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Talk Outline

" Climate Influences, Risks, and Challenges on
Wine Production

" Climate Structure and Suitability for Quality
Wine Production

" General Overview of Climate Change
Impacts on Wine Production

" Climate Change Observations and
Projections for Global Wlne Regl.gns




Climate Influences, Risks, and Challenges

Weather and Climate present three distinct spatial and
temporal scales of influences and risks to viticulture and
wine production:

» Individual Weather Events (short-term/localized)

— Hail, frost/freezes, heavy rain, etc. Crop Risk
= Climate Variability (seasonal-decadal/regionalized) PrOdUCt.Ion
— Dry or wet & warm or cold periods & Quality
Variability

= Climate Structure/Change (Iong-term/regionaI-global)
— Average temperatures, rainfall regimes L{ ﬂ‘y
— Warming, cooling, changes in{moisw%@f” Y
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Climate Structure and Suitability




Variety-Climate Thresholds

Too Cold
Threshold
Lower sugar levels,

Too Warm
Threshold
Lower retention of acids,

7 Unripe flavors, Overripe flavors,

‘:’ Unbalanced Unbalanced
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= All varieties have
inherent climatic
thresholds for optimum
quality and production
characteristics

= Pinot Noir exhibits one of
the most narrow climatic
niches for premium
quality production

" From what we know
about today’s Pinot Noir
regions, growing season
average temperatures
range from ~14-16°C, or
~ a 2°C climatic niche

Jones, 2006 ¥

Grapevin

e Climate/Maturity Groupings

- Cool

- Intermediate = d——\Narm

> & Hot

Average Growing Season Temperature (NH Apr-Oct; SH Oct-Apr)

13-15°C 15 - 17°C 17 - 19°C 19 - 24°C
; Mulle_r—Thur_gau Russian
Pinot Gris )
Gewurziramingr River
| Ridsling ,
Pindt Noir 22272 |

/l Chardonay N\ |
Tamar Sauvignon Elanc
Semillon

Va”ey Cabernet Franc

Tempranillo

Dolcetto

Merot
Malbec
Viognier
Burgundy Syrah .
—_— | Table grapes
Cabernet Sauvignon
Sangiovese
[ Grenache |
Carignane
Zinfandel
Nebbiolo
| Raisins

! Length of retangle indicates the estirmated span of ripening for that varietal



Grenache Climates Worldwide
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Climate Change — Observations




Climate Change Effects on Viticulture/Wine

= Changes in average climate structure and variability
= Warmer and longer growing seasons
= Warmer dormant periods

= Reduced frost damage (in some areas)
= Altered ripening profiles

= Earlier phenology (plant growth events)
= Altered/new disease/pest timing and severity -‘
= Changes in soil fertility and erosion

= CO, fertilization ... but wine effects? ’S.... S

= \Water avallab|I|ty and tlmlng of |rx4g,.t| n
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Observed Changes across the Globe

27 Wine Regions over 1950-2000

= Average growing season warming of 1.3°C

= Average dormant season warming of 1.4°C

= 18 of 27 regions showed increased variability (I* variance)

= Warming trends are more significant and of greater magnitude
in the N. Hemisphere vs. S. Hemisphere
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Observed Changes in Europe
1950-2004

= Growing Season Temperatures +1.7°C

Reims *Geisenheim

LLEGEELIEE = Driven by changes in minimum not

Aloxe-Corton **Colmar e

*

oo maximum temperatures

Angers .
Bordeaux 4 '© Conegliano

= Decline in the # of days below freezing
in all seasons (6-32 days)

= Earlier last spring frost (9-38 days)
= Later first fall frost (4-18 days)
= Longer frost-free period (13-41 days)

= Annual and seasonal precipitation
levels are highly variable (no trends)

earlier 11 days 15 days earlier ™ Phenology relatlonshlps over numerou%
earlier earlier varletles and Igcé\t C -
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Observed Changes in the Rhine Valley, Germany

g " Hohe lein-
’,:‘ f . '91

Tauﬁusshln
4 I-yambach

S i coe

-

A sﬁ‘ff P
o W o
>,

&P

y

4
4

Huglin-
Index

2300 Warm
2200 Climate
2100 Varieties
2000

1900

1800

1700 Goof
1600 Climate
1500 Varieties



Observed Harvest Dates in the Rhine Valley
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Composition Changes in the Mosel Valley

Must density (Oe)

Fig. 11 Time senies of must density (red) and acidity {green) with linear trends of the Riesling vine.
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Observed Elevational Changes in Burgundy
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Climate Change — The Future




Global Viticulture Zones

Growing Season Average Temperature Isotherms (12-22°C)
Northern Hemisphere (Apr-Oct); Southern Hemisphere (Oct-Apr)

Growing Season
Isotherms

. Wine Regions )
2000

A ) z2100




Grenache Climates Worldwide +2°C

’ April-October
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Grenache Climates in Europe +2°C

‘| Growing Season (Apr-Oct) I Area Too Warm > 20.0°C
= Average Temperatures Bl Warmer but still suitable LIy Peir .
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Predicted Changes across the Globe

27 Wine Regions for 2000-2050
= All regions show growing season warming with trends ranging 0.2-
0.6°C per decade and an average warming of 2.0°C/50 years

