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Executive Summary

Coastal climates have distinctive effects on the growth, quality, and quantity of wine grapes. A changing
coastal climate could alter these effects and impact regional wine style and variety. To better
understand these effects, there is a growing need to assess the perceptions of people who work closely
with the land, such as grape growers and wine makers to help inform future adaptation strategies and

guide the direction of the industry.

The East End of Long Island, NY is an ideal site to assess perceptions of changing coastal climates on
viticulture as it is a dynamic, wine-growing region surrounded by water. In this study, 15 participants in
the Long Island Wine Industry were interviewed using a semi-structured interview instrument.
Interviews ranged between 25 and 60 minutes. Interviews addressed four guiding research questions,
focusing on perceptions of 1) how the maritime climate affects viticulture, 2) how that interaction has
changed and may change in the future, 3) how participants may adapt, and 4) how viticulture currently

affects the maritime environment.

Respondents perceived that the maritime climate moderates land temperature, induces humidity, and
features unpredictable weather such as hurricanes and coastal storms. Most respondents believe that
the maritime climate has changed over time, allowing for higher quality wine but also greater
environmental risk; such as extreme periods of rain or drought. Industry participants don’t see extensive
climate change adaptation methods as necessary yet, but do utilize sustainable and vigilant vineyard
practices, like cover cropping and alternative irrigation techniques, to enhance resilience in times of
greater risk and uncertainty. Throughout, results are situated in the literature surrounding climate
change and coastal impacts, vineyard impacts, and how other viticultural regions perceive climate

change.
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Introduction

Coastal marine systems are one of our world’s most ecologically and economically productive regions.
However, these systems are now at threat from changing climatic conditions induced by anthropogenic
actions (Harley, et al., 2006). Characteristics of a changing coastal climate include sea level rise,
temperature variability, and an increase in frequency and intensity of coastal storms (Scavia, et al.,
2002). These characteristics have the potential to affect a wide range of coastal land uses, including the
production, quality, and practice of coastal agriculture. This includes the viability of viticulture (the
cultivation of grapevines) is especially sensitive to environmental changes and could be at great risk
from a changing coastal climate. Conversely agricultural systems, including viticulture greatly affect the
coastal landscape, and therefore the wine industry is interested in sustainable practices. Viticulture
practices such as pest control, fertilization, and irrigation can put extreme stress on the surrounding
environment (Broome & Warner, 2008). If climate change will impact viticulture practices, wine
industries may need to adapt to these changing conditions while being conscious of their impact on the

surrounding landscape.

Climate Change Risks in New York

The Intergovernmental Panel on Climate Change (IPCC), an international group dedicated to measuring
climate change and some of its impacts, has determined that there is significant human influence on the
Earth’s climate system (IPCC, 2014). The most recent IPCC report has found that due to anthropogenic
greenhouse gas emissions, the climate has warmed considerably since the 1950s (IPCC, 2014). In
addition to atmospheric warming, other notable impacts of climate change are ocean warming,
diminishing snow and ice, and increases in sea level (IPCC, 2014). In regards to agriculture, the IPCC has
found with high confidence that there have been more negative impacts of climate change on crop

yields than positive ones (IPCC, 2014).

Looking toward the future, it is projected that with continued greenhouse gas emissions there will be
increased surface warming throughout the 21 century (IPCC, 2014). Other future implications of
climate change will be an increase in extreme events like drought and severe episodes of precipitation,

as well as global ocean warming and sea level rise (IPCC, 2014).

In the New York region the effects of a changing coastal climate could be significantly detrimental to

both the human and environmental well-being of the region. An increase in temperature over the last



century, and projected future increases, will lead to important seasonal and environmental changes. In
the last 100 years, the average temperature of New York as warmed 1-3°F (EPA, 2016). By 2020,
residents of New York can expect to see an increase in average temperatures of 1.5-3°F, by 2050 an
increase of 3-5.5°F, and by 2080 an increase of 4 to 9°F (DeGaetano, 2011). Additionally, temperature
extremes are predicted to become more common, with more days over 90°F and more days below 32°F
(DeGaetano, 2011). As another comparison, by 2050 Long Island will likely have the present-day climate

of Virginia and by 2090 will likely have the present-day climate of South Carolina (Frumhoff, et al., 2007).

As a side effect of rising temperature, sea level rise has been triggered by melting ice caps and heat
expansion. Rising seas have dramatically increased coastal risk over time and will likely continue to do
so. Sea level in New York is projected to rise approximately from one to three and a half feet by 2080,
costing billions of dollars in lost property (Murdock & Higby, 2006). As sea levels rise, it is also projected
that storm surges in New York may increase as much as 15 feet, initiating flooding and beach erosion

(Murdock & Higby, 2006).

With rising seas, shoreline ecosystems in New York will become more frequently inundated and low
lying areas will be put at risk of becoming permanently submerged (New York Sea Level Rise Task Force,
2010). As an example of this, United States Geological Survey (USGS) estimates that if sea levels do rise
by three feet in the next 100 years then barrier islands in Southampton, NY would be lost to erosion or
broken by new inlets (EPA, 2016). In addition to the concerns of flooding, Long Island is facing the threat
of salt water intruding into the fresh water aquifers in the region (New York Sea Level Rise Task Force,
2010). This would drastically reduce the available freshwater for human use in the home, industry, and

agriculture.

As temperatures and seas rise, the coastline of New York may become more vulnerable to coastal
storms and extreme weather events. Atlantic hurricane intensity is predicted to increase with warming
oceans, fostering more Category 4 and 5 hurricanes (EPA, 2016). Wind speeds and rainfall rates of
hurricanes and tropical storms are also expected to escalate with rising temperatures (EPA, 2016). Storm
tracks during the winter months are predicted to more northward, so that cooler season storms will
become stronger and more frequent (EPA, 2016). With sea level rise, the impacts of coastal storms will
be magnified as swelling storm surges lead to more vulnerable coastal homes and infrastructure (EPA,

2016).



Like coastal storms, large-scale precipitation events are predicted to change as well. Over the last 100
years, total precipitation in the Northeast has increased by approximately 3.3inches (DeGaetano, 2011).
Since the 1950's, the number of 2-inch rainfall events occurring over a 48-hour timeframe has increased
by 67% (DeGaetano, 2011). Evidence is showing that not only has the Northeast gained more
precipitation but there are more rapid rainfall events, and these trends are predicted to continue. By
2020 residents of New York can expect an increase in average precipitation up to 5%, by 2050 an

increase up to 10%, and by 2080 an increase up to 15% (DeGaetano, 2011).

These various climatic changes in New York have impacted agriculture greatly, and are expected to
continue to do so. Currently, farmers have been experiencing an increase in disease, insect predation,
and weed pressure (DeGaetano, 2011). Additionally, a shifting temperature range will make some crops
unsuitable to the new climate. As New York sees an increase in average temperature, there may be
options to move into warmer season crops but it has been acknowledged that this type of adaptation

can still pose great costs and risks. (US Global Change Research Program, 2014).

Climate and Environmental Risk in Viticulture

The side-effects of a changing climate, especially a changing coastal climate, have the potential to
significantly affect the quality and quantity of grapes in viticulture, as well as their terroir regions. The
terroir of a wine region relies on the relationship between climate, the soil, and the vine (Deloire, et al.
2005). This indicates that even the slightest shift in climatic conditions can heavily affect the ecological

viability and suitability of a grape producing region.

Climate change impacts have been observed and analyzed for wineries around the globe. In terms of
temperature, there are varying effects based on regions and grape varietals. For instance, many
European wine growing regions are at their optimum growing season temperatures, where they can
produce their style of wine and varietals effectively (Jones, et al. 2005). For regions that are reaching
this climatic threshold, future temperature changes may cause it to be exceeding difficult to grow
previously adapted grape varietals or in severe cases, any grape varietals (Jones, et al. 2005). However,
in other regions changing temperatures may make for a more advantageous climate, meaning an ability

to grow a larger range of varietals than they previously could (Jones, et al. 2005).



Beyond varietal change, viticultural areas have seen other impacts of rising temperatures. Compared to
50 years ago, rising temperatures in California has led to 20 fewer days of frost occurrence and an
advanced start of growth in the spring of 18-24 days (Nemani, et al., 2001). Both factors, of decreasing
frost damage and earlier bud break in warm springs can be attributed to premium wine quality (Nemani,
et al., 2001; Jones, 1999). Other studies have seen that a rise in temperature can also drive

evapotranspiration, lending to a dryer climate and greater vine stress (Lebon, et al., 2003).

Additional side effects of climate change, like sea level rise, could also pose a great threat to viticultural
areas. With a 5-meter rise in sea level, it’s predicted that many prime viticultural regions will become
overwhelmed with flooding (Tate, 2001). Rising seas may also impact vineyards further inland, as it is
predicted that inland vineyards may experience higher ground water salinity that would significantly

impact vine growth (Tate, 2001).

As climate has a large role in the production of wine grapes, those in the wine industry often must adapt
their practices to current weather conditions. However, as viticulture practices can pose great risks to
the surrounding landscape, there is also questions on whether a region can adapt in a way that will
preserve the local environment. Like other types of agriculture, conventional wine growing needs
fertilization and pest control techniques to efficiently grow high yielding and quality grape vines.
However, treatments like fertilizers, pesticides, and fungicides can often wash out into and harm local
waterways (Discovery News, 2011). For example, sulfur is used as a fungicide on vineyards and when
washed into streams can convert mercury to forms that are toxic to fish and people (Discovery News,
2011). Other environmental concerns surrounding vineyards are excessive water use, soil erosion, and

loss of habitat (Broome & Warner, 2008).

As shown above there is a growing field of research both on potential changes in coastal climate, how
climate change affects viticulture, and how viticulture affects the environment, but there is an
opportunity for growth in examining the perceptions of a changing coastal climate in the dynamic North
and South Fork of Long Island. Climate Change is often studied utilizing models to assess change over
time (Blair, 2013). There is potential to build upon this line of research by understanding how people,
like viticulturists, who work with the climate daily understand its changes. Farmers have a unique
relationship to the climate they work in, and are often making observations and assessments to improve

cultivation of their crop.



There are limited studies that have analyzed how viticulturists perceive climate change and how it may
affect grape production; none which take place in the Long Island region (Battaglini, 2009; Blair, 2013).
The Long Island Viticulture region is an ideal study site for this type of research because of its proximity
to a unique and dynamic maritime climate, the regions concentrated nature in terms of vineyards and
wineries, and the youth of the industry in this region; as professionals have observational knowledge

dating back to the region’s origin.

This study approaches the research topic by interviewing a series of vineyard managers, wine makers,
and others in the vineyard industry on the Eastern End of Long Island for their perception of how the
maritime climate affects viticulture, how that interaction can change in the future, and how they will
adapt. Special focus was also put on how viticulture effects the marine environment and what
sustainability practices each winery may implement to preserve the landscape. The research was guided

by the following questions:

1. How do wine industry participants on the Eastern End of Long Island perceive maritime climate

to be daffecting the growth and harvest of their crop?

2. Do those in the wine industry on the Eastern End of Long Island perceive there to be a changing
maritime climate? If so, how do they see the growth and harvest of their crop being affected by a

change in maritime climate?

3. If the wine industry on the Eastern End of Long Island has seen changing conditions, how are

they adapting? How will they plan to adapt in the future?

4. How do those in the winery industry currently perceive the effects of viticulture on the local

environment? Do those in the industry promote practices that mitigate any harmful impacts?

The structure of this paper consists of an introduction in the Long Island Wine Region, an overview of
the methodology of utilizing semi-structured interviews for data collection, and then a discussion into
the results; with specific emphasis on where Long Island wine industry perceptions are positioned in

relevant literature and scientific findings.



Methods and Approach
Study Site: Long Island Viticulture Region

The general climate suitability for grapevine growth lies in a growing season temperature range of 12-22
°C, a range typically found in mid-latitudes (Jones & Alves, 2011). The climatic distinction between wine
regions can be broken down further into cool, intermediate, warm, and hot growing conditions, and
different varietals of grapes are best adapted to grow in these different climatic conditions (Figure 1).,
Long Island falls along the approximate coordinates of 40.8°N, 73.1°W and the North and South Fork of
Long Island has been considered a cool to intermediate climate in the past. The region specializes in
white varieties like Chardonnay, Sauvignon Blanc, and Riesling, and red varieties like Merlot, Cabernet

Sauvignon, and Cabernet Franc (Long Island Wine Country, 2008).

