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Background: Wine regions throughout the world are experiencing climate change characterized 

by the gradual alterations in growing seasons, temperature, precipitation, and the occurrences of 

extreme weather events that have significant consequences for quality wine production.  Adapting 

to these new challenges depends largely on the present and future adaptive capacity of the grape 

growers, winemakers, and supporting institutions in order to minimize the impacts of climate 

change on grape yield and wine quality. Accordingly, the objective of this study was to develop 

a conceptual framework for assessing the adaptive capacity of a grape or wine region and apply 

it in the context of the Ontario wine industry. The framework consists of a three tiered structure, 

comprising eight operational and strategic determinants (financial, institutional, technological, 

political, knowledge, perception, social capital, and diversity). A comprehensive questionnaire 

was created from this framework consisting of 26 statements to which participants indicated 

their level of agreement. A total of 42 Ontario wine industry members completed the question-

naire via an on line survey.

Results: The determinants related to perception, diversity, and knowledge have the highest degree 

of capacity, while political and technological determinants show the least. Overall, stakeholders 

are aware of both negative and positive impacts climate change could have on wine production. 

Results are discussed to explore opportunities to enhance adaptive capacity in the grape/wine 

community. Many stakeholders have already incorporated new adaptive technologies into present 

practices and are interested in learning new skills to assist in future adaptation.

Keywords: climate change, adaptation, wine, Ontario

Introduction
Climate change is impacting the international wine industry.1–4 Adapting to present 

and future climatic challenges and opportunities are dependent upon a wine region’s 

adaptive capacity (ability to adapt). Adaptive capacity encompasses multiple elements 

necessary for adaptation to occur, including financial resources, institutional support, 

political support, new technologies, knowledge, diversification, beliefs, and social capi-

tal.5–7 The access a wine region has to these resources can strengthen or undermine its 

overall capacity to adapt to climate change. Developing a baseline assessment of a wine 

region’s present adaptive capacity can illuminate areas of strength and  vulnerability. 

Insights gained from such an assessment create a platform for discussing and develop-

ing solutions to build the adaptive capacity of a wine region.

At present there are limited strategies available to grape growers and winemakers 

for managing many of the extreme weather events associated with climate change 

(Table 1). Future climatic predictions indicate a greater frequency and  intensity of 
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these weather events along with the movement of optimal 

wine production areas pole ward, costal, and to higher 

elevations.16 The adaptive capacity of many wine regions 

is still not fully understood. Even though adaptation to 

climate change is occurring in many of the global wine 

regions, a comprehensive assessment of the factors affect-

ing the adaptive measures is yet to be conducted. To date, 

studies of climate change adaptation in the wine industry 

have been dominated by the vulnerability approach, which 

focuses on assessing the sensitivity of a wine region when 

exposed to various climatic events.17–20 Adaptive capacity 

can moderate both the exposure and sensitivity of a region, 

thereby reducing vulnerability.21 Recognizing the impor-

tance of adaptive capacity within the wider adaptation 

process, Holland and Smit22 and Kenny23 both acknowl-

edge the need to better understand the adaptive capacity 

of the wine sector. These considerations inform the basis 

for the current study which seeks to provide a systematic 

assessment of the adaptive capacity of the Ontario wine 

industry (OWI).

Table 1 Impacts of extreme weather events on grapes and wine quality

Extreme weather event Effect on quantity Effect on quality Management response

Increase in summer  
temperatures (.30°c)

higher grape sugar concentrations.8 Increase in alcohol concentration;  
reducing aroma and contributing  
to excessive bitterness and greater  
sensation of heat on the palate;  
prolonging or arresting fermentation.9

Pick grapes earlier; reduce sugar 
concentration before fermentation; 
distillation in the winery; 
de-alcoholization techniques, eg, 
spinning cone column.9,10

Reduced acidity and higher ph. Wine tastes flabby and flat with less  
defined flavors; higher risk of wine  
spoilage.

add tartaric acid during 
winemaking process.

Lower anthocyanin and flavonoid  
concentrations in grapes.

Reduced depth of color in red wines;  
less aging potential; altered bitterness  
and mouth-feel in wine.11

addition of exogenous tannins into 
wine; limited management options.

shorter interval between veraison  
and optimal grape ripeness.

shorter harvest window. Increase canopy cover to delay 
ripening.

Berry size and weight are reduced. Reduced yield. no management available.
sugar accumulation and metabolic  
processes may completely stop;  
grapes do not ripen.12

Green flavors in wine and poor  
quality from immature fruit.

Irrigation to cool vines and grapes, 
shade canopy management, 
remediation of green compounds.13,14

Increase in evapotranspiration. greater concentration of grape  
sugars leads to higher alcohol wines.

