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ABSTRACT 

 

The IPCC indicates that global mean temperature may increase 2°C or more above preindustrial 

levels; therefore, understanding weather impacts on staple crops such as canola and wheat is vital 

for creating adaptation strategies and increasing food security. This study analyses the impact of 

weather variables on canola and spring wheat using weather data from rural municipalities across 

Saskatchewan over the period 2011-2020. Rural municipality crop yield data are regressed on 

interpolated weather station data using a flexible temperature binning approach. The results show 

that days of extreme heat and precipitation during harvest negatively impact canola and spring 

wheat yields. The robustness of the results is checked by disaggregating the study region into soil 

zones and by employing growing-degree-day data rather than binned temperature data. A 

comparison of the estimated impact of temperatures on spring wheat yields in Saskatchewan to 

those of India is also provided. Finally, the impact of climate indexes on crop productivity is also 

examined; there appears to be a positive association between climate indexes and crop yields. 
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1. INTRODUCTION 

Agriculture and the global food supply are susceptible to the impacts of climate change. Canadian 

agriculture and food supply are not an exception to this. 

According to IPCC 2014, climate change has already given rise to a positive and negative impact 

on global crop yields, with the former more common than the latter. Vincent et al. (2018) found 

that over 1950–2016, Canada's annual mean surface air temperature warmed by 1.8 °C, while the 

global mean temperature has warmed by 0.85 °C over 1880–2012. Furthermore, daily minimum 

temperatures are rising slightly faster than daily maximum temperatures (Vincent et al., 2012). 

Due to polar amplification, Canada’s warming rate is projected to rise faster than the global rate 

(Li et al., 2018). Since high temperatures can adversely affect crop yields, it is crucial to understand 

how Canada's crop yields may change under climate change.  

Canada is one of the largest agricultural producers and exporters in the world. According to 

Agriculture and Agri-Food Canada, agriculture and agri-food system provides one in nine jobs and 

accounts for around 7.4 percent ($139.3 billion) of Canada’s gross domestic product (GDP). As 

Canada food production far exceeds the population's needs, the agri-food sector is primarily 

export-oriented. That being the case, Canada is the fifth largest exporter of agricultural and agri-

food products after the EU, U.S., Brazil, and China (Agriculture and Agri-Food Canada). 

Major field crops grown in Canada are wheat, canola, corn, barley, and soybeans. When it comes 

to profitability and crop rotations, wheat and canola are a winning combination. According to 

Statistics Canada, canola and wheat are two crops increasing in acreage and in yield. These crops 

are significant components for sustainable rotations. Therefore, this study examines wheat and 

canola yield as key variables. 
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Among all the provinces and territories, Saskatchewan is considered Canada’s breadbasket. 

Having some of the richest soils makes Saskatchewan a major producer of wheat and canola. In 

2020, Saskatchewan’s spring wheat and canola production totaled 10.6 and 10.9 million tonnes or 

41% and 56% of Canada’s spring wheat and canola production (Statistics Canada 2020). Climatic 

changes captured by the quantified effects of temperature and precipitation on crop yield 

distributions measure their economic significance for farmers, the province, and international 

commodity markets. Therefore, it is crucial to quantify the impact of climate change on 

Saskatchewan’s crop yield. To address this issue, this study employs data from the 298 rural 

municipalities of Saskatchewan, merged with a daily gridded weather data set. A flexible 

temperature-binning approach over the 2011-2020 period is used to analyze how canola and wheat 

yield distributions respond to changes in temperature. In addition, precipitation, growing degree-

days, Atlantic Multi-decadal Oscillation (AMO) index, and North Atlantic Oscillation (NAO) 

index are calculated and used to measure their impact on canola and wheat yields. 

The remainder of this paper is organized as follows. Section 2 presents a literature review and 

motivation for research; Section 3 provides background on the Canadian canola and wheat 

industry; Section 4 describes the conceptual framework for temperature binning; Section 5 

describes the data sources and gives summary statistics; Section 6 describes the methodology; 

Section 7 presents the regression results and discussion; and the final section summarizes 

limitation of study and conclusions. 

2. LITERATURE REVIEW 

Studies investigating crop yield response to climate and weather variables have become 

increasingly popular because of concerns about climate change. Many econometric modeling 
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studies have explored the impact of climate change on agricultural output and provided mixed 

results partly attributed to weather data employed, model specifications, and geographic location. 

Since Rosenzweig and Parry (1994) produced one of the first assessments of climate change 

impacts on global food supply, numerous studies (e.g., Challinor et al. 2014, Asseng et al. 2015, 

Liu et al. 2016, Zhao et al. 2017) have examined potential adverse effects, especially of rising 

temperature, on global crop yields.  

Chen et al. (2013), employing a regression model that allows for spatial dependence in crop yields 

across counties, found that by the end of the century, soybean, and Chinese maize yields are 

expected to be adversely affected by higher temperatures with more significant yield reductions 

for soybean than for maize. Apart from crop yield reductions, crop yield variability is likely to be 

impacted by warmer temperatures. According to Lobell et al. (2011), global warming is expected 

to negatively impact global yields of wheat by 5.5% compared to a counterfactual without climate 

trends—that is, the expected increase in yields is lower than it would be otherwise. Employing a 

hedonic approach and a nonlinear transformation of the temperature variables, Schlenker et al. 

