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Abstract 

This paper investigates the impact of projected near future climate trends on the production of spring 

planted canola (Brassica napus, Brassica rapa, and Brassica juncea of canola classification) across 

British Columbia, Canada. Analysis of historic climate trends from 2001-2020, informed by the 

Global Historical Climatology Network daily (GHCNd) database, establishes patterns of warming 

temperatures and increasing precipitation values across the province over the early 21st century. Near 

future climate trends were modelled using CMIP6 climate models, from 2021-2040 under SSP1-2.6, 

SSP2-4.5 and SSP5-8.5, with the projections downscaled using ClimateBC.  The projected trends 

mirrored those of the observed historic record, while an observable relationship between rising levels 

of climate change and increasing projected annual precipitation and temperature is recorded. The 

subsequent crop modelling using the CSM-CROPGRO-Canola and DNDC models, fed with the 

modelled climate trends, highlighted the expectation for near future climate change to cause 

significant decreases in spring canola production across British Columbia.  
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1. Introduction  

Climatic factors are a key determiner on crop growth, with anthropogenic climate change representing 

major challenges for agricultural management across the world (Aggarwal et al., 2019). The 

sensitivity of crops to both temperature and precipitation change, primarily serve as major factors in 

determining the level of threat that climate change poses and as such, the viability of given production 

patterns in the future (Gornall et al., 2010). 

 

Canola (Brassica napus, Brassica rapa, and Brassica juncea of canola classification) (Wanasundara 

et al., 2017) is specifically sensitive to climatic changes. This is due to canola being an annual crop 

with a short growth cycle, alongside it being planted in both spring months and winter months 

(referred to as spring and winter canola respectively) and thus, being grown across the entire calendar 

year (Daun, 2011). Within Canada specifically however, spring planted canola dominates production 

– due to the extremely harsh conditions of Canadian winters threatening the growth of a mild-

condition crop such as canola (Page et al., 2021).  

 

Canada is especially threatened by climate change, being reported to be experiencing warming at a 

rate double to that of the rest of the world on average (Wang et al., 2022) - attributable to its unique 
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geographical setting (Ball, 2022). In the short term however, cooler areas of the province are expected 

to benefit positively from climate change – it has been observed that spring canola production across 

the last century has increased markedly nationwide, specifically correlating with increases to both 

temperature and precipitation due to climate change (Jannat et al., 2022) (Kutcher et al., 2010). 

However, these projected localised increases in production are not representative of wider trends, 

especially across extended time periods – with high temperatures and precipitation values presenting 

as huge limiting variables on Canadian spring canola yield in the future, as they cross a critical 

threshold and begin to constrain growth due to associated heat and water stress (Qian et al., 2018). 

 

Presently, there is a research gap surrounding an evaluation of modelled future climate change – using 

CMIP6 climate models and shared socioeconomic pathways (SSPs) –paired with crop modelling, to 

assess future canola production across British Columbia. Previous studies have employed CMIP5 

climate models and corresponding relative concentration pathways (RCPs) (Qian et al., 2018), but 

there is currently a lack of more recent, contemporary projections utilizing CMIP6 climate models. 

The necessity of this renewed investigation arises from the value such updated conclusions hold for 

canola producers, in directing adaptive measures in relation to the projected impacts of climate 

change. With this value being further strengthened against the context of trending increases of canola 

production within British Columbia, with production expected to continue to increase across the 

future (Barthet, 2016). 

 

1.1 Case Study Locations 

Spring canola production across British Columbia is primarily concentrated across the Peace River 

region, with the area accounting for over 80% of total grain and oilseed crop production in the 

province (Government of British Columbia, 2021). This is primarily due to the conditions of the area 

being favourable to early-maturing crops, such as canola, with longer days and extended frost-free 

periods resulting in increased yields (Peace River Regional District, 2014).  

 

British Columbia informs a large amount of its provincial scale decision making from areas that are 

under the dedicated Agricultural Land Reserve (ALR) scheme (Perez et al., 2015). Established in 

1973 the ALR spans the entire province, mapped in figure 1, and serves to protect roughly 5 million 

hectares of farmland by incentivising farming in the area and limiting non-agricultural uses 

(Androkovich et al., 2008). 