Irrigation in the vineyard; refer to 
high sugar concentration solutions 
above.

altered aromatics. Increased kerosene notes in Riesling  
wine; reduced overall aromatic  
intensity in white wine.

no management available.

cold temperature extremes  
in winter (,-20°c)

Kills dormant buds and canes. no yield. Bury the vines under soil in the fall; 
irrigation in fall; use wind machines.

late spring and early fall  
frosts

Kills the primary buds that  
form the grapes.

no yield. Use of wind machines; irrigation; 
helicopters; heaters; heat-blocks; 
fog machines; late pruning.

Water stress Reduces berry size and shoot  
development.

Unripe fruit. Irrigation.

hail Damages vines and grapes if present;  
potential for secondary infection.

Reduced quantity and quality. crop insurance.

extreme rainfall at harvest Dilutes flavor and sugar in grapes;  
increases disease such as mildews.

Reduced flavor or development  
of off-flavors in the wine.

crop insurance; chaptalization.

extreme rainfall in early  
spring

Increased risks of downy  
and powdery mildews.

Reduced yield and quality;  
off-flavors in the wine.

crop insurance.

Increase in freeze-thaw  
events

Vines more prone to freeze damage;  
early buds are killed with cold events.

Reduced quantity. crop insurance.

Drought Reduced berry size; reduced quantity  
of juice; moisture stress of the vines.

Unripe fruit. Irrigation.

Increased disease Reduced vine vigor; reduced yield;  
reduced sugar content in grapes.

Off-flavors in wine. 
Unripe fruit.

Open canopies; fungicide spray; 
chaptalization.

Increase in pests canopy damage and reduced  
grape yield.

Reduced quantity and quality of grapes;  
off-flavors (eg, ladybeetle taint).14

Various bird deterrents; 
pesticides.15
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Figure 1 Map of the wine appellations in Ontario.
Note: Reproduced with permission from VQa Ontario (http://www.vqaontario.com).26

The OWI
Canada’s wine regions, with their short growing seasons 

and cold winters, sit on the edge of the climatic suitability 

zone for wine production. The Canadian wine industry has 

an economic value of CAD $6.8 billion and continues to 

grow.24 Ontario produces over 70% of Canadian wine with 

the Okanagan Valley in British Columbia as the second 

major production area.25 The Ontario industry comprises 

approximately 17,000 acres of vineyards located in three 

major appellations: Lake Erie North Shore, Prince Edward 

County, and Niagara Peninsula (Figure 1).26

The Niagara Peninsula is the main producer, and consists 

of ten sub-appellations. Its proximity to the Great Lakes 

provides a moderating influence on the climate, allowing 

for the production of high quality cool climate varieties. 

The main Vitis vinifera cultivars are Chardonnay, Riesling, 

Gewürztraminer, Pinot gris, Sauvignon blanc, Pinot noir, 

Cabernet franc, Cabernet sauvignon, Merlot, and Gamay 

noir. A smaller portion of table wines are produced from 

French-American hybrid grape varieties, particularly Baco 

noir, Vidal, and Maréchal Foch. In 2013, 21.9 million liters 

(2.4 million cases) of wine was produced for local and inter-

national markets.27 The industry is recognized internationally 

for its excellent ice wines, of which it is the world’s biggest 

producer; ice wine contributes 50% of the $40 million rev-

enue from wine exports.27 There are approximately 540 grape 

growers and 140 wineries in Ontario. Vineyard operations 

range from small family-owned businesses, where winemak-

ers also grow the grapes, to mid-sized winery estates with 

separate wine makers and growers, up to large international 

corporations. Overall, the industry employs 14,000 people 

and has an annual economic impact of $3.3 billion for the 

province.25 Tourism is a strong component of this income, 

with over 1.8 million people visiting the province’s winer-

ies annually.27 The OWI has four main supporting bodies: 

the Grape Growers of Ontario, Wine Council of Ontario, 

Winery and Growers Alliance of Ontario, and the Vintners 

Quality Alliance.

Frequent cold winters and short growing seasons in 

Ontario are the most limiting factors affecting where suc-

cessful wine production can occur; vine mortality rates 

can be high in Canadian winters. Conversely, dependable 

cold temperatures create the optimal environment for ice 

wine production. However, shorter and warmer winters 

associated with climate change are challenging ice wine 

production, advancing growing seasons, and increasing the 

risk of freeze damage to vines.28 Harvesting and processing 

of grapes for ice wine are regulated by the Vintners Quality 

Alliance of Ontario. Ideal harvesting temperatures should 

occur between -8°C and -12°C; however, warming trends in 

December and January are delaying and reducing this harvest 

window.28 As winter temperatures continue to rise gradually 

over the next 30–50 years, the viability of ice wine produc-

tion in present locations could be jeopardized.