(2006) concluded that different warming temperature scenarios would result in a 10%–25% 

decrease in U.S. farmland values. For India, Taraz (2018), using a flexible temperature binning 

approach, showed higher temperatures are significantly harmful to yields in all Indian districts. 

While several studies have concentrated on the adverse effects of global warming on crop yields 

or agricultural profits, a few studies have examined the combined effects of temperature and 

precipitation on agricultural output (Burke 2008) by employing cumulative growing season 

weather variables. For example, Meng et al. (2016) investigated the impact of precipitation and 

temperature changes on canola and spring wheat yield distributions using moment-based methods 
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and found that average crop yields are positively associated with the growing season degree-days 

and pre-growing season precipitation. At the same time, they are negatively affected by extremely 

high temperatures during the growing season.  

A literature review by Kulshreshtha et al. (2010) identified uncertainties in yield predictions, 

implying that crop productivity could increase or decrease in a changing climate. Uncertainties in 

yield also include gaps in our understanding of climatic variability. This includes our 

understanding of how various teleconnections such as the El Niño-Southern Oscillation (ENSO), 

North Atlantic Oscillation (NAO), the Pacific Decadal Oscillation (PDO), and the Atlantic 

Multidecadal Oscillation (AMO) interact. These climate oscillations are periodically fluctuating 

oceanic and atmospheric phenomena, which are related to worldwide variations in weather patterns 

and crop yields.  

Motivated by the problems posed by warming for agriculture in the Canadian context, this study 

concentrated on establishing the impacts of various levels of temperature exposure on canola and 

wheat yields. In particular, this study provides important information on the effects that weather 

variables have on wheat and canola yields in the province of Saskatchewan. Many earlier papers 

used broad-based weather data from weather stations located in Saskatchewan. In contrast, this 

paper interpolated weather station data to create rural municipality level weather data, which 

helped estimate the robust relationship of yield and weather variables. 

3. BACKGROUND OF CANOLA AND SPRING WHEAT YIELD IN CANADA 

According to Agriculture and Agri-Food Canada (AAFC), Canada is the topmost producer and 

exporter of canola, contributing more than $26 billion to the Canadian economy each year. Canola 

is grown by 43,000 Canadian farmers who produce about 20 million tonnes of canola each year 
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(Canadian Canola Growers Association, 2020). Each year, some 20 million acres of Canadian 

farmland turn brilliant yellow as canola comes into bloom, generating about one-quarter of all farm 

crop receipts. Canola is primarily grown in the western provinces of Saskatchewan, Alberta, and 

Manitoba, plus the small Peace River region of northwestern British Columbia. This crop is seeded 

during May in Saskatchewan, with bolting and flowering beginning in late June to early July. It is 

usually harvested mid-August to early September.  

Canada is one of the top five wheat exporters, with an average of $7 billion exported annually 

(AAFC, 2020). Newman described wheat as ‘‘the economic fairy to the industrial and commercial 

life of Canada, having built practically the whole economic structure of the Prairie Provinces”. 

Almost all of Canada’s wheat is produced in Saskatchewan, Alberta, Manitoba and northwestern 

BC, with relatively small production in eastern Canada. Together the Canadian Prairie provinces 

accounted for 97.4% of the total wheat area in Canada in 2020 (Statistics Canada, 2021). In 2020 

Saskatchewan accounted for 45% of total wheat grown in Canada. 

Figures 2 and 3 represent the historical trend of canola and spring wheat production in provinces 

of Canada. Figures 4 and 5 provide the historical data of canola and spring wheat seeded area 

across the Canadian provinces. 

4. CONCEPTUAL FRAMEWORK FOR TEMPERATURE BINNING 

In one approach, researchers regress yields on average growing season temperatures. A limitation 

of this approach is that averaging over the entire growing season may obscure the effects of day-

to-day variations in temperature on yields. Therefore, incorporating day-to-day fluctuations in 

temperature can be a preferred method (Burgess et al., 2017; Schlenker and Roberts, 2009). This 

approach relies on daily average temperatures rather than growing season average temperature. 
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Daily average temperature data are used to construct temperature bins representing the number of 

days in the growing season that fell into specific temperature ranges. For example, suppose typical 

temperatures in the study region ranged from 3oC to 23oC. In that case, a researcher might construct 

bins for less than 3oC, 3-5oC, 5-7oC,..., 21-23oC, and greater than 23oC, and then regress yields on 

the various temperature bins.  

Some significant points to remember about temperature binning include:  

1. Since the sum of all the entries in the bins adds up to the length of the growing season, one bin 

must be excluded from the regression. This omitted bin is called the reference bin.  

2. The interpretation of the bin coefficients is relative to the reference bin. Suppose the reference 

bin is 11-13oC, then the estimated coefficient on the 21-23oC bin represents how much yields 

would increase (or decrease) if there were a certain distribution of daily temperatures and a 

single day that had been 11-13oC was changed to 21-23oC.  

3. The choices of the width of the bins, the number of bins, and the range of the bins are up to the 

researcher. 