 

Resultantly, the ALR serves as a valuable tool in outlining key agricultural areas across the province 

– from which the three specific case study locations of this study are drawn:  

1) Peace River - Fort St. John 
Main canola producing region of British Columbia (Peace River Regional District, 2014). 

Refer to figure 2. 

2) Cariboo - Williams Lake 

Most expansive agricultural area, based on ALR classifications. Refer to figure 2. 

3) Northern Rockies Regional Municipality - Fort Nelson 

Northern most agricultural area, based on ALR classifications. Refer to figure 2. 
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Figure 1 – Province wide overview map, alongside study locations A) Williams Lake (52.128429, -

122.130203), B) Fort St. John (56.246464, -120.847633), C) Fort Nelson (58.8035, -122.6912.) 
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2. Methodology 

The methodology workflow is depicted in figure 2. 

 

 

Figure 2 - Methodology Workflow Diagram 

2.1 Historic Climate Conditions 

As covered in the diagram above, the historical climate data that underpins this study is developed 

from weather station observations from the Global Historical Climatology Network daily (GHCNd) 

database. The database includes daily climate variable summaries from land surface stations across 

the globe (National Centers for Environmental Information, 2021).  

 

The GHCNd daily summaries are then downscaled within the ClimateBC application (version 7.30), 

to scale-free point locations across the province of British Columbia, with the downscaling achieved 

through a combination of bilinear interpolation and dynamic local elevation adjustment (Wang et al., 

2016).  

 

 

2.2 Historic Canola Statistics 

To allow for comparison between historic levels and patterns of canola production, historical canola 

statistics for British Columbia are sourced from the Canadian Grain Commission’s annual reports 

entitled “Quality of Western Canadian Canola [YEAR]” (Canada Grain Commission, 2022). Given 

the baseline period of 2001-2020, the annual reports across this 20-year period were used. 
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2.3 Emission Scenarios 

A key input to ClimateBC to inform the modelling of near future climate change is the selection of 

three individual shared socio-economic pathway (SSP) emission scenarios.  

 

Each SSP scenario represents a unique projection for how society and associated development will 

evolve and be fuelled across the 21st century (van Vuuren et al., 2017).  

 

The SSPs selected include: 

1. SSP1-2.6, representative of an immediate switch to “sustainable” development (Meinshausen 

et al., 2020). 

2. SSP2-4.5, a “middle of the road” scenario, where some progress has been made to reduce the 

overreliance on fossil fuels for development (Meinshausen et al., 2020). 

3. SSP5-8.5, development fuelled entirely by fossil-fuels (Meinshausen et al., 2020). 

 

2.4 Future Climate Modelling 

The 2021-2040 projected climate scenarios are generated using ClimateBC, through downscaling an 

ensemble of 13 CMIP6 process-based climate models - with typical resolutions of 250 km in the 

atmosphere and 100 km in the ocean (Liang-Liang et al., 2021) - to scale-free point locations across 

British Columbia, with a mean latitudinal resolution of 1.4° (range of 0.7°–2.8°) (Mahony et al., 

2022). The downscaling is achieved with the same process of bilinear interpolation and dynamic local 

elevation adjustment as used for the historical data (Wang et al., 2016). 

 

The climate modelling is run for 2021-2040, for each of the three SSPs (1-2.6, 2-4.5 & 5-8.5), again 

on both a provincial scale and for the three individual case study locations of Williams Lake, Fort St. 

John and Fort Nelson. With a 20-year period both matching the length of the observed historic period 

and allowing sufficient time for the impacts of the varying SSPs to be fully experienced. 

