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Climate change is here…to stay

IPCC 6TH ASSESSMENT REPORT 

Observed increases in areas burned by wildfires have been attributed to human-induced climate change (…)
– AR6 WGII – B1.1

Many changes due to past and future greenhouse gas emissions are irreversible for centuries to millennia (…)
AR6 WGI – B.5
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Wildfires are progressing faster than prevention measures

IMPACT OF HUMAN-INDUCED LANDSCAPE CHANGE ON GLOBAL FIRES

2001-2014 yearly change in burnt area due to combined effects of human igniDons, acDve suppression, and
land fragmentaDon from agriculture - © 2022 United NaDons Environment Programme
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Wildfires are progressing faster than prevention measures

THE MEDITERRANEAN HOTSPOT
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Wildfires are progressing faster than prevention measures

DÃO, CENTRAL PORTUGAL,  AUGUST 2017

Veraison 2016 Veraison 2018
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Wildfires are progressing faster than prevention measures

DÃO, CENTRAL PORTUGAL,  AUGUST 2017

Lost 30 ha of vineyards (60%) and 1 weather 
station in less than 15 minutes, but…
…no smoke taint detected in wines.
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Climate indicators point towards increased risk in the future

MED-GOLD SHOWS INEXORABLE TREND IN IBERIA
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How do wines get «smoked»?

KEY DISCOVERIES IN SMOKE TAINT RESEARCH

Härtl & Schwab, Wines & Vines 2018

glucoside
glucose-glucosides
pentose-glucosides

rutinosides
trisaccharides

+

Kennison et al., 2007, 2008, 2009
Hayasaka et al., 2010
Caffrey et al.., 2019

Acid hydrolysis
EnzymaDc hydrolysis
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How do wines get «smoked»?

KEY DISCOVERIES IN SMOKE TAINT RESEARCH

DURATION
TIMING

ACCUMULATION

Kennison et al., 2007, 2008, 2009

HYDROLYSIS
• ACID ++

• ENZYMATIC +

Hayasaka et al., 2010

NO TRANSLOCATION
GLYCOSYLATION

ACID HYDROLYSIS OR 
MATRIX CHANGES?

Singh et al., 2011
Ristic et al., 2017

EXTRACTION 
FROM SKINS

Kennison et al., 2008

ENZYMATIC HYDROLYSIS WITH SALIVA
COMPLEX COMPOUND INTERACTIONS

Mayr et al., 2014
Caffrey et al.., 2019
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Cu>ing down on smoke

METHODS TO MINIMIZE THE NEGATIVE IMPACTS OF SMOKE
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Cutting down on smoke
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Cutting down on smoke

METHODS TO MINIMIZE THE NEGATIVE IMPACTS OF SMOKE
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In wine, there may be smoke without fire…

OTHER SOURCES OF SMOKE TAINT MARKERS

GRAPE
• Guaiacol

OAK
• Guaiacol
• Methyl-

guaiacol

SMOKE
• Guaiacol
• Methyl-

guaiacol

Pollnitz et al., 2004
Wilkinson et al., 2011
Culbert et al., 2020

Merlot
Tempranillo / Aragonez
Grenache / Garnacha
Syrah / Shiraz

Baseline databases are needed!
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Cu>ing down on smoke

NO SILVER BULLET!

Wildfire
unpredicatbility

Complexity of 
smoke

COMBINED-
APPROACH 

CUSTOMIZED 
SOLUTIONS

Unknowns
• Smoke entry
• Smoke compounds

Vineyard prevention

Forecasting
Kaolin / Biofilm?
Remote sensing

Winery prevention

Minimize skin 
contact
Enhance varietal 
flavor

Oak

Post-production

Blending
Activated carbon
Cyclodextrin
polymers?
Reverse osmosis?

Forest fuel 
management

Accessibility for 
management and

emergency

Weather risk 
monitoring and

warnings

Safety distance
between forest and

vineyard

Wildfire
prevention
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Clearing the smoke

CONCLUSIONS AND TAKE-HOME

WHEN ALL ELSE FAILS

Insurance / Distillation

REDUCE CONCENTRATIONS

Carbon fining / RO Blend / Yeast / Oak

DECREASE UPTAKE

Agricultural biofilms Cold soak / Limited maceration

AVOID WILDFIRES

Adequate forest managent Keep safe distance
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BREAKING NEWS!

BASELINE DATABASES

SyGG MSyGG PhRG CrRG GuRG MGuRG MeGu Gu m -Cres MeSyr o -Cres p -Cres Syr SyGG MSyGG PhRG CrRG GuRG MGuRG MeGu Gu m -Cres MeSyr o -Cres p -Cres Syr
Median 1.7 0.4 0.5 1.3 0.5 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Median 0.5 0.4 0.1 0.8 0.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
95% CI for 
median

1.4–2.1 0.4–0.5 0.3–0.7 1.1–1.5 0.5–0.6 0.6–1.1 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 95% CI for 
median

0.4–0.6 0.3–0.4 0.1–0.2 0.7–1.0 0.1–0.1 0.5–0.8 n.a. n.a. n.a. n.a. n.a. n.a. n.a.

