
WINTER PRECIPITATION PROCESSES 
AND PREDICTION 

The subject of this chapter is winter storms, corresponding to chapter 9 in the MSM text

book. Specifically, the focus of this chapter is winter precipitation, including the thermo

dynamic, dynamical, and microphysical processes that affect the temperature profile 

during wintry precipitation episodes. We have already analyzed data from a major winter 

storm in chapter 5, but here we will focus on physical and thermodynamic processes, and 

on techniques to predict winter precipitation. 

This chapter includes the following exercises: 

8.1. Physical Process and Sounding Interpretation Review 

8.2. February 2003 East Coast Storm Case Study 

Each exercise in this manual uses these typefaces for clarity: 

Normal typeface is used for background information, technical instructions, motivating 

questions, and learning objectives. Bold indicates assigned actions and questions that 

students are expected to respond to in their report. A constant width typeface 

is used to indicate text that can be found exactly on the IDV software ( usually on the 

Dashboard or Legend areas). 

The word Optional: is used to set off suggestions for further explorations. 
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8.1. Physical Process and Sounding Interpretation Review 

Students will be asked to draw on previous knowledge on cloud and precipitation forma

tion processes in this chapter; perhaps this material was covered in a thermodynamics or 

physical meteorology course. 

The objectives of this lesson are 1) to review some aspects of precipitation formation, and 

2) to provide a vocabulary list that will be drawn upon in subsequent lessons in this chap
ter. For additional review information, a useful resource is the COMET MetEd module, 

located at http:/ /www.meted.ucar.edu/norlat/snow/preciptype/. 

a) Summarize the Bergeron-Findeisen (cold cloud) precipitation mechanism. If you 

were viewing a plot of a sounding that was launched through a cloud in which the 

Bergeron process was active, what characteristics would be evident, and why? 

b) Define the following cloud physics terms in 1 or 2 sentences, in your own words: 

• Riming 

• Aggregation 

• Collision-coalescence 

• Freezing nucleus 

• Contact nucleation 

• Deposition 

• Supercooled cloud 

• Mixed-phase cloud 

• Accretion 

c) Now we will examine factors affecting the thermal profile, seeking evidence in sound

ing data to aid interpretations. Utilize the images shown below to answer the following 

questions: 

i. Examine the Greensboro, North Carolina (KGSO ), rawinsonde temperature 

and dew point profiles shown below (Figs. 8.1-8.3), from a winter weather event 

that took place in December 2002. For the first sounding (Fig. 8.1), list all of the 

physical processes you can think of that would be affecting the temperature profile 

in this situation. For each of the processes you list, indicate specific evidence in this 

sounding supporting your argument that the mechanism is at work. You should be 

able to identify at least 7 distinct processes based on what is shown in this sound

ing. Consider energy absorbed or released by phase changes of water substances, as 
well as adiabatic and synoptic-scale processes. 
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Figure 8.1. Sounding from KGSO from 1800 UTC 4 Dec 2002. Special launch in light of anticipated winter 

weather event. Temperature (red solid) and dewpoint temperature (green dashed) in skew-T, log-p 

format. 
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Figure 8.2. Sounding KGSO from 0000 UTC 5 Dec 2002. 
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Figure 8.3. Sounding from KGSO from 0600 UTC 5 Dec 2002. Special launch in light of anticipated 

winter weather event. 

ii. Now consider the second Greensboro sounding (Fig. 8.2). Would different processes 

be active in this profile relative to that shown in Fig. 8.1? List which processes 

would be active in this sounding that were not active in the first sounding, and 

describe the evidence you see in the soundings that support your argument, and 

explain. Then, list any processes that were active in the first sounding that are not 

likely to be in the second, and again discuss evidence and explain your answer. 

iii. Repeat ii. above, but comparing the third KGSO sounding (Fig. 8.3) to the sound

ing shown in Fig. 8.2. 

8.2. February 2003 East Coast Storm Case Study 

Open the LMT_8.2 bundle. It is the largest bundle of this manual (150 MB), so it may take 
a few minutes to download and render. 

