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1. Summary 

The current and future implications of climate change for the Okanagan Valley were 

researched with the aim to identify what challenges and benefits viticulturists in the 

region would be experiencing by the 2050s.   

Historical weather data from three locations within the Okanagan Valley were analysed 

with each showing a clear warming trend between 1979 and 2018.  Other identified 

trends included longer frost-free periods and reduced growing season precipitation.  

Climate projections for the 2050s were carried out for the same three locations.  These 

predict significant warming in all seasons along with increased frost-free periods, 

increased winter precipitation, and drier summers.  Using this climate projection data, 

the implications to viticulture in the Okanagan Valley were then identified and adaption 

strategies discussed.   

Interviews and surveys were carried out with local viticulturists, during which their 

attitudes toward and preparedness for climate change and viticultural adaption were 

assessed.  Okanagan Valley viticulturists showed a good understanding of the current 

and potential influences of climate change, with most already having employed short-

term adaption strategies.   
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2. Introduction 

2.1. Climate change 

The Intergovernmental Panel on Climate Change (IPCC) states that the warming of the 

global climate system is unequivocal.  Observed changes to the Earth’s climate include 

the warming of the atmosphere and oceans, reduced snow and ice levels, and rising 

sea levels (IPCC, 2014).   

Canada has shown evidence of climate change over the last 70 years, with average 

land temperatures and frequency of extreme heat events increasing while the frequency 

of extreme cold events has decreased.  In the coming decades, Canada is expected to 

see continuing changes to extreme heat and precipitation events, seasonal and annual 

precipitation levels, snowfall coverage, and the availability of fresh water (Bush & 

Lemmen, 2019).   

2.2. The Okanagan Valley 

The Okanagan Valley is located approximately 300km inland from Vancouver in British 

Columbia (BC), Canada.  The long, narrow valley extends 250km from the United 

States border near Osoyoos to Sicamous at its northernmost point.  It encompasses the 

basin of the Okanagan Lake, the Canadian section of the Okanagan River, and the 

northern edge of the Sonora Desert.  The rain shadow effect of the mountains to the 

west results in low average precipitation1.  Although weather varies between different 

viticultural areas within the valley, the low rainfall, combined with hot summer 

 
1 Average annual precipitation ranges from 320mm/year in the south of the Okanagan Valley to 480mm/year in 
the north of the valley (Rayne, et al., 2011). 
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temperatures, long daylight hours and high intensity of light (Rayne & Forest, 2016) 

provide a good climate for viticulture.  The Okanagan Valley (Map 1) is home to 84% of 

BC’s vineyards with 3,573 hectares under vine, and there are 185 licenced wineries 

within the region (BCWA, 2019).   

 

The BC wine industry contributes CA$1.95 billion to the provincial economy each year 

(BCWI, 2015).  Wines produced under BC’s ‘Wines of Marked Quality Regulation’, 

labelled ‘BC VQA’, currently command an 18% market share in the province, showing 

8.02% growth in the year to April 2018, compared to the total market growth of 1.15% 

(BCWI, 2018b).  A booming wine tourism industry, especially strong in the Okanagan 

Map 1: The Okanagan Valley region (BCWA, 2019). 
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Valley, resulted in 21.3% of total BC wine sales being direct to consumer in the year to 

March 2018, while liquor stores within BC sold another 55% of the province’s wine 

(BCWI, 2018a).  High direct to consumer sales percentages and a strong provincial 

market have contributed to a thriving wine industry in the Okanagan Valley. 

Given the significant contribution the Okanagan Valley wine industry brings to the BC 

economy and the importance of viticulture to the region, any potential challenges and 

benefits posed to viticulture by climate change require careful consideration.             

2.3. Scope and focus of research 

The aim of this research paper is to answer the following five questions: 

1. What effects of climate change have been seen in the Okanagan Valley 

over the last 40 years? 

2. What do predictive indices and climate change models project for climate 

and weather in the Okanagan Valley by the 2050s? 

3. What viticultural challenges and benefits will the Okanagan Valley 

experience due to projected climate change by the 2050s? 

4. What are Okanagan Valley viticulturists doing to adapt to the current and 

projected effects of climate change? 

5. What strategies can viticulturists employ now to best mitigate or take 

advantage of these projected challenges and benefits? 

A strength of this research is its focus on three different macroclimates within the 

Okanagan Valley (Kelowna, Penticton and Osoyoos).  The valley experiences a 

significant temperature gradient between Osoyoos in the south to Vernon in the north 
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(Rayne, et al., 2011).  By studying weather data from three locations, a region-wide 

assessment of climate change and its potential impacts can be provided.  The three 

chosen weather stations had consistent temperature and precipitation records available 

for the chosen timeframe of study (1979-2018).   

While these weather stations provide an overview of three different macroclimates, they 

are not directly relatable to individual vineyards in the valley.  They are each situated on 

the valley floor, at slightly lower altitudes than many of the valley’s vineyards.  However, 

the intention of the research is to provide a region-wide assessment of climate change 

rather than one focussed on specific vineyard sites.     

As technology has advanced, changes and improvements to meteorological instruments 

and procedures have inevitably occurred.  While every attempt was made to use 

continuous and consistent data from all sites, there were changes to station names and 

equipment.  However, any changes to location and altitude were minimal, and not 

deemed to be significant enough to impact results.  
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3. Review of current research 

3.1. Evidence of climate change 

There is ample evidence to suggest that the global climate has already changed.  The 

Earth’s average surface temperature has risen 0.85°C between 1880 and 2012, 

illustrated in Figure 1 (IPCC, 2014).  The incidence of extreme high temperatures and 

intense rainfall events has increased since 1950 while the frequency of record low-

temperature events has reduced (Wuebbles, et al., 2017).  Snow and ice cover have 

diminished, and global sea levels have risen (IPCC, 2014). 

 

Canada has experienced a country-wide average temperature increase of 1.7°C 

between 1948 and 2016.  Over the same timeframe, BC’s average temperature has 

risen 1.9°C with a 3.7°C increase in winter (Zhang, et al., 2019).    

Figure 1:  Globally averaged combined land and surface temperature - different 

colours represent different data sets (IPCC, 2014). 
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Annual precipitation increased in Canada by 18.3% between 1948 and 2012, with the 

largest increases occurring in spring and winter.  Over the same period, BC’s annual 

precipitation increased by 5%, despite a 9% decrease in winter precipitation (Zhang, et 

al., 2019).  The portion of the year with snow cover has decreased by 5-10% per 

decade in Canada since 1981 (Derksen, et al., 2018), and the amount of precipitation 

falling as snow has significantly decreased, especially during the spring and autumn 

(Zhang, et al., 2019). 

Freshwater flow in Canada has also been influenced by climate change.  Earlier spring 

melting of snow has resulted in earlier peaking of spring streamflow and higher rates of 

flow in winter and early spring.  Reduced summer flows have also been observed in 

some areas (Bonsal, et al., 2019).   

Wine regions globally have experienced warming growing season temperatures since 

the mid-1950s (Jones, et al., 2005).  North American wine regions show a trend towards 

the earlier occurrence of last spring frost, along with later occurrence of first autumn 

frost (Jones, 2007), resulting in longer frost-free periods.  Growing season heat 

accumulation, commonly expressed as growing degree days (GDD), has shown 

increases in Europe (Jones, et al., 2005) and North America (Jones, 2005).  The 

Okanagan Valley has experienced warming average winter temperatures and extreme 

minimum temperatures (Rayne, et al., 2011).   
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3.2. Climate change projections 

Ongoing emissions of greenhouse gases (GHG) such as carbon dioxide (CO2) into the 

atmosphere will continue to change the Earth’s climate.  The level of emissions per year 

(measured in CO2 equivalents) will play a role in determining the extent of future global 

surface warming (IPCC, 2014).   

The IPCC’s Representative Concentration Pathways (RCPs) are atmospheric GHG 

concentration scenarios, with each RCP scenario representing a different trajectory2. 

(Figure 2). 

 
2 Representative Concentration Pathways (RCPs) represent GHG concentration trajectories, rather than emissions 
trajectories.  There are four RCPs adopted by the IPCC for its Fifth Assessment Report (AR5) (IPCC, 2014); RCP2.6, 
RCP4.5, RCP6.0 and RCP8.5.  The number given to each RCP trajectory refers to ‘radiative forcing’ which is a 
measure of the balance of incoming (absorbed) and outgoing (reflected) energy in the Earth’s atmosphere system.  
GHG concentration in the atmosphere has a large impact on radiative balance.  Radiative forcing values are 
expressed as changes relative to pre-industrial averages (based on the year 1750) and measured in Watts per 

square metre (W/m2). 
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RCP2.6 assumes global GHG emissions peak between 2010-2020.  RCP4.5 assumes 

peak GHG emissions at 2040 followed by a decline.  RCP6.0 assumes emissions peak 

around 2080 then decline, while RCP8.5 assumes continuing rises in emissions 

throughout the 21st century (Stocker, et al., 2013). 

Regardless of the GHG concentration scenario, average global surface temperatures 

are projected to rise throughout the 21st century, resulting in more frequent and longer-

lasting heat waves (IPCC, 2014).  In Canada and BC, the 21st century will bring 

increases in mean annual temperatures as well as increased average daily maximum 

Figure 2: IPCC RCP greenhouse gas concentration pathways 

(IPCC, 2014). 
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and minimum temperatures in both summer and winter.  Extreme cold events are 

projected to become less frequent.  The number of days with frost is expected to 

decrease by 2030-2050 causing a corresponding increase in the frost-free period 

(Zhang, et al., 2019).   

By 2050, an increase of 1.5-4°C in winter and 2-4°C in summer is predicted for the 

Okanagan Valley, with temperature rises resulting in increases of GDD, frost-free days, 

and growing season length (Merritt, et al., 2005).  Rayne et al (2011) found small 

increases in GDD likely in the northern and southern extremes of the valley by the year 

2100 due to increasing mean temperatures in spring and late summer.  However, they 

also concluded that cooler mid-summer mean temperatures will lead to no increase or 

decreases in GDD for the central Okanagan Valley by 2100.  These contradict the 

results of Merritt, et al., and suggest that the potential impacts of climate change on 

GDD in the Okanagan Valley are not yet fully understood. 

Annual and winter precipitation is expected to increase across Canada.  Summer 

precipitation is not expected to change significantly, except late in the century and under 

the highest emissions scenario (Zhang, et al., 2019).  Precipitation in the Okanagan 

Valley is predicted to rise by 5-30% by 2050 with increases expected in all seasons 

except summer (Merritt, et al., 2005).  However, the valley is also expected to 

experience a 35-75% reduction in precipitation as snow over the same period 

(Belliveau, et al., 2006).   

The percentage of time with snow cover in Canada is expected to continue declining at 

5-10% per decade, consistent with current trends (Derksen, et al., 2018).  Canadian 
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freshwater flows are expected to peak earlier in the season in coming decades due to 

warming temperatures, reduced snow cover, and a shift towards winter and spring 

precipitation falling as rain rather than snow (Bonsal, et al., 2019).   

Irrigation is essential for vineyards in the Okanagan Valley (Caprio & Quamme, 2002) 

due to its low rainfall, hot summers, and well-drained soils.  This is most critical in the 

south of the valley where summer temperatures are at their hottest, precipitation is 

lower, and arid sandy soils prevail (Belliveau, et al., 2006).   