As the winter warms gradually, the vines deacclimate to 

the cold temperatures becoming more prone to freeze dam-

age at warmer temperatures and consequently, less able to 

survive extreme cold events.29 Most recently, the winter of 

2014 was the coldest in over 30 years in Ontario, killing up 

to 80% of less cold-resistant vines in some appellations and 

resulted in a 50%–75% reduction in overall yield for some 

varieties.30

On the positive side, warmer winters are creating the 

potential for new areas for wine production further north, 
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such as Huron County – 200 km north of the Niagara 

 appellation. Indeed, climate modeling, soil analysis, and 

grape growing information sessions have already begun in 

Huron County, paving the way for further expansion of the 

OWI.31 The identification of suitable, more northerly areas 

within Ontario offers the opportunity to maintain current 

ice wine production levels and also establish some quality 

cool climate for V. vinifera varieties such as Pinot noir and 

Riesling. Moreover, a warming climate in Ontario could allow 

full ripening potentials for mid- and late-season red varieties, 

such as Cabernet Sauvignon and Cabernet Franc.

In some years, climate change has also created higher 

summer temperatures, which have affected fruit quality of 

cooler-climate varieties such as Pinot noir and Chardonnay, in 

addition to creating heat stress to the vines.32 Greater summer 

humidity levels and temperatures are also increasing the occur-

rences of fungal diseases, such as powdery mildew, downy 

mildew, and black rot that reduce wine quality.32 The OWI is 

actively seeking to develop and adapt new technologies and 

practices to address these and other impacts.33 Nonetheless, a 

comprehensive assessment of its present adaptive capacity to 

climate change is identified as an important strategy in order 

to prepare the industry to deal with future challenges.

Materials and methods
assessment framework
An adaptive capacity assessment framework was developed 

by first conducting a review of the climate change adaptive 

Figure 2 adaptive capacity assessment framework.

Table 2 adaptive capacity determinants for a wine industry

Type of determinant Determinants Measures

Operational: greatest  
control of these  
determinants occurs  
outside of a wine  
industry.

Financial: access to and availability of financial  
resources and variability of income.

Use of crop insurance,* credit,* financial stabilization 
programs, and other financial resources;5,7,34,35 degree of 
income variability.6

Institutional: a system of rules, decision-making  
procedures, and programs that give rise to social practices,  
assign roles to the participants in these practices, and guide  
interactions among the occupants of the relevant roles.36

stakeholder diversity in creating solutions; multiple policy 
options; support for innovation; room for collaborative, 
visionary, action orientated and entrepreneurial leaders; 
water infrastructure access.36

Political: capacity to influence broader political outcomes.39 Political support; political connections; political 
participation, empowerment.7,39–41

Technological: the application of tools, methods,  
and technical knowledge.

availability and access to new technologies; incorporation 
of new technologies.34,37,38

strategic: greatest  
control of these  
determinants occurs  
within a wine industry.

Perception: the perceived risk and ability of resource users 
to cope with and adapt to changes.38

Positive and negative perception of climate change; perceived 
risk and ability to cope; level of interest in change.38,43–45

Diversity: variety of options available for implementation.46 Diversity of income and skills.6,37,38,42

Knowledge: the degree to which local and scientific 
knowledge are accessible, valued, and shared.7

Access, sharing, and value of local and scientific 
knowledge.7,39–42

social capital: networks together with shared norms, 
values, and understanding that facilitate cooperation within 
or among groups.46

Trust, social networks, closeness, collective action, social 
cohesion, and inclusion.46–49

Note: *additional questions asked to growers only.

capacity literature. This enabled the identification of adaptive 

capacity determinants from previous scholarly publications. 

Next, we reviewed the viticulture and oenology literature on 

the impacts being experienced related to climate change. We 

identified present adaptive measures, challenges, and oppor-

tunities for various wine regions. Both literature reviews were 

then integrated allowing for the identification of resources 

that wine regions need in order to adapt to climate change. 

For example, extreme weather events reduce crop yield, 

but having crop insurance can reduce the negative financial 
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impact this can have for the grower; hence crop insurance 

is an important resource for wine regions and is included 

under financial resources. The assessment framework com-

prises eight determinants: financial, institutional, political, 

technological, diversity, social capital, knowledge, and per-

ception (Figure 2). The determinants are further categorized 

as operational (those over which the industry has limited 

control, such as crop insurance and government policies) or 

strategic (those over which the industry has greater control, 

such as the sharing of local knowledge, and diversity of 

income). A description of each category, determinant and the 

associated measures are summarized in Table 2.

Questionnaire and participants
The questionnaire template consisted of a statement for each 

of the indicators (Table 2) to which participants rated their 

level of agreement on a five-point Likert scale. Likert scales 

indicate the direction (“agree”/“disagree”) and intensity 

(“strongly”) of participants’ perceptions.50 Apart from two 

statements, which were later reversed for analysis, all state-

ments were positively phrased, with agreement indicating the 

presence of adaptive capacity. Three questionnaire versions 

were then created, tailored for grape growers, winemakers, 

and supporting organizations, respectively. While some grape 

growers are also winemakers, participants selected from 

which perspective they were answering the survey by click-

ing on the most appropriate classification. Grape growers had 

two additional statements that were not relevant to the other 

groups: “I use crop insurance to get me through bad years” 

and “I use credit to get me through bad years” (see asterisks 

in Table 2). Questionnaires were piloted with a small group 

of grape growers, winemakers, and local wine educators to 

ensure the questions were readable and unambiguous.