IQR 1.4 0.3 0.7 0.8 0.3 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 IQR 0.5 0.3 0.1 0.6 0.1 0.5 0.0 0.0 0.0 0.0 0.6 0.0 0.0
Maximum 7.9 1.3 2.6 3.6 2.3 4.0 0.0 2.9 1.0 0.0 2.8 0.0 0.0 Maximum 1.4 1.7 0.5 2.6 0.3 1.5 0.7 1.0 0.1 0.2 3.4 0.1 0.5
99th 
percentile

7.6 1.1 2.5 3.6 2.2 3.9 1.0 2.9 1.0 2.0 2.8 1.0 2.0 99th 
percentile

1.3 1.7 1.0 2.4 1.0 1.5 1.0 1.0 1.0 2.0 3.3 1.0 2.0

Median 2.4 0.4 0.6 2.2 0.7 0.6 0.2 0.6 0.1 0.3 1.0 0.1 0.3 Median 0.1 0.4 0.1 0.6 0.1 0.2 0.2 0.5 0.1 0.1 1.1 0.1 0.2
95% CI for 
median

2.0–2.9 0.3–0.5 0.5–0.8 1.7–2.6 0.5–0.8 0.4–0.7 0.2–0.2 0.5–0.8 0.1–0.1 0.2–0.3 0.9–1.2 0.1–0.1 0.3–0.4 95% CI for 
median

0.1–0.1 0.3–0.4 0.1–0.2 0.5–0.7 0.5–0.7 0.1–0.1 0.2–0.3 0.3–0.5 0.1–0.1 0.1–0.1 0.9–1.2 0.0–0.1 0.2–0.3

IQR 2.4 0.2 0.6 1.5 0.4 0.4 0.2 0.6 0.0 0.3 0.5 0.1 0.3 IQR 0.1 0.2 0.1 0.4 0.1 0.1 0.1 0.4 0.0 0.1 0.6 0.0 0.2
Maximum 7.1 0.8 2.7 4.7 1.8 1.0 0.9 2.4 0.2 0.9 2.1 0.3 1.3 Maximum 0.3 0.9 0.6 1.6 0.3 0.7 0.8 1.3 0.2 0.4 2.1 0.2 1.0
99th 
percentile

7.0 1.0 2.4 4.7 1.8 1.0 1.0 2.0 1.0 2.0 2.0 1.0 2.0 99th 
percentile

1.0 1.0 1.0 1.6 1.0 1.0 1.0 1.2 1.0 2.0 2.1 1.0 2.0

Median 2.8 0.2 0.5 2.5 0.5 1.9 0.4 1.3 0.1 0.1 0.8 0.1 0.3 Median 0.6 0.3 0.2 1.2 0.2 0.4 0.0 0.0 0.0 0.0 0.1 0.0 0.0
95% CI for 
median

2.3–3.5 0.2–0.3 0.4–0.6 1.7–2.8 0.4–0.6 0.4–0.6 0.3–0.5 0.8–1.5 0.1–0.1 0.1–0.2 0.7–1.0 0.1–0.1 0.3–0.4 95% CI for 
median

0.2–0.9 0.3–0.4 0.2–0.3 1.0–1.5 0.1–0.2 0.1–0.2 n.a. n.a. n.a. n.a. 0.0–0.4 n.a. n.a.

IQR 1.7 0.2 0.3 1.2 0.3 1.5 0.2 0.8 0.1 0.1 0.4 0.1 0.2 IQR 1.1 0.2 0.1 0.9 0.2 0.4 0.1 0.4 0.1 0.1 0.8 0.0 0.1
Maximum 7.4 0.7 1.1 5.4 1.3 5.0 0.6 2.5 0.3 0.5 2.0 0.2 1.2 Maximum 3.8 0.6 0.5 3.8 0.7 1.5 0.3 1.3 0.2 0.3 2.0 0.1 0.5
99th 
percentile

7.3 1.0 1.1 5.0 1.3 4.7 1.0 2.4 1.0 2.0 1.9 1.0 2.0 99th 
percentile

3.6 1.0 1.0 3.6 1.0 1.5 1.0 1.3 1.0 2.0 1.8 1.0 2.0

Concentration (μg/kg)

Chardonn
ay (n  = 55)

Pinot Gris 
(n  = 53)

Riesling 
(n  = 38)

Cultivar VariableCultivar Variable Concentration (μg/kg)

Cabernet 
Sauvignon 
(n  = 44)

Grenache 
(n  = 44)

Mataro 
(n  = 25)

Coulter, A., Baldock, G., Parker, M., Hayasaka, Y., Francis, I. L., & Herderich, M. (2022). Concentration of smoke 
marker compounds in non-smoke-exposed grapes and wine in Australia. Australian Journal of Grape and Wine 
Research.
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BREAKING NEWS!

ACTIVATED CARBON IN VINEYARDS

Wilkinson, K. L., Ristic, R., Szeto, C., Capone, D. L., Yu, L., & Losic, D. (2022). Novel use of activated carbon fabric 
to mitigate smoke taint in grapes and wine. Australian Journal of Grape and Wine Research.
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