediterranean grape, olive, [ wds |

and durum wheat food systems™

The MED-GOLD project (https://doi.org/10.3030/776467) excee-
ded expectations significantly. As a research and innovation project,
MED-GOLD was expected to co-develop climate services at proof-of-
concept (i.e., prototype) rather than real market level. By contrast, not
only was MED-GOLD able to demonstrate the added value of the pilot
climate services, but it also addressed the replicability and marketability
side of the services to the point that major European and international
institutions showed interest in the MED-GOLD climate services and ICT
platform, creating real business opportunities during the project life-
cycle and beyond the duration of the project.

MED-GOLD was a 54-month research and innovation project with
the initial goal of demonstrating the proof-of-concept for climate ser-
vices in agriculture using three hallmarks of the Mediterranean food
system: grape and wine, olive and olive oil, and durum wheat and pasta.
The project sought to prototype climate services by developing case
studies for these three major Mediterranean traditional systems.

This MED-GOLD Special Issue provides evidence of the added value
resulting from the co-development of pilot climate services in agricul-
ture, using case studies co-developed with Sogrape (https://sogrape.
com/en) for grape and wine in the Douro region of Portugal, with
DCOOP (https://www.dcoop.es/) for olive and olive oil in the Andalusia
region of Spain, and with Barilla G. e R. Fratelli S.p.A. (https://www.
barilla.com/en-us) for durum wheat and pasta in Italy.

The MED-GOLD project

Climate services, defined as the transformation of climate-related
data and information into customized projections, forecasts, and ana-
lyses for supporting decision-making at all levels, have the potential to
become the informed basis for a climate-resilient, low-carbon society
(EC, 2015). This is critical as agriculture is the economic sector most
vulnerable to climate variability and change (Schmidhuber and
Tubiello, 2007; Rosenzweig et al., 2014; Challinor et al., 2014; IPCC,
2022). Further, the Mediterranean region is under immediate threat of
shifting climatic patterns and associated ecological, economic, and so-
cial effects that could disrupt agriculture. Hence, developing a capacity
to turn increasingly big climate-related data into climate services that
can inform decision-making in agriculture is a key priority at the Med-
iterranean, European, and global levels (Vaughan et al., 2016; Bruno

Soares et al., 2018; Buontempo et al., 2020; Born et al., 2021).

The long-term goal of the project was to make European agriculture
and food systems more resilient to climate change, using climate ser-
vices to minimize risks/costs and seize opportunities for added value.
Specifically, MED-GOLD aimed to develop climate services for the crop
systems that are the basis for producing olive oil, wine, and pasta. These
crop systems have utmost climatic, ecological, economic, and cultural
relevance to the Mediterranean region and the world, as they are not
only hallmarks of the world heritage of the Mediterranean diet, but also
food commodities with a global market (Ponti et al., 2016). Moreover,
the Mediterranean food system has a demonstrated potential for con-
trasting the increasing homogeneity in global food supplies (Khoury
et al., 2014), resulting in increased food security and significant health
benefits (Guasch-Ferré and Willett, 2021), for enhancing and conserving
biodiversity (Bagella et al., 2014, 2016; Rey et al., 2019; Paiola et al.,
2020; Aguilera et al., 2020), and for reducing the ecological footprint of
the global food system (Capone et al., 2013; Galli et al., 2017). Hence,
the potential for developing climate services with high added value to
society is immense. To address added value directly, MED-GOLD co-
designed pilot climate services involving both suppliers and users
(Alford, 2014; Bruno Soares and Buontempo, 2019). The project
reviewed the operational decision-making of major industrial European
users Sogrape, DCOOP, and Barilla G. e R. Fratelli S.p.A. to identify key
decisions and/or introduce new actions that can benefit from climate-
related information at timescales from months to decades. Online sur-
veys and participatory workshops in five languages assessed the us-
ability and upscaling potential of the services with a wider community of
users not involved in the development of the services.

