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Wine is a product of a specific region’s climatel@nvironment. Climate change is a
source of increasing sensitivity. This researcHyaea the perceptions of winegrape growers and
climate trends, which contribute to a better uni@deding of climate change impacts on
winegrape production and adaptation strategiesulBesre compiled from 12 winegrower
interviews and 34 web survey responses to questiortsop sensitivity to potential changes in
climate as well as current experiences and adaptato perceived changes to discover how
climate change is affecting this sector of agrio@twithin North Carolina’s distinct climate
environments. Web survey and interview responsesifspweather and climate as a very strong
element of risk. Excessive rainfall, hail, seveesather and late spring frosts are among the
greatest threats varying between regions and yaAdémost all respondents indicate
experiencing a change in extreme high temperatiitess majority of respondents who indicated
any concern for future climate change explaineganaions are in place because there is no
control over the weather, only adaptation. Clingdterns and trends are analyzed for the period
1982-2012, showing the southern mountain regi@xjeriencing a slight increase in August
mean maximum temperatures. Temperature trend $unggest that the central region of the state
is experiencing an overall increase in January nm@amum temperature. Boundaries suitable

for specific varieties have changed as increagngperatures expand zones of disease risk.
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CHAPTER 1: INTRODUCTION
1.1 Research Rationale

Crop production around the globe will be affectgccbanges in the Earth’s climate
system, increasing the vulnerability of many triaxhi&l agricultural systems. Viticulture and
wine production are particularly susceptible tongte change because microclimates and
macroclimates are vital factors for optimum produttand quality (Jones et al. 2010). Wine is a
geographically dependent product growing in specégions on the earth, each with distinctive
terroir, climate, culture, and harvesting practi®azban 2009, Gladstones 2011). Climate
change is a source of increasing vulnerability, @i growers will benefit from a better
understanding of how it might impact winegrape picithn, so that they may develop adaptation
strategies.

Winegrape vines are perennial crops highly seresttivenvironmental changes (Lobell et
al. 2006, Cabhill et al. 2007, Rosenzweig et al.ZJ00emperature defines the length of the
growing season, the ripening potential, budburstgjaand especially harvesting dates (Webb et
al. 2007; Jones 2006). White grape varieties faeot, dry conditions. Extreme heat events,
including temperatures above 35°C, cause vineBubdown for a number of days or even
weeks (Belliveau et al. 2006). Red grape varietesiire more heat to ripen the fruit and
produce sugars, creating a high vulnerability tsfs and extreme decreases in temperature or
unseasonal cold fronts (Belliveau et al. 2006)cPr&ation is another variable that affects
winegrape quality and complexity. Wind, humiditymaspheric pressure and sunlight can also
influence the viticulture of a region.

While winegrapes as a crop are not crucial to husuemival, winemaking is an essential

part of culture and the vine’s extraordinary sevitytto climate makes the industry a strong



early-warning system for problems that all foodpsronay confront as climates continue to
change (Jones et al. 2010, Dougherty 2012, Rosegawal. 2007).

The Intergovernmental Panel on Climate Change (JR@S shown there is a limited
understanding of the U.S. agricultural sector’'sent sensitivity to climate variability and its
ability to adapt to climate change (Field et al020The IPCC relies on computer models that
cannot capture the complex real climates that affgadculture over different regions
(Gladstones 2011). Utilizing historical recordgpakt climate trends on a localized scale can
address some of the limitations of climate modeling

Winegrapes have been used in Europe and North Aenagriculture as an indicator of
observed trends (Rosenzweig et al. 2007). Climaaage is likely to affect wine production in
all wine regions of the world but the impacts widit be uniform over time and space (Webb et
al. 2007; Jones et al. 2010). For example, manggvowers are experiencing warmer and drier
conditions throughout the late 2@entury. This may prove to be beneficial for winality in
some areas and problematic for others due to iscrgavater shortages (Gladstones 2011, Jones
and Davis 2000). Most short-term and long-termasgeon viticulture and the wine industry
has attempted to predict the impacts of climatenghand variability through case studies using
global and/or regional climate models (Holland 20There are many limits to studying one
scale and proving the results to be useful. Mofealde insight into adaptive capacity,
constraints and opportunities can come from stuglthe regional and local context (Adger et al.
2007). In addition, little is known about climateamge from the perspective of farmers,
including wine producers (Alonso et al. 2011). Grapd wine producers know and understand
the importance of the local environment to theapcand can benefit from the strategies to

combat potential climatic impacts that directlyeaff their livelihood.



1.2 Research Goal and Objectives

This research documents the perceptions of winegyapwers to examine how climate
change is affecting viticulture within North Cargdi. In order to explore this industry this
research addresses the following five questions:

1) What are winegrowers’ perceptions of weather aimdatk risks and how do they
change throughout the growing cycle in the wineustdy of North Carolina?

2) How do the expressed risks vary based on regigereence, acreage, or
winegrape varietal?

3) Are winegrape growers observing any significantngj/es in weather and climate?

4) Do current climate trends at different times thromgt the growing cycle show
changes that could potentially affect the wine stduand alter site suitability?

5) What are winegrowers’ preparations for potentimhate changes?

The resulting knowledge gained from this reseasgbotentially useful across
winegrowing regions within North Carolina and magyhelpful outside of the state (Battaglini et
al. 2008) or within other agricultural sectors exgecing similar conditions. Extensive financial
and potential agricultural loss may be avoidedld@ation measures are put into place before
potential climate change effects are felt or becomee severe. The solutions to these issues will
have greater benefits from long-term research nastbot gathering initial information and

grower perceptions of climate changes is an impogtart (Schultz 2010).

1.3 Thesis Structure Overview

This thesis is divided into eight chapters. Theaw of relevant literature in Chapter 2
discusses the current impacts, perceptions anchtiomale for this body of research. Different
approaches provide a model for combining socialdingatological methods of research.

Important geographic elements of the study arediaceissed in Chapter 3. A brief summary of

3



North Carolina’s wine history provides further jéisation for its importance. The geography
and climatology of the region defines where spedifirieties may prosper. The mixed
methodology utilized in this research is outlinedChapter 4. Chapter 5 reveals the findings
from the web survey and interviews. Growers’ petiogg of overall challenges, weather and
climate variables, and climate change are discugsetosen case study area is analyzed in
Chapter 6 using observed daily climate measurenimtigeen 1958 and 2012. This Chapter
discusses these results in relation to the reseprestions and highlighting key findings. Thirty
year observed daily climate trends are spatiafpolated to show climate changes and changes
in viticulture suitability in North Carolina. Chagt7 outlines how winegrowers are responding
to climate changes and their capacity to adapitiré changes. Chapter 8 summarizes the
results and conclusions from this research. Passimtribution opportunities, limitations, and
future research are provided. This study fits thiocontext of a growing body of research to

better understand the interaction of climate antegrape production.



CHAPTER 2: LITERATURE REVIEW
2.1 Climate Change Influences on Agriculture

Recent trends analyzed by the IPCC show evidensmgnificant increases in variable
and severe weather across North America, with fsogmt differences across regions and over
time. The growing season has lengthened for mutheofemperate United States due to earlier
spring warming and reduced frost risk (Field e28I07, Rosenzweig et al. 2007). This warming
however, may expand pest and disease pressuneg,nbore frequent drought conditions, and
could increase the threat of forest-fires (Rosemgweal. 2007).

A growing body of research in the California regiodicates that the effects of climate
change have been felt for a long period of timénwitrennial crops (Lobell et al. 2006). Lobell
et al. (2006) focused on six perennial crops, idiclg winegrapes, highlighting the most
important climate change effects on each. The resees argue that the effective integration of
climate science into agricultural practice will pide future benefits and help promote
adaptation strategies against climate change (Lebal. 2006). Agricultural sectors have the
ability to successfully endure future changes,rbaént temperature extremes and unexpected

weather events have become sources of risk (Rosegaal. 2007).

2.2 Climate Change Influence on Viticulture

Within the wine industry, climate effects may bedewnt in sensitive varieties and
growing regions and winegrape phenology and regpitiine quality are important indicators of
regional climate changes. Because winegrapes @eesanial crop, changes over time are easier

to observe than with annual crops (Rosenzweig. 0417). Still, there are gaps in our overall



knowledge of the climate impacts on winegrapes vatiard to where and when sensitivities
exist (Adger et al. 2007).

Urhousen and colleagues focused on the Upper Mosadion of Germany in order to
determine the climate factors (temperature, suhbigination and amount of precipitation) that
are the most important variables in the winegrap& g and maturation process (Urhausen
2011). The researchers found that increasing trendsnual spring and summer temperatures
produced an earlier budburst date and floweringnefidrhausen 2011). In another study, the
majority of British Columbia respondents identifieohditions for an optimum growing season
to include: a hot and dry summer, an early spramgl, a long growing season (Belliveau et al.
2006). Although average temperatures have incraasadny high-quality wine-producing
regions, including California and Australia, clincatariations have the largest influence on
winegrape production in cool climate regions suglsarmany (Jones et al. 2005, Rosenzweig et
al. 2007).

Jones et al. (2000; 2005; 2010) produced a sigmifiseries of studies examining the
relation between climate, viticulture and wine dyabarticularly in Oregon, Washington, and
the Bordeaux region of France. Jones et al. (2f#25)d that a number of grape varieties are
already well adapted to hot climates in southerairgdtaly and North Africa (Jones et al., 2005;
Webb et al., 2007). In contrast, regions where taipres are currently unsuitable for grape
growing may become more conducive to productio wiarming temperatures introducing new
vineyards (Jones 2008). A number of potential negatffects of climate change on viticulture
were identified by winegrape growers across Fra@eemany and Italy. These include the risk
of ice in the spring, cold springs and hydrolodress (Battaglini et al. 2008). The risks and

climate changes need to be researched in otheukttre regions.



2.3 Perceptions of Climate Change

Much of the existing climate change research saligon scientific modeling. Studying
the perceptions and attitudes of farmers may pefudher insight into what climate models
show. Farmers may not have a complete understaodlicignate change but a unique
connection exists between farmers and the climatie. Because of constant monitoring,
farmers have a heightened perception of even glighthormal weather and climate conditions
(Gamble et al. 2010). This perception is influehbg a wide range of factors including nature,
culture, education, social networks, and valuegpfa which also affect the ability of a grower
to adapt in the face of weather and climate rigkgepusch 2007, Adger et al. 2007). Many
studies have applied qualitative techniques sudua&ys, focus groups, and interviews to
develop a better understanding of these differentgptions.

Although wine production is widely recognized asrastustry vulnerable to the
damaging effects of climate change, it has not loésarly defined using growers responses
(Cahill 2009). Few studies have examined winegreiserceptions of how climate change
might impact viticulture production (Ballaglini at. 2008). Indeed, assessments of climate
change perception in the literature are rare, exgside of the wine-growing sector. The existing
research focuses on perception of and adaptatimeather extremes, such as drought (Meze-
Hausken 2004) and heat waves (Flechsig et al. 2000)

Gamble et al. (2010) drew upon local-knowledge ugtoan in-depth survey of farmers
in several communities in Jamaica. Researchersifdusught to be a significant climate
stressor. This knowledge was then compared witld&én local precipitation and remotely
sensed vegetation data (Gamble et al. 2010), avative balance of climate science and

localized perception similar to the methods diseddater in the current thesis.



Less common are studies examining gradual seasbaages, multiple growing season
risks, critical timing of weather and climate risksd increased pests or disease. No studies have
focused on wine grape growers and winery ownengguions of climate change and compared

these to actual climate data for North Carolina.

2.4 Adaptive Capacity

Adaptive capacity is the ability for a systemégpond successfully to a variable,
including behavioral changes as well as how relek@sources and technology are utilized
(Adger et al. 2007). Adaption is a key conceptdonsidering the ability of farmers to manage
climate change. Natural and social systems haweflmence on a winegrower’s capacity to
adapt to climate variability. Adaption capacitydspendent on type of risk, as well as the size of
the vineyard and operation, farming experience,extension information. If there are positive
effects of climate changes, adaptive capacity neagiddiermined by the ability to harness the
benefits. In the wine industry this may include@ader growing season for specific varietals or
potential to expand the consumer market and protootessm. Some studies have shown that
elements of adaptation may be applied to any virtkyahile others focus on a specific location
and specific impact.

Crop production in underdeveloped regions of thedavs particularly sensitive to
climate changes. In the Maule Region of Chile, Hiasl§2009) drew upon key informant
interviews, semi-structured interviews, and focrmu@s to find that this region has not yet
developed climate change adaption or mitigatioatstjies because participants saw no

indication that climate changes were threateniegtiape and wine industry. Researchers



concluded that the lack of climate change educamhgrower communication can significantly
hinder adaptive capacity (Hadarits 2009).

A recent three-region study in Spain by Alonsole(2011) emphasizes that there is a
clear need for education at all levels of the wirdustry. The results of their survey revealed
that operators who believe climate change to blearehevident also believe that if you cannot
control the climate, you can control the vineydgerators who were considered non-believers
refused to alter their operations or have not agpeed climate changes yet (Alonso et al. 2011).
In California, Cahill (2009) found that most groweespond and adapt individually but could
benefit from coordinated community responses shlaedaeen the winegrape growers. Cahill’s
(2009) study examined wine quality using semi-stred interviews and future projections from
climate models. The results emphasize the impogtahtvolving stakeholders and returning
useful knowledge to the wine community and sergegraexcellent model for pairing growers’
responses with projections of climate trends anchiadity.

The effects of climate variability will be globddut unique for each climate region.
Effects must be dealt with on a local level, intileg a strong need for localized climate research
(Cahill 2009). The objective of this thesis is &riess local knowledge in the wine industry of
North Carolina as a lens for analyzing climate g®mwhich could ultimately inform adaptation
strategies. A holistic approach will be used ingdonwg farmer perceptions, observations, and

responses with projections of climatic variabikiiyd trends.

2.5 Multiple Exposures
Natural elements are important variables in aghicaland forestry but there are many

other factors that determine successful produclitiese include factors that each winegrower



will experience and respond to differently (Rozenimyet al. 2007). Other factors include
government policy, marketing to different consumérsncial resources, technology and labor
(Belliveau 2005). The current study aims to identife most important risk variables perceived
by winegrowers in the context of creating a sudcgenterprise.

A study of the grape and apple growing sectorslaagan Valley, British Columbia
used focus group interviews to record past anceaticonditions to determine the source of
farm-level sensitivities as well as the abilityfafmers to adapt to risks from climate change and
similar factors. The findings suggest that weath@ne among many factors affecting farm
operation (Belliveau et al. 2006). Winegrowers msjecific adaptations to positive impacts of
climate change that may increase vulnerabilitydteptial future negative impacts of climate
change (Belliveau 2005, Adger et al. 2007). Thesearchers also found that changes in the
market, costs, government, and resources impacageament decisions that could increase

weather and climate vulnerability.

2.6 Restating the Research Questions

This research examines the perceptions of winegyepeers to discover how climate
variability is affecting this sector of agricultuaeross North Carolina’s different climate
environments. The wine industry is a significaneént of the NC economy, culture and
heritage. Improving our understanding of climatesstévity can help to identify both its
potential and greatest risks. To do so, this stuitlydetermine the level of sensitivity of
viticulture to current and future changes in clienat different regions across the state. Results
will show the extent to which winegrape growers@bvserving any significant changes in

weather and climate variables, as well as adaptatiethods they have implemented. Using a
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regional case study, observed climate variabledsevill provide a closer examination of

conditions winegrowers perceive as risks.
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CHAPTER 3: NORTH CAROLINA GEOGRAPHY, VITICULTURE FHTORY AND
CHARACTERISTICS
3.1 North Carolina Geography
North Carolina is situated on the eastern coast@tnited States, between the
Appalachian Mountains and the Atlantic Ocean (Bi@). Wineries are distributed throughout

the state and cluster in the central area. The bt three different winegrape growing

North Carolina Viticulture

Viticulture Features O
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*  Winery Locations e Yadkin Valley AVA*
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/\/ Regions =

Elevation
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*AVA (American Viticultural Areas): a designated wine grape-growing region in the United States distinguishable by geographic features.

Figure 3.1: Site map, North Carolina viticulture

environments. The Mountain Region, located in tlestern part of the state, contains some of
the highest sections of the Appalachian Mountangeawith elevations reaching above 2,000
feet and many slopes well over 15 percent (Fig. &@pe is important to a vineyard to avoid
cold air ponding in low areas but can be diffidolimanage with large machinery and high

erosion (NC Department of Commerce 2012).
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Figure 3.Z Vineyard Site Suitability (N.C. Department of Commerce 2012

The Piedmont Region, located in the central pathefstate, provides a longer growing
season in some areas. Elevations in the Piedmogé faom 500 to 2,000 feet above sea level.
The Piedmont Region presently has three federatlggnized American Viticultural Areas
(AVA) including Yadkin Valley, located in the nostlest Yadkin River valley and associated
with 40 wineries, the highest concentration indtee; Swan Creek associated with five
wineries with some overlap into the Yadkin Vallayd Haw River Valley associated with seven
wineries located in the central part of the stiig.(3.1). These regional designations are
controlled by the Federal Tax and Trade Bureau (TTBe TTB recognizes these as AVA
because of their distinctive combination of sdilnate, elevation and identifiable regional wine
character (Visit NC 2012). Wineries can revealgbegraphic pedigree of their wine by using a

tag on their labels called an Appellation of Origin
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The Sandhills or Coastal Region, located in théegagpart of the state, largely
experiences a maritime macroclimate because pfasimity to the Pamlico Sound and the
Atlantic Ocean. All other bodies of water throughthe state are too small to significantly affect
the regional climate (Poling & North Carolina Coogiese Extension Service 2007). The
maritime climate may extend the growing season {\tohl. 1995). Elevations in this region are
below 500 feet above sea level.

