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[bookmark: _Hlk70328687]Abstract
[bookmark: _Hlk69397377][bookmark: _Hlk69397958][bookmark: _Hlk69399430]Vineyard landscapes significantly contribute to the economy, identity, culture, and biodiversity of many regions worldwide. Climate change, however, is increasingly threatening the resilience of vineyard landscapes and of their ecological conditions, undermining the provision of multiple ecosystem services. Previous research has often focused on climate change impacts, ecosystem conditions and ecosystem services without systematically reviewing how they have been studied in the literature on viticulture. Here, we systematically review the literature on vineyard landscapes to identify how ecosystem conditions and services have been investigated, and whether an integrative approach to investigate the effects of climate change was adopted. Our results indicate that there are still very few studies that explicitly address multiple ecosystem conditions and services together. Only 28% and 18% of the reviewed studies considered more than two ecosystem conditions or services, respectively. Moreover, while more than 97% of the relationships between ecosystem conditions and services studied were addressing provisioning and regulating services, only 3% examined cultural services. Finally, this review found that there is a lack of integrative studies that address simultaneously the relationships between ecosystem condition, ecosystem services and climate change (only 15 out of 112 studies). To overcome these gaps and to better understand the functioning of vineyard socio-ecological systems under climate change, multidisciplinary, integrative, and comprehensive approaches should be adopted by future studies. A holistic understanding of vineyard landscapes will indeed be crucial to support researchers and decision makers in developing sustainable adaptation strategies that enhance the ecological condition of vineyards and ensure the provision of multiple ecosystem services under future climate scenarios.
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Tables
Table S1: strings used for the search papers with a focus on: (i) climate change effects on ecosystem conditions in vineyard landscapes and (ii) the ecosystem services provided by vineyard landscapes.
	Focus
	Search strings

	(i) Climate change effects on ecosystem conditions in vineyard landscapes (keywords are based on the indicators suggested for agroecosystems in Maes et al. (2018)
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (nitrogen OR "heavy metal" OR fragmentation OR diversity OR rotation OR density OR connectivity OR "semi-natural" OR seminatural OR fallow OR "high nature value*" OR organic OR livestock* OR bird* OR mammal* OR amphibian* OR reptile* OR pollinator* OR habitat OR "protected area*" OR "soil organic carbon" OR "soil pH" OR "soil erodibility" OR "bulk density" OR "soil biodiversity" OR "water availability" OR "gross primary production" OR "water capacity" OR "soil nutrient*"))

	(ii) Ecosystem services in vineyard landscapes
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("ecosystem service*"))




Table S2: strings used for the search of the articles regarding climate change effects on ecosystem services provided by vineyard landscapes and the influence of ecosystem conditions. In this study we considered ecosystem services classes from the CICES classification v5.1 (adapted from Haines-Young and Potschin (2018), CC BY 4.0). For the selection of the 28 CICES classes to be studied for vineyard landscapes and the related keywords used in the search we referred to (Winkler et al. 2017).
	Ecosystem service searched
	CICES 5.1 code
	Search string

	Cultivated terrestrial plants (including fungi, algae) grown for nutritional purposes
	1.1.1.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (yield* OR "grape leaves" OR "grapevine leaves" OR crop* OR "table grape*" OR "crop load*" OR "grape berr*" OR "berry growth" OR "grape maturity" OR "yield component*" OR "fruit composition" OR "cultivated crops*" OR "wine grape*" OR "grape juice" OR wine OR "sugar content"))

	Fibres and other materials from cultivated plants, fungi, algae and bacteria for direct use or processing (excluding genetic materials)
	1.1.1.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (pruning OR "grape seed*" OR "grape skin*" OR MegaPurple OR "color additive*" OR wood OR "Ravaz index"))

	Fibres and other materials from reared animals for direct use or processing (excluding genetic materials)
	1.1.3.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (pomace))

	Filtration/sequestration/storage/accumulation by micro-organisms, algae, plants, and animals
	2.1.1.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("carbon storage" OR "carbon sequestration" OR filtration OR sequestration OR storage OR accumulation OR GHG OR "greenhouse gas" OR N2O OR "nitrous oxide" OR sulfur OR "nitrogen deposition*" OR fertilizer* OR spray OR pesticide* OR salinization OR "soil salinity" OR "salt accumulation"))

	Smell reduction
	2.1.2.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("spatial planning" OR "land use planning" OR "smell impact" OR smell OR "sulfur smell" OR harvest OR "crush smell"))

