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P = ρ . R. T

P = pressure
ρ = density
R = Universal Gas Constant
T = Temperature

-> Pressure ∝ Temperature (given 
fixed density)
-> Density ∝ Temperature (given fixed 
pressure)
-> Temperature ∝ Density (given fixed 
pressure)

Back to Basics – The Ideal Gas Law



Back to Basics – The Cold High (formed predominantly by radiational cooling)



Back to Basics – The Cold High (formed predominantly by radiational cooling)



Back to Basics – The Warm High (formed predominantly by compressional 
warming in adiabatic descent)

There’s a 
difference in 
“thickness” (or 
density) of air 
by order or 10-
20% between 
warm and cold 
Highs



Back to Basics – The Warm High (formed predominantly by compressional 
warming in adiabatic descent)



Graham and Webb (2019) in Weather (March 2019)



We used the following reanalyses:
• NOAA-CIRES 20CR (Compo et al. 2011) up to 

1947
• NCEP-NCAR (Kalnay et al. 1996) from 1948-

1978
• NCEP-DOE Reanalysis 2 (Kanamitsu et al. 

2002) from 1979-2018
to document all “Beasts from the East” plus 
other cold pools, 1916-2018
We used the following criteria for cold pools:

• 850hPa temp (-14 to -20C)
• 500hPa temp (-37 to -46C)
• Thickness of 1000-500hPa layer (less than 

5080m, or <508 dam)
• Lots of animations of cold pool advection
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What is Thickness?













































Results: Chronology and climatology of cold pools; most were easterly; some were northerly
(Feb 1969); A few were westerly (Jan 1993, Jan / Feb 2018) – “Pests from the West”!





And how does MÉRA compare? 28 Feb 2018 00z 850hPa air temp

A quick qualitative 
comparison…



And how does MÉRA compare? 28 Feb 2018 03z 850hPa air temp



And how does MÉRA compare? 28 Feb 2018 06z 850hPa air temp



And how does MÉRA compare? 28 Feb 2018 09z 850hPa air temp



And how does MÉRA compare? 28 Feb 2018 12z 850hPa air temp



And how does MÉRA compare? 28 Feb 2018 15z 850hPa air temp



And how does MÉRA compare? 28 Feb 2018 18z 850hPa air temp



And how does MÉRA compare? 28 Feb 2018 21z 850hPa air temp
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Adiabatic warming at  a few mm/sec -> No Kolmogorov turbulence

Appendix 1: Back to Basics – The Warm High (formed predominantly by 
compressional warming in adiabatic descent)

Graham (2008)



Appendix 2: Jan 1987 – Lowest thicknesses



Appendix 3: Feb 1969 – Lowest thicknesses



Appendix 4: Late Feb / early March 2018


