CHAPTER 2

HEAVY SNOW
INTRODUCTION

In this chapter we will study how to forecast heavy snowfall development by utilizing surface and upper air analyses, specific synoptic weather patterns, and a heavy snowfall index.

INFORMATION
HEAVY SNOW LOCATION

Heavy snow is the accumulation of > 2 inches of snow in a 12-hour period.  Some of the methods for determining the location of heavy snowfall areas involve checking for certain parameters (i.e., isotherms, dew points, maximum winds, RH, etc.) in relation to specific, analyzed atmospheric levels.  These levels are the surface, 850-mb, 700-mb, and 500-mb analyses.  Also, these heavy snow locations are in close proximity to a low-pressure center (surface) and a low height center or trough (upper air).

Surface Analysis (Low Pressure Center)
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Heavy snowfall occurs on the cold side of the 32(F isotherm.  It can be up to 2.5o to the left of the track of the occluded and/or non-occluded low and up to 5o downstream. See Figure 2-1.

Figure 2-1.  Surface Analysis

850-mb Analysis (Low-Height Center)


Heavy snowfall occurs on the cold side of the 0oC isotherm (-2oC isotherm along the East Coast of U.S.) where the dew points are between 0oC and -5oC.  It can be anywhere from 1o to 4o to the left of the track, and from 3o to 12o downstream of the low.  The 850-mb -5(C isotherm often bisects the area of heaviest snow in the following 12-hour period.  See Figure 2-2.
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Figure 2-2.  850-mb Analysis

700-mb Analysis (Low-Height Center/Trough)

Heavy snowfall occurs on the cold side of the -6oC isotherm where the dew points are between
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 -6oC and -10oC.  Heavy snowfall is along the track of the 700-mb low.  Snow usually begins with the passage of the 700-mb ridge.  Heavy snow usually ends with the passage of the 700-mb trough or low center.  See Figure 2-2.

Figure 2-2.  700-mb Analysis

500-mb Analysis (Low-Height Center/Trough)
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Heavy snowfall occurs on the cold side of the -35oC isotherm if located north of 40o N or on the cold side of the -25oC isotherm if located south of 40o N.  Heavy snowfall is along the track of the 500-mb low.  It can be up to 2.5o to the left of the track of the 500-mb vorticity maximum and up to 6.5o to 7o downstream.  Snowfall occurs to the left of the track of the 500-mb height fall center and slightly downstream from the inflection point between the trough axis and the downstream ridge.  Heavy snow begins with the passage of the 500-mb ridge and all the snow usually ends with the passage of the 500-mb trough, vorticity maximum, or low center.  See Figure 2-3.

                                                                   


Figure 2-3.  500-mb Analysis

Average Relative Humidity/Maximum Wind Analysis
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Heavy snow occurs in the area where the surface to 500-mb average relative humidity is > 70% and where the 850-mb and 500-mb maximum wind bands intersect (Figure 2-4).

                             




          Figure 2-4. Average RH/Maximum Wind Analysis
1,000/500-mb Thickness
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Heavy snow usually occurs along the thickness ridge between the 5,310 and 5,370-meter thickness lines (Figure 2-5).

Figure 2-5. 1,000/500-mb Thickness Ridge


We have discussed how specific atmospheric levels can assist in the location of heavy snowfall areas.  Now we'll discuss heavy snow in relation to specific synoptic situations.

SYNOPTIC SITUATIONS THAT PRODUCE HEAVY SNOW 
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Baroclinic Non-Occluding Low

This system usually tracks to the east or northeast > 25 knots.  It is usually associated with a fast moving trough at 500 mb.  The area of maximum snowfall lies to the left of the surface low oriented parallel to the track of the low.  The southern edge of the maximum snowfall is located about 60 nm (1o of latitude) to the left of the storm track.  The width of the snow band is about 100-200 nm (Figure 2-6).  The snowfall rate is > 1 inch/hour lasting 4 to 8 hours.

 Figure 2-6. Baroclinic Non-Occluding Low 

Baroclinic Deep Occluding Low (Blizzard Type)
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This is the most dangerous type of winter storm that includes winds > 40 knots, temperatures < 20oF, and visibility that has been drastically reduced by blowing and/or falling snow.  A severe blizzard contains winds > 50 knots, and temperatures < 10oF.