The three main sources of irrigation water in the valley are the Okanagan River and 

lake-system, tributary streams, and groundwater (Neilsen, et al., 2006).  Availability of 

water from these sources is projected to become increasingly limited for agriculture due 

to reduced snow accumulation, an earlier onset to spring snowmelt, and the resulting 

reduction in annual and spring flow volumes (Merritt, et al., 2005).  Further 

compounding the issue, demand for water is expected to increase by 24-38% by the 

2050s due to increased evapotranspiration and a longer growing season (Neilsen, et al., 

2006).  A predicted population rise in the Okanagan Valley of 28% by the year 2040 (BC 

Stats, 2018) will also increase pressure on agricultural water resources (Merritt, et al., 

2005).  These factors have the potential to lead to severe water shortages later in the 

growing season when the need for irrigation is at its highest (Belliveau, et al., 2006).   

2017 and 2018 were the worst forest fire seasons on record3 in BC in terms of total area 

impacted4.  The number of hectares burned per year shows an increasing trend since 

 
3 National Forestry Database records were available from the year 1990 onwards (CCFM, 2019). 
4 A total of 1,216,112 hectares were burned in BC in 2017.  A total of 1,353,862 hectares were burned in BC in 
2018.  2014 saw the next highest total burned acreage during a single year (368,926 hectares burned) (CCFM, 
2019). 
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2003 (CCFM, 2019).  Temperature rises, combined with a reduction in summer rainfall 

are expected to increase the frequency of forest fires (Belliveau, et al., 2006) with a 

30% increase in fire season length predicted by the year 2070 (Nitschke & Innes, 2008).    

3.3. Climate change and viticulture 

When considering the impact of climate change on viticulture, the two most important 

factors are temperature and precipitation.   

Temperature impacts the timing of grapevine phenological stages including bud break, 

flowering, and veraison, while also influencing fruit ripening and berry sugar 

accumulation (van Leeuwen & Darriet, 2016).  Due to the warming climate, phenological 

growth stages of grapevines in Europe have trended earlier in the last 50 years with 

changes most evident for the timing of bloom, veraison and harvest (Jones, et al., 

2005).  The earlier timing of harvest dates has resulted in increasing levels of ripeness 

in grapes.  While this has been a positive change for many wine regions, high sugar 

levels, low titratable acidity and increased pH associated with higher ripeness levels can 

lead to unbalanced grape composition and quality losses (van Leeuwen & Darriet, 

2016).   

Due to the influence of temperature on the timing of grapevine phenological stages, 

temperature-based indices such as average growing season temperature and GDD are 

commonly used to determine the suitability of a region for viticulture.  Temperature-

based indices allow the suitability of different grape varieties for specific regions to be 

assessed, while also helping to project how climate change will impact existing varieties 

(Jones, et al., 2010).  Increasing average growing season temperatures and GDD will 
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create new viable areas for viticulture while allowing expansion in cool climate regions 

(Jones & Schultz, 2016).   

Temperature extremes can impact vine function and grape quality.  Extreme heat 

(>30°C) can lead to premature veraison, berry abscission, enzyme inactivation and 

reduced flavour development in berries (Rayne, et al., 2011), as well as lower yields 

due to reduced berry weight (Caprio & Quamme, 2002).  It has also been shown to 

negatively impact grape and wine quality by reducing anthocyanin levels and seed 

tannin content in berries (Ortega-Regules, et al., 2008).  Extreme cold temperatures can 

lead to winter freeze injury or death of the vine (Jackson, 2014). 

Precipitation is the main source of water for vineyards, either through rainfall or as the 

source of irrigation water supply.  A vine’s water status plays a large role in 

photosynthesis and shoot growth, while also influencing berry size and tannin and 

anthocyanin concentrations (van Leeuwen & Darriet, 2016).   

Prolonged water deficits lead to reduced photosynthesis, shoot tip death, reduced root 

growth, lower yields and poor fruit flavours (Jackson, 2014).  High levels of precipitation 

can impact grape quality and yields by increasing susceptibility to fungal diseases such 

as downy mildew and botrytis (Robinson, 2015).  Excessive rain can reduce yields at 

bloom by negatively impacting pollination and fruit set, and at harvest can cause quality 

losses due to berry dilution (Belliveau, et al., 2006) or berry splitting (Jackson, 2014).   

Changes to temperature and precipitation can influence viticulture indirectly through 

their impact on pest and disease pressure and the frequency and severity of wildfires.   
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Robinson (2015) states that climate change is expected to increase the population and 

severity of pests and diseases in wine regions.  Pest and disease migration to new 

areas is likely as increasing temperatures, and in some areas, increased precipitation, 

create favourable new environments. 

The frequency of wildfires is expected to increase under various climate change 

scenarios (Wine Australia, 2019).  Volatile phenols from wildfire smoke can negatively 

taint grapes and wine, entering berries through the waxy cuticle then forming stable 

phenols through reactions with sugars in the berry.  The extent of the taint is influenced 

by the stage of grape berry development, grape variety, smoke concentration, duration 

of exposure, and the volatile phenol composition and concentration of the smoke 

(AWRI, 2018).  Grapes are most prone to smoke taint if the exposure occurs from 

veraison onwards (Robinson, 2015).  The presence of smoke has been shown to delay 

ripening and reduce sugar accumulation in fruit when compared to vines not exposed to 

smoke (Brodison, 2013).   

3.4. Viticultural adaption to climate change 

Viticulturists can adapt their practices to take advantage of or mitigate the influences of 

climate change.  Techniques designed to delay vegetative growth and berry ripening 

can help growers adapt to a warming climate.  Later pruning can delay phenological 

growth stages by delaying bud break while reducing a vine’s leaf area to fruit weight 

ratio can lead to later ripening (van Leeuwen & Darriet, 2016).  Other methods to delay 

phenological growth include the application of leaf sunscreens and the use of vine 

shading techniques (Fraga, et al., 2015).    
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Longer-term adaptions to mitigate warming temperatures can include adjusting cultivar, 

clonal and rootstock selections, and making infrastructure modifications (van Leeuwen 

& Darriet, 2016).  The combination of later ripening clones and rootstocks has been 

shown to delay ripeness by 7-10 days.  Training and trellising systems can also mitigate 

the influence of rising temperatures.  Taller trunk systems can lead to cooler fruit zone 

temperatures (van Leeuwen & Darriet, 2016), while trellis design and row orientation 

can help to shade and cool the fruit zone.   

With extreme cold temperatures expected to become less severe, winter freeze injury 

will become a reduced concern in cool climate regions.  Grape varieties that have 

previously been unsuitable due to their low cold tolerance will become more viable.  

New areas will become suitable for viticulture due to warmer winters and an increasing 

frost-free period (Jones & Schultz, 2016).   

Drought tolerant rootstocks such as 140 Ruggeri and 110 Richter can help viticulturists 

adapt to reduced precipitation and irrigation water supply.  Planting cultivars with high 

drought tolerance such as Grenache and Carignan can also be an adaption technique 

(van Leeuwen & Darriet, 2016).  Increasing soil water holding capacity (WHC) through 

adjusted cover crop and tillage techniques can help to mitigate the effects of reduced 

precipitation (Fraga, et al., 2015).   

Hand harvesting of fruit is an adaption strategy used to minimise juice contact with 

smoke compounds in grape skins (Robinson, 2015).  Other techniques to minimise 

smoke taint impact include harvesting fruit while cool, eliminating leaf material from 

harvested grapes, and maintaining fruit integrity through gentle handling and the use of 

smaller harvesting containers (Brodison, 2013).   
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4. Methodology 

4.1. Evidence of climate change in the Okanagan Valley 

40-years of weather data was assessed to 

examine the extent to which the Okanagan 

Valley has experienced climate change.  The 

40-year timeframe was chosen to provide 

meaningful analysis of changes and to negate 

the effects of seasonal anomalies or 

fluctuations caused by weather patterns such 

as El Niño.  Shorter periods of analysis can be 

sensitive to annual or decadal anomalies 

(IPCC, 2014).  A longer timeframe than 40-

years was not possible due to inconsistencies 

in available weather records.   

Three Okanagan Valley weather stations 

(identified on Map 2 and described in Appendix 

9.2) were selected from the Government of 

Canada’s Historical Climate Data website 

(Government of Canada, 2019).   

Daily weather data from November 1st, 1978 

to December 31st, 2018 were extracted for 

each location, including minimum, maximum 

Map 2: Locations of the three 

selected weather stations, as well as 

the Dry Creek Vineyard site used for 

phenological data assessments 

(marked with an “X”). 

KELOWNA 

PENTICTON 

OSOYOOS 
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and average temperature, and precipitation.  From the raw data, the number of extreme 

heat days5, extreme cold days6, the date of last spring frost and first autumn frost, the 

frost-free period, and the number of frost-free days were calculated.   

Annual GDD was calculated for each site, using 10°C as the minimum temperature and 

30°C as the maximum temperature.  The northern hemisphere growing season of April 

1st to October 31st was used for GDD calculations (Jones, 2007), and for all analysis 

specific to the growing season.  Table 1 provides an overview of the climate metrics 

extracted or calculated for the project. 

Climate Metrics Unit of 
Measurement 

Growing season average temperature (Apr 1-Oct 31) °C 

Growing season maximum temperature (Apr 1-Oct 31) °C 

Growing season minimum temperature (Apr 1-Oct 31) °C 

Mean temperature of the warmest month (July) °C 

Growing degree days (GDD) GDD 

Average winter temperature (Nov 1-March 31) °C 

Number of extreme cold days - minimum temperature < -20°C Days 

Number of extreme heat days - maximum temperature >35°C Days 

30-year extreme high temperature °C 

30-year extreme low temperature °C 

Date of last spring frost Date 

Date of last autumn frost Date 

Frost-free days per year Days 

Frost-free period (between last spring frost and first autumn frost) Days 

Mean annual precipitation mm 

Growing season precipitation (Apr 1-Oct 31) mm 

Precipitation falling as snow mm 

 
5 Extreme heat days were defined as days where the maximum temperature exceeded 35°C. 
6 Extreme cold days were defined as days where the minimum temperature fell below -20°C. 

Table 1:  List of climate metrics collected or calculated for historical data analysis 

and climate projections, including units of measurement. 
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4.2. Phenological data 

Phenological data from Dry Creek Vineyard in Oliver (identified by an ‘X’ on Map 2) was 

analysed to evaluate if climate change has impacted annual grapevine growth cycles.  

Twenty-one consecutive years of data were available from a single Pinot Gris block, 

showing the annual date of occurrence of the following growth stages: 

1. 5-10cm shoot growth 

2. 50% bloom 

3. Bunch closure 

4. Veraison7 

4.3. Grower interviews and surveys 

Twelve Okanagan Valley viticulturists were interviewed for the project (Appendix 9.3).  

Participants were carefully selected from representative viticultural areas within the 

valley and from a range of vineyard sizes, business types, and farming methods.  

Interview questions were open-ended to allow for a wide range of responses but were 

broadly focussed on three topics.   

1. What climate-related changes (if any) are viticulturists already seeing?   

2. What climate-related changes do viticulturists expect to experience by the 

2050s?   

3. How have viticulturists adapted and how are they planning to adapt to take 

advantage of or mitigate climate-related changes?   

 
7 Only 18 years of data was available for the date of veraison occurrence for Pinot Gris at Dry Creek Vineyard. 
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An online survey (Appendix 9.5) was created with the aim to identify what local growers 

believed the positive and negative implications of current and future climate change 

would be for viticulture in the Okanagan Valley.  The survey also asked growers how 

they are currently adapting their viticulture practices to climate change and how they 

were planning to adapt in the future.   