North Carolina experiences different climate candis than those in mid-latitude regions
of Europe or the western United States. Havingadribe most complex climates of any eastern
state, NC needs to be analyzed in more depth wghrd to past and future climate variability
(Boyles and Raman 2003). Each winegrowing regiperiences different weather and climate
risks that may include “low winter temperaturese Ispring frosts, excessive summer heat and
unpredictable precipitation” (Poling & North Camwdi Cooperative Extension Service 2007).

A graph of North Carolina’s average rainfall vareEtween 3.14 in to 4.73 inches per
month (Fig. 3.3.1). As described by growers, tighast rainfall is received in Yadkinville, NC
between March and September. Figure 3.3.1 showsighest average monthly rainfall is in
July. In comparison to North Carolina’s climate,ddaCA vineyards experience very low
rainfall throughout the summer months (Fig. 3.229 growers may not consider excessive
rainfall to be a risk at any time of the year. Aminent viticulture region in Bordeaux, France
experiences rainfall that varies over the courshefyear from 2.1 inches to 3.5 inches per
month (Fig. 3.3.3). On average most rain falls migithe months of November (3.5 inches) and
October (3.4 inches). July and August are usubiydriest months. Bordeaux experiences a
steady rainfall pattern throughout the year sintitalNorth Carolina. However the amount of rain

is generally less in Bordeaux. Growers in Francg peceive excessive rainfall as a risk but at
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different times of the year than what North Caralgrowers perceive. Interestingly, North
Carolina’s rainfall peaks in the middle of the suemrseason (July) at the same time Napa and
Bordeaux experience their minimum. It is diffictdt North Carolina growers to learn from
vineyards with a long history of success and exmee with excessive rainfall outside of the

state because conditions and timing are so difteren
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Figure 3.3.2: Monthly Averages for Napa, CA (The Wather Channel, LLC 2012)
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Figure 3.3.3: Weather in Bordeaux, France Average Minthly Rainfall (WeatherOnline,
Ltd 2013)
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The North Carolina Department of Commerce maps spmeric variables relevant to
viticulture suitability. Pierce’s disease (PD) rishklows warmer climates from the south up the
east coast, shown south of the red line in Figu4gBoling & North Carolina Cooperative
Extension Service 2007). Higher elevations in tlestern part of the state offer lower winter

temperatures that prevent the spread of PD. FohratiblC the mean minimum temperature in

January does not get below 30°F, shown in red garEi3.5.

Figure 3.4: Increasing risk of Pierce’s Disease stiuand east of red line (N.C.
Department of Commerce 2012).
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Potential Extent of Pierce's Disease
Based on January Mean Minimum

Mean January Minimum in °F
Il Less than 20° F

I z0° - 25° F

B 25°-30°F

B 30°-35°F

Bl Over35°F

Figure 3.5: Pierce’s Disease Potential (Poling & Nith Carolina Cooperative
Extension Service 2007).

Coastal regions rarely experience temperatures@ié (Fig. 3.6). The Piedmont and
some of the Mountain’s minimum temperature randeetsveen 25° and 30°F with some outliers

in high elevations that can reach between 20° &i#.2
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Figure 3.6: Decadal occurrence and average occurrea per decade of 0°F. Maps
generated by John Boyer, a Virginia Tech geographegiN.C. Department of Commerce
2012).

The average occurrence of 0°F is more than thneestper decade throughout the entire
mountain region and the average occurrence ofp8fflecade shows a similar pattern (Fig.

3.7). These variables help determine the riskastffor each vineyard.
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Figure 3.7: Decadal and average occurrence of -8{N.C. Department of Commerce
2012).

The day-night temperature differential based orray® minimum and maximum
temperatures for August (Fig. 3.8), is relativelyfarm across the state until the Mountain

region. Temperatures in the mountains can flucttegiglly on a day-to-day basis because of the
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continental climate (Wolf et al. 1995).

Day/Night Temperature Differential
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Figure 3.8: August Mean Minimum and Maximum Temperaures (N.C. Department of
Commerce 2012).

In many areas of NC, the maximum summer temperatxeeed 85 to 90°F (Poling & North
Carolina Cooperative Extension Service 2007). Vamdyg located in higher elevations,
particularly between 500 and 1,500 feet above esel Will experience slightly cooler than
average summer daytime temperatures. If higheréeatygres remain into the nighttime it may
result in grapes with unbalanced juice due to desgé acidity and pigmentation, along with

increased sugar and pH (Poling & North Carolina fiavative Extension Service 2007).
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The harvest season extends from August to Octoliéei Northern Hemisphere and

precipitation during this period can be detrimeiad). 3.9).

Precipit
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Figure 3.9: Total precipitation during harvest (N.C. Department of Commerce 2012).

The NC Wine Grape Grower’s Guide notes that mosheftate receives between 40 and 50
inches of precipitation each year, while adult grapes only require between 24 and 30 inches
annually (Poling & North Carolina Cooperative Exdgm Service 2007). The coastal region
experiences the highest precipitation during Auglisis region may experience frequent
tropical storms or hurricanes and is directly iefiged by its proximity to water (Wolf et al.
1995). Excess precipitation may interrupt the hsirgehedule and affect the flavors and aromas
in the resulting wine. Any significant changes umsnertime rainfall could alter the future of a
vineyard. Figure 3.10 delineates clear zonestauliure suitability in NC. The frequency of
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0°F map (Fig. 3.6) shows a very similar pattertheodelineation between Zones 2 and 3 in the
viticulture suitability map (Fig. 3.10). The 30° areJanuary minimum isotherm approximates
the boundary between Zones 2 and 3. In summarydhedaries of temperature variables have

significant overlap with boundaries of grape varititability.

Analysis for Viticultural Suitability
in North Carolina

Zone 3 Zone 2 Zone 1
= — ]

Best for Vinifera Good for Muscadine BSeslfor Muscadine
200k i MO Vinifer
=i Best for Hybrids  Good for Vinifera era

NO Muscadine Good far Hybrids MO Hybrids

NOT RECOMMENDED
Challenging for
ANY Grape Plantings

Figure 3.10: NC Viticulture Suitability (N.C. Department of Commerce 2012).

Several common winegrape varieties grown acrossttite are traditional European
species (vitis vinifera), which mirror those gromwnCalifornia and Europe to create
Chardonnay, Cabernet Sauvignon, Merlot, Viogniet @abernet Franc (Visit NC 2012;
MacCracken 2011). Vinifera grapes are in high dedriaut are very pest and weather sensitive.
The native varieties to North Carolina are the Musces (vitis rotundifolia) which include the
grape Scuppernong (MacCracken 2011). Scuppernosghedirst grape cultivated in the U.S.

and is the official fruit of North Carolina (ViSMNC 2012). The Labrusca-type American variety
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is also common in NC which includes Catawaba, Cahdoelaware and Niagra. Native

varieties have the ability to produce reliable lestg in intermittent weather and tolerate pests
and diseases (Poling & North Carolina Cooperatixteision Service 2007). The Piedmont
Region, delineated as Zone 2 in Figure 3.10, offe@amost varied winegrape growing
opportunities. The Mountain Region is considereti@lenging growing site, but Vinifera and
French-American hybrids can prosper here. Hybnidsaacombination of disease resistant, hardy
native American varieties with the quality and sladlavors of the Vitis vinifera that result in
Chambourcin, Seyval Blanc, and Vidal Blanc (Vis®2012). Hybrids are less in demand but
may tolerate most diseases, colder temperaturdd)are a later initial bud break with

secondary budding that follows. The secondary lmgldcts as a late spring frost insurance.

A crop of newly planted grape vines takes foune fears to grow before harvest for
optimal production value (Belliveau et al. 2006heTaverage vine lifespan is around 50 years;
however future climate change forecasts may sevater this number. These forecasts create
peril for the Mothervine, a 400-year old Scuppeneime in Manteo on Roanoke Island, North

Carolina, the oldest known cultivated grapevinghmnation (Visit NC 2012; Holland 2010).

3.2 History and Characteristics of North Carolina Mticulture

The number of wineries in North Carolina has gromumensely since the end of
prohibition. Particularly in the past decade thenber increased from 21 wineries in 2000 to
over 100 wineries and 400 vineyards today (Visit22). Vineyards are not new to North
Carolina; in 1840 it was the leading wine statedpicing more than every U.S. state combined

(Poling & North Carolina Cooperative Extension $e#2007). According to the NC
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Department of Commerce, there were 109 winerigaddly established in 2011; each with
varying acreage and profitability across the state.

The growth in the industry is continuing and eveneyard or winery is making a long
term commitment and contribution to the local comityu “The grape and wine industry in
North Carolina is now worth in excess of $30 millidollars” (NC State University). Governor
Bev Perdue stated that “the industry supported(7j60s across the state, adding 1,900 jobs
since 2005” (Rimerman & Co. 2011). The mountainaegs presently home to Ashville’s
Biltmore Estate Winery, which receives more thaa omillion visitors annually and is ranked as
the United States’ most visited winery (Rimermai©é& 2011). The world’s largest Muscadine
wine producer is located in the coastal region ofthl Carolina. Today, NC ranks ninth in wine
and grape production in the United States and raixkis in tourism (Visit NC 2012). “Statistics
alone do not adequately measure the intangiblesvtakel wine industry brings in terms of overall
enhanced quality of life, limitation of urban sptamd greater visibility for the state of North
Carolina” (Rimerman & Co. 2011). Itis clear thia¢ NC wine industry is significant to the

state’s overall identity.
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CHAPTER 4: METHODOLOGY

This study utilized multiple methods to better urstiend winegrowers’ sensitivity to
potential climate changes in North Carolina. Expesand sensitivity play a vital part in the
degree of vulnerability. Different exposures det@eara degree of sensitivity and sensitivity is
the manner in which a system is impacted by a bbriahether it is climatic or non-climatic and
the system’s responsiveness (Adger et al. 200TivBail 2005). Qualitative methods, including
web surveying and semi-structured interviews, daocayer winegrowers’ perceptions of risk.
Research utilizing qualitative methods is the nedf&ctive way to investigate real world
responses and lived experiences.

The analysis that follows, examined what factofience a vineyard’s vulnerabilities
and the individual characteristics or experienbes shape each farmer’s perceptions and
ultimate decisions. A spatial analysis of winegrasveesponses can identify regional similarities
or differences. To parallel qualitative responsdserved daily climate data are analyzed for the
actual climate record. Physical measurements wsad to parallel perceived risks and project
trends into the future.

Using mixed methodology can develop a holistic usi@dading of the North Carolina
Wine industry. It cannot represent the perceptams experiences of all North Carolina
wineries, but impacts, strategies and experienoes this representative sample could apply to

other winegrowing regions.

4.1 Development of Web Survey
Potential web survey participants were recruitedugh convenience sampling. Many

wineries were confronted initially at the largesiltitegional North Carolina Wine Festival,



Saturday, May 26th, 2012 at Tanglewood Park, ClensnNC. Other potential participant
emails were collected from NCwine.com. Other ihipieeprocessing included collecting basic
information about each vineyard from the officialvgite of each winery or vineyard registered
with the state. Basic information consisted ofwheery’s address, vineyard acreage, the year of
vineyard establishment, and contact informatiore Wimery’s address was used to geolocate its
position in order to create a map of all 109 wiegiin the state.

The web survey was created using Qualtrics surgéware through East Carolina
University and was distributed through email to ¥ifery contacts. Wineries that outsource all
of their winegrapes for production from somewhautsimle of North Carolina or do not operate a
vineyard were asked not to participate. The suueastions are multiple choice, check boxes,
five-level importance scale questions, and very &pen format questions to make it quick and
easy to comprehend while providing insightful imf@tion. This format is easy and convenient
for each grower to complete at his or her own p&ewers were given two months to finish the
survey and reminder emails were sent every two s€Bke completed surveys were stored in
Qualtrics where basic statistics and question ®stijon analysis is possible.

Producers were asked to describe basic charameiistluding their role at the winery,
number of years of experience in the wine industtyat year the current vineyard was
established, number of acres, which winegrape wasiare currently grown, and the overall crop
yield. Questions about production prompt growensattk the importance of variables that
impact a successful year. Questions about weattteclanate express the level of risk that
specific weather events and climate conditions poskeir vineyard. For this study, it is also
important to ask if there are particular times tigloout the growing cycle more at risk to each

condition or event. Questions about climate chdnges on experiences with changes in each
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weather event or climate condition over the last B0 years. If a change is perceived, a follow-
up question determines if growers experienced agda frequency or intensity in each event
or condition. Again, growers were asked to indigadicularly sensitive times in the growing
cycle to changes in climate conditions or weatlvents. Finally, growers were asked to express
their level of concern that climate changes wilpant their vineyard in the future and if any

preparations or adaptations have been made fonfatenpacts of climate change.

4.2 Interview Process

Interview participants were collected by cold cajland emailing owners and operators.
Also, survey participants that agree to be contafdefurther questioning were included in this
database. A recorded, semi-structured interviewasaslucted with each participant for a period
of one to two hours. All interview participants wasked to sign an informed consent document
to ensure that participation is voluntary and asponses will be used for research purposes
only.

Interviews investigated topics addressed on thesuelkey in greater detail. Interview
guestions focused on the objective to better umaiegdsthe impact climate change presently has
on viticulture in North Carolina. Growers were agke describe their experiences with wine
production and vineyard operations. Important aspieclude history of the vineyard,
characterization of successful and unsuccessfwiggyears, management practices and
responses, external influences and concerns fduthee. Growers were also asked to describe
interactions with the NC government, other wineggosvand the market. An interview guide
poses these topics as triggers for discussionpdsxes and sensitivities and gradually

incorporates weather and climate variables, assgapto a biased and narrow discussion. This
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method reveals the role of weather and climataencontext of the overall enterprise (Belliveau
2005).

The seasonal component of the wine process was tateeaccount when scheduling
interviews. The summer growing season, May throighust, and post-harvest season, October
through December provided the greatest opportuaigrrange face-to-face interviews with each
vineyard operator. Conducting each interview ahgaarticipating winery or vineyard location
allowed for participant comfort, convenience aniéi@d the possibility to learn more about the
vineyard by observing the participant in their o@nvironment (Flowerdew 2005).

Twelve interviews were conducted, including thnemrf each growing region: mountain,
western piedmont, eastern piedmont and coast. Taeften criticism with research using small
sample sizes. A common concern is the validityhefstudy and whether it is representative of
the population. The logic behind interviews asseagch method is not to be representative, but
to understand the perceptions and experiencesinidiial winegrowers (Flowerdew 2005).
Each participating vineyard has the opportunitgdatribute valuable local knowledge that is
only held by a few key individuals in the industinat no other observation or census data could
provide (Hay 2005). Large questionnaires can re@asignificant portion of the population but

can sometimes have extremely limited explanatorwygrqFlowerdew 2005).

4.3 Data Analysis
Qualitative analysis focuses on winegrowers’ beliekperiences and responses. The
web survey results provide an understanding of mapod growing variables, weather and

climate risks, experiences and spatial distribugbsimilar and contrasting responses. This
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method sparks interest in the overall study antlegatbasic perceptions to shape further
interview questions (Flowerdew 2005).

To analyze the web survey results, each quegioonsidered individually by defining
the frequency of each response and calculating Is¢aiistics. The characteristics of each owner,
operator or vineyard may have an influence on nesg®to variables of risk or experiences with
past climate changes. The t-test can assess witkéereans of two groups, such as responses
from experienced versus inexperienced growersstatestically different from each other. The
tested groups consisted of small wineries less Hiaacres and large wineries more than 10.5
acres as well as experienced growers involveddnntustry more than 10 years and
inexperienced growers involved in the industryléss than 10 years. P-values less than 0.05
(95% confidence level) were considered significamt.analysis of variance (ANOVA)
represents an extension of the two-sample t-testifierences of means between more than two
groups (Rogerson 2010). Three groups were analygied ANOVA. The first groups consisted
of vineyards growing only vinifera winegrape vaaist only muscadine winegrape varietals, or a
mixture of winegrape varietals. The second groupsisted of three viticulture suitability zones
discussed further in Chapter 6. Again, any P-valees than 0.05 (95% confidence level) were
considered significant.

For analyzing winegrowers’ interview responseshaacording was carefully
transcribed. Analysis of the transcribed passagiesifed methods of coding to make dialog
organized and easily accessible. Sections of eankdribed response were organized by search
terms or categories. These terms are based ar@aynthé&mes of exposure to which growers are
sensitive, and factors that impact production stigis and adaptation. Descriptive coding based

on themes reduces the amount of data by followioggapatterns stated directly by research and
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those that emerge throughout the analysis (Hay)20AA electronic codebook was formed
around key words that jump-out of each passagkidmg: vineyard characteristics, weather
variables, climate variables, pests and diseasetipes and interactions, as well as future
thoughts. Initial codes identify conditions, acBand categories, which come from research
guestions and the review of literature. This |le@adsiterpretive codes, such as patterns,
commonalities, relationships and variability inpesses within region and between regions of
North Carolina (Hay 2010). Other patterns and thethat develop from a winegrower’s passage
allow for an analysis of processes and the comteghrases, as opposed to discovering theory,
meaning or the language behind each phrase. Tpitat objective of descriptive coding is to
answer questions that begin with ‘who, what, whesggen and how’ (Hay 2010). Coding is an
analysis in itself and could ideally continue witithdimits to find every pattern from every angle.
However the current scope provides an opportunityuture coding analysis and further

research to take place.

