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Introduction — The State of the
BC Wine Industry

On the Edge of the Wine World

Location plays a crucial role in grape growing,
and British Columbia is gifted with some of the
most extreme and unigue conditions in the
world. With winters that can reach below -20°C
and summers that rise above 35°C, few
regions experience such extreme intra-annual
temperature variation. BC’s northerly latitude —
with some vineyards near the 50" parallel,
often cited as the limit of the wine world —
results in long hours of daylight during the
growing season. And as you might expect, the
mountains play their own role, shielding many
of BC's mainland wine regions from rainfall and
resulting in near desert-like levels of
precipitation in the summer.

BC grape growers and wine makers have
embraced these conditions, and over the past
30 years they have successfully established
BC as a producer of truly unique, high-quality
wine.

Economic Impact

Over this period, the wine industry has also
grown into a really critical component of the
economy in British Columbia, particularly in
non-urban regions. According to an economic
impact assessment commissioned by Wine
Growers Canada in 2017, it contributed
upward of $2 billion in revenue, $500 million in
wages across 12,000 jobs, and $300 million in
tax revenue to the BC economy in 2015. An
updated version of the report, forthcoming in
2022, is expected to reveal strong growth in all
of these figures prior to COVID-19.
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A Persistent Short Crop Problem

The strength of the wine industry depends
crucially on a high-quality, abundant, and
consistent  harvest.  However,  despite
historically observing strong and steady
growth in both wine grape acreage and tons
harvested, the BC wine industry has recently
been afflicted by a series of short crops.

Wine Growers BC (WGBC) were the first to
formalize this observation. Motivated by a
growing sentiment that there was a short crop
problem amongst industry stakeholders, they
commissioned a study in January 2022 to
quantify the industry’s crop performance in
recent years. The study validated the
anecdotal evidence, demonstrating that the
industry had experienced a multi-year decline
in crop yield and estimating that the 2021 crop
would slump 32% below potential.

As part of this study, Cascadia reinforced
these findings using vineyard-level data from
the BC Wine Grape Council (BCWGC).
Focusing on the subset of vineyards that
responded consistently to the BCWGC'’s
annual crop and acreage surveys from 2017 -
2021, they found that while acreage remained
relatively unchanged amongst these vineyards
over the period, tons harvested declined
precipitously following its peak in 2018 (see
Figure 1). As a result, crop yields declined by
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Figure 1: BC wine grape acreage and tons
harvested, 2017 - 2021



33% between 2018 and 2021. This decline is
visualized in Figure 2.
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Figure 2: BC wine grape crop yield, 2017 -
2021

While a range of plausible explanations for this
decline has been identified by industry
stakeholders (including climate change, vine
age, pest, disease, farming practices, and
more), a more detailed analysis was required
to better identify which are truly at play.

The BC Vineyard Resilience Project aims to
bridge this informational gap through a mixed-
methods study. It consists of three distinct
parts:

o Jusidiction Scan: Understanding BC's
challenges by studying its peers

Historical Review: Understanding
BC’s challenges quantitatively by
analyzing data on historical crop
performance

e BC Grapegrower Interviews:
Understanding BC'’s challenges
qualitatively by speaking to those with
their hands in the soil
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Jurisdiction Scan

One way to shed light on BC’s persistent short
crop problem is to look at other wine-making
regions. Prior to this study, it was unclear
whether the recent decline in crop yields were
unigue to the BC wine industry and, if other
jurisdictions have also been affected, whether
they’'ve been successful in identifying and
alleviating the problem.

Similar to the BC Wine Grape Council, our
peers in Washington, Oregon, California, and
Ontario report annually on their crop
performance. The data from these reports
allows for a direct comparison of aggregate
acreage, tonnage, and yield across the
regions over time. Crucially, Cascadia believe
that this data provides strong evidence that BC
is not, in fact, unigue in experiencing declining
crop yields in recent years. Rather, it appears
that this problem is regionally-persistent along
the North American west coast. This finding is
illustrated in Figure 3 (next page), with crop
yields clearly declining in all four regions
between 2018 and 2020.

The Climate Hypothesis

Based on this comparison, a natural
conclusion to draw is that the increased
incidence and severity of short crops along the
west coast is attributable to a common root
cause. Due to their geographic proximity,
Cascadia believe climate is a natural culprit
and, luckily, one for which there is access to
an abundance of high-quality data.
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Figure 3: Normalized yield (base year = 2011) in British Columbia,
Washington, Oregon, and California, 2011 - 2020

Cross-Jurisdictional Interviews

In an effort to validate and contextualize these
findings, Cascadia conducted interviews with
the President & CEQ’s of the Washington State
Wine Commission, Oregon Wine Board, and
Wine Growers Ontario. These interviews
revealed a few things.