Prototype climate services were co-produced, tested, and validated
using MED-GOLD linked methods for user engagement and cloud-based
processing/visualization of data (i.e., the ICT! platform) implemented as
a Web application programming interface (Web API) that enables
different computer programs to communicate with each other over the
internet. This enabled unprecedented replicability and scalability across
regions, sectors, and users, as tested in Colombia for the world’s top
agricultural commodity, coffee (Cure et al., 2020, 2022; Rivas Gonzalez
et al., 2022). Colombian coffee provided a case study for testing the
replicability of MED-GOLD climate services, showing high potential
benefits in terms of informing regional crop management and
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policymaking.

The ICT platform? (see infographics https://doi.org/10.5281/zenod
0.7928703) was developed as a scalable, modular, cloud computing
system enabling the following functionality:

e running heritage crop system models;

e providing custom visualization dashboards;

e connecting existing decision support tools and simulation models to
cutting-edge climate data sources such as the Copernicus Climate
Data Store (a single point of access to a wide range of quality-assured
climate datasets provided by Copernicus, the European Union’s
Earth Observation Programme, see https://cds.climate.copernicus.
eu/); and

processing seasonal climate forecast data with on-the-fly bias
correction.

The ICT platform was released as open-source code (see https://gith
ub.com/medgold-ict-platform).

Analysis of the EU market for climate services and development of a
business plan provided a solid ground for the commercialization of the
prototype services, by describing the value creation and service delivery
processes.

The project built better informed and connected end-user and poli-
cymaking communities for the global olive oil, wine, and pasta food
systems by presenting at 50+ international events, organizing 12
including eight participatory workshops, two online training events,
four webinars, and publishing info sheets, user guides, infographics,
videos, a policy brief, and a glossary in six languages (English, Greek,
Spanish, Portuguese, French, and Italian). Added to multimedia and
multi-language communication implemented throughout the project, 25
published scientific papers plus this project’s Special Issue in the Climate
Services journal accrued.

The COVID-19 pandemic impacted the project significantly. Sub-
stantial effort was devoted to converting the planned face-to-face ac-
tivities to online engagement. A major result was the MED-GOLD final
showcase event with 300+ registered contacts from across the world and
speakers from industry, NGOs, international institutions, and the poli-
cymaking community. Industry users from the MED-GOLD consortium
shared success stories, and enabled participants to share and exchange
ideas regarding the potential to apply and use the MED-GOLD pilot
services in their own cross-sectional decision-making. Key dissemination
material produced by the project is available through the MED-GOLD
Horizon 2020 Project community on Zenodo (https://zenodo.org/co
mmunities/med-gold/).

The co-design and co-development work revealed the incredible di-
versity of users and needs that challenge climate services in agriculture.

The following are critical production decisions identified where
climate services can provide added value.

e Grape: siting, choice of scion variety and rootstock, control of
pathogens and abiotic stress, and management of wine style.

e Olive: pest management, fertilization, irrigation, pruning, harvest-
ing, and design of new orchards.

e Durum wheat: variety selection, purchase/selling of commodities,
supply chain planning, breeding, and siting.

The added value generated by the project ranges from agricultural
management to policymaking at the Mediterranean, European, and
global levels.

The entire value chain for climate services in agriculture was rep-
resented in the project consortium, and the potential market for the

2 See the MED-GOLD ICT platform on the Horizon 2020 results portal at https
://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunit
ies/horizon-results-platform/32534.
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services developed is global, with most service consumers currently
located in the Mediterranean region. Engagement of potential users and
development of a sound business model made MED-GOLD climate ser-
vices attractive in commercial settings, as demonstrated by ongoing
business development.

Overview of the special issue

This Special Issue includes twelve papers that cover a wide range of
topics related to climate services for Mediterranean grape, olive, and
durum wheat food systems. The papers address the co-production, us-
ability, and value of climate services, monitoring and management of
climate-related risks and opportunities, advanced seasonal predictions,
and long-term impact assessment of climate change on crops and pests.
The following is a brief overview of the papers included in the Special
Issue.