Questionnaires were administered and completed online 

using Selectsurvey. Net software on a Brock University 

secure server. Grape growers and winemakers in Ontario 

belong to at least one of the following organizations: Grape 

Growers of Ontario, Wine Council of Ontario and Winery and 

Growers Alliance of Ontario. To reach as many stakeholders 

as possible, each of the organizations sent up to three emails 

to its members between July–August 2012 with an embedded 

link that directed participants to the questionnaire. A total 

of 42 questionnaires were completed out of 630 members 

contacted corresponding to a response rate of 6.6%. Within 

the 42 questionnaires 32 were completed by growers, eight 

by winemakers, and two by organizational representatives. 

The responses received were representative of the proportion 

of grape growers, winemakers, and institutional workers in 

Ontario.

Data treatment and analysis
Responses were coded numerically (5-strongly agree, 4-agree, 

3-neither agree nor disagree, 2-disagree, 1-strongly disagree), 

with the two negatively phrased statements reversed. Given 

the low response rate, and to gain a better understanding of 

the overall directional trend, the five-point Likert responses 

were collapsed to three points (agree, neither agree nor 

disagree, disagree) for the frequency tables only. Unless 

otherwise stated, analysis is based on the combined dataset 

of 42 responses. XLSTAT version 7.5.2, (Addinsoft, Paris, 

France) was used for all statistical analyses. A Shapiro–Wilk 

test for normality for all determinants was first conducted. 

To test statistical reliability between statements within 

each determinant, Cronbach’s alpha values (coefficient of 

reliability) were calculated. Frequency of response tables 

based on the collapsed Likert categories were created in 

MS Excel (Microsoft Corporation, Redmond, WA, USA) 

for each measure.

To examine differences in average scores between the 

eight determinants, five-point Likert scale responses were 

averaged across each indicator for each determinant, one-way 

analysis of variance (ANOVA) followed by Fisher’s least 

significant difference (LSD) was performed. To assess dif-

ferences between operational and strategic determinants, 

the five-point Likert scale responses were averaged across 

each indicator for each determinant. Determinants were 

then grouped into “strategic” or “operational”, and a one-

way ANOVA, followed by Fisher’s LSD, was performed. 

To determine whether growers and winemakers differed in 

their responses, the five-point Likert scale responses were 

averaged across each indicator for each determinant (insti-

tutional data were excluded from this analysis). A one-way 

ANOVA for each determinant was then completed. To exam-

ine whether growers and winemakers differ in their scores 

for operational and strategic determinants, the five-point 

Likert scale responses were averaged across each indicator 

for each determinant. Determinants were then grouped into 

“strategic” or “operational”, and a two-way ANOVA (includ-

ing interaction), followed by Fisher’s LSD, was performed. 

A principal component analysis (PCA) was conducted of the 

eight determinants and three participating groups (growers, 

winemakers, institutions) to give an overall visualization of 

the results, and aid in understanding the inter-relationships 

among the individual determinants.

Results
Reliability of measures
The Cronbach’s alpha values for each determinant were: 

financial (0.637), institutional (0.752), political (0.788), 
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technological (0.620), perception (0.886), diversity (0.669) 

knowledge (0.941), and social capital (0.92). An alpha of 

greater than 0.6 indicates acceptable reliability, and 0.8 or 

higher indicates good reliability.51 All values calculated were 

0.62 or greater, indicating acceptable to good reliability 

between statements within each determinant.

Frequency of likert responses
Figure 3 summarizes the financial determinant results. 

Approximately 45% of growers rely on crop insurance to 

help them through a “bad” year, and 40% of respondents 

have “access to financial resources to keep going”. Income 

variability is experienced by 45% of stakeholders monthly and 

60% annually, while 37% use stabilization programs. Figure 

4 shows the results for the institutional determinant. Almost 

half of participants felt the OWI institutions encouraged new 

and improved best practices. Over 55% agreed there was room 

in the OWI for “visionary”, “action orientated”, “collabora-

tive”, and “entrepreneurial” leadership. Water infrastructure 

is accessible to 50% of participants. The political determinant 

results are given in Figure 5.  Participants indicated there is 

greatest political support for the OWI provincially and 70% 

indicate they are politically active on OWI issues. Figure 6 

presents the technology results. Forty-two percent of par-

ticipants felt they had access to new technologies while 

58% of respondents are incorporating new technology into 

their practice. Results for the determinant of perception are 

shown in Figure 7. More respondents believe climate change 

will have positive impacts for the OWI than negative. Over 

90% agreed they wanted to learn “how to better prepare for 

extreme weather events” and “climate change”, with 73% of 

participants expressing interest in learning new skills outside 

the OWI to manage the impacts. The results for diversity are 

presented in Figure 8. Household income from sources other 

than grapes and wine was reported by 64% of participants, 

with 42% indicating they rely on income sources outside 

the OWI. Figure 9 presents the results for the knowledge 

 determinant. The majority of participants indicate there is 

access to and availability of local and scientific knowledge 

which is valued and shared. Results for the social capital 

determinant are shown in Figure 10. Over 80% of participants 

believe stakeholders within the industry are willing to or are 

presently helping each other. The majority of respondents 

felt they were not excluded from industry events and agreed 

“people within the industry could be trusted”.

