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ABSTRACT

This study evaluates the economic impacts of future climate change (2015-
2044) on representative vineyards in the Niagara Peninsula, Ontario. An
integrated Bio-Economic Approach was used to evaluate the Net Present
Value (NPV) of grape growers. First, three future climate scenarios (Median,
Warm/Dry, Cold/Humid) and two conditions (with and without atmospheric
carbon dioxide (CO2) enhancement) were selected. Climate scenario data
were obtained from the Regional Climate Model system RegCM v.4. Second,
yield data were obtained through simulation with the Cropping Systems
Simulation Model (CropSyst). Finally, the Net Present Value (NPV) was
estimated. Land allocation was determined exogenously. Six wine-grape
varieties (Chardonnay, Riesling, Cabernet Sauvignon, Cabernet Franc,
Merlot, and Pinot Noir) were selected for the study. The results indicate that
net present value, output, economic vulnerability and financial management
tools varied with each climate scenario and condition. The direction and
magnitude of the impacts changed as CO2 enhancement conditions varied by
crop. Even under the worst climate condition of Cold/Humid with the absence
of CO. fertilization effects, the only crops that had a relative economic
advantage were Cabernet Franc and Cabernet Sauvignon (red varieties).
The returns on the white grape varieties were significantly lower for all
scenarios. The results indicate that the Agristability program helped absorb

the variability in NPV and stabilized income, but did not ensure producers’
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financial stability from the risks of climate change. Financial risk management
tools would help growers to increase their financial strength, have flexibility in
their choice of adaptation options, and reduce their economic vulnerability.
These management tools, and should remain profitable, and has to as well as

including e an environmental decisions such as increasing soil fertility.
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A. RESUME

Cette étude a pour objectif I'évaluation de l'impact économique des futurs
changements climatiques (entre 2015 et 2044) sur des vignes représentatives
dans la péninsule du Niagara, Ontario. Une approche Bio-économique
intégrée a été utilisé pour évaluer la valeur nette actuelle (VNA) des
viticulteurs. Tout d'abord, trois futurs scénarios climatiques (médian,
chaud/sec, froid/humide) ainsi que deux conditions (avec et sans amélioration
atmosphérique du dioxyde de carbone (CO2)) ont été sélectionnés. Les
données des scénarios climatiques ont été obtenues a partir d’'un modéle
climatique régional RegCM systéme v.4, Deuxiemement, les données des
rendements ont été obtenues par simulation avec le modéle de simulation du
systéme de recadrage (de CropSyst). Enfin, la valeur nette actuelle (VNA) a
pu étre estimée. L'allocation des terres a été déterminée d’'une maniére
exogene. Six variétés de raisins de cuve (Chardonnay, Riesling, Cabernet
Sauvignon, Cabernet Franc , Merlot et Pinot Noir) ont été choisis pour I'étude.
Les résultats obtenus grace aux outils de la valeur nette actuelle, indiquent
que la vulnérabilité économique et la gestion financiére varient avec chaque
scénario des conditions climatiques. La direction et Il'ampleur des
changements des conditions d'amélioration du CO> varient selon les cultures.
Méme dans les pires conditions climatiques, froid / humide, avec I'absence
d'effets de fertilisation du CO2, les seules cultures qui ont eu un avantage

économique étaient le Cabernet Franc et le Cabernet Sauvignon (variétés

iv



rouges). Les rendements sur les cépages blancs étaient significativement
plus faibles dans tous les scénarios. Les résultats indiquent que le
programme Agro-stabilité a contribué a absorber la variabilité de la VNA et a
stabilisé le revenu, mais n'a pas assurer la stabilité financiere des producteurs
contre les risques des changements climatiques. Des outils de gestion des
risques financiers pourraient aider les producteurs a accroitre leurs solidité
financiére, leurs offrir la flexibilité dans le choix des options d'adaptation, de
réduire leur vulnérabilité économique, et de rester rentable, et doit inclure des

décisions environnementales telles que I'augmentation de la fertilité des sols.
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CHAPTER 1
BACKGROUND AND INTRODUCTION

1.1. BACKGROUND

According to the latest scientific research, global warming is unequivocal,
evidenced by rising average air and ocean temperatures, widespread snow
and ice melt, and increasing average sea level (IPCC, 2007a). New evidence
also indicates that the cause of global warming is rising greenhouse gas
concentrations over the last 50 years which are largely anthropogenic, i.e.
human induced, and have driven subsequent, non-linear warming trends
(IPCC, 2007b). The period from 1995 to 2006 marks one of the hottest on
record, with 11 of 12 years ranked among the 12 warmest years in the past
150+ years (IPCC, 2007b). Over the course of the next century even if the
greenhouse gas concentration is held at its current level, due to the slow
response of climate processes and feedbacks, the continuation of warming is
inevitable. The threat of extreme weather is also expected to increase. Most
land areas will experience warmer and fewer cold days and nights, warmer
and more frequent hot days and nights, more frequent heat waves and heavy
precipitation events; as well as increased likelihood of drought, tropical storm,

and high sea level (IPCC, 2007a).

There is a widespread consensus that global warming and climate change are

serious problems (Anthoff and Tol, 2012) which can be explained with either



direct or indirect human activities (Hardy, 2003; IPCC, 1995). The
concentration of atmospheric carbon dioxide (CO2) is the most influential
greenhouse gas for global warming, which has increased from 280 ppm in
pre-industrialized period to 379 ppm in 2005 (IPCC, 2007a). The impact of
elevated CO: levels can result in increasing volatility of future weather
conditions i.e. small increases in average temperature due to climate change
will result in dramatic changes and frequency of stormy weather that result in
heavier precipitation, particularly in the northern hemisphere (Finnis et al.,
2007). According to future emission scenarios, the average global surface
temperature is likely to increase by 1.1 to 2.9 °C in the best climate scenario
and 2.4 to 6.4 °C in the worst climate scenario during the 21st century. The
effects of an increase in global temperature have been estimated to include a
rise in sea level between 0.18m-0.59m and a change in the amount and
pattern of precipitation in the more northern latitudes (Jian et al., 2007; IPCC,
2007a). Being in northern latitude, Canada has begun to feel the adverse
effects where changes are expected to be greatest. Future predictions of the
mean temperature and precipitation show a rise between 3.6°C and 7.5°C,
which is a 9.1%-17.8% increase by 2080 respectively in Canada (Okey et al.,
2012). A study predicted that overall impact of climate change on forests, fish
population and agriculture could be extreme (PEIl Department of Fisheries,
Aquaculture, and Environment, PElI Department of Development and

Technology, 2001).



Global climate change has had an impact on the world economy (Houghton et
al. 1996). Climate change has the potential of affecting all economic sectors.
However, the agricultural sector is the most sensitive sector to changing
climate due to its dependence on natural weather patterns for its productivity
(Watson and Moss, 1996; Rosenzweig and Hillel, 1998). Significantly
increasing temperature, large changes in rainfall or degradation of soil would
have negative impacts on global agriculture in the form of declining crop
yields and prompting food prices to increase (Parry et al. 1999; IPCC, 2001).
In addition, global climate change might dramatically affect agriculture in
terms of flood, drought, and frost. If climate change causes crops to fail, then
population may suffer deprivation (Doering et al., 2002). Productivity in the
agricultural sector is closely related to atmospheric carbon dioxide (CO3)
concentration. The impact of climate change is not only in terms of changes in
agricultural output but it has also the economic consequences on farm
profitability, agricultural supply and demand, trade, price, (Kaiser and
Drennen, 1993) and the value of agricultural land (Mendelsohn et al., 1994).
In addition, energy supply and demand, buildings and roads, recreation and

tourism, as well as human health will be affected (Herrington et al., 1997).

The agricultural sector is not only linked to many other sectors but food and
fiber production is essential for sustaining and enhancing human welfare.

Therefore, if the necessary climate change mitigation strategies i.e.



greenhouse gas emissions (GHGs) reduction, are not adopted, then market
failure is inevitable. Failure to adaptation would result in socially inefficient
production. This would result in negative effects on consumer welfare (McCarl

et al., 2001; Kaiser and Drennen, 1993; Adams et al., 1998).

“Over the last thirty years, integrated assessment of climate change and
future agricultural production has been carried out in a number of different
ways.” (Doering et al 2002, p.5). While the causes of climate change is among
the most debated topics, climate change is predicted to have a significant
impact on agriculture. This is due to the combined effects of elevated
temperatures, increased likelihood of droughts, and reduced crop water

availability (Yanda and Mubaya, 2011; Chiotti and Johnston, 1995).

Two categories of approaches to address climate change are identified in the
Kyoto protocol; mitigation and adaptation. Mitigation is an action that limits
global climate change through the reduction of GHG emissions. On the other
hand, adaptation includes the ability to adjust systems to the effects of climate
change or to respond to its impacts (IPCC, 1990). Farmers have tried to
adjust their production decisions by taking climate change into account. Their
main concern is managing themselves in terms of timing, magnitude,
variability (Rosenzweig and Hillel, 1995). It is important to quantify and

monetize the economic impacts of climate change on the agriculture sector.



However, it is not certain that net future effects of climate change will be
beneficial or harmful to farmers in different regions (Hardy, 2003). This
expectation for agriculture output threatens global food security (International
Food Policy Research Institute, 2009). It is difficult for farmers to be
sufficiently aware of the potential consequences of climate change and/or to
prepare alternative production strategies for future periods (Mendelsohn,

2001).

There may be significant opportunities for Canadian agriculture in a warmer
climate as opposed to other parts of the world. These opportunities will only
be available if sufficient precipitation continues in the food-producing areas
and the necessary adaptation measures are applied in time (Lee and

Murdock, 1998).

1.2. INTRODUCTION

Climate change poses a serious challenge to society. From an economic
perspective, this issue is particularly complex because the potential outcomes
are not precisely defined, they span over the medium-long term, and failure to
react may produce major changes (Stern 2006). While climate change may
affect all sectors of the economy, some face more risk than others. The
agricultural sector stands out because warming temperatures and changing

precipitation patterns directly affect crop production. Wine grapes have



garnered particular interest because they are long-lived crops that can only be
grown under a specific set of climate conditions within a narrow geographic
region. By that, they are distinctly vulnerable to climate change (Jones et al.
2005).

“Despite worldwide coverage of climate change impacts, there is intra-sectoral
and inter-sectoral variation in vulnerability depending on location, adapfive
capacity and other socioeconomic and environmental factors’ (Aniah et al,
2014 p.693). For example, the agricultural sector in Canada and the US are
believed to benefit from gradual climate change due to the greenhouse effect
and the warmer climate (Tol and Langen, 2000; IPCC 2001; Weber and
Hauer, 2003). This is especially important for grape production and the related
wine industry because of its sensitivity to climate, its high site specificity and
the longer time frame of decisions associated with perennial crops (Jones et
al, 2005; White et al, 2006; IPCC, 2007a). Therefore, a warmer climate could
create a favorable environment for perennial crops i.e. vine-grapes in Canada.
However, Lemman and Warren (2004) indicate that the net impacts are
uncertain and vary with different varieties of grape. Warmer temperature may
increase the length of the growing season; but it could also lead to crop
damage resulting from heat stress, water and pest problems. Canada has
massive water resources generating adequate soil moisture; however, climate
change is expected to remarkably impact on them. It may particularly

decrease lake levels and ground water levels while it may enhance higher



evapotranspiration which may trigger moisture deficits across the country
(Koshida and Avis, 1998; Lonergan, 2004). Water availability and especially
groundwater level are also major elements in viticulture production; therefore
decreasing levels of water can negatively affect all grape growing areas

especially during the summer season.

On account of its climate, Southern Ontario is one of the best wine producing
regions in Canada (Shaw, 2005). The Niagara Peninsula produces over 70
percent of the wine grapes in Canada, the country’s most valuable fruit crop
(Agriculture and Agri-food Canada, 2014). However, the Niagara Peninsula is
predominantly on the margins of climate suitability for viticulture, with roughly
52% of the total area falling into the coolest and hottest ranges for wine grape
production (Agriculture and Agri-food Canada, 2014). Furthermore, the wine
industry is one of the fastest growing agri-businesses in the Niagara Region
and provides numerous direct and indirect opportunities for growth and

development (Caldwell, 2000).

If CO2 levels were to double, it has been estimated that Ontario’s average
annual warming would be between 2 and 5°C by the latter part of the 21st
century. Moreover, the increases will probably be greater in the winter than in
the summer. Even if the greenhouse gas concentration was stabilized at that

point, temperature would continue to increase with a possibility of an overall



warming of 3° to 8°C. (Chiotti and Lavender, 2008). These changes would
significantly decrease the duration of the annual snow season and lengthen
the growing season. It could increase the frequency and severity of extreme
heat events in a summer and implies that changes in rainfall matters, soll

moisture in the southern part of grape varieties (Mortsch and Mills, 1996).

Climate projections suggest that Ontario will become warmer with some areas
becoming drier and other areas wetter, by the end of the 21stcentury, which
could render the profitability of the coolest wine variety industry at risk.
However, specific vineyard management techniques could mitigate some of
the effects of climate change on wine grape production in this region. When a
grape variety is grown in a cool region, the wine is unbalanced with
suboptimal sugar levels and unripe flavors. On the other hand, if a region’s
climate is too hot, the wine is again unbalanced with overripe flavors and low
retention of acids (Jones et al. 2005). Some of the extreme climate conditions,
such as winter freezes, spring and fall frosts, and extreme heat, drought,

floods can devastate viticulture (Jones, 2010).

There is substantial research on the potential impact of climate change on the
wine industry and the grape growers from around the world (Nemani et al.,
2001). Some of the literature concentrates on the effects of global warming on

wines with respect to bottle prices and wine grape yields; while other studies



consider the impact on the economic returns to wine grape growers (Gatto et
al., 2009). Most studies rely on monthly weather observations due to limited
data availability at more frequent intervals; even if the daily climatic record is
better suited to explain changes in grape yield. This study will investigate the
impact of climate change on wine grape yield in the Niagara Peninsula using
fine-scale daily temperature, precipitation, and solar radiation data.
Furthermore, the paper also forecasts the potential impacts of future climate

change on wine grape yield in a simulation context.

The major elements that affect the quality and quantity of grapes and wine
produced are weather and climate. Climate variability has already affected
wine style, wine/grape yields and quality differences in Canada (Jones and
Hellman, 2002; Jones, 2004; Battaglini et al. 2008). The three main climatic
conditions for quality grape production are identified by White et al (2009): (1)
adequate heat accumulation; (2) low risk of severe frost damage during the
growing season; and (3) the absence of extreme heat. The importance of
potential weather and climate effects on grape growing is based on how these
will affect the growers and how the growers may respond (Jones, 2004;

Battaglini et al., 2008).



1.2.1. PROBLEM STATEMENT

The inherent uncertainty associated with climate change and/or variability will
make it challenging for farmers in the Niagara Peninsula to identify optimal
adaptation options for viticulture and prepare response plans for the future. To
provide insight into potential adaptation strategies, the following questions will
be addressed: What are the possible impacts of varying climatic conditions on
the quality of most popular varieties of grapes? (more or less frost-free days,
higher or lower growing degree days, precipitation etc.). Which varieties of
grape are most adaptive to climatic change? Which varieties are profitable for
wine production? What is the economic impact of climate change on grape
growers in the Niagara Peninsula? What types of federal/provincial programs

or policies may assist growers to adjust to climate change?

1. 2. 2. OBJECTIVES OF STUDY

The primary objective of this study is to estimate the economic impact of
projected climate, yield, cost, and prices changes on the production of a
representative vineyard in the Niagara Peninsula region of Ontario using an
integrated bio-economic approach. The analysis captured both the impact of
historical weather records on the viability of production and the impact of the
market price on wine. The Cropsyst simulation model was adopted to
evaluate historical changes in climatic variables on the yield of different grape

varieties (Stockle et al. 2003). A range of future climatic scenarios was
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developed to predict the impact of climate change on yield of different grape

varieties and their resulting economic impact. The main objectives are;

Vi.

To estimate the impact on grape yield of future climate
scenarios using a crop simulation model.

To simulate each wine grape variety price and costs.

To develop a Net Present Value model that included several
insurance options.

To evaluate the impact of various climate scenarios and
changing market conditions on the present value of net farm
income of grape growers and to assess their economic
vulnerability.

To identify adaptation strategies and assess the role of
insurance as a financial risk management tool; and finally

To estimate the impact of provincial policies on the economic

situation of grape producers in the Niagara Peninsula.

Due to its geographical location, the Niagara Peninsula is expected to have

warmer climate conditions than today; so cool climate wine grape yield which

are most popular in this region, are expected to decline in the future. Due to

the declining yield, profits (net return) on grape production would be expected

to decrease, if producers will not adopt different varieties that are more

profitable.
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1.2.3. ORGANIZATION OF THE STUDY

Chapter 2 presents the scope of the study starting with a historical
background of the Niagara wine growing region and brief information about
the wine sector in the Niagara Peninsula. A short review of the literature
related to climate change effects on grape production follows in Chapter 3. A
review of methods, description of the material and analytical method used in
the study are presented in Chapter 4. The results and the discussion about
their implications are given in Chapter 5. The conclusions, recommendations,

and policy implications of the results are addressed in Chapter 6.
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CHAPTER 2
SCOPE OF THE STUDY

2. 1. HISTORICAL BACKGROUND

The Canadian wine industry in southern Ontario has existed for over a
century. In order to produce better wines growers have left the local varieties
such as Labrusca and Concord in favor of more quality vines like Vitis Vinifera
and European Hybrid. Figure 1 illustrates the marketed output of grapes (table
and wine) in Ontario. There is a difference in the overall growth in annual
yields during the first period from 1926 to 1988 and the second period from
1988 to present. The second period was after the Canada-US Free Trade
Agreement (CUFTA). In the second period, total yield decreased drastically
after the CUFTA due to a replanting program to increase the quality of vinifera

varieties (Pelling and Hira, 2012).

Figure 1: Output of Grapes, Ontario 1926-2010 (includes table and
wine grapes)
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Figure 2 illustrates the breakdown of grape variety purchases by wine
processors from Ontario sources over the last two decades. There is some
volatility in the overall level of purchases; most notably at 2005, but the
purchased tonnage is increasing. Over this period, the use of local Labrusca
grapes has diminished almost entirely, while Red and White Vinifera have

increased.

Figure 2: Grape Purchases by Processors
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2. 2. GEOGRAPHICAL LOCATION AND VINEYARD GEOLOGY

Regions that are located between the 41st and 44t degree north latitude are
the most important viticulture areas in the world. This latitude includes such
wine growing regions as the Oregon State’s wine region, California’s
Mendocino Valley and Washington State’s Yakima Valley, the Chianti

Classico region in ltaly, the Provence and Langeudoc-Roussillon in France,
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the Rioja region in Spain (Grape Growers Ontario, 2010). The two largest
wine grape producing regions in Canada are the Niagara Peninsula in
southern Ontario and the Okanagan Valley in southern British Columbia. They
are located at the 43 north latitude. There are also a growing number of
small producers of grapes and wine in southern Quebec and Nova Scotia as
shown in Annex 1. Compared to other viticultural areas in Canada, Ontario
produces the largest percentage of Canada wine from 13,600 acres of wine
grape vineyards with another 5000 acres devoted to grapes for juices, while
British Colombia has approximately 8000 acres (“Niagara Peninsula”, 2014).
Although the Niagara region’s most important economic activity has always
been grape production for the past 150 years, the industry has only recently
been acknowledged for the quality of its wine at national and international
competitions (Shaw, 2005). Grape growing regions can be recognized by
three main resource factors; geographic and climatic, physiography and soil
capability. Annex 1 shows the relative location of the Niagara Peninsula in

Ontario.

The Niagara Peninsula is a distinct geographical region located in southern
Ontario that lies between two of the five Great Lakes; Lake Ontario to the
north and Lake Erie to the south (Annex 2). Indeed, the Niagara region is not a
true peninsula; the Niagara River connects the two great lakes and acts like a

narrow strait. As a result, there is always accessible, abundant fresh water for
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agriculture which is an advantage for growing grapes in Ontario (Ontario,

Regional Municipality of Niagara, 2014).

The Niagara Peninsula is divided into two broad areas according to soil and
bedrock characteristics: (1) the Niagara Escarpment; and (2) the Haldimand
Clay Plain (Annex 3) (Haynes, 2000). The Niagara Fruit Belt, located on the
Lake Iroquois Plain, is suitable for grape growing because its soil is well-
drained sandy loam since it is adjacent to the Lake Ontario. This bordering
ensures water to young vines in the drier months of July and August (Shaw,

2005).

Several glacial and interglacial events have occurred in the Niagara Peninsula
over the last 200,000 years. These events shaped the layers of sedimentary
rock and ancient reef structures of the Niagara Escarpment (VQA Ontario).
The physical setting of a vineyard’s geology, which includes the physiography
(bedrock) and soil, is an important factor in wine quality. Vineyard geology
includes parameters such as temperature, elevation and slope characteristics,
water availability, drainage and their correlations (White, 2003). This geology
influences vine ripening and the wine’s taste (Maltman, 2003; Goode, 2005).
The Niagara Peninsula also has an ideal mesoclimatic condition for grape
production, such as distance from the lakes, less than 3% slope, which takes

advantage of sunlight in the growing season and air flow patterns. As a result,
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the Niagara Peninsula has the largest number of varieties of Viticulture in

Canada (VQA Ontario).

Grape growing depends on some specific climatic characteristics such as
frost free days (mean temperature above -2° C); average growing degree
days and July mean temperature; and precipitation (rainfall, freezing rain,
snow, ice pellets and hail) (Annex 4). “The climate in Niagara for growing
grapes is ideal, not extremely hot or cold, frost-free, usually mild weather,
warm in summer and cool in winter. Thus, the Niagara viticultural area has
distinguishing characteristics of mesoclimates, topographies and soil which
are favorable for various fruits and grape cultivation” (Shaw, 2012 p.111).
According to climatic statistics of the Niagara Peninsula, grape cultivation
average growing degree days are 1,413, frost free days are 198, July mean
temperature is 22.3°C, the most dominant growing season is between April to
October and the precipitation value in the growing season is 546 mm (VQA

Ontario).

2.3. INSTITUTIONAL FRAMEWORK

The institutional structure of the grape and wine industry in Ontario has been
organized to be conducive to innovation. Existing institutions can be divided

into two categories: industrial and research (Figure 3).
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Figure 3: Ontario Wine Institutional Structure
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The industrial category includes the Grape Growers Ontario (GGO), Wine
Council Ontario (WCO), Winery and Grower Alliance of Ontario (WGAO), and
the Ontario Wine Society (OWS). GGO is a member-funded marketing board
and is important in all aspects of production and marketing. The GGO is an
umbrella organization that includes all growers and nearly every industry
stakeholder. The GGO has six hundred members. There are two
organizations to represent processors (wineries). These are the WCO; which
promotes Vintners Quality Alliance! (VQA) certified wines; and the WGAO,

which represents larger wineries that produce both VQA and International

1 Vintners Quality Alliance, or VQA, is a regulatory and appellation system which guarantees the high
quality and authenticity of origin for Canadian wines made under that system in Ontario - Made with 100%
Ontario-grown grapes
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Canadian Blend? (ICB) wines. Though the WCO exclusively represents VQA
producers, WGAO wineries continue to produce the majority of VQA wines in
the province. Working in cooperation with the WCO and the WGAO, the
GGO’s major role is to annually negotiate minimum prices for grapes sold to
manufacturers within the province (Mytelka and Goertzen, 2004). On the
research side, the Ontario wine industry receives research support from local
academic and publicly funded scientific institutions such as Niagara College,
The Cool Climate Oenology and Viticulture Institute (CCOVI), Brock
University; the Vineland Research and Innovation Centre (VRIC), and
University of Guelph. These research institutions focus almost exclusively on
biological and technological innovations related to maximizing quality and
yield of Ontario vineyards. For example, Brock University experiments are
routinely carried out in vineyard settings in order to test adaptation and
growing techniques that are particular to the Ontario climate (Coventry et al.,
2005). Ontario Grape and Wine Research Inc. has three shareholders, GGO,
WCO, WGAO, who negotiate how industry levies ought to be invested in

research program at VRIC and CCOVI.

2.4. QUALITY AND PRICING MECHANISM

Grape quality in Ontario is determined by the relative level of brix

(sweetness), which tends to negate certain qualities for example acidity,

2 ICB: Ontario wineries must use a minimum of 40% domestic content, with a minimum of 25% Ontario
grapes in an individual bottle of wine
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which normally receive emphasis in the winemaking industry. As a safeguard,
the classification of wine as VQA or non-VQA serves to partially correct the
shortcomings associated with the level of brix as the quality indicator of the
input. Brix level is determined for each grape varieties. Annex 5: Panel A-F

shows that how brix level affects the 2013 grape pricing.

Every year grape prices are negotiated between the marketing board and
winery related institutions due to their brix ranges (sugar content). Since 2010
pricing negotiations are co-arranged by WCO, WGAO, and GGO. These
negotiations have been attributed to two developments. The first was the
adoption of the “pilot plateau (PP) pricing model” developed for the industry by
GGO on selected varieties; i.e. Chardonnay, Riesling, Cabernet Sauvignon,
and Cabernet Franc (Pelling and Hira, 2012) annually or multi-annually. Table
1 compares regular pricing and PP pricing on 6 different grape varieties’ brix

levels.