The survey was distributed through industry contacts and through two regional bodies - 

the BC Wine Grape Council and BC Grape Growers Association.  The aim was to gain 

50 responses.  While only 25 responses were received, respondents represented 26% 

of the valleys planted vineyard area (915 hectares).  Responses from a wide range of 

vineyard sizes, business types, and farming methods were achieved, with these metrics 

being tracked through the survey.    

4.4. Climate projections for the 2050s 

The 2050s was chosen as the timeframe for climate projections for this study. This was 

deemed far enough away for any climate changes to become significant, yet not so 

distant that the results would be irrelevant to today's viticulturists.  Projections for the 

2050s can provide growers with useful information for planning and longer-term 

adaption strategies such as planting, replanting and vineyard infrastructure decisions.  

While projections for the 2080s are available, they were not considered for this study 

due to their lesser relevance and applicability to today’s viticulturists.   

ClimateWNA, an online climate projection tool (UBC, 2019), was selected to provide all 

2050s climate projections (represented as the year 2055 on ClimateWNA).  This tool 

produces high-resolution climate projection data for BC and Western North America 
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utilizing historical weather data alongside regional predictions from global circulation 

models (GCMs).  Downscaling of baseline climate data (1961-1990) is achieved by a 

combination of bilinear interpolation and elevation adjustments.  This allows scale-free 

analysis from individual points on a map at a high level of accuracy when compared to 

scaled models (UBC Faculty of Forestry, 2019). 

The three weather station locations used for historical data collection were also used for 

future climate projections.  The same weather metrics were analysed, with precipitation 

falling as snow being an additional metric available through ClimateWNA.  Averaged 

weather data from three decades (1981-2010) was used as the reference for 

comparisons with climate projections.  ClimateWNA utilizes three GCMs: 

1. CanESM28 

2. CNRM-CM59 

3. HadGEM2-ES10 

Predictions from all three GCMs were utilized for the study.  Three GHG trajectories - 

RCP2.6, RCP4.5 and RCP8.5 - were utilized for climate projections11.  For CNRM-CM5, 

projection data were available for all three RCP scenarios, while for CanESM2 and 

HadGEM2-ES projections were available for RCP4.5 and RCP8.512.   

 
8 CanESM2 (Canadian GCM, 4th Generation) was developed by Environment and Climate Change Canada’s 
Canadian Centre for Climate Modelling and Analysis. 
9 CNRM-CM5 is a globally utilized GCM developed in France by CNRM-GAME (Météo-France/CNRS) and CERFACS 
research centre. 
10 HadGEM2-ES is a globally utilized GCM developed by the Met Office UK.   
11 ClimateWNA did not have climate projection data available for the RCP6.0 scenario for any of the GCMs. 
12 ClimateWNA did not have climate projection data available for the RCP2.6 scenario for CanESM2 and HadGEM2-
ES models.  Only the RCP4.5 and RCP8.5 scenarios were considered for climate projections utilizing these two 
GCMs. 
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5. Results 

5.1. Evidence of climate change in the Okanagan Valley 

Historical weather data confirms that climate change has occurred in the Okanagan 

Valley between 1979-2018. 

5.1.1. Temperature 

Average growing season temperature increased at all three weather station locations 

between 1979-2018 (Figure 3).   
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Figure 3: Average growing season temperature – 1979-2018. 
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Analysing average growing season temperatures by decade (Figure 4) further illustrates 

this warming trend13.  Penticton and Osoyoos both saw increases of 0.8°C when 

comparing 1979-1988 to 2009-2018, while Kelowna experienced a 0.7°C increase. 

 

 

 

 

 
13 The average growing season temperature for Kelowna dropped during the decade 1999-2008, driven by growing 
season daily minimum temperatures being on average 1°C cooler than the 1989-1998 decade (as shown on Table 
2). 
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Figure 4: Average growing season temperature per decade – 1979-2018. 
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Average growing season maximum temperature increased at all three locations over the 

40-year period.  Penticton’s average growing season maximum temperature for 2009-

2018 was 0.9°C higher than it was between 1979-1988, while Kelowna and Osoyoos 

both saw 0.8°C rises when comparing the same periods.  Average growing season 

minimum temperature also warmed at all locations when comparing 1979-1988 with 

2009-2018: Osoyoos by 0.8°C, Kelowna by 0.6°C, and Penticton by 0.5°C (Table 2).   

Temperature (°C) GS 
AVE 

GS 
MIN 

GS 
MAX 

WINTER 
AVE 

JULY 
AVE 

Osoyoos 1979 – 1988 16.3 9.2 23.4 1.3 21.4 

1989 – 1998  16.5 9.5 23.4 1.8 21.8 

1999 – 2008  16.6 9.4 23.9 2.7 22.8 

2009 – 2018  17.1 10.0 24.2 2.0 23.7 

Penticton 1979 – 1988 14.8 7.8 21.8 0.8 20.0 

1989 – 1998  15.3 8.5 22.1 1.1 21.0 

1999 – 2008  15.2 8.3 22.2 2.0 21.6 

2009 – 2018  15.6 8.3 22.7 1.6 21.7 

Kelowna 1979 – 1988 13.7 6.0 21.3 -0.4 18.8 

1989 – 1998  14.3 6.8 21.8 -0.3 19.9 

1999 – 2008  13.7 5.8 21.6 0.5 19.8 

2009 – 2018  14.4 6.6 22.1 0.2 20.6 

 

 

 

Table 2: Temperature data per decade for Osoyoos, Penticton and Kelowna from 

1979-2018, showing growing season (GS) average (AVE), minimum (MIN) and 

maximum (MAX) temperatures, as well as winter average temperature and average 

temperature of the warmest month (July). 
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The mean temperature of the warmest month, July (Figure 5), displayed the largest 

increase of all growing season temperature analysis, with Osoyoos increasing 2.3°C 

when comparing 1979-1998 to 2009-2018.  For the same comparison, Kelowna 

increased by 1.8°C and Penticton by 1.7°C. 
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Figure 5: Average July temperature per decade – 1979-2018. 
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As expected, increasing growing season temperatures resulted in a corresponding 

increase of GDD (Figure 6).  The steepest rate of GDD increase was observed in 

Osoyoos, with Penticton and Kelowna displaying similar rates.   
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Figure 6: Growing degree days per year – 1979-2018. 
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When comparing the decades 1979-1988 to 2009-2018, significant GDD increases 

were shown at all locations (Table 3). 

Growing Degree Days AVERAGE TOTAL 
GDD 

Osoyoos 1979 – 1988 1437 

1989 – 1998  1495 

1999 – 2008  1546 

2009 – 2018  1625 

Penticton 1979 – 1988 1232 

1989 – 1998  1303 

1999 – 2008  1327 

2009 – 2018  1357 

Kelowna 1979 – 1988 1059 

1989 – 1998  1162 

1999 – 2008  1088 

2009 – 2018  1193 

 

 

 

 

 

 

 

 

Table 3: Average growing degree days per decade – 1979-2018. 
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The frequency of extreme heat days14 increased significantly between 1979-2018 

(Figure 7).  This was most noticeable in Osoyoos which experienced 257% more 

extreme heat days in the decade 2009-2018 when compared to 1979-1988.  Penticton 

and Kelowna saw increases of 70% and 18% respectively when comparing the same 

decades.   

 

 

 

 

 

 
14 Extreme heat days were defined as days when the maximum daily temperature exceeded 35°C. 
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Figure 7: Number of extreme heat days per decade – 1979-2018. 
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The frequency of extreme cold days15 reduced for all locations between 1979-2018 

(Figure 8).  When comparing the decades 1979-1988 to 2009-2018, Kelowna 

experienced a 56% decrease in extreme cold days per decade.  For the same period, 

the number of extreme cold days for Osoyoos dropped by 73% and Penticton by 60%. 

 

 

 

 

 

 
15 Extreme cold days were defined as days when the minimum daily temperature fell below -20°C. 
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Figure 8: Number of extreme cold days per decade – 1979-2018. 
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All locations showed increasing average winter temperatures between 1979-2018 

(Figure 9).  Although 1999-2008 was the warmest winter decade for all three locations, 

the trend of increasing winter temperatures over the 40-year period is clear. 
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Figure 9: Average winter temperature per decade – 1979-2018. 
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5.1.2. Frost 

Osoyoos and Kelowna experienced slight trends towards the earlier occurrence of last 

spring frosts between 1979-2018, while Penticton had a slight trend towards later 

occurrence (Appendix 9.4).  The date of first autumn frost became later for all three 

locations over the same period, arriving on average seven days later for Osoyoos in 

2009-2018 than it did in 1979-1988.  Comparing the same decades, first autumn frosts 

in Penticton and Kelowna occurred six and four days later respectively (Table 4). 

Frost LAST SPRING 
FROST 

FIRST AUTUMN 
FROST 

Osoyoos 1979 – 1988 April 21 October 11 

1989 – 1998  April 13 October 17 

1999 – 2008  April 16 October 17 

2009 – 2018  April 18 October 18 

Penticton 1979 – 1988 April 26 October 6 

1989 – 1998  April 24 October 7 

1999 – 2008  May 2 October 8 

2009 – 2018  April 27 October 12 

Kelowna 1979 – 1988 May 10 September 24 

1989 – 1998  May 9 October 1 

1999 – 2008  May 15 September 24 

2009 – 2018  May 10 September 28 

 

 

 

 

 

 

Table 4: Average date of last spring frost and first autumn frost per 

decade – 1979-2018. 
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With weak trends towards earlier last spring frosts and a stronger trend towards later 

first autumn frosts, Osoyoos and Kelowna show increasing frost-free period trendlines 

between 1979-2018 (Figure 10).  Over the same period, Penticton’s frost-free period 

has remained steady16. 

 

 

 

 

 

 
16 Penticton experienced its latest average occurrence date for last spring frost during the 1999-2008 and 2009-
2018 decades (Table 4), which negated any potential trend towards an increasing frost-free period.   

100

120

140

160

180

200

220

1978 1983 1988 1993 1998 2003 2008 2013 2018

N
o

. 
o

f 
D

a
y
s

FROST-FREE PERIOD

Osoyoos Penticton Kelowna

Figure 10:  Frost-free period per year – 1979-2018. 
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When comparing 1979-1988 with 2009-2018 (Table 5), Osoyoos experienced the 

highest frost-free period increase (10 days), while Penticton and Kelowna both saw 

small increases.  Average frost-free days shows no linear trend for any location when 

analysed by decade, but all three locations averaged more frost-free days for the 2009-

2018 decade than for 1979-1988.   

Frost FROST-FREE 
PERIOD 

FROST-FREE 
DAYS 

Osoyoos 1979 – 1988 173 246 

1989 – 1998  186 262 

1999 – 2008  182 242 

2009 – 2018  183 259 

Penticton 1979 – 1988 163 248 

1989 – 1998  166 255 

1999 – 2008  158 258 

2009 – 2018  166 253 

Kelowna 1979 – 1988 137 210 

1989 – 1998  145 221 

1999 – 2008  131 206 

2009 – 2018  141 216 
 

 

 

 

 

 

 

 

 

 

Table 5: Average frost-free period and frost-free days per decade – 1979-

2018. 
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5.1.3. Precipitation 

Kelowna experienced a 35% decrease (142mm) in mean annual precipitation when 

comparing the decade of 1979-1988 to 2009-2018.  Osoyoos and Penticton show no 

consistent increasing or decreasing trend in annual precipitation over the 40-year span 

(Figure 11).  
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Figure 11: Mean annual precipitation per decade – 1979-2018. 
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Kelowna shows the most obvious growing season precipitation trend, averaging 34% 

(90mm per year) less during 2009-2018 than it did for 1979-1988 and showing a 

consistent decreasing trend across the four decades (Figure 12).  Osoyoos and 

Penticton show decreases in growing season precipitation when comparing 1979-1988 

and 1989-1998 to the most recent two decades, although it is a slight trend in the case 

of Penticton.    
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Figure 12: Average growing season precipitation per decade – 1979-2018. 
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Average July precipitation per decade (Table 6) showed significant decreases at all 

locations, most obvious in Kelowna which decreased 64% when comparing the decade 

1979-1988 to 2009-2018.  Osoyoos and Penticton saw decreases of 38% and 50% 

respectively when comparing the decades of 1989-1998 and 2009-2018.    