anOVa
The Shapiro–Wilk test statistic confirmed that the data were 

normally distributed for all determinants (P.0.05) except 

for perception, where P (observed value) was 0.01. The eight 

determinants differed significantly in their average Likert 

response scores (F: 5.47, P[F]: ,0.0001) (Table 3).

ANOVA showed a significant difference in average scores 

between growers and winemakers for knowledge (df: 1,35; F: 

19.29, P[F] ,0.0001) and social capital (df: 1,35; F: 16.19, 

P[F] ,0.0001), while perception approached significance (df: 

1,38; F: 3.36, P[F]: 0.075). In all cases, winemakers scored 

higher than growers. The other determinants did not differ 

between these two groups (P[F].0.05).

ANOVA showed there is a difference between the aver-

age scores for the operational and strategic determinants 

(df: 1,334; t: 29.80, P[F]: ,0.0001), with the strategic score 

(3.52) significantly higher than the operational score (3.07). 

Two-way ANOVA showed that growers and winemakers 

did not differ in their average responses for operational 

determinants (df: 1,305; P[F]:.0.05), while winemakers 

(3.82) scored significantly higher than growers (3.42) for the 

strategic determinant grouping. Closer examination suggests 

that knowledge, perception, and social capital appear to be 

driving this latter result (data not shown).

The PCA offers a visualization of the eight determi-

nants, the three groups, and their relationship to each other 

(Figure 11). The horizontal axis is defined primarily by the 

political and perception determinants while the vertical axis 

is defined by technology. The three groups are differentiated 

from each other by their relative position within the PCA 

space. Institutions show a closer positioning to the political 

determinants, which is perhaps expected as institutions act 

as a political liaison between growers, winemakers, and 

different government departments. The low “n” for institu-

tions (2) limit drawing conclusions on this data. Figure 11 

Use crop insurance

Use credit

Other financial resources

Income variability: monthly

Income variability: annual

Use stabilization programs

0% 20%

Agree Neither agree nor disagree Disagree

40%

Percentage of responses

60% 80% 100%

Figure 3 Financial determinant responses.
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Enterepreneurial leaders

Leaders for collaboration

Leaders of action

Leaders with long-term vision

Access to water infrastructure

New practices encouraged

Improvements encouraged

Many policy options

Range of stakeholders

0% 20%

Agree Neither agree nor disagree Disagree

40%

Percentage of responses
60% 80% 100%

Figure 4 Institutional determinant responses.

0%

Political participation

Political connections

Federal political support

Provincial political support

20%

Agree Neither agree nor disagree Disagree

40%
Percentage of responses

60% 80% 100%

Figure 5 Political determinant responses.

Incorporation of technology

Availability and access to new
technologies

0% 20%

Agree Neither agree nor disagree Disagree

40%

Percentage of responses
60% 80% 100%

Figure 6 Technological determinant responses.
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Climate change: positive

Climate change: negative

Survival of future extreme events

Learn new skills outside the OWI

Learn to better prepare for extreme events

Learn to better prepare for climate change

0% 20%

Agree Neither agree nor disagree Disagree

40%
Percentage of responses

60% 80% 100%

Figure 7 Perception determinant responses.
Abbreviation: OWI, Ontario wine industry.

Many career options outside the OWI

Income sources outside OWI

Income sources not grapes/wine

0% 20%

Agree Neither agree nor disagree Disagree

40%

Percentage of responses
60% 80% 100%

Figure 8 Diversity determinant responses.
Abbreviation: OWI, Ontario wine industry.