	Noise attenuation
	2.1.2.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("spatial planning" OR "land use planning" OR "noise impact" OR "tractor noise" OR "sound cannon*" OR highway))

	Visual screening
	2.1.2.3
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("spatial planning" OR "land use planning" OR zoning OR reflector OR "visual impact" OR landscape OR viewshed OR preservation OR aesthetics))

	Control of erosion rates
	2.2.1.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("soil conservation" OR "soil loss*" OR "cultivation practice*" OR "mass stabilization" OR erosion OR "erosion rate" OR "erosion model" OR "alternate row cultivation" OR "row cultivation" OR disking OR mowing OR ripping OR liming OR "tree removal" OR "run off" OR erosivity OR "land terrac*" OR "native vegetation removal" OR "vegetation removal" OR "cover crop" OR "mass flow" OR tractor* OR machinery OR steep slope))

	Hydrological cycle and water flow regulation (Including flood control, and coastal protection)
	2.2.1.3
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("fraction of transpirable soil water"  OR FTSW OR infiltration OR "water deficit" OR "water relations" OR hydraulics OR "run off" OR soil moisture OR irrigation OR (fish AND flows) OR "ecolog* flow*" OR "water security" OR "water stress" OR flooding OR landscape OR "buffer zone" OR setback OR "flood control" OR "flood protection" OR "wet feet" OR drainage))

	Pollination (or 'gamete' dispersal in a marine context)
	2.2.2.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (insect* OR pollination OR bee OR finch* OR "cover crop" OR "wind pollination" OR arthropod))

	Seed dispersal
	2.2.2.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("seed dispersal" OR bird* OR starling* OR turkey* OR "sound cannons*"))

	Maintaining nursery populations and habitats (Including gene pool protection)
	2.2.2.3
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (diversity OR biodiversity OR "nursery population" OR habitat OR germplasm OR "biological resource" OR "gene pool"))

	Pest control (including invasive species)
	2.2.3.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("cover crop" OR pest* OR "pest control*" OR "rodent control*" OR "beneficial predator*" OR "bird box*" OR "owl box*" OR "raptor box*" OR "nest box*" OR "integrated pest management*" OR IPM OR "native plant*" OR "natural enemy" OR "pest management" OR pesticide OR "biological control" OR arthropod OR rodent* OR insecticide* OR phylloxera OR nematode*))

	Disease control
	2.2.3.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("red blotch" OR botrytis OR fungal OR herbicide OR phomopsis OR disease* OR fungicide*OR disorder*OR eutypa OR "biological control" OR fanleaf OR mulch OR leafroll OR "corky bark"))

	Weathering processes and their effect on soil quality
	2.2.4.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("soil fertility" OR nutrient* OR "soil structure" OR "in situ soil" OR "soil biological activity" OR "nutrient uptake" OR mineral* OR "soil quality" OR "weathering process*"))

	Decomposition and fixing processes and their effect on soil quality
	2.2.4.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (microbe* OR fungi OR "soil arthropod*" OR arthropod OR mulch OR worm* OR legume* OR "nitrogen fixing" OR "soil quality" OR decomposition OR "fixing process*"))

	Regulation of temperature and humidity, including ventilation and transpiration
	2.2.6.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("latent heat" OR transpiration OR "climat* regulation" OR shade OR "hydrologic cycle" OR "micro climate" OR "regional climate" OR evapotranspiration OR ventilation OR photosynthesis OR ecophysiology))

	Characteristics of living systems that enable activities promoting health, recuperation or enjoyment through active or immersive interactions
	3.1.1.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("wine tasting" OR picnic* OR "eating grape*" OR "drink* wine" OR dolmade* OR birding OR "bird watch*" OR employment OR "hot air" OR "balloon ride" OR "limousin* tour*" OR "gourmet tourism" OR "cable car"))

	Characteristics of living systems that enable activities promoting health, recuperation or enjoyment through passive or observational interactions
	3.1.1.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (biking OR hiking OR "horseback rid*" OR padding OR walking))

	Characteristics of living systems that enable scientific investigation or the creation of traditional ecological knowledge
	3.1.2.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("climate change" OR enology OR trial OR "precision viticulture" OR scientific))

	Characteristics of living systems that enable education and training
	3.1.2.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (winemaking OR winegrowing OR "wine seminar" OR school OR university OR college OR education OR "tasting room" OR "environmental education"))

	Characteristics of living systems that are resonant in terms of culture or heritage
	3.1.2.3
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("family winery" OR tradition OR charm OR traditional OR historical OR identity OR "sense of place" OR "social capital" OR heritage OR "local food cultural"))