Grapevine Climate/Maturity Groupings

+#— Cool —» Intermediate—»«€—Warm—»4——Hot ——»
Average Growing Season Temperature (NH Apr-Oct; SH Oct-Apr)
13-15°C 15 -17°C 17 -19°C 18 - 24°C
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Carignane
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Nebbiolo

[ Raisins

| Length of retangle indicates the estimated span of ripening for that varietal

Figure 01. Climate maturity categories that are based on necessary phenological conditions and environment for highest quality
wine in each category (Jones & Alves, 2011).



Long Island is characterized by distinct soils resulting from the retreat of glaciers approximately 10,000
years ago (Long Island Wine Country, 2015). Soils vary but hold some central characteristics, such as
good drainage, low fertility, and a sandy texture (Long Island Wine Country, 2015). Main soil types on
the North Fork include Haven Loam and Riverhead Sandy Loam and on the South Fork include Haven

Loam and Bridgehampton Silt Loam (Long Island Wine Country, 2015).

The Long Island Viticulture industry originated in 1973, when Alex and Louisa Hargrave developed
Hargrave Vineyard in Cutchogue on the North Fork. Today, there are 56 wine producers on Long Island
with 47 located on the North Fork, 4 on the South Fork, and 5 in western Suffolk County (Long Island
Wine Country, 2015) (Figure 2). The region is separated into three distinct Appellations, or American
Viticultural Areas, comprising The North Fork of Long Island, The Hamptons, and the greater Long Island
area (Long Island Wine Country, 2015). Total production for the region is about 500,000 cases, or 1.2
million gallons, annually (Long Island Wine Country, 2015). The industry draws in 1.3 million visitors to

the East End each year (Long Island Wine Country, 2015).



Figure 02. Map representing vineyards and wineries across the North Fork, South Fork, and general Long Island Region.
(Generated by Long Island Wine Country)

New York State is the third largest producer of grapes and wine in the United States. The New York
grape and wine industry generates $4.8 billion annually in economic benefits for the state (New York
Wine & Grape Foundation, 2017). These benefits include $2.3 billion in paid wages, $401.5 million
related tourism expenditures, and $796.6 million in state and local taxes (Stonebridge Research Group

LLC, 2014).



Semi-Structured Interviews

An initial semi-structured interview instrument was constructed with a series of questions gauging the
perceptions of the wine industry on the Eastern End of Long Island New York, in regards to a changing
maritime climate. Questions asked surround basic demographics of the winery, subjective probability
guestions pertaining to climate change risk and what viticulturists think may happen, and what actions
wineries have taken or will take in the future (Appendix 1). Subjective probability questions seek to
understand how likely an individual thinks a certain event will occur, in this case a particular climate
change event such as sea level rise or salt water intrusion. The interview was also used to assess how

the individual believes viticulture practices can affect the surrounding environment.

Initial exploratory interviews were conducted to begin characterizing the thoughts associated with
climate change. Respondents in the exploratory interviews included a professor at the Cornell
Cooperative Extension of Suffolk County, performing research on the vineyards of Long Island; a wine
maker; two owners of a local vineyard; and a vineyard management consultant. Information in these
exploratory interviews allowed the construction and refinement of the interview instrument. A pre-test
of the interview instrument was conducted, as the interview was taken to a family run vineyard to
improve the instrument. Resultant changes included clarifying language and eliminating confusing
guestions. For example, a question seeking information on how long the winery was in operation was
changed to look at how long the vines were planted, because this type of questioning achieves more
information about vineyard maturity and change over time. Additionally, a question seeking information
on what respondents believed was the most important aspect of the environment that affects grape
growth was eliminated, because respondents would not be able to identify any one character, and

would rather speak about the system as a whole.

After final revisions of the semi-structured interview instrument, a series of vineyard managers, wine
makers, and other vineyard stakeholders were contacted to participate in this study. Interview
respondents for were selected primarily on a snowball sampling method. The snowball sampling
method was accomplished by asking regional contacts and respondents for suggestions on people who
may be appropriate for the study. Initial contact was made through either a personal phone call or email
explaining the purpose of the study and interview process. Once the respondent agreed to participate in

the study, interviews were held either over the phone or in-person at their winery of employment.



Respondents were asked either to sign or give verbal agreement to a consent form authorizing that they
would allow quotes from their interview to be utilized in association with their name and vineyard, that
they were ok with their responses being audio recorded through the interview, and in certain situations
for photos to be taken of their vineyard (Appendix 2). All respondents agreed to use their names and
vineyards with the associated quotes and agreed to be recorded. Five respondents either contributed

photos or allowed photos to be take of their vineyard for this study.

The interview instrument was adjusted and adapted through the study period, and within each unique
interview. Most significantly, after the first two initial interviews with respondents, it was determined
that the subjective probability line of questioning did not achieve the desired outcome and were
removed from the instrument; some other questions where edited to be defined more clearly (Appendix

3).

There were 15 respondents, and their names and role in the industry are identified in Table 1. The study
period was from December 19*, 2016 to January 27, 2017. This study period was chosen because it is
outside the growing season and allows winery professionals more time to participate in the study.
Interviews ranged in time from approximately 25 to 60 minutes. The number of respondents was

reached based on a point of saturation, where no additional information or themes were emerging.
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Table 01. Respondents in the order they were interviewed. Although many in the industry had experience in multiple sectors,
they were identified by either GG (grape grower), WM (wine maker), and an asterisk indicating that they are part owner. Also
included is there current associated business or winery of the respondent.

Name ‘ Position Associated Business/Winery
Perry Weiss GG/WM* Old Field Vineyards
Rosamond Phelps Baiz GG/WM* Old Field Vineyards
Jim Thompson GG Martha Clara Vineyard
Barbara Shinn GG* Shinn Estate Vineyards
Juan Micieli-Martinez WM Martha Clara Vineyards
Jens Ruthenberg GG Pellegrini Vineyards
Peter Gristina GG Peter J Gristina Consulting
Larry Perrine GG* Channing Daughters
Richard Olsen-Harbich WM Bedell Cellars
Gilles Martin WM Sparkling Pointe
Erin Troxell GG Bedell Cellars
Roman Roth WM Wolffer Estate Vineyard
Alice Wise GG Cornell Cooperative Extension of
Suffolk County,
Viticulture Research
Steve Mudd GG Mudd Vineyard Management
Sam McCullough GG Lenz Winery

Once interviews were completed, recordings were replayed to fill in missing data and make additional
observations. Interview transcripts were then input into NVivo software, where data was coded
according to themes. Themes included topics pertaining to coastal humidity, temperature buffering and
change, coastal storms, sea level rise, adaptation methods, the 2016 Harvest, the future climate of the
region, and sustainability initiatives. Themes were highlighted based on questions posed in the
interviews, most common observations by respondents, and particularly thought-provoking events. Data
was then set in the larger literature context, specifically researching the effect of climate change on
coastal systems, the effect of climate change on vineyard systems, and how other viticultural regions

perceive climate change.
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Results and Discussion

The section presents the results of the interviews, organized into several thematic segments, some of
which are cross-cutting, and some more directly follow the research questions. The first highlights
results from interviews that showcase that the Long Island Viticulture Region has matured from its origin
in the early 1970’s, and that vine maturity and vineyard management experience are seen to be
contributing factors to wine quality. The next series of segments describes respondent’s perception of
how vineyard management and wine quality are both impacted by the multiple aspects of a changing
coastal climate. Those in the region have adapted to some of these changing coastal climate factors, and
it seems that they will continue to do so over time. Overall, climate change has been beneficial to the
quality of wine grown in Long Island, but variable weather patterns and difficult seasons, like the 2016
Harvest, are a significant concern. The final segment describes how, in addition to adaptation
measures, the Long Island Region is very sustainably conscious and this is often reflected in careful

vineyard management that could prove effective for resiliency to a changing coast.

Regional Experience and Vine Maturity as Contributors to Wine Quality

Most respondents have worked in the Long Island viticulture industry for 20-30 years, so there is
recognizable experience and awareness to how the maritime climate has changed over the industry’s
lifetime. With this level of experience viticulture practices have become more fine-tuned, harnessing
the climate and weather conditions to produce the highest quality grapes. Vine maturity also
contributes to the production of higher quality wines, as many plants date back to the 1980’s and

1990’s.

Compared to regions across the globe and in some parts of the United States, the Long Island Wine
Industry is young. Vineyard establishment and wine making date back centuries, as ancient Greeks and
Romans praise wine as a central part of their culture and heritage. In regards to the United States,
California’s wine industry originated more than 240 years ago (Wine Institute of California, 2012). With
this age, comes a 1) a certain level of experience and observational data about local climatic conditions

and how to best adapt your growing style to those conditions, and 2) vine maturity.

Thinking about the Long Island Wine Industry’s youth, Larry Perrine, grape grower and part owner of

Channing Daughters mentioned that the industry,
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“wanted to speed up the process of growing quality grapes compared to other regions with years of

experience, whereas we had only 20 or 30 years.”
To accomplish this task, Perrine and others in the industry were,

“taking lots of notes, reading textbooks, and getting speakers here from other parts of the world;

predominantly from France as they have similar maritime climates.”

Since the budding Long Island region was continually trying to learn and understand how to best work
with the regional climate, industry professionals sought out experts from similar and more experienced
maritime regions. There have been two conferences of note recognizing the maritime nature of the
North and South Fork, as well as its role in a greater global framework. In 1988, a conference was held
deemed, “Maritime Climate Winegrowing: Bringing Bordeaux to Long Island”, and in 2008 a second
conference on this topic was conducted called, “The Art of Balance: Cool Climate/Maritime Wines in a

Global Context” (Goldberg, 2008).

As the Long Island wine industry has utilized knowledge from other regions, respondents have also
remained cognizant of the fact that Long Island is a unique viticulture area. Perrine noted that even with
all the research and education, Long Island was still unique and practices had to be designed so that

they would be best suited to the climate. He mentioned,

“we’re consequently rewriting the book everyday out here, there is no textbook that explains how it’s

done on Long Island.”

This level of regional experience in Long Island, and contributing knowledge from other major wine
locales has created a skilled understanding of how to work within the regions climatic threshold and
unpredictable nature. The experience in this area, desire to continue learning about viticulture practice,
and ability to work with the regional climate, demonstrates that Long Island wine professionals have the

capacity to be adaptable to a changing maritime climate if they need to be.

Vine age is another interesting characteristic of the Long Island viticulture region. Although the region is
young, vines have reached an age of about 20 to 30 years. Many wineries planted vines in parcels as
they acquired land, meaning that some sections of a vineyard may be planted in the 1970’s, some in the
1980’s, 1990’s, and into the early 2000’s. Grapevines can be found to grow older than 120 years, and

there is some debate as to how wine flavor and style change throughout the age of the vine (Greig,
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2014). However, after about 20 years, vines are said to produce lower average yields which leads to

more intense, concentrated wines (Robinson, 2006).

As discussed the environment can have a significant effect on the quality and style of wine grapes that
can be produced, but by bringing experience in from other regions and learning to work with the
regional climate vineyard managers and wine makers attribute greatly to the quality of wine in Long
Island. Additionally, as most Long Island vines are older than 20 years it is likely that those vines are
producing smaller and higher quality fruit than in their younger years. Vine age and maturity across the
Long Island wine industry, coupled with the experience of Long Island viticulture experts, should be
noted as important contributing factors to wine quality as the discussion on climate impacts continue.
With this level of experience, willingness to adapt to climate, and vine maturity, the region is in a good

position to adapt to a changing climate.

Changing Maritime Influence on Vineyard Management
» Maritime Temperature Moderation and potential Impact on Shifting Seasonal Temperatures

As a water body takes longer to heat up and cool down, it has a moderating effect on the land
temperature that is beneficial to the grape growing season. Respondents identified that the buffering
affect reduces the risk of frost, reduces the risk of temperature extremes, and allows for a longer
growing season. Some respondents believe that temperature has changed over the industry’s lifetime,
altering harvest dates and other phenological, or vine growth, events. But there is some debate on how

significant these changes may be.

As the North and South Fork are surrounded by water on three sides, this allows the agricultural
industry to maintain a moderated temperature. Jim Thompson, grape grower at Martha Clara Vineyards,

said that,

“the climate is moderated because you’re not going to change the temperature of the water

overnight...Its pretty uncommon to hit 100°F here.”