Kelowna experienced decreasing levels of winter precipitation (Table 6) from the 1989-

1998 decade onwards.  Between 2009-2018 Kelowna saw 40mm (30%) less winter 

precipitation than the average of the previous three decades.  Osoyoos and Penticton 

experienced their highest winter precipitation in the most recent decade, and the 

previous 30 years of data show no significant trends.  

Precipitation (mm) ANNUAL GROWING 
SEASON 

JULY WINTER 

Osoyoos 1979 – 1988 316 170 24 143 

1989 – 1998  274 212 34 138 

1999 – 2008  274 140 13 140 

2009 – 2018  314 171 13 148 

Penticton 1979 – 1988 338 225 29 119 

1989 – 1998  356 234 36 120 

1999 – 2008  322 213 21 120 

2009 – 2018  381 224 18 162 

Kelowna 1979 – 1988 385 267 42 128 

1989 – 1998  402 250 40 148 

1999 – 2008  324 218 25 122 

2009 – 2018  259 177 16 93 

 

 

 

Table 6: Average annual, growing season, July and winter 

precipitation per decade, 1979-2018 
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5.2. Phenological data 

Phenological data for Pinot Gris at Dry Creek Vineyard shows a trend towards the 

earlier occurrence of grapevine growth stages.   

The occurrence of 5-10cm shoot growth, 50% bloom, and bunch closure each trended 

earlier between 1997-2018 (Figures 13-15), while veraison shows a trend towards 

earlier occurrence from 2001-2018 (Figure 16).   
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Figure 13: Date of 5-10cm shoot growth for Pinot Gris vines at Dry Creek Vineyard – 

1997-2018. 
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Figure 14: Date of 50% bloom for Pinot Gris vines at Dry Creek Vineyard – 1997-
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Figure 15: Date of bunch closure for Pinot Gris vines at Dry Creek Vineyard – 1997-

2018. 
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5.3. Grower interviews and surveys 

Interviews and surveys demonstrate that Okanagan Valley grape growers are aware of 

climate change and how it is influencing viticulture in the region.  

5.3.1. Grower interviews 

All interviewed growers acknowledged that climate change is influencing viticulture in 

the Okanagan Valley.  Positive influences described by growers included earlier harvest 

dates, increased grape physiological ripeness and improved flavour profiles.  Some 

viticulturists also pointed to a reduced incidence of grapevine winter freeze injury in 

recent years.   

The most frequently mentioned negative influence was the presence of smoke caused 

by wildfires. This observation is supported by data from the Canadian National Forest 

Database (CCFM, 2019).  Only two interviewees said that smoke was not an important 
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Figure 16: Date of veraison for Pinot Gris vines at Dry Creek Vineyard – 2001-2018. 
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issue, with one suggesting smoke is beneficial due its cloud-like effect of moderating 

extreme high temperatures.  Other negative influences mentioned by growers included 

the increased frequency of both hot and cold extreme weather events17, spring flooding 

and water erosion, and increased pest pressure from existing and new species.  Some 

suggested that less severe winter temperatures had increased overwintering of pests 

and diseases such as powdery mildew.  Four people observed that the 2018 Icewine 

harvest was the latest on record and mentioned Icewine production is becoming a 

riskier endeavour in the region.      

Looking ahead to the 2050s, most concluded that climate change would be negative for 

viticulture in the valley.  Commonly mentioned negative impacts included extreme heat 

levels, increased presence of smoke from wildfires, and reduced irrigation water supply.  

More than half of those interviewed suggested that climate change could bring new 

viticultural pests and diseases to the region, such as the glassy-winged sharpshooter 

and Pierce’s disease.  

Planting vineyards in new areas and expanding the total vineyard area of the region 

were identified as expected benefits of climate change.  Growers suggested cooler 

areas such as higher altitude sites, north-facing slopes, and northern areas in the valley 

will become more suitable for viticulture.  Some cited increasing frost-free periods and 

GDD as an expected advantage, resulting in improved ripeness levels in later ripening 

varieties such as Cabernet Sauvignon.   

 
17 The observation of an increased frequency of extreme cold events is not supported by historical weather data. 
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Most interviewees had implemented viticultural adaptions due to perceived climate 

change.  Examples of these adaptions include converting irrigation systems from 

overhead sprinklers to under-vine drip irrigation to reduce water use, and the use of 

cover crops to mitigate spring water erosion events.  Two viticulturists were adjusting 

row orientation away from north to south rows when replanting vineyards to increase 

shading of the fruit zone during the hottest part of the day.  One grower suggested that 

drought and extreme heat mitigation techniques adopted by Australian viticulturists 

could become applicable in the Okanagan Valley, specifically leaf sunscreen sprays, 

sub-soil irrigation to reduce evaporation, and modified trellis designs to increase 

shading of fruit. 

A decreasing supply of irrigation water was a concern for many interviewees.  

Increasing soil WHC through organic matter additions was identified as an adaption to 

reduce reliance on irrigation water, while three growers planned to move towards 

drought-tolerant permanent cover crops.  Two viticulturists mentioned they were 

sourcing vines grafted to drought-tolerant rootstocks to reduce their irrigation water 

inputs.   

Three growers planned to adapt to warmer temperatures by moving to later-ripening 

grape varieties.  One grower had researched the possibility of planting later-ripening 

heritage Pinot Noir clones, as is being practised in Oregon.  However, many 

interviewees indicated it will be wine styles changing with the warmer climate rather 

than grape varieties.  Several indicated that wine sales will be directing future planting 

decisions rather than climate change. 
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Despite the strategies mentioned above, many growers stated that their adaption 

strategy is based on a season by season approach, reacting within the season as 

challenges or opportunities present themselves. 

5.3.2. Grower surveys 

88% of survey respondents stated that climate change is already influencing viticulture 

in the Okanagan Valley, while 100% believed it would have an influence by the 2050s.  

52% of growers thought climate change to this point has had a positive influence on 

viticulture, with 20% viewing the changes as negative.  This result reversed when the 

2050s was considered, with 56% of respondents believing climate change influences 

will be negative for viticulture and only 28% expecting a positive influence.  Half of those 

surveyed believed that climate change is an extremely important issue for viticulture in 

the region, with another 46% classifying it as a very important issue. 
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When asked about aspects of viticulture currently being positively influenced by climate 

change, the most favoured responses (in descending order) were ripeness levels, 

average growing season temperature, the timing of ripening and a reduced incidence of 

vine winter injury or death.  Projecting to the 2050s, the same four positives were 

chosen most frequently, with the timing of ripening being most often selected (Figure 

17). 
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Figure 17: Okanagan Valley grape grower perspectives on the current positive 

influences of climate change and the expected positive influences of climate change 

by the 2050s. 
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When questioned about the negative impacts of climate change being experienced, 

smoke from wildfires, frequency of extreme heat events, the quantity of irrigation water 

being used and temperatures during peak ripening were the main concerns.  When 

considering the 2050s, smoke from wildfires and extreme heat events remained the top 

two concerns, with frequency of drought events and irrigation water supply being the 

next most frequently selected (Figure 18). 
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Figure 18: Okanagan Valley grape grower perspectives on the current negative 

influences of climate change and the expected negative influences of climate change 

by the 2050s. 
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80% of those surveyed have adapted their viticultural practices in response to climate 

change.  The most common forms of adaption being practised include reduced leaf 

removal to shade fruit from intense heat, canopy management techniques and modified 

irrigation strategies (Figure 19).  95% of survey respondents plan to adapt their 

viticultural practices in the future due to the influence of climate change, with leaf 

removal, canopy management techniques and modified irrigation strategy again being 

the most popular planned adaptions. 
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Figure 19: Currently employed adaptions and plans for future adaption by Okanagan 

Valley grape growers to mitigate or take advantage of climate change.   
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5.4. Climate projections for the 2050s 

Climate projections for the 2050s predict substantial changes for the Okanagan Valley. 

5.4.1. Temperature 

All prediction models across all scenarios project notable increases in average growing 

season temperature by the 2050s (Figure 20).  CNRM-CM5 projects the smallest 

increases of the three models, however, even at its most conservative projection 

(RCP2.6) it predicts an increase of 1.6°C for all locations.  HadGEM2-ES–RCP8.5 

predicted the highest increases of all models and scenarios, projecting rises of 5.0°C for 

Osoyoos, 5.1°C for Penticton, and 5.2°C for Kelowna.   
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Figure 20: Projected growing season average temperature for the 2050s, showing 

predictions from all models and scenarios. 
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Average growing season maximum and minimum temperatures are projected to 

increase by all models under all scenarios.  CNRM-CM5–RCP2.6 predicts growing 

season maximum temperature increases of 1.8°C for Osoyoos and 1.7°C for Penticton 

and Kelowna, while HadGEM2-ES–RCP8.5 predicts the highest increases; 5.5°C for 

Osoyoos and Penticton and 5.6°C for Kelowna.  Growing season minimum 

temperatures for Osoyoos and Penticton are projected to rise from 1.5°C under the 

CNRM-CM5–RCP2.6 scenario, to 4.7°C under the RCP8.5 scenario. With the same 

model, Kelowna sees increases ranging from 1.4°C to 4.8°C.  Significant warming is 

also expected for the month of July by the 2050s with projected average increases of 

between 2.1°C and 5.9°C under RCP4.5, and between 3.4°C and 7.1°C for RCP8.5, 

depending on the location and model used (Table 7). 
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2050s Projections: Temperature 
(°C) 