	Characteristics of living systems that enable aesthetic experiences
	3.1.2.4
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (beauty OR scenery OR landscape OR winescape OR "vineyard row" OR aesthetic OR mustard OR poppies OR inspiration OR wildflower OR "seasonal change" OR "leaf change" OR "foliage change" OR art OR gallery))

	Elements of living systems that have symbolic meaning
	3.2.1.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (representation OR appellation OR symbolic OR "social cohesion" OR terroir OR uniqueness OR AVA OR "American Viticultural Area" OR DOC OR "denomination origine controlle" OR "denominazione di origine controllata" OR AOC OR "Appellation d’origine contrôlée" OR emblem*))

	Elements of living systems that have sacred or religious meaning
	3.2.1.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (wedding* OR yoga OR meditation OR retreat OR spiritual OR sacred OR religious OR religion OR "mother earth" OR inspiration))

	Elements of living systems used for entertainment or representation
	3.2.1.3
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (wedding* OR entertainment OR "bachel* part*" OR "winery tour" OR "wine tasting" OR concert OR theater OR music OR movie* OR "film festival" OR festival OR "harvest festival" OR contest OR "vintage festival" OR "wine queen" OR "wine event*" OR tourism OR agritourism OR agrotourism OR "wine cave" OR "wine tourism" OR "wine tour*" OR visit OR "day trip"))

	Characteristics or features of living systems that have an existence value
	3.2.2.1
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND (view OR "land use" OR "option value" OR existence OR "nature conservation" OR landscape))

	Characteristics or features of living systems that have an option or bequest value
	3.2.2.2
	((vineyard OR viticulture OR "grape* grow*" OR wine*) AND ("climat* change*" OR "global change" OR "environmental change" OR "climat* warm*" OR "global warm*" OR "temperature rise" OR "extreme event*" OR "extreme weather" OR "greenhouse gas*" OR "global emissions") AND (winemaker* OR winegrower* OR farmer* OR producer* OR vintner*) AND ("family farming" OR "family winery" OR "inter-generational" OR stewardship OR "land ethic" OR bequest))




Table S3: inclusion and exclusion criteria used during the paper selection. The focus of the articles to be excluded were defined by the authors while screening the titles, abstracts, and keywords of the papers in our sample.
	Inclusion criteria

	(1) Article published in a peer-reviewed journal
(2) Paper type is research article or review
(3) Article’s language is English
(4) Focus on past, present, or future conditions
(5) Focus on vineyard landscapes
(6) Papers that study, in both a qualitative or a quantitative perspective, with or without the support of specific data, and including significant and non-significant correlations from empirical studies either: the relationships between climate change and ecosystem conditions; or the relationships between ecosystem conditions and ecosystem services; or the relationship between climate change, ecosystem conditions and ecosystem services.

	Exclusion criteria

	(1) Focus only on theoretical methodological approaches/technologies/frameworks not explicitly including the relationships from inclusion criteria (6)
(2) Focus on sustainability/energy/waste/economic assessments (life cycle assessment, SWOT, GHG emissions, energy requirements and production, water, firm performance, waste management) not explicitly including the relationships from inclusion criteria (6)
(3) Focus on oenology, berry composition, sensorial profile of wines, analysis of vine genotype, characteristics and specific physiological traits, effects of abandonment on vine and vineyard, experiments performed in mesocosms without any results measured in situ, in vitro/laboratory analysis
(4) Focus on policy, conceptual frameworks, vulnerability, adaptive capacity, adaptation strategies(5) Study focus is not on vineyard landscapes, or it is neither on a relevant ecosystem condition nor on a relevant ecosystem service for VL




Table S4: options used to answer the structured questions of our review.
	Question Id
	Options for answer

	Q1
	Type of article:
· Research paper
· Model = a method based on a numerical model to analyse VLs.
· Field experiment = an experiment that include the manipulation of some field conditions.
· Field observation = a method based on in situ observations.
· Questionnaire = a method that include the compilation of a survey.
· Review
· Literature review = a review of the available literature on a certain field.

	Q2
	· Local = study focuses at big geographical scale including one or a few vineyard plots nearby.
· Regional = study focuses on a larger number of vineyard plots in the same region, or on vineyard plots in different regions from the same country, or it includes a whole viticultural region.
· National = study focuses on the different vineyard regions in a country.
· Transnational = study focuses on very small geographical scale or it includes plots from different countries.
· NA = used for review papers.