4. A benefit of this approach is its flexibility. Temperature binning assumes that temperature 

damages are non-linear. 

5. This approach assumes that the effects of daily temperature are additive and separable over the 

growing season. To put it differently, the marginal impact on yields of a single day with an 

average temperature of 21-23oC is the same regardless of when the hot day occurs during the 

growing season and regardless of the average temperature during the rest of the growing 

season.  
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5. DATA 

5.1. Agricultural Data 

The Province of Saskatchewan is divided into 298 rural municipalities numbered from 1 to 622 

(see Figure 1). This study used agricultural data from the Saskatchewan Agriculture website1 at 

the rural municipal level from 2011-2020. Each rural municipality (RM) falls into one of the three 

soil zones that characterize Saskatchewan: black-gray, dark brown, and brown. The black-gray 

soil zone is in the northeast, where the temperature is lower and precipitation is greater. The brown 

soil zone lies in the southwest, where the soil is significantly drier and temperatures enable a longer 

growing season. Finally, the dark brown soil zone lies between the brown and black-gray soil 

zones. 

 5.2. Weather Data  

Historical precipitation and temperature data are retrieved from Environment Canada’s data and 

information archives.2 The daily weather data were collected from weather stations across 

Saskatchewan. Since yield data were collected at the RM level, to compare the yield data to the 

weather data that has been collected at the weather station level, this study used a Geographical 

Information System (GIS) model to interpolate weather data. Daily data from the weather stations 

within 100km of each rural municipality's centroid is used to interpolate for that particular rural 

municipality. Figure 1 represents the weather stations and rural municipalities across 

Saskatchewan. White dots represent weather stations, black dots represent the centroid of each 

rural municipality.  

                                                
1 https://applications.saskatchewan.ca/agrrmyields 
2 https://climate.weather.gc.ca/historical_data/search_historic_data_e.html 
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Using the QGIS model and R statistical software package, daily weather variables are generated 

at the rural municipal level. Daily temperature data are used to calculate temperature bins. Figure 

6 represents the distribution of daily average temperatures across the temperature bins. In addition 

to this, growing degree-days and monthly precipitation were also constructed from the daily data 

set. On a given day, if the temperature is over 5oC, growing degree-days is equal to the difference 

of the temperature and 5oC. On a given day, if the temperature is below 5oC, the growing degree-

days equal 0. Daily precipitation data were aggregated to construct monthly data.  

The North Atlantic Oscillation Index and the AMO Index were retrieved from the Climate & 

Global Dynamics climate analysis.3 This study used standardized average values of climate indices 

in the six-month period (March to September) during year t. 

After adjustments, this study employs data from 259 of the 298 rural municipalities for the years 

2011-2020. Summary statistics for the standardized weather indices, yield, and weather variables 

are presented in Table 1. 

6. METHODOLOGY 

Assessments of climate change impacts on agriculture rely increasingly on panel models to 

examine the relationship between weather fluctuations and agricultural outcomes. To estimate the 

impact of climate change, panel models generally use crop yield as the dependent variable in the 

regression—the output of the production function. In contrast, the Ricardian approach uses a proxy 

for land productivity, such as profit or revenue. Panel data models allow for the inclusion of fixed 

effects or random effects. A fixed-effect model includes fixed effects in the regression 

                                                
3 Climate & Global Dynamics website: http://www2.cgd.ucar.edu/ 



9 | P a g e  

 

specification to control for unobservable variables. Those fixed effects can be either time or group-

specific, or both. Group fixed effects absorb any confounding effect that might be caused by 

unobserved factors that are constant over time within each group (e.g., country, RM, or farmer). 

In addition to this, panel models allow the inclusion of time-fixed effects to account for 

unobservable time-varying but location-constant fixed effects, such as the effects of changes in 

global agricultural prices. A panel model that includes both time and group fixed effects is called 

a two-way fixed effects model. 

Alternatively, a panel model could be estimated using a random-effects model, which is a special 

case of the fixed effects model where the group-specific effects are uncorrelated with the 

independent variables. The random-effects model does not include a group fixed effect; instead, it 

assumes that the error term has a group-specific component. 

The preference in this study has been given to estimate panel regressions of weather variables on 

agriculture outcome using two-way fixed effects.  

Since climate affects yield in relative terms, the logarithm was applied to yields in this study, which 

turns absolute into relative effects. In other words, a 1oC difference in temperature should have the 

same effect irrespective of whether yields are 10 ton/ha or 5 ton/ha. Using logged yield is standard 

practice. This practice removes the issues of the skewed yield distribution and heteroscedasticity. 

Model specification concerns which variables to include in the model and in which form. There is 

a high degree of correlation between the variables; the question is whether to remove one of the 

correlated variables and, if so, which one to remove. The first step was to run a basic linear 

regression model using all of the relevant variables and then use variance inflation factor (VIF) 
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analysis to identify highly correlated variables. The VIF is a standard econometric technique that 

has been used to quantify multicollinearity in an ordinary least squares (OLS) regression analysis.  

The Breusch-Pagan test, which is a formal way to test whether the error variance depends on 

anything observable, is used in this study to determine whether or not heteroscedasticity is present 

in the regression models. As heteroscedasticity is detected, this study used robust covariance 

matrix to account for it. 