In terms of cooler extremes, Peter Gristina, grape growing consultant, noted that it still gets cold and on
the day he was interviewed, it was 10°F but, “we rarely get below zero.” Ocean regions are able have
this moderating affect because water has such a high specific heat index, meaning that water bodies can

absorb great deal of heat before they will warm (Perlman, 2016). This gradual heating of water bodies,
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allows coastal communities to have a more gradual seasonal change and less extreme temperatures

when compared to inland environments (Perlman, 2016).

With seasonal temperature moderation, Long Island is a viticultural region that is different from many of
its counterparts. Peter Gristina spoke about this when discussing temperatures in nearby viticultural

regions as,

“the good news is that our winters are milder than most other areas around us. We are warmer in the

winter than inland parts of NY State, Rhode Island, and Connecticut.”

In relation to temperature differences between New York City and the East End, Gilles Martin, wine

maker at Sparkling Pointe, made an interesting observation,

“I think it’s very important for us, to have that situation of the maritime climate in the sense that we
need the bodies of water that are surrounding us to temperate the climate. We are about 10 degrees

warmer in the winter than Manhattan, and about 10 degrees cooler in the summer.”

The moderation of temperature not only differentiates Long Island, but also impacts the length of the
growing season, when harvest occurs, and temperature stress on grapes. Richard Olsen-Harbich, wine

maker at Bedell Cellars, showcased that the Long Island region is,

“the most unique grape growing climate in the east, as far as I’m concerned. We are an island, so
we’re incredibly buffered by water. We have the longest growing season in the state, one of the
longest in the Northeast. At 220+ days, we have a minimum of 3,000 growing degree days and as

many as 3,700 growing degree days.”

Growing degree days (GDD) is a measure of how far average daily is above the minimum threshold
temperature (of 50°F) to grow wine grapes (WSU, 2017 ). Growing degree days help to measure what
stage a grape is in, help to time pest management, and are used to compare of wine regions (WSU, 2017
). Olsen-Harbich’s statement is identifying that Long Island has a longer growing season compared to
other wine cultivating regions in the Northeast, thus allowing grapes to reach greater ripeness and

maturity.

Surrounding water bodies around a viticulture area also control when growing seasons will begin and
end. Larry Perrine, grape grower and part owner of Channing Daughters, touched upon this when he

said,
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“That [temperature] regulation really determines when the growing season starts and ends, because
the temperature of the surrounding water controls the temperature on land. Finally, as winter is in its
fullness and the water surrounding the island gets colder and colder, and as spring tries to warm up,

that cold air is released from the cold-water, [and] bud break is delayed. This is especially true as you

move east on the [North Fork] peninsula.”

Temperature has been found to be the driving factor for vine phenology, which is the date that bud
break, flowering, and véraison (ripening) occur (Leeuwen & Darriet, 2016). The relationship between
temperature and grape growing stages is strong enough that models relaying on temperature can
accurately predict seasonal vine phenology (Parker, et al., 2011). So, as the Long Island region
experiences a buffered temperature regime, this has a great effect on delaying bud break and the grape

phenology that follows.

Temperature also provides a threshold for what species and varietals of grapes may be best adapted to
a viticulture region. Alice Wise, grape grower and head of viticulture research at the Cornell Cooperative

Extension of Suffolk County, talks about this:

“our winters aren’t as severe as areas inland. The lowest temperatures I’'ve seen here are -1 or -2 °F,
and in the Finger Lakes that can be -20 °F. So, we can grow varieties here more reliably that they can’t

always grow. The industry here is all vinifera, instead of a mix of vinifera and hybrids.”

Vitis vinifera, a grape species native to Europe, is a very notable and desirable species of grape to turn
into wine; but can also be very sensitive to pests and weather conditions (Blair, 2013). Regions that may
be harsh or difficult in climate often must utilize a combination of hybrid varieties, which are hardier and
disease resistant (Blair, 2013). Although the industry doesn’t utilize hybrids, Peter Gristina pointed out

that you must plant the correct varieties that will work in this region as,

“Because we are in the business of growing and making wine every year, we need to plant the correct

varieties in this region, so we [are able] ripen these varieties 4 out of 5 years.”

As temperature is such a significant factor in the development of grape vines, a slight shift could have
notable consequences. Juan Micieli-Martinez, wine maker at Martha Clara Vineyards, noted that he was

seeing a trend of warming in the last 5 years, as

“2012...was warmer than 2010 (the warmest year on record), then you go to 2013 which was warmer

than 2012, then you go to 2014 which was warmer than 2013, then you go to 2015 which was
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warmer than 2014, and then you got to 2016 which was warmer than 2015. So, we are seeing this

progressively warmer climate.”

Many respondents view this warming trend as contributing to an earlier harvest, while increasing the

length of the growing season. Richard Olsen-Harbich noted that,

“There is a trend, we are seeing it, it’s real. Our harvest dates have gotten earlier and growing degree
days are higher on a consistent basis.... years prior [harvest] was pushing into early November, and

now we are finishing October 20™, in that neighborhood.”
Roman Roth, wine maker at Wolffer Estate Vineyard, observed an earlier harvest as well,

“One thing for sure that has happened is that climate change is certainly showing up mainly in
warmer, hotter years, earlier ripeness and harvest. We used to pick beginning to mid-October, and

now we pick beginning of September. So definitely 30 days earlier than what it used to be.”

Respondents identified that benefits of an earlier harvest include the ability to ripen certain fruit earlier
and move out of the potential hurricane season. Alice Wise noted the benefits of an earlier harvest

when she said,

“potentially, at this point, for us [earlier harvests] is an advantage because a little more heat is good.
Our grapes don’t get to that gross over ripeness...and frankly, in my mind an earlier harvest is an
advantage because the longer you have to leave fruit out in the fall, the longer you have to fight the

weather....it reduces some of the risk.”

As Wise mentioned, a very helpful benefit of an earlier harvest is that you won’t have to deal with some

harsh fall weather, including potential hurricanes.

Other regions have seen earlier harvest dates as well. For instance, some wine regions in France,
specifically Alsace and Bordeaux have seen harvest dates move two weeks earlier compared to the
1980’s (Leeuwen & Darriet, 2016; Duchene & Schneider, 2005). Research in other viticultural regions has
also demonstrated that all phenelogical stages are occurring earlier and that this trend can be attributed

to an increase in temperature (Jones & Davis, 2000).

However, some respondents have a different perspective in the significance of rising temperatures and
the effect there may be on grape growth. Sam McCullough, grape grower at Lenz Winery, mentioned

that,
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“We keep having record warm years on Earth in general, but around here it’s not so obvious.”
When asked if he has seen any change in harvest dates, McCullough said,

“no, not really” and that, “I couldn’t put a finger on anything and say, ‘boy it just isn’t the way it used

to be.””

Steve Mudd, grape growing consultant, also commented on shifting harvests and the general growing

season as he said,

“’Are we experiencing earlier harvesting? My answer is no. The simple reason being that the water

that surrounds us is usually still so cold, it still delays our spring growing.”

The progress of the growing season and the way it may adapt to change, is very dependent on a
particular varietals and location on the North and South Fork. Therefore, these additional factors may
help explain why respondents have such a varied view on the impacts temperature change has on

growing season length and harvest dates.

Another side-effect of a warming climate, is that nighttime temperatures are also starting to increase
and are differentiating less from day time temperatures. Jens Ruthenberg, grape grower at Pellegrini,

observed this trend when he said,

“one of the interesting things is that the nighttime temperature is also warmer, and that affects the

metabolism of the grape and the vine itself.”
Echoing this point, Erin Troxell, grape grower at Bedell Cellars, noted that,

“this fall we would have a lot of times there was only a 5°F difference between day and nighttime

temperatures and it definitely affects the way the grapes ripen.”

Results from a study conducted in North Carolina, demonstrate that this temperature shift is a particular
concern for coastal growers, as night time temperatures near the coast of North Carolina often remain

above 75°F and can significantly affect grape ripening (Blair, 2013).

> Coastal Humidity Induces Difficulties for Pest Management

Being in the proximity of the maritime climate induces a certain level of humidity, which creates an

advantageous environment for fungal growth on vines and fruits. This level of humidity can often reach
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over 90% for prolonged periods of the growing season. Other factors that influence the effects of
humidity include the clustering of the grapes (tightness of the clusters) and temperature. Over the
industry’s lifetime, respondents believe that humidity has increased and has made pest management

increasingly difficult.

Humidity was one of the top difficulties associated with cultivation in a maritime environment in the
Long Island region. Jim Thompson, grape grower at Martha Clara Vineyards, identified that since
relocating from Michigan to Long Island to grow grapes, he has seen, “perpetual humidity related to the

maritime climate.” Thompson mentioned that,

“the maritime climate has a huge impact on vine growing [and] we struggle with disease
management because of the humidity. One of things | was told here is that you can go out all summer
long and the vines are wet until 9:00 or 10:00 o’clock [pm] almost every day and that’s a perfect way

to grow molds and mildews.”

Sam McCullough, grape grower at Lenz Winery, reflected on this aspect of the maritime environment

when he said,

“we are pretty humid, that puts a lot of disease pressure [on us]. Fungus likes it damp...we have to

work really hard to control plant diseases.”

Similar grape growing regions on the east coast of the United States seem to share this concern, while
the west coast is far dryer. Grape growers in the North Carolina Piedmont region, for example, identified
that one of their biggest challenges was maintaining a spray program for powdery mildew as North
Carolina has such incredible levels of humidity (Blair, 2013). Larry Perrine, grape grower and part owner
of Channing Daughters, identified that Long Island like other regions on the East Coast is far more humid

that wine regions on the West Coast,

“the surrounding water creates humidity more so than in dryer locations in other parts of the country.
[These can be] rainless districts like eastern Washington, which is virtually a desert or north California

where there is no rain at all during the growing season.”

Reasons for differing levels of humidity on the East and West Coast rely on the comparison of Atlantic
and Pacific currents. Humidity is based on the ability of the air to hold water, and warm air can hold
more water than cool air (Hovis, 2005). The air surrounding these coasts is influenced by water

temperature, and water currents flow in a clockwise direction (Hovis, 2005). The Northwest has cool

19



water flowing by while the eastern seaboard receives warm currents flowing north from the tropics
(Hovis, 2005). Wineries along the east coast, and especially the Long Island region as it is surrounded by
water, manage exceptionally humid conditions that are not found in other viticulture regions in the

United States.

This level of humidity makes it particularly challenging to manage fungal growth in grape cultivation.

Erin Troxell, grape grower at Bedell Cellars, remarked how,

“higher humidity in the coastal climate...is very challenging for grape growing, makes the bunches

more prone to rot and that’s bad for wine quality.”

When grape clusters grow larger, the space between bunches decreases and creates an ideal breeding
ground for mildew (Blair, 2013). Respondents in the North Carolina study also identified that fruit

receiving little sunlight or airflow can be susceptible to mildew establishment. (Blair, 2013).

To prevent the establishment of mold and mildew, vineyard managers in humid regions must be diligent

with fungal treatment. Peter Gristina, grape growing consultant, noted that,

“if you’re not on top of your spray schedule and scouting this disease, it can overtake you very quickly.

If you’re not scouting at least once a week in those blocks, you are going to miss it and pay the price.”

Respondents in North Carolina emphasized this point that prevention is the best way to manage disease
pressure (Blair, 2013). North Carolina winegrowers said that the fungal stressors cause a lot of farmers
to be out in the field almost every day and that if you don’t spray, even if you don’t see the fungus, you
would have a major problem (Blair, 2013). Roman Roth, wine maker at Wolffer Estate Vineyard, touched
upon this as well when he noted that you shouldn’t, “skip some of these corners of leaf thinning and

fruit pruning” that can help manage fungal growth.

Some of the most talked about types of fungus by respondents were powdery and downy mildew.
Powdery mildew appears white or gray and can be found covering the surfaces of fruit or leaves (Weigle,
et al., 2000). As the infection follows ripening, the fruit will not color properly and will produce wines
with an off flavor (Weigle, et al., 2000). Additionally, powdery mildew affects certain varieties more than

others. Peter Gristina noted this as he reflected that,

“certain varieties are so much more susceptible. Chardonnay is very susceptible to powdery mildew.

We see powdery on fruit, on Chardonnay before any other variety.”
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The susceptibility of Chardonnay can be attributed in part to the tight-clustering of fruit in this varietal
(Chein, 2011).