4.4 Historical Climate Records

It is challenging to interpret the impact of climathanges through climate records alone.
The qualitative results guide the selection andrpretation of climate data in this study.
Climatic data of interest includes variables thatey and interview respondents indicate as
high risk during particularly sensitive time persodAnnual mean minimum temperatures and
annual mean maximum temperatures during monthgjtbaters specified were calculated.

Observed daily records were acquired from the Sifiteate Office (SCO) of North
Carolina out of North Carolina State University.drder to examine a historical record for

monthly and decadal change, a minimum of 30 yeacimatologically acceptable. A linear
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trend line is fit to the data to determine if climaariables show changes that winegrape growers
are experiencing or not experiencing. One of tlobl@ms with using linear trends is climate

changes will most likely be non-linear.

4.5 Mapping

The results of survey responses to specific questod weather and climate risk were
mapped using Geographic Information Systems (&Show any clustering. GIS was also used
to perform the proximity and spatial analysis. ltlea weather station located directly on each
vineyard would provide a more accurate depictiothefmicroclimate and localized climate
change but is not feasible within this study. Beeailnere are no weather stations actually
located on any winery’s property having at lea30gear record, the station closest to wineries
involved in the survey or interviews was found gsanproximity analysis. The near tool
determined the distance from each winery to theastaveather station, within a 10 mile search
radius. All wineries that completed a survey oemtew were considered in this analysis.

All NC weather stations with sufficient 30 yeartbiscal data were used to interpolate
surfaces for interpretation. Interpolation is amoet of representing the values of a function for a
limited number of observations. Analyzing specifionthly observations from weather stations
can provide insight into temperature trends fosthspecific locations, but cannot represent a
region (Boyles and Raman 2003). Interpolation cdimete the surface values at unsampled
points based on known values calculated from eaglownding weather station. Empirical
Bayesian Kriging (EBK) method was used for spati@rpolation. Kriging is an interpolation
technique in which the surrounding measured vahwesveighted to derive a predicted value for

an unmeasured location. Weights are based on skende between the measured points, the
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prediction locations, and the overall spatial agement among the measured points. EBK
differs from other kriging methods by accounting tiee error in estimating the underlying
semivariogram through repeated simulations (Pitk &péck 2007). The output surface is a
smooth raster layer. This method is commonly usedrfegularly spaced climate data (Boyles
and Raman 2003). Other methods, including Inveistabce Weighting, Global Polynomial,
did not produce a surface similar to the previatiswture suitability mapping.

In order to create the appropriate surface forpretation, while avoiding a long
processing time, the overlap factor was set tbd ptaximum number of points in each local
station model was set to 100, and the number aflsited semivariograms was set to 100. Each
surface was clipped to the shape of North Caroliinend values were interpolated to discover
locations of decreasing or increasing temperatiResreations of climate maps (Fig. 3.4 and

Fig. 3.5) were used to create viticulture suitépiioundaries.

4.6 Dissemination of Results

A written and visual product will be provided faaah participant in order to disseminate
results. Again, no vineyard names will be usedy ¢tim size of vineyard and region or wine tralil
name will indicate connections to responses ardegres. A possible platform for sharing
results is the North Carolina Wine Growers Assaaras webpage. This will provide an
opportunity for winegrowers to share opinions, ei@ees, strategies, and hopefully improve
future climate change defenses and overall vinegesduction. The end results can be used to
formulate action plans used by agricultural edweagirofessionals to help the producers adjust

to potential climatic changes.
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CHAPTER 5: SURVEY AND INTERVIEW FINDINGS

This chapter will present the results from bothwled survey and semi-structured
interviews. In order to preserve anonymity, speqiarticipant or vineyard names will not be
used; instead vineyards will be characterized altogrto their size and or growing region. The
survey responses emerged out of a specific satasdtmpns to better understand winegrowers’
perceptions of risks and how they change througtimigrowing cycle. Responses also reveal
any significant changes observed by growers andd¢bacern for potential future changes.
Expressed risks and significant changes were aedlgased region, experience, acreage, and
winegrape varietal to study any significant diffeces.Out of 109 wineries in the state, 95 own
and operate a vineyard. Thirty-four respondentdestahe web survey emailed to these wineries.
Of those that responded, the Coastal, Piedmonty\Wastern regions were each represented.
Interview responses were an extension of the swesyonses to further develop an
understanding of winegrowers’ perceptions, decisnaking and reasoning behind seasonality
risks. 5 of the 12 interviewees also completedatbb survey. The total sample consists of 41

responses from 34 survey respondents and 7 intezeethat did not take the survey.

5.1 Characteristics of Participants and Vineyards
5.1.1 Experience and Establishment

Many wineries in North Carolina are family busises, passed down through each
generationA coastal grower proudly remarked, “I was taughtiyfather. He made wine, he
made whiskey, he made beer.tdtcommon to find lifelong farmers in the wine irstity who
had experience with other crops before plantingsirsome owners started vineyards in the

backyard as a hobby and gradually elevated theduymtion. An eastern piedmapitoducer said,



“l planted my first vineyard behind my house back.few growers began their vineyard with no
previousexperience in the wine industry, starting with aibhass background and then seeking
information about viticulture from literature, affal resources, and the advice of other
winegrowers.

Some winegrowers have earned their enology ormakéng bachelor’'s degree. There is
currently a popular Viticulture and Enology progranthin NC at Appalachian State University.
Others have received certificates related to virgegperation and winemaking from NC’s Surry
Community CollegeVirginia Polytechnic Institute and State University (Virginiech)and
University of California Davis (Cal Davis). Manyeaithese programs as resources as well.
Several owners also mentioned taking businessaedamscompleting a business degree.

Producers either inherited or purchased a sitewhatopen, previously cultivated, or
required removing timber. Vineyards range in essabhent from one to 43 years. The majority
(53%) of the growers that responded to the webesuegtablished a vineyard one to ten years

ago (Fig. 5.1).
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Figure 5.1 Number of years sirce vineyard was established
(n =41, consisting of 34 survey respondents, 7 @viewees
not in survey)

The survey responses show that a cluster of viadey&8 percent, were established betw
1999 and 2006. The pattamay be attributed to the Tobacco Transition ProgPayment:
(TTPP), legislated in 2004, which proed annual installment payments or a lump su
farmers who no longer desiréo grow tobacccThe North Carolina Muscadine Guide indice
that, “‘Generally speaking, if tobacco has done well orsttee muscadine grapes should alsc
well” (Muscadine Guide 2003Dne interviewee continues to produce a little tabao addition
to winegrapes, corn, wheat, and soybe

Fifty-three percenof survey respondents have ten years or less experin the industr

and 47% of the respondents have more thn years of experience (Fi§.2). North Carolin:
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continues to be considered a young industry, frorateonal perspective
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Figure 5.2: Number of years respondents have been involve
in the wine industry (n = 41, consisting of 34 suey
respondents, 7Anterviewees not in survey

5.1.2 Vineyard Acreagand Varieties

An acre of vines can potentially yield about one ¢d winegrape, startin¢ three years
after planting (Weber et &2003). One ton will go on to produce around 603aése, or 720
bottles, of wine After the fifth or sixth year, yield maturity irached and the potential yield ¢
be between three and six tons per aWeber et al. 2003)he majority of winegray growers
who responded to the web survey operate a vinegraedler than 20 acres (Fig. 5.In this
study, a small vineyard is considered between thAngeten acre Fortyfour percer of survey
respondents support grapevines on land less thaacte. A medium size vieyard is betwee
11 and 30 and the la@gvineyards can be well abov0 acresSeventeen perce of respondents

support a farm between 11 and 20 acres, while support over 20 acres of grapevin
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Figure 5.3: Acreage of vineyards in study

Some growers have slowly built up to the vineydhdy have today. A small, eastern
piedmont farmer strugglet\We worked up to itl couldn’t plant all that much at one time and
take care of it. | would plant like one or two roesgery spring” and another mentioned spending
two years to plant 50 acres of grapes. Others begasesting grapes commercially as soon as

possible and as many as possible.

Winegrape Varieties in Study
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Figure 5.4: Winegrape varieties produced at each meyard in the study
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The web survey results indicate that muscadinestads are grown closer to the eastern
piedmont and coastal regions (Fig. 5.4). The ataggis vinifera winegrapes are consistently
grown throughout the piedmont regions and spatbebughout the mountain region. This
pattern is consistent with the suitability map (RBgl). One brave coastal grower supports
acreage of each variety on a medium sized vinegdwalyn in the north eastern part of the state
in Figure 5.4. This farmer said he chose to grosvansitive viniferous grape simply because,
“they’re more valuable.”

The most common variety grown among the surveyoms$pnts was one to five acres of
French-American hybrids (Fig. 5.3). Intervieweesewdivided on feelings towards growing
hybrid varieties. One mountain grower says, “Hybrde cold hardy. Hybrids are insurance.”
Other growers avoid hybrids because they are pardd¢o have a lower quality. A very large

mountain vineyard said:

In the early 80’s, we had hybrids like Savon Blaviiclal Blanc, and they were great producers.
But the problem is our winemaker didn’t like thettey’re real acidic. You know, Yadkin valley
and [here in the mountain] all we do is vinifettss 50 much smoother. Some of them do mess
with hybrids a little bit, in case vinifera getsef.

The wine market can be a major influence on thecsiein of a winegrape variety. For
example, one grower said Pinot grigio, a vinifeagietal, is difficult to grow in this climate, “but
we have it because we're Italian, you know pingigris the number one selling wine on the
planet.” Other growers told me some grape varietiex® chosen for a vineyard simply because
they are not very well-known, or because they cabegurchased locally. The winegrape
varietals chosen by each winery act as their ieahd the number of acres dedicated to each
variety determines the amount of labor and cogjsired. Each variety comes with a different

set of challenges.
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5.2 Overall Challenges

The first research question that this thesis sotmhtdress is the extent to which farmers
consider weather and climate issues to have ancingmetheir success. The wine industry is a
unique agribusiness with risks associated withscostnputs, the growing environment, the
wine market and economy, technology, pest and skseantrol, and government policies.
Survey takers were asked to rank specific variadetheir importance to a successful year (Fig.
5.5). Each interviewee was also asked to disclisspécts of a growing year including key
challenges or variables that cause stress onvimeyard.

Survey respondents rank weather and climate, pestlisease control, and the growing
environment as significantly important variablestsuccessful yearly enterprise. Every
respondent indicated that weather and climate whsresery or somewhat important. It received
the highest percentage of very important, makinigatmost significant factor, discussed further

in Section 5.3.

40



25
76% Not at all
2%
20
Somewhat
2 Unimportant
c 15
S 41% 41% Neither
o g 35% 359> 35%
o 10 28%
24% 24% 24%M 24% . ®mSomewhat
c 21% Important
i mVery
0 T T
X Q> \
¥ QO ’QQ ~ &
Q 3 » & S
Q\\& 00 . &o‘&\ ¥ & & @Qg @é‘&
R\ & L AN S
& Qoe < S & 'S
& ~ >
&8 & ¥
Q X
C}&’ Q@%
Figure 5.5: Growers’ rank importance of variables m a successful year

5.2.1 Pests and Disease

Almost every grower considers pest and disease t\ery or somewhat important
factor in their success. Seventy-two percent camnglus to be very important, second only to
weather and climate (Fig. 5.5). When talking witheay large mountain vineyard director, who
deals primarily with the winegrape crop, about majuallenges he said, “It's really weather and
pests. The market is always going to be good. Egege we get goes to [the winery] so we
don’t have to worry about the market.” Another Egyower in the western piedmont with a
strong passion for farming believes, “The biggéstilenge in North Carolina is the spray
program [for powdered mildew] because we have sumiedible humidity.”

The timing of humidity conditions throughout theayeletermines the type of necessary

disease prevention. A large piedmont grower’s, §bgf concern in the vineyard, earlier in the
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season is betryus, powdery and downy mildew, aed lter on our main concern shifts to bud
drops versus folio issues.” As grape clusters darger, the space between each grape decreases
and any moisture caught in-between is a potentedding ground for mildew. “That becomes

our priority to protect and anywhere that you hfxué that is not exposed to sunlight and air

flow then that makes it easier for the mold toigdhere and establish themselves” a producer
indicated. Once you find mildew, it is too latewll defoliate the vines. Often confused with
powdered mildew is another disease called whitéhattmay result from hail storms. This

shows up later in the season causing damage tyrdpe cluster.

Prevention is the best way to manage winegrapaskse “We spray roughly every 10-12
days pretty much regardless, just because if yott dpray around here, even if you don'’t see it,
you're going to have a problem,” a western piedngrotver commented. Another piedmont
grower with a significant history explained:

One of the big challenges was chemicals, findingtvity use right. When | started there was
nobody in the business much in North Carolina. Niytkmew what to spray with. | got a lot of
advice from the start up Surry Community Collegd #re North Carolina Wine Growers
Association helped me a lot because they suggebtadicals to me.

There may be a recipe for the right chemicals & bat there is no recipe for when to
spray. “You do not have a spray regimen but yolehawstay on top of it,” a western piedmont
grower summarizes. This stressor requires a ltrafiers to be out in the field just about every
day to check the vines, foliage and fruit.

Pest pressures include deer, birds and insectshwhn spread Pierce’s disease (PD). A
small, eastern piedmont grower elaborates on PEspres:

From [the center of NC] over, you have a tremendousunt of pierce’s disease. So, with a
disease like pierces, there is no cure for it, tiedonly way it goes away is if there is a verydcol
period so the coldness will kill the bacteria. Whifrom here east, it doesn’t snow, it doesn'’t get
cold. So that disease won't go away and it wileeffthe viniferas or the classical grapes.
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Another frustrated farmer battling deer says, “gear they just ravaged it. In three days
they can just clear out the entire vineyard.” Hetowes, “This year we put the netting up and
now the birds are going at it. So we’ve lost jusbat half of the fruit out there with bird damage.
I've got to use different netting next year.” In myavineyards, special netting is required on
vines as fruit matures to sweetness, and it caorbecostly and labor intensive to install and
move netting. One very large mountain vineyard sté in an eight-foot high electric deer
fence around the entire property. A coastal grdvesran opposing view on netting and simply
takes the risk of pest problems:

Some people in the mountains have fencing likerd pkstic mesh, but for our vineyard it

doesn’t look good. We have to be aestheticallygepas well as functional because we have

really good traffic off the highway. 60-70 mph fiafgoing past they want to see like a pretty
vineyard rolling and to think I'd like to stop. Th&ant to see something that looks good.

The birds and the bees can become a stressorsehemot sets in and rotten berries
become an attraction. An overwhelmed mountain gr@xperiencing a little rot said, “It's
always a chain reaction of stuff and once it stgots can’t hardly control it.”

Contrary to these responses, one interviewee tbatsgmuscadine grapes believed, “We
don’t have a disease problem here and the onlytpasbothers us is Japanese beetles.” Another
muscadine producer added that the native grajecis skinned and produces antioxidants that

act as a good immunity to many diseases that vanffeoducers face.

5.2.2 Growing Environment and Irrigation

Most growers (66%) ranked the growing environmena &ery important factor, with the
remaining farmers ranking it as a somewhat imponariable (Fig. 5.5). The growing
environment consists of the vineyard’s physicalrogavironment, including location, soil type,

water table, slope, and elevation. One of the lEggeessors for coastal growers in this study is
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the soil type. These growers prefer higher sandy ab18 feet above sea level over lower, black
loam or silt-like areas at 10 feet above sea |&Rieldmont and mountain growers worry more
about selecting growing environments with Nortlstuth oriented slopes with open sun coming
in and elevated areas to protect from frost.

Survey respondents were closely divided (Fig. 6rb)he importance of irrigation or
sources of water. Some growers have invested imrigation system on site as a backup. One
large, coastal grower, with a large water tankite) $old me he has never needed to use it.
Grapes thrive on hot, dry conditions and growersanth Carolina do not experience these

conditions often. Drip irrigation or water resenags used during dry periods.

5.2.3 Market and Economy

Seventy-seven percent of survey respondents beheweine market is somewhat or
very important to a successful growing year (Fi§) Sinterviewees who take part in every role
in the enterprise are mainly concerned about thi&kehand economy. A small, eastern piedmont
grower points out,

One of the things | learned early on is don’t gubfimy eggs in one basket. This is a tough
economy. I'll tell you right now a lot of wineriese like every other small business, trying to
stay on top of it, get creative to get customersubh the door and spend a little bit of that
disposable income.

Some businesses are not going to survive the duecemomic challenges. Farming is a
business that is constantly changing. The markeseatch to something new every day, and if

growers do something right to the enterprise orze,yemay be inconsequential the next year.
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5.2.4 Costs of Inputs and Technology

Thirty-nine percent of growers indicated their sost inputs, consisting of the cost of
direct material, labor, and other overhead item&thl to wine production, are very important
(Fig. 5.5). Twelve growers (41%) indicated thesgdes are somewhat important. Starting and
maintaining a vineyard requires a significant cagitvestment. If a winery stays below a 10,000
case volume, inputs are usually more reasonable.gbower specifies, “Grape costs are pretty
reasonable in North Carolina so if | do buy outgid&pes | can get them at a price that offers me
good value and doesn’t force me to pass alongcthsitto my customers.” Large vineyards that
produce an optimum yield in a year may allow graaerincrease profits by selling extra
grapes.

The facilities associated with a vineyard rangeficheaper Quonset huts or barns to
expensive, extravagant villas, and tasting roonosiriEm advertising is an important aspect of
the costs of inputs for a winery. Several growafsrmed me that, “Those advertising signs you
see on the highway cost anywhere from $20-30,0060 signs in one spot; One going one
way and one going the other.” Several producersshto invest a significant amount of money
into manicured and landscaped properties to catirettourist's expectations.