Table 1: Pricing and Brix level of Various Varieties of Grapes

Riesling Chardonnay Cab. Sauv, Cab. Franc Merlot Pinot Noir
Sfon  “Bx Sfon  “Bx Sfon  “Bx Sfon  “Bx Sfon  °Bx Sfon  °Bx
2011 | 1,39 . 8142 . §1,875 " §1,676 03 §1,894 - §1,933 .
2012 | s1417 ' §1,445 ' §1,875 ' §1,676 ' §1,804 ' §1,033 '
g::s: §1200 173185 §1200 |19.°204°| $1300 |18.2208| $1300 [18F207| na na. na. na

Source: Grape Growers Ontario 2011/2012 annual report

aPP pricing was determined for 2 years agreement (2011-2012) according to 2010 base pricing for four
varieties.

bPP Prices are calculated using international bulk wine prices, and a cost of production formula

cRegular grape prices indicate the most qualified grapes according to brix level
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The goal of PP Pricing is that more grapes that fall in the lower brix range will
be purchased with this price. Also, the Brix level each year is based on a five-
year rolling average. The intent of PP pricing is to create an opportunity for
wineries to access grapes in lower brix ranges at a lower price from GGO.
This was done because of legal restrictions that 40% of a winery’s overall
blended content to be from Ontario grapes with a minimum 25% domestic
content within each bottle. Therefore, plateau grapes have no restrictions on
tonnage. The second is that WGAO started to establish closer relationships

with the grower community (Cattell, 2012; Pelling and Hira, 2012).

2.5. ECONOMIC AND INDUSTRIAL PERSPECTIVE

Favorable climate conditions and fertile soils allowed the Niagara Peninsula to
be a major grape producing region and its wine industries have grown to be a
substantial catalyst for regional economic development. “Niagara /s home to
approximately 90 wineries, and almost 400 grape growers” (Penney et al.
2012, p.36). Each acre of grapes generates $30,945 to the province of
Ontario in economic value per year. The wine industry in Ontario generated
$674 million in retail sales in 2013. “Ontario’s VQA wine industry contributed
8191 M to the economy and $10 M to tourism receipts in 2010, and created
an additional 1,300 jobs between 2007 and 20117” (Penney et al., 2012, p.36).
In 2007, the wine industry generated $529 million in tax revenues for the

province. As a tourist destination, Niagara attracts nearly 20 million visitors
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annually; over 1 million people visit the province’s wineries each year (Wine
Council of Ontario, 2011). Municipality of Niagara has 6% of Central Ontario's
GDP. It is currently fourth highest after Toronto (76%), Hamilton (10%) and
Kitchener (8%) (Figure 4).

Figure 4: Selected Economic Indicators for Niagara Peninsula
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The Niagara Region is a significant contributor to the economic impact of
agriculture in Ontario. Of the 49 regions, counties and districts in Ontario,
Niagara is ranked the thirty-eighth in geographic size; however, it is the
twenty-fifth in total area farmed, the tenth in the number of farms and the
fourth in gross farm receipts. It ranks first in terms of the average gross farm
receipts per acre. Agricultural production plays an important role in the
Niagara Peninsula. A significant number of grape farms are located in
Niagara-on-the-lake, St. Catherines, and Lincoln. The numbers of farms that
have a large value of agricultural capital are significantly greater in Niagara-

on-the-lake and Lincoln than St. Catherine (Figure 5).

22



Figure 5: Farms Classified by Value of Agricultural Capital by Grape Area

Farm Classified by Value of Agricultural Capital by grape area
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Farm sizes of grape production in the Niagara Peninsula are given in Figure

6. The largest number of farms falls in the 10-19.9 acre range. The acreage

farm size of grape production in the Niagara Peninsula is 26 acres. There are

42 farms equal to or greater than 100 acres.

Figure 6: Farms Classified by Farm Size
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Grapes are the highest-ranked Ontario agricultural fruit commodity and
represent 35% of the farm value of Ontario commercial fruit. Grapes can be
used to produce wine, juice, or consumed as a fresh fruit. Fruit is the most
dominant farm type in the Niagara Region in terms of numbers of farms (776
farms) among which grape produces represent the largest number (545 farms
out of 776) (Regional Municipality of Niagara, 2010). The Niagara Region is
known for its high quality grape production. The region currently produces
90% and 71% of the production of grapes in Ontario and Canada respectively
(Grape Growers Ontario, 2010). The Niagara Peninsula is also one of the
most important “cool varieties of grape” producing regions in the world.
Climate change (hotter days) could be viewed as a threat to cool climate

varieties’ that are produced in the Niagara Peninsula (Cyr et al., 2008).

There are two main grapevine grown in the Niagara Peninsula: vinifera and
hybrids. In 2000, vinifera grape sales to wineries were $20.4 million, hybrid
were valued at $18 million in 2010 (VQA, Ontario). Moreover, the world’s
highest quality wine grapes belong to a species of grapes known as Vitis
vinifera commonly referred to as Vinifera, which are native to Europe. The
majority of vinifera grape varieties in Ontario are Chardonnay, Cabernet,

Gamay, Merlot, Pinot Noir, Riesling (Shaw, 2005).
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Soil, microclimate, and geographical characteristics play a key role in
producing a good wine. However, the most important element of winemaking
is the quality of the vines. In Ontario, there are more than 50 different varieties
of wine grapes. The dominant varieties in production are from V. vinifera. In
terms of their profitability, Chardonnay and Riesling are the most profitable
white varieties and Cabernet Franc and Merlot are the most profitable red
varieties and Vida/ for icewine. Niagara Peninsula’s wine category includes
white, red and rose. White varieties’ volume is greater than the red varieties.
Vitis vinifera is the dominant variety used for grape production in the Niagara
Peninsula since 1995 (Figure 7).

Figure 7: Selected Indicators of Grape Varieties for Ontario
Share of Grape Varieties Used in all VQA wines, 2011
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Maintaining competitiveness for the Ontario wine industry depends on how
efficient Ontario's agricultural producers, especially grape growers, adapt to
and prepare for future climate conditions. Grape production should investigate
adopting management techniques and new technology that can address the
potential adverse impacts of climate change. In addition, institutional
mechanisms, such as insurance programs, can be used to address the

adverse impacts of climate change.
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CHAPTER 3
LITERATURE REVIEW

3.1. CLIMATE CHANGE AND AGRICULTURE

Scientific debates on global climate change still exist after more than thirty
years. Recently, the IPCC in its fourth Assessment Report (AR4) stated that:

“Observational evidence from all continents and most oceans shows
that many natural systems are being affected by regional climate
changes, particularly temperature increases... [and that the]
magnitudes of impact can now be estimated more systematically for a
range of possible increases in global average temperature...” (IPCC,

2007a; page 1 and page12)

Climate change impacts can be divided into two categories; market impacts
and non-market damage (Figure 8) (Manne et al., 1995). The potential impact
is greatest on the primary economic sectors such as agriculture, forestry, and
fishery. This is because these sectors are highly sensitive to changing

climate.

Climate change impacts on agriculture are expected to be different depending
on crop type, geographic location, degree of warming, precipitation change,
and changes in CO2 levels (McCarl et al., 2001). The net effects of increased
CO. will depend on local conditions (Rosenzweig and Hillel, 1995; Tubiello et

al.,, 2002). There is also sufficient evidence to suggest that the existing
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optimal growth range of crop and livestock production correlate with

temperature, precipitation, soil, and water (Figure 9).

Figure 8: Overview of Global Warming Impacts
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Figure 9: Climate and Soil Interaction on Growth and Production of
Crops and Livestock
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global impacts, adaptation and distributional effects. Northampton, MA: Edward Elgar Publishing, Inc.
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Climate change and/or increasing levels CO2 concentration can have direct
and indirect effects on agriculture. The most important direct effects of climate
change and increased CO: concentration on agricultural production are
temperature and precipitation changes. The indirect effects on agriculture will
be the emergence and distribution of crop pests and livestock diseases,
weeds, pollutants, the frequency of adverse weather conditions, reducing
water supplies and irrigation; and increasing severity of soil erosion and
calamities (Figure 10) (Deschenes and Greenstone, 2006; Watson et al.

1998; IPCC, 2001).

y 3
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3. 2. DIRECT IMPACTS OF CLIMATE CHANGE ON VITICULTURE

The impacts of climate change on wine industry are often reported because of
the importance of this industry in many countries (Berger, 2007; McQuaid,
2011; Kakaviatos, 2006). The regions of Burgundy and Bordeaux in France
are major wine-producing regions in the world. Chile is another wine

producing and exporting country. The wine industry in Chili contributes
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significantly to the national economy with US $883 million export value in
2005 (Hadarits, 2009). England is another emerging wine producing country
that produces sparkling wines with a comparable quality in Champagne,

France (Jones, 2004).

The viticulture industry is extremely sensitive to weather. Wine production
worldwide depends on microclimates that provide the conditions needed to
produce a quality product. The climate structure in a given wine-producing
region largely determines the suitability of the region to different wine grape
cultivars and the economic viability of the industry (Jones et al., 2012). The
role of climate suitability in viticulture and wine production are now being
studied because of the economic impact on the industry (Jones, 2004).
Although there is common weather-related risks that grape growers face
globally, the relative importance of these factors vary by region and grape

variety (Cyr et al. 2008).

There are many case studies that examine the relationship between climate
parameters; i.e. temperature, sunshine hours and seasonal rainfall
distribution, and grape production; i.e. vegetative growth, fruitfulness, and
composition of the fruits (Jackson and Lombard, 1993; Gladstones, 1992;
Tonietto and Carbonneau, 2004; Jackson and Spurling, 1988; Shaw, 2012;

Jackson and Spurling, 1988; Jones, 2007). The suitable wine regions are
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identified by the relationships between wine_grapes and climate for grape

production.

To place the production of different wine varieties in the context of climate
suitability, various temperature-based metrics; i.e. degree-days, mean
temperature of the warmest month, average growing season temperatures,
etc... can be used for establishing optimum regions (Gladstones, 1992). For
example, the average growing season temperature typically defines the
climate-maturity ripening potential for premium quality wine varieties (Jones,
2006). Each variety has a different genetically determined ripening profile
(Kerridge and Antcliff, 1996). Some varieties ripen earlier in the season than
others. The timing of the stages is driven by temperature then matching the
suitability of a particular variety to the climate of a particular region is

paramount (Figure 113).

3 The climate-maturity groupings given in this figure are based on relationships between phonological
requirements and climate for high to premium quality wine production in the world's benchmark regions
for each variety. The dashed line at the end of the bars indicates that some adjustments may occur as

more data become available, but changes of more than +/- 0.2-0.6°C are highly unlikely.
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Figure 11: Grapevine Climate/Maturity Grouping
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Cabernet Sauvignon is grown in regions that span from intermediate to hot
climates with growing seasons that range from 16.5-19.5°C; for example in
the Bordeaux Region or the Napa Valley. For cooler climate varieties, such as
Pinot Noir, they are typically grown in regions that span from cool to lower
intermediate climates with growing seasons that range from 14.0-16.0°C; for
example Northern Oregon or Burgundy. Early-ripening varieties, such as
Riesling is typically grown in regions that span from cool to lower intermediate

climates with growing seasons that range from roughly 13.0-17.0°C (Jones,
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2007); for example, Northern Oregon or Burgundy, (Jones, 2007); Séao
Joaquim-SC in Brazil, (Gris et al., 2008); and the Niagara Peninsula, Canada

(Jones, 2006).

Figure 12 illustrates how grape quality might vary with changes in climate.
Boundaries of suitable climates for wine production to be the shape of an
inverse “U” curve. The inverted U curve defines optimum temperatures for the
production of quality wine. Above or below the optimum temperatures may
increase/decrease quality of wine in some regions (Webb, 2006; Jones et al.,

2005; Schultz, 2000).

Figure 12: Varietal (region) suitability of climate
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Vitis vinifera grapevines’ phenologically development stages are budburst,
flowering, color change, maturation nascent, and grape maturity. Studies have
demonstrated that there are some shifts in the grape phenological stages due

to the direct effect of climate (Jones and Davis, 2000). For example,
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phonological shifts on quality for Merlot and Cabernet Sauvignon varieties in
the Bordeaux region were observed. The increased berry composition with an
increase in the number of warm days and the decreases in precipitation
during maturation was analyzed (Tomasi et al., 2011). Another study in the
Italian Conegliano region observed that for every 1°C degree increase in
temperature during the phenological time generates earlier bud break (3
days), bloom (4 days), and harvest (8 days) (Tomasi et al., 2011). In
California; climate change has seen an increase in unexpected negative
factors such as disease outbreaks due to high humidity (Nemani et al., 2001).
It is expected that a 1-2 month earlier ripening period will lead to reduced
grape quality in California by the end of this century (Hayhoe et al. 2004). In
light of these scientific findings, changing vinegrape phenology in the Niagara
Peninsula might have important implications in the coming decades. Different

varieties have different development stages as seen in Figure 13.

Figure 13: Overview of Wine Grape Development

Ripening Season
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Source: Jones and Davis, 2000

Impacts of climate change are not likely to be uniform across all varieties and

regions, but are more likely to be related to climatic thresholds. Any continued
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warming would push a region outside the ability to produce quality wine with
existing varieties. For example, if a region has an average growing season
temperature of 15°C and the climate warms by 1°C, then that region becomes

climatically more favorable for ripening some varieties (Jones, 2012).

Climate change effects are not only on winegrape phenology, but also on
yield and quality. There is a positive relationship between increasing
temperature in terms of sunshine and crop yields. On the other hand, there is
a negative correlation between grape quality with reducing rainfall in the
beginning of the growing season, or increasing rainfall in the last months of
the season (Jones and Storchmann, 2001; Grifoni et al., 2006; Chloupek et
al., 2004). However, climate change will affect grape yields and wine qualities
either positively or negatively due to the nonlinear correlation between the

climate parameters (Jones et al., 2005; Lobell et al., 2006).

A warmer growing season can improve wine quality with earlier phenological
timing, but decrease yields due to a combination of water shortage and heat
stress (Ramos et al., 2008; Jones and Davis, 2000). These wines can be
unbalanced with high sugar content, resulting in high alcohol, lower acidity,

too high pH, and compromised flavor profiles.

35



Precipitation and temperature values are critical during the growing season for
some Vviticultural regions which have rain-fed or cool climates, for example,
the Niagara Peninsula. In the Niagara Peninsula the precipitation should be
below 700 to 800 mm and above -2 °C at the bud burst stage, respectively
(Jackson and Schuster, 1987; Shaw, 2005). Without any moisture stress to
the vine, warm and dry growing seasons are also correlated with good quality
grapes and high prices (Haeger and Storchmann, 2006). Therefore, the
hypothesis “warmer is better” may not be correct for all grape growing regions

(Jones, 2006).

It is @ common consensus that rising carbon dioxide (CO2) concentrations
lead to increased grape yield and water use efficiency due to enhanced
photosynthesis (Bindi et al.,, 2001; Bazzaz, 1990; Schultz, 2000). More
comprehensive studies predict yield decreases due to increased temperature
and changes in solar radiation since grapevine yield is more sensitive to CO>
concentration and temperature than solar radiation levels (Bindi et al., 1996).
Unlike direct positive effects of elevated CO. on winegrape yield, indirect
effects of CO2 may not be beneficial for grape yield. Because they could result
in elevated humidity, which can increase winegrape diseases (Nemani et al.,

2001).
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3. 3. INDIRECT IMPACTS OF CLIMATE CHANGE ON VITICULTURE
3.3.1. Soil and Water Effects

Soil characteristics influence yield and quality and in some cases can largely
define a region. Elevated CO> concentration impacts viticultural soil patterns.
Changing soil patterns has an impact on vine balance (reproduction of vine),
optimum fruit quality, and yield. There are non-linear effects of climate change
caused by interactions between soil, climate and nutrition. These interactions
increase the aridity and often result in a decline in soil structure and increased
salinity (Dry et al., 2005; Clark et al., 2002; Richards et al., 2008). Changing
temperature patterns also influences soil characteristics and generates pest
and disease pressure on vinegrape depending upon the growing region. For
example, Pierce’s disease* is predicted to move to Oregon and Washington
wine regions where it is currently not present due to lower winter
temperatures - (Tate, 2001; Salinari et al., 2006). There is an increased risk of
phylloxera insects on vinegrape that are spread after drought events when
water allocation to vines is reduced due to extreme warming (Anderson et al.,

2008).

Water is another aspect of climate that affects grapevines. Rainfall will affect a

grapevine’s supply of water directly by falling on the vineyard and indirectly

4 pierce's Disease is a deadly disease for grapevines. It is caused by the bacterium Xylella
fastidiosa, which is spread by xylem feeding leathoppers. Pierce's Disease is known within the
USA from Florida to California, and in Central and South America. Xylella fastidiosa works by
blocking the conduction the water around the plant. It effects the entire vines which die after 1-5
years. Pierce's Disease is less prevalent where winter temperatures are cold, such as more
northern areas, high altitudes and inland areas (http://www.piercesdisease.org/)
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through irrigation water availability from rivers, dams and underground
sources. The difference between rainfall and evaporation (aridity) will impact
the vines’ demand for water (McCarthy et al. 1992). Rainfall and humidity also
affect growth of many fungal disease pathogens that affect grapevines

(Magarey et al. 1994).

3.3.2. Wind and Humidity Effects

Some level of humidity is required to acquire a balanced potassium content in
grapes. Excess potassium leads to the loss of tartaric acid and a lower sugar-
to-acid balance in grapes. Excess humidity leads to fungal diseases
especially at higher temperatures. Excess humidity is usually associated with
too much rain and lack of sunshine. Early afternoon relative humidity between
50 and 60 percent through the summer and ripening period would appear to
be ideal for winegrapes grown in cool to mild climates, while a range of 40 to

50 percent relative humidity is ideal for warmer climates (Gladstones, 1992).

Wind has both positive and negative effects on vines. Moderate wind
circulates the air and prevents excess humidity in the vine canopy. Wind also
helps to maintain moderate temperatures in and around the vine, reducing
potential frost damage as well as exposing the shaded vine parts to the sun.
Strong winds in spring or early summer will injure growth of bunches. Hot, dry

winds especially at the beginning of the veraison stage can cause collapse of
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exposed berries and imperfect ripening of berries that survive. Moderate wind
can cause closure of stomata in the leaves and thus slow down

photosynthesis and ripening (Gladstones, 1992).

3.4. ECONOMIC IMPACTS OF CLIMATE CHANGE

The physical effects of climate change do not tell the whole story. Changes in
agricultural supply may be influenced by the combination of changes in yields
and changes in crop acreage size and location, changes in human
consumption patterns, international trade adjustments and many other factors
(McCarl et al., 2001). Vineyard costs vary for land, labor, machinery, and
materials in different grape growing regions due to geographic conditions
even if climate change is ignored. Numerous economic studies indicate that
increasing the frequency of extreme meteorological events impact total
acreage, prices, grape cultivar, vine spacing, training system, cropping
patterns and management practice (Adams et al., 1995; Shapiro et al., 2007;
McCarl et al., 2001; Bordelon, n.d.). A recent study that focused on Australia
winegrape growing conditions regionally and nationally, found that with no
adaptation or change in production, winegrape quality, measured by average
price, may be reduced between 7 and 39 percent by 2030, and by 9 to 76
percent by 2050, depending on the type of warming (Webb et al., 2008).
Furthermore, a change in productivity from climate change will be harmful to

producers and/or consumers and would thereby suffer economic losses.
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Results from marginal analyses confirm that production margin will be

sensitive to climatic change and variability (Reilly et al., 2000).

Moreover, the main cost of climate change is associated with increases in
temperature and pests in vineyards. Economic analysis on the cost of pest,
disease, and bird control and production losses confirms that diseases are the
largest problem and costs in growing grapes. Insect pests affect production
costs and crop loss in grape growing regions and these effects will increase
with increasing temperatures (Nicholas et al., 2007; Sutherst, 2000; Thomson

and Hoffman, 2010).

Climate change is often viewed as a shift of climatic zones and related
agricultural activities to higher elevations (UNEP, 1999; Zilberman, 2001). The
ecosystem modification paradigm relies on changes in the composition and
dominance of species, “the ecosystem movement paradigm assumes that
ecosystems will migrate relatively intact to new Jocations that are closer
analogues fo their current climate and environment” (Gitay et al., 2001,
p.248). Under this paradigm, producers who are closer to the poles could
become better off than those closer to the equator (Zilberman et al., 2004). In
the northern areas, production could increase due to an expansion of
viticultural land and an increase in yields which result from the CO:

fertilization effect. According to this new situation, Canada might have an
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advantage for larger viticulture areas. Global warming could radically change
the global wine industry as temperatures increase. For example, the lucrative
UK market could disappear due to an increase in sales of locally produced
British wines. Germany might abandon the Riesling grape and plant more
profitable Shiraz or Chardonnay, and the cooler wine regions of France could
produce consistently good vintages year after year. Hence, patterns of trade
in wine and other related agricultural commodities at national and international
levels could be altered (McCarl et al., 2001; Vickers, 2011; Addor and

Grazioli, 2002).

Climate change may provide economic opportunities for the production of
warm climate wines in the Niagara Peninsula. As a result, farmers may find
themselves more exposed to problems for cool climate grapes in a wine
market, which would be brought about by higher prices of white grapes. Also,
while many crops are adapted to a growing-season day-length of the middle
and lower latitudes, they may not respond well to longer days of the high
latitude summers. This difference might also result in negative cash flows for

farmers (Rosenzweig and Hillel, 1995; Penney et al., 2012).

Some of the simulation results indicate that grape varieties would shift due to
the potential reduction of their production and yields with a warmer climate.

For example, Shiraz and Chardonnay showed a reduction in a suitable area of
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between 10-15% and 40-60% respectively in Australia by 2050s (Webb et al.,
2008; Paterson, 2004). A similar reduction in Chardonnay, which is one of the
most produced varieties, might also be observed in the Niagara Peninsula.
However, in the short-run, the shifts may not be technically or economically

efficient in many regions with given current socio-economic conditions.

There are several factors that affect a vineyard’s quality and the grapes it
produced. For example, there is a clear interrelation between solar radiation
and temperature for projected changes in climate scenarios. This relationship
affects producer’s profit because the quality of the grape impacts the price
that the producer receives. Ashenfelter and Storchmann (2010) estimated a
1-C increase in temperature would increase a producer’s revenue by

approximately 30% in the short run.

3.4. ADAPTATION AND MITIGATION STRATEGIES IN VITICULTURE

Adaptation processes play a major role in reducing climate change impacts on
agriculture. Examples of adaptation processes in viticulture are irrigation and
nitrogen management techniques (Easterling et al, 1992; Mendelsohn et al,
1994; Bryant et al, 2000; Smit and Skinner, 2002). There are two main issues
for adaptation to climate change (Smit and Skinner, 2002). First adaptation
reduces the impact of climate change (Tol et al, 1998) and the second

adaptation strategies become incorporated into policy options (Fankhauser,
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1996). Implementation of effective adaptation activities requires quantification
and sensitivity of the possible impacts of climate change to different
adaptation activities. Diffenbaugh et al (2011) have recently developed a
novel method for communicating potential climate change impacts for the
wine industry using climate adaptation “wedges”. According to their method,
the damage avoided by each activity creates a wedge relative to the loss that
would occur without that activity (Figure 14). These wedges are similar to the
GHG stabilization wedges of Pacala and Socolow (2004), and aggregate the
total benefit relative to non-adapted impacts. Hence, the net gain or loss in

wine production under a range of adaptation strategies is identified.

Figure 4: Conceptual illustration of the climate adaptation wedges
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Source: Diffenbaugh, et all., 2011

The growing concern of climate change for the global wine-industry has
resulted in an emphasis on adaptation to this change (White et al., 2006,
2009; Hertsgaard, 2011). Producers will have to adapt to climate change for

the sustainability of their sector. Furthermore, while adaptation options have
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been identified for some agricultural sectors, vineyards might be less flexible
to adaptation as grapes are perennial crops. Studies conducted over multiple
years are critical to enabling development of future adaptation strategies and
to test cultivar suitability in a changing climate. Growers will require
knowledge to choose from among alternative options to prepare for warmer
growing seasons with less water and, in some areas, increasingly saline soils
(Keller, 2007). There are few options to adapt to new climate conditions.
Changing grape varieties in response to climate is one option; however, new
crops could be unsuited to soil conditions (Hertsgaard, 2011; Ashenfelter and
Storchmann, 2010). Therefore, instead of switching crops, modifying vineyard
management to the changing climate will play an important role in the
adaptation of the winegrape industry (Diffenbaugh et al., 2011; Webb et al.,
2011). Other options for adaptation to changing climate may include
traditional measures such as changing the trellis system, changing the
pruning regime, row orientation, irrigation techniques (Gatto et al. 2009; White
et al 2009; Diffenbaugh et al., 2011), and vine rootstock selection (Webb et
al.,, 2012). Another important way for climate change adaptation is soil
management. Soil management will have to take its place alongside canopy
management as a key component of the sustainable vineyard management
‘toolbox’ (Keller, 2005). This calls for research into the integration of vineyard
floor management to optimize vine productivity, maximize fruit quality and

ensure long-term soil fertility (Morlat and Chaussod, 2008). The last option is

44



to use genetically modified cultivars of the V. vinifera genome that will be able
not to cope with warmer temperature, higher CO2 and less water and higher
salinity, but will also produce high-quality fruit under such conditions (Webb et

al. 2011).

Climate change impact assessment not only includes changes in average
temperature or precipitation but also the magnitude and frequency of extreme
events which are particularly problematic for agriculture (Brklacich and Smit,
1992; Smithers and Smit, 1997; Klein and Maclver, 1999). A recent report
raised concerns that the projected increase in the frequency of hot summer
days might eliminate wine grape production in warm areas of the USA, and
production would shift to cooler areas (White et al. 2006). It has been
estimated that 80% of production in Southern Ontario will be affected by

extreme climate problems, such as moisture (Chiotti et al., 1997)

Sun-exposed grape berries that are subject to sunburn could resulted the
effect of overheating and excess UV. The projected increase in the frequency
of hot summer days will exacerbate this sunburn problem, especially on the
afternoon side of canopies® (Keller, 2010). This may require adaptations in a

row direction, or using wind turbines.