The objectives of this exercise are to provide a three-dimensional depiction of the numer
ically simulated hydrometeor distribution during a high-impact winter storm event. We 
will utilize output from a mesoscale numerical model for this purpose. 
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Learning outcomes include 1) evaluating and contrasting the vertical temperature profile 
during snow, ice pellets, freezing rain, and rain, 2) interpreting changes in hydro meteor 
type during a complex winter storm, and 3) explaining how precipitation type may be 
influenced by cold-air damming. 

a) In exercise 7.1, we examined the role of terrain during a major wintertime CAD 
event in the Appalachian region, the so-called Presidents' Day II event. Now, we will 
utilize this same event (and the control model simulation) to consider the winter 
precipitation aspects of the case. If the bundle has loaded correctly, the color-filled 
model-simulated radar reflectivity field should appear ( only at times beyond the 
initial time), superimposed with the 0°C isotherm at the 2-m level. Loop through the 

times, and note the geographical regions where, based on these parameters alone, 

wintry (possibly frozen) precipitation would be expected, provided that this model 

simulation is accurate. 

b) Step to the time 0000 UTC 17 February 2003, noting the location of the precipita-
tion shield. Now, turn off the plot of radar simulated reflectivity (REFD PRES -

Color-Filled Contour), and activate the 0°C Celsius temperature isosurface 

(T P- I sosurface). This allows visualization of the three-dimensional structure 
of the freezing level. Rotate the display to examine the structure of this isosurface. 
Describe what you see, and discuss the implications of this for expected precipitation 

type at the surface. Is the structure of the freezing level isosurface unusual? If so, in 

what way? Discuss. If you wish, change the color or transparency of this surface in 
order to better assess its structure. 

c) Next, activate the isosurface of snow mixing ratio (r snow p - isosurface). 

Evaluate the relative position of the freezing level isosurface and the snow mixing 

ratio isosurface. Is there any snow located in above-freezing air (beneath the freezing 

level)? What happens in locations where the freezing isosurface is "folded"? Does 

snow re-form in the surface-based sub-freezing layer? Why or why not? Discuss and 

explain. 

d) Now, activate the rain water isosurface (r rain p - isosurface), and 

deactivate the snow and freezing level isosurfaces ( or, toggle them on and off as needed 
to best visualize what is happening). Are there locations where rain is present with 

sub-freezing temperatures? Finally, activate the graupel isosurface (r graup p -
isosurface). Describe the complex combination of hydrometeor types present in 

the Mid-Atlantic region during this event. Capture an image that illustrates the rela

tive positions of the different precipitation types. Consider altering the transparency 
of these isosurfaces as needed to reveal areas of different, or mixed, precipitation types. 
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Figure 8.4. Temperature cross section at initial time (0000 UTC 15 Feb 2003). 

e) We will now utilize a cross-sectional view in order to examine the hydrometeor 

distribution more dearly. Consider the location of central Virginia, where the near

surface air temperature is below freezing, but there is warm air aloft at 0000 UTC 17 

February. Deactivate the 3D Surface / isosurface displays, and activate 

the Vertical Cross Section displays, which initially include color-shaded 

temperature and the 0°C isotherm (black contour). There are also sections available 

for rain, snow, and graupel mixing ratio. Maneuver the section so that you are looking 

westward from a perspective off the U.S. East Coast, and return to the initial time; you 

should see something resembling what is pictured in Fig. 8.4. 

Step through the sequence and watch the evolution of the freezing level. Stop at 0000 UTC 

17 February. Then, activate the cross section contours of rain water, snow, and graupel 

mixing ratio. Note that the contour intervals are not the same for all of these quantities. 

Discuss the distribution of rain, snow, and graupel in this model cross section relative 

to the freezing level at 0000 UTC 17 February. What type or types of precipitation are 

reaching the surface within the cold-air damming region extending from Maryland, 

central Virginia, North Carolina, and southward to upstate South Carolina and 

northeastern Georgia? 

118 / SYNOPTIC-DYNAMIC METEOROLOGY LAB MANUAL 