6.1. Baseline Specification 

To begin, the baseline model examines the relationship between yields(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡 and temperature 

variable. The Baseline model is specified as follows: 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0+∑ 𝜇𝑖𝑇𝑖,𝑗,𝑡
𝑖
𝑖=1  + 𝛾𝑡 + 휀𝑗,𝑡  (1) 

where, t indexes the year, i indexes the number of temperature bins and j indexes the rural 

municipality. The variables 𝑇𝑖,𝑗,𝑡 represent the number of days that fall into each of twelve daily 

average temperature bins: less than 3oC, 3-5oC, 5-7oC... 21-23oC, and greater than 23oC. The 

temperature bins are based on May through September, and the 11-13oC bin is the omitted 

category. Each 𝜇𝑖 captures the impact on yields of having one more day in the year in bin i, relative 

to a day in the 11-13oC range. γt is the rural municipality fixed effects that controls for unobserved, 

time-invariant, RM-level factors that may affect yields. Lastly, 휀𝑗,𝑡 is the idiosyncratic error term 

that accounts for any variation caused by omitted variables.  

6.2. Adding Precipitation and Non-Climate Variables to Baseline Model 

The complete model adds precipitation and non-climate variables—longitude, latitude, and soil 
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zone as dummy variable. The model is specified as follows: 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0+∑ 𝜇𝑖𝑇𝑖,𝑗,𝑡
𝑛
𝑖=1 +∑ 𝛿𝑖𝑃𝑗,𝑡 𝑛

𝑖=1 +𝜃𝑘𝐷𝑘+𝛼1𝐿𝑜+𝛼2𝐿𝑎++휀𝑗,𝑡 (2) 

Each precipitation variable (𝑃𝑡) aggregates rain and snowfall for each of the months May through 

September; 𝐷𝑖 is a dummy variable to take into account the three soil zones in Saskatchewan. In 

the case of precipitation, not only the amount but also the timing of growing season precipitation 

in terms of month is important. Thus, instead of seasonal total precipitation, monthly cumulative 

precipitation variables were defined and used in the model to capture the impact of monthly 

variation and shift in precipitation on crop yields. 

6.3. Adding Time as a Control Variable 

In some applications, it is relevant to include both entity and time fixed effects. The combined 

model eliminates bias from unobservable variables that are constant over entities but change over 

time. Therefore, this study employed a time fixed-effect model as well. 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0 + ∑ 𝜇𝑖𝑇𝑖,𝑗,𝑡 
𝑛
𝑖=1  + 𝛾𝑡 + 휁𝑡 + 휀𝑗,𝑡 (3) 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0 + ∑ 𝜇𝑖𝑇𝑖,𝑗,𝑡
𝑛
𝑖=1  + ∑ 𝛿𝑖𝑃𝑗,𝑡 𝑛

𝑖=1 + 𝜃𝑘𝐷𝑘  + 𝛼1𝐿𝑜 + 𝛼2𝐿𝑎 +  𝛾𝑡 +  휁𝑡 + 휀𝑗,𝑡 (4) 

휁𝑡  is the time fixed effect that controls for the exogenous increase in the dependent variable that is 

not explained by other variables.  
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The Hausman specification test is employed to determine whether a fixed or random effect model 

is appropriate for this panel dataset. To decide whether time fixed effect is needed or not this study 

employs an F test for individual effects. These models are applied for both canola and spring wheat 

yield.6.3. Comparison Model: Canada versus India 

To compare the effect of temperature on spring wheat yield with an Indian model, this study 

constructed another model having seven daily average temperature bins: less than 12oC, 12-15oC, 

15-18oC... 24-27oC, and greater than 27oC. The point estimate of the temperature bin of India is 

retrieved from the study Can Farmers Adapt to Higher Temperatures? Evidence from India by 

Taraz (2018). Since in this study, seven temperature bins were used, it was necessary to construct 

a model with seven temperature bins for Saskatchewan. 

6.4. Adding Weather Index as Variables 

Kulshreshtha et al. (2010) identified uncertainties in yield predictions, implying that crop 

productivity could either be increased or decreased in a changing climate. Uncertainties in yield 

projections also include gaps in our current understanding of climatic variability, including how 

various teleconnections interact and how these interactions could be impacted by future climate 

change. The current study analyzes the impacts of North Atlantic Oscillation (NAO) and Atlantic 

Multidecadal Oscillation (AMO) on the growing conditions of canola and spring wheat. Inclusion 

of weather Index in the regression analysis specified as below: 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0 + ∑ 𝜇𝑖𝑇𝑖,𝑗,𝑡
𝑛
𝑖=1  + ∑ 𝛿𝑖𝑃𝑗,𝑡 𝑛

𝑖=1 + 𝜃𝑘𝐷𝑘  + 𝛼1𝐿𝑜 

 + 𝛼2𝐿𝑎 + 𝛼3𝐴𝑡+ 𝛼4𝑁𝑡 + 𝛾𝑡 +  휁𝑡 + 휀𝑗,𝑡  (5) 
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In (5), At and Nt are the standardized, average AMO and NAO variables in the six months of the 

growing season. 