 

2.4.1 Bias Analysis & Model Selection 

Before being included in ClimateBC, all of the models included in the CMIP6 ScenarioMIP were 

assessed against several criteria, prior to bias analysis, to inform the selection of the ensemble 

(Mahony et al., 2022). This resulted in 19 viable models prior to bias analysis, being limited to 13 

models in the final ensemble following the analysis - due to high biases and models sharing 

components / institutions of origin (refer to figure 3 and table 1). 
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Figure 3 - Model absolute biases of monthly means of A) daily maximum temperature (°C), B) daily 

minimum temperature (°C), C) precipitation, expressed as a factor of magnitude. Adapted from 

Mahony et al. (2022)
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Table 1 – CMIP6 ScenarioMIP models, alongside reasons for exclusion. Selected models are 

highlighted in green. Adapted from Mahony et al. (2022) 

Model Reason for exclusion 

ACCESS-CM2 2  <3 historical runs 

ACCESS-ESM1-5   

AWI-CM-1-1-MR  High bias 

BCC-CSM2-MR   

CAMS-CSM1-0  No tmax/tmin 

CESM2  No tmax/tmin in historical 

CESM2-WACCM  No tmax/tmin in historical 

CIESM  Incomplete SSP scenarios 

CMCC-CM2-SR5  No tmax/tmin 

CNRM-CM6-1  Same institution 

CNRM-CM6-1-HR  <3 historical runs 

CNRM-ESM2-1   

CanESM5   

CanESM5-CanOE  Same institution 

E3SM-1-1  Incomplete SSP scenarios 

EC-Earth3   

EC-Earth3-AerChem  <3 historical runs 

EC-Earth3-Veg  Same institution 

FGOALS-f3-L  No tmax/tmin 

FGOALS-g3  No tmax/tmin 

FIO-ESM-2-0  Incomplete SSP scenarios 

GFDL-CM4  Incomplete SSP scenarios 

GFDL-ESM4   

GISS-E2-1-G  Selected r*ilp3fl variants 

HadGEM3-GC31-LL  Shared components (UKESM1) 

HadGEM3-GC31-MM  Incomplete SSP scenarios 

IITM-ESM  No tmax/tmin 

INM-CM4-8  <3 historical runs 

INM-CM5-O   

IPSL-CM6A-LR   

KACE-1-0-G  No tmax/tmin 

KIOST-ESM  <3 historical runs 

MCM-UA-1-0  No tmax/tmin 

MIROC-ES2L  Same institution 

MIROC6   

MPI-ESM-1-2-HAM  Incomplete SSP scenarios 

MPI-ESM1-2-HR   

MPI-ESM1-2-LR  Same institution 

MRI-ESM2-0   

NESM3  Shared components (MPI-ESM1) 

NorESM2-LM  No tmax/tmin 

NorESM2-MM  No tmax/tmin 

TaiESM1  No tmax/tmin 

UKESM1-0-LL   
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2.5 Future Canola Yield Modelling 

2.5.1 DSSAT Model 

The Decision Support System for Agrotechnology Transfer (DSSAT (version 4.8)) was used, 

specifically running the process-based CSM-CROPGRO-Canola model to model canola growth 

under the projected climate conditions. The CSM-CROPGRO-Canola model has been notably 

calibrated and evaluated with various Canadian cultivars of canola under recent growing conditions 

(Qian et al., 2019) (Jing et al., 2016). 

 

 

A key element of the DSSAT software is the WeatherMan programme. WeatherMan –which is short 

for weather data manager – enables stochastic daily weather generation through the use of climate 

data inputs and linear interpolation (Pickering et al., 1994). The programme itself includes adapted 

versions of the weather generators WGEN (Richardson and Wright, 1984) and SIMMETEO (Geng 

et al., 1988), with the adapted SIMMETEO model employed here specifically, due to its ability to 

calculate minimum and maximum temperature, alongside precipitation, using monthly climate inputs 

(Pickering et al., 1994). 

 

Once the daily weather parameters for the near future period have been calculated, for each case study 

location and all SSPs of interest, using the WeatherMan programme, they can be input into the CSM-

CROPGRO-Canola model. This is alongside other key parameters related to canola growth, which 

include: 

- Longitude and Latitude (of the respective case study site). 

- May 10th was selected as the seeding date, aligning with trends in 2021 (refer to figure 6). 