5 Afternoon side of canopies receiving afternoon sunlight will reduce the incidence of sunburn on
fruit in hot climates

45



The wine sector will not only be affected by climate change, but also by
changes in consumer preferences. Changing grape varieties as an adaptation
option could be inefficient if consumers do not accept the new grape varieties
(Metzger, 2011). Some regions, such as Burgundy, are likely to be adversely
affected by climate change since most of the red grape varieties are sensitive
to climate (White et al., 2009). Scenario analysis (Rounsevell and Metzger,
2010) and the exploration of climate adaptation wedges (Diffenbaugh et al.,
2011) will be important tools to help the planning of winegrape production in

the uncertain future.
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CHAPTER 4
RESEARCH DESIGN AND METHOD

4.1. DETERMINING METHODOLOGIES TO THE IMPACTS OF CLIMATE CHANGE ON
AGRICULTURAL CROPS

Various studies have used different methods to investigate the effects of
climate change on agricultural production. These methods have addressed
the climate change impact on agriculture in different ways; for example
changing production or plant growth (Singh and Stewart, 1991; Kenny et al.,
1995); new farming practices, global food production; and economics
(Easterling et al., 1992; Parry et al., 2004; Kabubo-Mariara and Karanja,
2007; Ortiz et al., 2008). However, there are two models in the literature which
are widely accepted to demonstrate the impacts of climate change on
agriculture. These are ‘plant process-based’ models and ‘statistical empirical

models’ (Iglesias et al., 2000).

4.1.1 Plant Process—Based Models

Decision Support Systems for Agro-Technology (DSSAT), Agricultural
Production Systems Simulator (APSIM), Crop Environment Resource
Synthesis (CERES), CropWat, Cropping Systems Simulation Model
(CropSyst), Erosion Productivity Impact Calculator (EPIC), and Vine
Development Simulator (VineLogic) are some of the plant process-based

models. These models focus on how a specific plant responds to changing
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environmental factors, such as weather, soil, carbon as well as management
practices within a given time frame. Some of these models run with predicted
climate change scenarios using IPCC data as they are used for future climate

change impacts on agricultural crops.

Plant process-based models have different options to integrate various factors
such as environment, nutrition and management practices’ options to estimate
the impacts of climate change on various crops; for example maize (Tubiello
et al., 2002), rice (Yao et al., 2007), and winegrapes (Webb et al., 2008).
These models have been developed to take into account specific regions but

were found to be useful and applied successfully to other studies.

4.1.2 Statistical Approaches/ Empirical Models

The statistical models estimate the relationship between certain climate
factors and corresponding variations in crop features. The projection of
climate variables drives the statistical models to simulate plant growth under
various climate scenarios. Many researchers have used this approach to
estimate the impact of climate change on agriculture for example; wheat yield
(Landau et al., 2000), yields of dominant crops in California (Lobell et al.,
2006); grape yield in California (Lobell et al., 2007); Icewine derivatives (Cyr

and Kusy, 2007), the effect of climate variables during different stages of

48



grape growth in British Columbia (Caprio and Quamme, 2002), and wine

market prices in France (Jones and Storchmann, 2001).

Unlike plant-based models, statistical models do not include physiological
processes of plant growth. In these models, the relationship between yield
and the climate variables can be used to predict future climate impacts on
crop yield. However, these models cannot be used to predict crop yields when
alternative management practices attempt to mitigate the impact of climate
change (Levin and Muller-Landau, 2000). The statistical approach is
frequently used to demonstrate how climate variability impacts vine growth
and quality on different elevations in same viticultural region (Jones and Davis

2000; Nemani et al. 2001; Jones et al. 2005; Sadras et al. 2008).

4.2. INVESTMENT DECISIONS METHODS FOR PERENNIAL CROPS

4,2.1. Net Present Value

Jefferson-Moore et al. (2008) developed a discrete time period model with
multi-period horizons by using the Net Present Value (NPV) analysis for the
wealth maximization of wine, wine grape, and/or grape juice producers in
State of New York, US. Key (1982) conducted a study involving the
profitability of investing in the grape industry utilizing the NPV analysis to

evaluate vineyard and winery investments. The initial outlay amount is applied
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into the Faustmann method® of NPV in their model. If the NPV is greater than
or equal to zero, then the investment may be accepted or vice versa. The
difficulty of this procedure was the inability to yield consistent rankings of
mutually exclusive investments relative to NPV rankings. Therefore, the
discount rate (also assumed to be the reinvestment rate) that equates present
and future values of the proposed investment is important. It can be referred
to as the Modified Internal Rate-of-Return (MIRR) or a Marginal Return on
Invested Capital. The MIRR finds the present value of the cash outflows (CO),
and the future value of net cash inflows (CI), and modified internal rate of
return. This study assumes that the required rate of return is equivalent to the
total cost of capital for the investor. Therefore, if the MIRR exceeds the
required rate of return (the opportunity cost of capital), then it is recommended

that the investor/farmer accepts the investment or vice versa.

Khair et al. (2009) has used the methodology of ex-post analysis to evaluate
the cost and return of long-term investment decisions for grape production in
the Pishin district, Pakistan. This ex-post analysis offers the true worth of
farmer’s long term investment decisions for grape production. The first few

years of grapes involve only costs, so that the flow of future costs and returns

6 Faustmann is forestry economics and he introduced firstly “when should farmers harvest and

when should they replant?” in NPV analysis: where C is replanting cost, i

is discount rate, T is harvested age and G(T) is the value of stumpage harvested at age T. This
Faustmann rule has been applied not only in defining the optimal harvest age, where the yield is
determined at the end of the economic life of the tree, but also in examining the investment
decision of perennial crops where they are continues flows of benefits (Bauer et al., 1990).
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are also important. A basic approach is to estimate the annual net present
worth by discounting both future costs and returns for farm management.
Therefore, three techniques — Net Present Value (NPV), Internal Rate of
Return (IRR), and Modified Internal Rate of Return (MIRR) - considering the
time value of money over the life of grape investment were used (Khair et al.,

2009).

4. 3. MATERIAL AND METHOD

An integrated bio-economic modeling approach (IBEM) is used to link the
process-based crop growth model CropSyst with an economic model. Figure
15 below shows the structure of the bio-economic modeling approach as
mentioned earlier. The IBEM set-up consists of three sub-models: the Spatial
climate model, the crop growth model CropSyst, the economic decision model
to calculate Net Present Value of the representative vineyard. The IBEM was
generated by using predetermined parameters, climate and soil data, and
information from growers in the study area, such as management practices,
cultivar, planting and harvesting date, adaptation decisions due to the climate
conditions. The future yield simulations were estimated using CropSyst, an
agronomic model, based on variables from different climate scenarios. Prices
and costs of production were projected into the future. Insurance coverage
options were also integrated into the net present value analysis over the 30

year period for the economic impact analysis. The acreage planted for each of
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6 winegrape varieties at the start of the period and it was determined
exogenously. Given this, the economic impact analysis estimated the net

present value of a representative vineyard in the Niagara Peninsula.

Figure 15: Structure of the Bio—Economic modeling approach
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4.3.1. Representative Vineyard

The representative vineyard is assumed to be 100 acres. Land is allocated to

six grape varieties, chardonnay, riesling, cabernet franc, cabernet sauvignon,
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merlot, pinot noir, with respectively 19%, 26%, 16%, 10%, 9%, 20% coverage
of the total area. The allocation was not changed over the 30-year planning

horizon.

4,3.2. Climate Models

Regional Climate Models (RCMs) capture the geographical variation of
temperature and precipitation better than Global Climate Models (GCMs)
(Jacob et al., 2007; Lenderink et al., 2007). The regional model used in this
research were derived from three global climate models which provide 1°x1°
resolution. The regional derivation has a higher resolution at 2.5°x2.5° which
provide many detailed results. These global climate models differ in spatial
resolution, in scenarios availability and ability to represent the current climate.
The Max Planck Institute climate model version 5 (ECHAMS), the Hadley
Centre climate model version 3 (HadCM3) and the Canadian General
Circulation model version 3 (CGCM3) were the three global climate models
used. The Regional Climate Model (Giorgi et al. 1993a, b) of the Abdus Salam
International Center for Theoretical Physics (ICTP), RegCM version 4.0 with
the community land model (CLM) (Oleson et al. 2007) option was used to
generate the climate change data for the IPCC Third Assessment Report
(Hulme et al 2000; Wigley and Raper, 2002; Wigley 2003). Table 2 shows the
characteristics of these models for the Niagara Peninsula. Two emissions

scenarios from a Special Report for Emission Scenarios (SRES 2000) (with
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CO2 and without CO3») (IPCC 2000) A1B and A2 were derived from the Global
Climate Models runs. A1B was used with ECHAMS5 (Median) and CGCM3
(Cold/Humid), and A2 was used with HadCM3 (Warm/Dry) for Niagara
Peninsula. The A2 emission scenario is based on a population projection of
15.1 billion by 2100 and a concentration of CO. of 635-856 ppm, while the
A1B emission scenario is median based with population projection of 12.4
billion by 2100 and 600-700 ppm by 2100 (IPCC, 2000). Using the emissions
scenarios, a “best” and “worst” case summary can be synthesized in order to
assess the viability and suitability of grape cultivation in the Niagara

Peninsula.

Table 2: Characteristics of Climate Change Scenarios with GCMs for
the Niagara Peninsula

Regional Characteristic

Middle emissions path modeled,
Characterized by technological change with more balanced energy
source,
Median Slowing human population growth,
Rapid economic growth,
Temperature and precipitation increase in both Winter and Summer

(between others)

Emphasized regional autonomy and sustained human population
growth,
Hot/Dry Fragmented economic development,
Higher summer temperature,
Temperature increase in winter season (less than others),

Precipitation decrease in summer and increase in winter

Middle emission path modeled,
Cold/Humid Precipitation increase in summer and decrease in winter,

Temperature increase in winter, decrease in summer.

Source: Generated by the Author
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The Niagara Peninsula is a small area under the domain of a horizontal
resolution of 50 km. ECHAM5, HadCM3, and CGCM3 global climate model
data sets, with a resolution of 2.5° x 2.5°, were used to obtain the initial and
boundary conditions for the present climate period (1970-2000). RegCM4
simulated minimum, maximum, precipitation and solar radiation data for the
future climate scenarios (2015-2044). The climate data was run by the
Bogazici University Climate Change Project using the Atmospheric Ocean

General Circulation Model (AOGCM).

4,3.3. CROPSYST and Yield Data

The Cropping System Simulation Model (CropSyst - version 4.13.09) was
used to estimate future grape yields from the different climate scenarios and
CO2 concentrations. It is a process-based, multi-crop, multi-year cropping
simulation model, which simulates biological and environmental processes on
a single land block fragment on a daily basis (Stéckle et al., 2003). CropSyst
allows for a simulation of a wide range of management options including crop
rotations, cultivar selection, irrigation, nitrogen fertilization, tillage operations
and residue management. CropSyst includes a wide range of crops, covering
cereals, tubers and perennials. In CropSyst, processes are simulated in
response to weather, soil characteristics, crop characteristics, and
management options. The model is suitable for analyzing the impact of

environment and management decisions on crop productivity, and has been
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tested for a wide range of environmental conditions (Donatelli et al., 1997;

Stockle et al., 2003).

4,3.2.1. Climate Data

4.3.2.1.1. Observed Weather Data
Minimum and maximum temperature and precipitation parameters were taken

from detailed climate data collected by Environment Canada, from the
“Welland” weather station over the period 1970-2000. Table 3 and Table 4
provide average annual weather information and monthly temperature and
precipitation information for the Welland weather station. The station was
strategically selected to provide a representative sample of the main climate
data necessary to generate the various projections needed for the analyses.
However, solar radiation data were not recorded by Environment Canada for
the Welland station. As a result, the Welland station’s latitude, longitude and
elevation coordinates were used to estimate the solar radiation data from
information provided by the NASA Climatology Resource for Agroclimatology
Daily Averaged Data. Historical weather data were used to calibrate the

CropSyst model for grape production in Niagara Peninsula.

Table 3: Characteristics of the Welland Weather Station

Station Welland

Station code 6139445 | Annual Average

Latitude 42°59' | Min Temperature (0C) 5.5
Longtitude 79°15' | Max. Temperature 14.8
Elevation 175.3 Precipitation (mm) 100.5

Source: Environment Canada - Canadian Climate Normals 1971-2000
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Table 4: Monthly Temperature and Precipitation Regimes: Mean and
Standard Deviation values correspond to observe weather data
(Welland Station)

Temperature Precipitation
Mean St. Dev. Mean St. Dev.
JAN 0.9 1.60 0.7 0.58
FEB 1.9 1.72 1.2 1.64
MAR 4.5 2.49 2.4 3.08
APR 9.2 1.82 5.9 4.36
MAY 14.6 1.82 21.0 9.44
JUN 19.9 1.51 33.9 15.54
JUL 22.5 1.09 36.8 21.06
AUG 214 1.41 32.7 16.78
SEP 18.4 1.33 21.7 12.12
oCT 12.6 1.50 9.7 6.31
NOV 7.0 1.46 3.1 1.75
DEC 3.0 1.76 14 1.92
Growing
Season 16.9 4.95 23.0 12.11
(APR-OCT)

Source: Generated by the author using data from Environment Canada

4.3.2.1.2. Synthetic Base Climate

The ClimGen weather generator software version 4.1.05 (Stockle et al., 1999;
2001) was used to generate a synthetic daily weather series from daily data.
ClimGen has been tested in many different locations (Villalobos et al., 1999;
Castellvi and Stockle 2001; Jovanovic et al., 2003). ClimGen uses a normal
distribution to generate daily maximum and minimum temperature values.
ClimGen generated the precipitation, daily maximum and minimum
temperature, and solar radiation. All generated parameters were calculated
for Niagara with enough information to parameterize the generator equations.

The average and standard deviation of daily data for the Welland weather
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station were used as inputs into the ClimGen generation. Average and
standard deviation of maximum and minimum temperatures were also
calculated manually for the location. Future yield estimates in CropSyst were
generated using synthetic weather data for daily minimum and maximum
temperature, precipitation and daily total solar radiation. For the future period
2015-2044, the average change in the mean temperature for the Cold/Humid,
Median, and Warm/Dry scenarios were plus 1.02°C, 1.56°C and 2.13°C
respectively. The corresponding changes in total precipitation were increases
of 13%, 7% and 5% respectively in the Niagara Peninsula. Table 5 shows
comparison of the three different climate scenarios with the baseline
scenario’s monthly mean and standard deviation for temperature and
precipitation. The growing season in the region for winegrape was from April
to October. Temperature and Precipitation values are deterministic factors for
wine grape quality. During the growing season temperature would increase
from 16.9 °oC (baseline) to 17.1°C for the Median scenario, 18.0°C for the
Warm/Dry scenario, and 16.9°C for the Cold/Humid scenarios. The
precipitation would not change the baseline for the Median scenario whereas
it would increase slightly with the Warm/Dry scenario from 23.09mm to 23.10
mm. In the Cold/Humid scenario, on the other hand, it would be from

23.09mm to 23.13mm.
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Table 5: Monthly Mean and St. Dev. of Temperature and Precipitation

for The Baseline (1971-2000) and Climate Scenarios (2015-2044)

Scenario

Month BASELINE Median Warm/Dry Cold/Humid

Mean St. Dev  Mean St. Dev Mean St. Dev  Mean St. Dev
Comparison of projected value of temperature °C
JAN 0.9 1.60 1.5 2.01 2.6 2.00 0.6 2.05
FEB 1.9 1.72 33 2.33 4.4 2.32 2.4 2.22
MAR 4.5 2.49 5.1 1.76 6.1 1.75 4.1 1.65
APR 9.2 1.82 10.8 1.91 11.8 1.88 9.8 1.78
MAY 14.6 1.82 15.5 1.59 16.5 1.58 14.5 1.48
JUN 19.9 1.51 21.0 1.08 21.9 1.07 19.9 1.17
JUL 22.5 1.09 23.9 1.14 24.8 1.13 22.8 1.19
AUG 21.4 1.41 23.0 1.23 24.0 1.21 22.0 1.22
SEP 18.4 1.33 19.6 1.23 20.6 1.22 18.6 1.25
oCT 12.6 1.50 14.6 1.26 15.7 1.24 13.7 1.44
NOV 7.0 1.46 8.1 1.92 9.3 1.89 7.3 1.69
DEC 3.0 1.76 3.8 1.48 4.9 1.49 2.9 1.59
Growing
Season 16.93 495 17.12 493 18.02 505 16.95 5.21
(APR-OCT)
Comparison of projected value of precipitation mm
JAN 0.7 0.58 1.5 1.71 1.3 1.46 2.0 1.71
FEB 1.2 1.64 2.0 2.52 1.7 2.18 2.6 3.02
MAR 2.4 3.08 3.7 3.12 3.2 2.65 4.5 3.39
APR 5.9 4.36 10.1 7.20 8.7 6.24 11.4 7.70
MAY 21.0 9.44 22.7 1232 195 10.51 26.3 14.03
JUN 33.9 1554 40.7 20.09 344 16.36 45.4 21.30
JUL 36.8 21.06 445 1751 394 16.65 48.8 18.38
AUG 32.7 16.78 340 15.15 29.2 12.85 374 16.40
SEP 21.7 1212 20.2 1147 17.6 10.00 22.9 12.26
ocT 9.7 6.31 8.9 6.79 7.7 5.35 10.5 7.61
NOV 3.1 1.75 5.4 5.13 4.8 4.66 6.2 5.44
DEC 1.4 1.92 1.2 1.25 1.1 1.16 1.7 1.27
(APR-OCT) 23.09 12.11 23.09 12.10 23.10 12.12 23.13 12.13

Source: generated by author - data from Bogazici University Climate Change Group.
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The average percentage change does not reflect the fluctuations that affect
management decisions and adaptation strategies in future periods. The
Monthly mean temperature and precipitation ratio changes as shown in Figure
16-17. With the Warm/Dry scenario winter months will have larger changes in
temperature, while the summer months have larger changes with the Median
and Cold/Humid scenarios. The Warm/Dry scenario has the largest change in
temperature except for December. The Warm/Dry climate model with the A2
scenario has the highest value of average maximum and minimum
temperature for the whole period (2015-2044) at 159C and 12.3°C
respectively, and the Cold/Humid climate model with the A1B scenario has
the lowest ones with 139C and 13.2°C respectively. In the case of precipitation
for the A1B scenario, the Cold/Humid climate model has the largest change in
a positive way, and the Median climate model has the lowest and mostly
negative change except for the month of January. Precipitation changes were
higher during the harvest season; i.e. September and October for the

Cold/Humid climate model as compared to the other climate models.

The effect of elevated CO2 was selected according to the IPCC climate
scenarios in the CropSyst model. The atmospheric CO2 concentrations were
taken as the estimates used in the climate modeling experiments, which on
average were 333 ppm for the 1971-2000 baseline, and 718 ppm and 566

ppm for 2015-2100 for the A2 and A1B scenarios respectively. CO2 and non-
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CO2 enhancement conditions were generated for each climate model and

scenario.

Figure 16 — Differences in Mean Monthly Temperature for Selected
Climate Models, 2015-2044

Differences in Mean Montly Temperature: Different Climate
Scenarios, 2015-2044
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Figure 17: Differences in Mean Monthly Precipitation for Selected
Climate Models, 2015-2044
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4.3.2.3. Soil Characteristic

Another important input in the Cropsyst model is the specification of soll
conditions. The soil type was assumed to be the same for the representative
vineyard in the Niagara Peninsula, and all varieties were calibrated to this soil
and weather in the Cropsyst model. Table 6 shows the soil profile and initial
soil conditions. The soil texture characterization varies depending on the
depth, but on average contains 47% clay, 23% silt, and 30% sand. CropSyst
assesses the hydraulic properties of the soil according to its texture. Soil
properties are assumed to be homogeneous over the entire simulated crop

area.

Table 6: Soil Profile and Initial Soil Conditions at Niagara
Peninsula

0. 18- 0. 44- 0.61-
Depth 0-0. 18m 0. 44m 0.61m 1. Om
Sand (%) 29 30 28 33
Clay (%) 50 42 47 50
silt (%) 21 28 25 17
Organic Matter (%) 0.93 0.87 0.87 0.84
NO3 (kgN/ha) 12 10 4 10
NH4 (kgN(ha) 10 9 5 20
Permanent Wilting Point (m3 /m3) 0.281 0.219 0.24 0.243
Field Capacity 0.409 0.346 0.361 0.348
pH 7 7 7.3 7.9

Source:Canadian Soil Information Systems, Soils of the Regional Municipality of Niagara -

representative farm in Niagara on the Lake

4. 3.2.3. Phenological Data

Plant phenology development is driven by temperature and photoperiod. The
CropSyst model takes into account the effect of light, water, nitrogen, and

CO2 on crop growth. Winegrape yield is calculated from total biomass
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accumulation during the crop season using the harvest index approach that is
responsive to water stress. CropSyst does not simulate the effect of weeds,
diseases or pests. Crop response to elevated CO: in CropSyst is considered
a linear positive effect (Tubiello et al., 2000; Donatelli et al., 2002). For this
study current cultivars and cultural practices were used as CropSyst crop
parameters. Parameters for the simulation of winegrape varieties for the
region were taken from the Brock University Cool Climate Oenology and
Viticulture Institute and were further refined using available information about
crop phenology and morphological, physiological, and biophysical

characteristics.

In-season grapevine development is strongly influenced by air temperature.
This average heat accumulation is often referred to as Growing Degree Days
(GDD) and can be used to calculate important stages in vine development
(bloom, veraison, and maturity). During the specific development stages,
when the required daily accumulation of average air temperature above a
base temperature and below a cutoff temperature is reached (Finger and
Schmid, 2007). 10°C is generally considered as the thermal baseline for
grapevine development. Cumulative GDD is a running total of GDD during the
vine growing season from April 1 through October 15 (Winkler et al., 1974).
GDD are calculated by subtracting 10 from the average daily temperature

(°C). If the resulting value is less than 0, then it is set to 0. Thus, daily GDD
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units are always positive. This is the GDD equation that is used to calculate

daily GDD units:

GDD =

(Tmnx + Tmin) —10

2
The GDDs, number of frost days and Tmax > 30°C were calculated for the 3
climate scenarios (Table 7). Each grape variety would be harvested in early
September with the Warm/Dry scenario (GDD: 1557-1966), while they would
be harvested in late September for Median scenario (GDD: 1414-1772) and in
early October with the Cold/Humid scenario (GDD: 1282-1602). The number
of frost days during the growing season was 2 for the Warm/Dry scenario, 6
days in the Median scenario, and 11 days in the Cold/Humid scenario. The
Warm/Dry scenario had the largest number of days with temperatures greater

than 30°C followed by the median scenario and the Cold/Humid scenario.

Table 7: Agro—climatic indicators

Median Warm/Dry Cold/Humid
Harvest Date (1st Sep — 15t Oct)

Average Annual

e 1414 - 1772 1557 — 1966 1282 - 1602
Growing Season (1st April to 15% October)
Frost Days 6 2 4
Tmax > 300C Days 26 69 9

Source: Generated by author with data from Bosphorus University Climate Change Working Group

The number of GDD for various stages of growth varies by variety (Table 8).
White varieties i.e. Chardonnay and Riesling, mature earlier than red

varieties. Chardonnay, Riesling, and Pinot Noir's GDD are 1267, 1380, and
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1251 respectively. Cabernet Sauvignon has the greatest number of GDD, i.e.
1520. Merlot and Cabernet Franc also have higher GDD than white varieties,
i.e. 1474 and 1267 respectively. The number of GDD for Bud-break,

Flowering and Fruit Growth stages’ varies depends upon the variety.

Table 8: Phenology Milestones on a Per Varietal Basis for Varieties
Grown on the Niagara Peninsula

GDDs Necessary to Reach Phenology Milestones

Thermal Time Bud Break Florasion Verasion Maturity/Harvest
(GDD)
Chardonnay 45-55 350 1068 1267
Riesling 50-60 349 1173 1380
Cab. Sauvignon 80-90 385 1181 1520
Cab. Franc 40-50 350 1068 1367
Merlot 55-65 383 1128 1474
Pinot Noir 55-65 334 1014 1251

Source: These values are a permutation of values from Van Leeuwen et al., 2008, 1974 Winkler Heat summation

Bud break and harvest date were determined after discussion with Ontario
Grape Growers and evaluating Ontario Marketing Board Annual reports. The
information was used with the CropSyst Model’'s phonological data. It was
assumed that all varieties have the same bud break date i.e. the 5t of April.
The harvest date was determined based on the number of GDD’s required for
maturity. Early ripening varieties such as Chardonnay, Riesling and Pinot Noir
had harvest dates of 12t September, 13t September and 26t September
respectively. Late ripening varieties, e.g. Cabernet Franc, Cabernet
Sauvignon and Merlot had harvest date of the 15t of October, 28t of October
and the 14t of October respectively. More phenological parameters are

needed to calibrate the CropSyst model (Table 9). Most of these parameters
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are the same for all varieties in a given region. The only exception is the base

temperature for development. This value is zero for the Niagara Peninsula.

Simulated crops were assumed to receive adequate water and nutrient

supply.

