    
CHAPTER 1


PRECIPITATION

INTRODUCTION

In this chapter, we will study methods to aid in forecasting precipitation types: liquid, freezing, and frozen.  To accurately forecast these parameters you must forecast temperature, atmospheric stability, availability of moisture, and cloud types.

INFORMATION

FORECASTING PRECIPITATION TYPE

The type of precipitation is largely dependent on the height of the freezing level(s) and the depth of the warm layer aloft.

Single Freezing Level


If the freezing level closest to the surface is > 1,200 ft AGL, forecast liquid precipitation 

(Figure 1-1).  If the freezing level closest to the surface < 600 ft AGL, forecast solid precipitation (Figure 1-2).  If the freezing level closest to the surface is between 600 ft and 1,200 ft AGL, forecast mixed precipitation.  The freezing levels can be determined from a Skew-T, the higher reflectivity ring on the NEXRAD base reflectivity, PIREPs, etc.
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Figure 1-1. Rain/Rain Showers (Cold Rain)


[image: image2.png]




Figure 1-2. Snow/Snow Showers (Cold Rain)

Multiple Freezing Levels
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Sometimes there are two cold layers with a warm, melting layer in between.  If the warm layer is > 1,200 ft thick, forecast freezing rain (cold rain process) or freezing drizzle (warm rain process, Figure 1-4).  If the warm layer is between 600-1,200 ft thick, forecast ice pellets (cold rain process Figure 1-8).  If the cold layer closest to the surface is < 1,500 ft, forecast freezing rain if not, forecast ice pellets (Figures 1-3 and 1-5).


Figure 1-3. Freezing Rain (Cold Rain)

Melting (Warm) Layer Maximum Temperature   


Whether complete melting occurs in a warm layer or not depends on many variables (i.e., depth of warm layer, crystal size, and temperature within the warm layer among others).  Most snowflakes melt completely with maximum temperatures in the warm layer between 1oC and 4oC.  If the maximum temperature in the warm layer is between these specified temperatures forecast freezing rain if not, forecast ice pellets or snow.

Freezing Precipitation Types


Freezing Rain.  Freezing rain is rain that falls in liquid form but freezes upon impact to form a coating of glaze upon the ground and on exposed objects.  It is necessary that the liquid be supercooled before striking the ground.  Freezing rain, when encountered by aircraft in flight can cause dangerous accumulations of clear icing (Figure 1-3).
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Freezing Drizzle.   Freezing drizzle is drizzle that falls in liquid form but freezes upon impact to form a coating of glaze upon the ground and exposed objects (Figure 1-4).  It is also necessary that the liquid drops be supercooled before striking the ground.  Freezing drizzle, when encountered by aircraft in flight can cause moderate accumulation of clear icing.
Figure 1-4. Freezing Drizzle (Warm Rain)
Freezing Precipitation Synoptic Patterns


The basic conditions necessary for freezing precipitation to occur are a shallow layer of sub-freezing air near the ground with warmer, moist air overriding it (providing the air is sufficiently moist to produce steady precipitation).  There are notable synoptic patterns, which enable the atmosphere to realize these conditions. Ideally, freezing precipitation occurs ahead of a warm front, which is moving over a cold (below freezing) surface (Figure 1-5).  This situation usually produces the most widespread area of freezing precipitation due to the advection of warm moist air over the frontal boundary.

[image: image5.bmp]
Figure 1-5.  Synoptic Scale Precipitation

Other notable areas favorable for synoptic-scale freezing precipitation are north of a stationary boundary as moist air overruns an arctic or polar air mass (Figure 1-6), and to the rear of a continental polar/arctic cold front that wedges in under warmer moist air (Figure 1-7). 
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  Figure 1-6. Stationary front
This discussion on favorable synoptic scale freezing precipitation is not all-inclusive of where freezing precipitation can occur. Freezing precipitation can occur at any location where the above basic conditions for freezing precipitation prevail or are forecast to exist.
Ice Pellets

This precipitation falls in the solid form.  Ice pellets must have a deep cold pocket near the surface and a warm pocket aloft between 600-1,200 ft thick.  As partially melted snow falls into the cold air, it will totally refreeze into ice pellets (Figure 1-8).  This usually occurs in narrow zones between areas of freezing precipitation and snow (Figure 1-7).
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Figure 1-8. Ice Pellets (Cold Rain)

Rain


Rain may occur with either a warm or cold rain process.


