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1.  Introduction 

For climate sensitive sectors such as agriculture, weather forecasts are an essential component of early 
warning, which contribute to reducing costs of replacing agricultural infrastructure, inputs and the planning of 
scheduling on-farm management activities. The costs associated with extreme devastation of infrastructure and 
crop loss in Canada, for example, can attain billions of dollars in a particular year. 

Weather forecasts are provided at different scales both in time and space. Ideally, skillful weather forecasts 
at a finer scale and longer temporal resolution are needed for the majority of agricultural operations, however 
such forecasts are difficult to find as the science of weather forecasting has not developed to the level of making 
point specific forecasts and at longer time scales with a high degree of accuracy (Cai et al. 2011).  In spite of 
this difficulty, significant efforts have been made or are under way to test a range of predictions from short 
range to sub-seasonal scales using ensemble forecasts from a variety of prediction models (Merryfield et al. 
2013; Vitart 2004). As these products become increasingly available, there is a need to demonstrate their 
usability in climate sensitive sectors. Our goal in this study was to demonstrate how short (weeks) to medium 
range (up to a month)  forecasts can be tailored to answering questions in the agricultural sector. Some typical 
questions which agricultural users ask include: Will there be enough precipitation in the next few weeks to end 
a dry spell? Will there be enough heat for the crop to mature? Is the crop on schedule or running behind in its 
development? 

2.  Methods 

To make the most out of weather and climate forecasts in agriculture, we calculated agro-meteorological 
indices from the primary weather forecasts as multi-index products for direct use in management decisions for 
specific crops and operations. Forecast data sets were obtained from the Canadian Meteorological Centre’s 
(CMC) Global Ensemble Prediction System (GEPS) and consisted of 16-day and 32-day integrations every 
Thursday at the 39km resolution, and each run had 21-ensemble members. The GEPS outputs were found 
skillful from a previous study (1995 to 2012 data) with correlation skill levels between predictions and 
observations of (R=0.4 to 0.8) for temperature and (R=0.3 to 0.6) for precipitation (Lin et al. 2016). The indices 
were calculated for three crop types: 1) cool season such as barley and oats, 2) warm season such as peas and 
soybean, and 3) over-winter crops such as forages and woody fruit trees.  Agrometeorological indices included 
the water demand (the difference between precipitation and evapotranspiration), accumulation of precipitation 
at harvest time, effective growing degree days, heat stress and the drying index at harvest. 

3.  Results 

A comparative analysis of selected agrometeorological indices in forecast mode was made with actual 
observations during the latter part of 2018 growing season (September) across southern Canada. Greatest daily 
precipitation amounts ranging from 16 to 30mm for weeks 1 and 2 (August 31 to September 6 and September 
7 to 13, 2018 respectively) were forecasted for southern Ontario and Quebec as well as the east central areas of 
Saskatchewan and Manitoba (Fig. 1). While the observed precipitation accumulation totals were not exactly of 
the same order of magnitude as the predictions (the observed totals were higher than predictions), there was a 
spatial agreement about areas with the highest amounts. Traditionally, September is the month when the 
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majority of crop harvesting takes place, and while high precipitation accumulation can occur at any time, 
September is not usually associated with heavy precipitation accumulation (see Bonsal et al. 1999). Due to the 
wide-spread wetter conditions across the agricultural zone, the majority of the crop reporting districts reported 
less than the optimum progression of harvesting, which in the case of the Canadian Prairies was at around 40 
to 70% completion (Saskatchewan Crop report: http://publications.gov.sk.ca/details.cfm?p=91572).  Wetter 
conditions were accompanied by less than the optimum heat units required to dry the crop in readiness for 
harvesting as shown in Fig. 2.  By the end of the season (see the right panel of Fig. 2), the accumulated heat 
units were less than what would be expected for cool and warm season crops, that are 1482 and 1376 
respectively (Brown and Bootsma 1993; Stewart et al. 1998). Because of the relative wetter and low heat 
accumulation harvest period in September, there were fears that a potentially good grain harvest would be 
compromised by frost in early autumn. In order to avoid a total loss, the forecast products if used diligently 
would be used to carry out alternative actions. Where a harvest for grain is not possible, the crop could be put 
into animal feeds as silage and under very dire conditions, it could be ploughed under as a land management 
strategy. Large machinery such as combine harvesters are moved around at harvest. The movement of large 
machinery will be guided by the presence of good weather. This will in turn help with fuel usage and reduce 
the emission of GHGs at the farm level as machinery will be moved when the window for successful harvesting 
exists.  
  

Fig. 1  Precipitation forecast and actual observations across southern Canada during weeks 1 (top) and 2 (bottom) 
in September of 2018. The left panel shows forecasts while the right panel shows observations. 
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4.  Summary 

Greatest precipitation and heat units were forecasted during the first and second week in September (harvest 
time) in 2018 across the agricultural landscape of Canada. The predicted conditions were not ideal for harvesting 
and as a result, there were delays in taking the crop off the fields.  Armed with forecast information designed 
for specific crops (warm and cool season in this study), this information is useful for selecting alternative farm 
management actions which will prevent total loss as a result of climatic risks. 
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