Table 9: Calibrated Parameters for the Cropping Systems Dynamic
model in CropSyst for a Reference Cultivar of Winegrape on the

Niagara Peninsula

Crop Name Wine Grape
Harvested part Fruit
Photosynthetic pathway c3

Life cycle Perennial
Stem type Herbaceous
Growth Parameters

Radiation-Use Efficiency at high VPD (g/MJ PAR) 2.8
Water-use efficiency at 1 kPa (g/kg) 4.8
Slope of water-use efficiency function of VPD 0.6
Leaf water potential that begins reducing canopy expansion (J/kg) -1000
Leaf Water potential that stops canopy expansion (J/kg) -1300
Optimum daily mean temperature for growth 8
Canopy cover parameters

Initial canopy ground cover (0-1, unitless) 0.050000001
Max. Canopy cover (0-1, unitless) 0.8
Green canopy cover at maturity 0.3
Total canopy cover at maturity (green and senesced) 0.7
Max. Canopy height (m) 1
Root Parameters

Maximum root depth (m) 1.5
Root sensitivity to stress 0.20000003
Root lenght at emergence (cm) 12
Phenology parameters

Base temperature for development 0
max. Temperature for development 25
Transpiration Parameters

ET coefficient at complete canopy ground cover 1.1
Max. Water uptake (mm/day) 12
Leaf water potential at the onset of stomatal closure (J/kg) -1300
Wilting leaf water potential (J/kg) -2000
Dormancy Parameters

Day of year to start searching for beginning of dormancy 330
Minimum number of days in dormancy 90
Dormancy theshold temperature 5
Fruit tree chill requirement (number of hours below 10 C) 100

Source: CropSyst working paper
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4.3.2.4. CropSyst Model Calibration

Statistical Analysis

The model’s performance was determined using several indexes based on
the calculation of correlation and differences between estimated and
measured dormancy, flowering and harvest values. Results obtained from
data were analyzed calculating the correlation coefficient (r), the coefficient of
determination (R2), the root mean squared error (RMSE), general standard
deviation (GSD), modeling efficiency index (EF), coefficient of residual mass
(CRM), mean bias error (MBE), mean absolute error (MAE), and the index of
agreement (d-Index) for the predicted and observed values. The Pearson
correlation coefficient (r) is the correlation coefficient between measured and

calculated values defined as:

" (E—E).M—M)

[ _ . _
JEie (B — B KL, (M — M)

The RMSE was used to test the accuracy of the model, and is defined as the
variation, expressed in the same unit as the data, between simulated and

measured values (Loague and Green, 1991):

[T (B — MiY?
_\| n

RMSE =

where Ei and Mi indicate the simulated and measured annual values of the
year i and n the number of annual values. RMSE represents the typical size of
model error, with values equaling or near zero indicating perfect or near

perfect estimates. The RMSE was also expressed as a coefficient of variation
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(GSD) by dividing it by the mean of the measured yield or an thesis values
(Mbar ):

T (E, — M,)? 100 100
GDS = |211(‘7') T — RMSE —
,J n M M

The accuracy of the model was also evaluated using an index based on the

squared of the differences, the modelling efficiency index (EF):

(B — M
T (M, — M)’

EF=1-
EF values greater than 0 indicate that the model estimates are better
predictors than the average measured value, with negative values indicating

the opposite. A EF value equal or near 1 means a perfect or near perfect

estimate.

To measure the tendency of the model to overestimate or underestimate,
three statistics were used: the coefficient of residual mass (CRM), the mean

bias error (MBE) and the mean absolute error (MAE):

2, E
E?IM:i

. EL_Mj
MBE = Z—
n

i=1

o [E; — My

MAE=E¥
e n
1=1

A negative CRM indicates a tendency for the model to overestimate (Xevi et

CRM=1-

al., 1996). A positive bias error indicates a tendency to over predict a variable

while a negative bias error implies a tendency to under predict a variable.

68



MAE values near or equal to zero indicate a better match along the 1:1 line

comparison of estimated and observed values (Rasse et al., 2000).

Willmott (1981) proposed an Index of agreement (d) defined as:

C SLE MY
E? 1(|Ej — M| + |M; — M|[)2

d=1

If the model is perfect, then observed values are equal to simulated values
and d=1. If the model predictions are identical in all cases and equal to the
average of the observed values, d=0. These limiting values are the same as

for EF, but for other cases, the two criteria will have different values.

Calibration and Validation Resulls

Time-series yield data for Chardonnay, Riesling, Cabarnet Franc, Cabarnet
Sauvignon, Merlot, and Pinot Noir were obtained from the Cave Spring farm in
the Niagara Peninsula. CropSyst was used to predict the historical yield. This
was validated and calibrated with Cave Spring Vineyard data from 2004-2007.
Then, the model used to simulate future yields for the 30 years period from

2015-2044.

Calibration for Riesling Variety
The model calibration for the Riesling variety was undertaken using yield data
from Cave Spring’s experimental site for the period 2004-2007. The results of

the yield calibration show perfect correspondence between mean values of
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observed and simulates. The Pearson's r value (r = 0.96) is significant at the
p< 0.05. The coefficient of determination R indicates that 92% of the total

variation is explained by the model.

Validation of Riesling Variety

Model validation compared the simulated and observed values. In addition,
there are several other statistical measures available to evaluate the
association between predicted and observed values. The results of Riesling
evaluation shows a good correspondence between mean values of observed
and simulated data, with slightly lower standard deviations for simulated
values. The RMSE index value is fairly low (0.36) and it indicates near perfect
estimates. Moreover, the percentage of GSD (12%) indicates how the model
works well in simulating yield data. However, EF (0.28) is greater than 0 and it
indicates that the model estimates are better predictors than the measured
value. The CRM index value (0.04) and MBE index values (-0.13) (a negative
bias error implies a tendency to under-predict a variable) confirm the
goodness of this estimate and a slight tendency to underestimate the value.
MAE (0.33) is close to zero and indicates a better match along the 1:1 line
comparison of estimated and observed values. D-index value (0.99) is very
close to 1, which suggests that the observed values are very similar to

simulated values (Table 10).
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Table 10: Calibration and Validation Results for the Riesling

Variety

Riesling Estimated ‘ Measured
Yield

Maximum 35 Mean 2.93 3.07

Minimum 25 St. Deviation 0.12 0.51

Number of samples (n) 3 Minimum 2.8 25

Pearson Coefficient (r) 0.96 Maximum 3.0 3.5

Coefficient of Determination (R2) 0.92

Root Mean Square Error (RMSE) 0.36

General Standard Deviation (GSD) 12

Modelling Efficiency Index (EF) 0.28

Coefficient of Residual Mass (CRM) 0.04

Mean Bias Error (MBE) -0.13

Mean Absolute Error (MAE) 0.33

Index of agreement (d-index) 0.99

Calibration for Cabernet Franc Variety
The Pearson's r value (-0.54) is negative and significant at the p< 0.05 level.
The coefficient of determination R indicates that 29% of the total variation is

explained by the model.

Validation of Cabernet Franc Variety

The results for Cabernet Franc evaluation show a good correspondence
between mean values of observed and simulated data, with a little bit higher
standard deviations for simulated values. The RMSE index value is fairly low
(0.85) which also indicates that near perfect estimates. How the model works
well in simulating the yield data is shown by the percentage of GSD (24%). EF
(-5.70) points out that the measured values are better predictors than the

model estimates. The CRM index value (0.03) and MBE index values (-0.10)
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confirm the goodness of this estimate and it has a slightest tendency to
underestimate. MAE (0.83), whose value is near to zero, indicates a better
match along the 1:1 line comparison of estimated and observed values. The
d-index value (0.96) is very close to 1, which indicates that the observed

values are very similar to simulated values.

Table 11: Calibration and Validation Results of Cabernet Franc
Variety

S Frie Estimated ‘ Measured
Yield

Maximum 4.3 Mean 3.47 3.57

Minimum 2.8 St. Deviation 0.76 0.40

Number of samples (n) 3 Minimum 2.8 3.2

Pearson Coefficient (r) -0.54 Maximum 43 4.0

Coefficient of Determination (R2) 0.29

Root Mean Square Error (RMSE) 0.85

General Standard Deviation (GSD) 24

Modelling Efficiency Index (EF) -5.70

Coefficient of Residual Mass (CRM) 0.03

Mean Bias Error (MBE) -0.10

Mean Absolute Error (MAE) 0.83

Index of agreement (d-index) 0.96

Both the Calibration and Validation tests are significantly related for Riesling.
However, the Validation tests have more consistent results than the
Calibration test for Cabernet Franc. These statistics show that Validation tests
give better results for consistency between actual and measured Riesling and
Cabernet Franc yield values. Although calibration and validation were applied
to other varieties, for the purpose of being precise only one red (Cabernet

Franc) and one white (Riesling) variety is demonstrated here.
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4.3.3. Net Present Value (NPV)

The NPV is defined as the present value of future cash flows minus the costs
of investment (Ross et al., 2003). Present values are calculated by
discounting future cash flows using the opportunity cost of capital or discount
rate. This method takes into account the time value of money’ when
evaluating an investment. Projects with positive NPV are deemed to be
“acceptable” in that they will result in increased wealth. If two mutually
exclusive investments are being compared, the one with the greatest NPV will
result in the greatest increase in wealth. NPV is calculated using the following

equation (Copeland and Weston, 1988):

In the above equation Copeland and Weston (1988) define as the net
cash flow in a time period, as the initial cash expenditure, is the discount
rate, and as the number of years considered for the investment. The

producer’s net present value of farm income for the vineyard is represented

by Z. This can be expressed as:

— [Ejrzfl Eﬁ yi (k) [x(py; — €.)] — FC,)

z (r+«)t

Where:

7 The time value of money refers to an assumption regarding investor preferences; that is, all
other things being equal, an investor prefers to receive returns (i.e. positive cash flows) earlier
rather than later. The discounting done in a NPV calculation puts all cash flows associated with
an investment on an equivalent time bases.
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Z: expected net present value of farm income resulting from the
planting decision with respect to climate scenarios.

x(it): area planted to each variety i € | at the beginning of period t

y(ti): denotes the yield of variety i to be planted in period t while (i =
1,...,6)and (t=1,...,T)

y(i)(k)[p(ti)-c(ti)]: Gross margin per acre for variety i under k different
climate scenarios in year t

FC(t): Fixed cost in year t

= - : Discounted rate.

The primary objective of this study is to calculate the net present value of a
land allocation to different winegrape varieties in a vineyard over three climate
scenarios. Simulated yields and future costs and revenues were integrated
into an economic model in order to calculate the Net Present Value varying
selected discount rates. The model used in this analysis can be used to
compare the net present value of the variety land allocation across the three
climate scenarios to investigate the impact of alternative climate change

scenarios in producer returns.

4.3.3.1. Discount Rate

The discount rate should reflect the opportunity cost of capital in order to be
consistent with wealth maximization (Copeland and Weston, 1988; McCarl

and Spreen, 1997). The larger the discount rate, the smaller will be the
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present value of benefit that occurs in future periods, hence the less likely that
the flow of benefit from that investments will provide the greater present value.
Discount rates reflect the relative riskiness of an operation. Adoption as an
investment decision may be risky for producers, and thus it will only occur if
the expected return from adoption is sufficiently high to compensate for the

risk (Ross et al., 2003).

The discount rate has an important effect on investment decisions. In general
the rate of return on investments reflects the degree of risk involved. For
example; if producers of orchards, which is another perennial crop, doing NPV
analysis, have to choose a discount rate, which equals the rate of return of
investments with regards to risk (Goedegebure, 1986). Therefore, the
discount rate can vary, depending on the kind of fruit, variety, planting
systems etc. A typical project involves upfront costs, with the flow of benefits
occurring over later periods. If so, the lower the discount rate, the more
attractive is the project; i.e. the higher its net present value. If the discount
rate is set too high, desirable projects may be rejected. If it is set too low,
undesirable projects may be approved. Lower discount rates encourage
investors to adopt projects that offer returns in future time periods (Harrison,

2010).
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An investment essentially trades off initial costs against delayed benefits. This
is conventionally achieved by calculating the NPV of the investment via a
discount rate which is influenced by positive time preference. In its a simplest
form, if considering the opportunity cost of capital, risk-averse people might
choose a relatively low social discount rate dictated by the rate of return on
riskless investments; i.e. government bonds, etc. This is because society can
spread the risk across all members of society causing the risk component of
the discount rate to approach zero or the emphasis social places on long time
horizon for the society (Sassone and Schaffer, 1978). For the private
individual the opportunity cost of capital should be relatively high; therefore,
agricultural discount rates, as a private investment might be higher than the

social discount rates (Bateman et al., 2002).

In the literature, the discount rate for a perennial enterprise budget ranges
from 4% to 10% (Khanna et al., 2008; Styles et al., 2008, Huisman et al.,
1997; Nalley et al., 2012). Usually the discount rate for an enterprise is
determined by its level of riskiness, where the riskier the enterprise, the higher
the discount rate. Khanna et al., 2008 used a discount rate of 4%, Styles et al.

(2008) used a discount rate of 5% to calculate their NPV.

Over the last three years the prime rate in Canada has been 3% so as a

minimum for a producer starting out the rate should be prime plus some risk
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component. Furthermore, this rate can increase substantially if the producer’s
planned investment is for more than 40 years. Therefore, in this analysis, the
discount rate selected was 4% and it is used in the calculation of the NPV
over the 30-year planning horizon. In addition, a sensitivity analysis was

undertaken with 5% and 6% discount rates.

4,3.3.2. Monte Carlo Simulation

Simulation models are useful for representing agricultural systems as they
can be used to test hypotheses and explore alternative management
scenarios. Simulation models can be used to investigate innovative practices
and policy (Bechini and Stdckle, 2007). Simulation models may be static or
dynamic over time and may contain deterministic or stochastic variables
(Carson, 2003). A static model considers only one period in time while
dynamic model include several time periods. Deterministic models do not
contain random variables, while stochastic models allow for one or more
parameters to be random (April et al., 2003). Many simulation techniques
exist and Monte Carlo (MC) is one of the most widely used. The MC method
of simulation relies on choosing values for variables which are based on the
expected probabilities, producing hundreds or thousands of simulated
outcomes. This method may then be subject to further statistical analysis

(Kwak and Ingall, 2007).
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4.3.3.2.1. Prices

The MC simulation was undertaken using Microsoft Excel. The model makes
the traditional assumption that grape prices follow a geometric Brownian
motion process (Cyr and Hanagriff, 2010), generating a lognormal price

distribution specified as

dP = uPdt + oPdz
where dz follows a Wiener process ( 4z = £¥dt ) with € representing a random

draw from a standardized normal distribution.

The primary assumption underlying the model is that grape prices are
lognormally distributed. “The lognormal distribution is often a more reasonable
distribution of many asset prices (which cannot become negative) than the
normal distribution” (Benninga, 2008, p502). In this study, X = exp(aZ + ) is
random variable, where Z ~ N (0, 1), and lognormally distributed (u,02) where
parameters g and ¢ are the mean and standard deviation respectively of the

log X. The definition was determined by Z + p ~ N (u, 02) (Benninga, 2008).

Let SO denote the price of some variety at time t = 0. Then follow the
commodity price at regular time intervalst=1,t=2, ..., t=n. Let St denote
the commodity price at time t. The model was used for the (random) evolution

of the price process So, S1, . .., Shfor 1 <k <n, and Sk = Sk-1Vk, where the
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Vi are strictly positive and [ID—i.e., independent, identically distributed®. In
this context Vi is the volatility of prices between the specified periods.

Consequently, taking logarithms:

log(V¥,) = log (z—;) = Zk:]ug (z—u)

In view of the Central Limit Theorem?, for example, if log X1 has finite
variance, then log X1 must have a normal distribution. Therefore, it is

reasonable to hypothesize that X« is lognormal, and that Xk can be written as

we may write T, = ep (ol +4),

where the Zk are IID standard normal (Sharpe, n.d.).
The parameters and are estimated from the historical price data. If you
have a sample of n IID normal varieties with unknown mean and

standard deviation , then the sample mean,;

Y, + -+ ¥,
T

¥=

B(¥-¥)?
n is an unbiased estimator of and n-1 is an unbiased estimator of

(Sharpe, n.d.).
The historical volatility was calculated over an 8 years period. The historical

volatility estimator assumes that volatility is constant over the estimation

8 IID—i.e., independent, identically distributed: Two random variables X and Y (S and V
in this case) are independently distributed or independent, if knowing the value of one
of the variables (S) provides no information about the other (V) (Stock and Watson,
2007)

9 Central Limit Theorem (CLT): under general conditions, the distribution of is
approximated by a normal distribution when n is large. According to the CLT, when n is
large the distribution of is approximately
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period and the forecast period (Sharma, 1998). Grape prices for one variety

51

X, =
are So through S, which were computed the n years. So  through

Sn
X, = =
Sn-1 and then set Vi = logX, )
In the financial literature,
S — S,
R, = k k=1 _ X, -1
Sk-1

is called the return for the kit day. In this analysis, logarithmic return was

calculated on a yearly basis to calculate volatility.

In order to estimate the input parameters of y and o the variable of Return

Rf =In S_‘
(5!—'-)was calculated based on annual average grape prices. Riis the

log return while St is the price at time t. Unfortunately, a long time series of
Ontario wine grape prices is relatively difficult to obtain. Input parameters (y,
g, and log-return) and historical grape prices data are graphically summarized
in Tables 12 through 14 for a seven year period from 2005 through 2012 for
each grape variety. Based on the available data, volatilities'0 of each variety

were calculated using the following equation (Gujarati, 2003):

g, e
V= \I|(H_I)Z(x;—f)£

10 As noted in the introduction to this chapter; financial time series, such as stock prices,
echange rates, inflation rates, etc. often exhibit the phenomenon of volatility clustering
, that is, periods in which their prices show wide swings for an extended time period
followed by periods in which there is relative calm. Knowledge of volatility is of crucial
importance in many ares. For example, considerable macroeconometric work has been
done in studying the variablity of inflation over time (Gujarati, 2003).
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Table 12: Wine Grape Prices Over The Period 2006-2012

2006 2007 2008 2009 2010 2011 2012

Chardonnay $1,494  $1524  $1509  $1,396  $1410  $1,424  $1,445
Riesling $1,442  $1,471  $1,471  $1,468  $1,382  $1,396  $1,417
Cab. Sauvignon ~ $2039  $2,080  $2038  $1875  $1,875  $1875  $1:875
Cab. Franc $1,751 1,786  $1,822  $1,676  $1676  $1,676  $1,676
Merlot $2,060  $2,101  $2,059  $1,894  $1,894  $1,894  $1,894
Pinot Noir $2,060  $2,101  $2,101  $1,933  $1,933  $1,933  $1,933

Source: Grape Growers Ontario Marketing Board

Table 13: Log—Return of the Historical Prices

LOG-Return 2006 2007 2008 2009 2010 2011 2012

Chardonnay -1.99%  0.99% 7.78% -1.00%  -0.99%  -1.46%  -0.96%
Riesling -1.99%  0.00% 0.20% 6.04% -1.01%  -1.49%  -0.98%
Cab. Sauvignon  .1.98%  -2.00%  835% 0.00% 0.00% 0.00% 0.00%
Cab. Franc -1.99%  2.04%  834%  000%  000%  0.00%  0.00%
Merlot -1.97% 2.02% 8.35% 0.00% 0.00% 0.00% 0.00%
Pinot Noir 197%  0.00%  833%  000%  0.00%  000%  0.00%

Table 14: Characteristics of Grape Prices

Log Mean St. Deviation Volatility
Chardonnay 7.280 0.065 3.72%
Riesling 7.267 0.009 2.47%
Cab. Franc 7.452 0.012 3.14%
Cab. Sauvignon 7.578 0.016 3.08%
Merlot 7.583 0.016 3.22%
Pinot Noir 7.601 0.014 3.03%

It is possible to run Monte Carlo simulations in a Microsoft Excel spreadsheet.
Using the Data Table function to address simple what if questions, sensitivity
analysis, variance analysis and even Monte Carlo (Stochastic) analysis. Excel
can estimate 1000 random iterations to generate future prices. “1000
iterations provide a statistical chance of getting sufficient extreme values to
make the variance analysis meaningful. This is important because as the

number of iterations increase the variance of the average output decreases”
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(Verschuuren, 2013, p.167). Excel can produce random numbers; using
RAND( ) and RANDBETWEEN( ), that have Uniform Distribution (all values
have an even chance of selection), where the values are between the
minimum and maximum values and have the same probability of being
chosen. NORMSDIST(z) returns the cumulative distribution function for the
standard normal distribution. NORMSINV(probability) returns values of z for
specified probabilities (Jackson and Staunton, 2001). NORMSINV function is
used in this Monte Carlo analysis that;
= NORMINV (RAND( ), MEAN,STANDARD;:,)
This formula generates random prices by using the previous year price and
the volatility. Annual volatility was assumed to be constant for each year.
Grape prices for each variety for each year of the planning period (2015-2044)
was calculated using the following command;
= PRICE gy yeans * (14 NORMINV(RAND(),0,VOLATILITY))

It was assumed that there would not be any major exogenous shocks
affecting prices. Monte Carlo (MC) simulations procedures were used for the

price projections between 2015-2044.

4.3.3.3. Variable and Fixed Costs
Costs of production for each grape variety i.e. red and white were projected
using data from the 2009 Grape Growers Ontario’s report (Slingerland, 2009)

(Table 15 and 16). Cost of production for white varieties was used for
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Chardonnay, Riesling, and Pinot Noir while red variety cost data were used
for Cabernet Franc, Cabernet Sauvignon, and Merlot. The per acre costs for
each of the six crops included fixed costs, depreciation, and variable costs
excluding crop insurance. Insurance costs were excluded from the projections
since they were treated separately in the agro- economic models. It was
assumed that producers own their machinery and that it did not need to be
replaced during the planning horizon. In addition, the producers were
assumed to own their land and buildings. Machine and building maintenance
and repair costs were included in the projections. The cost of harvesting was
estimated to be $182 per acre. A 100-acre vineyard is planted with vines
spaced 4 feet apart and 9 feet between rows. The standard 4’ x 9’ planting
contains 1,210 vines per acre on average. One acre has 9 rows with
approximately 134 vines per row. Vine cost was estimated to be $2.70 per
plant for all varieties, including the cost of shipping, and 2% replanting each

year.

The cost of production available for the year 2009 was projected into the
future. 3% interest rate was applied on cost of 2009 for planning horizon.
Salaries for hired labor were excluded from the cost projections. Labor cost
for the hired labor was introduced separately in the models. Labor cost was
assumed to increase at a rate of 2% per year starting at $17 per hour and $12

per hour for skilled and unskilled labor. It was also assumed was that there
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would not be any major change in technological, infrastructure adjustments or

any other shocks that would affect the overall production environment.

Table 15: Establishment and Production Costs of Red Grape Varieties

in Ontario, 2009

Mature
Vineyard
Year Preplant 1st 2nd 3rd 4th 5-25th
Variable Costs

Operation Costs

Hours 4.2 28.0 22.6 44.1 44.0 71.5
Labor Cost (Hand) S 72 347 280 547 546 887

Hours 19.8 28.4 30.7 26.5 31.7
Labor Cost (Machine) $ 341 488 528 456 545
Machine Cost*'* 69 246 356 389 353 445
Fertilizer 14 17 53 73 83
Insecticides 43 86 130 130
Fungicides 63 178 357 541 541
Herbicidies 19 36 45 56
Grape vines, ($2.70/vine) 3267
Custom Trellis: materials,
labor 5306
Training:stakes, material 1162
Custom Planting 724
Custom Plowing 23
Cover Crop 46 46 23 23 23 23
Consulting fees 32 32 32 32 32 32
Irrigation 171 171 171 171 171
Bird Control 124 124 124
Custom Harvest/delivery 182 81
Marketing board fees 29 59 25
Interest on operating
capital 65 513 602 726 811 38
Land rental
Land preparation 850
Tile Drainage 2948
Total Variable Costs***? 4105 12218 2209 3101 3546 3181

Fixed Cost

Machine costs:
depreciation 59 144 178 192 192 248
Interest on investment 13 31 39 42 42 51
Other overhead 107 214 214 214 214 214
Measurable fixed costs 178 389 431 448 448 513
Total Establishment Cost 4283 12607 2640 3549 3994 3694

11 jncludes maintenance, fuel and repair
12 it does not include crop insurance
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Table 16: Establishment and Production Costs

of White Grape

Varieties in Ontario, 2009
Mature
Vineyard
Year Preplant 1st 2nd 3rd 4th 5-25th
Variable Costs

Operation Costs

Hours 4.2 28.0 22.6 44.1 44.0 71.5
Labor Cost (Hand) S 72 347 280 547 546 887

Hours 19.8 284 30.7 26.5 31.7
Labor Cost (Machine) S 341 488 528 456 545
Machine Cost" 69 246 356 389 353 445
Fertilizer 14 17 53 73 83
Insecticides 43 86 130 125
Fungicides 63 178 357 541 541
Herbicidies 19 36 45 56
Grape vines, ($2.70/vine) 3267
Custom Trellis: materials,
labor 5306
Training:stakes, material 1162
Custom Planting 724
Custom Plowing 23
Cover Crop 46 46 23 23 23 23
Consulting fees 32 32 32 32 32 32
Irrigation 171 171 171 171 171
Bird Control 124 124 124
Custom Harvest/delivery 203 81
Marketing board fees 28 58 23
Interest on operating
capital 65 513 602 725 815 34
Land rental
Land preparation 850
Tile Drainage 2948
Total Variable Costs™* 4105 12232 2209 3099 3570 3170

Fixed Cost

Machine costs:
depreciation 59 144 178 192 192 248
Interest on investment 13 31 39 42 42 51
Other overhead 107 214 214 214 214 214
Measurable fixed costs 178 389 431 448 448 513
Total Establishment Cost 4283 12621 2640 3547 4018 3683

Source: Grape Growers Ontario, Establishment and Production Costs for Grapes in Ontario,
2009 Economic Report

13 includes maintenance, fuel and repair
14 it does not include crop insurance
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4.3.4. Available and Proposed Income Stabilization Programs

4.3.4.1. The Canadian Agricultural Income Stabilization Program (CAIS)

The Canadian Agricultural Income Stabilization Program (CAIS) provides
agricultural producers with a long-term whole farm risk management tool that
protects them against declines in farm income. Two types of insurance, with
different levels of coverage, are made available to grape producers. These
are Individual Production (Crop) Insurance that are available at 85%, 80%,
75% and 70% coverage and the new AgriStability Insurance that replaced

CAIS in Growing Forward 2 (2013-2018).