GS 
T 

AVE 

GS 
T 

MAX 

GS 
T 

MIN 

JULY 
T 

AVE 

Winter T 
AVE 

30 YEAR 
EXT MIN 

30 YEAR 
EXT MAX 

Osoyoos Average 1981-2010 10.4 24.0 9.3 22.5 1.58 -24.8 40.9 

CNRM-CM5-RCP2.6 12.1 25.8 10.8 24.0 3.5 -20.7 43.5 

HadGEM2-ES-RCP4.5 13.1 28.3 12.7 28.4 2.82 -23.3 41.7 

CNRM-CM5-RCP4.5 12.7 26.6 11.5 24.7 3.76 -21 44.4 

CanESM2-RCP4.5 13.7 27.8 12.8 27.7 4.44 -20 43.8 

HadGEM2-ES-RCP8.5 14.2 29.5 13.9 29.6 3.8 -21.5 43 

CNRM-CM5-RCP8.5 13.1 27.1 12.3 26.0 4 -20.9 44.4 

CanESM2-RCP8.5 14.8 28.9 14.0 29.5 5.44 -16.9 44.2 

Penticton Average 1981-2010 9.6 21.9 8.9 20.9 1.44 -23.6 39.1 

CNRM-CM5-RCP2.6 11.3 23.6 10.4 22.3 3.24 -19.7 41.5 

HadGEM2-ES-RCP4.5 12.3 26.2 12.4 26.8 2.54 -22.3 40.3 

CNRM-CM5-RCP4.5 11.8 24.4 11.1 23.0 3.48 -20.1 42.6 

CanESM2-RCP4.5 12.8 25.7 12.3 26.0 4.24 -19 42.4 

HadGEM2-ES-RCP8.5 13.4 27.4 13.6 28.0 3.46 -20.6 41.6 

CNRM-CM5-RCP8.5 12.2 24.9 11.8 24.4 3.66 -20 42.5 

CanESM2-RCP8.5 14 26.8 13.5 27.9 5.22 -15.8 42.7 

Kelowna Average 1981-2010 8.9 21.3 8.1 20.4 0.76 -25.1 38.5 

CNRM-CM5-RCP2.6 10.5 23.0 9.5 21.8 2.52 -21.4 40.8 

HadGEM2-ES-RCP4.5 11.6 25.6 11.7 26.2 1.7 -24.2 39.9 

CNRM-CM5-RCP4.5 11.1 23.8 10.2 22.5 2.74 -21.9 41.8 

CanESM2-RCP4.5 12.1 25.2 11.5 25.5 3.42 -20.9 42 

HadGEM2-ES-RCP8.5 12.7 26.9 12.9 27.5 2.58 -22.5 41.3 

CNRM-CM5-RCP8.5 11.5 24.3 10.9 23.8 2.92 -21.5 41.7 

CanESM2-RCP8.5 12.1 25.2 11.5 25.5 3.42 -20.9 42 

 

 

 

Table 7: Projected temperature (T) data for Osoyoos, Penticton and Kelowna for the 

2050s from all models and scenarios, showing growing season (GS) average (AVE), 

maximum (MAX) and minimum (MIN) temperature; July average temperature; winter 

average temperature; and 30-year extreme minimum (EXT MIN) and 30-year 

extreme maximum  (EXT MAX) temperature. 
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Large GDD increases are predicted for all locations by the 2050s across all scenarios 

(Figure 21).  CNRM-CM5 is again the most conservative model, predicting an increase 

of 252 GDD for Kelowna, 291 for Osoyoos, and 299 for Penticton under the RCP2.6 

scenario.  The remaining two models predict GDD increases across the three locations 

ranging from 581 at the lower end of RCP4.5, to 871 at the upper end of RCP8.5.  
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Figure 21: Projected growing degree days for the 2050s, showing predictions from 

all models and scenarios. 
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HadGEM2-ES predicts the smallest increases for 30-year extreme maximum 

temperature, while CNRM-CM5 and CanESM2 show similar projections.  For Osoyoos, 

30-year extreme maximum temperatures are predicted to increase by 0.8°C to 3.5°C 

under the RCP4.5 scenario, and by 2.1°C and 3.5°C under the RCP8.5 scenario, 

depending on the GCM (Figure 22).  An increase of 3.5°C would result in 30-year 

extreme maximum temperatures reaching 44.4°C in Osoyoos.   
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Figure 22: Projected 30-year extreme maximum temperature for the 2050s, showing 

predictions from all models and scenarios. 
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At the conservative end of 30-year extreme minimum temperature projections, 

HadGEM2-ES projects increases of 0.9°C for Kelowna, 1.3°C for Penticton and 1.5°C 

for Osoyoos under the RCP4.5 scenario (Figure 23).  The greatest increases are 

expected for Osoyoos, where at the upper-end CanESM2–RCP8.5 predicts an increase 

of 7.9°C.  30-year extreme minimum temperatures in Kelowna are projected to increase 

by between 0.9°C and 4.2°C by the 2050s and are predicted to reach between -24.2°C 

and -20.9°C.   
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Figure 23: Projected 30-year extreme minimum temperature for the 2050s, showing 

predictions from all models and scenarios. 
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All models predict average winter temperatures to increase significantly by the 2050s 

across all RCP scenarios (Figure 24), with HadGEM2-ES predicting the lowest 

increases and CanESM2 the highest.  Osoyoos is predicted to experience the highest 

winter temperature increases of the three locations, ranging from 1.24°C to 3.86°C.  

Penticton and Kelowna are projected to see similar winter temperature trends to 

Osoyoos, but with smaller increases. 
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Figure 24: Projected average winter temperature for the 2050s, showing predictions 

from all models and scenarios. 
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5.4.2. Frost 

All model and scenario combinations predict an earlier occurrence of last spring frost for 

all three locations, while only HadGEM2-ES under the RCP4.5 scenario predicts a later 

first autumn frost.  This leads to projected increasing frost-free periods for all locations 

by the 2050s (Figure 25 and Table 8).  The projected increase of frost-free period for 

Osoyoos ranges from 21-57 days, Penticton from 18-63 days, and Kelowna from 18-39 

days, depending on the model and scenario combination.   
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Figure 25: Projected frost-free period for the 2050s, showing predictions from all 

models and scenarios. 
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The total number of frost-free days is also expected to increase significantly for all 

locations (Table 8).  Projected increases range from 21-64 days for Osoyoos, 22-65 

days for Penticton, and 22-50 days for Kelowna.   

 

 

 

 

 

 

 

 

 

 

 

 

 

2050s Projections: Frost 
FROST-FREE 

DAYS 
FROST-FREE 

PERIOD 

Osoyoos Average 1981-2010 250 179 

CNRM-CM5-RCP2.6 280 201 

HadGEM2-ES-RCP4.5 271 195 

CNRM-CM5-RCP4.5 284 206 

CanESM2-RCP4.5 299 218 

HadGEM2-ES-RCP8.5 285 200 

CNRM-CM5-RCP8.5 290 212 

CanESM2-RCP8.5 314 236 

Penticton Average 1981-2010 253 182 

CNRM-CM5-RCP2.6 282 202 

HadGEM2-ES-RCP4.5 275 200 

CNRM-CM5-RCP4.5 286 209 

CanESM2-RCP4.5 303 225 

HadGEM2-ES-RCP8.5 288 205 

CNRM-CM5-RCP8.5 291 215 

CanESM2-RCP8.5 318 245 

Kelowna Average 1981-2010 239 170 

CNRM-CM5-RCP2.6 267 188 

HadGEM2-ES-RCP4.5 261 190 

CNRM-CM5-RCP4.5 272 195 

CanESM2-RCP4.5 289 209 

HadGEM2-ES-RCP8.5 275 195 

CNRM-CM5-RCP8.5 277 201 

CanESM2-RCP8.5 289 209 

Table 8: Projected frost-free days and frost-free period for the 2050s, showing 

predictions from all models and scenarios. 
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5.4.3. Precipitation 

Mean annual precipitation projections (Table 9) show varying increases and decreases 

depending on the model and scenario used.  Osoyoos is projected to experience 

between a 4.6% decrease and an 8.5% increase in mean annual precipitation, 

Penticton between 6.5% decrease and a 5.2% increase, and Kelowna between a 6.2% 

decrease and a 4.8% increase.  HadGEM2-ES predicts the lowest annual precipitation 

for each scenario, and CNRM-CM5 the highest.   

Winter precipitation projections for the 2050s (Table 9) predict increases for all locations 

under all models and scenarios with the most significant of these predicted by CNRM-

CM5–RCP2.6.   

Precipitation during July (Table 9) is predicted to decrease for all locations, with the 

largest projected decreases being for Osoyoos (19-76%).   
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2050s Projections: Precipitation 
(mm) 

MAP WINTER GS JULY PAS 

Osoyoos Average 1981-2010 307 144 161 21 34 

CNRM-CM5-RCP2.6 330 167 164 17 20 

HadGEM2-ES-RCP4.5 295 152 140 5 33 

CNRM-CM5-RCP4.5 312 152 159 16 18 

CanESM2-RCP4.5 301 153 150 13 15 

HadGEM2-ES-RCP8.5 292 157 134 5 26 

CNRM-CM5-RCP8.5 327 161 165 17 16 

CanESM2-RCP8.5 309 157 152 14 10 

Penticton Average 1981-2010 305 120 187 26 28 

CNRM-CM5-RCP2.6 320 139 184 22 17 

HadGEM2-ES-RCP4.5 288 126 161 7 28 

CNRM-CM5-RCP4.5 305 125 178 20 15 

CanESM2-RCP4.5 293 126 168 16 13 

HadGEM2-ES-RCP8.5 282 129 152 7 22 

CNRM-CM5-RCP8.5 319 133 186 21 14 

CanESM2-RCP8.5 300 130 172 17 9 

Kelowna Average 1981-2010 356 142 213 33 41 

CNRM-CM5-RCP2.6 371 168 203 29 27 

HadGEM2-ES-RCP4.5 337 153 184 11 43 

CNRM-CM5-RCP4.5 350 150 199 26 23 

CanESM2-RCP4.5 346 157 188 20 21 

HadGEM2-ES-RCP8.5 332 156 177 11 34 

CNRM-CM5-RCP8.5 372 162 210 28 22 

CanESM2-RCP8.5 346 157 188 20 21 

 

 

 

 

 

Table 9: Projected precipitation for the 2050s from all models and scenarios, 

including mean annual precipitation (MAP), winter precipitation, growing season (GS) 

and July precipitation, and precipitation falling as snow (PAS). 

 



56 
 

Growing season precipitation is expected to decrease at all locations (Figure 26), with 

the exception being at Osoyoos with the model CNRM-CM5, which predicts increases 

under scenarios RCP2.5 and RCP8.5.  Considering all models and scenarios, Osoyoos 

is expected to experience between a 3% increase and a 16% decrease in growing 

season precipitation, Penticton a decrease of between 0.5% and 18%, and Kelowna a 

decrease of between 1.4% and 17%.   
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Figure 26: Projected growing season precipitation for the 2050s, showing predictions 

from all models and scenarios. 
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Another noticeable projection is the reduction of precipitation falling as snow (Figure 

27).  HasGEM2-ES–RCP4.5 predicts a 5% increase in precipitation as snow for 

Kelowna and no change for Penticton, but all other combinations predict significant 

drops by the 2050s.  These range from 24-71% for Osoyoos, 21-68% for Penticton, and 

17-49% for Kelowna.   
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Figure 27: Projected precipitation falling as snow for the 2050s, showing predictions 

from all models and scenarios. 
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6. Analysis 

6.1. Evidence of climate change in the Okanagan Valley 

Weather data from 1979-2018 shows a clear warming trend at all three weather station 

locations.  Growing season average, maximum and minimum temperatures all 

increased over this period, resulting in a corresponding increase in GDD.  The 

frequency of days with temperature exceeding 35°C increased markedly, most obvious 

at the warmer Osoyoos site.  Average winter temperatures also warmed at each of the 

three locations between 1979-2018, and the frequency of days per decade where the 

minimum temperature dropped below -20°C per decade showed a decreasing trend, 

most obvious at the cooler Kelowna site. 

Weather data confirms that first autumn frost is occurring later for all locations, along 

with a trend towards a longer frost-free period for Osoyoos and Kelowna between 1979-

2018.  There were noticeable differences between the three sites, with significant first 

autumn frost and frost-free period gains shown at the Osoyoos location.  Penticton 

experienced no obvious frost-free period increase over the 40 years analysed.    

Only Kelowna showed a significant trend (decreasing) for mean annual precipitation.  