First, British Columbia’s peers in Washington
and Oregon are well aware of their recent
short crop challenges. Second, both of these
regions cited climate change as one of the
primary causes of the recent slump. This was
due to extensive wildfire in Oregon, whereas
Washington cited a confluence of climate
factors. In both cases, these testimonies
reinforce the hypothesis that BC’s short crop
challenges are climate-induced. And third, by
contrast, the interview with Wine Growers
Ontario revealed that Ontario is experiencing
an entirely different challenge: an over-supply
of wine grapes.
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Historical Review

By conducting a cross-sectional comparison
of the BC wine industry and its peers,
Cascadia were able to pinpoint climate change
as the most likely cause of BC’s persistent
short crop problem. However, armed with high
quality data on both vineyard-level crop yields
and local climate, they can explore the climate
hypothesis rigorously using a variety of
quantitative methods. This is the focus of the
Historical Review, which aims to address two
key questions:

1. Is the climate hypothesis supported (in
a statistical sense) by vineyard-level
data on crop yield and weather?

2. If so, what specific fypes of climate
have impacted crop yields?

Statistical Evidence for the Climate
Hypothesis

After an extensive data cleaning process,
Cascadia obtained strong and robust
evidence across a range of statistical models



in support of the climate hypothesis (see
Appendix A for technical details). Specifically,
four distinct climate trends have had an impact
on the crop yields:

_\6'_ Rising average temperatures
+°1 > have had a small positive impact

Increases in extreme heat
have had a large negative impact

* Increases in extreme cold

have a large negative impact

Lower levels of precipitation
¢6¢ have had a large negative impact

Implications for the Wine Industry

This finding is of major concern for the wine
industry. There is strong consensus amongst
climate scientists that climate change will
continue to result in an increase in extreme
weather conditions (see synthesized reports
published by the Intergovernmental Panel on
Climate Change (IPCC)), for which the wine
industry has three distinct negative exposures.
This has a number of implications for grape
growers.

First, while there are adaptive farming
practices available to grape growers for each
of these effects, they face the difficult prospect
of juggling mitigation strategies both within and
across growing seasons. As a young wine
industry this poses a major challenge,
especially for growers with fewer years of
cumulative experience.

Second, grape varieties differ in terms of their
climate risk profiles. For example: merlot, BC’s
most heavily planted grape variety, is known to
lack winter hardiness and is highly susceptible
to spring frost damage. By contrast, pinot noir
is known to be a relatively winter hardy red
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variety with lower heat unit requirements and
lower susceptibility to spring frost damage. In
an industry boasting nearly 100 grape
varieties, this means that growers will face
differential exposures depending on what
varieties they grow, and that their exposure
may differ year-to-year depending on the type
of extreme weather realized in a given year.

Third, while most of BC’s mainland wine
regions are regionally concentrated and thus
share similar climate trends, they differ in their
climate risk profiles through a variety
composition effect. This is illustrated in Case
Studies 1 and 2.

Case Study 1: Oliver & Osoyoos

Consider two of the BC wine industry’s largest
regions in terms of both acreage and tonnage:
Oliver and Osoyoos. Separated by just twenty
minutes by car, the two regions observed
almost identical climate trends between 2017
and 2021. As illustrated by Figures 4 and 5,
this included a sharp decline in precipitation in
2019 and a sharp increase in extreme heat
(measured as the number of days during the
growing season that exceed 32°C) during the
infamous 2021 heat dome.
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Figure 4: Dormant season precipitation in
Oliver and Osoyoos, 2017 - 2021
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Figure 5: Extreme growing season heat days
in Oliver and Osoyoos, 2017 - 2021

The two regions also share similar variety
compositions, resulting in similar climate risk
profiles. Under these two observations, the
climate hypothesis would imply that crop yields
should have evolved similarly across these two
regions. As illustrated in Figure 6, this is indeed
what is observed with yields peaking in 2018
before declining steadily thereafter.
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Figure 6: Crop yield in Oliver and Osoyoos,
2017 - 2021