The AgriStability program is based on the principle that government and
participants share the costs of stabilizing the annual income of the
participant's farm business. It was introduced as a financial risk management
tool, but does not cover the first 30% of margin reduction's. The participation
fee paid by the producer is estimated by multiplying the reference margin by
0.45% and multiplying this by 70% (Agriculture and Agri-food Canada, 2013).
An administration fee of $55 is added to the calculation as the premium paid.
An AgriStability payment is triggered when the Program Year Margin declines
more than 15% below the Program year Reference Margin. Government

funds provide coverage for 70% of a producer’s margin decline. The program

15 Margin reduction is estimated by taking the difference between the reference margin which is the
Olympic average margin of the previous five years and the production margin of a given year provided
that the reference margin is non-negative.
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compares the current year production margin (net income this year) to the
reference margin (the Olympic average of the 5 most recent production
margins, or the adjusted expenses; which is lower). If the production margin
falls below the payment trigger (70 per cent of the reference margin),
AgriStability will pay 70 percent of the difference. According to Growing
Forward 2 Agristability program, “if you did not farm and did not report farm
income (or loss) to Canadian Revenue Agency in each of the previous 5
years, Reference Margin will be based on your previous 3 years average”
(Agriculture and Agri-Food Canada, 2013, p:3). As mentioned earlier, this
representative vineyard was assumed to newly established. There would be
no income (revenue) in the first 2 years (2015-2016) following the
establishment of the vineyard. Moreover, 2 of 3 years of production margins
must be positive to be eligible for the Agristability program. For all of these
reasons, this representative vineyard was eligible for the Agristability program

from 2021 to 2044.

The Province of Ontario Individual Crop Insurance Program for grapes had a
coverage rate of 85%, 80%, 75% and 70% of production. The expense for
individual crop insurance were computed based on the expected crop yield
during the simulation period of 30 years multiplied by the respective crop price

for each of the 4 different premium rates (Table17).
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Table 17: 2014 Grape Insurance Premium Rates

Premium rate by coverage level
Grape (% of total liability)
Cat
ategory 70% 75% 80% 85%
Vinifera 4.06% 4.39% 4.72% 5.53%

Source: Agricrop Ontario

The annual production insurance premium'6 was calculated based on a Base
premium rate, Guaranteed Value (GV), and Discounts and Surcharges (D/S).
The insurance coverage and claims were calculated according to the final
average yield (FAY), claim price, coverage level'’, guaranteed production and
guaranteed value. Final average yield (FAY) is based on the 6 most recent
yields of grapes. Claim prices for each variety were determined by Monte
Carlo simulation. The guaranteed production was determined by multiplying
FAY by the selected coverage level. This number was used to calculate the

guaranteed value's.

16 The premium is calculated using this formula:

AP = base premium rate x Guaranteed Value (GV) x Discount or Surcharges (D/ S)

Base premium rate: The base premium rate is determined at renewal time each year. It
was assumed that the base premium rate was the same for the planning horizon.
Guaranteed value: The guaranteed value is determined by multiplying the guaranteed
production by selected claim price by variety. Guaranteed value for Brix varieties is the
final average Brix at the corresponding claim price x the historical yield. Discounts and
surcharges: If the producer has been enrolled in a Production Insurance plan for more
than one year, the premium rate may be discounted or surcharged.

17 Guaranteed Production is determined by multiplying of Average Farm Yield (AFY)
by selected coverage level. If an insured peril causes your actual yield to fall below the
guaranteed production, a production claim may be paid on the difference.

18 Guaranteed value converts the guaranteed production into a dollar amount so the
premium can be calculated and any production claims can be paid.

(Guaranteed value = Guaranteed production x selected claim price)

88



4.3.4.2 New Vineyard Support Program (NVSP)

The New Vineyard Support Program (NVSP) is an incentive policy proposal in
order to support the newly established vineyards. The goal is to protect the
growers against climate change and boost profitability. The assumptions for

the NVSP model are as follows:

. The farm size is 100 acres;
. The base yield (BY) is the major constant base component of the
program;

. The BY is imported from the CropSyst model and corresponds to a 30

year average of three climate scenarios plus two CO2 enhancement

conditions;
. There are five, five year periods;
. Each five year period variable average yield (AY) is also imported from

the CropSyst model and applicable to three scenarios: Warm/Dry; Median;
Cold/Humid, and with and without CO2 enhancement conditions;

. The maximum amount of support is $1000 per difference yield (DY)
(ton/acre);

. The DY is the difference between the fixed BY and variable AY for
each period, and valid if the AY is smaller than the BY;

. The support multiplier amount starts with $1000 for the first 5 years of

full maturity period (6-10 years) and gradually falls as shown in Table 18:
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Table 18: New Vineyard Support Program Multipliers Designated to Five Year

Periods
. 0-5 6-10 11-15 16-20 21-25 26-30
Periods
years years years years years years
Multiplier
n/a $1000 $800 $600 $400 $200
over (BY)
. The maximum total amount of support fund allocated per farm/grower
is $80.000;
. There is no production and payment applicable to the first 5 years

(non-productive period);

To be eligible for the NVSP is; The farm should be newly established; The
grapes have to reach the full maturity period (6-10 years); The average yield
(AY) should be smaller than the base yield (BY); The support payment is due

at the end of each five year period.
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CHAPTER 5
RESULTS AND DISCUSSIONS

The wine grape varieties used in this study are Chardonnay, Riesling,
Cabernet Sauvignon, Cabernet Franc, Merlot, and Pinot Noir. These varieties
were selected because they represent the largest acreage of wine grapes
grown in the Niagara Peninsula. The above-mentioned varieties are the ones

most in demand by the wineries.

5.1. SIMULATED PRICES, COSTS AND YIELDS

The trends in observed, simulated prices and costs for each grape variety in
the Niagara Peninsula are given in Annex 6. Simulated prices increased at
different rates for each variety. The projected prices were determined by using
actual prices from 2006-2012. Grape variety prices varied due to the volatility
of the restricted prices. The prices of Chardonnay and Riesling were found to
be increasing more than other varieties. The smallest price change was
detected for Cabernet Franc during the 30-year planning horizon. The Monte
Carlo projection of grape prices is given in Table 19. Starting prices for the
simulation were taken from Grape growers Ontario, 2012 annual report. The
95% Confidence Interval (Cl) range of mean price was $1,424-1,481 for
Chardonnay, $1,429-1,436 for Riesling, $1,676-1,685 for Cabernet Franc,
$1,848-1,879 for Cabernet Sauvignon, $1,885-1,916 for Merlot, and $1,919-

1,922 for Pinot Noir.
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The cost of production was projected based on the 2009 estimates. The fixed
cost was the same for each variety while variable costs were different for
white and red grape varieties. Variable costs and fixed cost followed a linear
upward trend, which was calculated by applying a 3% fixed interest rate for
each year. The per acre fixed cost for all varieties will be $528 in 2015 and
$1245 in 2044. The per acre costs are very similar to the white and red grape
varieties. The difference in variable costs between the white and red varieties
is $11; red wine is $3,181 from year 5 to year 25 while white wine is $3,170
from year 5 to year 25. The differences in variable costs between the red and

white varieties are shown in Table 20.

Table 19: Statistical results of Monte Carlo Simulation

2015-2044 Chardonnay Riesling (12 Cz!b. Merlot Pinot Noir
Franc Sauvignon
Starting Price $1,459 $1,431 $1,676 $1,875 $1,894 $1,933
Min Price $1,142 $1,415 $1,417 $1,175 $1,946 $1,584
Max. Price $1,771 $1,489 $1,579 $1,527 $2,290 $1,621
Mean Price $1,454 $1,433 $1,681 $1,864 $1,900 $1,920
Median Price $1,435 $1,423 $1,667 $1,834 $1,870 $1,908
Standard Deviation $445 $52 S67 $249 $243 $26
Percentiles
5% $1,022 $1,129 $1,222 $1,392 $1,373 $1,438
95% $1,983 $1,760 $2,202 $2,435 $2,492 $2,500
25% $1,247 $1,297 $1,468 $1,636 $1,673 $1,675
75% $1,638 $1,557 $1,865 $2,062 $2,108 $2,129
95% Cl for mean price

Lower $1,426 $1,429 $1,676 $1,848 $1,885 $1,919
Upper $1,481 $1,436 $1,685 $1,879 $1,916 $1,922

Table 20: Differences in variable cost between red and white varieties

Variable Costs Red Varieties White Varieties
Insecticides $130 $125
Marketing Board Fees $25 $23
Interest on operating capital $38 $34
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Summaries of simulated average yields for each grape variety and climate
scenarios with and without CO2 enhancement are presented in the tables 21
and 22. Based on the observation of those tables, it is clear that CO:
enhancement has a positive impact on average grape yields for each of the
climate scenario. Therefore, the immediate observation would be: CO:
enhancement provides the best climate condition for all types of wine-grape
production. The highest yields (with CO2 enhancement) occurred as follows:
Chardonnay in the Cold/Humid scenario; Cabernet Franc and Cabernet
Sauvignon in the Warm/Dry scenario; and finally Merlot and Pinot Noir in the
Median scenario. Merlot has the highest yield of 4.5 ton/acre under the
Median scenario. The lowest yield of 3.3 ton/acre appears under Warm/Dry
scenario for Chardonnay. The most favorable aggregate scenario (including
with and without CO2) according to yield results is Warm/Dry followed by

Cold/Humid and the least favorable is the Median.
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Table 21: Simulated Yields under Different Climate Scenarios without CO2 Enhancement

Climate Models Projections

Varieties Years Warm/Dry Median Cold/Humid
Average Yield (ton/acre)
2015-2024 4.2 4.2 3.8
Chardonnay 2025-2034 3.2 3.1 3.4
2035-2044 2.6 2.5 3.2
2015-2044 3.3 3.3 3.5
2015-2024 3.8 4.1 4.4
Riesling 2025-2034 3.7 4.0 3.9
2035-2044 3.1 3.1 3.2
2015-2044 3.5 3.7 3.8
2015-2024 4.6 5.1 4.8
Cabernet Franc 2025-2034 3.6 4.0 3.9
2035-2044 3.1 3.2 3.3
2015-2044 3.8 4.1 4.0
2015-2024 4.6 4.2 4.0
Cabernet 2025-2034 4.4 4.0 3.8
Sauvignon 2035-2044 3.9 3.8 3.6
2015-2044 4.3 4.0 3.8
2015-2024 4.3 4.2 3.9
Merlot 2025-2034 4.2 4.1 41
2035-2044 3.6 3.5 3.6
2015-2044 4.0 3.9 3.8
2015-2024 4.2 4.0 3.5
Pinot Noir 2025-2034 3.5 3.2 3.0
2035-2044 2.9 2.8 2.7
2015-2044 3.5 3.3 3.0

Table 22: Simulated Yields under Different Climate Scenarios with CO2 Enhancement

Climate Model Projections

Varieties Years Warm/Dry Median Cold/Humid
Average Yield (ton/acre)
2015-2024 4.0 4.4 43
e 2025-2034 3.2 3.4 3.5
2035-2044 2.8 29 31
2015-2044 3.3 35 3.6
2015-2024 4.1 45 4.7
Riesting 2025-2034 4.0 43 4.2
2035-2044 3.2 3.4 3.4
2015-2044 3.8 4.0 4.1
2015-2024 4.8 4.4 4.0
2025-2034 4.3 4.1 3.9
Cabernet Franc 2035-2044 3.6 3.5 3.3
2015-2044 4.2 4.0 3.7
2015-2024 4.6 4.4 4.1
Cabernet 2025-2034 4.5 4.3 39
Sauvignon 2035-2044 4.2 3.4 3.5
2015-2044 4.4 4.0 3.8
2015-2024 45 4.8 4.1
Merlot 2025-2034 4.5 4.6 4.2
2035-2044 3.8 3.9 3.9
2015-2044 4.3 4.5 4.0
2015-2024 3.8 4.7 4.2
Pinot Noir 2025-2034 3.5 3.7 3.4
2035-2044 3.2 3.3 2.9
2015-2044 35 3.9 34
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5.2. ALLOCATION OF LAND AMONG THE VARIETIES

The representative vineyard in the Niagara Peninsula contained 100 acres.
This assumption was determined exogenously from the model. The acreage
allocation for each grape variety was determined from existing acreage
allocations. Figure 18 provides the allocation of land for each grape variety.
Riesling (26%), Pinot Noir (20%), Chardonnay (19%), and Cabernet Franc
(16%) have the greatest acre respectively with the highest 26% of the total
land area, while Merlot and Cabernet Sauvignon had the least amount of acre
with 9% and 10% of the representative 100-acre vineyard respectively.

Figure 18: Allocation of 100-acre vineyard

20% 19%
& Chardonnay

i Riesling
Cab. Franc
26% & Cab. Sauvignon
& Merlot
Pinot Noir

5. 3. FINANCIAL RISK MANAGEMENT TOOLS AND NET PRESENT VALUE OF NET
VINEYARD INCOME

b.3.1. Aggregate Farm Income

Numerous studies have shown that the inability to adapt to climate change
has negative impacts on agricultural production and communities, and that
vulnerability can be reduced and opportunities can be realized with adaptation
(Smit and Skinner 2002). One of the means of adapting is through institutions

such as financial risk management tools. The results of this study indicate the
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importance of financial instruments in addressing climate change. This section
evaluates the present value of net farm income with and without adaptation
under the different climate scenarios and CO2 enhancement conditions. For
all varieties, climate scenarios, and conditions, the present value of net farm
income was found to be highest when financial risk management tools were
used, i.e. when producers used the Crop insurance program, Agristability

program, and New Vineyard Support Program (NVSP).

The results reveal that the largest present value of net farm income occurs
when insurance is taken at a maximum 85% coverage level for all climate
scenarios, whether CO2 enhancement occurs or not. The present value of net
farm income increases gradually from the Warm/Dry to the Cold/Humid, and
then to the Median scenario. The highest present value of net farm income
occurs with the Median scenario, with CO2 enhancement and 85% insurance
coverage with a value of $2,021,382. Present values maintain acceptable
values with $889,937 under Cold/Humid scenario, $921,698 under Median
and $737,548 under Warm/Dry scenario without CO2 enhancement. Under
the condition of without CO2 enhancement and no insurance payment,
present value of net farm income was decreased to $632,967 for the Median
scenario, $414,869 for the Cold/Humid scenario, and $213,143 for Warm/Dry
scenario. When the crop insurance coverage level has been raised from 70%

to 85%, the present value of net farm income has increased for each climate
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scenario and CO2 enhancement conditions. For example, the Cold/Humid
scenario without CO2 enhancement increased by $234,734; for the Median
scenario without CO2 enhancement increased by $154,517; and for Warm/Dry

scenario without CO2 enhancement increased by $149,468 (Table 23).

Table 23: The Net Present Value of Net Farm Income with Various Crop Insurance Rates

Under Various Climate Scenarios with and without CO2 Enhancement Conditions

Sl G Insurance CO2 Conditions
Type With CO2 without CO2
No Insurance $984,511 $414,869
85% $1,562,454 $889,937
Cold / Humid 80% $1,406,850 $823,247
75% $1,395,632 $693,978
70% $1,392,719 $655,203
No Insurance $1,652,643 $632,967
85% $2,021,382 $921,698
Median 80% $1,732,890 $838,312
75% $1,764,007 $824,667
70% $1,682,050 $767,181
No Insurance $753,016 $213,143
85% $1,314,684 $737,548
Warm / Dry 80% $1,195,252 $640,328
75% $1,183,056 $603,750
70% $1,134,351 $588,080

When the proposed New Vineyard Support Program (NVSP) is applied to the
representative farm, the Warm/Dry scenario without CO2 enhancement
condition seems to attract the highest amount of support with $78,316 and
lowest amount of support is received by the Median scenario with CO2

enhancement condition with $27,102.
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Table 24: New Vineyard Support Program (NVSP) Payment

With CO, Without CO,
5 year
Periods Climate Model Projections Climate Model Projections
Warm/Dry Median Cold/Humid | Warm/Dry Median Cold/Humid
2020-2024
$2,868 SO SO $7,808 $102 $1,363
2025-2029 $7.580 $1,248 $5,055 $16,452 | $12,841 $11,557
2030-2034 $5,976 $4,929 $7,320 $16,198 $13,433 $12,339
2035-2039 $19,460 $16,666 $16,560 $27,436 $28,793 $24,209
2040-2044
$6,315 $4,258 $5,316 $10,422 $9,958 $8,698
2015-2044 $42,198 $27,102 $34,251 $78,316 $65,126 $58,167

The absence of both Crop Insurance, Agristability and NVSP programs would
reduce the present value of total net income for the Cold/Humid scenario with
and without CO2 enhancement by $813,994 and $746,311; for Median
scenario with and without CO2 enhancement by $707,822 and $747,113, for
Warm/Dry scenario with and without CO2 enhancement by $816,300 and
$861,030, respectively (Table 24 and Table 25). The largest impact of climate
change on the present value of total net income as an aggregate financial
management tools was detected in the Warm/Dry scenario without CO>

enhancement condition.
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Table 25: Effects of Financial Risk Management Tools on Present Value of Net Farm Income
with various climate scenarios and CO2 Enhancement Conditions

Climate Scenarios Financial Management Tools CO. Conditions
With CO2 Without CO2
NO tools $984,511 $414,869
%85 Insurance $1,562,454 $889,937
Cold/Humid
%85 Ins. + Agristability $1,764,254 $1,103,013
%85 Ins. + AGST + NVSP $1,798,505 $1,161,180
NO tools $1,652,643 $632,967
%85 Insurance $2,021,382 $921,698
Median
%85 Ins. + Agristability $2,333,363 $1,314,954
%85 Ins. + AGST + NVSP $2,360,465 $1,380,080
NO tools $753,016 $213,143
%85 Insurance $1,341,684 $737,548
Warm/Dry
%85 Ins. + Agristability $1,527,118 $995,857
%85 Ins. + AGST + NVSP $1,569,316 $1,074,173

5.3.2. The Average Net Present Value of Net Farm Income Over Three
Decades

Since the planning horizon was quite long (30 years), the results were broken
into three time periods (2015-2024, 2025-2034 and 2035-2044) and returns
are evaluated within these periods with and without financial management
tools. During the first 10 years (2015-2024) period of establishment of the new
vineyard, the average year present value of the net farm income was
negative, given the establishment costs of the vineyard and no crop insurance
coverage. Therefore, the farmers need to be financially stable and prepared to
compensate for the non-profitable ten year start-up period. Agristability
program is applicable after 10 years of establishment, as the essential of
Agristability program for new farming is that at least 2 of 3 years production
margin should be positive to calculate Agristability. Therefore, it has not

affected the results within the first 10 years for all climate scenarios and
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conditions. The best net present value of average farm income results for all
climate scenarios and CO2 enhancement conditions were detected between
the years 2025-2034, which corresponds to the middle of the planning
horizon. The net present value of average farm income was higher, when all
financial instruments (Crop Insurance, Agristability) are applied to all climate
scenarios and CO2 conditions. Agristability effect was greater during the 3
period than the 2nd period. For example; the difference of net present value of
average farm income was $23,106 during the 2" period and $32,575 during
the 3rd period for Cold/Humid climate scenario with CO2 enhancement; while
the difference was $29,916 during the 2 period and $26,467 during the 3rd
period for Warm/Dry climate scenario without CO> enhancement. The net
present values of average net farm income for the whole period (2015-2044)
were $54,330 for Cold/Humid, $80,489 for Median, $61,385 for Warm/Dry
scenarios with CO2 enhancement when all financial management tools were

used (Table 26-27).
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Table 26: Financial Instrument Effects to Average Yearly Present Value of Net Farm Income

Under the Various Scenarios with CO2 enhancement Condition

Climate Financial Total

Scenarios Instruments 2015-2024 2025-2034 2035-2044 2015-2044
No Instrument - $48,774 $120,135 $27,060 $25,100

Cold/ 85% Ins. - $22,839 $137,891 $41,193 $44,723
Humid Agristability - $48,774 $125,813 $43,492 $31,281
85% Ins. + Agristability - $22,839 $143,569 $57,625 $50,904
85%Ins.+Agristability +NVSP -$22,226 $144,807 $59,813 $54,330

No Instrument - $10,720 $142,288 $36,696 $55,088

85% Ins. $5,513 $153,339 $43,286 $67,379

Median Agristability - $10,720 $146,140 $55,434 $65,488
85% Ins. + Agristability $5,513 $157,191 $62,024 $77,779
85%Ins.+Agristability+NVSP -$5,513 $157,809 $64,116 $80,489

No Instrument - $57,587 $109,112 $23,776 $32,817

85% Ins. - $35,066 $132,784 $36,450 $52,082

Ws::/ Agristability - $57,587 $117,043 $34,388 $39,543
85% Ins. + Agristability - $35,066 $140,715 $47,062 $58,808
85%Ins.+Agristability+NVSP -$34,493 $142,071 $49,639 $61,385

Table 27: Financial Instrument Effects to Average Yearly Present Value of Net Farm Income
Under the Various Scenarios without CO2 Enhancement Condition

Climate Financial Total
Scenarios Instruments 2015-2024 2025-2034 2035-2044 2015-2044
No Instrument - $64,984 $95,640 $10,831 $13,828
Cold/ 85% Ins. - $50,271 $114,081 $25,184 $29,664
Humid Agristability -$64,984 $100,305 $29,053 $20,931
85% Ins. + Agristability - $50,271 $118,746 $43,406 $36,767
85%Ins.+Agristability+NVSP -$49,999 $121,136 $46,697 $42,720
No Instrument - $49,811 $104,304 $8,803 $21,098
85% Ins. - $36,638 $112,235 $16,572 $43,832
Median Agristability -$49,811 $109,410 $31,491 $33,673
85% Ins. + Agristability - $36,638 $117,341 $39,260 $56,407
85%Ins.+Agristability+NVSP -$36,618 $119,968 $43,135 $62,929
No Instrument - $67,721 $84,070 $4,966 $7,105
85% Ins. - $45,833 $103,328 $16,260 $24,585
Warm/

Dry Agristability - $67,721 $94,728 $20,139 $15,715
85% Ins. + Agristability - $45,833 $113,986 $31,433 $33,195
85%Ins.+Agristability+NVSP -$44,272 $117,251 $35,219 $41,807
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5.3.3. Loss in Net Present Value of Net Farm Income without Financial Management
Tools

Tables 29 & 30 clearly demonstrate the positive effect of the use of financial
risk management tools on the net present value of net farm income and
highlight the importance of using them effectively. The overall results between
the years 2015-2044 indicate that the largest losses'® occur in the without
CO2 enhancement segment, the highest being the Cold/Humid scenario with
75% followed by Warm/Dry with 69%. Finally, Median scenario losses are
with 50%. However, the highest loss appears in between 2015-2024, with
CO2 enhancement side, at the Median scenario with 294%. This exceptionally
high rate is due to the large number of years within the 2015-24 period with
negative reference margins. This is followed by Cold/Humid scenario with
114% over the same time period. The losses are in the range of 26% to 75%
during the 30 years period for all climate scenarios and CO2 enhancement
conditions. These results highlight the importance of the use of financial risk

management tools.

19 Loss of potential net present value is measured as the percentage difference between returns with and
without adaptation.
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Table 28: Reduction on the Net Present Value of Net Farm Income at Different Climate

Scenarios, with CO2 Enhancement

Climate Scenarios 2015-2024 2025-2034 2035-2044 2015-2044
No Tools -$575,870 $1,091,120 $237,760 $753,010
Full Tools -$353,528 $1,420,706 $496,395 $1,563,573
Warm/Dry
Reduction $222,342 $329,586 $258,635 $810,563
% Reduction 63 23 52 52
No Tools -$107,200 $1,422,880 $366,960 $1,682,640
Medi Full Tools $55,130 $1,578,087 $641,164 $2,274,381
edian
Reduction $162,330 $155,207 $274,204 $591,741
% Reduction 294 10 43 26
No Tools -$487,740 $1,201,350 $270,600 $984,210
Full Tools -$228,390 $1,448,065 $598,126 $1,817,801
Cold/Humid
Reduction $259,350 $246,715 $327,526 $833,591
% Reduction 114 17 55 46

Table 29: Reduction on the Net Present Value of Net Farm Income at Different Climate

Scenarios, with CO2 Enhancement

Climate Scenarios 2015-2024 2025-2034 2035-2044 2015-2044
No Tools -$677,210 $956,400 $49,660 $328,850
Full Tools -$466,138 $1,172,510 $352,188 $1,058,560
Warm/Dry
Reduction $211,072 $216,110 $302,528 $729,710
% Reduction 45 18 86 69
No Tools -$498,110 $1,043,040 $88,030 $632,960
Medi Full Tools -$366,482 $1,199,684 $431,451 $1,264,653
edian
Reduction $131,628 $156,644 $343,421 $631,693
% Reduction 36 13 80 50
No Tools -$649,840 $840,700 $108,310 $299,170
Full Tools -$504,073 $1,211,356 $466,967 $1,174,250
Cold/Humid
Reduction $145,767 $370,656 $358,657 $875,080
% Reduction 29 31 77 75

5.4. THE PRESENT VALUE OF NET FARM INCOME BY VARIETY

Table 31 provides the present value of net farm income for each crop with
different climate scenarios and conditions. Some crops are not profitable at all
under most climate scenarios and conditions i.e. Chardonnay seems to be the
most risky crop as it gives a negative income in most scenarios even with the
support of the financial risk management tools, except Median scenario
Financial risk management tools. On the other hand, Cabernet Franc,

Cabernet Sauvignon and Merlot seem to be the most profitable crops under
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all conditions. Negative present value of net farm income mostly occurred

under the Warm/Dry scenario, regardless of the CO2 enhancements and

financial risk management tools. The negative present value of the net farm

income ranges from -$284,684 (without CO.) to -$20,316, which are both

without financial risk management tools. The positive side; however, ranges

from a minimum of $85,261 to a maximum of $605,488 with the use of

Financial risk management tools.