Downy mildew spores are only produced at night when relative humidity is greater than 95% (Weigle, et
al., 2000). These spores can travel long distances by wind and will infect tissues that remain wet (Weigle,
et al., 2000). Downy mildew can result in the loss of vine growth if there is an infection early in the

season, and can cause direct crop loss if it infects the berries (Weigle, et al., 2000).

These are just a few of the potential fungal pathogens that can affect Long Island viticulture, and
humidity can be a prime enabler of this fungal growth. This problem can become an even greater
concern when fungal pathogens affect certain varieties over others, like Chardonnay which is very well

adapted to the Long Island climate and which the industry has built a reputation on.

Over the lifetime of the industry, respondents have seen an increase in the level of humidity. Juan

Micieli-Martinez, wine maker at Martha Clara Vineyards, noted that,

“some of my concerns as it relates to the Eastern End of Long Island is more water, more rain

typically means increased humidity...Vitis vinifera is very susceptible to moisture born funguses.”
According to Erin Troxell, over this past season there were,

“many days and nights where it was continuously over 90% humidity, which is really bad when
accompanied by temperature over 50°F. Those two in combination, the warm temperature and

humidity, promotes a lot of fungal growth”

With this amount of humidity, vines are increasingly susceptible and new risks are appearing. Steve

Mudd, grape growing consultant, mentioned this when talking about the recent appearance of ripe rot,

“[We are seeing] other fungus’, ripe rot that you normally don’t have. [Ripe Rot] is common in the
mid-Atlantic region, like Maryland and places in Virginia where it is very hot and humid every day and
night. | never saw ripe rot before working in Maryland, and we’ve had ripe rot in the past couple of

years.”

This follows that idea that as conditions change in certain regions, and if New York is moving toward
having a similar climate to the current state of Virginia or South Carolina, then diseases and insects will

begin to shift distribution. As temperature limits move poleward, changes in humidity may magnify the
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effect of and increase the number of plant insects and diseases (Mozell & Thach, 2014; Frumhoff, et al.,

2007).

However, others in the industry have identified some aspects of the maritime environment that assist in

the control of humidity. Gilles Martin, wine maker at Sparkling Pointe, mentioned that,
“the fact that being an island, we have a lot of wind, and therefore a better control over diseases.”

Drying winds, such as these coastal breezes, can reduce the presence of fungus disease by restricting
dew formation on leaves and berries (Jones G., 2015). Although it appears that humidity causes
increasing difficulties for fungal management, some aspects of the maritime climate like coastal breeze

could contribute some relief.

> Shifting Coastal Storm Events Can Benefit and Harm the LI Region

Respondents observed that there are fewer hurricanes in recent years that have made a direct hit on
the Long Island wine region, but have noticed an increase in sporadic extreme rain or drought events.
Hurricanes are always a concern because they tend to come right at harvest. The effects in the past of
hurricanes that have made a direct hit include salt spray (defoliates vines) and wind that can either
knock vines down/and or batter grapes. An increase of extreme rain events has shown that systems will
drop an extraordinary amount of rain in a short period, overwhelming grapes and vines. However, with

extreme rain events also comes extended periods of drought that can cause vine stress.

Over the lifetime of the Long Island vineyard industry, respondents have seen some damaging coastal
storms, primarily in the form of hurricanes. Roman Roth, wine maker at Wolffer Estate Vineyard,
identified hurricanes as, “the ultimate threat”, as they can often occur right at the point of harvest.

Mirroring this point, Erin Troxell, grape grower at Bedell Cellars, mentioned that,

“Hurricanes, or those types of storms, tend to come through right at the time that we are harvesting.
They are happening simultaneously and the last thing you want at harvest is a lot of rainfall because
that is being absorbed by the fruit and that will make it taste a lot more watery and lessen the

intensity of the wine.”

According to industry professionals’, hurricanes will usually occur in one of two forms, the first being a
“wet” hurricane with extensive rainfall, and the second being a “dry” hurricane with more effects from

wind and salt spray. Many respondents gave examples of past hurricanes that fit these characteristics.
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Larry Perrine, grape grower and part owner of Channing Daughters, spoke about Hurricane Bob, a 1991
hurricane that made a direct hit on southeastern New England just off the tip of Long Island’s South Fork

(Del Santo, 2015). Perrine mentioned,

“Bob in '91 was a wet hurricane, we got about 3 inches of rain. So, the damage was more

physical...and we had regular crops that year, although the vines were beaten up.”
Sam McCullough, grape grower at Lenz Winery, highlighted the effect of battered crops by pointing out,

“wind driven rain actually physically damages the grapes, even if they’re not ripe yet. If they are still
hard green, they will get bruised. If it’s blowing hard enough when it rains, it’s almost like a hail storm
in terms of physical effects on the fruit. If the grapes are ripening and they get battered, they’ll start

to leak juice and get rotten pretty fast.”

On the other hand, “dry” hurricanes with a lot of wind and smaller amounts of rain, tend to carry salt
water in through the vineyard. Violent wave activity and high wind from these intense types of coastal
storms, can move salt inland extensive distances with the most destructive impacts closer to shore
(Maas & Gratten, 1999). Larry Perrine gave an example of a “dry” hurricane, this time speaking about

Hurricane Gloria, a 1985 hurricane that made a direct hit on Long Island. Perrine noted,

“Iwe got] a direct hit by a hurricane in ‘85, just as the grapes are ripening...it was a dry hurricane,
meaning that it wasn’t associated with a lot of rainfall. That means all of that moisture that did come
with the hurricane contained salt. Within 24-48 hours the vines were defoliated and the crop was

essentially ruined.”

Respondents saw a series of detrimental hurricanes early in the lifetime of the Long Island Industry, but
as time has progressed there seems to be a lack of large scale hurricane events affecting the region.
Perry Weiss and Rosamond Phelps Baiz, grape growers, wine makers, and owners of Old Field Vineyards,

spoke of their experience with storms in the industry and what is has been like in more recent time,

“over the 20 years we’ve been out here, we’ve seen a bunch of hurricanes, and it’s been sort of a dead

zone for a while.”

Other respondents reflected on the phenomenon of decreasing hurricane impacts in recent years. Alice

Wise, grape grower and head of viticulture research at the Cornell Cooperative Extension of Suffolk
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County, pointed out that it has, “been a fairly quiet period, some tropical storms.” Gilles Martin, wine

maker at Sparkling Pointe, noted that,

“lucky for us we haven’t had major damage from hurricanes in the last few years. Last few years its
looks like we have less threat than in the ‘80s or “90s somehow, which is very surprising because if you
look at the temperature of the water it was quite warm during the season and still somehow we

never had a problem.”
Juan Micieli-Martinez, wine maker at Martha Clara Vineyards, has also observed that,

“we’ve been pretty fortunate...the last couple of years, any of the storms we’re talking about, they’re

just veered off and gone out to sea. We’ve gotten maybe outer bands of them.”

Major storms of note that have happened in the last 10 years, such as Super Storm Sandy and Hurricane
Irene, didn’t seem to have an extreme effect on the region as well. Sam McCullough, grape grower at

Lenz Winery, recognized that,

“interestingly enough, in 2011 and 2012, we had Irene and Sandy. Irene was late summer and Sandy
was early fall, so Sandy pretty much finished off our season. We said ‘that storms coming and we’re
going to get our grapes picked before then.” So we just picked all the grapes before that, and Sandy

wasn’t a hurricane in our neck of the woods. Irene was a hurricane, but not where it hit here.”

These collective thoughts showcase that even with some of the more recent intense storms, there still
hasn’t been direct hurricane impact for a notable period. Gilles Martin’s statement about warming
ocean temperatures does bring up questions to the phenomenon of decreasing hurricane impact, as
scientific findings have demonstrated that the intensity of Atlantic hurricanes is likely to increase as the

ocean warms (Melillo, et al., 2014).

However, recent findings have indicated that there is a protective barrier, or “buffer zone” along the
East Coast of the United States that inhibits the intensification of hurricanes (Rice, 2017). The “buffer
zone” forms during heightened hurricane basin activity, and is induced by cool sea surface temperatures
(SST) and strong vertical wind shear (Kossin, 2017). Vertical wind shear will shred through hurricanes,
while a cooler SST constrain hurricane energy (Rice, 2017). A recent example of this buffer was seen
during Hurricane Matthew, as the storm deteriorated from a Category 4 in the Caribbean to a Category

1 near the East Coast (Rice, 2017). So, while the water may be getting warmer, it may not be warm
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enough to support extreme hurricane activity and with the complications of strong vertical wind shear it

is evident that the East Coast has been sheltered from intense hurricanes.

On the other hand, extreme events such as substantial periods of rainfall or drought have afflicted the

Long Island viticulture region in recent years. Larry Perrine noted this trend as he stated,

“the observable trend over a period of 20 or 30 years is now clear. Generally, we are getting more
extended dry spells in the summer time...as many as 6 weeks would go by where there’s little to no

rain and then the rain returns.”
Perrine emphasized that,

“we’ve observed a few times over the last 10 years some pretty dramatic events, and the suspicion is
that the weather is getting more extreme. In 2005, a system came in and stalled, dropping 18 inches

in 8 days; basically, ruining the red grape harvest that year.”
Reflecting on this trend, Jim Thompson noted that,

“it seems to me like there’s a pattern developing...that we are going to continue to have dryer

summers, milder winters, and events.”
Alice Wise also mirrored the thought of an increase in extreme events as she mentioned,

“I think that we have more extreme weather events. We don’t get % or % of an inch of rain, we get 4

inches. | think the frequency and severity of weather events has increased.”

Respondent’s perceptions of increasing severe weather events are consistent with the predicted effects
of a changing climate. For instance, northern regions have been predicted to become wetter with more
frequent substantial precipitation events (EPA, 2016). Also similar to respondents’ perceptions,
predictions have indicated that precipitation is increasing in winter months and decreasing in late

summer or fall (DeGaetano, 2011).

Viticulturists in similar climates to the Long Island region, also perceive there to be risk from hurricanes
or extreme storm events. Forty-Five North Carolina grape growers interviewed in Blair, 2013, perceived
severe weather events as a very strong risk to their vineyard. Then, when interviewing coastal
respondents in North Carolina results demonstrated that hurricanes have cost grape growers 80% or
more of their crop (Blair, 2013). In terms of extreme precipitation events, French grape growers

reflected on the increase in short-term, violent rainstorms (Battaglini, 2009). Scaling up from Long
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Island, NY, it is evident that grape growers in coastal regions are suffering from more extreme rain or
drought events; and while currently static in nature, if a hurricane were to come across a coastal

vineyard it would likely be extremely harmful.

> Rising Sea Levels Not a Great Concern for LI Region

As the North and South Fork are relatively narrow strips of land that extend into the Atlantic Ocean, and
with sea level rise as a possible risk, respondents were asked if flooding and salt water intrusion were a
concern. However, according to respondents, the proximity of these land bodies to salt water doesn’t
seem to be influencing the regions source of freshwater. Long Island has a series of underground
aquifers that, if maintained by rainfall, will keep saltwater out of the freshwater system. Additionally,
many vineyards are located in-land and at a high enough elevation that salt water intrusion and flooding

are not short-term concerns.

At first glance, the North and South fork of Long Island seem like they would be extremely vulnerable to
sea level rise and its affects. New York has even developed a Sea Level Rise Task Force and identified
some of the greatest threats to coastal communities in the state, including an increase in flooding of
low-lying areas and in saltwater intrusion into aquifers and surface waters (New York Sea Level Rise Task

Force, 2010).

From speaking to respondents, it seems that most vineyards that are either inland or elevated enough
where they don’t see extensive flooding or salt intrusion to be a concern. Speaking about coastal
flooding in regards to the vineyard blocks she works with, Erin Troxell, grape grower at Bedell Cellars,

stated that,

“the sites where we have the farms planted, [flooding] would have to be pretty significant. We are far

enough inland that | don’t know that we would really experience flooding.”

Peter Gristina, grape growing consultant, described how most vineyards are located away from the

water,

“The North Fork of Long Island is pretty far above the Long Island Sound, and on the South Fork the
vineyards are a mile, mile and a half, away from the bay and salt water. | don’t see that being a

problem in my lifetime.”
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However, Gristina did note that some freshwater flooding could be a concern when he said,

“We do get freshwater flooding from time to time. If vineyards are in low spots and we get snow
melt, that can move toward a low spot in the vineyard. We could have vines under water for a couple

of weeks until things dry out.”