6.5. Robustness Test  

According to Karmakar et al. (2016), the long-run climate is one of the factors affecting soil 

formation and type. Therefore, it is logical that yield outcomes may differ across the soil zones. 

For the first robustness check, this study ran additional analyses to verify how differences in soil 

zones affect yield outcomes.  The following equation is estimated separately for each of the three 

different soil zones. 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0 + ∑ 𝜇𝑖𝑇𝑖,𝑗,𝑡
𝑛
𝑖=1  + ∑ 𝛿𝑖𝑃𝑗,𝑡 𝑛

𝑖=1  + 𝛼1𝐿𝑜+ 𝛼2𝐿𝑎 +   𝛼3𝐴𝑡+ 𝛼4𝑁𝑡 +  𝛾𝑡 +  휁𝑡 + 휀𝑗,𝑡 (6) 

For the second robustness check, this study considers replacing the temperature bins with a 

quadratic specification of growing degree-days (GDD) approach instead of a temperature binning 

approach. Growing degree days squared is included to account for any non-linear relationship 

between temperature and yield. 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0 + 𝛼1𝐺𝑗,𝑡  + 𝛼2𝐺2
𝑗,𝑡

+ ∑ 𝛿𝑖𝑃𝑗,𝑡 𝑛
𝑖=1 + 𝜃𝑘𝐷𝑘 + 𝛼3𝐿𝑜 + 𝛼4𝐿𝑎 + 𝛾𝑡 + 휁𝑡 + 휀𝑗,𝑡 (7) 

𝑙𝑛(𝑦𝑖𝑒𝑙𝑑)𝑗,𝑡=𝛼0 +  𝛼5𝐺 × 𝑃+ ∑ 𝛿𝑖𝑃𝑗,𝑡  𝑛
𝑖=1 + 𝜃𝑘𝐷𝑘 + 𝛼3𝐿𝑜 + 𝛼4𝐿𝑎 + 𝛾𝑡 + 휁𝑡 + 휀𝑗,𝑡 (8) 

In equation (7), additive separability is assumed regarding the impacts of temperature and 

precipitation on crop yields. Thus, this model includes linear and quadratic GDD terms as 

explanatory variables. Since it can be argued that temperature and precipitation interact in terms 

of their effects on yield, this issue was explored by incorporating interaction terms for GDD and 

monthly precipitation into equation (8). This model replaces the linear and quadratic GDD 
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variables. Initially, the interaction terms were included with the linear and quadratic GDD 

variables. However, the interaction terms tended to capture most of the variation in the yield 

impacts of GDD in the model results, and so the GDD variables were removed to form the second 

model. 

7. RESULTS AND DISCUSSIONS 

The key strength of a panel model is that it allows for the identification of a causal relationship. In 

this study, the within form of the panel model was chosen. The within model removes the effects 

of both unobserved and observed variables affecting yields (Baltagi 2008). In addition to this, the 

Hausman test indicates that the assumptions of the random effects model are not met, and so this 

study used the within form (Greene 2012). Additionally, a joint test to see if the dummies for all 

years are equal to zero  was executed. A rejection of the null hypothesis that the coefficients for 

all years are jointly equal to zero proves that a time fixed-effect model is needed in this case. 

Therefore, the two-way fixed-effect model is the preferred model in this study. The statistics 

comparing these models are reported at the end of Table 2. 

Temperature is one of the common indicators used when estimating the climatic impacts on crop 

yields. A common approach in modeling temperature effects on crop yields is to use average 

temperature for a specific period (e.g., Cabas et al. 2010; Cohn et al. 2016). However, as noted 

earlier, Schenkler and Roberts (2009) argued that if temperature has a nonlinear effect, crop yields 

may initially increase with temperature but then decrease when the temperature reaches a certain 

threshold. This study used a temperature-binning method to study and verify this pattern. 

The first, third and fifth columns in Tables 2 and 3 represent results for the baseline model for 

canola and spring wheat respectively; that is, equation (1) that includes only the temperature 
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variables. The 11-13oC bin was chosen as the omitted (or reference) bin because this particular 

temperature range is most beneficial for crops while added to the regression model.. In line with 

this expectation, in Tables 2 and 3 the point estimates of bins represent that, all else equal, crop 

yields may initially increase with temperature but then decrease as temperature goes up. The 

magnitude of the yield decrease gets higher as the temperature goes up. For example, the point 

estimate for the 21-23oC bin (#11) is –0.008 in Table 2, which implies that, ceteris paribus, having 

one more growing season day with an average temperature of 21-23oC reduces canola yield by 0.8 

percent, compared to if the day had been 11-13oC. Similarly, The point estimate for the 21-23oC 

bin is –0.011 in Table 3, which implies that having one more growing season day with an average 

temperature of 21-23oC reduces spring wheat yield by 1.1 percent, compared to if the day had 

experienced temperatures of 11-13oC, ceteris paribus. 

The second, fourth and sixth columns in Tables 2 and 3 represent results for the complete 

econometric model; the equation that includes both climate and non-climate variables such as 

precipitation, longitude, latitude, and soil type (equation 2). The complete econometric model 

estimates mirror the baseline model pattern in terms of the point estimate of temperatures bins. 

