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Approaches to Climate Change Mitigation in Viticulture

Genetics    x   Environment  x    Management
ȞWild Vitis species (rootstock,

disease & abiotic stress

adaptation)

ȞCultivar & clonal diversity (e.g.,

Chardonnay,Pinotnoir)

ȞClimate

ȞWater availability

ȞPest& disease

ȞSmokeexposure

ȞCultivarchoice

ȞPlanting

ȞPruning

ȞCanopymanagement

ȞIrrigation

ȞMitigationtactics





Opportunities to Address Challenges in Viticulture

I. Impacts of Climate Variability &  Extremes on Grape Quality

II. Relationships Between Yield & Quality

III. Regenerative practices & Climate Extreme Mitigation 

IV. Realtime Risk Assessments for Viticultural Decision Making
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I. Impacts of Climate Variability &  Extremes on Grape Quality

II. Impacts on Yield & Quality Relationships 
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Conclusions and Future Work

Abstract

Introduction

Climate change is shifting the timing and conditions of wine grape berry ripening, 
impacting development and composition. Extreme heat during ripening can alter 

the nuanced balance of sugar accumulation, acid degradation, and aromatic 
potential in berries. These elements are of particular importance for white wine 

grape cultivars, despite much less work focusing on climate impacts on white 
wine quality. In order to assess the relationship between climate and Chardonnay 

berry composition, we tracked the development of primary metabolites and 
aromatic precursors over ripening in 22 different vineyards, spanning diverse 

micro-climates in the North Coast wine regions. On-site weather stations, within-
canopy temperature sensors, and stable isotope analysis (δ¹³C) provided insights 
into ripening conditions. To assess the aromatic precursors, we are using High-

performance Liquid Chromatography-Quadrupole Time-of-Flight mass 
spectrometry (HPLC-QTOF MS). Preliminary results indicate differences in 

accumulation between skin and pulp. Future work will apply these findings to the 
modification of current suitability indices (i.e. Winkler Index) using finer scale 

microclimatic data and additional quality parameters to inform cultivar selection 
for future climate resilience.

Winegrape production is extremely sensitive to climate—hotter 
ripening conditions often lead to rapid sugar accumulation, which 
may not be matched by aroma or phenolic development, or by the 

retention of acidity. 

Acidity contributes to the taste, balance, and mouthfeel of wine, and 
extreme heat can decouple sugar accumulation from acid 

degradation. 

Aromatic potential is also important for white wine quality, though 
the relationship between aroma development and climate is not well 
understood. Prior to fermentation, many volatile aroma compounds 
are stored as glycosides—sugar-bound precursors that release aroma 

through enzymatic or acid hydrolysis. While recent analytical 
advances have expanded our understanding of these compounds, it 

remains unclear how warmer ripening conditions may affect 
aromatic potential.

Chardonnay is California’s most widely planted variety, representing 
43% of tons crushed in 2023. Both acidity and aroma are critical for 

the fresh, vibrant qualities consumers expect from these wines. 

Methods
ÅField work: collected berry samples weekly from 22 vineyards in Napa and 

Sonoma counties (Figure 1) from 10 brix until harvest in 

ÅClimate data: accessed onsite weather stations and PRISM Group remotely 
sensed weather observations and installed within canopy temperature sensors

ÅGrape analysis:
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Initial Compound Identification

Formula Compound Mass Compound Class Tissues Present

C17 H32 O10 1-Hexanol pentosyl-hexoside 396.1987 C6/C9 Compound skin

C15 H28 O11 Pentose-hexose-hydroxy-C8 384.1634 Aliphatic alcohol pulp/skin

C19 H28 O10 ɓ-Phenylethanol pentosyl-hexoside 416.1678 Benzenoid pulp/skin

C20 H30 O10 ɓ-Phenylethanol rhamnosyl-hexoside 430.1829 Benzenoid skin

C18 H26 O10 Benzyl alcohol pentosyl-hexoside 402.1523 Benzenoid pulp/skin

C22 H36 O12 Geranic acid hexosyl-hexoside 492.2200 Monoterpene skin

C21 H34 O11 Geranic acid pentosyl-hexoside 462.2094 Monoterpene skin

C21 H36 O11 Monoterpene-diol pentosyl-hexoside 464.2255 Monoterpene pulp/skin

C16 H26 O8 Hexose-dehydro-monoterpene-triol 346.1620 Monoterpene pulp/skin

C16 H30 O9 Hexose-dihydro-monoterpene-tetraol 366.1885 Monoterpene skin

C16 H30 O8 Hexose-dihydro-monoterpene-triol 350.1937 Monoterpene skin

C21 H38 O13 Pentose-hexose-dihydro-monoterpene-tetraol 498.2306 Monoterpene skin

C21 H38 O12 Pentose-hexose-dihydro-monoterpene-triol 482.2348 Monoterpene skin

C21 H36 O12 Pentose-hexose-monoterpene-triol 480.2182 Monoterpene skin

C25 H40 O11 3-Oxo-Ŭ-ionol/3-hydroxy-ɓ-damascenone rhamnosyl-hexoside 516.2562 Norisoprenoid skin

C24 H38 O11 3-Oxo-Ŭ-ionol/3-hydroxy-ɓ-damascene pentosyl-hexoside 502.2404 Norisoprenoid skin