Jens Ruthenberg, grape grower at Pellegrini Vineyards, had a little bit of a different perspective as he

remarked on how sea level rise may be a concern,

“if [sea level] goes up high enough then yes. We are barely above sea level here...so it doesn’t have to
rise much. And then if we get a hurricane on top of that, the stories of the 28 foot storm surge in New
Orleans a couple years back, just that alone would make everything out here on the North Fork be
underwater. So, it won’t affect us in the foreseeable future, but down the road, potentially. I'll retire

before it’s a problem for me.”

In a similar way to the effect that sea level rise may have on flooding, respondents weren’t concerned
with the potential for salt water to intrude into their aquifer. Alice Wise, grape grower and head of

viticulture research at the Cornell Cooperative Extension of Suffolk County, said,

“In terms of salt water intrusion into the aquifer, | don’t think it’s very common, I’'ve never heard it be

a problem with any agricultural wells.”

Respondents agreed with this point, mentioning that when wells are tested for any type of contaminant,
salinity hasn’t come up as an issue. Erin Troxell mentioned that the well water is what they use for spray

tanks and irrigation, and that when tested, “the chemistry is pretty normal.”

Respondents also gave some information on why salt water may not be intruding into the aquifer as
seas rise. Larry Perrine, grape grower and part owner of Channing Daughters, gave a detailed

explanation of the functioning of Long Island’s aquifer system,

“The underground aquifer is essentially a large bubble of water.... think about it as big pool of water
in the deep soils. There’s a point of contact between the salt water and the [aquifer], to a point where
they actually connect to each other....and if you drilled a well near that point you’ll pull up brackish
water. But that point is not discrete, there’s an overlap, a gradation. The bubble itself of freshwater,

through its own pressure maintains the separation. The aquifer being maintained by moisture year
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around [keeps] the bubble at a certain size, and exerts pressure outward against the incursion of the
salt water. So as long as we maintain a certain amount of rain and snowfall, the aquifer can maintain

the separation.”

Respondents agree with this view that if the aquifer is maintained by rainfall then salt water intrusion
shouldn’t be a problem in the near future. However, some respondents did identify areas for future

concern. Richard Olsen-Harbich, wine maker at Bedell Cellars, noted that,

“the [aquifer] recharges quite a bit because of the rainfall we’ve been getting. | think over the
long haul, I’'m talking 100 years or more, that could become an issue as rainfall may not keep up with

needs. But | think it’s a long way away.”

Barbara Shinn, grape grower and part owner of Shinn Estate Vineyards, reflected on this idea that excess

use may drain an aquifer noting an example on Shelter Island, when she mentioned,

“For instance, Shelter Island is a really good example. As that island becomes more populated there’s
more of a draw on their freshwater aquifer. So what happens is through osmosis, once the freshwater
aquifer is compromised by too much taken out, the salt water starts to come in. That’s a real issue
with population growth when people are using well water. We are not seeing it here on the North
Fork or in the Hamptons because more people are getting on municipal water. Although, farming is a
concern...when you deal with potatoes, irrigation systems are putting out 400 gallons per minute. So,

that could be a concern if too much water is being used.”

The effects of sea level rise on vineyards seem to be extremely site specific. Some research has
suggested that with a five-meter rise in seas, there would be flooding of prominent wine regions such as
New Zealand, Portugal, Bordeaux, and parts of Australia and California (Tate, 2001). In a more local
context, growers in coastal North Carolina had similar concerns to Long Island in terms of site selection
and proximity to water (Blair, 2013). One coastal NC grower noted that they preferred to grow at higher
elevations even if the substrate wasn’t ideal, than lower elevations where the substrate was more
suitable to grape growth (Blair, 2013). These site-specific findings showcase that although sea level rise
may not be an immediate concern, careful planning and site-specific adjustments may deter some risk in

the future.
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Changing Maritime Influence on Wine Quality

Vineyard management and wine quality are very much related; however, it is important to differentiate
the effects of climate on wine quality. This differentiation is important because certain effects of climate
on grape growth, and thus grape quality, cannot be managed or controlled for. Within the overarching
theme of influence on wine quality, respondents noted that the maritime climate allows a very balanced
wine to be produced. Many respondents spoke of a wine style that holds concentrated flavors, cleansing
acidity, and a moderate alcohol level. This was compared to other, warmer regions where wine is
tending to be aggressive and high in alcohol. However, there are risks to maintaining a vineyard and
balancing wine quality; such as with excess irrigation or precipitation wine can become diluted. Several
respondents do believe that with warming temperatures for the Long Island region, a longer growing

season has been produced that allows long hang time, and riper, higher quality fruit.

Richard Olsen-Harbich, winemaker at Bedell Cellars, explained how the proximity to water has

influenced the style of wine,

“[The Maritime climate] has enabled us to develop our own wine style. Defined as lower alcohol,
crisper acidity, and fresher aromatics. The cooler growing season that we have, with the type of

seasons we go through, has given us the ability to make a wine specifically geared to this region.”
Echoing this point, Barbara Shinn, grape grower and part owner of Shinn Estate Vineyards, mentioned,

“The benefits of the maritime climate are that you tend to have more balanced wines being produced,
meaning a balance between acidity and concentration. In a maritime climate, the wine will retain a

pleasant mouth cleansing acidity, and you won’t make what we call flabby [non-acidic] wines.”

However, with the onset of a changing climate there is evidence that wine styles and quality could be at
risk. Variable and shifting weather patterns, as well as an increase in atmospheric CO;, may lead to
changes in the chemistry of wine grapes and thus their quality (Mozell & Thach, 2014). For respondents
in the Long Island region, two factors are having an important role is shaping quality of fruit: shifting

precipitation and temperature patterns.

Heavy precipitation has major effects on grape quality, and more extreme precipitation events,
especially at harvest, may magnify those impacts. Barbara Shinn, for example, spoke about an excess

amount of water in a vineyard and how that may dilute wine, as she says, “it’s like adding water to your
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wine.” Erin Troxell, grape grower at Bedell Cellars, brought this point a little further as spoken about

previously when she said,

“Really with grapes, the last thing you want at harvest is a lot of rainfall because its being absorbed
into the fruit, and it’ll make it taste a lot more watery and the intensity in the wine will become less.
You may have to delay your harvest, to wait for the flavors to rebound after the rain or you may have
to harvest earlier than you want to because you’re afraid the grapes will deteriorate from the

moisture.”

Jens Ruthenberg, grape grower at Pellegrini Vineyards, touched on moving harvest in periods of

extensive rainfall as he said,

“Everyone has to decide [when to pick] for themselves, how badly they need the grapes, the quality.

It’s a tradeoff.”

Increasing temperatures due to climate change has allowed for a longer growing season and a greater
grape ripeness; both of which attribute to higher wine quality in the Long Island region. Roman Roth,
wine maker at Wolffer Estate Vineyard, concisely explained this point when he said that, “long hang
time is key to quality wine.” Gilles Martin, wine maker at Sparkling Pointe, mirrored Roth’s sentiment as

he mentioned,

7

“we are able to push further the ripeness of grapes, to get the optimum maturity in terms of flavors.

Richard Olsen-Harbich, wine maker at Bedell Cellars, when speaking about the length of the growing

season and the affect that has on quality mentioned that,

“We are seeing an uptake in wine quality...the overall ratings of our products in various publications

has borne that out.”

However, increased temperatures have also led to warmer nights which can be detrimental to grape and

wine quality. Jens Ruthenberg mentioned that,

“The night time temperature is also warmer, and that affects the metabolism of the grapes and the

vine itself. This leads to lower acids, higher pH.”

Additionally, Erin Troxell spoke about the significance of having a difference between day and night

temperatures as it is,
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“important for developing a lot of grape aroma compounds that then translate into the wine.”

As an overall note, Sam McCullough, grape grower at Lenz Winery, made an interesting point that,
“stressed vines make the best wines.” Here McCullough is touching upon the fact that vines which
experience a moderate amount of climate stress will have reduced growth but will transfer energy to
grape ripening. His point is reflected in literature, as water stress is seen to produce higher quality wine
because smaller, more concentrated grapes with higher phenolics (or aromatic compounds) will be

generated (Van Leeuwen & Darriet, 2016 ).

Additionally, with climate risk and stress other countries are seeing increased wine quality. In a study
assessing European winegrower’s perceptions of climate change, 66% saw an impact on wine quality
while 55% of those respondents saw an improvement on wine quality (Battaglini, 2009). In a similar

respect to Long Island, climate change is allowing many regions to make higher quality wine. But the

additional factor of the maritime climate, allows Long Island wineries to create a unique style of wine.

Adaptations to a Changing Climate
» Inthe Vineyard

Overall, respondents don’t perceive that there will be a great need for extreme adaptation measures in
the near future of the Long Island region. That said, with the possibility of drought at certain times of
the year, there may be more of a need for irrigation. Some vineyard managers even try to irrigate pre-
emptively to prevent harm from drought. Varietal change and experimentation may be an additional
adaptation method that people take in the future, however as vines take a long time to establish and
then a long time to mature and produce quality wine, this change cannot happen quickly. Additionally,
careful tracking of weather data over time is seen to be essential in adapting to increasing pest pressure

and water stress.

As the regions temperature has increased over time and parts of the season have become a lot drier,
some viticulturists have had to significantly change irrigation practices. Barbara Shinn, grape grower and

part owner of Shinn Estate Vineyards, mentioned

“We have definitely had to alter irrigation practices... For instance, between 2000-2009 there were
years where | never even turned on the irrigation...from 2012 — 2016 | was irrigating 5,6,7 times;

which is a lot.”
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Shinn explained that a onetime irrigation application provides a plant with 4-6 gallons of water, so with
more dry spells she has had to increase irrigation to as much as 28 to 42 gallons of water in a season.
However, Shinn does explain that with variable weather conditions, fluctuating between dry and wet
spells, you must be careful about when you irrigate. As mentioned previously if you irrigate at the wrong

time, Shinn emphasizes that it is like, “adding water to your glass of wine.”

Some viticulturists have started to preemptively irrigate to avoid drought stress on their vines. Jim

Thompson, grape grower at Martha Clara Vineyards, explained that,

“You have to anticipate that this is happening, | know people that irrigate when they begin to see
drought stress in their vines. | irrigate to avoid drought stress in the vines, that’s not to say that |
irrigate more than other people. | try to do it preemptively. If it appears that it is going to be dry, |
irrigate, and if it continues to be dry and I’m correct, then I’'m not in a make-up situation, I'm in a

supplemental situation”
Richard Olsen-Harbich, wine maker at Bedell Cellars, summarizes this concept by saying,

“the need for irrigation is probably not going to go away, and at certain times of a year that tool will

be needed to get the crop through in a quality way.”

In terms of water stress, there are additional measures that those in the Long Island wine industry have
been taking or can take in the future to adapt to drought conditions. One form of mitigation is to reuse,
treat, and recycle waste water in the vineyard and winery, to offset a reduced supply (Kennedy/Jenks
Consultants , 2003). Additional measures include, efficient irrigation techniques, enhancing soil
structure and composition, erosion control methods, and reduction of evapotranspiration by lessening
tilling (Mozell & Thach, 2014). These adaptation methods primarily take form as sustainability measures

in the Long Island region, and will be expanded upon in additional sections.

Another adaptation method that may be possible down the road is varietal change, as with rising
temperatures or more variable conditions the region may be suitable to a suite of different grapes. Juan
Micieli-Martinez, wine maker at Martha Clara Vineyards, explains how wine regions are now beginning

to question what types of wine they may be able to produce,

“[Regions] produce wines based on the varietals that have historically grown most suitably. Now you

start to see climate change where wine regions are a) question the varietals that they are planting,
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and b) really starting to think about whether can produce the same styles of wine.... There’s a lot of

questions we are going to have to ask ourselves as a viticultural region.”
Micieli-Martinez also points out the he believes the region has transformed,

“We’ve been traditionally (10-15 years ago) a cool maritime climate, [and we are] warm maritime

”

now.

Referring to Figure 1, this opens up the idea that Long Island may be able to start growing varietals in

the “warm” bracket more effectively.

Speaking about transferring to warming varietals, Larry Perrine, grape grower and part owner of
Channing Daughters, talks about how the region may use varieties that are adapted to the mid-Atlantic,

but he is unsure if the coast will experience as much of a temperature shift as inland areas,

“[It’s] predicted that in 2050, central New York will have the present climate of Northern Virginia,
which is much warmer. That is over a longer period of time, but it is a substantial change that they
believe will occur. Over that time frame, yes changes will be made in the type of varieties that will be
ripened. The question is, ‘are coastal areas going to see similar alterations in average temperature as
opposed to the continental areas?’. | think that that is open to question. It will get warmer, but will it

warmer to the same degree.”