Warm Rain Process.  It is considered a warm rain process when the entire cloud and precipitation are above 0oC.

Cold Rain Process.  The cold rain process occurs when the cloud and precipitation occur partially at temperatures below 0oC (see Figure 1-1).

FREEZING PRECIPITATION FORECASTING METHODS

While the freezing level is a good tool to use to assist in forecasting the type of precipitation, other methods are also available and should be considered.

Surface and 850-mb Isotherm Pattern 


To initially determine precipitation type, the 850-mb 0(C and surface 32(F isotherms are good guidelines.  By using the 3(F isotherm as a base, the placement of the 850-mb 0(C, with respect to the base, is a good starting point.  When the 850-mb 0(C isotherm is on the cold (north) side of the surface 32(F isotherm (base), forecast freezing precipitation or ice pellets.  When the 850-mb 0(C isotherm is on the warm (south) side of the surface 32(F (base), forecast wet snow and/or mixed precipitation (Figure 1-11). If you are east of the Appalachian Mountains, use the -2(C isotherm instead of the 0( isotherm.
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Figure 1-11. Surface and 850-mb Isotherm Pattern
Thickness

Thickness isopleth analysis is a good tool for forecasting the precipitation type during winter.
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1,000/500-mb Thickness.  The 1,000/500-mb thickness is the most readily available and easiest chart to use.  The 5,400-meter isopleth is the threshold value, which delineates between liquid (on the warm side) and solid (on the cold side) precipitation.  Be aware that the 5,400-meter isopleth is most representative over the Midwest and Northern Plains.  Higher thickness values will mark the threshold over the mountains and lower values near the coastlines.  This map isopleths the threshold values across the continental United States (Figure 1-12).

Figure 1-12. 1,000/500-mb threshold values.  Equal probability of liquid or frozen precipitation based upon 1,000-500-mb thickness.  The number in parenthesis is the number of cases used in determining the equal probability value at that station.


As well as delineating between liquid and solid precipitation, certain 1,000/500-mb thickness values can be utilized to forecast freezing precipitation.  Forecast freezing precipitation between the 5,400 and 5,520-meter thickness isopleths where surface temperatures are < 32( F.  


Once again, these values are most representative where the 5,400-meter isopleth is the critical value for liquid versus solid.


The next method presented for precipitation forecasting utilizes thickness patterns.  Thickness is the vertical depth between two constant pressure surfaces.  This method requires that both the low and mid-level thickness values be calculated and plotted.  Prognosis charts can then be constructed by simple extrapolation of selected isotherms, isodrosotherms, and thickness lines.


Low-Level Thickness (LLT) (1000/850 mb).  Low-level thickness values are computed by subtracting the 1000-mb height (1000/500-mb thickness - 500-mb height) from the 850-mb height. Determine the location of the 1,300-meter isopleth, which is the low-level thickness threshold value.


Mid-Level Thickness (MLT) (850/700 mb).  Mid-level thickness values are computed by subtracting the 850-mb height from the 700-mb height.  Determine the locations of the 1,520, 1,540, and 1,555-meter isopleths.  The 1,555-meter isopleth is the threshold value for mid-level thickness.


Low-Level/Mid-Level Thickness Composite Chart.  This is an analysis tool used for determining precipitation type.  Analyze for the following parameters: the surface 32(F isotherm, the 1,300 meter low-level thickness (LLT) isopleth, the 1,520, 1,540, and 1,555-meter mid-level thickness (MLT) isopleths, the 850-mb 0(C isotherm, the 850-mb -5oC dew-point temperature, and the 700-mb -10oC dew-point temperature.