However, all three locations showed a decreasing trend for both growing season and 

July precipitation, with both being most apparent in Kelowna.  Kelowna experienced a 

decrease in winter precipitation over the last 20 years, while Osoyoos and Penticton 

saw no significant trends. 
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6.2. Phenological data 

With the warming growing season trend experienced by the Okanagan Valley, it is 

unsurprising that phenological growth stages of Pinot Gris vines at Dry Creek Vineyard 

are occurring earlier.  The 5-10cm shoot growth and 50% bloom stages both showed 

slight trends towards earlier occurrence, with the 2015 and 2016 seasons being very 

early compared to all other years.  The timing of bunch closure and veraison shows a 

steeper trendline, indicating a more pronounced phenological response to warmer 

temperatures as the growing season progresses.   

However, these phenological results must be taken with caution.  Twenty-one years is a 

short timeframe to draw data from18, and results could be impacted by decadal 

influences.  The very advanced 2015 and 2016 growing seasons could be outliers within 

this range of data, but their recency may also hint at what can be expected in future 

seasons. 

6.3. Grower attitudes towards climate change and adaption 

Growers believe climate change has had a positive impact to this point, with positive 

assessments most frequently heard from those based in cooler areas of the valley such 

as Kelowna and Summerland.  Growers from the warmer southern parts of the valley 

were less positive and shared more examples of how climate change has negatively 

impacted viticulture.   

When considering the 2050s, there was an overall belief that climate change would be 

negative for viticulture in the Okanagan Valley.  However, there was no strong 

 
18 Only 18 years of data was available for the date of veraison occurrence for Pinot Gris at Dry Creek Vineyard. 
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consensus about which aspects of viticulture will be influenced.  This is likely due to a 

lack of knowledge of exactly how climate will be impacted in the region, despite 54% of 

survey respondents claiming they were at minimum ‘very familiar’ with potential 

viticultural implications.  A common response from growers was that extreme cold 

temperatures have become and will continue to become more extreme.  However, both 

historical data and climate projection models indicate the opposite is true.  Again, those 

from the southern parts of the valley showed more concern about future impacts of 

climate change, while those from cooler areas recognized that they have the greater 

capacity to cope with and benefit from rising temperatures.   

Okanagan Valley growers showed awareness that adapting viticultural practices to the 

changing climate is necessary, with many having already implemented changes.  Most 

current adaptions are small in scale and reactionary in nature, responding to season-by-

season weather variability.  Very few growers have implemented longer-term adaption 

strategies such as adjusting vineyard infrastructure or the replanting vineyards with 

different rootstocks or varieties.  It can be assumed that this is largely due to the high 

costs associated with redeveloping and replanting vineyards.   

Grower responses suggest climate change will become a consideration during vineyard 

establishment and replanting in the future.  Viticulturists showed awareness that row 

direction and trellis design can help to mitigate the impacts of extreme high 

temperatures, and that soil management techniques can assist with reducing water use 

and erosion.  Drought tolerant rootstocks are set to become a popular choice for future 

plantings in the valley.  Grape variety changes seem less likely to feature in adaption 

strategies, as most growers are content to continue with varieties in high demand.  
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6.4. Climate projections for the 2050s 

6.4.1. Temperature 

The observed warming trend of the Okanagan Valley over the last 40 years is predicted 

to continue through to the 2050s.  Growing season average, maximum and minimum 

temperature, mean temperature of the warmest month, winter temperatures and 

extreme hot and cold temperatures are all predicted to warm significantly.  GDD will 

also rise, although this is tempered at the higher RCP scenarios due to a higher 

frequency of days reaching above 30°C. 

Increasing growing season temperatures are set to have profound implications for grape 

growing in the valley.  Using grapevine climate maturity groupings (Jones, 2007)19 

alongside average growing season temperature projections for each RCP scenario 

(averaging the projections from all three models), it becomes apparent that grape 

variety suitability for each viticultural area will change by the 2050s (Figures 28-30). 

The historical average growing season temperature data in Osoyoos shows current 

plantings of Syrah, Merlot, Cabernet Franc and Cabernet Sauvignon are well matched 

to the climate.  Under the RCP2.5 scenario, these remain well suited, while grape 

varieties such as Sangiovese, Nebbiolo and Zinfandel become more viable.  However, 

widely planted white varieties such as Sauvignon Blanc and Chardonnay become less 

suitable under this scenario.  Under the RCP4.5 scenario, the climate will reach the 

upper end of suitability for Cabernet Sauvignon while becoming too hot for Merlot, 

 
19 Any spelling errors present on the original grapevine climate/maturity groupings chart were not corrected. 



62 
 

Syrah and Cabernet Franc.  The RCP8.5 scenario predicts Osoyoos will become 

unsuitable for the wine grape varieties featured on this chart (Figure 28). 

 

 

Figure 28:  Grapevine climate/maturity groupings (Jones, 2007), showing projected 

changes in average growing season temperature for Osoyoos, using averaged 

projection data from each RCP scenario. 
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Under the RCP2.5 scenario, by the 2050s the average growing season temperature in 

Penticton becomes unsuitable for one of its most popular varieties, Pinot Noir, and 

becomes more suited to Rhone and Bordeaux grape varieties.  RCP4.5 results in 

Penticton reaching the upper end of the spectrum for even these varieties, while 

RCP8.5 suggests only the latest ripening red varieties on the chart will be viable (Figure 

29).    

Projected changes in growing season average temperature by the 2050s shifts Kelowna 

from the lower end of suitability for Pinot Noir, Chardonnay and Riesling to the upper 

end under the RCP 2.5 scenario.  The RCP 4.5 and 8.5 scenarios suggest an average 

growing season temperature suitable for a wide range of Rhone, Bordeaux and Italian 

grape varieties, with the latter scenario pushing suitability toward the upper end of their 

varietal tolerances (Figure 30).    
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Figure 29:  Grapevine climate/maturity groupings (Jones, 2007), showing projected 

changes in average growing season temperature for Penticton, using averaged 

projection data from each RCP scenario. 
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Figure 30:  Grapevine climate/maturity groupings (Jones, 2007), showing projected 

changes in average growing season temperature for Kelowna, using averaged 

projection data from each RCP scenario. 
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A warming growing season maximum temperature will lead to higher vine 

evapotranspiration rates and increase the quantity of irrigation water required.  It will 

also lead to increases in GDD, especially in the spring and autumn months.  Increases 

in minimum growing season temperatures will advance GDD early and late in the 

growing season and contribute to the earlier occurrence of grapevine phenological 

stages.  Projected increases in extreme high temperatures will cause greater stress to 

grapevines and fruit ripening, resulting in fruit quality losses and reduced yields.   

Warmer winters and increasing 30-year extreme minimum temperatures will have a 

positive impact on viticulture in the Okanagan Valley by the 2050s, reducing the 

incidence of winter freeze injury to grapevines.  However, the 30-year extreme 

projections for all locations show minimum temperatures low enough for winter freeze 

injury to remain a concern.  The 30-year extreme minimum temperature projections for 

Kelowna remain below -20°C in all model and scenario combinations, and for Osoyoos 

and Penticton are below -20°C in over half the projections.   

6.4.2. Frost 

The projected earlier arrival of last spring frost and the later arrival of first autumn frost 

by the 2050s are positive for viticulture in the Okanagan Valley.  An earlier occurrence 

of last spring frost decreases the risk of crop losses and vine damage, while later first 

autumn frosts will allow a longer growing season with less risk of grape ripening being 

inhibited by frost.  Quality gains will be possible in areas where ripeness for varieties is 

currently marginal, such as Cabernet Sauvignon in the south of the valley, and Riesling 

in the north.   
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6.4.3. Precipitation 

Total winter precipitation is expected to increase by the 2050s, although the percentage 

of precipitation as snow is projected to drop.  This indicates a higher percentage of 

winter precipitation falling as rain, which when combined with earlier snow melts will 

result in earlier peak spring flows.  This has the potential to cause more frequent and 

severe spring flooding and erosion events.  Reduced snowfall coverage, earlier 

snowmelt and earlier peak flow will also reduce water flow later in the growing season 

and put pressure on water supply for the important irrigation months of June, July and 

August.   

With projected decreases in growing season precipitation combined with warming 

temperatures, the quantity of irrigation water required by vineyards will also increase.  

This will further increase pressure on irrigation water supply in the valley.   

6.4.4. Other implications 

Warming growing season temperatures will result in the Okanagan Valley becoming a 

suitable environment for new pest and disease species, as insect populations move 

northwards from their current range of habitats.  In addition, warming winter average 

and extreme low temperatures will lead to more efficient overwintering, further 

increasing pest and disease pressure.   

A longer growing season combined with increasing spring precipitation and 

temperatures will lead to increases in forest growth and combustible forest material.  

Wildfire ignition risk is also likely to rise by the 2050s due to warming summer 

temperatures and reduced summer precipitation.  With these two factors considered, 
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the influence of smoke from wildfires will become a larger issue for viticulture in the 

Okanagan Valley.   

6.5. Viticultural adaption to climate change in the Okanagan Valley 

Viticulture stands to be significantly influenced by climate change by the 2050s.  

Growers will need to adapt their viticultural practices to the changing climate to maintain 

vine health, grape quality and economical yields.   

6.5.1. Site selection 

Warming of extreme winter cold temperatures and increasing frost-free periods will 

benefit Okanagan Valley grape growers by the 2050s by allowing expansion to areas 

previously considered too risky for viticulture. Land on the valley floor, higher altitude 

sites, and north-facing slopes will become more suitable for viticulture with the warming 

climate, as will cooler areas in the northern extremes of the valley.  Climate change has 

the potential to significantly increase the total planted vineyard land in the valley. 

6.5.2. Soil management 

Increases in spring water flows have the potential to increase flooding and erosion in 

the Okanagan Valley.  The regions light-textured sandy soils further amplify this issue.  

To help mitigate the threat, growers can employ cover crops to help stabilise the soil 

and decrease soil erosion and create water channels to direct flow away from sensitive 

vineyard areas. 

Increasing soil WHC is an adaption strategy that can help reduce irrigation water 

requirements.  Additions of compost and other organic matter can be employed to help 

build soil structure and increase WHC.  Reducing water evaporation from the soil is 

another concern.  Adaptions to mitigate this can include retaining permanent cover 
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crops to reduce water loss through bare earth and the use of composted mulch to 

shade the soil and reduce soil temperature.   

6.5.3. Trellis design 

Trellis and training systems that reduce leaf area such as gobelet can decrease the 

water requirements of a vineyard, therefore helping to mitigate the impact of reduced 

precipitation and water supply (van Leeuwen & Darriet, 2016).  Reducing leaf area with 

a shorter canopy will also delay ripening and can help growers to achieve more 

balanced grapes at harvest, provided that desired sugar levels are still met (Duchene, et 

al., 2014) 

Adjustments to row orientation and trellis design can help to shade fruit and cool the 

microclimate of the fruit zone.  For new plantings, orienting vertically shoot positioned 

rows to allow the canopy to shade the fruit during extreme heat hours can reduce the 

negative impacts of extreme high temperatures and slow phenological growth.  Any 

trellis design that allows the canopy to shade the fruit zone or positions the fruiting zone 

further from the ground can help to mitigate the effects of extreme heat and increasing 

growing season temperatures.   

6.5.4. Canopy and leaf management 

Reducing leaf removal is a popular strategy with growers to protect grapes from 

increasing extreme heat and average growing season temperatures and comes with 

little to no additional cost.  Shade nets are another method to achieve this effect and 

can help create a cooler fruit zone and canopy.   