Case Study 2: Kelowna & Penticton /
Naramata / Kaleden

Now consider two other neighbouring regions:
Kelowna and Penticton / Naramata / Kaleden.
Unsurprisingly, these two regions also
observed similar climate trends between 2017
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and 2021. However, in contrast to Case Study
1, Kelowna and Penticton / Naramata /
Kaleden have largely different climate risk
profiles as a result of differences in their variety
compositions. While Penticton / Naramata /
Kaleden is relatively diversified across
varieties, Kelowna is heavily indexed in Pinot
Noir, GewduUrztraminer, and Riesling. These
three grape varieties accounted for 64% of
Kelowna’s total acreage in 2019. These
differences are visualized in Figures 7 and 8.
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Figure 7: Variety composition in
Kelowna, 2019
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Figure 8: Variety composition in Penticton /
Naramata / Kaleden, 2019

In this case, for the climate hypothesis to be
consistent under these two observations, crop
yields would be required to behave quite
differently across the two regions. This is



exactly what is observed, as demonstrated by
Figure 9.
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Figure 9: Crop yields in Kelowna and
Penticton / Naramata / Kaleden, 2017 - 2021

See Appendix B for additional visuals of
climate variables and varietal composition for
Case Studies 1 and 2.

BC Grapegrower Interviews

In Cascadia’s experience, quantitative findings
are best understood alongside qualitative
anecdotes and deep industry knowledge. In
the context of this project, that means
speaking with local grapegrowers in order to
better understand their experiences with
declining crop yields and identifying how their
experience is aligned with (and/or contradicts)
the quantitative findings of the study.

These interviews overwhelmingly validated
these quantitative findings. First and foremost,
this included validating the presence of a
persistent  short crop. Amongst the
grapegrowers interviewed, 75% stated that
they have experienced declining crop yields
over the past 3 years, and 58% cited declines
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consistent with the industry average of 36%.
This observation holds for grapegrowers of a
range of sizes (in terms of planted acres), as
well as across both independent- and winery-
owned vineyards. However, two grapegrowers
also stated that in their experience, the recent
fluctuations are within the normal bounds that
they would expect in agriculture.

Second, these interviews suggested that
regional differences are relatively subdued.
Amongst grapegrowers operating sites in
multiple geographical indications (Gls), 100%
said that they didn't experience any
meaningful differences across sites. This
finding is relatively unsurprising given the
geographic concentration of the industry, with
climate patterns highly correlated across Gls.

Third, the interviews reinforced that crop yields
may differ across grape varieties. All
grapegrowers interviewed grew more than one
grape variety, with the average number of
varieties being 10. One-third of these
grapegrowers shared that their white varieties
were more severely impacted than their red
varieties in 2021. This finding is consistent with
Cascadia’s understanding that grape varieties
differ in terms of their climate risk profiles,
including their relative heat- and cold-
hardiness.

Finally, climate change appears to be front of
mind for these growers, further reinforcing the
argument in favor of the climate hypothesis.
Amongst those that experienced declining
crop yields in recent years, 100% believe that
it is at least partially attributable to climate
change. When asked about their primary
concerns are over the next decade, climate
change was also the most commonly cited
answer (83%). Other concerns raised
included vine age, disease, labour shortages,
and rising input costs.



On a more positive note, one-quarter of the
growers interviewed expressed that they were
able to mitigate climate through effective
planning and crop management. This poses
an opportunity for the industry, with many
growers expressing an openness to
collaborating and participating in knowledge
exchange with their peers.

Key Findings

Over the past 30 years, the BC wine industry
has established itself as a crucial part of the
economy in British Columbia by producing
truly unique, high-quality wines. However,
year-over-year declines in wine grape crop
yields have curtailed the industry’s strong
growth trajectory.

While a number of plausible root causes have
been identified by industry stakeholders,
evidence points most strongly toward climate
change as the primary cause of these
declines. Specifically, an increase in the
incidence of extreme heat and cold events, as
well as variable precipitation patterns, have all
had large negative impacts on crop yields
since 2018.

Opportunities for Industry Response

While climate change may be perceived as a
daunting challenge to overcome, the wine
industry has a number of opportunities to
mitigate against and adapt to increasing
climate risks.

c Reassessing the match between
location and variety
In the face of a variable and evolving
climate, BC grape growers will be
faced with challenging decisions
regarding what to put in the ground
during their next re-plant. To make an
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informed decision, they will need to
balance a number of considerations,
including consumer preferences,
profit margins, varieties’ suitability to
BC'’s climate in both the short- and
long-term, and their own risk appetite.

As part of this project, Cascadia
partners developed a data-driven
approach to assessing the match
between variety and location which
can help inform this decision for grape
growers and the industry at large.