Terrado et al. (2023) present the co-production pathway of the end-
to-end MED-GOLD climate service for improved decision-making in the
wine sector. The co-production process involved collaboration between
scientists and users to raise awareness, exchange knowledge, and co-
develop customized climate services. The MED-GOLD dashboard is the
most tangible outcome of this collaboration, but the joint learning
process, shared sense of ownership, and co-creation of new knowledge
between scientists and stakeholders were also important outcomes. The
MED-GOLD Dashboard, an interactive tool displaying detailed historical
climate data, seasonal predictions, and climate projections, was co-
designed with users to ensure their needs were met. Repeated interac-
tion between scientists and users was found to be critical for better
framing research questions and ensuring that the climate service could
inform decision-making needs. The paper concludes that further
research is needed to understand how the knowledge co-produced with
a single user can be scaled up to users with other profiles and
requirements.

Dell’Aquila et al. (2023) present a pilot service that monitors
climate-related risks and opportunities in the Douro Wine Region in
northern Portugal, co-developed with industrial partner Sogrape. The
study identified key user needs, selected relevant bioclimatic indicators,
and developed compound risk indices as a combination of these in-
dicators. The methodological work was validated against empirical
climate characterization for the region using “bad” and “good” years
chosen by users.

Nam et al. (2023) examine the value of climate services for viticul-
turists in mitigating the climate impact on fungal diseases and sunburn.
Using seasonal forecasts derived from the Copernicus Climate Data
Store, the study performed a cost-benefit analysis for micro grape
growers in the Douro wine region of Portugal to determine an annual
service fee to access bio-climatic forecasts on the MED-GOLD project’s
Dashboard. Results showed that climate services are financially bene-
ficial and sustainable for the sector, despite an early-season accuracy of
forecasts ranging from 54 to 60 %, given that expected accuracy using
climatology would be 33 % when forecasting above-normal, normal, or
below-normal bioclimatic indices (i.e., tercile forecasting).

Vigo et al. (2023) propose a methodology for using seasonal forecasts
to establish probability thresholds to trigger disease management de-
cisions in the wine industry focusing on the potential impact of spring
precipitation on plant protection and canopy management based on
different scenarios. The methodology engaged users in tailoring the
analysis to their needs. This interaction created trust and allowed user
risk profile analysis.

Khosravi et al. (2023) assess the usability and value of a climate
service co-developed with the Portuguese wine company Sogrape, and
identified potential barriers to the adoption of the climate service. The
study found that the climate service was perceived as reliable and
legitimate, with additional recommendations proposed to increase its
saliency and usability. Limitations on Sogrape user ability to use the
climate information provided are reported in the study. The results can
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inform the design, development, and usability of other climate services
within and beyond the wine sector.

Ceglar et al. (2023) extend climate indicators developed in the MED-
GOLD case study areas for grape (Douro wine region of Portugal) and
olive (Andalusia region of Spain) to the entire European region where
these crops are grown, and use these indicators to assess climate change
impacts. The results show an increase in extreme high temperature
events and frequency of compound events, such as combined dry spring
and hot growing season, particularly in the Mediterranean region during
future time 2020 to 2080. The results highlighted the need for a dedi-
cated decision-making approach that can address the increased levels of
future climate variability.

Chou et al. (2023a) examine the potential increase in value of sea-
sonal forecasts for the wine sector by blending observations and fore-
casts for six important bioclimatic indicators over the Iberian Peninsula.
The approach was evaluated using Pearson’s correlation coefficient and
Fair Ranked Probability Skill Score, and showed a marked improvement
in forecasting skill during the growing season. This approach can pro-
vide users with greater confidence in their decisions and facilitate the
uptake of seasonal forecasting in management.

Further, Chou et al. (2023b) evaluate the effectiveness of five sea-
sonal forecasting strategies on bioclimatic indicators important for
managing olive orchards. The results show that combining seasonal
predictions or climatology with observations enhanced forecasting the
tercile category for all indicators compared to using climatology or
seasonal predictions alone. The combination of observations and sea-
sonal forecasts were found to be particularly effective for Spring
Maximum Temperature and Growing Season Temperature indicators.