- Invigor5440 canola variety selected – due to its historic dominance (planted on 22 

- million acres in Canada between 2008-2017 (RealAgriculture, 2017). 

- Sandy loam set for soil type and texture (as the closest match to the Gray Luvisol 

- that dominates British Columbia (Canadian Society of Soil Science, 2020). 

- Planted in rows as dry seed, at 1 inch depth, with 40 plants per square metre with a 

- 25 cm row spacing (all recognised optimum standards) (Bayer Crop Science, 2021) 

- (Angadi et al., 2003) (Canola Digest, 2017). 

 

Several outputs are produced from the model runs, with the primary dataset of interest for this study 

being the PlantGro overview file, which includes statistics of VWAD. VWAD is the amount of 

modelled newly mature – ready to harvest – canola in weight (stems and leaves in kg/ha) that has 

been produced on each day following planting. The cumulative totals of annual canola for the near 

future period, at a given case study site, serves as a representation of how canola production will 

perform across this location under the degree of climate change represented by the specific SSP 

modelled. 

 

2.5.2 DNDC Model

The DeNitrification-DeComposition model (DNDC) (version 9.5) was also used to model canola 

production across the differing SSPs and case study locations. DNDC is a process-based model, 

which simulates biochemistry under differing soil, climate and agricultural management conditions 

(Qian et al., 2019). The model has been evaluated for simulating crop yield across Canada, under 

both present and changing climates alike (He et al., 2018). 

 

Weather inputs for the DNDC model came from the WeatherMan tool included in DSSAT with each 

set of weather data being exported from the software and then modified to fit the DNDC input format. 
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They were uploaded as .csv files for each of the modelled years, for each combination of case study 

location and SSP respectively. This was combined with further inputs including: 

- May 10th set as the seeding time, and September 8th as the harvesting date (both 

- aligning with 2021 trends). 

- No forms of management (e.g., fertiliser application) were selected, following the 

- inputs in DSSAT reflecting this. 

- Crop conditions were set to be as close to the Invigor5440 cultivar selected in 

- DSSAT. 

- Soil texture was classified as silty loam, reflecting the choice in DSSAT. 

From the model runs, the full breakdown of crop growth for each year was exported. The key variable 

of interest was annual canola biomass production, in kg C/ha, for each combination of case study 

location and SSP. The biomass values - mirroring the outputs of VWAD from DSSAT - again serve 

to illustrate how canola production will be impacted by climate change across the case study locations 

and SSPs. 

 

2.6 Statistical analysis 

2.6.1 Z-score Calculation for Outlier Identification 

Z-score calculation is used to identify outliers, so that the assumptions of later statistical tests are met. 

Z-scores are calculated through the following formula:  

 

𝑍 = (𝑋 − 𝜇)/𝜎 
 

Where x is the observed value, μ is the distribution mean, and σ is the standard deviation of the 

distribution (Allen, 2017). 

 

The critical value for z-scores at a 0.05 confidence level is 1.96 (Greenland et al., 2016), therefore 

any calculated Z-scores either lower than -1.96 or greater than +1.96 can be considered outliers. 

 

2.6.2 Kolmogorov-Smirnov Test 

A Kolmogrov-Smirnov test tests for normal distribution, by testing the maximum absolute difference 

- between the actual values of a sample and the expected values from a normal distribution - against 

a Kolmogrov-Smirnov Table of critical values (Massey, 1951).  

 

2.6.3 Pearson Correlation Coefficient 

Finally, linear correlation is a statistical relationship detailing how related any two variables are, 

which can be tested for through the calculation of Pearson correlation coefficient (Williams et al., 

2020). The test holds two key assumptions – that the data is normally distributed, and that all outliers 

have been removed – hence the necessity of the Kolmogrov-Smirnov test and Z score calculation that 

preceded it (Schober et al., 2018). 

 

Pearson correlation coefficient can be calculated using the following formula: 

 

𝜌 =  
𝑐𝑜𝑣(𝑋, 𝑌)

𝜎(𝑋) ∙ 𝜎(𝑌)
 

 

Where cov is the covariance, σ(X) is the standard deviation of X and σ(Y) is the standard deviation of 

Y (Liu et al., 2022). 
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Pearson correlation coefficients of +1 indicate a perfect positive correlation whereas 0 indicates no 

correlation, and -1 indicates a perfect negative correlation (Williams et al., 2020).