This also poses an opportunity for the
BC wine industry, with wine growing
regions around the globe re-
discovering what can be grown on
their land. For example, due to shifts
in its local climate, Germany has
recently emerged as a producer of
world-class pinot noir, a varietal not
historically well-suited to the region.

More efficient, timely, and
informative annual reporting:
Through improvements in data
collection, sharing, and analysis,
industry associations such as the BC
Wine Grape Council, BC
Grapegrowers Association, and Wine
Growers BC could more actively
monitor and diagnose its crop
performance on an annual basis.
Through more timely and informative
reporting, these associatons would be
better equipped for both their own
strategic planning and their policy
advocacy.



e Forecasting crop performance
during the growing season:
Improvements in data collection and
sharing could also enable the industry
to apply predictive modelling to
forecast crop yields in advance of the
typical reporting cycle. Doing so
would enable proactive strategic
planning and decision making by
vineyards, wineries, the industry at
large, and government.

0 Within- and cross-jurisdictional
collaboration
Sparking increased levels of
collaboration both within and across
jurisdictions could be a valuable tool
in improving the resilience of the wine
industry. As mentioned previously,
this could include improved data
sharing, as well other types of
knowledge sharing and pooling
resources to provide communal
equipment to small growers.
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Appendix A - Methodology
Historical Review — Data

This portion of the study was enabled by a data
sharing agreement with the BC Wine Grape
Council, under which they provided vineyard-
level acreage and tonnage data for the period
spanning 2017 —2021. To prepare the data for
analysis, Cascadia cleaned the data, matched
vineyards across datasets, and constructed
yields as the ratio of tons to acres planted.
After this process, they were left with a sample
of vineyards representing approximately two-
thirds of the industry and that was
representative of known distributions across
regions and grape varieties.

Cascadia supplemented the BC Wine Grape
Council data with daily temperature and
precipitation data from every weather station
in British Columbia’s wine regions, sourced
from the National Oceanic and Atmospheric
Administration (NOAA). This data was used to
construct a ten climate measures (see Table
1) identified by a review of viticultural
resources in academia and the wine industry.

Table 1: Measures of climate considered in
statistical analysis

Climate Indices

Growing Degree Days

Average GS Temperature

Average GS Maximum Temperature
Extreme GS Heat Days (greater than 32°C)
Average GS Minimum Temperature
Average DS Minimum Temperature
Potential GS Frost Days (less than 0°C)
Extreme DS Cold Days (less than -20°C)
Total GS Precipitation

Total DS Precipitation
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Historical Review - Statistical Methods

The objective of the historical review was to
obtain unbiased estimates of the marginal
effect of these climate variables on crop yield.
Armed with panel data (N>500, T=5),
Cascadia leveraged a range of statistical
models and specification tests that are
standard in the panel econometrics literature.
Our model selection was informed by two
specification tests.

First, many of the climate variables considered
are highly correlated (for example, average
temperatures in growing and dormant season
tend to move in lockstep), introducing multi-
collinearity issues into the models. To test for
multi-collinearity, Cascadia constructed
variance inflation factors (VIF) for coefficient in
each model. Highly correlated variables were
omitted to recover consistent coefficient
estimates for the remaining climate variables.
Second, Cascadia obtained evidence of
correlated individual effects using the
Hausman Test, with the implication that our
choice of estimators was restricted to first-
difference OLS and within-group OLS. Our
results were robust across both estimators.

BC Grapegrower Interviews

Cascadia reached out to a total of 16 British
Columbian grapegrowers, with 12 agreeing to
take part in the short crop study. Best efforts
were made to ensure that a range of
perspectives were heard through the
interviews. This included perspectives from
different vineyards of different sizes (vineyards
ranged in size from 2 to 2,500 acres), regions
(7 of the industry’s geographic indicators (Gls)
were represented), and independent- versus
winery-owned status (25% of interviews were
with independent growers).

All grapegrowers identified for interviews were
identified through consultation with  Wine
Growers BC and BC Wine Grape Council.



Appendix B - Supplemental Figures
Case Study 1: Oliver & Osoyoos
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Figure 10: Climate in Oliver and Osoyoos, 2017 — 2021
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Case Study 2: Kelowna & Penticton / Naramata / Kaleden
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Figure 12: Climate in Kelowna and Penticton / Naramata / Kaleden, 2017 - 2021
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Figure 13: Variety composition in Kelowna and Penticton / Naramata / Kaleden, 2019
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