
WINTER STORMS 

AOSC470 / AOSC600: Synoptic Meteorology I 

Lecture 26 (11/16/2012) 



Today’s goals 

• Winter weather forecasting 

– Rain or snow? 

– How much does it snow? 

– High-risk conditions (wet and cold) 

 

 



Winter storm prediction 

• The precipitation type (rain/snow/mix) matters. 

– Small variations in T profile and Precip intensity can 

dictate changes in precipitation type at surface. 

 

• The amount of snow matters. 

– QPF (Quantitative Precipitation Forecast) is very 

difficult with NWP. 

 



Cloud microphysics 

 T > -15C: can be supercooled droplets in clouds. 

 T < -15C: likely be ice crystals and snow flakes in clouds. 

 Saturation vapor pressure for ice is smaller than that for water. 

Water cloud Ice cloud 

Question: what kind of precipitation do we expect in the above cases? 



Cloud microphysics 

 T > -15C: can be supercooled droplets in clouds. 

 T < -15C: likely be ice crystals and snow flakes in clouds. 

 Saturation vapor pressure for ice is smaller than that for water. 

Water cloud Ice cloud 

AOSC620 for more cloud physics. 

Moderate snow Freezing drizzle 



Winter weather forecasting 

In winter, upper-level temperature is usually cold enough, and ice-

phase clouds are formed. 

 

What is essential in winter weather forecasting? 

 Precip type: Does ice/snow melt? Does it rain/snow/mix? 

 Freezing rain? (supercooled droplets freeze in contact at the surface) 

 How much does it snow? – QPF (Quantitative Precipitation Forecast) 



Melting and cooling 

Ice melting takes energy from the atmosphere and cools the atmosphere. 

Melting layer 



CAD and freezing rain 

Question: 

what causes 

the heating at 

the surface? 



Rain or snow? (simple approach) 

RH 

(%) 

T (deg. C) 
Questions: 

 Why does RH matter? 

 Once it rains, is it easy to change to snow? 

empirical rule for surface condition and precip. type 



Rain or snow? (simple approach) 

z 

T (deg. C) 

~500 hPa 

~5500 m 

Typical lapse rate = 6 K/km 

-30 3 

Usually cold enough for snow 

RH 

(%) 

T (deg. C) 

-6 

~850 hPa 

~1500 m 

-36 C at 500 hPa cold 

airmass suggests potential 

risk of heavy snow.  



Rain or snow? (thickness method) 

1000-850 

thickness 

850-700 thickness 



Rain or snow? (area approach) 

The area of the skew-T log-p diagram corresponds to energy. Why? 

𝑔𝑑𝑧 = −𝑅𝑇𝑑 ln 𝑝 Using the hydrostatic eq. and gas law, 



Moisture supply  risk of heavy snow 

Lake-effect snow 

Coastal snow 

 Moisture supply is essential for heavy 

snow. 

 

 Water is generally warmer in winter, so it 

may be difficult to forecast rain/snow/mix 

in these situations. 

 

 But once it snows, it will be a lot of snow 

due to the large moisture supply. 

Question: what kind of flow structure do you 

expect at 500 hPa? 



December 19, 2009 Snowstorm case 



A case of 1979 President’s Day storm 

Heat flux from the sea-surface was the key to this explosive storm 

development. 

This diabatic contribution has an additional effect to the regular self-

development mechanism. 



A review from Lecture #19 

Over the warm ocean, PBL turbulent heat 

transport is more effective. 

This additional 

contribution enhances 

the self-development. 



WRF experiments for this case 
24-h forecast runs with the same initial condition 

Adiabatic 

simulation Including 

latent heating, 

but no PBL 

fluxes 

Including 

PBL fluxes, 

but no 

latent 

heating 

Full physics 



Bright band in RADAR reflectivity 
Melting layer shows a higher reflectivity, known as the “Bright Band”. 

 The high reflectivity does not 

necessarily mean heavy precip. 

 

 The motion of the bright band 

may imply change from snow to 

rain/freezing rain.  



Today’s goals 

• Winter weather forecasting 

– Rain or snow? 

– How much does it snow? 

– High-risk conditions (wet and cold) 

 

 