 

3. Results 

3.1 Historic Climate Results 

From the recorded historic climate data for British Columbia, the climate conditions vary significantly 

between each case study site. A general trend of broad increases in both temperature and precipitation, 

at each of the case study locations, across the 20-year period is identifiable. However, the degree of 

such increases differs at each case study location, in addition to the sites’ unique inter-annual 

variability.  

 

Figure 4 notably shows the greatest degree of change in precipitation at Williams Lake, with a range 

of 256 mm between the start and end of the period. Williams Lake also features a distinctly warmer 

initial climate – recorded as 6.2°C – however, the site features little change in temperature across the 

period, with Fort Nelson hosting the greatest change – between 1991 and 2020 values – of 1°C. 

 

Figure 5 provides a valuable visual representation of the trends. There is observably little similarity 

between the sites in relation to specific inter-annual changes, yet there remains a strong agreement 

across the case study sites in the wider climate trends on the 20-year scale (1991-2020). 
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Figure 4 - A comparison of the projected 2001 and 2020 values of A) mean annual temperature and 

B) mean annual precipitation, for each of the case study locations 

  



 

International Journal of Environment  ISSN 2091-2854                 132 | P a g e  

 
Figure 5 - The progression of A) mean annual temperature, B) mean annual precipitation, from 2001 

– 2020 across the case study sites 

 

 

3.2 Historic Canola Data

Three key statistics were taken from the Canadian Grain Commission’s annual reports on the quality 

of western Canadian canola (Canada Grain Commission, 2022). These included the historic mean 

canola seeding dates, historic mean harvesting dates and historic annual canola yield, all for the 2001-

2020 baseline period. These are each illustrated in figures 6, 7 and 8 respectively - where Julian Day 

refers to the numerical day of the year, ranging from 1 representing January 1st to 365 (366 if a leap 

year) representing December 31st. 

 

From 2001 to 2012, there's substantial fluctuation in both seeding and harvesting dates, spanning 85 

and 75 days, respectively. This is followed by a stable period starting in 2013, with reduced ranges 

of 12 and 25 days for seeding and harvesting. The initial variability is reflected, to a lesser extent, in 

annual yield data, particularly in reduced canola outputs in 2002 and 2009—decreasing by 54% (956 

thousand tonnes) and 26% (1149 thousand tonnes), respectively, compared to 2001 and 2008. 

 

Beyond the initial variability, seeding and harvesting dates remain within a two-month window, 

indicating a consistent trend towards earlier spring canola planting and harvesting. Annual yield 

figures show a notable upward trend, exemplified by 2017's yield exceeding 2001 by 5135 thousand 

tonnes (a 290.77% increase). However, between 2017 and 2020, there's a consecutive annual decline, 

resulting in a cumulative decrease of 1651 thousand tonnes (a 23.92% reduction). 
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Figure 6 - Historic mean canola seeding dates (2001-2020) for Alberta & the Peace River Region of 

British Columbia. Data from the Canadian Grain Commission (2022) 

 

 
Figure 7 – Historic mean canola harvesting dates (2001-2020) for Alberta & the Peace River Region 

of British Columbia. Data from the Canadian Grain Commission (2022) 
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Figure 8 – Historic annual canola yield (2001-2020) for Alberta & the Peace River Region of British 

Columbia. Data from the Canadian Grain Commission (2022) 

3.3 Climate Modelling Results

The modelled climate variables - for the period 2021-2040 – are taken from the ensemble means of 

the 13 selected climate models’ outputs. The use of ensemble means ensures that the uncertainty 

between the models, and the uncertainty built into the modelling process, is addressed as fully as 

possible. 

 

As displayed through figures 9 and 10, the individual models hold the same broad pattern, across the 

different SSPs, for both modelled temperature and precipitation respectively. This pattern projects 

increases to both mean annual temperatures and precipitation values under near future climate change. 