Scientific knowledge: value

Local knowledge: value

Scientific knowledge: sharing within OWI

Scientific knowledge: sharing within the
occupation

Local knowledge: sharing within the same
occupation

Scientific knowledge: access

Local knowledge: access

Local knowledge: sharing within OWI

0% 20%

Agree Neither agree nor disagree Disagree

40%
Percentage of responses

60% 80% 100%

Figure 9 Knowledge determinant responses.
Abbreviation: OWI, Ontario wine industry.
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also shows some interesting associations between the eight 

determinants. The strongest positive correlation (as evi-

denced by the angle of their eigenvectors) is between social 

capital and knowledge; this may be due to both determinants 

encompassing values and sharing. Diversity and finances are 

also strongly associated; diversity includes an assessment of 

income related to financial resources. Unexpectedly, there 

was no association found between technology and percep-

tion, although it has previously been shown that Spanish 

winegrowers’ perception of climate change influences their 

incorporation of new technologies.52

Discussion
The OWI is facing challenges and opportunities from climate 

change. Adaption is dependent upon its present and future 

adaptive capacity. We assessed eight climate change adaptive 

capacity determinants within the OWI: financial resources, 

institutions, political, technological, perception, diversity, 

knowledge, and social capital. These determinants were 

divided into two categories – operational and strategic. The 

main insights gained are shown in Table 4.

These determinants affect the adaptive capacity of the 

OWI separately and collectively. Exploring the financial 

determinant illuminates the many interdependencies amongst 

the determinants.

Financial resources – crop insurance
Adaptation measures cost money and therefore require access 

to financial resources.34 Individuals and organizations with 

available financial resources are more likely to invest in adap-

tive strategies, such as new technologies.34 Having access to 

financial resources is affected by many factors including insti-

tutions, political support, diversity in skills and income, knowl-

edge, and social capital.53–55 In the OWI, financial resources 

such as crop insurance are designed to reduce financial hard-

ship following major crop loss and allow for reinvestment, such 

as replanting and purchasing new technologies. In the winter 

of 2014 severe cold temperatures killed vines and caused an 

overall yield loss between 50%–75%.56 Only 51% of growers 

had purchased crop insurance for 2013–2014.57 It is not unrea-

sonable to expect this crop loss will place a greater financial 

hardship on those growers without crop insurance. From our 

study, 30% of participants indicated they did not have the 

financial resources to keep going, combined with the income 

loss and costs associated with the winter damages, continuing 

in grape growing may be beyond some growers. 

Not excluded from OWI events

Strong sense of closeness in the OWI

OWI stakeholders can be trusted

Available support for a harvest failure

Weekly communication between
stakeholders

Stakeholders already help each other

Stakeholders are willing to help each other

0% 20%

Agree Neither agree nor disagree Disagree

40%

Percentage of responses
60% 80% 100%

Figure 10 social capital determinant responses.
Abbreviation: OWI, Ontario wine industry.

Table 3 Results of analysis of variance for the eight determinants

Determinant Score

Operational
Financial 3.12 c,d
Institutional 3.25 b,c,d
Technological 2.96 d
Political 2.96 d
Strategic
Knowledge 3.65 a
Perception 3.60 a
social capital 3.49 a,b
Diversity 3.35 a,b,c

Notes: Data shown are mean likert score responses across 42 responses 
(5 – strongly agree, 4 – agree, 3 – neither agree nor disagree, 2 – disagree, 1 – 
strongly disagree). Determinant means with different letters differ significantly 
(Fisher’s protected least significant difference 0.05).
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Technology
Institutional

Financial

Political

Perception

Knowledge

–3
–4

–2

0

2

4

–1 1 3

Social
capital

Institutions

Winemakers

F1 (36.6 %)

F
2 

(1
8.

8 
%

)

Growers

Diversity

Figure 11 Principal components analysis of determinant scores.
Note: circles represent centroids for each of the respondent groups.

Table 4 Summary of main findings for each determinant

Type of determinant Determinant Main findings

Operational: this category  
contained the determinants  
where adaptive capacity  
was most limited (political  
and technology)

Financial There is limited uptake of risk management tools (crop insurance and income stabilization plans) 
increasing the risk of hardship during years of yield loss. The majority of participants experience 
income variability reducing the potential for future planning and investment in adaptive measures.

Institutional There is institutional support for innovation and leadership. Presently there is limited access to 
water infrastructure, which may limit adaptive measures such as irrigation during hot summer 
temperatures and at times of frost risk.

Political Presently, the OWI has political connections and support allowing the industry to have input into 
governing policies and regulations. OWI members are politically active empowering them with a 
sense of control over the industry.

Technology new technologies are incorporated into present practices.
strategic: this category  
contained the determinants  
where adaptive capacity  
was greatest (knowledge,  
perception, and social  
capital)

Perception Participants acknowledge climate change will bring positive and negative impacts to the industry. 
There is a strong desire to learn how to better manage these impacts.

Diversity The majority of participants have a diversity of income sources and skills reducing their sole 
dependency on the OWI.

Knowledge Local and scientific knowledge are accessed, valued, and shared within the OWI. This allows the 
spread of new knowledge and best practices techniques in adapting to climate change.

social capital Within the OWI elements of trust, cooperation and collective action are well established indicating 
that members support each other in times of need such as a personal illness or harvest loss.

Abbreviation: OWI, Ontario wine industry.