Forty-one percent believe technology has somewha anportance to the success of
the enterprise, while 37% of respondents have akwgws (Fig. 5.5). Technology may include
tools for winemaking, pest and disease preventianjesting or general maintenance. Many of
those interviewed do everything by hand and dautibze large machinery; this includes
harvesting and pruning, considered the most latdensive tasks. Farms, especially larger
acreage farms, with little technology will needoting in more laborers during specific times of

the year. Another winegrower said, “In the begignimad to pay hand labor, I'd hire 10-15
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Mexicans, hand pickers. My labor was running me8$I00 a week. That was taking all my
money. So, | bought a grape picker for $150,00@0tBcers that utilize technology mentioned
using bladder presses that can press tons of grApasterviewee recently purchased a
mechanical pruner:
Now we're all excited because they invented alteeve that follows up behind the grapevine
[and] shoots the clippings to the middle of theeyiard. Instead of letting it fall down, and we

would have to try and rake it, they mulch it and ipback in the vineyard after. So nhow we've
saved some money because we have less labor there.

Every winery experiences business risks that gariddé vineyard risks. For example if a
frost kills the buds, a western piedmont growetedn“we won'’t see that in the bottle and one
thing people don’t think about is that’'s money thats supposed to be for buying new
equipment or being able to pay someone for 8 mdhifhthe winegrapes are primarily impacted

by an event or condition, the business will sufiecondary impacts.

5.2.5 Government

Thirty-five percent of growers (21) indicate thevgonment is either very or somewhat
important to success (Fig. 5.5).Those who do styoexpress their opinion that government
bureaucracy is a hindrance to their operation. @ower complained about, “way too much,
useless and mostly unnecessary government invohigh#aother grower said, “(government)
increases cost to the consumer” and another syrapghionated coastal producer informed me,
“Agriculture is the crookedest bureaucracy in Aroarand that's why | can’t get any help from
agricultural laws. I'll tell you how crooked it ithey have two[federal] offices in Las Vegas.”
Another large muscadine grower has experiencedgdtruggle with Federal tax fluctuations

over time:
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Major risks are the same for any company right niw taxation issues that we're unsure about.
But for a company our size, most people think we'tdmind paying a little extra but on the flip
side we need to cut this waste out. So there’s af loncertainty for us financially so that's the
biggest risk.

Changes in policy and permitting have hinderedui¢evees in the past. A small, eastern
piedmont grower complained, “It took me over a yesgven months actually, and | worked on
it some everyday trying to get a permit. Yea traeeplenty of taxes on everything and you have
to have a lot of different permits and that costsay. The government wants to know

everything.” Another piedmont grower strongly said:

| was the first winery they wanted to regulate urttleir jurisdiction and they wanted to throw all
these zoning things at me, safety and AVA things tieren’t necessarily required.

They just wanted to make it more difficult, (say)ifgpu’re going to do it the way | want you to
do it.” This is my second winery, don't tell me hoavrun a winery. We went back five times to
get a building permit and they kept denying us.

Winemaking is a federally monitored agribusiness @ach state has individual laws.
Many producers accept that alcohol will always losely regulated and taxed. Large vineyards
may even face higher taxes and annual audits. Coomhevineries are required to license all
laborers and renew certification every five yedisese growers accept government monitoring

as a part of the business but one complains:

If five bottles go missing out of 10 million thelmety won’t leave. Then they’ll probably fine you
so that's how crazy it can get if you don't writeeeything down. We keep records of everything
we spray, everything we buy, and when we do &.probably going to get worse too. It really
tightened up after 9/11.

Other producers view the government as an importecegssity referring specifically to
extension agents and local agriculture agencigh#ip with marketing. “That helps out because
you have a lot of people who can’t afford to be @oing marketing themselves. It's a communal

marketing sales effort so everybody pools their eyoso they can get more done than trying to
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market their individual brands,” a grower infornte@. As the NC wine industry grows in size

and recognition, perceptions of government impagamay change.

5.3 Weather and Climate Variables

All respondents perceive weather and climate assdrat or very important to a
successful growing year (Fig. 5.5). To identify gfje weather and climate risks, growers were
asked to rate their vineyard’s level of risk to essive rainfall, insufficient rainfall, high
temperatures, low temperatures, high humidity, kwghd, hail, and severe weather. Variables
that respondents ranked as high risk factors aalyzed further through localized case studies in
Chapter 6.

At least, 35% of respondents identified each ofvieather events or conditions as a
strong or very strong risk, showing that all agmngicant stressors for the NC viticulture
industry. According to the respondents, the weatlrent presenting the greatest risk is
excessive rainfall with 22 respondents rankingis@ong or very strong. This was closely
followed by hail (19) and severe weather (18). €hadditional weather events were viewed by
respondents as fairly strong risks; low temperat(i®), high temperatures (13), and humidity

(13). The lowest risks were perceived to be insidfit rainfall (11) and high winds (10).
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Figure 5.6: Growers’ Perceptions of Weather and Cihate Risks

5.3.1 Factors Influencing Risk Perceptions

Perceptions of risk were examined for differencasell on the location and

characteristics of vineyards. First, a t-test a@sest was used to compare both vineyard acreage

and grower experience to the survey responsestdr sk factor. Therefore, for this group of

winegrowers there is no correlation between theyand size and perceived weather risks or

between length of experience in the industry amdgieed weather risks.

Next, an ANOVA test was used to examine both lecasind grape varietals. Variation

based on location was assessed by dividing growerZone 1, Zone 2 and a combination of

Zone 3 and 4 (based on an updated suitability mdye discussed in Chapter 6: see Fig. 6.17.2).

The variation between survey responses to weatieand winegrape varietals, consisting of

100% vinifera growers, 100% muscadine growers,mmxed grape growers, was also assessed.

Resulting p-values for both assessments are noifisent based on a 95% confidence level,
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with one exception. This means that in generaktlage not significant differences according to
winegrape varietal or suitability zones.

Responses to insufficient rainfall risk do showngfigant differences, both by region and
varietal (p = 0.01). Many growers in Zone 1 prodi68% muscadine winegrapes. The mean
response from both groups indicates these groveecee lack of rainfall as a strong risk. The
majority of respondents in Zone 2 produce mixedetals. The mean response from these
groups indicates insufficient rainfall is perceiveesia moderate risk. AImost every grower in
Zones 3 and 4 produces 100% vinifera and the messgponse suggests lack of rainfall is a slight
risk. In other words, insufficient rainfall risk deases as you move from East to West across
NC. Eastern growers may perceive drought as a higglebecause, since rainfall is regularly
received, there may not be an irrigation methoplate to combat drought. Several survey

respondents from Zone 2 and 3 specify that irroyais established, leading to lower risk.

5.3.2 Seasonality of Risks

Growers were asked in the web survey to specifirquéar times throughout the growing
season where they believe their vineyard is moreslato weather and climate events and
conditions. The most commonly identified seasors&l was excessive rain in August and
September (Table 5.1). There are also seasonatelifes in temperature risks. Winegrowers in
NC want rainfall in the beginning stages of growthing spring months and very little rainfall
as grapes reach maturation. Hail during the groweagson is also a risk especially June through
September. Interviewees explain that high tempezatare more risky throughout the summer,
particularly during August. High humidity is alseewed as a significant risk from May through

September. Low temperatures are perceived as darskary through April. Thirty-two percent
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expressed that throughout the entire year thegyards are at risk to severe weather.
Precipitation, high temperatures and low tempeegtare examined further in a monthly case

study in Chapter 6.

Percentage

All Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Year
Excessive Rain 905 3% 3% 9% 15% 21% 12% 18% 62% 56% 24% 3% 3%
'F’;;i‘;ﬁ'c'em 9% 0% 0% 6% 24% 27% 29% 15% 12% 3% 0% 0% 0%
;';gr;‘peratures 6% 9% 12% 9% 6% 9% 21% 32% 38% 21% 3% 0%  Ob
#Z"n"qperatures 12% | 32% 27% 38% 35% | 12% 0% 0% 0% 0% 0% 9% 21%
:Il?r?]i dity 3% 3% 3% 0% 24% 38% 41% 47% 50% 41% 18% 3% 3%
High Wind 15% 3% 3% 3% 12% 12% 24% 29% 38% 38% 18% 0% 0%
Hail 15% 3% 3% 6% 29% 35% 41% 47% 47% 4% 12% 3% 3%
\‘j’\f’e"aetrheer 32% 0% 0% 9% 9% 12% 27% 32% 35% 27% 15% 3% 3%

Table 5.1: Percentage of responses to survey questi Any particular time(s) in the
growth cycle more at risk to weather and climate eents and conditions?

Responses to seasonality of risks show some @riaticording to principle grape
varietal. Vinifera and mixed winegrape growers havauch higher concern for high humidity
and high temperatures throughout the summer thatawiine growers (Table 5.2.1-5.2.2).
Muscadine grapes are more heat and disease tolbrastadine and mixed grape growers
perceive high wind in August and September as khenigsk than vinifera growers (Table 5.2.3).
A higher percentage of muscadine producers indicdue entire year as a concern for severe
weather, whereas vinifera growers have more conmasnin August and September (Table
5.2.4). Muscadines are grown along the coast wémrere weather and high winds are more
frequent. Muscadine growers are also more conceabedt receiving little rainfall in April,

May and June, than vinifera or mixed winegrape poaeds due to the lack of irrigation use

(Table 5.2.5).
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Percentage

Mixed 15% 8% 8% 8% 23% 15% 38% 38% 54% 54% 23% 0%

Table 5.2.3 Seasonality of High Wind

Percentage
All Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec
Year
0,
100% 57% | 0% 0% 14% 14% 29% 29% 29% 29% 29% 29% 0%
Muscadine
0,
Vilr‘])i?ef’a 22% 0% 0% 11% 11% 11% 33% | 56% 56% | 33% 11% 0% 0%
Mixed 38% 0% 0% 8% 8% 8% 31% 31% 38% 31% 15% 8%
Table 5.2.4 Seasonality of Severe Weather
Percentage
All Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec
Year
100%
. 14% 0% 0% 29%| 57% 57% 57% 29% 29% 0% 0% 0%
Muscadine
0,
Vilr?i?ef’a 0% 0% 0% 0% 11% 22% 33% 22% 22% 11% 0% 0% 0%
Mixed 15% 0% 0% 0% 23% 23% 23% 8% 0% 0% 0% 0%

Table 5.25 Seasonality of Insufficient Rainfal

0opo

8%

0%

0o

All Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec
Year
100%
. 0% 0% 0% 0% 14% 14% 14% 29% 14% 14% 0% 0%
Muscadine
0,
oo 0% 0% 0% 0% 33% | 56% 56% 67% 78% 67% | 22% 0% 0%
Mixed 8% 8% 8% 0% 31% 54% 62% 62% 69% 54% 31% 8%
Table 5.2.1 Seasonality of High Humidity
Percentage
All Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec
Year
100%
. 14% 0% 0% 0% 0% 14% 14% 0% 14% 14% 0% 0%
Muscadine
0,
e 0%  11% 11% 0% 0% 0% 22% | 56% 56% | 22% 0% 0% 0%
Mixed 8% 15% 23% 23% 15% 15% 31% 46% 54% 31% 8% 0%
Table 5.2.2 Seasonality of High Temperatures
Percentage
All Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec
Year
100%
. 0% 0% 0% 0% 0% 0% 0% 43% 71% 71 29% 0%
Muscadine
0,
V:il-rﬁ?ef)a 33% 0% 0% 0% 11% 22% 33% 22% 11% 11% 11% 0% 0%

J%

0%

8%

0%

0

Over the course of a growing season, it may beécdiffidentify the impact of any

particular weather event. A large producer remesbdrad year: “You have to wait until you
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pick it. Your grapes can look wonderful and youtstarvesting them, because we've got 60
acres, especially in our vineyard you’ll [find orsgction did better than [another] section.” In
addition, each grower may perceive the meanin@oli @veather and climate risk differently.
For example, excessive rain may be perceived asssk@ rain amounts or excessive rain days.

High wind, hail and severe weather may have soneea&@yin meaning to respondents.

5.3.3 Rainfall

Precipitation is an essential part of any croptbatmuch rainfall at the wrong time can
significantly affect quality and crop yield. Excassrainfall is perceived by survey respondents
as the highest vineyard risk indicated by survepoadents (Fig. 5.6). One grower told me,
“The most critical part about rain is it doesn’tttea so much that it rains, it's the timing of the
rain in relation to fruit maturity.” Excess wataurthg pre-bloom through blooming will produce
excessive shoot growth and leaf canopy, resultingpor fruit set or delayed ripening (Poling &
North Carolina Cooperative Extension Service 20@0#ipegrapes are particularly sensitive to
rainfall during verasion and harvest. Again, survegpondents specify August and September as
a particular time in the growth cycle more at fislexcessive rainfall (Table 5.1), when verasion
usually occurs and harvesting practices beginrgelacoastal grower who described how
detrimental excessive rainfall can be during timeetperiod said, “Too much rain is bad because
the grapes will just about fatten up and split #redr sugar content will drop, [juices will be]
watered down. He continued, “But it's really anus®f the excess rain will plump up the
clusters and rub up against each other and thgrrdtheThen we get sour rot and then once you

have sour rot it just keeps going because it's@odunist infection. Turns the grape into
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vinegar and drips down and takes over.” A smabieza piedmont grower expresses his
frustration:

You can deal with a rolling thunderstorm, but wiyen have these large geographical climate
changes, there’s not much you can do about ity@dre fighting that and it's a timing issue. [If]
you get an inch of rain, you're going to set yolfrback a week and then [if] another storm
comes in and gives you another inch of rain, i6&1g to set you back another week. So, you just
lost three weeks right there, almost a one monidydgThe grapes] need that third week just to
make up for [too much rain].

To ensure better quality, winegrowers do not wargitk unless the fruit is as ripe as it
needs to be, considering all factors. Growers mashtain a balancing act to avoid damage,;
keeping a close watch on the weather and foretaskscide when to pick and when to leave
fruit on the vine. A frustrated piedmont growerds&Every time we've thought about waiting
another day [to pick], we’ve been bit in the asg, Wwith the short crop that we had we couldn’t
afford to take that chance.” He added, “We couletdilly get 5 inches of rain in an hour or two
that could ruin the entire crop. Makes me wantubyp a 42 acre tent!” Often, periods of
constant cloud cover, can be just as detrimentediagall by preventing the normal
photosynthetic generation of vines.

Mapping responses by the participant’s locatiavigles an opportunity to discover
spatial patterns (Fig. 5.7). The cluster of resgmrtslin the Yadkin Valley, shown in the area of
detail, are divided between those considering afliafmoderate to high risk and those
considering it a slight to non-risk. This emphasittee micro scale features of each vineyard site

that increases or decreases vulnerability durimgssive rainfall conditions.
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Winegrowers' Perceived Risk of Excessive Rainfall During Growing Season

Level of Risk
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Figure 5.7: Visualizing survey responses to excegsirainfall risk

Overall, survey respondents believe insufficiemfedl is a lower risk factor. Ideal
conditions include very little rainfall on a vinegain NC. A small, mountain grower says,
“There’s no doubt in my mind that we don’t needgation. A lot of rain is not good.” Drought
is positively received by all North Carolina winegducers in this study and one producer even
says, “We love droughts. And we tell people in @afiia, [who] get almost no rain.” Many
mention years of drought are associated with sdnttee@r best wines. Backup drip irrigation or
retaining ponds continue to be necessary on NGyanaks because “the grapes will just shut
down if it's too dry and the crop or fruit that ybave won’t materialize,” one grower informs
me. Again, timing of insufficient rainfall is impt@nt, a coastal grower points out, “Drought can
be a problem. You want a dry August. We've hadassyour berry size is smaller, sugar levels

are great but you don’t have a lot of your yield¢ce yield is way down.” Young vines also
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require more irrigation than mature vines but ngvetvers believe it is usually provided for
naturally. Most survey respondents indicated highsufficient rainfall risk throughout the

growing season but particularly in April throughyd(rable 5.1).

5.3.4 Severe Storms and High Wind

Forty-five percent of survey respondents percegxere weather events as a very strong
risk to their vineyard, and the majority of survegpondents perceive wind as a moderate risk
factor (Fig. 5.6). Row orientation and the timelwé growing season can increase or decrease
risk. A coastal grower mentions, “When the hurre@aomes through, it doesn’t blow so many
vines down, especially if it's early in the seasdifter foliage comes out, strong winds “just
break the post and the vine creates a canopy switiaehits it and pushes it over and then it hits
another one.” This farmer remembered rows and awsapes lying down, which he had to
raise up in a week’s time or the ground would hat grapevine.

A large, coastal grower who had a devastating espee with strong storms said,
“Hurricanes and all of that destroyed the winerg #re vineyard at one time. This past year
[storms] took 80% of my crops. But a few years betthat [storms] almost completely
destroyed my whole vineyard.” He told me just od@racres were flat on the ground. He
continued, “These [muscadine] grapes will come bhg&u have hurricane damage even though
you lost everything last year, that's just tougtkéy.” Storm and hurricane damage may result
in the decision to purchase grapes or juice fromraaffected area. Severe weather can affect the
entire state, a region, one vineyard and not anothheven a part of the vineyard. Tracking these

systems can be a major stressor for farmers.
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5.3.5 Hail

Hail can have a detrimental effect on winegrapekcam be a risk factor throughout the
entire growing season. Forty-two percent of respotglperceive hail as a very strong risk (Fig.
5.6). The coastal respondents believe hail to $teoag risk but may not experience hail
problems as often as vineyards in the piedmontamahtain region. A large, mountain grower
with very strong hail risk commented:

Nothing you can do about hail. The hail stormssarscattered. This year we got hit by that hail

storm and then we had frost before that. I've n@e&n a hail storm this bad my whole life. It's

been a tough year so now last year we had abouto2SQnow we're going to have about 50. It
knocked shoots off, knocked clusters off, justsadier. We lost like 90%.