C25 H40 O12 Vomifolio rhamnosyl-hexoside 532.2512 Norisoprenoid skin

C19 H30 O8 Vomifoliol hexoside 386.1935 Norisoprenoid pulp/skin

C24 H38 O12 Vomifoliol pentosyl-hexoside 518.2357 Norisoprenoid skin

C25 H42 O13 Hexose-hexose-norisoprenoid A 550.2617 Norisoprenoid skin

C19 H34 O9 Hexose-hydroxy-norisoprenoid B 406.2197 Norisoprenoid pulp/skin

C19 H32 O8 Hexose-norisoprenoid A 388.2094 Norisoprenoid skin

C19 H34 O8 Hexose-norisoprenoid B 390.2251 Norisoprenoid skin

C15 H28 O10 2-Butanol pentosyl hexoside 368.1676 Other skin

C16 H30 O10 3-Methyl-1-butano pentosyl-hexoside 382.1832 Other skin

C16 H28 O10 3-Methyl-2-buten-1-ol pentosyl-hexoside 380.1684 Other skin

C17 H26 O12 Furaneol pentosyl-hexoside 422.1420 Other skin

C14 H26 O10 Isopropyl-alcohol pentosyl-hexoside 354.1518 Other skin

Figure 3. Comparison of Glycoside Compound Class Composition Between Grape Skin and Pulp Tissues
Compounds identified through UHPLC-quadrupole time-of-flight MS analysis following solid phase extraction. 

Compound database developed from Caffrey et al (2020) and Wei et al (2023). 
(A) Number of unique glycosides detected in each major compound class, separated by tissue type. (B) Relative 

proportion of glycoside compound class within each tissue. 

  

Objectives

ÅInvestigate variation in Chardonnay berry composition during ripening across a 
climatic gradient in California’s North Coast

ÅDescribe the aromatic potential of Chardonnay and demonstrate differences in 
composition and accumulation between skin and pulp

ÅExtend to ongoing work in the Forrestel Lab to modernize the Winkler Index 
and assess growing seasons beyond traditional growing degree day models

ÅTracked primary chemistry (brix, TA, pH, malic acid, glucose + fructose)
ÅMeasured carbon-13 isotope ratio (δ¹³C) as a proxy for seasonal water status.
ÅIn process: using HPLC-QTOF MS for glycosidically bound aroma precursors 

and HPLC for flavonols 

Table 1. Glycosidic Compound Identified in Grape Skin and Pulp Tissues
List of compounds identified through UHPLC-quadrupole time-of-flight MS analysis following solid phase extraction. 

Glycosides were extracted from cryo-ground grape skin and pulp using solid-phase extraction (SPE), without 
hydrolysis, allowing identification of intact glycosidically bound compounds. Putative identifications were done in 

Agilent MassHunter Qualitative Analysis using  feature discovery and a compound database developed from Caffrey 
et al (2020) and Wei et al (2023). 

  

Figure 3.  2024 Growing Season Summaries. (A) δC13 as a function of cumulative VPD (Vapor Pressure Deficit, 
kPa) from April 1st to date of harvest (September). δC13 values measured by combustion analysis of pulp samples 
by the UC Davis Stable Isotope Facility.  (B) Cumulative growing degree days over the 2024 growing season (April 

1st to October 31st).  Each line represents a study vineyard, grouped by color by sub-region. Daily VPD and 
temperature data accessed from the PRISM Climate Group. 

  

Figure 2.  Berry Ripening Across Study Vineyards. Each line represents one vineyard and each point represents a 
sample. Analysis conducted at ETS Labs in St. Helena. 

  

Figure 1. Study sites and spatial distribution of growing degree day accumulation in Napa and Sonoma Counties. 
Locations of study sties indicated with white points. Degree days calculated with a base temperature of 10 C 

from April 1st to October 31st. 
  

ÅWe leveraged the wide variety of micro-climates in the North Coast to create a 
climate gradient across study sites. 

ÅδC13 is a useful indicator of plant water status, as some of the variation in isotope 
discrimination could be explained by cumulative VPD.

Å Preliminary berry analysis reveals that skin tissue exhibits greater diversity of 
glycosidically bound compounds, driven by abundance of monoterpenes and 

norisoprenoids compared to pulp. 

Future Work: 
ÅContinue analysis for glycoside accumulation and begin HPLC analysis for 

flavonols across ripening stages throughout our climate gradient in 2024
ÅRepeat data collection and analysis in summer/fall of 2025

Å Apply findings to develop models of berry development in relation to climate and 
inform cultivar-region matching under climate change



III. Regenerative practices & Climate Extreme Mitigation 



Longterm Trials of Till v. No-till:  Dominus Estate, Napa Valley 

Tilled in Spring

No-till (mowed)



III. Regenerative practices & Climate Extreme Mitigation 

ȞNo Till: 44.6  C

ȞTill: 47.6 C

Avg. of 3 deg. C difference between till and no-till; 

and 1.5 deg. C difference between canopies. 

Till v. No-till Trial at Dominus Estate: Scaling Up

ȞNo Till: 46.4  C

ȞTill: 48.5 C
ȞNo Till: 46.01  C

ȞTill: 49.07 C

N, Bambach et al. 



IV. Realtime Risk Assessments for Viticultural Decision Making

Cold Snaps/Spring Frost Drought/Floods Wildfires Heatwaves 
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Can we use spectral data to infer berry chemical properties?  

Ȟ23 cultivars

ȞTwo seasons

ȞPrimary chemistry 

ȞLeaf & berry spectra

ȞPhenolics (Anthocyanins)
Wong et al. 2025



Can we use leaf-level spectral data to infer berry chemical 

properties?  

Wong et al. 2025

Yes, but there are many challengesȟ

ȞCultivar specific properties

ȞTiming of sampling 

Ȟ (phenology & diurnal)

ȞCovarying stresses



Can we use spectral data to infer berry chemical properties?  

Basquetteet al. in prep



Predicting Smoke Impacts on Fruit from Spectral Data

Percent Difference form Control in Berry Spectra

August Sampling September Sampling
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