There is notable variability between the models themselves however, with ranges of 6.35, 6.25 and 

6.83 °C in annual mean temperature and 153, 115 and 125 mm in annual mean precipitation across 

SSP1-2.6, SSP2-4.5 & SSP5-8.5 respectively for 2021. 
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Figure 9 – Climate model ensemble of projected mean annual temperature, across British Columbia, 

under A) SSP1-2.6, B) SSP2-4.5, C) SSP5-8.5, for 2021-2040. Data from Mahony et al. (2022) 
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Figure 10 – Climate model ensemble of projected mean annual precipitation, across British 

Columbia, under A) SSP1-2.6, B) SSP2-4.5, C) SSP5-8.5, for 2021-2040. Data from Mahony et al. 

(2022)
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3.4 Crop Modelling Results

The differences between modelled VWAD and biomass illustrates the impact of the differing SSPs 

on projected canola yield, with SSP1-2.6 and SSP2-4.5 featuring predominantly distinct increases to 

VWAD across the period at each case study site, with combined average increases of 20.14 and 29.30 

kg/ha across the case study sites respectively – compared to modelled 2020 values. Comparatively, 

under SSP5-8.5 VWAD experiences a more mixed pattern across the period and between the case 

study sites – with the notable inclusion of negative percentage change in certain years – with a 

combined average increase of 11.89 kg/ha across the case study sites – compared to modelled 2020 

values. Alternatively, modelled biomass more closely follows the pattern of temperature in relation 

to SSP projections, with mean average biomass change – in comparison to 2020 values - with 

biomass, like temperature, increasing across all years at each case study site with rising SSPs. Overall, 

the combined average increase to biomass across the case study sites for the period is 87.21, 86.10, 

95.99 kg C/ha – under SSP1-2.6, SSP2-4.5 and SSP5-8.5 respectively – compared to modelled 2020 

values. 

 

Figure 11 highlights how the degree of increase in modelled biomass is seen to scale both with 

increasing SSP projections and time – at all case study locations. Whereas with VWAD (figure 12), 

the trends feature higher intra-annual variability - at each of the case study locations - specifically 

across the middle of the 20-year period, before stabilising into a general decreasing trend towards the 

end of the period – under all SSPs. 

 

Additionally, figure 13 details the projected mean canola maturity dates for the future period, at each 

of the case studies and under the varying SSPs, from the CSM-CROPGRO-Canola model. Fort St. 

John displays the greatest variability between the SSPs, with a range of 9.25 days between the average 

maturity dates of the differing SSPs. Furthermore, projected maturity under SSP5-8.5 at Williams 

Lake is the overall earliest of all sites and projections – with a mean maturity date of 198.4 for the 

period.  
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Figure 11 – The progression of projected mean annual VWAD from 2021 – 2040 at A) Williams 

Lake, B) Fort St. John, C) Fort Nelson, under the differing SSPs 
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Figure 12 – The progression of projected mean annual biomass from 2021 – 2040 at A) Williams 

Lake, B) Fort St. John, C) Fort Nelson, under the differing SSPs  
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Figure 13 – Projected mean canola maturity date from the CSM-CROPGRO-Canola model for 2021-

2040 at A) Williams Lake, B) Fort St. John, C) Fort Nelson, under the differing SSPs
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3.5 Statistical Analysis

3.5.1 Z-Score Calculation for Outlier Identification

Across the modelled data a total of 6 outliers were identified by calculating Z-scores which fell below 

the 5% significance critical value. These included the biomass values for 2021 at Williams Lake 

under all SSPs, as well as the 2034 precipitation value under SSP1-2.6 and the 2021 and 2032 

precipitation values under SSP5-8.5 for Fort St. John. 

 

3.5.2 Kolmogorov-Smirnov Test

From the Kolmogrov-Smirnov test results, all variables, under all SSPs, at each case study site are 

identified to follow a pattern of normal distribution, for the study period - with all the maximal 

absolute differences being below the critical values at the 5% significance level.