Table 30: The Present Value of Net Farm Income for Each Variety with Various Climate

Scenarios and CO2 enhancement Conditions, with and without Financial Risk Management
Tools, 2015-2044

Financial Risk

Climate Scenarios

Y Management Tools €0z condition Warm/Dry Median Cold/Humid
With -$181,558 -$118,112 -$144,231
() Without -$275,010 -284,694 -$284,325
Chardonnay -
) With -$34,854 $85,261 -$70,449
Without -$104,047 -$61,072 -$138,738
With -$247,389 -$76,950 -$76,037
L () Without -$275,010 -263,480 -$222,041
Riesling -
) W¥th -$46,355 $132,561 $140,677
Without -$126,420 -$68,811 $15,438
With $293,440 $555,432 -$76,037
Cabernet () Without $172,708 -263,480 $254,149
Franc ) With $548,622 $605,488 $497,582
Without $401,520 $439,056 $405,718
With $293,440 $472,590 $411,779
Cabernet ) Without $172,708 353,531 $322,835
Sauvignon ) With $440,303 $532,809 $448,180
Without $466,349 $404,571 $368,022
With $351,243 $407,952 $411,779
Merlot ©) Without $250,588 286,469 $84,561
) With $408,625 $455,996 $380,127
Without $298,024 $331,370 $309,618
With $163,151 $407,952 $210,519
_ _ ©) Without -$20,316 144,231 $84,561
Pinot Noir -
O With $304,708 $538,108 $314,968
Without $144,324 $290,743 $238,816

(-) does not include any financial management tools
(+) includes 85% Crop Insurance, Agristability, New Vineyard Support Program
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5.5. THE PRESENT VALUE OF NET FARM INCOME BY DECADE AND VARIETIES

The ten-year period 2025-2034 provides the most striking results. Therefore,
all of the following examples are chosen from that decade. In terms of
negative figures, the Riesling variety in Warm/Dry scenario with CO2 seems to
incur the largest loss with -$349,721 when no financial risk management tools
are applied. Even if the financial risk management tools are introduced
Riesling again provided negative income within the same period, no matter
which scenario is applied. Chardonnay is the second runner up in terms of
loss and provides a similar trend to Riesling. The figures for the same decade
and scenario are even worse for the without CO2 case. For Riesling, the
maximum loss reaches to -$366,688 and Chardonnay to -$301,800. The
overall best performer with the financial risk management tools and CO:
enhancement applied is Cabernet Franc $321,988 followed by Pinot Noir
$320,357 both at the Median scenario. The best performers without the
financial risk management tools but with CO2 enhancement in between 2025-
2034 are Cabernet Franc with $323,077 followed by Cabernet Sauvignon with
$281,273 both at the Median Scenario. By omitting the financial risk
management tools and CO2 enhancements the best performers are Cabernet
Sauvignon with $236,550 followed by Cabernet Franc with $226,098 both at

the Median scenario (Table 31-32).
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Table 31: Ten-Year Financial Risk Management Tool Effects on The Present Value of Net

Farm Income for Each Variety with Various Climate Scenarios with CO2 Enhancement

2015-2024 2025-2034 2035-2044
Climate
Variety Financial Risk Management Tools
Scenario
) +) () (+) () (+)

Warm/Dry | -$223,082 | -$193,710 | $83,682 | $134,807 | -$42,158 | $26,619
Chardonnay Median -$187,848 | -$153,179 | $112,768 | $178,099 | -$43,032 | $50,517
Cold/Humid | -$245,898 -$218,710 | $85,206 $118,797 | -$26,911 $43,734
Warm/Dry | -$349,721 | -$317,052 | $120,158 | $216,622 | -$17,826 | $57,385
Riesling Median -$287,659 | -$250,497 | $209,686 | $300,104 $1,022 $86,925
Cold/Humid | -$210,504 | -$169,602 | $130,795 | $227,289 | $3,672 | $122,368
Warm/Dry $36,078 $114,395 | $215,831 | $313,707 | $51,532 | $124,975

Cabernet
Median $144,887 | $153,944 | $323,077 | $321,988 | $87,467 | $134,541

Franc

Cold/Humid -$920 $126,709 | $220,481 | $267,077 | $68,794 | $133,866
Warm/Dry $50,218 $77,982 $223,951 | $250,185 | $99,959 | $115,301

Cabernet
Median $76,550 $98,872 $281,273 | $295,853 | $114,767 | $142,432

Sauvignon
Cold/Humid $88,789 $115,454 | $232,445 | $255,127 | $90,545 | $112,364
Warm/Dry $38,250 $56,071 $222,828 | $246,935 | $90,165 | $109,897
Merlot Median $72,707 $92,337 $234,347 | $246,351 | $100,898 | $121,229
Cold/Humid $65,255 $85,301 $185,915 | $203,620 | $86,328 | $105,437
Warm/Dry | -$117,614 | -$80,133 | $224,675 | $264,652 | $56,090 | $120,857
Pinot Noir Median $74,162 $113,649 | $261,731 | $320,357 | $75,838 | $109,477
Cold/Humid $13,470 $55,295 $179,613 | $238,493 | $17,436 $68,561

(-) does not include any financial management tools
(+) includes 85% Crop Insurance, Agristability, New Vineyard Support Program
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Table 32: Ten-year Financial Risk Management Tool Effects on The Present Value of Net

Farm Income for Each Variety with Various Climate Scenarios without CO2 Enhancement

2015-2024 2025-2034 2035-2044
. Climate
Variety ) Financial Risk Management Tools
Scenario
0 ) O [ ® [0 ®
Warm,Dry -$254,391 | -$207,028 | $45,409 | $105,623 | -$66,028 -$149
Chardonnay Median -$249,924 | -$193,566 | $47,140 | $120,861 | -$81,910 | $14,018
Cold/Humid | -$301,800 | -$275255 | $64,705 | $130,395 | -$47,229 | $22,902
Warm/Dry -$366,688 | -$332,103 | $80,008 | $166,310 | -$50,517 | $44,336
Riesling Median -$352,176 | -$319,904 | $135,553 | $22,324 | -$46,857 | $232,365
Cold/Humid | -$303,576 | -$260,599 | $121,537 | $194,011 | -$40,002 | $100,900
Warm/Dry -$5,832 $77,716 $162,085 | $251,574 | $16,456 | $133,866
Cabernet
Median $84,382 $81,135 $226,098 | $263,994 | $50,431 | $81,306
Franc
Cold/Humid -$2,603 $24,526 $210,766 | $254,503 | $45,986 | $98,602
Warm/Dry $116,896 $139,081 | $226,563 | $239,337 | $78,910 | $92,106
Cabernet
Median $30,829 $50,010 $236,550 | $249,758 | $86,152 | $108,892
Sauvignon
Cold/Humid $30,734 $45,840 $208,605 | $231,699 | $83,496 | $107,416
Warm/Dry $1,948 $17,937 $184,050 | $198,844 | $64,590 | $83,362
Merlot Median $19,081 $35,405 $195,737 | $204,040 | $71,651 | $95,585
Cold/Humid $4,421 $19,127 $183,674 | $200,176 | $71,596 | $91,184
Warm/Dry -$162,141 | -$130,322 | $142,588 | $189,214 | $6,237 $99,305
Pinot Noir Median -$30,300 -$4,100 $165,964 | $236,743 | $8,567 $62,674
Cold/Humid -$77,018 -$46,515 | $167,113 | $249,981 | -$5,534 | $64,856

(-) does not include any financial management tools

(+) includes 85% Crop Insurance, Agristability, New Vineyard Support Program

107




5.6. THE NEW VINEYARD SUPPORT PROGRAM PAYMENTS FOR
VARIETIES
When the New Vineyard Support Program (NVSP) is applied to the varieties

Chardonnay and Pinot Noir, corresponding to 39% of the total crop area,
receives 65% of the total support amount (i.e. highest support of $78,316)
while Cabernet Sauvignon, covering only 10% of the representative farm,
receives the least amount of support (i.e. $120) at the same scenario
(Warm/Dry, without CO2). The periods which are eligible to highest support
are 2035-2039 at the Median scenario without CO2 enhancement condition
with $9,508 (for the Chardonnay variety) and 2025-2020 at the Warm/dry
scenario without CO2 enhancement condition (for the Pinot Noir variety)

(Table 33).
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Table 33: New Vineyard Support Program Payment for Various Grape Varieties

Under The Various Climate Scenarios with CO2 Enhancement Conditions

With CO:z

Without CO:

Climate Model Projections

Climate Model Projections

Variety 5 year Periods
WS;?/ Median ;3111(111{;1 WS?;/ Median l;:::ll:l/d
2020-2024 $0 ) $0 50 $102 $1,363
2025-2020 $4.454 $1,248 $3,315 $7,611 $6,918 $6,478
Chardonnay 2030-2034 $4,846 $3,558 $2,864 $7,411 $7,730 $5,706
2035-2039 $6,573 $7,216 $3,930 $8,068 $9,508 $5,295
2040-2044 $3,237 $2,878 $2,513 $3,971 $4,176 $3,067
2020-2024 %0 $0 0 50 $0 $0
2025-2020 $0 $0 $0 50 $0 $0
Riesling 2030-2034 $0 $0 $0 $1,259 $0 $0
2035-2039 $3,954 $3,295 $4,316 $5,536 $5,453 $5,788
2040-2044 $1,111 $502 $34 $1,887 $1,736 $1,205
2020-2024 $0 %0 $0 $0 $0 $0
2025-2020 %0 $0 50 50 $0 $0
C?r;‘;et 2030-2034 %0 %0 $0 $1,956 30 $0
2035-2039 $4,265 $2,495 $2,814 $6,399 $4,713 $4,313
2040-2044 $392 $50 $0 $1,675 $1,318 $808
2020-2024 %0 ) $0 $0 $0 50
2025-2020 $0 50 %0 50 $0 $0
S(::lbv*:;z; 2030-2034 %0 $0 ) $0 $0 $0
2035-2039 $0 %0 $71 $120 $0 $0
2040-2044 $0 $0 50 $0 $0 $0
2020-2024 $0 50 %0 50 $0 $0
2025-2020 $0 $0 50 $0 $0 $0
Merlot 2030-2034 $0 $0 $105 $0 $0 50
2035-2039 $491 %0 $0 $491 $2,115 $1,908
2040-2044 $0 %0 $0 $0 $0 $32
2020-2024 $2,868 50 $0 $7,808 $0 $0
2025-2020 $3,126 $0 $1,740 $8,841 $5,922 $5,079
Pinot Noir 2030-2034 $1,130 $1,371 $4,351 $5,572 $5,703 $6,633
2035-2039 $4.176 $3,660 $5,430 $6,821 $7,004 $6,906
2040-2044 $1,575 $828 $2,768 $2,890 $2,728 $3,586
Total 2015-2044 $42,198 | $27,102 | $34,251 | $78,316 | $65,126 | $58,167

5.7. Sensitivity Analysis

The discount factor used in the NPV calculation has a great potential to affect

the results mentioned above. Those results utilized a 4.00% discount rate to

calculate the NPV. The effect of varying the discount rate with each climate
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scenario on the net present value of the net farm income is shown in Table 35

As the discount rate increases, the NPV of the income stream decreases for

each climate scenario. The most notable reduction in NPV was when the

discount rate is increased from 4.00% and 6.00% under the best climate

scenario of Median with CO2 enhancement and financial risk management

tools. The difference in the present value of the net farm income reached

$727,350. The NPV under the worst scenario; i.e. Warm/Dry, without CO>

enhancement, and No financial management tools, had the smallest reduction

of $147,838 in the interest rate of 5.00% and 6.00%.

Table 34: The Net Present Values with Varying Discount Rates Under All Scenarios

and Conditions

Financial Risk Management Tools

NPV ($)
Without With
Discount Rates 4% 5% 6% 4% 5% 6%
Scenarios
Cold/ With CO2 $984,511 $708,043 $472,729 $1,817,815 | $1,467,767 1,170,335
o
Humi Without
umid co2 $414,869 $214,089 $41,403 $1,161,179 $910,989 $684,405
With CO2 | $1,652,643 | $1,306,621 | $1,011,633 | $2,360,465 | $1,967,252 | $1,633,115
Median | without
co2 $632,967 $416,269 $229,273 $1,380,080 | $1,127,171 $910,202
Warm/ With CO2 $753,016 $499,870 $284,606 $1,569,316 | $1,241,861 $964,438
arm
D Without
ry co2 $213,143 $42,149 -$105,689 $1,074,173 $838,712 $636,915

a without: NPVs without any financial instruments

b with: NPVs with max85% crop insurance, agristability, and new vineyard support program
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS

This study evaluated the economic impact of climate change on a
representative vineyard in the Niagara Peninsula. The main objectives were
a) to develop a Net Present Value model for a representative vineyard for a
30-year planning horizon; b) to evaluate the impacts of various climate
scenarios, C02 enhancement, and changing market conditions on the present
value of net farm income, output, crop acreage, and economic vulnerability of
the representative vineyard; c) to identify and assess the role of Financial Risk
Management Tools such as Crop Insurance and Agristability program; d) to
develop a new policy i.e. New Vineyard Support Program for the Niagara
Peninsula representative farm as a supplement to existing financial

management tools.

Within this context, the most recent meteorological data retrieved from the
stations is the period of 1971-2000 as the historical reference period, and
2015-2044 for the future time period. Three future climate scenarios
(Warm/Dry, Median, Cold/Humid), two combinations of conditions (with and
without CO32); on six grape varieties Chardonnay, Riesling, Cabernet
Sauvignon, Cabernet Franc, Merlot, and Pinot Noir were considered. While
the reference crop yield was calibrated and validated manually, the CropSyst

programme proved to output a higher yield results in simulated cultivar than
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reference/historic cultivar. Yields of the six crops were simulated for the future
period using CropSyst v.4.13.09; Costs of production and prices of the crops
were projected using Monte Carlo simulation. A 30-year Net Present Value
(NPV) model was applied to the study site using the simulated yields,
projected costs and prices, insurance options, and other parameters; i.e.
discount rate was used to evaluate the economic impact of climate change on

the representative vineyard.

6. 1. MAIN FINDINGS OF THE STUDY

The main findings indicate that the present value of net farm income, output,
as well as economic vulnerability and adaptation, varied depending on the
climate scenario (Warm/Dry, Cold/Humid, or Median) and the combinations of
conditions (with or without C02 enhancement). The direction (negative or
positive) and magnitude of the impacts were affected by the grape variety that
was grown (2015-2044). The climate change impacts were found within the
climate models. It was found that the impacts of climate scenarios were
exacerbated by CO. conditions, and these varied by grape variety. For
instance, Riesling, Pinot Noir and Chardonnay had the largest number of
planted acres while Merlot, Cabernet Franc, and Cabernet Sauvignon had
smaller number of planted acres. Consistently Red grape variety yields
(ton/acre), except Pinot Noir, were consistently greater than the yields

(ton/acre) of the white grape varieties. But the production of white grape
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varieties was greater than red grape varieties except Pinot Noir. Furthermore,
it is worth noting that the allocation of land would affect the results. Some of
the grape varieties produced a negative net present value of net income
alone, but the total present value of net income was always positive.
However, the growers may keep the non-profitable species in order to mix
them with other varieties to produce the sought after being tasted by the

consumers.

CO2 enhancement has a considerable effect on yield under each climate
scenario. Under the worst climate - Warm/Dry - scenario with the absence of
CO2 enhancement; red wine grape varieties (Cabernet Franc, Cabernet
Sauvignon, Merlot and Pinot Noir), which are known as warm climate
varieties, had a higher relative economic return per acre than white wine
grape varieties (Chardonnay, Riesling, Cool climate types). Chardonnay and
Riesling were the only crops that experienced a negative net farm income as
being insensitive to any climate scenarios and conditions. The climate
scenario that generated the largest present value of Net Farm Income per
acre was the Median climate scenario with CO2 enhancement for all varieties.
It is clear that CO2 enhancement affects crop-growing phenology in a positive
way. The Median climate scenario’s temperature, precipitation and solar
radiation values were found more suitable than the other climate scenarios for

wine-grape variety growth. Wine-grape varieties grow in moderately warm
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climates. The dry condition was not good for all of the selected crops. That is
why the Median climate scenario, with CO2 enhancement had the greatest

present value of net farm income than the Warm/Dry scenario.

The revenue from the lower yields of the Chardonnay and Riesling varieties
were not large enough cover the rising costs of production although their
prices follow an upward trend. This made these crops unprofitable under most
of the climate scenarios and conditions. Within a span of 30 years and the
lack of production within the first four years of Chardonnay, this type produced
a negative net present value of net farm income for 15 years under the
Warm/Dry scenario, 14 years under the Median, and finally 12 years under
the Cold/Humid scenario with CO2 enhancement. Within the same conditions,
Riesling followed with 12 years, 10 years, 8 years respectively. On the other
hand, the total revenue from Cabernet Franc and Merlot compensates for the
rising cost of production over time. The increased revenue came from higher
yields and prices. Cabernet Franc and Merlot seems to be the most profitable

varieties under all climate scenarios and conditions.

The combination of six grape varieties was found to reduce net farm income.
Replacing Chardonnay and Riesling with Merlot and Cabernet Franc would
increase the present value of net farm income than the initial allocation of

acres. Merlot and Cabernet Franc would take advantage of the climate
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change in the region. Each variety’s requirements will differ under future
climate scenarios and CO2 enhancement conditions. But it needs to be
considered that although financially non-viable, white species such as
Riesling is particularly in demand by some consumers due to its specific taste.
As the wine sector is too sensitive to the taste factor, a price increase or

financial tool leverage may be applied to such species.

The same factors making the producers vulnerable encourage for managing
their financial risks and ensure their crops. Some scenarios and conditions
make producers more prone to suffering losses. The importance of the
various financial risk management programs was emphasized by the results.
Without such financial risk managements programs, the loss of potential
income would be too big for some scenarios and conditions in this region. The
implication of the results was that this region would miss opportunities to earn
more net farm income, to compensate for the establishment cost in the near
future, if it fails to adapt financial risk management tools. These tools, as
adaptation options, would help absorb the yearly negative impacts of
variability of net farm income due to changes in climatic and economic
conditions, and stabilize income. However, these tools do not necessarily
ensure that producers would be totally free of risk. In other words, if climate
change and subsequent economic conditions lead to consecutive years of

large losses and reduced levels of production activities or that turned
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reference margins negative, benefits from insurance programs would also
drop low to eventually none. The efficient use of their financial risk
management tools will allow producers to reduce their economic vulnerability
and improve their financial position. This would provide some level of flexibility
in their choice of short- term adjustment and long-term net farm income, and

help them remain in profitable production.

The present value of net farm income had been changed depending on
climate scenarios, conditions, and financial management options. The results
highlight the importance of CO2 concentrations. The Niagara Region would
benefit from the introduction of a New Vineyard Support Program, in order to
take advantage of opportunities that would arise along with climate change.
Climate change could have a negative impact on Chardonnay and Riesling
productivity, and eventually could lead to higher prices as well as lowering
competition. That is why, producers in this region would be better off if they
are pre-informed on the agronomic, technological and financial tools to
prevent losses. Accessing long-term projections of climate change and
economic variables affecting their production would assist them in making
their production management decisions. The major aim should be protecting
grape growers of Ontario and help them design strategies that could boost

their productivity.
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6.2. LIMITATIONS OF THE STUDY

There are some limitations to this study, which are worth mentioning:

1.

The future yield data generated with CropSyst was based on the
assumption that the single limiting factor was “CO. enhancement”. In
reality, water availability, soil fertility, and other problems at the sites
have an impact on the yield. Production yields of vineyards with drip
irrigation system were not considered in this study;

The NPV model does not include borrowing i.e. utilizing credit; while in
reality farmers are engaged in such financial transactions. It is also
assumed that growers have 100% ownership of the farm. Hence, the
results do not estimate the impacts of how differences in owner equity
could affect the NPV calculation;

The projections of the economic variables, i.e. prices, cost, etc. were
based on the data compiled by the Grape Growers of Ontario. These
seem to be the best approximations of what producers would have to
pay/receive in the future for their crops. However, the data from a
professional market analysis report may lead to different results;

The cost of production data was only available for the year 2009.
Therefore, Monte Carlo simulation could not be applied to the cost of
production. If there were more year data, the Monte Carlo simulation

could have been applied for healthier results.
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6.3. FUTURE RESEARCH

This study provides results on the impact of climate change on the Niagara
Peninsula using some basic assumptions. This research could be enriched by
including the following:

1. Land allocation and grape variety mix were determined exogenously
from the model. This allocation was placed in a year with one of the
model and was not changed over the duration of the full time period.
The analysis would be enhanced if land and variety mix could be
determined endogenously. A mathematical programming approach
such as dynamic modelling could provide an optimal solution.

2. Grapevines are perennial crops and could remain productive for
several years and even decades. The future period could be selected
longer than the present study (30 years) and could be divided into two
periods (of 30 years each). However, some varieties have shorter
lifespans when winter temperatures are colder. The rotation as an
adaptation option could be generated during the second period
according to first period results. Then, dynamic (two-period)

programming approach can also be applied to estimate the NPVs.

118



REFERENCES

Adams, R.M., B.H. Hurd, S. Lenhart, and N. Leary. 1998. “Effects of Global
Climate Change on Agriculture: An Interpretative Review.” Climate
Research, 11:19-30.

Adams, R.M., R.A. Fleming, C.C. Chang, B.A. McCarl, and C. Rosenzweig.
1995. “A Reassessment of the Economic Effects of Global Climate
Change on US Agriculture”. Climatic Change, 30:147-167.

Addor, F., and A. Grazioli. 2002. “Geographical Indications Beyond Wines and
Spirits: A Roadmap for a Better Protection for Geographical Indications
in the WTO TRIPS Agreement.” The Journal of World Intellectual
Property, 5(6):865-897.

Agricrop — An Agency of the Government of Ontario
http://www.agricorp.com/en-
ca/Programs/Productionlinsurance/Grapes/Pages/Rates.aspx

Agriculture and Agri-Food Canada. 2013. Agristability: Program Handbook,
Growing Forward 2, March 2013. Available at:
http://www5.agr.gc.ca/resources/prod/doc/pol/grow-croiss/brm-
gre/agrista/pdf/2013/as_handbook_eng.pdf

Agriculture and Agri-Food Canada. 2014. “Process food and Beverages -
Canadian Wine Industry”, July — web page:
http://www.agr.gc.ca/eng/industry-markets-and-trade/statistics-and-
market-information/by-product-sector/processed-food-and-
beverages/the-canadian-wine-industry/?id=1172244915663

Anderson, K., C. Findlay, S. Fuentes, and S. Tyerman. 2008. “Viticulture,
Wine and Climate Change.” Garnaut Climate Change Review, 1-22
available at:
http://www.garnautreview.org.au/CA25734E0016A131/WebObj/01-
HViticulture/$File/01-H%20Viticulture.pdf

Anthoff, D., and R.S.J. Tol. 2012. “Schelling’s Conjecture on Climate and
Development: A Test In Climate Change and Common Sense”. Essays
in Honour of Tom Schelling by R. W. Hahn and A. Ulph, Oxford
University - 260-273: in press.

119


http://www.agr.gc.ca/eng/industry-markets-and-trade/statistics-and-market-information/by-product-sector/processed-food-and-beverages/the-canadian-wine-industry/?id=1172244915663
http://www.agr.gc.ca/eng/industry-markets-and-trade/statistics-and-market-information/by-product-sector/processed-food-and-beverages/the-canadian-wine-industry/?id=1172244915663
http://www.agr.gc.ca/eng/industry-markets-and-trade/statistics-and-market-information/by-product-sector/processed-food-and-beverages/the-canadian-wine-industry/?id=1172244915663

April, J., F. Glover, J.P. Kelly, and M. Laguna. 2003. “Practical Introduction to
Simulation Optimization.” In Proceeded of the 2003 Winter Simulation
Conference, pp.71-78. Piscataway, New Jersey: Institute of Electrical
and Electronics Engineers.

Ashenfelter, O., and K. Storchmann. 2010. “Measuring the Economic Effect of
Global Warming on Viticulture Using Auction, Retail, and Wholesale
Prices.” Review of Industrial Organization, 37:51-64.

Bateman, I., R.T. Carson, B. Day, W.M. Hanemann, N. Hanley, T. Hett, A.
Jones, G. Loomes, S. Mourato, E. Ozdemiroglu, D.W. Pearce, R.
Sugden, and J. Swanson. 2002. Economic Evaluation with Stated
Preference Techniques: A Manuel. Cheltenham, UK: Edward Elgar
Publishing Ltd.

Battaglini, A., G. Barbeau, M. Bindi, and F.W. Badeck. 2008. “European
Winegrowers’ Perceptions of Climate Change Impact and Options for
Adaptation”. Regional Environmental Change, 9:61-73.

Bauer, L., G.D. Bishop, and P.J. Rathwell. 1990. “A Computer Model For
Orchard Replacement.” Acta Horticulture, 276:295-299.

Bazzaz, F. 1990. “The Response of Natural Ecosystems to The Rising Global
COs. Levels.” Annual Review of Ecology and Systematic, 21:167-196.

Bechini, L., and C.O. Stdéckle. 2007. “Integration of a Cropping Systems
Simulation Model and a Relational Database for Simple Farm-Scale
Analyses.” Agronomy Journal, 99:1226-1237.