Chart Interpretation  (Figure. 1-13).  Forecast snow or snow showers between the 1,520 and 1,540-meter mid-level thickness (MLT) isopleths and on the cold (north) side of the 1,300-meter low-level thickness (LLT) isopleth.  Forecast heavy snow in the same area between the 700-mb -10oC and the 850-mb -5(C dew points and on the cold (north) side of the 850-mb 0(C isotherm.


Forecast freezing precipitation between the 1,540 and 1,555-meter MLT isopleths and on the cold (north) side of the 1,300-meter LLT isopleth.  Forecast light, patchy freezing precipitation on the warm (south) side of the 1,555-meter MLT isopleth, but on the cold (north) side of the 1,300-meter LLT isopleth and surface 32(F isotherm.


Forecast rain if any, in the area between the 1,540 and 1,555-meter MLT isopleths that lay on the warm (south) side of the 1,300-meter LLT isopleth.


Progging the Composite Chart.  Forecast the low-level thickness (LLT) isopleths using 100% of the 3,000-foot winds.  Forecast the mid-level thickness (MLT) isopleths using 100% of the 8,000-foot winds.  Forecast the 850-mb and 700-mb isotherms and dew points with the short-wave troughs at those levels.


Figure 1-13.  Low-Level/Mid-Level Thickness Composite Chart

Snow Index

This method uses the 1,000-mb to 700-mb thickness.  Equation:  y + 2x = 4179 meters, where 

y = 850-mb to 700-mb mid-level thickness (MLT) and x = 1000-mb to 850-mb low-level thickness (LLT).  If the answer is greater than 4,179 meter then forecast liquid precipitation.  If the answer equals 4,179 meter then forecast mixed precipitation.  If the answer is less than 4,179 meter, then forecast solid precipitation.

SUMMARY

As you can see there are many methods and aids available to help assist the forecaster in deciding what type of precipitation to forecast.  Many of the most commonly used ones have been included in this discussion; however, there are others.  Time permitting, a good forecaster will utilize all tools and then base his/her decision on sound, fundamental atmospheric logic.  Complete the review exercise and discuss any problems or clarifications with the instructor.


REVIEW EXERCISE 1
1.
Predict the type of precipitation that should occur at each location with the given 1,000/500-mb thickness value.


a.
5,600 meters (Rapid City, SD). 


b.
5,296 meters (Champaign, IL)


c.
5,400 meters (Midwest US).


d.
5,390 meters (Western Kansas).


e.
5,460 meters (Central Nevada)


f.
5,460 meters/surface temp = 29 (Midwest US)


g.
5,400 meters (Atlantic City, NJ)

2.
Predict the type of precipitation that should occur based on the 850-mb and surface temperatures in the following diagram.


a.
A


b.
B

c. C

d. D

3.
Predict the type of precipitation that should occur based on freezing levels only.


a.
> 1,200 ft AGL.


b.
600-1,200 ft AGL.


c.
< 600 ft AGL.

4.
Using the following Skew-T diagram, determine the type of precipitation that should occur at 
Lincoln, IL.  (Assume there is adequate moisture and precipitation will occur).
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5.
The ideal location for synoptic scale freezing precipitation is _______.


a.  on the cold side of a warm frontal boundary.


b.  to the rear of a polar/arctic frontal boundary.


c.  on the warm side of a warm frontal boundary.

6.
Using the Snow Index Equation of y + 2x = 4179 meters, forecast the precipitation type, based on the following information:


1,000 mb = 60 meters

y = 700 - 850 mb


850 mb  = 1380 meters

x = 850 - 1,000 mb


700 mb  = 2516 meters       

7.
Which key LLT isopleth is used for forecasting frozen versus liquid precipitation?

8.
Which three MLT isopleths will you normally analyze to determine frozen versus liquid precipitation? 

9.
What percent of the 3,000-foot wind would be used to prog the low-level thickness isopleths?

10.
The MLT isopleths should be moved at _______ % of the 8,000-foot wind.

11.
Based on the following diagram, forecast the type of precipitation you would expect to occur at the specified points.

LLT/MLT Composite Chart
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