Similar to the baseline specification, the 11-13oC bin was again chosen as the omitted (reference) 

bin. The point estimate of the 21-23oC bin in Table 2 is –0.009, which implies that having one 

more growing season day with an average temperature of 21-13oC reduces yields by 0.9 % 

compared to a day when the temperature was 11-13oC. In all three columns and compared to the 

reference temperature, we see a decrease in canola yield as the temperature goes up. Figures 7 and 

8 show the estimated impact of a day in each of 12 temperature bins on canola and spring wheat 

yield, respectively, relative to a day in the 11-13oC bin. 
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In extreme dry conditions, where the cumulative number of days in the growing season exceeded 

23°C, both canola and spring wheat yields are negatively and significantly impacted. This result 

is consistent with a previous study (Nalley et al. 2010) in which a similarly defined heat stress 

variable was found to negatively affect mean yields. Van Kooten (1992) showed that higher 

temperatures in Saskatchewan affect the growth pattern of wheat during the growing season 

because, as temperature increases, there is a consequential reduction of soil moisture available for 

plant crop growth.  

It is not surprising that in Saskatchewan, precipitation early in the growing season is the most 

important contributor to crop yields. In the preferred model, the estimated coefficient on May and 

July precipitation is positive and highly statistically significant for canola, indicating that 

precipitation in the early and mid-growing season results in higher yields. On the other hand and 

only for spring wheat, the estimated coefficient on May precipitation is positive and highly 

statistically significant; this could indicate spring wheat requires some early precipitation after 

planting to germinate, but late precipitation could damage exposed crops. Van Kooten (1992) 

found similar results where May precipitation positively affected spring wheat yield in 

southwestern Saskatchewan. The positive effect of July precipitation on canola is consistent with 

the results of another Saskatchewan study (Kutcher et al. 2010).  

Tables 2 and 3 show the point estimate of monthly precipitation for canola and spring wheat, 

respectively. A one mm increase in May precipitation increases yield by 0.001 bushels per acre 

(bu/ac) and 0.00005 bu/ac for canola and spring wheat, respectively. On the other hand, a one mm 

increase in August precipitation reduces yield by 0.001 bu/ac and 0.001bu/ac for each of canola 

and spring wheat. 

https://journals.ametsoc.org/view/journals/apme/56/4/jamc-d-16-0258.1.xml#bib43
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Canola harvests begin in August depending on the region. Thus, it is not surprising that 

precipitation in August should have a negative impact on yields. Precipitation when grain has 

ripened can delay harvesting and damage crop yield. This is evident from the statistically 

significant negative sign on August precipitation. In terms of spring wheat, harvest begins as early 

as July and continues into September and beyond, again depending on the region. Therefore, it is 

not surprising that precipitation in July and August have a negative impact on yields. 

Climate oscillations are periodically fluctuating oceanic and atmospheric phenomena. Earlier 

studies have demonstrated that these phenomena have an impact on crop productivity (e.g., 

Anderson et al., 2017; Ceglar et al., 2017; Heino et al., 2018; Iizumi et al., 2014; Yuan and 

Yamagata, 2015). Climate oscillations influence crop production by modulating seasonal growing 

conditions for crops. The relationship between teleconnection indexes, crop yield, and 

meteorological variables is strongest in the northern and western parts of Saskatchewan, and 

weakest in the central and southeastern parts. Table 4 represents results for the complete 

econometric model that includes climate indexes. The results of the two models do not display 

major differences in terms of weather variable point estimates. However, both the NAO and AMO 

weather indexes have positive and significant effects on yields.  

Figure 14 plots the comparison of estimated impact of a day in seven temperature day bins on the 

log of spring wheat yield relative to a day in the 12-15oC bin between Saskatchewan and India. 

The figure shows that the Indian point estimates are simply a rightward shift of the Saskatchewan 

point estimates (especially for high temperatures). That confirms the notion that India grows wheat 

varieties that are more tolerant of heat than the varieties grown on the Canadian prairies. 

This study tested the robustness of yield results to two specification variations. The test results are 
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described below; the associated tables and figures are presented in the Appendix.  

Because the baseline and complete models demonstrated that there were statistically significant 

effects of soil zone on yield, this study explored whether different soil zones have significant 

impact on yield outcome. 

To explore this possibility, this study disaggregated analysis by soil zone. Specifically, RMs were 

divided into three subgroups based on soil zone. Then, for each subgroup, the yield response 

function was tested. For Dark brown and Black gray soil zones, the results mirror baseline results: 

The point estimates of temperature bins represent that crop yields may initially increase with 

temperature but then decrease as temperature goes up. The magnitude of yield decrease gets higher 

as the temperature goes significantly up. For the Brown soil zone, the temperature effect was 

always negative, but the magnitude of yield loss gets higher as the temperature goes up.  