Hail storms and their severity are very difficdtforecast and farmers often feel

powerless.

5.3.6 High Temperatures and Humidity

Overall survey respondents (64%) perceive high tgatpres as a moderate or strong
risk factor (Fig. 5.6). Growers indicated that aslce greater in July and August (Table 5.1),
when extreme high temperatures can produce higir $exels or grapes will fall off. One
grower expresses what he has experienced receititlyhe rapid onset of very high
temperatures and dry conditions: “The gragetsreally dried out. | had no problem sweating the
heat or any kind of weather until it got so hostiummer and it did it quickly that it dried the
ground out real quickly and | happen to have wpateblems at the same time.” He continues to
discuss how lacking an irrigation system or a priypgorking system during extreme heat is
very stressful. Hot and dry conditions are idealtf® month of August in NC, but without some

form of irrigation berry size will be smaller anceld will decrease.
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As discussed in Chapter 3, the diurnal temperathifeis important to a resulting wine’s
guality and complexity. A coastal producer strugghath, “a lot of nights [remaining above]
75°F. During the day if it's 85 or 90°F, [I] wishgould be like 65°F at night.” Vineyards at
higher elevations do not experience this problepabse there is a large day to night
temperature differential (Fig. 3.7).

The responses to high humidity are very scatteetd®en slight and strong risk. As
previously discussed, the timing of humidity coradis throughout the growing season
determines the type of risks involved. Fifty pefcehsurvey respondents believe August is a
particularly sensitive time in the vineyard to esiprce high humidity conditions (Table 5.1).
One coastal grower comments:

Our biggest issue is the humidity. It gets doww itte high 70’s at night [in July and August]

and the humidity is through the roof and then weageeavy dew and you walk around in the

vineyard at 2 o’clock in the afternoon the next dag there’s still dew on the ground. That's
just nothing but a breeding ground for mold ancie.

Humidity is one of the biggest challenges for mgmywers and can increase costs and
labor as more frequent spraying is required. The factor unique to the eastern United States
that the west coast, including California vineyadises not have to consider during the growing

season.

5.3.7 Low Temperatures

Survey respondents (54%) perceive low temperaasesstrong or very strong risk.
Thirty-two percent consider low temperatures a maigerisk (Fig. 5.6). Rapid drops in winter
temperatures or extreme low temperatures couldanjines, particularly Vitis vinifera varieties.

Interviewees welcome cold winter temperatures &v@nt pierce’s disease.
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If a mild winter is followed by late spring frost May with several days of low
temperatures in the teens, one grower says, “rgpthiat sensitive is going to survive. The whole
place turn(s) brown. And that happens.” Frost SoiHaiity across the state is varietally
dependent based on budbreak, more so than anglsegif a varietal has an early bud break
and late frost occurs in May, there will be probéerd small, eastern piedmont grower
elaborates:

My concern is when the threat of frost has goneya®a that’'s a major concern for this far east
and this far south. We had bud swell and we hadcessiroots coming out and we got a frost at
night and some of the fruit over there shows fdashage on it. | mean | had foot and a half
growth by then. Once it gets below 28°F, theretsmoch anyone can do.

Hopefully the damage isn't going to be that bagt@r can recover over the next year or so. But

yea we lost about 3,000 vines then, slowly backtpig now. We're buying a lot of grapes from
growers right now because we've had a lot of issu#sgrowing and the late freeze.

The mountain region regularly experiences froaallg at the beginning of April and
sometimes as late as mid-May. A large mountain graaid, “I've been here 31 years and
we’'ve had a frost every year, guarantee.” Forrason, mountain producers try to choose
varietals with later bud breaks. For varietals thabreak in April, wind machines or water
spraying can be used to decrease frost vulnerahlflishoots are too long, spraying water may
cause them to freeze and break off but the budgigiif no preventative measures are taken.
Most vines have a primary bud, secondary bud, ercty bud. When the primary bud dies,

there will still be bud growth but will not provides high of a yield.

5.4 Perceptions of Climate Change

Near the end of each survey, respondents werel éistkeey had experienced any changes

in weather and climate events or conditions overmtést 5 to 10 years. Figure 5.8 shows that
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most growers indicate changes in high temperatime=viewees were asked what specific

changes in events or conditions have impacteditieyard since establishment.
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Figure 5.8: Growers experiencing changes in weath@&vents and climate conditions

Forty-four percent of smaller vineyards have exg®ed changes in any weather and
climate variable and 38% of larger vineyards intidahey have experienced changes. Thirteen
respondents (65%) believe to have experienced esandhigh temperatures and 73% of the
more experienced winegrowers have experienced elsandigh temperatures. A grower from
the mountain region said, “Now we’re getting warrnmethe summers. This year we were up to
97°F. And | was born and raised here. In the 80 and 70’s we never got above mid 80’s.
It's increased at least 10 degrees.”

Responses are split on experiences with chandewitemperatures. Most interviewees
mention low temperatures are changing. A large,nteon producer recalls:

In the winter, most of them it gets down below grées Fahrenheit which years ago we were
always cold and winters started warming up. Thesry ago we had 48 inches of snow. Two
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years ago we had 36. Last year we had 2 inchdsstothat’s how much difference. In the 60’s
we always had snow. We had tons. We would havetaofosnow and it would get down to zero,
we’d get another foot of snow, down to zero.

Overall, there have been fewer experiences withgésin high humidity, high wind,
hail and severe weather. Consistently large virasygacreage > 20) have not experienced
changes in high humidity. These weather factorsldfieult to measure and record over time.
The majority of survey respondents believe rainfaliditions have maintained a constant
intensity or a higher intensity. Respondents aeentlost concerned about changes in excessive
rainfall throughout the summer months. Table 5@nghthat August continues to be perceived
by survey respondents and interviewees as a sensitie in the growth cycle to any changes in

excessive rainfall.

Percentage
All Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Year
Excessive Rain 0% 0% 0% 0% 3% 6% 6% 240 24% 10% 0% 0%

Insufficient 6% 0% 0% 0% 3% 6% 24% 10% 3% 0% 0% 0% 0%

Rain

High 0% 6% 6% 10% 3% 6% 24% 17% 21% 10% 3% 3% 3%
Temperatures

Loy 3% 24% 6% 14% 24% 6% 0% 0% 0% 0% 0% 3% 14%

Temperatures

High Humidity 0% 0% 0% 0% 0% 10% 14% 10% 10% 0% 0% 0% 0%
High Wind 3% 0% 0% 6% 3% 3% 3% 10% 14% 10% 3% 0% 0%

Hail 0% 0% 0% 6% 10% 17% 24% 17% 10% 10% 6% 0% 0%

Severe Weather o5 0% 0% 0% 0% 3% 10% 6% 3% 3% 0% 0% 0%

Table 5.3: Percentage of responses to survey questi Any particular sensitive
time(s) in the growth cycle to changes in weathema climate events and conditions?

Figure 5.9 shows the number of responses to qussaibout experiences in changes of
frequency with each weather and climate event nditon. Growers considerably agree that
they have experienced more frequent high temperatmditions and 60% of survey
respondents have experienced more frequent ingufficainfall conditions. Survey respondents

have almost evenly divided beliefs that rainfalhdions have changed in frequency. An
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interviewee informed me that his vineyard expergsnihe “same pattern. [Every] ten years, you

have three heavy rain years, three drought year$cam perfect years maybe.”
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Figure 5.9: Growers’ perceptions of changes in fragency of weather events and
climate conditions

Fewer respondents have experienced changes intéresity of weather and climate
events or conditions (Fig. 5.10). 63% of growergehexperienced more intense severe weather
over the past 5 to 10 years. Almost all surveyoadpnts that answered the question on climate
changes indicate high temperatures becoming megeiént and responses vary between the
intensity of high temperatures staying the same@easing. This may suggest a change in the
growing cycle as one grower mentioned, “| feel ldt®/iously we're getting warmer. | do know

that because our harvest season has moved up.”
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Figure 5.10: Growers’ perceptions of changes in iensity of weather events and
climate conditions

Finally, surveyed growers were asked the leveloicern they have that climate change
will impact their vineyard in the future. Twentyrpent of winegrowers are very concerned
about potential climate change impacts (Fig. 5.I%enty-four percent are somewhat
concerned, 32% are slightly concerned, and 24%aitrat all concerned that climate change
may impact their vineyard in the future. A mountpmducer said, “Normality wise this is a
good place climate wise.” But events and conditidosiot always follow the norm. If potential
future climate changes produce further challengesirvey respondent emphasizes that, “We
must adapt. We have no control of the weather.” fBason most growers are not very
concerned is because most did not express havperienced any changes in weather variables

except for high temperatures.
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Figure 5.11: Growers’ level of oncern for future climate change
impacting their vineyard

Growers recognize that climate changes may noulik @nd dramati A coastal growe
lightly commented: Eventually if the heat keeps building, all this area will be under wat
again up as far as Greenville and we’ll have watetfproperty’ In a generallysense, “no year
is ever the same,” a large, western piedmont grinekeves. Many survey responde

commented on what specific preparns and adaptations they hawvdloped, discussed furtr

in Chapter 7.

Many interviewees were skeptical about climate geaend global warming. A
experienced coastal produdslieves, “everything goes in cycles and we'regeiting anything
different that hasn’t been here before. Some idikésAl Gore say we're having a glok
warming. It's happened before.” Another grower frthra piedmont region agrees, “That’
bunch of baloney. It's political, that's exactly atht is” He is not atall concerned with climat
change and believes, “that the good lord is gaingite us what we need. | know what | sha
be doing with the wine if things change for the std From the mountain region, a lar
mountainvigneron adds; Everyone says it global warming. | think it's just weather chan:
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It's always been changing.” These perceptions angirtg from vineyard operators and owners
that have been involved in the industry well overy8ars. Most of the producers | talked to are
very reluctant to believe the media hype and restrtties. One grower elaborates:
| believe that there have been statistically sigaift changes in climatic recordings over the last
50 years. But | don’t know if those changes wouddslgnificant over the last 200 years.

Certainly not over the last 1,000 years that hunfeve been around. We are here trying to make
a decision that will have far reaching effects ldase 2% knowledge.

To me, that is putting the cart before the horsmn't know a scientist anywhere who would be

willing to make a decision that would have suchré&aching effects based on such a limited data
pool. Obviously there’s more out there that we d&nbw than we do.

Clearly, there are strong opinions and similankhig within this group of winegrowers.
The survey and interview respondents weighed thgieriences against what they hear to make
decisions. If a producer has a strong concernuftarré climate changes, this does not necessarily
mean that changes on the vineyard will take pl@oaversely, unconcerned growers, who
believe climate change and global warming are sirpplitically charged notions, may already

be making adjustments to their growing practices.
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CHAPTER 6: CASE STUDIES AND SPATIAL ANALYSIS

NC winegrowers in this study identify weather afichate as the most important
variables to consider. Based on survey and interfiledings, precipitation and temperature are
strong determinants of a successful or unsuccessfgdon. Timing of specific rain and
temperature conditions within the growing cyclenscial. Analyzing current climate trends for
variables expressed by growers as strong or vesggtisks at important times in the growing
cycle may reveal changes that could potentiallgafthe NC wine industry and alter site
suitability.

Daily observations of precipitation, maximum tengiare, and minimum temperature
were collected for a 30 year time scale, Janua8p 18 December 2012, from the National
Weather Service Cooperative Observer Network (COQmREgre is a COOP station for almost
every county in North Carolina. The proximity ara$/narrowed down which COOP stations
are closest to the wineries involved in this st(féig. 6.1). Stations with incomplete data for the

time scale had to be eliminated from the case study
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Figure 6.1: Locations of COOP stations resulting fom proximity analysis




The largest cluster of wineries in the Yadkin Valieay be represented by the
Yadkinville station located in Yadkin County anc tBlkin station located in Surry County for
each case study (Fig. 6.2). For these two statamgxtended historical time scale was collected.
While the Yadkinville station recorded temperatanel precipitation from January 1958 to
December 2012, the Elkin station recorded onlyipretion for this time scale. Ten wineries
are within a ten mile buffer of either of the tweather stations. Four of the ten wineries within
the ten mile buffer surrounding the Yadkinvilletgia were survey participants and two were
interviewed. Within the Elkin station buffer ar@me winery was interviewed and three were

surveyed.

Weather Stations in Case Study
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Figure 6.2: Location of weather stations in case stly in
relation to surveyed and interview participants
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Monthly time series were created for precipitatio@aximum temperatures and minimum
temperatures to provide insight into the climabaditions that growers are experiencing. Each

series was fitted with a linear trend line and gpadl by slope value.

6.1 Excessive Rainfall Case Study

Based on the results of the survey and interviéngsdase study investigated excessive
rainfall because it is a strong or very strong tsRNC vineyards. A case study of rainfall during
August reflects a time in the growing season tledimont growers in this study have expressed
as sensitive to very wet conditions (Table 5.1pwa&rs specify this month as a crucial time for
excess rainfall to affect resulting wine qualitisehse potential and harvesting practices. Survey
and interview respondents in the Elkin and YadRkiaviegion agree that excessive rainfall is a
risk to their enterprise. All but one survey respemt believe rainfall is a strong or very strong
risk. Few winegrowers in the case study area hapereenced changes in rainfall patterns, but
those that do perceive changes believe rainféécoming more frequent and more intense.

Winegrape growers in the case study region disdussay memorable excessive
precipitation conditions. One grower remember$)]“B003, it rained all year. If you have
excess there is nothing you can do about that. tipbothe state made any good wines in ‘03.”
Another said, “The worst was 2004, remnants of idarre lvan. We had 30, 40 inches after
normal.” Other severe storms that affected therktki Yadkinville growers include outer rain
bands from Tropical Storm Lee in 2011 and Hurrickiaee in 2012. One grower also mentioned
2012 was their second or third wettest year onrceda Yadkinville, 2005 was perceived as a

good season, meaning there was very little rainitaneds hot and dry the whole summer. Many
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believe 2007, 2010 and 2011 were years of, “semibagght. But that's what makes the good
wines.”

Time series were created based on daily precipitagcords for every August over the
54 year period and fitted with linear trends. Theximum (Fig. 6.3), total (Fig. 6.4), and
frequency (Fig. 6.5) of August rainfall were cakteld. The Elkin station does show 2007 having
one of the lowest maximum rainfall measurementsegord (Fig. 6.3), which agrees with the
growers’ statements. Graphs show that around t66’a @roduced many years of increased
precipitation (Fig. 6.4.1 and 6.4.2). The 1980’'sevihe last time for increased precipitation over
multiple years, which may influence growers’ peitcaps of recent increased rainfall years. The
rainfall amount for each month of August over tlastb4 years shows 2003 as one of the
highest spikes for both the Elkin and Yadkinviltateons in total number of rain days (Fig. 6.5),
which agrees with the growers. The highest outtieeach station’s maximum rainfall in
August was in 1970 and has the highest numbernmays in August for Yadkinville was in
2012 (Fig. 6.5.2). A period of very low rainfallrdughout August was in 1997.

The Elkin station’s trend lines for maximum pretapion, total precipitation, and number
of rain days have slightly negative slopes. Maxinprecipitation change has & R0.0248,
total August precipitation has a? R 0.0588 and number of August rain days showéa R
0.0712. The Yadkinville maximum precipitation ingies a trend line with a slightly positive
slope and an r-square value of 0.0054. Yadkintatal precipitation change over the past 54

August records show a slightly negative slope aithr-square value of 0.0086.
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Elkin August Maximum Precipitation 1958-2012
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Figure 6.3.1

Yadkinville August Maximum Precipitation 1958-2012
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Elkin August Total Precipitation 1958-2012

R2=0.0588

mm Seriesl
— Linear (Seriesl)

£ZT0¢

©500¢

wwoom

~200¢

—— 1

~J00¢

C166T

C766T

1661

3867

C386T

- N |

7867

©3.6T

3167

-3/61

).6T

C196T

7967

C196T

©3G6T

N
—

o
1_00642

(ur) uowendidald wg

o

Figure 6.4.1

Yadkinville August Total Precipitation 1958-2012
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Elkin August Number of Rain Days 1958-2012
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The correlation coefficient was used to deterntivgerelationship between the

Yadkinville and Elkin station time serieBhe coefficient will vary from -1, perfect negative

correlation to +1, perfect positive correlatidine maximum rainfall time series correlation

coefficient is 0.374953 and the total precipitatione series coefficient is 0.446878. The

number of rainfall days time series produced a/63 coefficient closest to positive 1,

indicating a slightly positive relationship betwetbie Yadkinville and Elkin number of rainfall

days during the 54 year period.
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Rainfall is an erratic variable to study over timeshown by the stations in this case
study with conflicting trends and fairly low coragiions. The change in slope is not significant
over the 54 year time scale. Conditions may bedoereasingly erratic as some growers have
experienced changes in rainfall frequency and sitgnThe Elkin station data indicates
increasingly drier conditions overall. The Yadkifistation shows less overall change in
rainfall for this time period. The overall conseassithat maximum rainfall is not as important

as the number of days with high precipitation aledid cover in North Carolina.

6.2 High Temperature Case Study

Survey respondents from the Yadkinville and Elkirffér area perceive high summer
temperatures as a strong or very strong risk. Gr@emphasize the importance of maintaining
high temperatures throughout the summer and edlye&isgust to ensure optimum sugar
content and acidity. However, there are concerositadxtreme high temperature conditions
influencing these factors. A more in-depth investiign of maximum temperatures during July
and August reflects on a time period when grapesansitive to very hot conditions according
to piedmont growers (Table 5.1).