	Q3
	· Observed = study focuses on observed features of the analysed phenomenon.
· Future = study includes future projection of the analysed phenomenon.
· NA = used for review papers.

	Q4
	· Yes = the study included only ecosystem conditions  ecosystem services links.
· No = the study included climate change ecosystem conditions, or a climate change  ecosystem conditions  ecosystem services links.

	Q5
	· Yes = the study included climate change ecosystem conditions, or a climate change  ecosystem conditions  ecosystem services links.
· No = the study included only ecosystem conditions  ecosystem services links.

	Q6
	The list of disciplines involved in the study of ecosystem conditions and services that were included in this study is provided in Table S6.

	Q7
	The list of disciplines involved in the study of climate change variables that were included in this study is provided in Table S6.

	Q8
	The list of normalized ecosystem conditions considered in this study is provided in Table S5.

	Q9
	The list of ecosystem services considered in this study is provided in Table S2.

	Q10
	The ecosystem conditions  ecosystem services links studied in our sample are presented in Figure 4.

	Q11
	The general climate change effects considered in this study are related to temperature, precipitation, CO2 concentration or extreme events (as defined in the study).

	Q12
	The climate change ecosystem conditions, or climate change  ecosystem conditions  ecosystem services links are presented in Figure 4.




[bookmark: _Toc31266274]Table S5: ecosystem conditions classes considered in this review. To determine the ecosystem conditions studied in each article, we analysed the paper listing the cropland agroecosystem conditions as defined by the framework developed for the mapping and assessment of ecosystem and their services (MAES) (Maes et al. 2018). Specific ecosystem conditions related to vineyard landscapes found during the screening of the articles, e.g., vine variety and vine pruning technique, were added to the list of ecosystem conditions addressed. We grouped ecosystem conditions into homogeneous classes to reconcile different terminologies used to describe the same ecosystem conditions in different fields and to simplify the integration of knowledge with respect to climate change and ecosystem services.
	Ecosystem conditions from single papers
	Normalized classes