In this statement, Perrine is suggesting that the maritime climate may buffer extensive temperature
change so that the Long Island region wouldn’t have to make significant varietal change compared to
warmer, inland regions. Perrine also makes the important point that if a wine region does need to start

growing different varietals, they won’t be able to make that switch quickly as he notes,

“One of the issues with growing perennial plants, whether its an apple orchard or a grape vineyard, is
that you don’t make changes quickly because the establishment of the plants is a multi-year project
and the whole point of it is to establish a perennial planting is to have it be productive for many years.

It’s not like you could switch varieties quickly in response to something that you perceive changing.”

Although varietals may not change in response to increases in temperature, respondents did bring up
that an efficient way to adapt to variable climate conditions is to diversify your crop and wine portfolio.
Roman Roth, wine maker at Wolffer Estate Vineyard, explained that you have to diversify your portfolio

to reduce risk, as he mentioned,
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“we make a lot of different wines at Wélffer Estate Vineyard. We make 22 different labels. There are
four rosés that are picked earlier, our S100 Merlot is the last thing we pick. By making different wines
you can pick at different stages, ‘This vineyard doesn’t look as nice, we’ll pick it early. But this

vineyard looks nice, so we’ll switch’. You have to be flexible.”

As variable climate conditions and extreme events is a great concern for the Long Island region, in
addition to being flexible with their crop, it has also been shown that vineyards and agriculture are
starting to pay close attention to tracking weather patterns. At The Impact of Climate on Farms and
Landscapes symposium through the Cornell Cooperative Extension of Suffolk County, it was identified
that an essential way to predict and adapt to variable conditions is to utilize weather stations through
the Suffolk County Weather Station Network (McBride, 2016 ). There are 20 different weather stations
throughout the North Fork, and they can be used to track temperature, humidity, precipitation, wind
etc. (McBride, 2016 ). By tracking these types of conditions, those in agriculture and viticulture will be
better able to manage climate difficulties like pest outbreaks by knowing when to spray, or drought

conditions by knowing how much to water and when to water.

With these varied adaptation strategies, and the fact that the Long Island region hasn’t had apply
extensive adaptation measures, many respondents believe that the region is in a better position than

other viticultural areas. Richard Olsen-Harbich noted this when he said,

“[Adaptation] is still a work in progress, | think we’re well prepared to deal with [climate change]. |
think we are in way better shape than the west coast is, which is dealing with severe drought and
higher temperature changes. That is pushing some places to make changes to their varietal makeup
and possibly move, which we are seeing happen already. Vineyards are purchasing land in Oregon,

Idaho, Washington state, that is happening.”

This trend of moving vineyards aligns with the prediction that viticulture regions may have to move one
Celsius isotherm, a line linking all points of equal temperature, poleward with each degree that the
climate warms (Kenny & Shao, 1992; UIUC, 2010). This adaptation measure would cause tremendous
changes to global wine distribution and grape selection, but as seen some regions seem to be more at

risk than others.

Along these line, viticulturists in other regions do perceive that climate change can have a significant
effect on vineyard operations and are interested in taking additional adaptation measures. In European

studies viticulturists have a desire for more information and options on how to adapt to climate change
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(Battaglini, 2009). But these options seem to vary from region to region, as a majority of German
growers identified they would change varietals as conditions warmed, compared to a minority of Italian
and French growers (Battaglini, 2009). In a North Carolina study, respondents identified that with
warming temperatures they may also have to switch to hardier varietals (Blair, 2013). However, in
similarity to Roman Roth’s statement, this study mentions that having a mix of varietals may reduce

overall vulnerability (Blair, 2013).

» Outside the Vineyard

An additional method of adaptation in extreme events may be crop insurance. However, respondents
noted that many vineyards do not have crop insurance due to high premiums, low payout, and funding
based on the grape crop and not the luxury good produced. However, with a changing climate some

respondents think that crop insurance will become necessary in the future.

Crop insurance, a protection measure to cover some level of crop loss, doesn’t seem to be widely used
in the Long Island region. From interview data, it was difficult to determine the scope of crop insurance
use, as respondents either identified that they weren’t sure how many vineyards have it or that it wasn’t

common. Roman Roth, wine maker at Woélffer Estate Vineyard, noted that,

“people do have crop insurance but it is very minimal. If you’re a grower alone it may be worth it but

if you’re making wine out of it, it’s a small [value].”

If there is a claim made, Alice Wise, grape grower and head of viticulture research at the Cornell

Cooperative Extension of Suffolk County,

“has to go out and verify that there has been damage,” so she notes that, “there’s definitely a few

[owners and growers] that do have crop insurance.”
On the other hand, Larry Perrine, grape grower and part owner of Channing Daughters, mentioned that,

“it’s common, and yes we have crop insurance,” but that, “under the worse conditions crop insurance

would remunerate us modestly.”

Out of the 15 respondents, only three clearly stated that either their own vineyard or the vineyard they

were employed at had crop insurance.
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Looking for reasons why those in the industry do not pursue crop insurance, it is interesting to look at
Roman Roth’s comment about how it may be worthwhile if you are a small grower but not as much if
you are running an entire winery operation. Perry Weiss and Rosamond Phelps Baiz, grape growers,
wine makers, and owners of Old Field Vineyards, reflected on this when they spoke about having a
“buffer” in place in the wine industry, as most wineries are not selling a yearly crop (if they are not
selling grapes directly) and instead are distributing products from previous seasons. However, personal
vineyards like one’s owned by Sam McCullough, grape grower at Lenz Winery, may be more likely to

have crop insurance as he notes,

“I have crop insurance on the vineyard of my own, and to tell you the truth it is only marginally useful.
It is relatively cheap, but it doesn’t pay for grapes at prices that they should be valued at for this area.
What | sell my grapes for is probably 2.5 to 3 times what the crop insurance price is. A little money is

better than nothing if you have a major loss, but it is paltry.”

The idea the grape prices and the crop insurance payout doesn’t reflect what grapes may actually be
worth was reflected upon by other respondents. Barbara Shinn noted that her vineyard does not use

crop insurance and that,

“[the] reason for that is the payout for crop insurance is based on statewide data and it’s based on
the value of the grapes and not the product that is produced. So, in upstate NY grapes are sold much
more cheaply by the ton, so our payout wouldn’t be worth what | would have spent in insurance. It’s a
role of the dice and is purely reflective of the grape industry,; because we are growing a commodity

crop that is processed into a luxury product.”

This again brings in the idea you may receive some marginal benefit from having crop insurance as a
grower who is selling grapes directly, but the overall compensation doesn’t reflect the market price for

grapes or the wine they are made into.

Other respondents mirrored this idea of payout, and reflected on how expensive the process of gaining
crop insurance was, both in time and actual cost. Erin Troxell, grape grower at Bedell Cellars, mentioned

that,

“I was working for a very large producer in California that was self-insured, and I think for smaller

producers its less common. It’s very expensive and a lot of time consuming paperwork.”
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Comparing the Long Island region on a larger scale, there are some other viticultural areas that share
this lack of crop insurance and concerns with the tool. The study conducted with North Carolina grape
growers noted that, out of twelve interviews conducted only one respondent indicated that they did
have crop insurance; and this grape grower also grew a series of other crops (Blair, 2013). Viticulturists
in this region shared similar concerns to respondents in this study, as they identified that crop insurance

was far too expensive and the payout didn’t result in worthwhile coverage (Blair, 2013).

However, other regions even in New York state are covered to a far greater degree than Long Island. For
instance, an article summarizing a NY Agricultural Forum in 2011 saw that in the Ontario wine growing
region, 75% of all vineyards had crop insurance (Mark, 2012). This distribution of coverage may be
attributed to the significant level of sour rot the Ontario industry was seeing, and the fact that the
region had a large multi-million dollar budget under the Ontario Grape Growers Association (Mark,

2012).

Contemplating the changing climate, some viticulturists are seeing crop insurance as a viable adaptation
method. Jens Ruthenberg, grape grower at Pellegrini Vineyards, has mentioned to his vineyard owner

that they may want to start considering crop insurance, and that,
“it’s my job to reduce the amount of risk, and that’s why | mentioned it to the owner.”
Steve Mudd, grape growing consultant, referring to his own vineyard has recalled that there,

“were a couple years | wish | did [have crop insurance] but I’'ve never gone for it.”

Trying to understand Long Island’s maritime climate from a broader perspective and how much risk may
create a need for crop insurance, respondents have identified that you should look at the bigger picture
and not just what may happen year to year. Steve Mudd mentioned that the, “whole thing’s a gamble”

and

“whatever grower you talk to, you have to look at a five-year average, where maybe two years are
fantastic, one year’s ok, one year’s not great but could’ve been worse and there could be a chance

that one years very painful. You got to look at it as five year average.”

The lack of crop insurance in the region and the idea that growers must look at a bigger picture in terms
of risk, seems to signify that current levels of climate induced risk are not high enough to warrant crop

insurance, but that may change in the future as Jens Ruthenberg notes,
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“How can we adapt? We can’t change the weather...down the road that would mean that everybody

definitely would get crop insurance.”

Recent Oddity? Struggle of 2016 Harvest

The 2016 harvest posed a unique set of challenges to the wine region in Long Island. There were
fluctuating dry periods in some parts of the region, with an intense short-term rain period in August.
Night temperatures also remained warm during this period, which is thought to influence the respiration
of the grapes. With these challenges, most grapes on Long Island came in with a low brix level (or sugar
content). This level of sugar ultimately determines how much alcohol a wine will have. Some called this
year an oddity, while others stated that extreme events and seasonal changes is likely a trend that will
continue. The recognition of this trend as showcased in the 2016 harvest, demonstrates that vintage

quality could greatly fluctuate with climate change.

As mentioned earlier, the Long Island region has been observing dry, warm periods followed by short-
term rain events and that’s what seemed to occur this past growing season. Larry Perrine, grape grower
and part owner of Channing Daughters, spoke about the trends he has been seeing and how that relates

to the past growing season as there are,

“more erratic, and more intense rainfall episodes. Where it hasn’t rain in 6 weeks and then you get 6

inches in a day, which happened last August.”

Erin Troxell, grape grower at Bedell Cellars, noted this when speaking of some regional differences in

Long Island,

“We had a lot of localized late season rainfall, we had over 12 inches of rain in August and
September. Whereas a little bit further west...they were much dryer throughout the season. We still

had a pretty dry July, but not as dry of a season on the whole as further west.”

In addition to dry and rainy spells, many respondents saw nighttime temperatures increase and there
started to be less of a temperature difference between the day and night. Gilles Martin, wine maker at
Sparkling Pointe, spoke about this past year as having warm nights that didn’t cool until later into the

season as he said,
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“This past year of 2016, we had a little bit of an issue of having very warm nights and not as many
cool nights as we expected, at the beginning. Then that changed in September as it usually does, but

it was not as noticeable as previous years.”

Some respondents attributed this level of heat during the day and night, as the primary impact of low
sugar accumulation. Juan Miceli-Martinez, wine maker at Martha Clara Vineyards, gave an interesting

explanation of this year in regards to heat and low sugar content when he said,

“For as warm as it was [in the 2016 season], warmest year up to this point in time, we saw some of
the lowest sugar values that we’ve seen in any other years. | attribute this to vine shut down, | think
that it started getting so hot that the vines stopped respiring. They are losing too much water, and
this triggers a different pathway that the vine is going through. So, although we saw lower than
normal sugar values, we saw normal flavor development. There was normal physiological
development but sugar wasn’t accumulating, and that was the first time I’'ve ever seen that.... This
was a regional issue, across different types of viticulture, different vineyard managers. Didn’t matter

what you were doing in the vineyard, you were getting lower sugar values.”

Steve Mudd, grape grower consultant, gave an interesting anecdote when talking about the past year’s

low sugar accumulation and how it may have compared to other crops on the East End as he noted,

“Growers and winemakers alike were doing shoulder shrugs because we had very low accumulative
sugar...which was confusing because daytime, nighttime highs were warm and we don’t normally
have that but we had a very high percentage of that this growing season. So, | stopped at a farm
stand in October to buy some sweet corn and he was going, ‘Grab all the corn you want, it’s sweeter
now than it was in July’, and | walked in the back of the stand and said, ‘You made a comment that
really hit home, the sugars in the grapes stink, they’re really low and you think the sweet corn is

7

better now than in July. What’s your call on that?’ and he goes, ‘It was just too hot.