A small, piedmont grower said, “This is the hottgsar that I've ever seen.” Another
said, “Last year [2011] we had a very mild sumnidis year [2012] we're having a brutal
summer. 2007 was a brutal summer, but ‘08, ‘09,840 ‘11 weren’t that bad.” Figure 6.6
shows observed daily maximum temperatures througheussummer of 2007. Summer 2007
temperatures remained above or slightly below 88f&ughout June and July, while high

temperatures in August never fell below 80°F.
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Yadkinville Daily Maximum Temperatures June - August 2007
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Figure 6.6

From an experienced grower’s perspective: “Thig y2@12] has been very hot. Now
we’re getting warmer in the summers. This year veeenwp to 97°F.” He continues, “l was born
and raised here, | remember in the 60’s, 70’s,8fi8, we never got [temperatures] above mid
80’s. It's increased at least 10 degrees [since]thEigure 6.7 shows observed daily maximum
temperatures throughout the summer of 2012. Higtpézatures stay above 80 degrees for the
majority of the summer. Between Juné'2éd July 18 high temperatures never drop below 91

degrees.

Yadkinville Daily Maximum Temperature June - August 2012
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Figure 6.7
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The daily maximum temperatures for the month oy dmd August over the past 54
years are used to study observed trends at theirkaltix station. The annual July trend line has
an r-square value of 0.0091 indicating almost range in maximum temperatures during this
time of the year (Fig. 6.8). July’s graph showsitigkly steady temperatures between 1958 and
1970, random occurrences of temperatures nearbiffeen 1970 and 2003, and high
variability in maximum temperatures after 1970.

The annual August maximum temperature trend lirsegmar-square value of 0.0251 (Fig.
6.9). The red box, in Figure 6.9, once again shoasimum temperatures in 2007 remained
above 80°F for the entire month, as growers hapeessed. Many other periods in the 80’s and
90’s have steady temperatures above 80°F in AughstAugust graph shows highly variable
maximum temperatures between 1963 and 1970 wigje liaccreases near 100°F and decreases
near 70°F. The period between 2002 and 2012 hasdayable dips in maximum August
temperatures and less spikes in higher temperagib@gse 90°F as compared to the previous
period.

Maximum temperature trend lines for July and Auguastadkinville do not show
significant slopes, indicating no significant chaagver this 54 year period. The graphs do
reflect what growers are experiencing in speciéang, but there is no evidence of overall

warming taking place at this station with maximwemperatures.
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Yadkinville July Daily Maximum Temperatures 1958-201.2
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6.3 Low Temperature Case Study

Survey respondents from the Yadkinville area pgectw temperatures as a very strong
risk or moderate risk. A more in-depth investigatad minimum temperatures during April will
reflect on a time period that piedmont growershis study have expressed as sensitive to cold
conditions (Table 5.1). One grower said, “I ldshast all the grapes out there in 2007, 2008.
We had a late freeze April 2007. On Apfil @nd 9" it got down to 20 degrees.” Another grower
reiterated these dates: “In 2007, | think the feeems around thé™or 8", | think it was two,
three days in a row of lows in the teens.” Othevew and interview respondents from this area
repeatedly mentioned, “The Easter freeze of A@02” A western piedmont grower said that if
late frost occurs, there’s nothing you can do alttcarid it doesn’t become an issue unless it
continues. If you have a very warm February intadalike what happened in 2007, when it
was extremely warm and everything had a reallyydartl break. And then at Easter, when it's
traditionally warmer, we had three nights of 20r@egemperature. That was very hard and
really reduced the [amount of] fruit for everybauy.

Figure 6.10 does reflect minimum temperatures drapmto the low 20’s at the
Yadkinville station on the specific dates mentiongtbwn inside the boxed area. Isolated areas
further from the weather station could certainlpexence lower temperatures during a frost

event like the ‘Easter freeze’.
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Yadkinville Daily Minimum Temperatures February-Apr il 2007
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Figure 6.10

An experienced grower learned from past frost dgea‘last year we’ve probably had
the best crops we’ve ever had. We had no frost darbacause [the vigneron] is a really good
farmer. [Other] people lost 60% of their vineyanditost so we had a lot of people standing in
line in Yadkin Valley.” Other growers also mentiahgpring, 2012 was a difficult time for late
frost following a mild winter. Daily April minimumemperature calculations for the entire time
scale at the Yadkinville station (Fig. 6.11) haweraquare value of 0.0046, meaning minimum

temperatures are very slightly increasing.
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Yadkinville April Daily Minimum Temperatures 1958-2012
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A piedmont farmer said, “This winter was a mild v&n the previous one, two different
occasions | had a foot of snow up here. | reallptato get cold, like this past winter it was
very, very warm so | delayed pruning as long asula@ because | was hoping for maybe a week
or two of cold snap and we never got it.” A mor@enenced grower remembered, “cold
weather back in the 80’s, about the mid 80’s, gotmlto 11 below [zero]. We haven't seen
anything that cold [since then].” These commenssifyithe reasoning for looking at the history
of January minimum temperatures as well.

Daily January minimum temperatures follow a reeodog pattern between 1958 and
2012 (Fig. 6.12), producing a trend line r-squaaki® of 0.0008, also indicating a very slight
minimum temperature increase. The period betwe&0 28d 1990 do show very cold minimum
temperatures overall with the exception of oneepiove 50°F. During 1985, the January graph
shows a significant drop near -10°F as expressezhbygrower. After 1994, minimum
temperatures at this station do not fall below B&ween 1994 and 2012 the graph shows a

higher frequency of spikes in high minimum temperas compared to the previous period.
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Yadkinville January Daily Minimum Temperatures 1958-2012
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6.4 Spatial Analysis of Viticulture Site Suitability

COOP stations were selected with the most compl@d@dmum temperature and
minimum temperature daily observations over a 34 tiene scale, January 1982 to December
2012. Stations with incomplete data for the tim@lestiad to be eliminated from the interpolation

study, leaving 72 stations (Fig. 6.13).

Locations of Selected COOP Stations for Data Interpolation
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Figure 6.13: COOP stations (72) used in interpoladin of 30 year daily observations
data calculations

To investigate climate changes a series of spat&ipolation maps were created similar
to those shown in Chapter 3, created by John Bloyehe period between 1970 and 2000.
Minimum temperatures were examined at 72 stationthe period between 1982 and 2012. The
average occurrence of temperatures below -8°Fgmade is shown in Figure 6.14 and the
average occurrence of temperatures below 0°F madeeis shown in Figure 6.15. Temperatures
below 0°F are focused in the mountain region aedtturrence of extremely low temperatures
is higher in the northern mountain region. The@aspiedmont and coastal regions rarely

experienced extremely low temperatures between 4882012.
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Average Occurrence of Temperatures Below -8°F Per Decade

Average Occurrences 1982-2012 —

\:l 0 times a decade
\:] 1 times a decade ¥
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- 3 times a decade JE—

- over 3 times a decade

Figure 6.14

Average Occurrence of Temperatures Below 0°F Per Decade

Average Occurrences 1982-2012
|:| Less than twice/decade

|:| 2 1o 3 times/decade

|:| Mare than 3 times/decade

Figure 6.15

Lower January mean minimum temperatures are irapbith preventing Pierce’s disease
(PD). Figure 6.16 shows the potential extent ofd@is disease is high in the red and dark red
areas where average minimum January temperaturesrrebove 30°F. Lower chances of PD
throughout the piedmont and southern mountain regre denoted by minimum temperatures

between 25 and 30°F on average. The northern mioweigion and a portion of the southern
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mountains do not experience PD risks because aveveder temperatures fall below 25°F,

killing any carriers of the disease before the gngwseason.

Potential Extent of Pierce's Disease Based on January Mean Minimum 1982-2012

Figure 6.16

Site suitability has not drastically changed betwéhe 1970 to 2000 period and the 1982
to 2012 period (6.17.1). The Zone boundaries asedan the overlap of January mean
minimum temperatures, occurrence of 0°F, and higiragions. Figure 6.17.2 shows Zone 1
continues to be the best region for growing Mustadiarieties because so many disease
pressures exist in this region. Zone 2 can be ssbdeor growing all varieties, but some areas
may experience issues with cold temperatures. 2ageriences the lowest temperatures
providing less disease pressures and late bloowiiifgra varieties can prosper. Zone 4 will
remain a challenging grape growing site based erextremely high elevations.

Three counties that did show a change from 197D 20 1982-2012 were Wake, Stanly,
and Hertford counties. Wake and Stanly shiftedhflieing primarily suited for Muscadine
(Zone 1) to being adaptable to vinifera and hybf#tme 2), while the reverse happened for

Hertford County.
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Viticulture Suitability in North Carolina (1982-2012)
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Figure 6.17.1: Viticulture Suitability boundary changes

Variety Viticulture Suitability in North Carolina
& - Muscadine ——

\:’ Vinifera - Labrusca
\:l Hybrid - Other
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Figure 6.17.2: Site suitability in North Carolina between 1982 and 2012 in comparisor
to varieties the survey and interview respondentsra currently producing

The pie graphs in Figure 6.17.2 show that the ntgjof winegrowers in this study have
chosen varieties suitable for their growing regiériew vineyards produce the labrusca variety,
which is native to eastern North America and isadle for production in Zone 1-3. One
vineyard on the NC coast currently produced a portif each variety, which may provide many
market opportunities but also increased weathercantte risks. The winery producing
exclusively muscadine winegrapes in Wake Countg.(€i17.1) could diversify as the recent

climate data places it in Zone 2, which is suitdblevinifera and hybrids.
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6.5 Spatial Interpolation of Climate Trends

To investigate linear trends in temperature coodgiacross the entire state, annual
averages in minimum January temperatures and maxiAugust temperatures were calculated
for each station between 1982 and 2012. A lineardiline was fit to each series of averages and
the slopes calculated at each station were intatgolto spatially analyze regional changes.
Positive slope values represent a linear increasgximum or minimum temperatures over the
30 year period, while negative slopes represeimeal decrease in maximum or minimum
temperatures.

An earlier spatial interpolation analysis of No@hrolina’s climate trends is shown in
Figure 6.18 and 6.19 for the time period betweetBl&nd 1998. Researchers concluded that
there are statewide patterns in maximum and miniremperatures (Boyles and Raman 2003).
Maximum summer temperature observations from tine period show decreasing trends in the
piedmont and mountain regions, while the coast shoareasing trends and the remaining

regions of the state show no changes (Fig. 6.18).
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C Summer Maximum Temperature Trends
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Figure 6.18: Interpolation of summer maximum tempeature trends, linear slopes
for summer months betwee 1949 and 1998 (Boyles and Raman 20(

Researchers concluded that winter minimum tempegatends show negative slopes for
the southern coast and northern piedmont, wheremaim temperatures appear to have
decreased between 1949 and 1998 (Fig. 6.19). Tuthesm mountain region shows positive

trends for the winter months over the same pefdmyles and Raman 2003).

a Winter Minimum Temperature Trends

Tempersture change in degrees Fahrenheil per year
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Figure 6.19: Interpolation of winter minimum temperature trends between 1949
and 1998 (Boyles and Raman 2003)
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Figure 6.20 shows my interpolated trend surfacéfgyust mean maximum
temperatures. Higher positive trends are locateédersouthern mountain region, shown in dark
red, and maximum temperature trends are weaklyipesiround the western piedmont, shown
in light tan. The southern mountain stations preduthe highest positive slope values, which
indicate temperature increases around 0.05°F @er peigust mean maximum temperature
trends are not increasing substantially outsidd@fsouthern mountain region, but overall, this

map shows that the state is warming. This is o@gé that NC winegrowers are experiencing.

Annual August Mean Maximum Temperature Trends

(-

Temperature change in degrees Fahrenheit per year

Trendline Slope Value
e High:0.05

Low : 0.01 h

Figure 6.20: Interpolation of average August maximm temperature trends between
1982 and 201

Figure 6.21 shows my interpolated trend for Jana@animum temperatures. Positive
trends are located in the central piedmont, showdark red, and lower slope values are located
in the northern mountain region and western piedpsgbrown in tan and light blue. The
remaining part of the state shows very little is® or decrease in minimum temperatures. The
central piedmont stations produced the highestipesslope values, over 0.1°F per year, located
in the darkest red area. Generally, January meammim temperatures are slightly increasing
per year across the state with the exception afalsegion in the northern mountains that is

slightly decreasing per year over the 30 year perio
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Annual January Mean Minimum Temperature Trends
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Figure 6.21: Interpolation of average January mininum temperature trends
between 1982 and 20:
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CHAPTER 7: MANAGING RISKS AND ADAPTIVE CAPACITY

7.1 Managing Changes in Risks and Sensitivities

One of the objectives of this research is to bettelerstand how producers respond to
the challenges of climate change and the waysliegtprepare for present or future risks. Risk
management can be reactive, that is respondingrtofbl situations when they happen, or
proactive, by preparing for or attempting to coh&r@otential negative occurrence or situation.
One large, coastal grower anticipates the formating), “[There is] nothing we can really do to
prevent [negative impacts], without spending a gdeal of money.” Other winegrape
producers, however, indicated that specific actemespossible. Respondents have the capacity
to adapt, and many are being proactive, as onedstal/e had a lot of issues that we were trying
to prevent in the winery more so than trying to ©ur philosophy here is always to prevent
things happening rather than try to fix them aftande.” A number of farmers agreed, believing
that it is never going to be a perfect world anchedorm of adaptation in the field or in the
winery is required every year. This chapter exassmme of the strategies used by growers or

winemakers to manage possible risks associatedcluitiate change.

7.1.1 Crop Insurance
One obvious way to prepare for unforeseen circumesi®is to carry crop insurance. A
cost study by Cal Davis discusses the following:

Growers may purchase Federal crop insurance t@edthe production risk associated with
specific natural hazards. Insurance policies @y range from a basic catastrophic loss policy
to one that insures losses for up to 75% of a cinpurance costs will depend on the type and
level of coverage (Weber et al. 2003).



All but one interviewee in this study does not euntty have crop insurance. The large,
western piedmont producer that does have insuraagatains many different crops on their
farm. She told me farmers have to carry crop instgaOther crops grown on this farm, such as
corn, wheat, and soybeans are basic rotation chop$wurricane or frost comes through then
[maintenance costs] do not come from a farmer'kepdut there is no profit. Because grape
vines are not annual crops, grape insurance reqggrmvers to create a crop report by tonnage
for each variety, each year. This grower explained:

[If] this year [provides] 6 tons instead of 10, hase of weather related [issues] that can be
investigated or proven, then you're going to gpeecentage of the difference between that 6 tons
and 10 tons. [That] covers your spray program, ésting and your premium, the maintenance
and all the out of pocket expenses it took for gmhave gotten that crop.

The same farmer admits that insurance is very estpeand even mentioned, “l don’t
know that it is a good asset. To my knowledge I'titlwink we’'ve collected on it [for our
grapes].” Another large, mountain grower agreeSrdp Insurance is] too expensive. They were
going to give us a value of concord [table grapebgre they were going to give us $200 a ton.
There’s no use. We'll take our chances. Now weigh lisk and your rates would be so high.
Insurance lasts 10 years but we've lost three critpdike somebody having three wrecks.”

Many have experienced problems with other agricaltoans. A large, coastal grower
said, “I qualified for an emergency loan last Segier [2011] when [Hurricane] Irene hit. You
know how much the agriculture allowed me to borr@®ePley a dime.” He also points out that,
“There is no insurance for grapes [particularl\i@]. In Napa Valley they're all insured. But
[here] you have to have 100% percent loss befovecgm get any insurance money. There is
never 100% loss. It's not like wheat, cotton, talmg@otatoes [where] you can lose the crop and

replant next year and get 100% gairdt these reasons, growers in NC have used othés kif
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strategies to mitigate the potential negative cqueaces of weather events and climate change;

focusing in particular on growing and winemakingegaches.

7.1.2 Site Selection

Proper site selection is a crucial element in r@forotection against potential climate
variability. A medium, coastal grower dealing witiited slopes, chose vineyard locations,
“from knowing where our highest elevations are,chhround here isn’t much. If it's sandy and
18 feet above sea level, that's much preferredkéod black loam at 10 feet above sea level.”
Throughout a rainy season, “the highest most welhed sites are the ones that are still
shedding water and the ones that are below themddaeng the water that they’re shedding.”

The piedmont and mountain regions have more slppers than the coast, but still need
to consider proper varietal placement along thisilés. A small, eastern piedmont grower
describes how he prevents frost damage by selettenguitable site:

What creates the micro environment here is sittimgop of this hill so we can get more air
stirring in the vineyard when a lot of other placas’'t. The way we have oriented our rows,
picks up [and] allows the air to flow down the reather than try to flow across the rows, which
helps a lot to keep air moving. And you got yowli} air drainage that’s working for us too on
top of this hill that creates the no frost area.

Another farmer with limited space for plantingteth “[We] picked higher [areas] where
there was less opportunity for frost. And beyorat thwas what was open so we took what
would be available on the farm and then chose #isé dites with that in mind.” She continued to
add, “North to South orientation with open sun cagnin is important.” Row spacing and
orientation of rows were discussed as plantingesgras to allow for optimal sunlight and air
flow. During periods of excessive rainfall, sunligind airflow will provide drying and during

periods of frost airflow will prevent cold air frosettling.
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7.1.3 Variety Selection

Many survey respondents and interview participaotsd that preparing for anticipated
warmer temperatures may require different varietgcion. A large, coastal grower plans to,
“continue to diversify [by growing] more grapesdifferent locations, as much as we possibly
can. There is a cost with that but it's well waitth Costs may mean waiting several years for a
newly planted vine to reach maturation and prochptenum yield as well as the labor and care
involved in tending to younger vines. A survey i@sent making preparations says, “l am
planting French-American hybrids which, | hope,|fale better in our increasingly hot
summers.” Other respondents experiencing warmepéeatures throughout the growing season
mentioned strategies such as, “Replanting withvadetals, planting more southern European
varieties and moving toward more hybrids and Musezsl’ Multiple varieties may reduce
overall vulnerability because a grower can expediam varieties to withstand a weather event
or climate condition when others cannot. Managmdgtiple varieties on one vineyard may also
be costly to maintain the different needs of eaatiety.