	Degree of bird functional diversity
	Animals and fungi

	Host density
	

	Presence of pests
	

	Presence of A. Pseudococci
	

	Presence of arbuscular mycorrhiza
	

	Presence of arthropods
	

	Presence of bats
	

	Presence of birds
	

	Presence of C. Montrouzieri
	

	Presence of carabids
	

	Presence of H. Dimidiatus
	

	Presence of diseases
	

	Presence of dominant invasive predator 
	

	Presence of fungi
	

	Presence of insects
	

	Presence of L. Abnormis
	

	Presence of L. Botrana
	

	Presence of E. Ambiguella
	

	Presence of natural enemies
	

	Presence of spiders
	

	Suitability for grape growing
	Climatic suitability

	Suitability for viticulture
	

	Degree of berries growth
	Gross primary production

	Grapevine vigor
	

	Presence of buds
	

	Status of buds and trunk development
	

	Status of vegetative development
	

	Quantity of biomass
	

	Presence of bare inter-rows
	Ground cover

	Presence of biochar
	

	Presence of compost
	

	Presence of cover crops in inter-row space
	

	Diversely structured inter-row vegetation
	

	Diversity of cover crops
	

	Extensive inter-row management
	

	Availability of floral resources in inter-rows
	

	Presence of flower driven cover crop
	

	Presence of grass cover
	

	Presence of green cover crop
	

	Ground cover diversity
	

	Presence of inter-row grass cover
	

	Presence of inter-row herbaceous cover
	

	Presence of mulched P. Tanacetifolia and ryegrass
	

	Presence of mulch
	

	Presence of native cover crop
	

	Presence of native ground vegetation
	

	Presence of natural green cover
	

	Presence of amendment
	

	Presence of compost
	

	Presence of cover crops
	

	Presence of extensive inter-row vegetation
	

	Presence of sediment barriers
	

	Use of service crops
	

	Presence of tilled inter-rows
	

	Presence of spontaneous cover crop
	

	Presence of heat stress
	Heat and water stress

	Presence of water stress
	

	Increase of artificial areas
	Landscape composition

	Diversity of agricultural crops
	

	Land cover diversity
	

	Land cover heterogeneity
	

	Land cover type
	

	Land use change 
	

	Landscape complexity
	

	Landscape diversity
	

	Landscape fragmentation
	

	Land use changed to hay crop
	

	Land use changed to grassed vineyard
	

	Land use changed to pasture
	

	Land use changed to semi-natural system
	

	Land use changed to tilled vineyard
	

	Presence of natural habitat
	

	Presence of oak woodland
	

	Presence of other agricultural areas
	

	Presence of remnant vegetation patches
	

	Presence of riparian zones
	

	Presence of semi-natural habitat
	

	Presence of shrub
	

	Presence of vineyards
	

	Presence of wildlands
	

	Presence of woodlands
	

	Proportion of vineyard
	

	Presence of wetlands
	

	Presence of agroecosystem traditional traits
	Local scale habitat conditions

	Forage availability
	

	Presence of grass cover in specific vineyard areas
	

	Grass height
	

	Presence of habitat for natural enemies
	

	Habitat heterogeneity
	

	Presence of flowers strips
	

	Presence of hedgerows and vegetation strips
	

	Length of hedgerows
	

	Presence of native buckwheat strips
	

	Presence of native habitat
	

	Presence of ecological infrastructure in vineyards
	

	Presence of nest site for birds
	

	Presence of oak trees 
	

	Presence solitary trees
	

	Vineyard block design
	

	Use of agroforestry practices
	Management regime

	Degree of crop productivity
	

	Use of irrigation
	

	Use of nitrogen fertilization
	

	Use of conventional farming
	

	Adoption of organic farming
	

	Presence of organic vineyards
	

	Copper transport
	Nutrients and metals

	Nitrogen availability
	

	Presence of nitrates
	

	Nitrogen deposition
	

	Nitrogen transport
	

	Nutrient competition
	

	Phosphorus transport
	

	Degree of herbicide use
	Pesticide use

	Degree of pesticide application
	

	Reduction of fungicide application
	

	Reduction of pesticide application 
	

	Growing season length
	Phenology

	Length of phenological stages
	

	Degree of vegetative growth
	

	Type of canopy management
	Vine pruning

	Use of minimal pruning
	

	Use of vertical shoot
	

	Use of local vine varieties
	Vine variety

	Use of optimal vine variety
	

	Presence of suitable vine varieties
	

	Type of vine variety
	

	Use of soil amendment
	Vineyard soil

	Soil depth
	

	Soil erosion
	

	Soil organic carbon
	

	Soil respiration
	

	Soil structure
	

	Soil water availability
	

	Soil water content
	

	Degree of evapotranspiration
	Water availability

	Water availability
	

	Water evaporation
	




Table S6: classes used to define the disciplines of the articles and links in our review. We studied the disciplines that considered ecosystem conditions and services based on the research areas defined for the publishing journals included in our sample. We did this analysing the disciplines defined for each article, that were also used to classify the single links between ecosystem services and ecosystem conditions found in the paper. If an article was assigned more disciplines, we considered all of them. To select the disciplines’ classes, we adapted the classification used by Scopus. We did this after checking the consistency between the disciplines assigned by Scopus and Web of Science to the publishing journals included in this review.
	Disciplines

	Agricultural and Biological Sciences

	Biochemistry, Genetics and Molecular Biology

	Business, Management and Accounting

	Earth and Planetary Sciences

	Economics, Econometrics and Finance

	Energy

	Environmental Sciences

	Neuroscience

	Medicine

	Social Sciences

	Chemistry

	Materials Sciences

	Engineering

	Multidisciplinary



Table S7: representation of the share (%) of how much the relationship between ecosystem condition, ecosystem service or climate change variables were studied in: (a) figure 4a, (b) figure 4b and (c) figure 4c.[image: Table
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Figure S1: flow diagram representing the use of the preferred reporting items for systematic reviews and meta-analyses (adapted from Moher et al. (2009), CC BY 4.0) for the selection of the peer-reviewed literature in this review. For each step, we report the number of papers analysed and those excluded. We excluded from our review duplicated papers and papers not matching with our inclusion criteria (table S3).
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Figure S2: frequency in the consideration of climate change attributes, ecosystem conditions and ecosystem services in articles that included: (a,b) ecosystem conditionsecosystem services links; (c,d) climate changeecosystem conditions links; (e,f,g) climate changeecosystem conditionsecosystem services links.


Figure S3: temporal perspective on the disciplines of the papers of our sample.
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Figure S4: Sankey diagrams representing: (a) the ecosystem conditions  ecosystem services links; (b) climate change  ecosystem conditions links; (c) climate change  ecosystem conditions  ecosystem services links retrieved in our review. The thickness of the lines is proportional to the total number of links. The percentages in the diagram represent the share of how much the single links’ components and their relationships were studied (see also supplementary table S7). Percentages have been rounded and may not equal 100%.
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