Purchasing crop insurance for many growers is a con-

dition required by lending institutions such as banks. The 

provincial and federal governments who subsidize crop insur-

ance develop the rules around its implementation. Policies 

and regulations can constrain or enhance adaptive capacity.36 

For example, politicians in France changed regulations 

 prohibiting the irrigation of grapevines to allow growers to 

better manage the impacts of higher temperatures associated 

with climate change.58 Having political connections and 

support, better ensures members’ interests are represented 

in policy decisions. Given that only 50% of growers pur-

chase crop insurance and that the frequency and intensity of 
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extreme weather events will increase, the conditions around 

the purchasing of crop insurance may require evaluation to 

ensure they address members’ needs.

Financial resources are also required for the purchasing 

and development of new adaptive technologies such as wind 

machines to manage climate change impacts. The cost of a 

wind machine varies from $7,500 refurbished to $30,000 

new. The number of machines required is dependent upon 

the size, shape, location, and geography of the vineyard. To 

invest in this technology to prevent freeze injury in Ontario 

vineyards requires growers to either have savings or access 

to credit and loans. Growers without the financial resources 

and unable to purchase this technology become increasingly 

vulnerable to crop loss during freeze events.

Primary resource users such as grape growers and wine 

makers have a high financial dependency on natural resources 

and greater financial susceptibility to extreme weather 

events.59 Multiple income sources and transferrable skills 

have been shown to reduce dependency on natural resources 

as individuals have more options to adapt to change.59 

Greater diversity of skills provides greater opportunities for 

developing creative and novel solutions.60 Within the OWI, 

many grape growers also grow other crops and many of the 

wineries offer culinary and craft products to customers adding 

additional onsite income sources reducing their dependency 

on grapes and wine.

Freeze injury – technological adaptation
Another new technology supporting the optimum use 

of the wind machines is Vine AlertTM (Brock University, 

St Catharines, ON, Canada), a notification system that alerts 

growers to what temperatures each varietal is most susceptible 

to freeze damage so they can activate the wind machines. 

The development of this and other new technologies require 

funding. The provincial government demonstrated political 

support for the OWI in 2010 with a 2.5 million dollar grant 

to Ontario researchers to develop new technologies to assist 

the OWI in adapting to climate change. One of these strate-

gies was the Vine AlertTM system. The success of this system 

was dependent upon institutions providing structures through 

which resources could be mobilized and shared.55,61 Previ-

ous to the cold temperatures of 2014, the Grape Growers of 

Ontario had been educating its members on the new Vine 

AlertTM system and how it could assist them during cold 

temperatures. During the 2014 winter, the Grape Growers of 

Ontario gathered additional information from local research 

institutions on ways to reduce freeze damage, such as burying 

the vines, and distributed this to members via newsletters, 

“eblasts”, and their website. Information on best practices 

for spring pruning to increase the yield was also given to 

members using these methods. The recommended changes in 

pruning are credited with a greater yield in the 2014 harvest 

than expected.62

Irrigation and water conflicts
Another adaptive measure to reduce freeze injury is the use 

of irrigation sprinklers. Water coats and freezes on the vines 

and buds creating a layer of ice which insulates against the 

cold temperatures.63 This form of irrigation can also be used 

during high summer temperatures to reduce heat stress on 

vines.63 For vineyards experiencing an increased incidence of 

disease associated with higher humidity during the warmer 

summer, irrigation is not recommended. In older growing 

regions of Europe water infrastructure does not exist and there 

are regulations and a lack of space restricting the development 

of water access for vineyards.52 In New World vineyards in 

Australia and California infrastructure is present but there is 

conflict around water rights as other agricultural crops, urban 

areas, industry, and hydroelectric power generation needs 

increasingly compete for a diminishing supply of water.64 

Crop and income loss for farmers has already occurred as a 

result of these tensions.65 The OWI sits along Lake Erie and 

Lake Ontario, two of the five Great Lakes and presently has 

unregulated access to ground and surface water. Niagara is 

home to world-renowned Niagara Falls, which draws over 13 

million tourists every year. The Great Lakes create a natu-

ral border between Canada and the United States. Tension 

surrounding water withdrawal and quality has been present 

since the1800s.66 These tensions are increasing in response to 

greater water demand from each country to satisfy growing 

urban areas, industry, agriculture, tourism, and hydroelectric 

demands.67 Coupled with this are lake changes related to cli-

mate change, including greater evaporation rates decreasing 

lake levels, changing precipitation pattern causing flood-

ing, and nutrient dumping and increasing blue-green algae 

blooms affecting water quality.67 Our study showed 50% of 

participants presently have access to water infrastructure. 

Further research is needed to establish if this is presently a 

limiting factor for growers in managing freeze damage and 

heat stress. As the OWI looks to expand northward, access 

to water infrastructure and water rights are issues that need 

to be discussed and planned.