Mudd reflected on this story by mentioning that any day over 90°F was a day that wouldn’t contribute
to grape maturation, or grape ripening. He mentioned that historically the region would only receive a

handful of days over 90°F, but now that they are seeing a lot more extreme temperatures.

The level of heat and period of rain seem to be the most likely factors that have contributed to the low
sugar content of the 2016 season. According to a Virginia Cooperative Extension report in September

2016, a number of regions along the East Coast experienced numerous days above 90°F, which is
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believed to reduce photosynthesis and delay grape development, and thus reduce sugar content (Wolf,
2016). Additionally, precipitation just before harvest can considerably reduce brix levels by diluting the

grapes, resulting in a lower alcohol content (PSU Site Assessment, 2012 ).

The struggle of the 2016 growing season and harvest, demonstrate firsthand how a changing maritime
climate may impact seasonal variation. This separate case study thoroughly demonstrates that the
trends of extreme events, such as droughts and intense rainfall, is likely attributed to a changing climate.
Respondents, and greater scientific findings, demonstrate that the trend of extreme fluctuating weather
events will continue and as showcased through this case study example of the 2016 Harvest could pose

serious implications to vintage, or seasonal, quality in the future.

Coastal Climate Change: Good for the Long Island Region?

Climate change often produces “winners” and “losers”, where winners benefit from improved
conditions and opportunities, and losers suffer from increasing vulnerability and negative side-effects
(O'Brien & Leichenko, 2003). In the case of climate change in the Long Island Viticulture region thus far,
respondents seemed to suggest that changing conditions has produced more “winning” conditions than
“losing” ones. Respondents have primarily seen warming growing seasons that allow for further grape
vine ripening and a reduction in detrimental hurricane events. These factors, combined with vineyard
age and management techniques, has allowed for greater wine quality in the region. However, a
detrimental effect of climate change has been more sporadic and extreme periods of drought or rain,

which can be difficult but not impossible to manage.

In relation to the “winning” and “losing” impacts of climate change on a region, respondents mentioned
some advantages and disadvantages of what the future climate may look like. Alice Wise, grape grower

and head of viticulture research at Cornell Cooperative Extension, mentioned,

“I think it’ll be warmer probably year around...the variability in temperatures may increase. It’s good
if its warmer, as earlier ripening is an advantage. If its warmer in the winter and early spring that
could be an issue, because [now] we break bud the last two weeks of April into the few first of May,
[and] if it warms up substantially and we are breaking bud on the 5% of April, the chance of us getting

a hard frost increase dramatically.”

Steve Mudd, grape growing consultant, mirrored this point when he spoke about the risk that warmer

springs could pose to crops, as he mentioned,
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“If you get hit with a frost, your crop is gone for the year...One of my biggest concerns would be if
things continue the way they are and if all of our bays and our large bodies of water stay warmer and

are warmer earlier in the spring, that’s going to eliminate our frost protection.”

Although some in the industry fear that maritime buffering coupled with climate change may negatively
affect grape growth, others believe that an increase in temperature will not have a great effect. Sam

McCullough, grape grower at Lenz Winery, said

“I don’t imagine there will be any great big changes in the next 10-20 years. | think if the Earth is
genuinely warming at a steady pace...[then] the pace that it is warming won’t have a major effect
because the pace is relatively slow. Even if you’re looking at a degree Celsius every 5 years, or

something like that, it probably is not going to make a big change.”

Gilles Martin, wine maker at Sparkling Pointe, had a similar point of view but spoke more to the effect

on the latitudinal region, as he mentioned,
“I think that we are in that latitude where we should not be too impacted by rising temperature.”

Larry Perrine, grape grower and part owner of Channing Daughters, similarly touched on this but in
greater relation to the coastal effects of buffering when he spoke about varietal change and how he
doesn’t know if Long Island will experience the same type of warming as continental regions. Perrine

also expressed that,

“In the last 7 years, we’ve had 5 of the warmest growing seasons, and that’s part of the pattern that
is emerging and will continue. Don’t imagine that it is severe, it’s just measurably different,

measurably warmer.”

Overall, respondents do seem to believe that the region will continue to get warmer. However, there is

debate on how fast the region will warm and how great of an affect it may have.

As an additional side effect of warming temperatures, respondents also see that the region will likely
become more humid and thus increase fungal pressure. Perry Weiss and Rosamond Phelps Baiz, grape
growers, wine makers, and part owners of Old Field Vineyards, recognized that this could be a

particularly concerning problem for them as they manage a water front vineyard. They mentioned,

“IWe] also have to watch out here because we have humidity...so, if it’s hot and humid, we got major

problems.”
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Erin Troxell, grape grower at Bedell Cellars, also believed that the region would, “probably continue to
see high humidity.” On a side note, scientists have predicted that as temperature increases, so will
humidity and that will cause a reduced work capacity of people by 10% during peak months of heat
(Harris, 2013). If already humid regions become too hot and humid for people for work and function

normally, it can likely be translated that this will also have a great effect on viticulture.

Another potential problem related to a changing climate and a contributing factor the “trend” Larry
Perrine mentioned, is that the region believes they will see more sporadic and extreme weather events.

Perrine notes,

“I think we are going to continue to see erratic weather patterns, longer dry spells in the summertime
with sporadic rain, and kind of a fluctuation between rainy falls and dry falls when the fruit is ripening
up...Maybe more intense rainfall episodes, where it hasn’t rained in six weeks but you get six inches in
a day, which is what happened last summer in August. This is what we are seeing and is likely to

continue, this is not an anomaly.”
Richard Olsen-Harbich, wine maker at Bedell Cellars, continued with this point saying,

“we probably have to be more prepared for more sporadic storms, but honestly looking back and

dealing with this coastal region it seems to be unpredictable anyway. We kind of embrace it.”

Overall, respondents believe climate change in the next 10-20 years will continue to be beneficial to the
region, although there are some risks as previously mentioned. Peter Gristina, grape growing consultant,

explains that,

“Future of this industry: | think it’s a good one...but the weather is changing and | think it is more

conducive to growing high quality fruit and making high quality wine.”

While Gilles Martin when speaking about warming temperatures ripening fruit goes as far as to say, “I
don’t know if you call it climate change or luck.” Juan Miceli-Martinez, mirrors Martin’s point slightly

when he says,

“Long Island could benefit from climate change, hate to think of there being benefits of climate

change.”
, but he does acknowledge the risks and unpredictability when he mentioned,
“We haven’t been through this before, ‘remember the last time we went through climate change’.”
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These statements showcase that in the context of winners and losers, the future effects of climate

change on the Long Island Region may have more beneficial consequences than negative ones.

However, in a wider context and on a longer timescale, the United States may be more of a climate
change loser than winner. It is projected that by 2100 the US could have its premium wine grape
growing acreage reduced by up to 81% (Kay, 2006). With rising temperatures and a lack of fresh water,
California alone could lose 50% of its current wine grape growing acreage (Kay, 2006). There is
additional evidence that, at least in California, coastal regions would be amongst the only wine
producing areas left in this timeline (Kay, 2006). Additionally, cooler regions like Oregon, Washington,
and British Columbia, are predicted to grow extensively with a changing climate (Hannah, et al., 2013).
Although the US may lose out on vineyard acreage with the changing climate, the Long Island region
may still be able to adapt as with the predictions that coastal and cooler regions may profit from climate

change.

Impacts of Long Island Viticulture on the Environment leading to Sustainability Practices

Respondents described that viticulture can impact the surrounding environment, and described ways in
which they were mitigating those impacts. There is a prominent sustainable certification system on
Long Island called LI Sustainable Wine Growing (LISW). It is the first sustainable winegrowing
certification program on the East Coast of the United States and is highly valued by many of the industry
leaders. The program was initially started when certain pesticides were found at high levels in the
islands aquifer system; which in addition to acting as a source of irrigation water, is also the local source
of drinking water. These sustainable practices include growing certain cover crops, alternative mowing
techniques, using organic pesticides, etc. Respondents believe that in general if you protect the land
that you are given and keep a close eye on the progress of your vineyard, you are in much better shape

if confronted with damaging coastal weather.

Many respondents in the Long Island region expressed a certain level of environmental ethic and
stewardship toward the protection of Long Islands coastal resources. Barbara Shinn, grape grower and

part owner of Shinn Estate Vineyards, showcased this concern when she said

“Long Island is one of the most important watersheds in the United States due to the proximity to
creeks, and bays...[we] have a lot of responsibility to the environment and our farming practices

because we are so close to the water.”
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Jim Thompson also expressed this ethic, particularly in terms of the longevity and productivity of the

land, as he noted,

“We are committed to the fact that this land, they don’t make any more [of it], we don’t want to
leave it polluted when our tenure is up...I want the young person who takes my job to not inherit a
dump, but a vineyard they can be proud of and excited about and they are not fighting some nearly

impossible battle of mitigating pesticide pollution.”

This environmental ethic expressed throughout the Long Island viticulture region and pesticide pollution
in the regions sole aquifer, resulted in the creation of the LISW group. Jim Thompson explained the

creation of this group as he revealed,

“[Long Island Sustainable Winegrowing] started out because of an issue of a pesticide that is allowed
in grape growing was found in the aquifer in increasing levels. So, we were at a meeting with the
[Suffolk County] water authority and the [pesticides] were mentioned. After the meeting, a few of us
were sitting around talking and it came up that it was important that we be proactive rather than
reactive.... So, what we did as a group is took a proactive stance...and started the Long Island

Sustainable Winegrowers.”

Utilizing resources to model the program after, like LIVE, an independently certified sustainable
certification system in the Pacific Northwest, and the Vine Balance workbook from Cornell University,
the LISW group built a certification system that they could adapt to the unique Long Island Region (LIVE,
2017). Erin Troxell, grape grower at Bedell Cellars, gave a good depiction of how the LISW group
functions as she spoke about there being a set of guidelines for best management practices of the

vineyard. Troxell mentioned that each member evaluates themselves and that it is a,

“scoring system and it is broken down into different categories, soil management, nutrition,

irrigation, weed, pest, pesticides, etc.”

The questions are rated on a scale of 1-4, one being the most positive or low risk to four being the most
negative or high risk. Members of the LISW score themselves on the different vineyard management
guidelines, and then a third party evaluates to see if their scores are truly passing (1 or 2 score on the

questions) (Wise, et al., 2006).

As Troxell mentioned there are various categories in the LISW group’s sustainability practices, but some

interesting examples that respondents brought up include composting, using organic forms of

44



pesticides, cover cropping, and experimenting with mowing techniques. Troxell spoke about some of the

examples of sustainability on the vineyards she works with as she mentioned,

“One of the biggest sustainability efforts is to reduce nitrogen application to vineyards, and to try to
use organic forms of nitrogen. The only nitrogen that we apply in our vineyards is peanut meal and
we recycle and compost the pomace, which is the grape skins and seeds that remain after processing.
[This] gets recycled back into the vineyard. We also mulch our pruning’s...we have special type of

mower that can chop them up and recycle them [into the vineyard].”

Peter Gristina, grape growing consultant, spoke about improving the soil structure of the vineyard, the

ways he accomplishes this, and the implications it has,

“We have cover crops down the rows of all the vineyards, it’s pretty much predominantly [used]
throughout Long Island. We are growing several different types of fescue grasses...to hold the soil
together, to prevent soil erosion. Grass between the rows...protects the soil and builds organic
matter...I’'m having the crew cut the grass on every other row, because | want the grass to get taller

and attract more beneficial insects to eat the mites and other things that might occur.”

As seen in the environmental ethic of the region, these sustainability measures are concerned with the
freshwater aquifer, proximity to coastal ecosystems, and productivity of the land; and demonstrate

extensive steps taken for a healthy vineyard and coastal landscape.

Along with this idea of a healthy vineyard and surrounding landscape, respondents identified that
careful and attentive vineyard management practices, integrating both sustainability and adaptation
measures, puts the vine in a better position if there are coastal hazards and risk associated with a

changing climate.