Beninga, S. 2008. Financial Modeling. 3rd ed. Cambridge, Mass: MIT Press.
ISBN-10: 0262026287

Berger, D. 2007 (December 17). As the Climate Changes so Does Our Wine.
Retrieved January 27, 2008, from Appelationamerica.com Web site:
http://wine.appellationamerica.com/wine-review/522/Global-Climate-
Change.html

Bindi, M., L. Fibbi, and F. Miglietta. 2001. “Free Air CO2 Enrichment (FACE) of
Grapevine (Vitis Vinifera L): Il. Growth and Quality of Grape and Wine in
Response to Elevated CO> Concentrations.” European Journal of
Agronomy, 14:145-155.

120


http://wine.appellationamerica.com/wine-review/522/Global-Climate-%20Change.html
http://wine.appellationamerica.com/wine-review/522/Global-Climate-%20Change.html

Bindi M., L. Fibbi, B. Gozzini, S. Orlandini, and F. Miglietta. 1996. “Modelling
the Impact of Future Climate Scenarios on Yield and Yield Variability of
Grapevine.” Climate Research, 7:213-224.

Bordelon, B. “Business Planning and Economics of Midwestern Grape
Production”. Purdue University
http://www.hort.purdue.edu/fruitveg/fruit/grapes/grapecon.pdf

Brklacich, M., and B. Smit. 1992. “Implications of Changes in Climatic
Averages and Variability on Food Production Opportunities in Ontario,
Canada.” Climatic Change, 20:1-21.

Bryant, C.R., B. Smit, M. Brklacich, T.R. Johnston, J. Smithers, Q. Chiotti, and
B. Singh. 2000. “Adaptation in Canadian Agriculture to Climatic
Variability and Change.” Climatic Change, 45(1):181-201.

Caldwell, W.J. 2000.“Planning for the Future Development of Ontario’s Wine
Industry”. Submitted to: Research and Corporate Services Division
Research Branch Ontario Ministry of Agriculture, Food and Rural Affairs.
University of Guelph, School of Environmental Design and Rural
Development, November 2000.

Caprio. J., and H. Quamme. 2002. “Weather Conditions Associated with
Grape Production in the Okanagan Valley of British Columbia and
Potential Impact of Climate Change.” Canadlian Journal of Plant
Science, 82(4):755-763.

Carson, J.L. 2003. “Strategic Interaction and Candidate Competition in U.S.
House Elections: Empirical Applications of Probit and Strategic Probit
Models. Political Analysis, 11:368-80.

Castellvi F., and C.O. Stdckle. 2001. “Comparing the Performance of WGEN
and ClimGen in the Generation of Temperature and Solar Radiation.”
Transactions of the ASAE, 446:1683-1687.

Cattell, H. 2012 (April, 30). Ontario Grape Prices Set. Wines and Vines.
Retrieved from
http://www.winesandvines.com/template.cfm?section=news&content=10
0186.

121


http://www.hort.purdue.edu/fruitveg/fruit/grapes/grapecon.pdf

Chiotti, Q.P., and T.R. Johnston. 1995. “Extending the Boundaries of Climate
Change Research: Discussion on Agriculture.” Journal of Rural Studies,
11:335-350.

Chiotti, Q., T.R.R. Johstan, B. Smith, and B. Ebel. 1997. “Agricultural
Response to Climate Change: A Preliminary Investigation of Farm-Level
Adaptation in Southern Alberta” in llbery, B., Chiotti, Q. and Rickard T.
(eds), Agricultural Restructuring and Sustainability: A Geographical
Perspective, CAB International, Wallingford, pp:167-183.

Chiotti, Q., and B. Lavender. 2008. Chapter 6: Ontario. In Lemmen, D.S.,
Warren, F.J., Lacroix, J., and Bush, E. (Eds.), From Impacts fo
Adaptation: Canada in a Changing Climate 2007. Ottawa: Natural
Resources Canada
(http://adaptation.nrcan.gc.ca/assess/2007/pdf/ch6_e.pdf).

Chloupek, O., P. Hrstkova, and P. Schweigert. 2004. “Yield and Its Stability,
Crop Diversity, Adaptability and Response to Climate Change, Weather
and Fertilization over 75 years in the Czech Republic in Comparison to
Some European Countries”. Field Crops Research, 85:167-190.

Clark, L.R., R.W. Fitzpatrick, R.S. Murray, and M.G. McCarthy. 2002.
“Vineyard Soil Degradation Following Irrigation with Saline Groundwater
for Twenty Years.” 17th World Congress of Soil Science: Bangkok,
Thailand, 14-21 August, 2002. Symposium No. 5:12.

Copeland, T.E., and J. Weston. 1988. Financial Theory and Corporate Policy
(3rd Edition). Reading, Mass: Addison Wesley, ISBN 10: 0201106485.

Coventry, J.M., K.H. Fisher, J.N. Strommer, and A.G. Reynolds. 2005.
“Reflective Mulch to Enhance Berry Quality in Ontario Wine Grapes.”
International Society for Horticultural Science, 689:95-102.

Cyr, D., and M. Kusy. 2007. “Canadian ice wine production: A case for the
use of weather derivatives.” Journal of wine economics, 2(2):145-167.

Cyr D., M. Kusy, and A.B. Shaw. 2008. “Hedging Adverse Bioclimatic
Conditions Employing a Short Condor Position.” Journal of Wine
Economics, 3(2):149-171.

122


http://adaptation.nrcan.gc.ca/assess/2007/pdf/ch6_e.pdf

Cyr, D., and R.D. Hanagriff. 2010. “What is Making the Texas Vineyard
Industry Tick? A Real Options Analysis of Entry and Exit.” Journal of
American Association of Wine Economist, 5(2):219-235.

Deschenes, O., and M. Greenstone. 2006. “The Economic Impacts of Climate
Change: Evidence from Agricultural Output and Random Fluctuations in
Weather.” American Economic Review, 97(1):354-385.

Diffenbaugh, N.S., M.A. White, G.V. Jones, and M. Ashfaq. 2011. “Climate
Adaptation Wedges: A Case Study of Premium Wine in the Western
United States”. Environ. Res. Lett., 6(2):1-11.

Dinar, A., and R. Mendelsohn. 2009. Climate Change and Agriculture: An
Economic Analysis of Global Impacts, Adaptation and Distributional
Effects. Northampton, MA: Edward Elgar Publishing, Inc.

Doering, O.C., J.C. Randolph, J. Southworth, and R.A. Pfeifer. 2002. Effects
of Climate Change and Variablity on Agricultural Production Systems.
Boston, MA: Kluwer Academic Publishers.

Donatelli, M., C. Stéckle, E. Ceotto, and M. Rinaldi. 1997. “Evaluation of
CropSyst for Cropping Systems at Two Locations of Northern and
Southern ltaly.” Eur. J. Agron., 6:35-45.

Donatelli, M., F.N. Tubiello, U. Peruch, and C. Rosenzweig. 2002. “Impacts of
Climate Change and Elevated CO2 on Sugar Beet Production in
Northern and Central ltaly.” /talian Journal of Agronomy, 6:133-142.

Dpiw, Department Of Primary Industries And Water. 2007. Tasmanian
Viticultural Soils and Geology. Available online at:
[http://www.dpiw.tas.gov.au/inter.nsf/WebPages/CPAS-5L6VBK?open]

Dry, P.R., P.G. lland, and R. Ristic. 2005. “What is Vine Balance?” In:
Proceeding the 12th AWITC eds Rae Blair, Pat Williams, Sakkie
Pretorius: 68-74.

Easterling, W., M. McKenney, N. Rosenberg, and K. Lemon. 1992.
“Simulations of Crop Response to Climate Change: Effects with Present
Technology and No Adjustments (The ‘Dumb Farmer’ Scenario).”

Agricultural and Forest Meteorology, 59:53-73.

123



Environment Canada, Canadian Climate Normals 1971-2000 Station Data,
available at:
http://climate.weather.gc.ca/climate_normals/results_e.html?stnID=4712
&dCode=1&dispBack=1

Fankhauser, S. 1996. “The Potential Costs of Climate Change Adaptation.” In
the Adapting fo Climate Change. An International Perspective edited by
J.B. Smith, N, Menzhulin, G. Beniof, et al (Eds.), pp.80-96. New York:
Springer.

Faustmann, M. 1995. “Calculation of the Value Which Forest Land and
Immature Stands Possess for Forestry”. Journal of Forest Economics,
1.7-44.

Finnis, J., M.M. Holland, M.C. Serreze, and J.J. Cassano. 2007. “Response of
Northern Hemisphere Extratropical Cyclone Activity and Associated
Precipitation to Climate Change, as Represented by the Community
Climate System Model”. J. Geophys. Res., 112(G4):42-52.

Finger, R, and S. Schmid. 2007. Modeling agricultural production risk and the
adaptation to climate change. Paper presented at the European
Association of Agricultural Economists 101st Seminar, Berlin Germany,
July 5-6.

Gatto, J., B. Kim, P. Mahdavi, H. Namekawa, and H. Tran. 2009. The Future
Impact of Climate Change on the California Wine Industry and Actions
the State of California Should Take the Address /t. Stanford: Stanford
University Press.

Gitay, H., S. Brown, W. Easterling, and B. Jallow. 2001. “Ecosystems and
Their Goods and Services.” In McCarthy, J.J., O.F Dokken and K.S.
White (eds), /mpacts, Adaptation and Vuinerability. Contribution of
Working Group Il to the Second Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge: Cambridge
University Press. pp.233-342.

Giorgi, F., M.R. Marinucci, and G.T. Bates. 1993a. “Development of a Second
Generation Regional Climate Model (RegCM2). Part | Boundary Layer
and Radioactive Transfer Processes.” Mon. Weather Rev., 121:2794-
2813.

124



Giorgi, F., M.R. Marinucci, G.T. Bates, and G. DeCanio. 1993b. “Development
of a Second Generation Regional Climate Model (RegCM2). Part Il
Convective Processes and Assimilation of Lateral Boundary Conditions.”
Mon. Weather Rev., 121:2814-2832.

Gladstones, J. 1992. Viticulture and Environment. Adelaide: Winetitles.

Goode, J. 2005. The Science of Wine. Hugh J. Gayler, ed. London: Michell
Beazley Niagara’s Changing Landscape.
http://books.google.ca/books?id=z2VTfqsdVa8C&printsec=frontcover#v
=onepage&q&f=false

Goedegebure, J. 1986. “A Calculation Model for Investments in Perennial
Plantings.” Acta Horticulture, 160:183-189.

Goudriaan, J., and J.C. Zadoks. 1995. “Global Climate Change: Modelling the
Potential Responses of Agro-ecosystems with Special Reference to
Crop Protection.” Environmental Pollution, 87(2):215-24.

Grape Growers Ontario. 2011 Annual Report. Available at:
http://www.grapegrowersofontario.com/sites/default/files/pdf/2011%20A
nnual%20Report.pdf

Grape Growers Ontario. 2012 Annual Report, Available at:
http://www.grapegrowersofontario.com/sites/default/files/2012%20annua
1%20report.pdf

Grifoni, D., M. Mancini, G. Maracchi, S. Orlandini, and G. Zipoli. 2006.
“Analysis of Italian Wine Quality Using Freely Available Meteorological
Information.” American Journal of Enology and Viticulture, 57:339-346.

Gris, E.F., V.M. Burin, L.D. Falgao, E. Brighenti, and M.T. Bordignon-Luiz.
2008. “Ripening of Vitis vinifera Varieties in Sdo Joaquim, A New Wine
Growing Region, Southern Brazil.” In VII Congrés International des
Terroirs Viticoles, Proceedings of VII Congrés International des Terroirs
Viticoles, Agroscope Changins-Wadenswil, Nyon. pp.325-330.

Guijarati, D.N. 2003. Basic Econometrics. 4th ed. New York: McGraw Hill
Book Co.

Hadarits, M.Y. 2009. “The Sensitivity and Adaptability of The Grape and Wine
Industry in The Maule Region of Chile to Climate Change.” MS Thesis,
The University of Guelph.

125


http://books.google.ca/books?id=z2VTfqsdVa8C&printsec=frontcover#v=onepage&q&f=false
http://books.google.ca/books?id=z2VTfqsdVa8C&printsec=frontcover#v=onepage&q&f=false

Haeger, J.W., and K. Storchmann. 2006. “Prices of American Pinot Noir
Wines: Climate, Craftsmanship, Critics”, Agricultural Economics,
35(1):67-78.

Hardy, J.T. 2003. Climate Change: Causes, Effects, and Solutions. United
Kingdom: John Wiley and Sons Ltd.

Harrison, M. 2010. “Valuing the Future: the Social Discount Rate in Cost-
Benefit Analysis”, Visiting Researcher Paper, Australian Government
Productivity Commission, Canberra.

Hayhoe, K., D. Cayan, C.B. Field, P.C. Frumhoff, E.P. Maurer, N.L. Miller,
S.C. Moser, S.H. Schneider, K.N. Cahill, and E.E. Cleland. 2004.
“Emissions Pathways, Climate Change, and Impacts on California.”
Proceedings of the National Academy of Sciences of the United States
of America, 101:12422-12427 .

Haynes, S. 2000. “Geology and Wine 2. A Geological Foundation for Terroirs
and Potential Sub-appellations of Niagara Peninsula Wines, Ontario,
Canada.” Geoscience Canada, 27(2).

Herrington, R., B. Johnson, and B. Hunter. 1997. Responding to Global
Climate Change in the Prairies. Volume lll of the Canada Country Study:
Climate Change Impacts and Adaptation. Downsview, ON: Environment
Canada. Available at:
http://www.parc.ca/pdf/ccs%201997/ccs%20index.html

Hertsgaard, M. 2011. Hot: Living Through the Next Fifty Years on Earth. New
York: Houghton Mifflin Harcourt.

Houghton, J., L. Meira Filho, B. Cllender, N. Harris, A. Kattenberg, and K.
Maskell. 1996. Climate Change 1995 — the Science of Climate Change.
Contribution of WG Second Assestment Report of the IPCC, 570.
Cambridge: Cambridge University Press.

Huisman W., P. Venturi and J. Molenaar. 1997. “Costs of Supply Chains of
Miscanthus Giganteus.” /ndustrial Crops and Products, 6:353-366.
Hulme, M., T.M.L. Wigley, E.M. Barrow, S.C.B. Raper, A. Centella, S. Smith,
and A.C. Chipanshi. 2000. Using A Climate Scenario Generator for
Vuinerability and Adaptation Assessments: MAGICC and SCENGEN

Version 2.4 Workbook. Norwich, UK: Climatic Research Unit.

126



Iglesias, A., C. Rosenzweig, and D. Pereira. 2000. “Agricultural Impacts of
Climate Change in Spain: Developing Tools for a Spatial Analysis.”
Global Environmental Change, 10:69-80.

Intergovernmental Panel on Climate Change (IPCC). 1990. Climate Change:
The IPCC Scientific Assessment Working Group | J.T. Houghton, G.J.
Jenkins and J.J. Ephraums (eds.). Cambridge University Press,
Cambridge, Great Britain, New York, NY, USA and Melbourne, Australia

Intergovernmental Panel on Climate Change (IPCC). Climate Change 1995:
Scientific-Technical Analyses Of Impacts, Adaptations And Mitigation Of
Climate Change — IPCC Working Group Il. IPCC Second Assessment
Report 1995. Cambridge University Press, U.K.

Intergovernmental Panel on Climate Change (IPCC). 1996. Climate Change:
The IPCC Scientific Assessment Working Group Il. IPCC Second
Assessment Report 1996. German, Switzerland

Intergovernmental Panel on Climate Change (IPCC). 2000. A summary for
Policy Makers: Special Report Emissions Scenarios (SRES) A Special
Report of IPCC Working Group Ill. ISBN: 92-9169-113-5. Published for
the Intergovernmental Panel on Climate Change

Intergovernmental Panel on Climate Change (IPCC). Climate Change 2001:
The Scientific Basis. IPCC Third Assessment Report 2001. Cambridge
University Press, U.K.

Intergovernmental Panel on Climate Change (IPCC). 2007a. Climate Change
2007: The Physical Science Basis. Contribution of Working Group 1 to
the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change.

Intergovernmental Panel on Climate Change (IPCC). 2007b. Climate Change
2007: Synthesis Report. An Assessment of the Intergovernmental Panel
on Climate Change. http://www.ipcc.ch/ipccreports/assessments-
reports.htm

International Food Policy Research Institute AFPRI). 2009. “Climate change:
Impact on Agriculture and Costs of Adaptation.”
http://www.ifpri.org/publication/climate-change-impact-agriculture-and-

costs-adaptation

127


http://www.ifpri.org/publication/climate-change-impact-agriculture-and-costs-adaptation
http://www.ifpri.org/publication/climate-change-impact-agriculture-and-costs-adaptation

Jackson, D., and P. Lombard. 1993. “Environmental and Management
Practices Affecting Grape Composition and Wine Quality-A Review.”
American Journal of Enology and Viticulture, 44:409-430.

Jackson, D., and M. Spurling. 1988. Climate and Viticulture in Australia. In:
Coombe, B. and, P. Dry, (eds.). Adelaide: Viticulture Winetitles.

Jackson, M., and M. Staunton. 2001. Advanced Modelling in Finance Using
Excel and VBA. New York: Wiley and Sons Ltd. ISBN: 978-0-471499220

Jackson, D., and D. Schuster. 1987. The Production of Grapes & Wine in
Cool Climates. Wellington, New Zealand: Butterworths. ISBN:
0170068366, 9780170068369

Jacob, D., L. Barring, O.B. Christensen, and J.H. Christensen. 2007. “An
Inter-comparison of Regional Climate Models for Europe: Design of the
Experiments and Model Performance.” Climate Change, 81(1):31-52.

Jefferson-Moore, K.Y., J.S. Bynum, and J.M. Mosley. 2008. “Wine Grape
Production: A Promising Enterprise for Small Scale Enterprises in North
Carolina?” Selected Paper prepared for presentation at the Southern
Agricultural Economics Association Annual Meeting, Dallas, Texas,
February 2 — 6, 2008.

Jian, L., G.A. Vechhi, and T. Reichler. 2007. "Expansion of the Hadley Cell
Under Global Warming". Geophysical Research Letters, 34(6):805-900.
http://www.gov.pe.ca/photos/original/fae_climatepei.pdf

Jones, G., and K. Storchmann. 2001. “Wine Market Prices and Investment
Under Uncertainty: An Econometric Model for Bordeaux Crus Classés.”
Agricultural Economics, 26:115-133.

Jones, G. 2004. “Making Wine in A Changing Climate.” Geofimes, 50:22-27.

Jones, G. 2007. “Climate Change: Observations, Projections, and General
Implications for Viticulture and Wine Production.” Paper presented in
The International Organization of Vine and Wine (OlV) in Zaragoza,
Spain April 10-14, 2007

Jones, G. 2010. “Climate, Grapes, and Wine: Structure and Suitability in a
Variable and Changing Climate.” Paper presented at V/// International

Terroir Congress in Soave, Italy, June 14-18, 2010.

128


http://www.gov.pe.ca/photos/original/fae_climatepei.pdf

Jones, G.V., and R.E. Davis. 2000. “Climate Influences on Grapevine
Phenology, Grape Composition, and Wine Production and Quality for
Bordeaux, France.” American Journal Enol. Vitic., 51(3):249-261.

Jones, G.V., and E. Hellman. 2002. “Site Assessment" in Oregon Viticulture,
Edward Hellman, ed. 5th Edition, Oregon: OSU Press.

Jones, G.V., M.A. White, O.R. Cooper, and K. Storchmann. 2005. “Climate
Change and Global Wine Quality.” Climatic Change, 73(3):319-343.
DOI: 10.1007/s10584-005-4704-2

Jones, G.V. 2006. “Climate and Terroir: Impacts of Climate Variability and
Change on Wine.” /n Fine Wine and Terroir — The Geoscience
Perspective, ed. R.W. Macqueen, and L.D. Meinert. Geoscience Canada
Reprint Series 9, St. John’s, Newfoundland: Geological Association of
Canada.

Jones, G.V., R. Reid, A. Vilks. 2012. Climate, Grapes, and Wine: Structure
and Suitability in a Variable and Changing Climate. In 7The Geography of
Wine edited by P.H. Dougherty, pp. 109-133. Netherlands: Springer

Jones, G.V. 2012. A Climate Assessment for the Douro Wine Region.: An
Examination for the Past, Present and Future Condltions for Wine
Production. Peso da Régua, Portugal: ADVID.

Jovanovic, N.Z., J.G. Annandale, N. Benade, and G.S. Campbell. 2003.
“CLIMGEN-UP: A User-Friendly Weather Data Generator.” South
African Journal of Plant and Soil, 20:203-205.

Kabubo-Mariara, J., and F.K. Karanja. 2007. The Economic Impact of Climate
Change on Kenyan Crop Agriculture : A Ricardian Approach.
Washington, DC: World Bank.
https://openknowledge.worldbank.org/handle/10986/7276 License: CC
BY 3.0 Unported.”

Kaiser, H.M., and T. Drennen. 1993. Agricultural Dimensions of Global
Climate Change. St. Lucie: St. Lucie Press.

Kakaviatos, P. 2006. (June 1). Climate Change Forcing Migration: Torres.
Retrieved November 3, 2008, from Decanter.com Web site:

http://www.decanter.com/news/85946.html

129


http://www.decanter.com/news/85946.html

Keller, M. 2005. “Deficit Irrigation and Vine Mineral Nutrition.” Am. J. Enol.
Vitic., 56:267-283.

Keller, M. 2010. “Managing grapevines to optimise fruit development in a
challenging environment: a climate change primer for viticulturists.”
Australian Journal of Grape and Wine Research, 16: 56-69.

Kenny, G.J., R.A. Warrick, N. Mitchell, A.B. Mullan, and M.J. Salinger. 1995.
“‘CLIMPACTS: An Integrated Model for Assessment of the Effects of
Climate Change on the New Zealand Environment.” Journal
Biogeography, 22(4/5):883-895.

Kerridge, G.H., and A.J. Antcliff. 1996. Winegrape Varieties of Australia.
Collingwood, Victoria: CSIRO Publishing.

Key, D. 1982. “A Net Present Value Analysis of Vineyard and Winery
Investments.” EB Series 184782, Cornell University, Department of
Applied Economics and Management, 82(5).

Khair, S.M., M. Ahmad, and E. Khan. 2009. “Profitability Analysis Of Grapes
Orchards In Pishin: An Ex-Post Analysis.” Sarhad J. Agric., 25(1):103-
111.

Khanna, M., B. Dhungana, and J. Clifton-Brown. 2008. “Costs of Producing
Miscanthus and Switchgrass for Bioenergy in lllinois.” Biomass and
Bioenergy, 32:482-493.

Klein, R.J.T., and D.C. Maclver. 1999. “Adaptation to Climate Variability and
Change: Methodological Issues.” Mitigation and Adaptation Strategies
for Global Change, 4:189-198.

Koshida, G., and W. Avis, eds. 1998. Canada Country Study: Climate Impacts
and Adaptation. Executive Summary. Downsview, ON: Environment
Canada.

Kwak, Y.H., and L. Ingall. 2007. “Exploring Monte Carlo Simulation
Applications for Project Management.” Risk Management, 9:44-57 .

Landau, S., R.A.C. Mitchell, V. Barnett, J.J. Colls, J. Craigon, K.L. Moore, and
R.W. Payne. 2000. “A Parsimonious, Multiple-Regression Model of
Wheat Yield Response to Environment.” Agricultural and Forest
Meteorology, 101:151-166.

130



Lee, R.J., and T.Q. Murdock. 1998. “Alfalfa Crop Yield Model”’. Canadian
Institute for Climate Studies Report.

Lemmen, D.S., and F.J. Warren. 2004. Climate Change Impacts and
Adaptation: A Canadian Perspective. Natural Resources Canada,
Ottawa, Ontario.

Lenderink, G., A. Van Ulden, B. Van den Hurk, and F. Keller. 2007. “A Study
on Combining Global and Regional Climate Model Results for
Generating Climate Scenarios of Temperature and Precipitation for the
Netherlands.” Clim Dyn, 29:157-176, DOI: 10.1007/s00382-007-0227-z.

Levin, S.A., and H.C. Muller-Landau. 2000. “The Evolution of Dispersal and
Seed Size in Plant Communities.” Evolutionary Ecology Research,
2:409-435.

Loague K., and R.E. Green. 1991. “Statistical and Graphical Methods for
Evaluating Solute Transport Models: Overview and Application.” J.
Contam. Hydrol., 7:51-73.

Lobell, D.B., C.B. Field, K.N. Cahill, and C. Bonfils. 2006. “Impacts of Future
Climate Change on California Perennial Crop Yields: Model Projections
with Climate and Crop Uncertainties.” Agric. For. Meteorol., 141:208-
218.

Lobell, D.B., K.N. Cahill, and C.B. Field. 2007. “Historical Effects of
Temperature and Precipitation on California Crop Yields”, Climatic
Change, 81:187-203.

Lonergan, S. 2004. The Human Challenges of Climate Change, in: H. Coward
& A. Weaver (Eds) Hard Choices: Climate Change in Canada, Centre for
Studies in Religion and Society, Waterloo Ontario: Wilfrid Laurier
University Press.

Magarey, P.A., M.F. Wachtel, and R.W. Emmett. 1994. "Disease
Management - Overview." In: Diseases and Pests. Grape Production
Series., edited by Nicholas, P., P. Magarey, and M. Wachtel, Adelaide:
Winetitles, 1:75-80.

Manne, A., R. Mendelsohn, and R. Richels. 1995. "MERGE: A Model for
Evaluating Regional and Global Effects of GHG Reduction Policies"
Energy Policy, 23:17-34.