Beliefs and perceptions
A pivotal aspect of adaptive capacity for climate change is 

the beliefs and perceptions of individuals. The continual 
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debate on the plausibility of climate change is impacting 

on the choice of grape growers and winemakers to adopt 

adaptive strategies. Battaglini et al42 assessed winemakers’ 

perception of climate change, and found that both threats 

and opportunities associated with climate change were rec-

ognized by European winemakers and growers, in agreement 

with our findings. Alonso and O’Neil52 and Raymond and 

Spoeher68 concluded that when, respectively, Spanish and 

South Australian growers and wine makers perceived the 

impacts of climate change, they altered operations enhanc-

ing their adaptive capacity. Conversely, those who did not 

perceive the impacts refused to change or modify current 

practices, potentially reducing their adaptive capacity and 

making themselves more susceptible to impacts. Participants 

in our study were aware of the positive and negative impacts 

of climate change and 90% indicated a willingness to learn 

better management practices.

Knowledge
Local and scientific knowledge are both important in building 

capacity for adaptation to climate change. Local knowledge 

provides information on the local scale and place-specific 

adaptations. Scientific knowledge is largely responsible for 

the development of new technologies required for adaptation, 

such as wind machines and Vine AlertTM. Friction between 

these knowledge types is well documented, yet when used 

together they provide a unique range of place-specific adapta-

tions, as shown by Reed et al.69–72 The increasing successful 

use of wind machines in the OWI further illustrates this 

relationship. Scientific knowledge led to the development 

of the wind machines, while local knowledge assists in their 

location and development of best management practices. 

Through their communication strategies institutions are able 

to ensure members of the OWI have access to knowledge, as 

shown with the information sharing that occurred with the 

best spring pruning practices in 2014.

social capital
Social capital has been described as the social glue for adap-

tive capacity; it is the social connections and relationships 

that occur between people.7 Cooperation, trust, cohesion, 

networks, collective action, and inclusion are its main 

attributes.45,48 Social capital is most visible during times of 

disaster where those with little social capital can be isolated, 

reducing their access to resources and therefore their ability to 

cope with extreme events. For the OWI, social capital occurs 

in undocumented ways when members support each other, 

such as sharing harvesting equipment, staff, and  expertise. 

Gatherings for educational workshops by institutions, at 

institutional annual general meetings, wine shows, and col-

laborations on wine events such as “Graze the Bench” build 

elements of trust, cooperation, collective action, and networks 

within the OWI.

Other considerations
Few studies within the agricultural sector have attempted to 

determine adaptive capacity across such a comprehensive 

range of determinants, and none, to our knowledge, within the 

wine industry. Previous studies have suggested that adaptive 

capacity between growers and winemakers is uneven, consis-

tent with our findings, which generally showed greater capac-

ity reported by winemaker respondents.35,73 The reasons for 

this difference were not explored in this study. Winemakers 

have several options available to them to reduce the impact of 

events such as the low yield in 2014. These include blending 

wine from previous vintages and sourcing juice or wine from 

other regions. Wine is a value-added product; wine making 

adds value to the original grapes, giving greater resale value. 

As wines are not released for sale until at least a year after 

the harvest, there is a delay in winemakers experiencing the 

impact of lower yield, giving them more time to limit the 

financial impact. Tol and Yohe show how uneven adaptive 

capacity can undermine the overall capacity of a group to 

adapt.74 They conclude adaptive capacity is only as strong 

as the most vulnerable within a group. If grape growers 

within the OWI do not have the capacity to adapt to climate 

change, local grape production will decrease changing the 

structure and potential viability of the wine industry as it 

exists today.

Overall, these findings indicate the OWI has adaptive 

capacity in all of the determinants measured. This assess-

ment provides a baseline from which future efforts can be 

 compared. The adaptive capacity assessment framework 

applied to the OWI can be transferred to other wine regions 

wishing to assess their adaptive capacity. The framework 

offers wine regions insight into the diverse range of factors 

that affect their adaptive capacity to climate change. Other 

industries within the agricultural sector may also benefit from 

using this framework to assess their adaptive capacity, but will 

need to tailor some of the indicators to their own industry.

Conclusion
The international wine industry is experiencing the impacts 

of climate change and needs to build adaptive capacity for 

adaptation to succeed. An adaptive capacity framework and 

questionnaire were developed and implemented in the OWI. 
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The main findings indicate the OWI has adaptive capacity in 

all of the major determinants tested, although capacity differs 

between growers and winemakers for some  measures. The 

desire by members to learn how to better adapt to climate 

change and an interest in learning skills outside the OWI sug-

gest it is an opportunistic time to develop a wider strategic 

plan for building adaptive capacity to assist climate change 

adaptation. Although the sample size for this study was small, 

it represents a fair assessment of the present state of adap-

tive capacity for the industry. Future study could incorporate 

interviews with winemakers and grape growers to further 

explore differences between their adaptive capacity and 

potential impacts for the industry. A comparative assessment 

between the OWI and other international wine regions would 

be of value in identifying areas of shared capacity and those 

unique to a region.
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