Table 5 and 6 show the bin coefficients from equation (6), which allows the impact of temperatures 

to vary across different soil zones; Figures 9 and 10 plot the point estimate of temperature bins for 

canola and spring wheat, respectively. The black, grey and dashed black lines represent the black 

grey, brown, and dark brown soil zones, respectively. Some features of the figures are worth 

noting. First, as expected, high temperatures are more harmful in the brown soil zone than the other 

soil zone, for both canola and spring wheat yield. The brown soil zone is the driest of the three soil 

zones. For temperatures over 21-23oC, yield production takes a sharp decline in all three soil zones, 

suggesting that adaptation to extremely high temperatures may be difficult. For canola and spring 

wheat, the black-gray soil zone seems to have more positive estimates than the other two soil 

zones. The Black-gray zone is in the northeast which has greater precipitation and lower 

temperatures. For spring wheat, in the black-gray zone, we see positive point estimate for greater 
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than 23oC bin. It may be an issue due to sample size. In all three cases, the yield declines in going 

from the northeast of the Saskatchewan grain belt to southwest Saskatchewan, or from the black 

soil zone to the brown soil zone. 

For the second robustness check, this study considered replacing the temperature bins with a 

quadratic specification of growing degree-days (equation (7)). As shown in Table 7, the signs and 

statistical significance for the GDD are robust across the different specifications for each crop. The 

coefficients for GDD and GDD-squared are statistically significant for both crops. The pattern of 

positive coefficients for the linear GDD term and negative coefficients for the squared GDD terms 

implies an inverse U-shaped relationship between crop yields and GDD, which indicates that crop 

yields respond positively with increased GDD at a decreasing rate until GDD reaches some 

threshold level. Beyond that level, further increases in GDD tend to have a negative impact on 

crop yields. This pattern is in line with the findings of Robertson et al. (2013), who estimated 

dryland crop yield responses to climate variables for major crops in the Canadian Prairie region. 

Equation (8) incorporates interaction terms for GDD and monthly precipitation into the analysis. 

The interaction terms between monthly precipitation and GDD are significant and positive in May 

and negative in June, July, and August. This result is consistent with Cabas et al. (2010) who found 

that warm and wet conditions were favorable to crop yields.  

8. Limitations and Conclusions 

Extreme temperature and too much precipitation during harvesting months can prevent crops from 

growing. Information about the yield impact due to climate change across production patterns have 

significant policy implications. Disruptions to agricultural production are certain to have 

significant economic consequences for both producers (e.g., reduced revenue and investment) and 
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consumers (e.g., food price increases and price volatility).  

Although not investigated in the current models, gradual warming could extend the growing season 

and thus affect crop productivity. For example, grain could have more time to ripen or crops that 

previously could not be grown due to a short growing season can now be grown, thereby increasing 

farmers’ incomes (see, e.g., van Kooten, 1992, p.225). As a comparison with India suggests, new 

varieties of wheat can be adapted to match the changed environmental conditions, although some 

of these varieties might need to come through genetic modifications. The substantial and persistent 

damages from high temperatures suggest that the current set of technologies and policies used in 

Saskatchewan today might not be appropriate for the future without such modifications.  

Despite the robustness tests, this study has several limitations. First, this study did not control for 

other factors that might affect yield variabilities, such as agricultural management practices, pests, 

socioeconomic conditions, water availability, and socio-economic conflicts.  

Second, the temperature binning approach assumes uniformity of temperature impacts over the 

growing season. However, temperatures may affect crops differently depending on the stage of the 

growing cycle (Wahid et al., 2007). In addition to this, there is spatial variation in the timing of 

heat days over the growing season. For example, RM #5 may experience roughly seven days over 

15-18oC each growing season, of which approximately 85% occur in June, the hottest month of 

the growing season. RM #11, on the other hand, may experience an average of fifteen days over 

15-18 o C each growing season, but only 62% occur in June. If high temperatures during June are 

more or less damaging to crops than high temperatures later in the growing season, then differences 

in when during the growing season hot days occur may affect the estimates provided in this study.  
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Third, temperature binning assumes that heat impacts are additive and separable over the growing 

season. This assumption is also explicit in the degree days approach, an alternate methodology 

(D’Agostino and Schlenker, 2016). Despite these restrictive assumption, these two methodologies 

are nevertheless widespread in the literature (Schlenker and Roberts, 2009; Schlenker and Lobell, 

2010; Lobell et al., 2011; Burke and Emerick, 2016; Tack et al., 2017).  

Fourth, binning assumes that the impact of a hot day today is independent of whether yesterday 

was also a hot day. In reality, however, a 30 o C day might be more harmful to yields if it was 

preceded by several other hot days due to cumulative soil moisture and heat stress effects. 

Temperature binning abstracts from this possibility. 

Agriculture is considered one of the most vulnerable economic sectors to climate change. Crop 

production has been a central focus when estimating the impact of climate conditions. This paper 

investigates yield response to climatic conditions for two significant crops (i.e., canola and spring 

wheat) in Saskatchewan, Canada. A panel data approach is used that considers a variety of climate 

variables including temperature bins, GDD, monthly precipitation, and climate indexes. Extensive 

research has been done using average, maximum and minimum temperature, and GDD, to estimate 

the impact of higher temperatures on yields (Auffhammer and Schlenker, 2014; Schlenker and 

Roberts, 2009). However, the literature to date has provided relatively limited evidence on the 

temperature binning method in the Canadian context. The effects of climatic conditions on crop 

yields are investigated using the estimation results. The results show that high temperatures are 

more damaging to yields, confirming earlier Saskatchewan studies. The results also indicate that 

timing of precipitation and temperature influence yields differently in terms of the magnitude and 

significance of the impacts. This study verified the strong effect of weather on crop yields. It 
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provides a basis for further research of long-range crop forecasting models for the Canadian 

prairies. The AMO and NAO climate indexes appear to have positive effect on crop yields. The 

effects of higher temperatures measured by the monthly GDD are consistent with earlier studies 

of other global regions indicating a decrease in yields (Lobell and Field 2007; Lobell et al. 2011), 

while also confirming results of earlier studies focused on Saskatchewan, but using a different 

methodological approach (Kutcher et al. 2010). The study also verified that damage of crop yields 

for higher temperatures could be alleviated using heat-resistant new varieties that are used in other 

countries, such as India.  