131



Maltman, A. 2003. “Wine, Beer and Whisky: The Role of Geology.” Geology
Today, 19:22-29.

McCarl, B.A., and T.H. Spreen. 1997. “Price Endogenous Mathematical
Programming As a Tool for Sector Analysis.” American Journal of
Agricultural Economics, 62(1):87-102.

McCarl, A., M.A. Richard, and B.H. Hurd. 2001. “Global Climate Change and
Its Impact on Agriculture.” /n Encyclopedia of Life Support Systems. C.
Chang and C. Huang. UNESCO.

McCarthy, M.G., L.D. Jones, and G. Due. 1992. "Irrigation-Principles and
Practices." In: Viticulture: Practices, Coombe, B. G., and P. R. Dry, eds.,
Adelaide: Winetitles, 2:104-128.

McQuaid, J. 2011. “What Rising Temperatures May Mean for World’s Wine
Industry.” 19 December.
http://e360.yale.edu/feature/what_global_warming_may_mean_for_world
s_wine_industry/2478/

Mendelsohn, R., W.D. Nordhaus, and D. Shaw. 1994. “The Impact of Global
Warming on Agriculture: A Ricardian Analysis.” American Economic
Review, 84 (4):753-771.

Mendelsohn, R. 2001. Global Warming and the American Economy.
Massachusetts: Edward Elgar Publishing Inc.

Metzger, M.J. 2011. “A Need for Planned Adaptation to Climate Change in the
Wine Industry.” Environ. Res. Lett., 6: 031001.
(http://iopscience.iop.org/1748-9326/6/3/031001)

Morlat, R., and R. Chaussod. 2008. “Long Term Additions of Organic
Amendments in a Loire Valley Vineyard. Effects on Properties of
Calcareous Sandy Soil.” American Journal of Ecology and Viticulture, 59
(4):353-363

Mortsch, L.D., and B.N. Mills. 7996 Great Lakes — St. Lawrance Basin Project
Progress Report 1: Adapting fo the Impacts of Climate Change and

Variability. Environment Canada, Burlington, Ontario.

132


http://e360.yale.edu/feature/what_global_warming_may_mean_for_worlds_wine_industry/2478/
http://e360.yale.edu/feature/what_global_warming_may_mean_for_worlds_wine_industry/2478/
http://iopscience.iop.org/1748-9326/6/3/031001

Mytelka, L., and H. Goertzen. 2004. “Learning, Innovation and Cluster
Growth: A Study of Two Inherited Organizations in the Niagara
Peninsula Wine Cluster.” In D.A. Wolfe & M. Lucas (Eds.), Clusters in a
cold climate. Innovation dynamics in a diverse economy. (pp. 43-71).
Kingston: Queen’s - McGill University Press.

Nalley, L., B. Dixon, and J. Popp. 2012. “Increasing Profitability of Small Scale
Orchard Producers through Optimizing Replacement Rate: The Case
Study of Ghana.” Presented at the Southern Agricultural Economics
Association Annual Meeting, Birmingham, AL, February 4-7

Nemani, R., M. White, D. Cayan, G. Jones, S. Running, J. Coughlan, and D.
Peterson. 2001. “Asymmetric Warming Over Coastal California and Its
Impact on the Premium Wine Industry.” Climate Research, 19:25-34.

Niagara Peninsula. 2014 (December,7). Retrieved from
http://www.grapegrowersofontario.com/vineyard/viticultural_areas/niagar
a_peninsula

Nicholas, P., P. Magarey, and M. Wachtel, Eds. 2007. Diseases and Pests.
Grape Production Series Number 1. Adelaide: Winetitles.

Okey, T.A., H.M. Alidina, A. Montenegro, V. Lo, and S. Jessen. 2012. Climate
Change Impacts and Vuinerabilities in Canada’s Pacific Marine
Ecosystems. Vancouver, BC: CPAWS BC and WWF-Canada.

Olesen, J.E., T.R. Carter, C.H. Diaz-Ambrona, S. Fronzek, T. Heidmann, T.
Hickler, T. Holt, M.I. Mingues, P. Morales, J.P. Palutikof, M. Quemada,
M. Ruiz-Ramos, G.H. Rubaek, F. Sau, B. Smith, and M.T. Sykes.
2007. “Uncertainties in Projected Impacts of Climate Change on
European Agriculture and Terrestrial Ecosystems Based on Scenarios
from Regional Climate Models.” Clim. Change, 81:123-143.
(doi:10.1007/s10584-006-9216-1)

Ortiz, R., K.D. Sayre, B. Govaerts, R. Gupta, G.V. Subbarao, T. Ban, D.
Hodson, J.M. Dixon, J.I. Ortiz-Monasterio, and M. Reynolds. 2008.
“Climate Change: Can Wheat Beat the Heat?” Agriculture, Ecosystems
and Environment, 126:46-58.

133


http://dx.doi.org/doi:10.1007/s10584-006-9216-1

Pacala, S., and R. Socolow. 2004. “Stabilization Wedges: Solving The
Climate Problem for The Next 50 Years with Current Technologies”.
Science, 305:968-72.

Parry, M., C. Fischer, M. Livermore, C. Rosenzweig, and A. Iglesias. 1999.
“Climate Change and World Food Security: A New Assessment.” Globa/
Environmental Change, 9:51-67.

Parry, M.L., C. Rosenzweig, A. Iglesias, M. Livermore, and G. Fischer. 2004.
“Effects of Climate Change on Global Food Production under SRES
Emissions and Socio-economic Scenarios.” Global Environ. Change A,
14:53-67, doi:10.1016/j.gloenvcha.2003.10.008.

Paterson, T. 2004. “Australian Chardonnay: Past, Present and Future.”
Journal of Wine Research, 15(2):135-169.

PEI Department of Fisheries, Aquaculture, and Environment, and PEI
Department of Development and Technology. 2001. Curbing Climate
Change, Prince Edward Island Climate Change First Business Plan
Years 2000/01, 2001/02, 2002/03, Prince Edward Islands, September

Pelling, M., and A. Hira. 2012. “The Ontario Wine Industry: Provincial Policy
and a Crossroads.” Part of a Project on Canadian Wine Industry
Competitiveness Funded by: Genome Canada, Genome BC, University
of British Columbia and Simon Fraser University

Penney, J., I. Andzans, J. Baird, C. Benson, K. Pickering, and R. Plummer.
2012. “Adapting to Climate Change: Challenges for Niagara”. Climate
Change Impacts and Adaptation Research and Policy. Available at:
http://www.niagararegion.ca/government/planning/pdf/climatechangerpo
rt.pdf

Pierce’s Disease
http://www.piercesdisease.org/

Ramos, M., G. Jones, and J. Martinez-Casasnovas. 2008. “Structure and
Trends in Climate Parameters Affecting Winegrape Production in
Northeast Spain.” Climate Research, 38:1-15.

Rasse, D.P., J.T. Ritchie, W.R. Peterson, J. Wei, and A.J.M. Smucker. 2000.
“‘Rye Cover Crop and Nitrogen Fertilization Effects on Nitrate Leaching
in Inbred Maize Fields.” J. Environ. Qual., 29:298-304

134



Reilly, J., F. Tubiello, B.A. McCarl, and J. Melillo. 2000. Climafte Change and
Agriculture in the United States: Sectoral VVulnerability. Chapter 13 of US
Global Change Research Program National Assessment Report Climate
Change Impacts on our Nation. Cambridge: Cambridge University
Press.

Regional Municipality of Niagara. 2014. Golden Horseshoe Agriculture and
Agri-Food Strategy, Food and Farming: An Action Plan 2021, October
2014, Updated. Availabe at:
https://www.niagararegion.ca/living/ap/raeis_download.aspx

Richards, A.L., J.L. Hutson, and M.G. McCarthy. 2008. “Monitoring and
Modelling Transient Rootzone Salinity in Drip Irrigated Viticulture.” In:
Proceedings of the 13th AWITC eds Rae Blair, Pat Williams, Sakkie
Pretorius. Pp. 212-217.

Rosenzweig, C., and D. Hillel. 1998. C/imate change and the global harvest.
Oxford, U.K: Oxford University Press.

Rosenzweig, C., and D. Hillel. 1995. “Potential Impacts of Climate Change on
Agriculture and World Food Supply.” Consequences, 1(2):23-32.

Ross, S.A., R.W. Westerfield, and B.D. Jordan. 2003. Fundamentals of
Corporate Finance, sixth edition, Boston: Irwin McGraw-Hill

Rounsevell, M.D.A., and M.J. Metzger. 2010. “Developing Qualitative
Scenario Storylines for Environmental Change Assessment”. Wiley
Interdisciplinary Reviews. Climate Change, 1:606-19

Sadras, V.O., M. Collins, and C.J. Soar. 2008. “Modelling Variety-dependent
Dynamics of Soluble Solids and Water in Berries of Vitis vinifera.”
Australian Journal of Grape and Wine Research, 14:250-259.

Salinari, F.S., F.N. Giosue, A. Tubiello, V. Rettori, F. Rossi, C. Spannas, |.G.
Rosenzweig, and M.L. Gullino. 2006. “Downy Mildew (Plasmopara
viticola) Epidemics on Grapevine Under Climate Change.” Global
Change Biology, 12:1299-1307

Sassone, P.G., and W.A. Schaffer. 1978. Cost-benefit Analysis : A Handbook.
Peter G. Sassone and William A. Schaffer (eds.), New York: Academic

Press.

135


https://www.niagararegion.ca/living/ap/raeis_download.aspx

Schultz, H.R. 2000. “Climate Change and Viticulture: A European Perspective
on Climatology, Carbon Dioxide and UV-B Effects.” Australian Journal of
Grape and Wine Research, 6:2-12.

Shapiro, B., M. Winslow, P.S. Traore, V. Balaji, P. Cooper, P.C. Rao, S. Wani,
and S. Koala. 2007. “Climate Applications and Agriculture: CGIAR
Efforts, Capacities and Partner Opportunities.” Climate Prediction and
Agriculture, 1-XXVI: 63-70.

Sharma, N. 1998. “Forecasting Oil Price Volatility.” MA Thesis, Virginia
Polytechnic Institute and State University

Sharpe, M.J. “Lognormal Model For Stock Prices”. Unpublished, Department
of Mathematics ,University of California San Diego. Available at:
http://math.ucsd.edu/~msharpe/stockgrowth.pdf

Shaw, A.B. 2005. “The Niagara Peninsula Viticultural Area: A Climatic
Analysis of Canada's Largest Wine Region.” Journal of Wine Research,
16(2):85-103

Shaw, A.B. 2010. “Pelee Island and Lake Erie North Shore, Ontario: A
Climatic Analysis of Canada's Warmest Wine Region” A Journal of Wine
Research, 12(1):19-37

Shaw, T. 2012 . “A Climatic Analysis of Wine Regions Growing Pinot Noir.”
Journal of Wine Research, 18:20-28
DOI:10.1080/09571264.2012.697 356

Singh, B., and R.B. Stewart. 1991. “Potential Impacts of a CO2-induced
Climate Change Using the GISS Scenario on Agriculture in Quebec,
Canada.” Agric Ecosyst Environ, 35:327-347

Slingerland, K. 2009. “Establishment and Production Costs for Grapes in
Ontario 2009 Economic Report.” Ontario Ministry of Agriculture, Food
and Rural Affairs. Available at:
http://www.grapegrowersofontario.com/sites/default/files/thegrowers/doc
uments/2009GrapeCostofProduction_000.pdf

Smit, B., and M.W. Skinner. 2002. “Adaptation Options in Agriculture to
Climate Change: A Typology.” Mitigation and Adaptation Strategies for
Global Change, 7:85-114.

136



Smithers, J., and B. Smit. 1997. “Human Adaptation to Climatic Variability and
Change.” Global Environmental Change, 7:129-146.

Spayd, S.E., J.M. Tarara, D.L. Mee, and J.C. Ferguson. 2002. “Separation of
Sunlight and Temperature Effects on the Composition of Vitis vinifera cv.
Merlot Berries.” American Journal of Enology and Viticulture, 53:171-
182.

Stern, N. 2006. The Stern Review: The Economics of Climate Change.
London: HM Treasury. Available at http://www.hm-
treasury.gov.uk/stern_review_report.htm.

Stock, J.H., and M.W. Watson. 2007. /ntroduction to Econometrics, 2nd
edition Boston: Addison Wesley.

Stockle, C.0O., G.S. Campbell, and R. Nelson. 1999. ClimGen Manual.
Biological Systems Engineering Department, Washington State
University, Pullman, WA.

Stockle, C.0O., R. Nelson, M. Donatelli, and F. Castellvd. 2001. ClimGen: A
Flexible Weather Generation Program. Proceedings of the 2nd
International Symp. Modelling Cropping Systems, July 16-18, Florence,
Italy, pp: 229-230.

Stockle, C.O., M. Donatelli, and R. Nelson. 2003. “CropSyst, A Cropping
Systems Simulation Model.” Eur J Agron, 18:289-307

Styles, D., F. Thorne, and M.B. Jones. 2008. “Energy Crops in Ireland: An
Economic Comparison of Willow and Miscanthus Production with
Conventional Farming Systems.” Biomass and Bioenergy, 32:407 — 421.

Sutherst, R.W. 2000. Pests and Pest Management: Impact of Climate
Change: A Report for the Rural Industries Research and Development
Corporation. Barton, A.C.T.: Rural Industries Research and
Development Corporation.

Tate, A.B. 2001. “Global Warming’s Impact on Wine.” Journal of Wine
Research, 12(2):05-109.

Thomson, L.J., and A.A. Hoffmann. 2010. “Potential Pest and Natural Enemy
Responses Under Climate Change.” Australian & New Zealand

Grapegrower & Winemaker, 563:30-32.

137


http://www.hm-treasury.gov.uk/stern_review_report.htm
http://www.hm-treasury.gov.uk/stern_review_report.htm

Tol, R.S.J., and A. Langen. 2000. “How Much Damage will Climate Change
do? Recent Estimates.” World Economics-Henley on Thames, 1(4):179-
206.

Tol, R.J.S., S. Fankhauser, and J.B. Smith. 1998. “The Scope for Adaptation
to Climate Change: What Can We Learn From The Literature?” Global
Environmental Change, 8(2):109-123

Tomasi, D., G.V. Jones, M. Giust, L. Lovat, and F. Gaiotti. 2011. “Grapevine
Phenology and Climate Change: Relationships and Trends in the
Veneto Region of Italy for 1964-2009,” American Journal of Enology and
Viticulture, 62:329-339.

Tonietto, J., and A. Carbonneau. 2004. “A Multicriteria Climatic Classification
System for Grape-growing Regions Worldwide”. Agricultural and Forest
Meteorology, 124:81-97.

Tubiello, F.N., M. Donatelli, C. Rosenzweig, and C.O. Stéckle. 2000. “Effects
of Climate Change and Elevated CO> on Cropping Systems: Model
Predictions at Two ltalian Locations.” European Journal of Agronomy,
13:179-189

Tubiello, F.N., C. Rosenzweig, A. Goldbert, S. Japtag, and W. Jones. 2002.
“Effects of Climate Change on U.S. Crop Production.” Part 1 Wheat,
Potato, Corn and Citrus. U.S. National Assessment Technical Report.
Climate Research, 20:259-270.

UNEP. 1999. A Beginner' s Guide to the UN Framework Convention and its
Kyoto Protocol. United Nations Environment Program. Division of
Environmental Conventions.
http:/www.unep.org/dec/informationlpublic_information.html.

Van Leeuwen, C., C. Garnier, C. Agut, B. Babulat, G. Barbeau, and E.
Besnard. 2008. “Heat Requirements for Grapevine Varieties is Essential
Information to Adapt Plant Material in a Changing Climate.” Paper
presented at 7th International Terroir Congress, Changins, Switzerland
(Agroscope Changins-Wadenswil: Switzerland), 19-23 May.

Verschuuren, G.M. 2013. Excel/ Simulations. Uniontown, OH: Holy Macro!
Books, ISBN 1615470220

138



Vickers, B. 2011. “Impact of Climate Change on of Climate Change on South
Africa’s Future Trade Relations”. Presentation to the Portfolio Committee
on Trade and and Industry, Cape Town

Villalobos, F., F. Orgaz, L. Testi, and E. Fereres. 1999. “The Use of Synthetic
Weather Data for Strategy Analysis in Cropping System Modelling.” In:
M. Donatelli (ed.). Proceedings of the International Symposium
Modelling Cropping Systems. European Society for Agronomy, Lérida,
Spain 269-270

Vintners Quality Alliance, Ontario (VQA). http://www.vqaontario.ca/Home

Walton, M. 2010. “Niagara Regional Agricultural Economic Impact Study”. An
Update to the Regional Municipality of Niagara Agricultural Economic
Impact Study, Bracebridge, ON.
(https://www.niagararegion.ca/living/ap/pdf/Niagara-Update-Report-
Executive-Summary.pdf)

Watson, R.T., M.C. Zinyowera, and R.H. Moss (eds). 1998. The regional
impacts of climate change: An assessment of Vulnerability. Cambridge:
Cambridge University Press.

Watson, R., M. Zinyowera, and R. Moss. 1996. “Climate Change 1995 -
Impacts, Adaptation and Mitigation of Climate Change.” Contribution of
WG Second Assestment Report of the IPCC, Cambridge: Cambridge
University Press.

Webb, L. 2006. The Impact of Greenhouse Gas-induced Climate Change on
the Australian Wine Industry, PhD Thesis. School of Agriculture and
Food Systems, University of Melbourne, Parkville Victoria. Available at:
http://eprints.infodiv.unimelb.edu.au/archive/00003030/

Webb, L.B., P.H. Whetton, and E.W.R. Barlow. 2008. “Climate Change
Impacts on Australian Viticulture.” In: Proceedings of the 13th AWITC
eds Rae Blair, Pat Williams, Sakkie Pretorius. 13:99- 105.

Webb, L.B., P.H. Whetton, and E.W.R. Barlow. 2011. “Observed Trends in
Winegrape Maturity in Australia.” Glob. Chang. Biol., 17:2707-2719.

139



Webb, L.B., P.H. Whetton, J. Bhend, R. Darbyshire, P.R. Briggs, and E.W.R.
Barlow. 2012. “Earlier Wine-Grape Ripening Driven by Climatic Warming
and Drying and Management Practices.” Nat. Clim. Change, 2:259-264.

Weber, M., and G. Hauer. 2003. “A Regional Analysis of Climate Change
Impacts on Canadian Agriculture.” Canadian Public Policy-Analyse de
Politiques, 29(2):163-180.

White, M.A., P. Whalen, and G.V. Jones. 2009. “Land and Wine Nature”.
Geoscience, 2:82-4

White, R.E. 2003. “Soils For Fine Wines.” Oxford: Oxford University Press.

White, M.A., N.S. Diffenbaugh, G.V. Jones, J.S. Pal, and F. Giorgi. 2006.
“‘Extreme Heat Reduces and Shifts United States Premium Wine
Production in the 21st century.” Proceedings of the National Academy of
Sciences, USA. 103:11217-11222.

Wigley, T.M.L., and S.C.B. Raper. 2002 “Reasons for Larger Warming
Projects in the IPCC Third Assessment Report.” American
Meteorological Society, 3:2945-2952.

Wigley, T.M.L. 2003. 'MAGICC/SCENGEN 4.1: Technical Manual'. Boulder,
Colorado, UCAR - Climate and Global Dynamics Division. Available at
http://www.cgd.ucar.edu/cas/wigley/magicc/index.html

Willis, C., and W. Hanlon. 1976. “Temporal Model for Long Run Orchard
Decisions.” Canadjian Journal of Agricultural Economics, 24(3): 17-28.

Willmott, C.J. 1981. “On the Validation of Models.” Physical Geography,
2:184-194.

Wine Council of Ontario. 2011. Study of the Ontario Economic Impact of
Ontario VQA Wines, November 2011 — Commercial Confidential
https://ontarioculinary.com/wp-
content/uploads/2013/05/Economic_lmpact_of VQA_-_Nov_2011.pdf

Winkler, A., J. Cook, W. Kliewer, and L. Lider. 1974. General Viticulture.
Berkeley: University of California Press.

Xevi, E., J. Gilley, and J. Feyen. 1996. “Comparative Study of Two Crop Yield
Simulation Models.” Agric. Water Manage, 30(2):155-173.

140



Yanda, P.Z., and C.P. Mubaya. 2011. Managing a Changing Climate in Africa,
Local Level Vulnerabilities and Adaptation Experiences, Dar-es-Salaam,
Tanzania: Mkuki Na Nyota Publishers. ISBN 978-9987-08-089-2

Yao, F., X. Yinlong, L. Erda, Y. Masayuki, and Z. Ziahuva. 2007. “Assessing
The Impacts of Climate Change on Rice Yields in the Main Rice Areas of
China”. Climate Change, 80:395-409.

Zilberman, D. 2001. Chapter 14: The Economics of Climate Change.
Department of Agricultural and Resource Economics. School of Public
Policy. University of California at Berkeley.

Zilberman, D., X. Liu, D. Roaland-Holst, and D. Sunding. 2004. “The
Economics of Climate Change in Agriculture.” Mitigation and Adaptation

Strategies for Global Change, 9: 365-382.

141



APPENDIX

Annex 1: Relative Location of Niagara Peninsula under Grape and Tender
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Annex 2 Map indicating the Niagara Region of Canada, located between the

Great Lakes of Ontario and Erie
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Annex 3 Physiographic areas of the Niagara region

Lake

Ontario

———

o Fale Moray,
o .

Haldimand
e i

Clay

Plain

Escarpmant

Source: 2013 VQA Reporting
Annex 4 Growing degree days and July mean temperature, Precipitation, Frost

free days

GROWING DEGREE GROWING DEGREE | GROWING DEGREE | GROWING DEGREE GROWING DEGREE
DAYS (AVG.): 1420 DAYS (AVG): 1400 | DAYS (avG): 1410 DAYS (AVG.): 1425 DAYS (AVG.): 1373
JULY MEAN JULY MEAN JULY MEAN JULY MEAN JULY MEAN
TEMPERATURE: 21.7 ° TEMPERATURE: 21.8° TEMPERATURE: 22.1° | TEMPERATURE: 22.6° | TEMPERATURE:

! L | " FOUR MILE CREEK

BEAMSVILLE BENCH

ENTY MILE BENCH
INEMOUNT RIDGE

GROWING DEGREE DEGREE DEGR GROWING DEGR
3 DAYS (AVG): 1431 23 DAYS (AVG): 14
JULY MEAN JULY MEAN JULY MEAN JULY MEAN JULY MEAN
217 21.6° ATURE: 22.5°TER URE: 22.5° TURE: 22.6°

FROST FREE FROST FREE FROST FREE FROST FREE FROST FREE
DAYS (AVG): 217 DAYS (AvG): 198 DAYS (AVG.): 212 DAYS (AVG.): 197 DAYS (AVMG.): 213

—NIAGARA LAKESHORE

FREE FROST FREE FROST FREE FROST FREE FROST FREE
DAYS (AVG.): 178 DAYS (AVE.): 216 DAYS (AVG.): 187  DAYS (AWE.): 210 DAYS (AVG.): 199

Source: VQA Ontario
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Annex 5: Differences between Brix Level and Grape Prices

CHARDONNAY RIESLING CAB.SAUV. CAB.FRANC MERLOT PINOT NOIR
BRIX ;ﬁ';fE $/TONNE | BRIX ;{:\‘;fE $/TONNE | BRIX ;ﬁ‘; $/TONNE | $/TONNE | BRIX ;ﬁ:; $/TONNE | BRIX ;ﬁ:fs $/TONNE
205  97.50% $1,429.00 | 187  89.50% $1,409.54 | 209  97.00% $1,300.00 | $1,300.00 | 213  96.50% $1,827.71 | 205  97.50% $1,884.68
206  98.00% $1,437.12 | 188  99.00% $1,416.69 | 21  97.50% $1,828.13 | $1,828.13 | 21.4  97.00% $1,837.18 | 206  98.00% $1,894.34
207 9850% $1,44441 | 189  99.50% $1,423.85 | 21.1  98.00% $1,837.50 | $1,837.50 | 215  97.50% $1,846.65 | 207  98.50%  $1,904.01
208  99.00% $1,44531 | 19.0 100.00% $1,431.00 | 212  98.50% $1,846.68 | $1,846.68 | 21.6  98.00% $1,856.12 | 208  99.00% $1,913.67
209  99.50% $1,451.47 | 191 100.50% $1,438.16 | 213  99.00% $1,856.25 | $1,856.25 | 21.7  98.50% $1,865.59 | 209  99.50% $1,923.34
21.0 100.00% $1,459.00 | 19.2 101.00% $1,44531 | 214  99.50% $1,865.63 | $1,865.63 | 21.8  99.00% $1,875.07 | 21.0 100.00% $1,933.00
211 10050% $1,466.30 | 193 101.50% $1,452.47 | 21.5 100.00% $1,875.00 | $1,875.00 [ 21.9  99.50% $1,884.53 | 21.1 100.50% $1,942.67
212 101.00% $1,473.59 | 194 102.00% $1,459.62 | 21.6 100.50% $1,884.38 | $1,884.38 | 22.0 100.00% $1,894.00 | 212 101.00% $1,952.33

Source: Grape Growers Ontario 2013 Report

ANNEX 6 Panel A-H:Trends in Observed and Projected Producers' Prices and

Costs
Panel A: Simulated in Average Producers’ Prices of Chardonnay 2015-

2044

Panel B: Simulated in Average Producers’

2044
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Panel C: Simulated in Average Producers’ Prices of Cabernet Franc

2015-2044
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Panel G: Simulated variable cost in the cost of production for White

varieties
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Panel H: Simulated variable cost in the cost of production for Red varieties
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