= South Africa lowest (0.9°C/ 50y), Iberia the highest 2.8°C/ 50y)
= 20 of 27 regions showed increased variability (* variance)

N.H. (2.1°C/50 years) > S.H. (1.7°C/50 years)
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Predicted Changes in the Rhine Valley, Germany
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B 224C
| []<13°C/>24°C/No Data

Mean Growing Season Temperature Projections in
e T £ Spatial Changes in
Suitable Zones for
Australian Wine
Regions

Cool climate suitability

Intermediate climate suitability

Hot climate suitability

1 Oct - 30 Apr 2050

Very Hot climate suitability
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Temporal & Spatial Changes in Growing Degree-Days
1971-2000

Walla Walla

Winkler Regions (GrDD)
:] Too Cold or Too Hot
I Region | (2,000 - 2,500)
[ Region Il (2,500 - 3,000)
[ Region 1l (3,000 - 3,500)
I Region IV (3,500 - 4,000)
I Region V (4,000 - 5,000)
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Temporal & Spatial Changes in Growing Degree-Days

1971-2000
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... Burgundy’s past and
projected future climate
change ...

= Growing season
temperatures from 1955-
1980 where on average
like the coldest years
during 1980-2005

= Growing season
temperatures in 2005-
2030 are projected to be
like the warmest of years
during 1980-2005

= |s 2003 an analog of
future average or
extreme conditions?

j ¥ % -

Jones, 2006 ol
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Grapevine Climate/Maturity Groupings
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Average Growing Season Temperature (NH Apr-Oct; SH Oct-Apr)

13-15°C 15 -17°C 17 -19°C 19 - 24°C
i Muller—ThLirgau
Pinot dris _— 1955-1980
Gewurzframingr
Ridsiing — 1980-2005
Pingt Noir ,
haTioNay e 2005-2030
Sauvjgnon Blanc
Semillon

Cabernet Franc

Tempranillo

Dolcetto

Merot
Malbec
Viognier
Burgundy Syrah .
1 | Table grapes
[ | Cabernet Sauvignon
Sangiovese
Grenache
Carignane
Zinfandel
Nebbiolo
| Raisins |
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Overview and Potential Implications

= Wine production is a climatically sensitive endeavor

= Narrow zones provide the most optimum quality and
production characteristics

" As such the industry incurs greater risk from climate
variations and change than other broadacre crops

Climate Structure and Suitability

= We still have an incomplete picture of global structure and
suitability for all varieties

= We have a better understanding of cool climate
thresholds, however much uncertainty exists in the upper
limit thresholds of most varieties g s




Overview and Potential Implications

Climate Variability

= Wine region climate variability plays a dominant role in
production and quality variations, and therefore strongly
influences economic risk

= Climate variability in the majority of wine regions has been
more pronounced in the last 15-20 years and models
project continued increases in variability, bringing further
risk on top of the average changes in climate




Overview and Potential Implications

Climate Change

= Observed warming is evident, some benefits and
opportunities, but negative impacts have occurred

" Continued warming is likely for the planet as a whole

= Meta-Analysis indicates a ~1.5-2.5°C warming in wine
regions globally by 2050, but uncertainties exist




Risk and Adaptive Capacity/Strategies

= Growers/Producers continually undergo tactical and
strategic changes to climatic conditions, but not in
isolation

= Growers/Producers operate in a multi-risk
environment (climate, markets, policy) and the status
of adaptation determines future vulnerabilities

=" The gradual nature of climate change should provide
growers/producers sufficient time to develop/utilize
adaptation strategies to enhance sustainability

= However, research/innovation/technology transfer

must be done to minimize vulnerability and maxwgrlze
adaptive capacity g T &} %




Important Areas of Research

Physical Science
= Understanding cultivar suitability and adaptability
= Carbon source/sink issues (FACE, etc)
= Traditional plant breeding and genetics
" Vineyard management adjustments
= Winery processing, fermentation, etc

Social Science
= Cultural vulnerability and adaptability to change

= Economic sustainability
= Market issues, brand recognition and |ts ada tabili & #
RN v 2y W h&o
cap anc ;rad regulation, e

yu.

= Carbon issues .
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Quality Wine Production results from the
balance of four ripeness clocks running
simultaneously but at different rates: . .

Xylem flow ceases
/ Phloem

( Enguptment )

- F .
. Sugar accumulation Xylem ra”c”c’ira .
= Acid respiration L™ 00,,
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= Phenolic ripeness §
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Climate Influences on Vine Growth,

Harvest

Bud Break

Flowering

Productivity, and Quality

Véraison

Harvest

4
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hardening of effects of daytime heat temperature
vines, soil/air maximum accumulation, range,
sufficient temperature temperatures, low truncation of |
chilling units, and day high solar temperature season, day..
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Uncertainties and Likely Issues

Climate Change uncertainty issues include:

= Climate system sensitivity

= Emission scenario (already at upper end)

= Changes in extremes (" frost, heat, precipitation, etc)
= Variability in the climate system (T~ 1)

For Many Wine Regions the major issues will be:
= Warming at night, during the day or both? (+/-)
= Coastal zone cooling versus inland warming? (+/-)
= Water for irrigation and/or its seasonal availability

= What effect will population growth, Iand use chan,%s aml
continued |rr|gat|on use have? e
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