 

3.5.3 Pearson Correlation Coefficient

The Pearson correlation coefficient values primarily illustrate the local variability between the case 

study sites – see figure 14. Significantly, both Fort Nelson and Fort St. John primarily feature positive 

correlations between temperature and precipitation against VWAD and biomass across each of the 

SSPs. Contrastingly, at Williams Lake a negative correlation is primarily recorded across the SSPs 

for temperature and precipitation against VWAD and biomass. 

 

 
Figure 14 – Pearson correlation coefficient values for the projected climate and canola variables, 

across the different case study sites
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4. Discussion

4.1 The contrasting impacts of differing SSP based climate projections on forecast spring canola 

yield 

Climate change in British Columbia, across the near future, is projected to result in both higher 

average temperatures and precipitation values, regardless of the SSP scenario. Despite the 

concurrence among SSPs on the overall trend of near future climate change, there is still considerable 

variation in the extent of the expected change between scenarios.  

 

Explicitly, projected temperature values increase in agreement with the SSP scenarios, being highest 

under SSP5-8.5 at all three case study sites (figure 9). Comparatively mean annual precipitation is 

reduced under SSP2-4.5 – at all three case study sites – in comparison to both the SSP1-2.6 and SSP5-

8.5 scenarios (figure 10). The observations highlight the complex relationship between temperature 

and precipitation. It has been observed that precipitation variability increases with rises in temperature 

– with greater warming increasing the occurrence of both wet and dry extremes (Zhang et al., 2021). 

Therefore, it can be inferred that SSP2-4.5 causes an overall reduction and destabilisation of rainfall 

patterns, while the level of increased warming that SSP5-8.5 represents - over SSP2-4.5 - generates 

a trend of more intense rainfall events. 

 

Drought and heat stress have been observed to negatively impact canola growth and yield (Morrison 

and Stewart, 2002), resulting in the projected climate trends across British Columbia representing a 

major threat to the spring canola industry. The modelling results from the CSM-CROPGRO-Canola 

model emphasise the expected risk of decreased canola production, where projected VWAD levels 

decrease with increasing SSP projections – at all case study locations – being consistently lowest 

under SSP5-8.5 (refer to figure 11). These modelled results, from the CSM-CROPGRO-Canola 

model agree closely with a study on canola yield response to climate change across Canada, which 

reported that canola yield is projected to decrease by ~30% across the 21st century (Qian et al., 2018). 

 

Contrastingly, the DNDC model projects increases to biomass with increasing levels of climate 

change. Across all three case study locations, it is projected that biomass will increase alongside 

increasing SSP projections, being the greatest under SSP5-8.5 (refer to figure 12). This projected 

behaviour is supported by Qian et al.’s study (2019), which specifically simulated spring canola yield 

under 1.5°C, 2°C, 2.5°C, and 3°C of warming above pre-industrial levels - with canola yield 

increasing under each warming level relative to the 2006-2015 baseline. 

 

Therefore, the potential for canola yields to increase under near future projected climate change, 

before reaching a critical threshold beyond which yields decline, is highlighted (An and Carew, 2015), 

alongside, the differing sensitivities underlying different crop models, when comparing the DNDC 

and CSM-CROPGRO-Canola model outputs.  

 

Regarding the differing sensitivities of the two models, Xu et al. (2021) observed that the yield outputs 

(including VWAD) from the CSM-CROPGRO-Canola model are most sensitive to parameters that 

affect the duration of critical growth periods, which include both temperature and water stress factors. 

Contrastingly, a study by Macharia et al. (2021) observed that the DNDC model both underestimated 

soil temperature and overestimated soil moisture. In the context of this study, these simulation 

inaccuracies lead to an underestimation of the effects of climate change on spring canola growth, 

which accounts for the discrepancy between the results of the two models. 
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4.2 The relationship between spring canola maturity, seeding and harvest dates, and different 

SSP based climate change projections

The historic trends of mean annual canola seeding and harvest dates – across the province – allows 

for valuable insight surrounding the relationship between climate conditions and maturity (figures 6 

& 7). Specifically, the overall trends of both seeding and harvesting occurring earlier in the year, as 

the historic period progressed in line with both increasing mean-annual temperatures and precipitation 

levels. This is supported by Gan et al.'s 2004 study, which details that increased temperatures 

specifically lead to a reduced growing period, due to accelerated plant development, yet also reduced 

yield potential.  