Alice Wise, grape grower and head of viticulture research at the Cornell Cooperative Extension of
Suffolk County, spoke of how important skilled vineyard management is when approaching times of

greater weather risk,

“Vineyard management is so important and so emphasized on Long Island. If you go into véraison
(ripening), and your vines already have disease on the leaves or fruit and you into these rain events,
you are in big trouble, you are in danger of losing your crop. | think that’s why there is an emphasis on
very skilled vineyard management on Long Island, because if you can take your vines into that period

healthy and happy, they’re going to endure anything that’s thrown at them a lot more easily.”
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Larry Perrine, grape grower and part owner of Channing Daughters, touched on this point as well when

he said,

“The question of will the sustainable program itself mitigate against some of the potential problems
of climate change, is hard to say. Healthier vines are more sustainable given uneven weather

patterns, there’s no question about that.”

The concept that sustainable systems of agriculture may be able to promote climate change resilience,
has been promoted on the global scale. The Food and Agriculture Organization (FAO) of the United
Nations published a report encouraging the use of Organic Agriculture, of which they define as a broad
set of practices focusing on using ecological processes to increase soil fertility and ward off pests

(Borron, 2006).

This form of Organic Agriculture focuses on very similar principles to the LISW group, as well as other
sustainability certifications, and it is the FAQ’s prediction that a lot of the best management principles
can be used to foster stronger climate resilience adaptations (Borron, 2006). As an example, they
mention that extreme weather events will likely increase soil damage and erosion but that sustainability
measures to protect soil, like cover cropping and using different species of grasses, will deter some harm
(Borron, 2006). Wine regions around the world are seeing the importance of adapting to a changing
climate, and furthermore the benefits of using sustainable adaptation practices proceeding into an

unpredictable future (Borron, 2006; Mozell & Thach, 2014).
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Conclusions

In response to the first research question of whether the maritime climate influences grape growth,
respondents perceive the maritime climate to have beneficial and negative consequences to vineyard
management. In terms of positive effects, the proximity to large bodies of water moderates the
temperature of the region, meaning there few temperature extremes. However, one negative factor
about the maritime climate is the presence of humidity. Many have mentioned that it can remain humid
throughout the growing season, which promotes harmful fungal growth. In terms of quality, the
maritime environment, through buffering capacity, also allows Long Island to produce a unique wine

style characterized by balancing acidity and concentration.

Reflecting on the second research question of if respondents have seen changing conditions, most
vineyard managers and wine makers do perceive there to be a change in the maritime climate over the
lifespan of the Long Island wine industry, and most believe this trend will continue. However, there is
some contention that climate variability could be attributed to the unpredictable nature of the maritime

climate on Long Island.

Respondents have specifically observed an increase in temperatures, primarily displaying in dryer
summers and variability throughout the year. There was also mention of day and night temperatures
changing, as night temperatures remained somewhat high. More extreme weather events, like drought
and rainfall have been seen to increase, while hurricanes have become less likely or less direct during
the lifetime of the industry. Additionally, although respondents recognize that sea level rise may be
occurring, this factor of climate change this hasn’t been and doesn’t seem to be a threat to the Long
Island wine industry in the near future. With an extensive supply of water in underground aquifers and
most vineyard land on high elevation, the majority respondents didn’t see salt water intrusion or

flooding to be an immediate issue of concern.

When addressing the third research question of how a changing climate may affect growth, many in the
industry perceive that a warmer climate and a continuing warmer climate will be beneficial to their crop.
Many respondents believe that the season has lengthened and shifted earlier, however there are a few
that haven’t seen this change. For those that have seen harvest shift earlier, beneficial aspects of an
earlier harvest include an optimum ripening and reducing risk of managing weather events, like a

potential hurricane.
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One possible problem associated with changing conditions include that warm nights are disabling vine
metabolism capabilities. The issue of warmer nights likely affected this past 2016 growing season,
resulting in a crop with a low brix level (sugar content). Other problems associated with a changing
maritime climate include extreme rain events or drought, which can cause differing levels of stress on
the vines and impact quality. Additionally, the maritime climate is likely to get more humid and thus

cause additional problems for pest management.

Then when assessing how the industry is adapting and may continue to adapt to these changing
conditions, some methods that were noted include altering irrigation techniques to deal with drought,
thinking about varietal change or the amount of wines they produce, and tracking weather data to
assess trends. Although these adaptation methods have proved helpful to the region, it doesn’t seem
like extreme measures must be taken to adapt in the near future. However, if sporadic or extreme
events are more intense and cause more destruction down the road there is a possibility that more

wineries will pursue crop insurance; a practice which currently isn’t widely used.

Attending to the last research question of how of how the Long Island region perceives viticulture to
affect the local environment, respondents demonstrated that they believe agriculture or viticulture
practices in general can have harmful impacts to the surrounding environment. Most seek to promote
the continued productivity of the landscape while protecting the marine ecosystem. This type of ethic
has culminated in a sustainable certification system on Long Island called LI Sustainable Wine Growing.
This certification system recommends and prohibits certain viticultural practices. Respondents display
the careful vineyard management, like using sustainable and adaptation measures could increase

resilience to negative effects of climate change.

Overall, data from this study aligns with scientific predictions for the future of climate change, like the
rising of temperatures or an increase in extreme weather events. However, there stills seems to be
debate on how great an effect climate change will have on the region. Most respondents do believe that
the quality of wine has increased over time and this could be in part to effects of warming
temperatures, like growing season change. On a global scale, climate change will affect viticultural
regions differently and it is likely that there will be winners and losers. In this context, Long Island can be
most associated with similar maritime climates like regions of France or the East Coast on how climate
change is impacting the region and how they are adapting. On the whole, the Long Island region seems
that it will likely experience beneficial side effects to a changing climate, and will reduce the risk of some

of the negative side effects with attentive vineyard management.
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Appendix

Appendix 1. Initial Semi-Structured Review Instrument

This interview is being conducted as part of my Master’s research in partnership with Duke University. It

intended to understand how you believe a coastal climate affects the growth, harvest, and production of

wine on your property. It is also intended to understand how you believe a coastal climate will change,

and if it does change how your winery and crop will be affected. Your participation in this interview is

voluntary and you may either discontinue or skip questions at any time.

1.

10.

11.

Name of Winery
a. Open Response
What is your role in the winery? Check all that apply.
a. Viticulturist
b. Wine Maker
c. Owner
How long has the winery been in operation?
a. Open Response
How long have you personally owned/worked in this particular winery?
a. Open Response
What do you believe is the most important aspect of the environment that affects grape
production?
a. Open Response
How do you believe your grape crop is affected by a maritime climate?
a. Open Response
Do you think that climate is changing? If so, how?
a. Open Response
Have you seen temperatures change over the last 10 years?
a. Definitely Yes
b. Probably Yes
c. Might or Might Not
d. Probably Not
e. Definitely Not
If you have seen temperatures change, how have they changed?
a. Open Response
Do you believe that temperature changes are affecting the growth and harvest of grapes in your
winery? If so, how?
a. Open Response
How likely do you it is that average temperatures will change in the next coming 10 years?
Extremely Likely
Somewhat Likely
Neither Likely nor Unlikely

o 0 T o

Somewhat Unlikely
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

e. Extremely Unlikely
(In addition to question 11) Why do you think that?
a. Open Response
If temperature does change, how do you see yourself adapting the growth and harvest of your
crop?
a. Open Response
Do you believe that being close to saltwater affects your source of freshwater? If so, how?
a. Open Response
How likely do you think it is that sea levels will rise in the next 10 years?
a. Extremely Likely
b. Somewhat Likely
c. Neither Likely nor Unlikely
d. Somewhat Unlikely
e. Extremely Unlikely
(In addition to question 15) Why do you think that?
a. Open Response
If sea levels do start to rise, how likely do you think it is that saltwater will begin to contaminate
your freshwater source?
a. Extremely Likely
b. Somewhat Likely
c. Neither Likely nor Unlikely
d. Somewhat Unlikely
e. Extremely Unlikely
(In addition to question 17) Why do you think that?
a. Open Response
If saltwater were to contaminate your freshwater source, how do you think this would affect
your growth and harvest of crops?
a. Open Response
How do you believe that coastal storms affect the growth and harvest of your grapes?
a. Open Response
How likely do you think it is that coastal storms will become stronger in the next 10 years?
Extremely Likely
Somewhat Likely
Neither Likely nor Unlikely
Somewhat Unlikely

o 0 T W

e. Extremely Unlikely
(In addition to question 21) Why do you think that?
a. Open Response
How likely do you think it is that coastal storms will become more frequent in the next 10 years?
a. Extremely Likely
b. Somewhat Likely
c. Neither Likely nor Unlikely
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24.
25.

26.

27.

d. Somewhat Unlikely

e. Extremely Unlikely
(In addition to question 23) Why do you think that?
Did Hurricane Sandy affect the growth and harvest of your grapes? If so, how?

a. Open Response
Do you think that it is likely that a maritime climate will affect the quality of your product? If so,
how?

a. Open Response
Would you be interested in receiving more information on what a coastal climate may look like
in the future?

a. Yes
b. Maybe
c. No
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Appendix 2. Coastal Climate Impact on Viticulture Consent Form

This interview is being conducted as part of my Master’s research in partnership with Duke University. It
intended to understand how individuals in the wine industry on Long Island believe a coastal climate
affects the management of their vineyards. It is also intended to understand how individuals believe a
coastal climate will change, and if it does change how vineyards and crops could be affected. | also
would like to understand how viticulture practices on Long Island are believed to affect the coastal
environment. Your participation in this interview is voluntary and you may either discontinue or skip
questions at any time.

The interview will take approximately 30-45 minutes. Information that you provide in this study will be
utilized to help build a final report and presentation on the interactions of coastal climate and vineyards
on the Eastern End of Long Island. The report will be distributed to the Nicholas School of the
Environment at Duke, and to those of the subjects which are interested in seeing the results. Recorded
and transcript data will be deleted after 5 years.

If we have spoken previously, none of the information in that discussion will be utilized as data in this
research. Only what we speak about in this interview session will be analyzed.

Contact will be open between the respondents and myself, Emily Hall, whom you may contact at
erh24@duke.edu. Further information about the Institutional Review Board at Duke is also available,

please contact elRB@mc.duke.edu.

With your permission, your name and winery/wineries that you are associated with will be used with
quotes from the interview* If you wish to change your mind at a future time about using your name and
associated winery/wineries please contact erh24@duke.edu; changes can only be made prior to March
31 2017.

With your permission, your participation in this interview will be audio recorded.

With your permission, pictures may be taken of the winery/vineyard you are associated with. These
pictures may be displayed in the final report, presentation, and associated informational material for
those who are interested in seeing the results.

X
*If you wish to forgo using your name, a pseudonym will be used to represents your views in the report.
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Appendix 3. Revised and Final Semi Structured Interview Instrument

a. General Information
1. Name of Winery/Wineries You Work With.
2. What is your role in the winery/wineries? How long have you worked in the industry?
3. How long have the vines been planted?
b. General Climate Information
4. How do you believe your grape crop is affected by a maritime environment?
5. Do you think that climate is changing in this area? If so, how?
c. Temperature Change
6. Have you seen temperatures change over the time of your experience? If so, how?
7. Do you believe that temperature changes are affecting the growth and harvest of grapes
in your vineyard? If so, how?
8. If temperature does change, how do you see yourself adapting (or how have you
adapted) the growth and harvest of your crop?
d. Sea Level
9. Do you believe that being close to salt water affects your source of freshwater? If so,
how?
10. If sea levels do start to rise, do you believe this will affect the growth and harvest of
your grapes?
e. Coastal Storms
11. How do you believe that coastal storms affect the growth and harvest of your grapes?
12. Have coastal storms become more frequent and/or more intense over your experience
in the industry?
f.  Winery/Viticulture Business
13. How do you think being in a maritime climate affects the quality of your wine? If so,
how?
14. Does your vineyard/the vineyards you work with have crop insurance? If your vineyard,
why did you choose to pursue or not pursue crop insurance?
g. Sustainability
15. Do you think that viticulture practices, in general, affect the coastal environment? What
sustainability measures does your vineyard/vineyards practice?
16. Do you think that sustainability practices can also promote climate resiliency in the
vineyard?
h. Future Climate
17. What do you think the future climate of the wine industry on Long Island will look like in
the next 10-20 years?
i. WrapUp
18. Is there anything else you would like to add or that you feel | should know about the
topic of maritime climate and viticulture/vineyard management?
19. Would you be interested in receiving more information on this report?
20. What method would be best to receive this information? Ex. Pamphlet, full report,
presentation, etc.
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