Reducing leaf to fruit ratio has been proven to slow ripening and can be a useful 

adaption technique.  Dr John Forrest in Marlborough has experimented with selective 
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leaf removal from mid-canopy to reduce berry sugar levels at harvest and claims good 

success with white grape varieties (The Drinks Business, 2018).   

Leaf sunscreens such as Kaolin clays have been used to good effect in hot climates 

such as South Australia (ABC News, 2019) and are another mitigation technique that 

Okanagan Valley viticulturists could employ to reduce the impacts of extreme heat and 

sunburn.  The canopy can also be cooled by applying water through overhead irrigation 

sprinklers, although this practice is unlikely to be sustainable long term due to 

decreasing irrigation water supply.     

6.5.5. Harvesting decisions 

For growers in cooler areas or those with marginal grape varieties, earlier grapevine 

phenological growth is a positive change.  Growers can achieve quality gains through 

riper grapes if harvested at the same time of year or can harvest their grapes earlier and 

reduce the risk of autumn frosts interrupting ripening.  A projected later occurrence of 

first autumn frost could lead to further potential ripeness gains by increasing the length 

of the growing season.   

Smoke from wildfires is projected to become a larger issue for the Okanagan Valley by 

the 2050s.  Hand harvesting at cool temperatures is an adaption strategy that allows the 

winery the best chance of reducing smoke taint during processing.  However, labour 

shortages combined with the additional costs associated with hand harvesting may 

make this strategy unappealing to growers, especially if the fruit is already tainted.  

Washing fruit on the vine to remove ash has merit, although care needs to be taken to 

wash only the fruit zone to avoid further ash contamination from leaves.  
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Smoke taint research is continuing internationally through organizations such as the 

Australian Wine Research Institute, while the University of British Columbia is 

conducting research in the Okanagan Valley on volatile phenols specific to the regions 

forest fire fuel sources.  Growers will need to keep updated on research developments, 

while also utilising local laboratories such as SupraRnD (SupraRnD, 2019) to test for 

the presence of smoke taint in grapes prior to harvesting. 

Future Icewine production looks increasingly risky in the Okanagan Valley due to 

warming winter temperatures.  Growers may be forced to adapt by repurposing grapes 

destined for Icewine to other products.  

6.5.6. Pest and disease management 

The migration of new pests and diseases to the Okanagan Valley seems likely, but this 

is not something that can be easily prepared for.  Therefore, adaption will need to be 

more reactive than proactive.  Growers need to be vigilant with pest and disease 

scouting and remain educated about potential new threats for the region.  Greater 

pressure from existing pests and diseases also seems likely due to increasing 

temperatures and overwintering.  Adaption to this can include maintaining an open 

canopy with good air penetration, a rigorous integrated pest management program, and 

increased diligence with pest and disease control methods.   

6.5.7. Irrigation 

While reduced growing season precipitation will lead to reduced disease pressure and 

less risk of high-vigour vines, it will also result in increased vine irrigation requirements.  

This becomes a larger issue when combined with the effects of increasing temperatures 

and evapotranspiration rates.  Drip irrigation emitters and micro-jet sprinklers can 
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provide significant water savings while allowing techniques such as rootzone deficit 

irrigation to be practised.  Several Okanagan Valley growers have already moved away 

from overhead irrigation due to its higher water requirements, although some keep both 

drip and overhead systems to retain the option of watering cover crops and cooling their 

vineyard with water during extreme heat events.   

Reductions in precipitation falling as snow and the resulting earlier peak spring flow will 

likely impact irrigation water sources in the future.  Water storage options such as ponds 

or shared reservoirs could help growers adapt to this concern.   

6.5.8. Rootstocks 

With growing season precipitation projected to decrease by the 2050s, increasing vine 

tolerance to the drier climate will become a priority for viticulturists in the Okanagan 

Valley.  Planting vines grafted to drought-tolerant rootstocks such as Richter 110, 

Paulsen 1103 and Ruggeri 140 can help reduce irrigation water requirements.    

Rootstocks can help mitigate the impacts of advanced grapevine phenology.  Paulsen 

1103, Richter 110 and Couderc 1616 all delay ripening when compared to widely used 

Okanagan Valley rootstocks such as 3309C and 101-14.  Replanting to these 

rootstocks would allow growers to maintain the viability of their current grape variety 

selections for a longer period; an important consideration, as many growers view wine 

sales as the most important factor when deciding which grape varieties to plant. 

6.5.9. Grape varieties 

Figures 28-30 show that a warming growing season will significantly impact the 

suitability of grape varieties to different viticultural areas in the Okanagan Valley.  

Osoyoos stands to be the most affected by this, as it starts from a higher average 



73 
 

growing season temperature base.  Penticton and Kelowna have more opportunity for 

adaption in the future.   

Increased frost-free periods and later first autumn frosts will result in grape varieties 

previously unsuitable for certain areas becoming more viable, such as Syrah for 

Penticton, and Merlot for Kelowna.  Growers looking to replant over the next 30 years 

can consider a new range of grape variety options.  Warmer winter extremes will 

improve the viability of varieties previously not suited to the region due to their low cold 

tolerance, such as Semillon and Nebbiolo.  However, 30-year extreme minimum 

temperatures are still predicted to reach below -20°C under most projections, ensuring 

that grapevine cold tolerance will remain an important consideration for Okanagan 

Valley viticulturists. 

The Okanagan Valley benefits from being a new world wine region, unconstrained by 

appellation grape variety rules and regulations.  This allows freedom when considering 

grape varieties as part of a climate change adaption plan.  Another benefit is that the 

Okanagan Valley is not yet limited by an established reputation for any specific grape 

variety or varieties.  Diversity is a strength of the region’s wine industry, which allows a 

wide scope for future grape variety adaption.     
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7. Conclusion 

Historical data confirms that the Okanagan Valley has experienced climate change over 

the last 40 years.  All three weather stations displayed increases in growing season 

average, maximum and minimum temperatures and average winter temperatures 

between 1979-2018.  The frequency of extreme hot and extreme cold days also showed 

warming trends.  There was a shift towards a longer frost-free period in Osoyoos and 

Kelowna, although results were not conclusive for Penticton.  Growing season 

precipitation showed a slightly decreasing trend for all locations while Kelowna also 

experienced reduced winter precipitation.   

Predictive indices suggest this warming trend is set to continue for the Okanagan Valley 

through to the 2050s.  Temperatures for all seasons are projected to warm and extreme 

hot and cold temperatures are both expected to increase.  The timing of last spring 

frosts will occur earlier, while first autumn frosts will become later, resulting in longer 

frost-free periods.  Growing season precipitation is predicted to decrease slightly by the 

2050s.  Winter precipitation is expected to increase but warming temperatures will result 

in reduced precipitation falling as snow.   

Climate change will have a significant impact on viticulture in the Okanagan Valley by 

the 2050s.  It will bring benefits to growers such as reduced incidence of winter freeze 

injury, quality gains through riper grapes, the potential to expand viticulture to cooler 

areas and the ability to grow new and different grape varieties.  However, climate 

change will also bring challenges to the region.  Extreme heat will put immense stress 

on vines, negatively impacting grape quality.  Certain grape varieties will suffer quality 

losses due to ripening too early.  Earlier snowmelt and increasing spring water flows will 
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increase the severity of flooding and erosion events, while earlier peak freshwater flow 

and drier summers will put pressure on irrigation water supplies later in the growing 

season.  The impact of smoke caused by wildfires will intensify, increasing the incidence 

of grape quality losses from smoke taint.  

Okanagan Valley viticulturists showed good awareness of how climate is influencing 

viticulture in their region.  Almost all growers believe climate change has had a positive 

influence on viticulture to date, with increased grape ripeness and the associated quality 

gains being tangible benefits.  While there is some uncertainty from viticulturists 

regarding how future climate change will impact viticulture, most expect the influences 

to be negative by the 2050s.   

Several adaption strategies are available for growers to take advantage of or mitigate 

the impacts of climate change.  These include site selection, soil management 

practices, trellis design, canopy and leaf management, harvesting decisions, pest and 

disease management techniques, irrigation strategies, and the choice of rootstock and 

grape variety.  Short term adaption strategies such as adjusting leaf removal, irrigation, 

cover crop and mulching techniques can help viticulturists mitigate or take advantage of 

changes in climate, as can the timing of harvest.  Longer-term adaptions such as row 

direction, trellis design and plant material adjustments require more planning and 

investment but can help mitigate or take advantage of longer-term climate changes.   

Adaptions currently employed by Okanagan Valley growers include leaf and canopy 

management techniques to mitigate extreme heat and irrigation strategies to reduce 

water use.  Few viticulturists have invested in long-term adaption strategies at present, 

but almost all were aware that this would be a necessity in the future.  
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9. Appendices 

9.1. Research paper proposal 

Student ID 24610 Date of submission 24th March 2019 

RPP Version No 5 Name of Advisor Bob Betz MW 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 

How will climate change be influencing viticulture in British Columbia’s Okanagan Valley by the 
2050s? 

Research Questions:  Define the subject of your Research Paper and specify the specific 

research questions you plan to pursue. (No more than 200 words) 

The effects of climate change are being felt and projected globally in the wine industry.  The 
Okanagan Valley has experienced increased average growing season and dormant season 
temperatures over the last 20 years, indicating that climate change is influencing the region.  
Adapting to these and other climate-related changes will be essential for Okanagan Valley grape 
growers in the coming decades.   
 
This research paper sets out to answer the following questions: 
 

1. What effects of climate change have been seen in the Okanagan Valley over the last 40 
years? 

2. What do predictive indices and climate change models project for climate and weather in 
the Okanagan Valley by the 2050s? 

3. What viticultural challenges and benefits will the Okanagan Valley experience due to 
projected climate change by the 2050s?  

4. What are Okanagan Valley viticulturists doing to adapt to the current and projected effects 
of climate change? 

5. What strategies can viticulturists employ now to best mitigate or take advantage of these 
projected challenges and benefits? 

 

Background and Context: Explain what is currently known about the topic and address why 

this topic requires/offers opportunities for further research. (No more than 200 words) 
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The British Columbia (BC) wine industry contributes CAN$2.8 billion annually to the provincial 
economy.  The Okanagan Valley is the largest and economically most important wine region 
within BC.  The region is home to 182 licensed wineries, and its 3,488 hectares (8,619 acres) of 
planted vineyards make up 84% of the province’s total vineyard area.    
 
Climate change and its current and projected impacts on the global wine industry have been 
widely studied. Grape growers in the Okanagan Valley have been observing climate-related 
impacts, such as increasing growing degree days, earlier budburst and harvest dates, and an 
increase in extreme weather events.  However, there is no recent published information relating 
to how climate change is affecting viticulture in the Okanagan Valley, or of its projected medium 
to long term effects.  This research will be the first of its kind for the region and will provide 
valuable and necessary information to the Okanagan Valley wine industry. 
By applying predictive indices and existing climate change models to existing weather data for 
the Okanagan Valley, projections for climate and weather conditions in the region in the 2050s 
will be made.  Using these projections, this paper will identify the viticultural challenges and 
benefits the Okanagan Valley will likely face, and outline strategies for the region to mitigate or 
take advantage of the expected effects.   
 
This Research Paper will also identify how growers are adjusting their practices as a reaction to 
these challenges, and how they are planning to deal with future changes in climate.   
 
Climate change projections for the 2080s have also been proposed but will not be considered 
due to the longer time frame and a greater degree of uncertainty. 
 