 

This is further supported by the modelled maturity outputs from the CSM-CROPGRO-Canola model. 

Figure 13 displays trends of accelerating spring canola maturity rates - both over time and under 

increasing SSP projections. Furthermore, Qian et al.'s 2018 study, using the CSM-CROPGRO-Canola 

model in conjunction with Representative Concentration Pathways, likewise projected decreases to 

the spring canola growing period across Canada, of up to 9 days, in the context of projected 

temperature increases. Additionally, following the observations regarding the yield outputs from the 

CSM-CROPGRO-Canola model, Xu et al.'s 2021 study concludes that maturity date is also mainly 

controlled by parameters which impact the length of critical growth periods – which include both 

temperature and water stress.  

 

Overall, near future climate change trends across British Columbia are projected to markedly decrease 

the overall growing period of spring canola. This subsequently carries significant implications 

surrounding agricultural planning, with mean annual seeding and harvest dates expected to occur 

earlier in the year – to adapt to the warmer and wetter winter and spring conditions (Qian et al., 2018). 

This in turn, will impact crop management decisions – including adjusting the planting of cover crops, 

alongside pesticide and fertiliser applications, in accordance with the new growing period.

 

4.3 Which areas of current spring canola production in British Columbia are most threatened 

by climate change?

The patterns of near future climate change, across British Columbia, are highly varied on a spatial 

scale. Based on the observed relationships between temperature and precipitation with canola yield, 

regions projected to experience the largest temperature increases and the greatest reductions in 

precipitation are likely to be the most vulnerable to near future climate change in terms of spring 

canola production. 

 

Specifically the South of British Columbia is projected to experience both the greatest increases to 

temperature and precipitation. Resultantly, it can be expected that canola production in the South of 

the province will be most threatened across the near future. The area initially experiences periods of 

increased yield – benefitting from the increased temperatures and precipitation - before temperatures 

surpass a critical threshold and limits yields due to heat stress (An and Carew, 2015), while increased 

precipitation begins to harm yields by causing waterlogging (Ploschuk et al., 2020). 

 

These conclusions are supported by the prior case study level observations, whereby Williams Lake 

– located in the South of British Columbia – is projected to experience the second smallest average 

increases to canola VWAD under the CSM-CROPGRO-Canola model and the smallest average 

increases to canola biomass under the DNDC model – under each of the SSPs, across 2021-2040, 

against the 2020 baseline (figures 11 & 12). Whereas Fort Nelson – located in the North of the 

province – is projected to experience the greatest average increases in canola VWAD, under the CSM-

CROPGRO-Canola model and the greatest average increases to canola biomass under the DNDC 

model – under each of the SSPs, across 2021-2040, against the 2020 baseline (figures 11 & 12). 
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5. Conclusion  

The analysis of British Columbia's climate trends from 2001-2020 underscores the positive 

correlation between warming temperatures, increased precipitation, and canola yields. Historic 

patterns align with accelerated spring canola maturity, showcasing the influence of climate on growth. 

Looking ahead, CMIP6 models project a continuation of these trends over the next two decades, with 

observable connections to rising greenhouse gas emissions in different SSP scenarios. 

 

Modelling exercises, employing CSM-CROPGRO-Canola and DNDC, echo the CMIP6 model 

projections, pointing to a notable decline in future spring canola production due to climate change. A 

critical warming threshold is identified, signaling initial yield improvements followed by increased 

heat and water stress limiting crop growth. Reductions in production correlate with rising SSP 

scenarios, particularly SSP5-8.5. Spatial variability becomes apparent, with the South anticipated to 

face more adverse conditions compared to the North by the end of the modelled period. As a strategic 

response, relocating canola production to the North emerges as a pivotal approach for enhancing the 

long-term viability of spring canola cultivation in British Columbia. 
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