Since the beginning of production, one piedmontvgrosaid, “We’ve been through 27
different varieties. [If] we weren’t happy with tipeoduction, we pulled them out. | think we've
done enough exploration to figure out what is amc igoing to work for us.” The overall idea is

to plant more of what works and eliminate what doets

7.1.4 Altering Practices
Altering vineyard practices is another common respedy growers experiencing climate
changes. A small, eastern piedmont grower said, f¢/e/hatever the weather is offering us,

you know? What steps we're going through in theeyard, that sort of thing, it's all one big
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[cycle]. Every year we have to do the same thibgs|f the weather stays constant, then you are
doing things about the same time every year.” Mi&hall farmers, winegrape producers have
to consider the whole operation by looking at wiedds to be done for the entire year.

Survey respondents concerned with increasing teatyress have closely monitored the
thickness of the leaf canopy to allow more air flogtween the vines and allow more sunlight
wherever necessary. Irrigation is another elenmveitit, most growers introducing large irrigation
systems for the first time when facing periodsitiel rain. In preparation for increased periods
of rainfall, many plant grasses under the vinessorb some of the water in the soil. A few
growers mention reinforced line posts and trelésign to withstand strong winds in severe
storms.

One grower concerned with late frost notes, “wecli@nging the training system in the
lowest or coldest portion of the vineyard to elevand protect the plant or crop.” Others battling
frost have introduced wind mills to mix the cold ar delayed winter pruning to prevent damage
to shoots and early buds. A piedmont producer SBefore frost we sprayed solidly twice a day
for three days and coated the leaves with a litgridlizer and that’'s why we didn’t have frost
damage.” The liquid forms a barrier between th@gsaand any frost. Others may be wary of
this technique because of concerns that the frillibecome too heavy and fall off.

The timing of viticulture practices is extremelyportant in wine production. As
previously discussed, growers anticipating periaidsxcessive rainfall are forced to make quick
decisions to pick before rainfall or wait for a oy period. Many interviewees mentioned
experiences with an extended growing season, whialpositive for tourism, but may change

the timing of all practices. One grower recallgobaitive experience in 2005, when the season of
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warm, dry conditions was extended so much thatdnedsted grapes with the most complexity
he had ever seen.

Some growers have learned to utilize a successfwigg year to offset an unsuccessful
year. After a very successful season, a large talogi®wer said, “it is good to have extra grapes
because you know you are going to have years wloeréave hurricanes and you'll have years
with a late freeze.” Another proactive strategy snase is keeping a back-up inventory of wine
in the barrel or bottles. A small, eastern piedngnotver says, “Some of your risks you know
you're going to have [are] those rainy years, drydiu keep enough wine made up - cash and
wine made up - for a period [of rain] then thatlwdve you if you have bad crops and things like
that.” A western piedmont grower told me, “you hedlave to utilize the good years.” Bad years
are expected and other times there may be twicgaay grapes to keep as a backup supply. The
same grower said, “As it stands now we can newensger but we know what our trends are
but you know we could not have a single grape fa year and still have enough because in
your tanks now.”

Another common practice during unsuccessful seasgn&chasing grapes from other
growers within the state or even outside of theest large, coastal grower explains:

With hurricanes and late frost, you know, differthihgs happen. We decided we need to
diversify if we can. We have a contract grower iis8#ssippi, Florida and South Carolina. But
hopefully if we get hit here with a hurricane wenecaake up for it by going down to Florida and
Mississippi and buy more.

When altering vineyard practices do not suffice #iredbusiness cannot afford additional
winegrape purchases, growers may alter winemalkicigniques. Some growers that experienced
a rainy season picked grapes that were too wetterad down, but discovered they could

produce a better Rosé wine than a red wine. Rasgsvare commonly produced with less
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tannins than a red wine. A very large mountain gnomoted, however, that this is not an optimal
solution:

You get no color [and] the flavor is not real gopithe main] problem is Rosé is only about $7 a
bottle whereas the Cabernet is $15 or $20. You tmeéher blend it with some other grapes or
something. If we get at least a ton from two adnese that’s still $7,500 coming in that we
wouldn’t have if we didn’t pick

Many winemakers also have the ability to blendgsjenhance flavors, and adjust time
in tanks or barrels to make up for growing isséepiedmont grower said, “You never
manipulate wine, but it's all controlled with howy move it around, how quickly you ferment
it, tank temperature.” One vineyard in the north@wuntains of NC has even learned to take
advantage of their cold temperatures by producmigewine from thick skinned grapes left on
the vine until December. Overall, interviewees eagred that some years the winemaker has to
do very little and other years require “you to geeger into your bag of tricks to turn out quality

wine.”

7.1.5 Viticulture Experience: Personal and Outdrksources

Some interview participants felt very strongly ttieé number one factor in the success of
a vineyard is field experience. A lifelong farmgreoating a large vineyard in the western
piedmont passionately said, “A farmer is a farn@r. people who are non-farmers, it's like
learning a foreign language. If you’re coming ofitorporate it’'s like learning a foreign
language.” She continues, “It's purely a mattepeifspective and from what background you're
coming. For growing grapes, it's just one more caod one more form of farming, which [we
have] done for 50 or 60 years, so it’'s no big deal.

Research by Howden et al. (2007) shows that saniinstitutional structures can

influence the capacity for adaptation. Buildingatelnships with other growers, for example, can
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introduce growers to new ideas and experiencddCnthe wine industry is made up of a unique
series of connections involving wine trails, wh#re cooperation between wineries in each
winegrowing region is essential. Interview partamps also utilize trusted contacts, university
sources, and private sources including grower #ssmes. Producers with less experience reach
out to other sources more often than those whewelihey have enough experience or rely on
their own knowledge to guide management decisions.

North Carolina State University’s Department of tarltural Science provides many
research opportunities within the wine industryndmber of winegrowers mention&ara
Spayd, from this department, who doubles as amsixte agent and bunch grape researcher. A
large, western piedmont grower suggests that, f@knsion agents, they're great help but
they're learning too. Our biggest resource fotladl questions we had for the first years is
Virginia Tech. And they’ve been doing it in the maclimates of VA, which are similar enough
to here.” She continues, “Tony Wolf is the one waibéen saying to people [that] you all can do
in North Carolina what we’ve done in VA.” Anothanall, eastern piedmont producer added:

Over the past 10 years we've seen a lot more eidncand understanding from the government
side of it. When | first had an extension agent eamt, [they knew of] muscadine. They didn’t
know anything about hybrids [and] they didn’t knamything about viniferas. And grapes
weren’t a huge part of the extension anyway.

Today, the NC wine industry is improving researol giticulture resources.
“Approximately eighteen people were employed ounlktime basis in North Carolina in wine-
related education, consulting and research, withyaoll of approximately $1 million. State and
regional organization support is critical to thesess of the renewed industry” (Rimerman &
Co. 2011). These organizations include the NorttolZea Wine & Grape Council, (which is
part of the North Carolina Department of Commerbth Carolina Winegrower’s

Association, Yadkin Valley Winegrowers Associatemd the North Carolina Muscadine Grape
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Association. Viticulture organizations focus on iness and marketing support, while people
like Sara Spayd and Tony Wolf focus on grape ggalitd sharing information with the growers.
One grower emphasized, “We're really not doing himg that a dozen people before us have
done. It’s just a lot of time we’re stubborn. Wenwo learn it ourselves and do it ourselves. |
think overall we’ve got some pretty good suppokiany interviewees have voluntarily served
on the Grape Council or in roles with the North @iaa Winegrowers Association since its

establishment in 1973.

7.2 Future in North Carolina Wine Industry

North Carolina winegrowers certainly face many Evajes, but the future of the
industry holds many opportunities to improve adaptiapacity. An eastern piedmont grower
describes his experience, “You know, they can gyoapes everywhere in the world. | mean,
you’'d be surprised where they grow grapes. Youtagow every grape everywhere in the world
though.” He continues, “when | talk to people aboarning to the winery | talk about three
distinct growing regions. | don’t know of any otlstate that has that and ours is so unique.”

Because the North Carolina Wine Industry is gehecansidered young and
inexperienced, the most common opportunity idesdifivas marketing. A western piedmont
grower said, “I can’'t wait for people to taste soofiche wines we have because they’re going to
say there’s no way this is from North Carolina.” iWagrowers feel strongly that they already
have the proper knowledge and experience to prokigtequality wine in the NC climate,
although one grower disagreed: “Just because yow krow to make wine doesn’t mean you
know what good wine is. | think there are a lopebple in North Carolina that make wine and

they don’t have any clue what the wine is.” Sheeferring to owners and operators that did not
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come from a farming or viticulture background. Temphasizes the value of pooled information
regarding everything that can affect NC viticulture

Unfortunately, the Wine & Grape Council’'s budgetswacently cut in half, resulting in
fewer funds for marketing programs on behalf ofuee industry (Rimerman & Co. 2011).

This may not impact vineyard growth or tourism, it reduce opportunities to expand the
consumer market. This is another reason to incrleaséized support and cooperation as well as
University research.

Producers are constantly making critical decistbia$ sustain their crop and overall
business. Again, grape vines are perennial cragascdnnot be quickly replaced if damaged and
expected to produce optimal yield the following ygane grower emphasizes, “Sustainable
means that you're here to stay. We are caretakeéhe dand, so we do what we need to keep the
land workable and usable.” For farmers to sustarmeyard and a winemaking operation they
have to constantly create a plan for the nextymars and into the future. Sustainable practices
provide defense against potential climate changdsan lead to a more successful business in

the wine industry.
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CHAPTER 8: CONCLUSIONS

This study incorporates mixed methodology in a Weat has not been previously applied
to North Carolina viticulture. The goal was to tise experiences and explanations of producers
to better understand the impacts of weather, cémaatd climate change on the NC wine
industry. North Carolina is a specialized growiegion where risks and seasonality of risks are
unique to each vineyard. The wine industry is aificant element of the NC economy, culture
and heritage. Improving our understanding of cleregnsitivity can help to identify both its
potential and greatest risks.

The first research question was addressed by fgiergtithe most important variables
perceived by winegrowers in the context of creatirsyiccessful enterprise and then identifying
how winegrowers perceive weather and climate rsglexifically. Variation in survey and
interview responses to weather and climate riske \@aalyzed based on suitability zone,
experience, vineyard acreage, and winegrape vbgetan to address the second research
guestion. Based on winegrowers’ experiences, dpeedather and climate variables were
analyzed on a 30 year time scale to better undetstarrent climate trends at critical times in
the growing cycle. Focusing on an area with tleatgst concentration of survey and interview
respondents made it possible to link actual weattegion measurements with specific changes
that growers are experiencing as stated in thd tegearch question. Visualizing trends in
important variable and viticulture suitability assothe entire state addresses the fourth research
guestion. This identifies what could potentialljeat the wine industry and varietal suitability in
the future. The survey and interview questions messthe level of concern for such potential

changes and preparations in place in order to antbwdinal research question.



8.1 Research Results

The results of the survey and interviews show ginatvers balance many variables in the
vineyard and the business at different times ofydeg. According to NC winegrowers, weather
and climate are the most important variables teictan in a wine enterprise but there are other
very important variables that determine a succégsfar. Pest and disease risks are almost as
important when heightened by humidity and excessiugall. The physical growing
environment is the center of any agricultural irtduand growers in this study rank it as
somewhat or very important. The government is ilegortant to overall respondents, but a few
had strong comments against the government’s iewnodnt in their business. Winemaking is
closely monitored in NC and the permitting prodeas been a frustrating experience for many
in this study. Producers utilize irrigation in dfoet to reduce production risks from the rapid
onset of high temperatures and little rainfall. Hwer, water availability is not a crucial issue for
most growers because sufficient rainfall is usuedlyeived naturally. Technology is often used
to reduce overall labor costs, but many vineyaddginue to do everything by hand. Other costs
discussed include advertising, purchasing winegraged operating facilities. Growers believe
these costs are important to the winery businesthiby are not ranked as very important aspects
of a successful year. As the industry progrestesmarket expands, or environmental conditions
change, growers may rate the variables of a suftdtg®sr differently.

Growers in this study indicate that there is ati@heship between weather risks and other
variables that are a part of a successful enterpgfsr example, negative weather impacts in the
vineyard could lead to increased pests and lowalitguforcing a producer to increase costs.

Increased costs may indirectly affect bottle priaed tourism.
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The majority of producers expressed high conceynsxcessive rainfall and subsequent
diseases or quality reduction. Rainfall combinethwbnstant cloud cover can severely affect
ripening winegrapes, particularly in August, andwers can do little to manage these
conditions. Severe weather and hail are a largegaisnany growers in this study. Interviewees
recall major storm events that watered down grampesluced heavy erosion, and interrupted
harvest. In addition, high winds are perceived mghas a moderate risk because it can blow
down rows of vines. If they can be set upright glyi¢hen the impact is minimal. Most
respondents perceive high and low temperaturesvaslarate to strong risk. Late frost is a
higher risk to early blooming varieties, especiatiyegions of the state that do not regularly
receive frost throughout April and May. January iminm temperatures are crucial to preventing
disease and early shoot growth. Many growers inelitteat the rapid onset of high temperatures
paired with insufficient rainfall can create moderto strong risks throughout the summer
months. Most growers in this study perceive droughé slight to moderate risk because it
provides the best grape quality and can be manadkd properly working drip irrigation
system.

While many individuals continue to debate the detnd the magnitude of climate
change, fewer are denying it outright. Some wirgglpcers, particularly those with a long
experience history, strongly believe that the idkelimate change is a hoax amplified by the
media and politics. The reason most growers ar@ergtconcerned is because most did not
express having experienced any changes in weadni@bles except for high temperatures. Most
producers believe high temperatures are becomirrg frequent. A high percentage of

respondents indicated August as a particularlyise@snonth to changes in excessive rainfall.
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NC growers in this study are aware of what potéfitiatuations in climate can do to their vines
but not all have recognized ideal management aspbreses to climate change.

Producers who have recognized climate changesascarn expressed many ways to
respond to weather and climate risks. In some caseducers implement strategies to prepare
for climate variability from the beginning of théeyard. These strategies may include specific
site selections, variety selection, and crop insceaProducers mentioned a variety of alterations
to viticulture practices and timing as the growaanditions and environment change.
Preventative practices include the delay of prunusg of chemical sprays, reinforcement of
trellises, and the introduction of new technologgactive practices may require producers to
delay harvest, purchase grapes from an outsidesoair utilize winemaking skills. Growers
have expressed specific adaptations for the futudneh include selecting hardier varietals able
to handle warmer temperatures. Vineyards with mlgtwinegrape varieties, each with differing
sensitivities, are subject to risks that requiféedent management. A mix of varieties may also
reduce overall vulnerability, if one variety does have a successful season. Managing multiple
weather risks in one year can be difficult, esgicibgrowers have trouble identifying the cause
of multiple impacts on the crop.

There are many different influences of perceptibnsk and risk management, including
personal and social experiences, which can affiectapacity for adaptation (Julien 2007, Adger
et al. 2007). The t-test did not identify growezgperience in the industry or the size of
operation to have a significant influence on resgsrto questions of risk. Interviewees operating
large vineyards did discuss more opportunitiesréwvg@nt negative impacts to their enterprise
than smaller vineyard operators. A higher yieldtisisk on large vineyards but more resources

may be available to take preventative measuresli@maeyards with fewer resources to
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protect their crop discussed many reactive strasedihe ANOVA analysis did not show
significant differences in survey responses betwgeunps of winegrape varieties or between
suitability zones with the exception of insufficieainfall. Responses to insufficient rainfallkis
show similarities within the suitability zone andrieties grown in each zone. Eastern growers
perceive drought as a higher risk because raisfadigularly received and there may not be an
irrigation method in place. Several survey respotsiFom Zone 2 and 3 specify that irrigation
is established and risk to drought is lower.

Balancing decisions to avoid damage and produdenapt quality can vary every year.
Producers stress the importance of collaboratidh @ach other and viticulture organizations to
learn what others are doing to manage risks. Teatgst opportunities in the NC wine industry
involve education, experience, and proper markegingdorth Carolina’s wine quality and rich
viticulture history.

Overall, the case studies from the Elkin and YadKe weather stations reflect similar
conditions that winegrowers express as either godhd years. The aim of each case study is
not to be representative but to understand howrextpes and responses reflect on historical
climate data in a local context (Flowerdew 2005%)e Greatest &= 0.0712, shown in the Elkin
station’s August total number of rain days treme Jisuggests that the number of rain days may
be decreasing. The Yadkinville area has experiexmegglittle change in August maximum
temperatures over the past 54 years. There havepee®ds of high variability and outliers but
this case study does not show an increase in bighdratures that survey respondents are
experiencing. Low temperatures in April and Jandreye very flat trend lines as well and do
not show change over the 54 year time scale. Honvéwere are obvious changes in the

variability of minimum temperatures during the perbetween 1994 and 2012.
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Based on the statewide spatial analysis of minimathmaximum temperature trends
over a 30 year period, general climate change asimis can be made. Trend lines suggest that
the southern mountain region is experiencing atpesincrease in August mean maximum
temperatures. January mean minimum temperature lirees suggest that the central region of
the state is experiencing warming and the westieinpont is slightly decreasing temperature
each year. Overall, most of the state is slightbreéasing in both August maximum temperatures
and January minimum temperatures each year. Fabargges may or may not follow the
historical trend line. Natural climate fluctuatiomsy contribute to the climate variability shown
in historical records (Gladstones 2011, Hurrell@9¥iticulture suitability has not drastically
changed since 2000, with some exceptions. Wineseas the zone boundaries may need to be
particularly watchful for climate conditions in @etmining varietal selection. If minimum winter
temperatures follow an increasing trend line, jp@st disease risks may become more prominent,

especially in regions where growers are not corezeabout climate changes.

