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• Despite the prevalence of precipitation climatologies in the 
literature, there are none to date that demonstrate inherently 
dynamical approaches1,2.

• The quasigeostrophic omega (QG-𝜔) equation provides a 
baseline for such an approach.

• Due to Montreal’s complex topography, the relationship 
between precipitation and the QG-𝜔 equation is of interest.

• Applying a dynamical approach, the objective is to obtain 
insight into the dominant physical mechanisms that contribute 
to the production of precipitation.

1. Introduction and Motivation
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• The highest precipitation rates and totals occur between 
the downstream upper-level ridge and the upstream low-level 
cyclone (Quadrant 3) in Montreal
• This result conforms to our expectations from the QG-𝝎

equation
• Quadrant 3 is also characterized by the largest values of

ascent and 𝜽𝒆 anomalies
• Precipitation rates and totals are higher in the region 

between the upstream upper-level trough and the 
downstream low-level cyclone (Quadrant 4) compared to 
those in the region between the upstream upper-level ridge 
and the downstream low-level anticyclone (Quadrant 2)
• This result was not predicted a priori from the 

conventional QG-𝝎 equation 
• 𝜽𝒆 anomalies and values of ascent are also larger in 

quadrant 4 compared to quadrant 2

6. Summary and Conclusions

3. Methodology in Action: Comparison of Time Series to Spatial Maps

4. Precipitation Comparisons between the Quadrants

5. Quadrant Comparisons of Physical 
Parameters that Influence Precipitation

Elevation map of 
the St. Lawrence 
River Valley3

Datasets
• 6-hourly precipitation observations from the National 

Oceanic and Atmospheric Administration’s (NOAA) National 
Centers for Environmental Information (NCEI) – 1979-2018

• Geopotential heights from the North American Regional 
Reanalysis (NARR)

Methodology
• QG-𝝎 equation4

• Simplified QG-𝝎 Rossby Wave Schematic
• Precipitation is partitioned based on where it occurs within 

a Rossby wave (see schematic below)

2. Data and Methodology

Vertical Motion Vorticity Advection Temperature Advection

Quadrant 1: Cold Air Advection (CAA) and Anticyclonic Vorticity 
Advection (AVA) → Unambiguous descent
Quadrant 2: AVA and Warm Air Advection (WAA) → Ambiguous 
vertical motion 
Quadrant 3: WAA and Cyclonic Vorticity Advection (CVA) → 
Unambiguous ascent
Quadrant 4: CVA and CAA → Ambiguous vertical motion

Illustration of the quadrant partitioning methodComposites of the highlighted quadrant periods from the time 
series on the right

Comparison of the average maximum quadrant period 
precipitation rates

Comparison of the mean quadrant period precipitation 
totals
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Mean 700-hPa 𝝎 Prior to the Maximum Precipitation Rate  
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Mean 850-hPa 𝜽𝒆 Standardized Anomaly Prior to the 
Maximum Precipitation Rate  
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Additional Questions?
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