Gratsea et al. (2022) investigate the long-term effects of climate
change on olive crops in Andalusia, Spain, using climate indices and
return period analysis. Results show increasing changes in the near and
distant future with a robust increase in threshold-based indices in cen-
tral and northern Andalusia. Bad year occurrences with return periods
below 2 years may increase by ~20 % by 2060 due to future decreased
precipitation. The range of the olive fly is expected to decrease in the
northern areas of Andalusia.

Ponti et al. (2023) use physiologically based demographic modeling
(PBDM), implemented on the MED-GOLD ICT platform as a Web
application programming interface (API), to investigate the impact of
climate change on interacting olive and olive fly in Andalusia. Results
suggest that chilling required for olive blooming will decrease due to
climate change, and that blooming will occur earlier in the season. Olive
fruit yield is expected to increase or remain stable under climate change,
while olive fly infestation will decrease, especially in the top-producing
provinces of Andalusia. The study recommends adapting to decreased
precipitation by leveraging increased water use efficiency due to
increased CO2 concentration in mostly rainfed Andalusian olive crop
systems, and targeting the spring generation of the olive fly to reduce
season long infestations through preventive pest management strategies.

Dainelli et al. (2022) explore the effectiveness of coupling seasonal
climate predictions with crop models to provide durum wheat yield
forecasts in Italy. Using a participatory approach, the study evaluated
output from the Delphi crop model when fed with raw and bias-adjusted
seasonal climate forecast data or with a historical climate scenario, using
observed yield data as benchmark. The study found that the Delphi
model performed better when forced with raw seasonal forecasts than
with the historical scenario, but performed best when driven by bias-
adjusted seasonal forecasts.

Zampieri et al. (2023) assessed the accuracy of the Copernicus
Climate Change Service in predicting rain onset in Africa to aid in early
warning and action for food security. Using hindcasts from 1993 to
2016, the study computes the skill of the forecast system in predicting
normal, early, and late onset of the rainy season. Slightly positive skills
are found in some African agricultural regions, and the study recom-
mends improvements in the algorithm and participatory co-
development with users to provide a useful climate service for the

Climate Services 34 (2024) 100462
African agricultural sector.
Final remarks

In addition to the above scientific results, it is noteworthy that in the
specific case of the wine pilot climate service, the resulting data and
tools of the MED-GOLD dashboard were integrated into strategic plan-
ning for climate adaptation in the Douro region by family-owned wine
company Sogrape that identified areas where in the future specific grape
varieties will not be able to produce fine wines (Graca, 2023). These
insights are also being used to inform policymakers about the need for
re-evaluating geographical indications in the context of a changing
climate (Graca et al., 2022), namely to accept introduction of foreign
grape varieties (van Leeuwen et al., 2019; Wiatrak, 2020) or relocate
geographical indication boundaries, as necessary.

For the olive sector, several bioclimatic indices have been co-
developed. The olive sector usually operates on a very short timescale
(weather forecasts and sub-seasonal forecasts), and MED-GOLD pro-
vided support for decision-making on longer timescales. Close collabo-
ration between climate scientists and the olive cooperative DCOOP
resulted in the development of bioclimatic indices based not only on
climate parameters but also on olive phenology, including requirements
of the crop at different phenological stages. Bioclimatic indices were
evaluated using both seasonal predictions (Chou et al., 2023b) and long-
term climate projections (Gratsea et al., 2022) with the goal of building
trust required to expand climate services in olive production.

The co-developed pilot climate service for durum wheat and pasta
tailored bioclimatic indices and improved climate data inputs for two
existing software packages used to forecast durum wheat yields and
manage crops. Indices were developed for seasonal predictions, fore-
casting crop conditions and yields up to six months in advance, and for
long-term projections of future yields and suitable cultivation areas
around the world. Climate services were developed through close
interaction between climate scientists and the family-owned durum
wheat/pasta company Barilla G. e R. Fratelli S.p.A.
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