8.2 Limitations

Using a web survey has many limitations. Winegneweho do not have a personal
email provided at NCwine.com or on their winery’shypage resulted in using a general
information email for the winery. Many emails magvie been mistaken for spam and deleted,
despite multiple reminder emails. A questionnasrsubjective in the tone and questioning set by
the surveyor. Ambiguous terms, such as the impoetah a variable on the success of a winery,
may have different meanings to each respondenteSomvey questions lack the explanation or
reasoning behind a response (Flowerdew 2005). iirhiet response to the web survey does not

equally represent each growing region, makingfftatilt to compare responses from each. This
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is also due to the fact that NC wineries are nengvdistributed across the state. Because
surveys collect data at a single point in time idifficult to measure how responses change as
growers experience variations in weather and ckmat

Semi-structured interviews limit the number oft#pants due to time constraints.
Having only one principal investigator with limiteesources also reduced the number of
interviews conducted in the time frame availableldZalling may have caught people at an
inopportune time and some then requested emaiachridut unfortunately most email inquiries
did not result in a response. A level of subjet§iis also present with qualitative research
involving personal understanding and charactesdstito questioning and interpretation (Hay
2010).

A potential limitation to a trend analysis with weer station data includes any change in
physical location. If any sensors had been movath dccuracy changes or if there are gaps in
measurement (Boyles and Raman 2003). The scaledbhtstation represents lacks accuracy
when studying localized vineyard climates. Vineyaade positioned on various slopes and
North Carolina’s complex climate and diverse topgdpy requires more weather station
locations with complete continuous observationstaion cannot account for this amount of
variability unless it is positioned directly onsife few stations had missing records that could
have affected the mean or mode calculations andtirggtrend lines.

As defined previously, interpolation is only aniesttion of values between weather
stations in this study. Obtaining data from morather stations would improve interpolation
accuracy, but this was not possible in NC becatise cncomplete 30 year historical record at
many stations. The kriging analysis used trendeslas opposed to actual observations, which

increases uncertainty. The prediction standard eneps (Fig. 8.1) produce a value quantifying
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the uncertainty of a prediction or the differenedvieen the true and predicted value for kriging

maps from Chapter 6 (Fig. 6.14-6.16).
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Figure 8.1: Prediction standard error for kriging analysis maps Figure 6.14-6.16
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Figure 8.2 shows the prediction standard errottferkriging maps from annual August mean
maximum temperature trends (Fig. 6.20) and anraralakry mean minimum temperature trends

(Fig. 6.21).
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Figure 8.2: Prediction standard error kriging analysis maps Figure 6.20-6.21

Dark red areas have higher uncertainty and whéasahave lower uncertainty. 95 percent of the
time the true value will lie within the predictedlue plus or minus two times the prediction

standard error if data is normally distributed.
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8.3 Future Research

This study, and others like it, serve as a modeéktapplied to other winegrowing regions
of North America and other areas where limited usi@ading exists. The survey and interview
guestions can be extended to growers that didarticgate in this study to develop a better
representation of their localized perceptions catlver, climate, and climate change. A similar
survey implemented at different points in time rbaycompared to the results of this thesis to
identify changes in responses. Many different foaheontent analysis could be applied to the
qualitative data in this study to better understar@dning and reasoning behind responses. GIS
provides powerful opportunities to visualize enwmmental data and can be better utilized in
climatology research. Interpolating trend linesdtrer sensitive months that this study did not

analyze could provide further insight to climaterges throughout the year.

8.4 Contribution

This research provides an opportunity for winegn®ie share opinions, experiences,
strategies, and hopefully improve on future climaiange defenses and overall production of
their vineyards. This research has the potentiadftom all sectors of the wine industry with
similar climates and through many forms of agribass. The end results can be used to
formulate action plans used by agricultural edwcagirofessionals to help the producers adjust
to potential climate changes. Several existing miggdions could serve as a platform for sharing
results, including the North Carolina Wine GrowAssociation, NC Wine & Grape Council,
NC Muscadine Grape Association, and the CarolimenFstewardship Association. Working
through such organizations, winegrowers can pull€rare resources together, working to

protect the NC wine industry, and keeping connettddrther education and research in the
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field. Climate change impacts on the wine industiyld also indirectly affect other industries
such as tourism; therefore any education and atiaptzould potentially protect tourism across
the Mid-Atlantic United States.

Winegrowers are familiar with their own microclireatand the environmental conditions
that shape their vineyards, and their knowledgeimsight can provide a different perspective on
their industry. This record of survey respondemis imterviewees are doing their best to cope
with current changes and prepare for potentialréuthanges in weather and climate. We can
continue to learn from their local expertise, bakhwith climate science, to reduce viticulture
vulnerability. North Carolina growers told me tiigks, challenges, and the uncertain future in

this state make for a job that is far from boring.
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North Carolina Winegrowers' Perceptions of Climatange Impact
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| am pleased to inform you that your Expedited Aqgdlon was approved. Approval of the st
and any consent form(s) is for the period of 5/0TI2to 5/16/2013. The research study is
eligible for review under expedited category #6T e Chairperson (or designee) deemed this
study no more than minimal risk.

Changes to this approved research may not betedtigithout UMCIRB review except when
necessary to eliminate an apparent immediate haadhe participant. All unanticipated
problems involving risks to participants and othmusst be promptly reported to the UMCIRB.
The investigator must submit a continuing reviewgadre application to the UMCIRB prior to
the date of study expiration. The Investigator naditere to all reporting requirements for this
study.

The approval includes the following items:

Name Description

Initial Survey| History Surveys and Questionnaires

Interview Guide| History Interview/Focus Group Scripts/Questions
Participant Consent Forfidistory Consent Forms
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APPENDIX B

INFORMED CONSENT DOCUMENT

Title of Research Study “North Carolina Winegrowers’ Perceptions of Céita Change
Impacts”

Principal Investigators: Heather Blair

Institution: East Carolina University

Address: Department of Geography, Greenville, N8537
Work Telephone #: (240) 674-9325

INTRODUCTION

This document may contain words that you do noewtdnd. You should ask the study
investigator to explain any words or informatiorthis form that you do not understand.

You are being asked to participate in a study bearged out by Heather Blair (Department of
Geography). The goal of the study is to bettereusidind the impact climate change presently
has on viticulture in North Carolina. For thissea, we are interested in the opinions and
experiences of winery or vineyard owners and opesah the region. You are being asked to
provide an interview that will last approximatel§y tinutes. Your participation is voluntary,
and you may choose not to answer any question yasked. The information you provide
will be strictly confidential and used only for essch purposes. Your name, and the name of
your winery or vineyard, will remain completely artyonous, and any information that you
provide will only be presented using the size afiryoperation and general location. The
interviewer will request your permission to rectind interview to enable us to correctly
document your responses. Interviews will be recdled transcribed. Digital audio files will be
accessible only to the study investigators; writtamscripts will use code names. The digital
audio files will be destroyed after one year. Angtemial (such as direct quotations) used from
interviews will be presented without any identifainformation, beyond a generalized
description of the respondent’s position and gragreeties (e.g., Winery Owner, small winery
with less than 10 acres located in Yadkin Valley®dineyard Operator, large vineyard located
in Piedmont region”). Access to data will be reséd to study investigators and kept in locked
office spaces and/or password protected computers.

RISKS AND BENEFITS

Given the subject matter (Climate Change impatis)possible that certain questions may pose
large disagreements or disbelief. This may leagfigsal to continue responding or overall
disagreement with remainder of questions. The lemefit to participating is the opportunity for
you to contribute to our understanding or misuni@@iding of climate change conditions in the
region and adaptation strategies.
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INFORMED CONSENT

My participation in this study is voluntary and bgnstop at any time | choose. | may also
choose not to answer specific questions withoutedntstopping my participation. Should | at
any time have any questions about this researcimtiestigator(s) will be available to answer
them. Also, if | have any questions about my ghtthis research, | may contact the Chair of
the University and Medical Center Institutional Rev Board at (252)-744-2914.

O I have read and/or understood all of the aboveinédion, asked questions and |
willingly consent to participate in this voluntamgsearch study.

] 1 do not wish to participate.

PERSON ADMINISTERING CONSENT: | have conducted tomsent process and orally
reviewed the contents of the consent documentidugethe participant understands the
research.

Person Obtaining ConsePRINT) Signature Date

Principal Investigator'{PRINT) Signature Date
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APPENDIX C

WEB SURVEY

This survey is a part of a project that aims tadyainderstand the current and potential impact
of weather, climate, and climate change presemtlyiticulture in North Carolina. | am
interested in your experiences and opinions as soemvolved in the wine industry. The
survey will only take approximately five minuteswiill be stored with complete confidentiality
and be presented without any identifiable inforwrtil sincerely appreciate your participation!

Q1 What is the name of your vineyard?

Q2 What is your role in this enterprise? Checkradt apply.

Owner, Co-Owner and/or President
Vintner

Vineyard Operator

General Manager

Other

ooo0oo0og

Q3 How many years have you been involved in theevimdustry?

Q4  What year was your vineyard established?

Q5 What winegrape varieties are grown, how munol ia dedicated to each, and if known
what is the estimated yield of each variety?

Approximate Acreage Please Select units of
fill in: yield:
55- 105- | 15.5- Average
None <1l 1-5 10 15 20 20.5< vield Cases Tons
European | o Q Q Q Q Q Q Q Q
(vinifera)
French-
American O] O O O] O] O] O O O
Hybrids
Muscadines
(vitis @] O O @] O] @] o O O
rotundifolia)
Labrusca- | o o o o o o o o
type
Other O] O O O] O] O] O O O
Other O] O O O] O] O] O O O
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Q6 How important are the following variables inetenining whether or not your enterprise
has a successful year?

Importance: \ (optional)
Notatall | Somewhat | Neither Important Somewhat Very Additional
; . comments or
Important | Unimportant| nor Unimportant Important Important o
explanation:
We{;\ther & o o o o o
Climate
Cost of o o o o o
Inputs
Growing ) o) o) o) o
Environment
Market
Conditions Q Q Q Q Q
Technology
Pest &
Disease o o o Q Q
Control
Irrigation O] O] O O O
Government O] O] O O O
Other O] O] O O O
Other @] O] O O] Q

Q7 How big of a risk do the following weather aridnate conditions or events pose to the
success of your enterprise in any given year?
Vineyard Risk: Additional

comments/explanation

No | Slight | Moderate| Strong | Very Strong (i.e. time of year,
Risk | Risk Risk Risk Risk variety at risk, etc.)

Excessive Rainfall O O O] O O]
Drought or Insufficient Rainfall
Extreme High Temperature
Extreme Low Temperatures
High Humidity
High Wind

Halil
Severe Weather

Other

Other

00000 0 0O
00000 0 0O
00000 0 0O
00000 0 0O
Co0O0O0O0O0 0 0O
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Any particularly time(s) in the growth cycle moreresk?

f" Jan| Feb, Mar| Apr, May Jun Jul Aug Sep Oct Nov [
ear
Excessive Rainfall | O a a a a a a a a
Drought or
Insufficient Rainfall . 9 D
ExtemeHigh ' ' 'p o o 'o o|/o o o o o a
Temperature
Exremelow 'n o o o o o o o o o o o O
Temperatures
High Humidity a a a a a a a a a a a a a
High Wind a a a a a a a a a a a a a
Hail a a a a a a a a a a a a a
Severe Weather | O a a a a a a a a a a a a
Other a a a a a a a a a a a a a
Other a a a a a a a a a a a a a
Q8 Have you experienced any changes in the follgwiaather and climate conditions or

events in the last 5-10 years? If yes, contindédltim columns to the right:

ec

Experience Changes in Frequency of Changes in Intensity of Additional
d any Occurrence? Condition or Event? comments/
changes? explanation:
(i.e. season,
Yes | No Less Same More Less Same More variety
Frequent| Frequency Frequent| Intense| Intensity | Intense affected,
reactions, etc.)
Excessive | 5 1o | o ) Q Q Q Q
Rainfall
Drought or
Insufficient | O O] O] O] O O] O O]
Rainfall
Extreme High o o o o o o o o
Temperatures
Extreme Low o o o o o o o o
Temperatures
High o o o o o Q Q Q
Humidity
HighWind | O @] O] @] o @] O @]
Hail O] O] O] @] o @] O @]
Severe
Weather @] @] O] @] o @] O @]
Other O] O] O] O] O O] O O]
Other O] O] O] O] O O] O O]
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Excessive Rainfall

Drought or
Insufficient Rainfall

Extreme High
Temperature

Extreme Low
Temperatures

High Humidity
High Wind
Hail
Severe Weather
Other
Other

All
Year

U

[ I Iy Iy I Ny W

Any particularly time(s) in the growth cycle morersk to changes?

O

o000 o0oDD0O O

U

[ I Iy Iy I Ny W

Mar

O

o000 oDD0O O

Apr

O

o000 o0oDD0O O

May

U

[ I Iy Iy I Iy W

U

[ I Iy Iy I Iy W

Jur

N

O

o000 o0oDD0O O

Ju

U

[ I Iy Iy I Iy W

Au

g Se

O

o000 o0oDD0O O

p C

U

[ I Iy Iy I Sy W

ct

O

o000 o0oDD0O O

O

o000 o0oDD0O O

Q9 How concerned are you that climate change miliact your vineyard in the future?

Not at all Concerned

Slightly Concerned

Somewhat Concerned

Very Concerned

Q10

Q11

O

O
o)
O

Please provide your preferred means of contacigi-or phone):

Q12

Please provide an e-mail or mailing address:
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Would you like to receive a summary of the tssof this survey?

How has your vineyard prepared for potentigdants of climate change?

Would you be willing to be contacted for clexation and/or follow-up questions?
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APPENDIX D

INTERVIEW GUIDE

Personal Background

What is your role at the winery or vineyard? Howddave you farmed here?
How did you enter the wine industry?
Have you always lived in North Carolina?

Winery and Vineyard Characteristics/History

How was this land acquired? What were the mainabées that made the site ideal for
growing grapes?

How many acres? How has the acreage increased#édedrsince establishment?
What types of grapes are grown, and how much Isud@dicated to each? Do you
outsource for any grapes?

What has grown in the past? And why did it change?

Do you sell your grapes? Where do you sell yourvgroducts?

Growing Practices

What the key challenges or variables that caussstin your vineyard?

Has weather and climate had an influence on theyeird’s operation since
establishment?

How do the costs of inputs influence the winery/andineyard?

How do the market conditions influence the winang/ar vineyard operation?

e How does the governmental policy or regulationuafice your enterprise? Has
anything changed from the past?

e How do surrounding states’ governmental policiesegulation influence your
enterprise?

Has the environment (including soil, drainage aestg) had any influence on the
vineyard’s operation?

Has technology had any influence on your vineygha¢luding biotechnology,
genetics)

Have you made any changes to your growing practiased on these stressors? Has the
vineyard ever purchased crop insurance?

Weather and Climate

Can you describe the weather and climate conditamsal for the success of your
vineyard throughout a typical year?

Has the vineyard experienced any significant weadhd climate events since
establishment? (Hurricanes, Drought, Severe Weathesluding strong wind and
hail events)
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¢ How did your winery respond? Were there any fadtioas helped or hindered the
response? How effective was your response? Wouldegpond differently if the
same event happened again?

e How does your enterprise utilize weather and clematormation? Is there a
particular weather station used? Has your winensatied University research?

Weather and Climate Changes Over Time

Past: Have you experienced any changes in weatklerlanate conditions or events in

the last 5-10 years?

e Has the occurrence or intensity of drought condgiohanged over time?

e Has the occurrence or intensity of excessive pit@atipn changed since
establishment? (Any changes in the pattern of al)rbevere thunderstorms, halil
and/or strong winds?

e Have winter temperatures changed? Changes in exttefd? Frequency or intensity
of late spring frost?

e Have summer temperatures changed? Changes in extesi? Patterns of high
humidity?

e Has the length of growing season changed sincélettament?

What is your personal meaning of climate change?

Future: Are you concerned about future changeseiatier and climate?

Have your farming practices changed as a resulhanfges in the climate or

environment?

Have you adopted any specific adaptation stratejiedo changes in weather and

climate?

Region

What is your winery’s relationship with others wittyour growing region? And outside
of the region?

Do you share any growing strategies or experiendtisother wineries?

Would you benefit/learn from other wineries andeyiards if you had the opportunity to
easily share growing or adaptation strategies?

Tourism

Do you have significant involvement in the tourisrdustry?

e Has the timing or intensity of the tourism seasbanged?

e Is there a sense of brand loyalty? More or lesstaite visitors than out-of-state?
Sustainable Tourism: Does the winery or vineyambiporate sustainable or
environmental practices in its operation?

Closing

Do you expect to continue working in the wine intry@
Is the vineyard to be eventually sold or passedrdmifuture generations?
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What are the major risks that could potentiallyeaffyour business over the next 5-10
years of operation?

What are the major opportunities that could po#diytimprove your business over the
next 5-10 years of operation?

In your opinion, what is the future of the wine ustiy in North Carolina?
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