Despite the limitations of the approach used in this study, the results illustrate the potential 

direction of change in crop productivity, especially to adapt with higher temperatures. Future 

research utilizing the approach should aim to extend the method to identify physical constraints to 

adaptation, such as socioeconomic conditions, infrastructure, etc., that are not fully captured in the 

model presented here. 
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APPENDIX 

 
Figure 1: Rural Municipalities and Weather Stations (white) in Saskatchewan 

Yellow dots show the centroid of each rural municipality and brown triangle show the position of 

weather stations in Saskatchewan Province. 
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Figure 2: Historical Trend of Canola Production across Canada 

 

 

Figure 3: Historical Trend of Spring Wheat Production across Canada 
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Figure 4: Historical Trend of Canola Seeded Area across Canada 

 

 

Figure 5: Historical Trend of Spring Wheat Seeded Area across Canada 
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Figure 6: Distribution of Daily Average Temperature across Temperature Bins 

 

Note: This figure displays the average number of days, from May to September, that fall into each 

of twelve daily average temperature bins, measured in degrees Celsius. Source: The temperature 

data are from the Environment Canada’s data and information archives.The figure is constructed 

based on the author’s calculations. 
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Figure 7: Estimated impact of a day in 12 Temperature Bins on log Canola yield relative to a Day 

in the 11-13o C Celsius bin  

Note: The circle markers represent the coefficient estimates of the effect on log yields of a day in 

a given temperature bin, relative to the effect of a day in the 12-15 C bin. The dashed lines represent 

the 95% confidence interval of the estimates. Standard errors clustered at the RM level. See Section 

5 for more details on the methodology used to estimate these coefficients. 

 

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

 <3  3-5 5-7 7-9  9-11  11-13  13-15  15-17  17-19  19-21  21-23  >23

Lo
g 

o
f 

Yi
el

d

Daily Avrerage Temperature ©

Canola  Estimates 95% C.I.



30 | P a g e  

 

 

Figure 8: Estimated impact of a day in 12 Temperature Bins on log Spring Wheat yield relative to 

a Day in the 11-13o C Celsius bin  

Note: The circle markers represent the coefficient estimates of the effect on log yields of a day in 

a given temperature bin, relative to the effect of a day in the 12-15 C bin. The dashed lines represent 

the 95% confidence interval of the estimates. Standard errors clustered at the RM level. See Section 

5 for more details on the methodology used to estimate these coefficients. 
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Figure 9: Estimated impact of a day in 12 Temperature Bins on log Canola yield relative to a Day 

in the 11-13o C Celsius bin in different soil zones 

 

Note: The circle markers represent the coefficient estimates of the effect on log yields of a day in 

a given temperature bin, relative to the effect of a day in the 12-15 C bin. The temperature bins are 

based on the months of May through September. The black markers represent the RMs lies in the 

Black Gray soil zone, orange markers represent the RMs lies in the Brown soil zone and the dark 

brown markers represent the RMs lies in the Dark Brown soil zone. The dashed lines represent the 

95% confidence interval of the estimates. Standard errors clustered at the RM level. See Section 5 

for more details on the methodology used to estimate these coefficients. 
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Figure 10: Estimated impact of a day in 12 Temperature Bins on log Spring Wheat yield relative 

to a Day in the 11-13o C Celsius bin in different soil zones 

 
Note: The circle markers represent the coefficient estimates of the effect on log yields of a day in 

a given temperature bin, relative to the effect of a day in the 12-15 C bin. The temperature bins are 

based on the months of May through September. The black markers represent the RMs lies in the 

Black Gray soil zone, orange markers represent the RMs lies in the Brown soil zone and the dark 

brown markers represent the RMs lies in the Dark Brown soil zone. The dashed lines represent the 

95% confidence interval of the estimates. Standard errors clustered at the RM level. See Section 5 

for more details on the methodology used to estimate these coefficients. 
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Figure 11: Estimated impact of Average Monthly Precipitation on log Canola and Spring Wheat 

Yield  

 

 

Figure 12: Estimated impact of Average Monthly Precipitation on log Canola yield across Soil 

Zones  
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Figure 13: Estimated impact of Average Monthly Precipitation on log Spring Wheat Yield across  

Soil Zones  

 
Note: Indian log of yield in measured in Rs/Hectare 
Figure 14: Comparison of Estimated Impact of a day in seven Temperature Bins on log Spring 

Wheat yield relative to a Day in the 12-15o C Celsius bin between Saskatchewan and India 
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