  

Sources: Identify the nature of your source materials (official documents, books, articles, other 

studies, etc.) and give principle sources if appropriate. (No more than 150 words) 

 
- Summerland Research Centre – Agriculture and Agri-food Canada.  Local weather 

database, as well as source of numerous local viticulture articles.  
- Local viticulturists – to access weather data and climate-related observations, and to 

interview about climate change and its viticultural challenges.   
- Government of Canada Weather database – the source of historical weather station data. 
- Pacific Climate Impacts Consortium (PCIC) – University of Victoria (UVIC) – source of 

Climate analysis data and tools specific to Western Canada.  
- Climate WNA – University of British Columbia (UBC) – Historic weather data and future 

seasonal and monthly weather predictions for regional Canada. 
- Environment Canada – website with Canada specific climate change scenarios and 

models. 
- Natural Resources Canada – a source of climate change maps, data and publications. 
- The work of wine industry climate change experts, such as Dr Gregory V Jones. 

▪ Jones, G.V., Duff, A., Hall A. and Myers, J. (2010). Spatial analysis of climate in winegrape 
growing regions in the western United States, American Journal of Enology and Viticulture) 

▪ Jones, G.V., Moriondo, M., Bois, B., Hall, A. and Duff, A. (2009). Analysis of the spatial 
climate structure in viticulture regions worldwide. Le Bulletin de l'OIV 82.  
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- The work of Canadian, British Columbian and Pacific Northwest climate change scientists 
such as Dr Francis Zwiers, Dr Alex Cannon, and Faron Anslow. 
▪ Murdock, T., Cannon, A., and Sobie, S. (2014) Statistical downscaling of future climate 

projections for North America 
▪ Zhang, X., Li, G., Cannon, A., Murdock, T., Sobie, S., Zwiers, F., Anderson, K., and Qian, B. 

- Publications relating to climate change, viticulture in the Okanagan Valley and Pacific 
Northwest, as well as viticulture resource books will be utilized. 
▪ Nature Climate Change Journal and website (https://www.nature.com/nclimate/) 
▪ Pacific Climate Impacts Consortium database 

(https://www.pacificclimate.org/resources)  
▪ Intergovernmental Panel on Climate Change (IPCC) database (http://www.ipcc.ch/) 
▪ Ronald S. Jackson; Wine Science, Principles and Applications  

Research Methodology: Please detail how you will identify and gather the material or 

information necessary to answer the research question(s) and discuss what techniques you will 

use to analyze this information. (No more than 500 words) 

 
Literature Review: 

- A review of current literature relating to climate change in the wine industry will help to 
provide the framework for the questions to ask growers.   

- A review of current literature (books and journal articles) relating to viticulture in the 
Okanagan Valley (and/or the Pacific Northwest) will also assist with the framework.  
Specifically, articles from the Summerland Research and Development Centre will be 
considered.  

 
Interviews and Surveys: 
Viticulturists and wine growers in the Okanagan Valley will be interviewed and/or surveyed 
regarding their views on current climate change-related challenges and benefits, and historical 
weather data.  Specifically, to achieve statistical significance, the target is to survey a minimum 
of 50 different growers or producers from across the region and interview a minimum of 12 of 
these respondents.  Those chosen for surveys and interviews will represent a range of different 
property sizes, including both grape growers and winery owned vineyards. These surveys and 
interviews will also allow assessment of the current state of adaptation to and preparedness for 
climate change in the Okanagan Valley.  Topics to be further refined following literature review, 
but can include: 

- What climate change-related challenges or benefits are already being experienced? 
- What do you see the biggest challenges or benefits related to climate change being in the 

2050s? 
- In what ways have you already adapted your practices to mitigate or take advantage of 

the effects of climate change? 
- How do you plan on adapting your practices to mitigate or take advantage of the future 

effects of climate change? 
 

Data Collection: 
The following data will be collected: 

- Okanagan Valley historical weather data from the last 40 years (temperature, rainfall, 
snowfall, and any other applicable data)  

https://www.nature.com/nclimate/
https://www.pacificclimate.org/resources
http://www.ipcc.ch/
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- GDD data from the last 40 years. 
- Grape grower interview responses. 
- Climate change predictive indices and models applied to the Okanagan Valley 

▪ The IPCC’s Representative Concentration Pathway (RCP) greenhouse gas 
trajectories will be used, with three scenarios applied (RCP26, RCP45 and RCP85). 

▪ Three models will be utilized: 
o CanESM2 (Canadian Earth System Model, 4th generation) - developed by the 

Canadian Centre for Climate Modelling and Analysis – Environment and 
Climate Change Canada.  This model is utilized by the UBC and UVIC.  Can 
provide data for RCP45 and RCP85 scenarios. 

o CNRM-CM5 – jointly developed by Meteo-France and CERFACS, utilized 
globally, including by UBC and UVIC.  Can provide data for RCP26, RCP45 
and RCP85 scenarios. 

o HadGEM2-ES – developed by the Met Office UK Hadley Centre, utilized by 
institutions globally including UBC and UVIC.  Can provide data for RCP45 and 
RCP85 scenarios.   

▪ UBC’s Western North America ‘ClimateWNA_Map’ tool, and UVIC’s ‘PCIC Regional 
Analysis Tool BETA’ will be utilized to apply the three climate change models 
specifically to the Okanagan Valley across the RCP scenarios.  

 
Quantitative Analysis: 
The following data will be analysed quantitatively: 

- Historic temperature, rainfall and other weather data at the macro-climate level from 
sources in the Okanagan Valley. 

- GDD data changes shown from 1979-2018. 
- Growing season maximum and minimum data by month changes shown from 1979-2018. 
- Timing of bud break and flowering data, from 1998-2018. 
- Climate models as they apply to the Okanagan Valley for the 2050s, comparing different 

climate change scenarios 
- Grower responses relating to the main climate change issues they are facing or expect to 

face (currently and in the 2050s).   
- Grower responses to their level of knowledge of and preparedness for climate change-

related viticulture challenges and benefits. 
 
 
 

Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research 

Paper will add to the current body of knowledge on this subject.  (No more than 150 words) 
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While climate change and its effects on viticulture have been widely studied, there is no 
published information that is specific and applicable to the Okanagan Valley.  
 
By identifying and synthesizing the current and projected impacts of climate change specific to 
viticulture in the Okanagan Valley, this Research Paper will add to the current body of 
knowledge and deliver in-depth and very necessary information to growers and winemakers the 
Okanagan Valley wine industry.   
 
Specifically, the research can identify how climate change is currently influencing Okanagan 
viticulture, and provide a projection for how it will impact viticulture in the region in the 2050s.  
This information can assist Okanagan grape growers by providing them with strategies to 
mitigate or take advantage of their changing climatic conditions. 
 
 

Proposed Time Schedule/Programme: This section should lay out the time schedule for the 

research, analysis and write-up of the Research Paper and should indicate approximate dates 

with key deliverables. Dates of submission to both Advisors and the IMW must be those 

specified by the IMW. 

 
October 2018: 

- Develop and Submit RPP (by 26th October) 
- Collection of Okanagan Valley and BC historical weather data. 
- Collect literature relating to climate change and viticulture in the Okanagan Valley/Pacific 

Northwest. 
- Compile list of global and local experts in climate change, especially as it relates to 

viticulture. 
 
November-December 2018: 

- Refine RPP as needed and submit to RP Chair if ready. 
- Create list of Okanagan Valley grape growers to contact for interviews and surveys. 
- Collect climate change model(s) data for BC/Okanagan Valley. 
- Complete literature review. 
- Write and finalize interview and survey questions. 

 
January-February 2019: 

- Complete and submit final RPP (if not already completed) by 27th February. 
- Get feedback on grower questions/surveys from a Statistical advisor, to ensure the results 

will be sufficiently analyzable.   
- Complete all interviews/surveys with grape growers. 
- Undertake more research on climate change and its impacts on BC/Okanagan Valley. 
- Compile all data for further analysis.   
- Conduct further research or interviews as needed to meet project goals, or to explore any 

additional or unexpected outcomes. 
 
March-April 2019: 
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- Complete quantitative analysis of interview/survey data, historical data, and climate 
change trends data (with assistance from third-party statistician). 

- Write research paper. 
- Ensure all referencing and appendices are in order. 
- Mid-April - Arrange for professional proofreading. 
- Late April – make any adjustments as suggested following professional proofreading. 

 
May 2019: 

- Early May – submit RP to advisor for initial review (Deadline May 15th) 
- Late May – make amendments based on feedback from by RP Advisor. 

 
June 2019: 

- Complete RP. 
- Submit to Advisor for final submission (Deadline June 28th). 
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9.2. Weather station details 

Station name Years Latitude Longitude Elevation (m) Climate ID WMO ID TC ID 

Osoyoos 
West 

1979-
2007 

49°01'55.000" N 119°26'34.000" W 297.20 1125865   

Osoyoos CS 
2007-
2018 

49°01'41.850" N 119°26'27.570" W 282.90 1125852 71215 WYY  

Penticton A 
1979-
2012 

49°27'47.000" N 119°36'08.000" W 344.40 1126150 71889 YYF  

Penticton A         
2013-
2018 

49°27'45.000" N 119°36'08.000" W 344.40 1126146 71889 YYF 

Kelowna A  
1979-
2005 

49°57'22.000" N 119°22'40.000" W 429.50 1123970 71203 YLW  

Kelowna 
AWOS  

2005-
2009 

49°57'22.000" N 119°22'40.000" W 429.50 1123965  VLW 

Kelowna  
2009-
2018 

49°57'26.000" N 119°22'40.000" W 433.10 1123939 71203 YLW  

Table 10: Details of weather stations used for historical weather data. 
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9.3. Viticulturist interviewees 

Company Interviewee Position Vineyard locations Acres  Farming methods 

Sebastian Farms Rob Achurch Senior Viticulturist Osoyoos  
Oliver 

950 Organic (in conversion) 

Arterra Mike Watson Viticulturist Osoyoos, Oliver, 
Okanagan Falls 

1200 Conventional 

Phantom Creek Ryan McKibbon Vineyard Manager Oliver 45 Organic (in conversion) 

Township 7 Mary McDermott Winemaker Naramata 65 Conventional 

Tantalus Felix Egerer  Vineyard Manager Kelowna 45 Conventional 

Black Hills Steve Carberry Vineyard Manager Osoyoos 50 Conventional 

Quails Gate Chad Douglas Viticulturist Kelowna 340 Conventional 

Hidden Terrace Steve MacDonald Vineyard Manager Oliver 297 Conventional 

Okanagan Crush Pad  Duncan Billing Viticulturist Oliver 90 Organic   

Tinhorn Creek 
Vineyards 

Andrew Moon Viticulturist Oliver Summerland 130 Conventional 

Blue Mountain Matt Mavety Owner/Winemaker Okanagan Falls 80 Conventional 

Red Rooster Karen Gillis Winemaker Naramata 5 Conventional 

Table 11: List of viticulturists and growers interviewed for the project. 
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9.4. Additional historical frost graphs 
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Figure 32:  Date of first autumn frost in Osoyoos – 1979-2018. 

Figure 31:  Date of last spring frost in Osoyoos – 1979-2018. 
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Figure 33:  Date of last spring frost in Penticton – 1979-2018. 

Figure 34:  Date of first autumn frost in Penticton – 1979-2018. 
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Figure 36:  Date of first autumn frost in Kelowna – 1979-2018. 

Figure 35:  Date of last spring frost in Kelowna – 1979-2018. 
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9.5. Grower survey 
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