This system features a deep occluding low with a downstream wrap-around ridge that is oriented NW-SE (type B occlusion).  The system is associated with a closed, cold core low at 500 mb.  It usually tracks to the north-northeast, at approximately 5 to 10 knots.  The area of maximum snowfall lies to the left and parallel to the track of the surface low (Figure 2-7).  The snowfall rates are 1 to 2 inches/hour lasting up to 10 hours, with the length of duration variable.  The western edge of the heavy snow area is the 700-mb low, with most of the snow ending with the passage of the 500-mb low.  If short waves continue to develop and propagate around the upper-level low, this system becomes highly susceptible to secondary development, especially along the east coast of continents.

Post-Cold Frontal Trough
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This synoptic system is associated with a steep cold front oriented in a deep long-wave trough.  A minor wave forms on the front and moves northward along the front.  Strong cold-air advection from the surface to 850 mb exists to the west of the front.  Sharp amplitude short wave troughs at 700 and 500 mb lie about 200 to 300 nm to the west of the surface front.  The area of maximum snowfall is located between the 850 and 700-mb short-wave troughs.  The area usually generates and dissipates in 12 to 18 hours with the heavy snow lasting only 2 to 4 hours.  See Figure 2-8.







Figure 2-8. Post-Cold Frontal Trough
Warm Advection 
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This synoptic situation has no active low-pressure center in the vicinity of the maximum snow area.  A persistent high-pressure ridge is situated to the north-northeast of a quasi-stationary front.  A well-developed low-level flow (850 mb) of moist air is overrunning the frontal surface (Figure 2-9).  The area of maximum snowfall is located in a band parallel to and just north of the quasi-stationary surface front.  Moderate to heavy snow usually lasts 6 to 12 hours.  If the warm front begins to move, expect a change from snow to freezing rain and then to rain due to the advection of warmer, low-level air.

Figure 2-9. Warm Advection Synoptic Pattern

Inverted Trough


This synoptic pattern has an inverted trough extending northward from a closed low-pressure system.  An easterly component of low-level flow produces overrunning of the inverted trough as well as an upslope condition.  All snowfall usually ends with the passage of the 700-mb trough.  Heavy snow is produced when the 500-mb flow is parallel to the surface inverted trough.  The area of maximum snowfall is located within and on either side of the inverted surface trough.  Heavy snow amounts depend on the moisture supply, winds, and speed of movement of the troughs.










Figure 2-10. Inverted Trough


We've just discussed 5 synoptic situations that can produce heavy snowfall.  Now we'll look at an index that can also assist in forecasting maximum snowfall amount and area.  See Figure 2-10.

200-MB SNOW INDEX HEAVY SNOW FORECASTING TECHNIQUE
Purpose


This technique is used to forecast the maximum snowfall amount and area.  It uses the warm sink associated with a well-developed baroclinic low.  To forecast the snowfall amount, an index for average snowfall (in inches) for the following 24 hours can be calculated.

Procedure


First determine the 200-mb temperature at your station.   Then find the 200-mb warm pocket that is located between 6o and 14o latitude upstream of your station.  Take 1/2 of this indicated temperature change ((T) to determine the amount of snowfall (Note: If the WAA is <6o latitude upstream, snowfall will be of a short duration).


Example:
Temperature in warm pocket =  -45oC.




Temperature over your station = -55oC.




(T = 10o of WAA.




Snowfall = 1/2 x 10 = 5 inches/24 hrs.

The forecast area of maximum snowfall will be where the coldest air at 200 mb is and where the warm air is advecting into at 200 mb.  This area will be parallel to the 200-mb contours, with the width being the same as the distance between adjacent contours.  The southwestern end of the maximum snow area is the warm pocket and the northeastern end of the maximum snow area is about 14o latitude downstream from the 200-mb warm pocket, or the northeastern edge of the cold pocket.


To forecast where the point of maximum snowfall will be, use the following guidelines.  For a 24-hour forecast, check 14o of latitude downstream from the 200-mb warm pocket.  For a 36-hour forecast, check 21o of latitude downstream from the 200-mb warm pocket.  (Note: If there is no well-defined warm pocket, use the 500-mb vorticity maximum).


Weaknesses of the 200-mb snow index must be taken into consideration.  Do not forecast heavy snow beneath strong confluence at 200 mb.  The heavy snow area will be south of this area.  Do not forecast heavy snow south of surface lows.  With northwesterly flow aloft, systems will move rapidly and generally < 2 inches of snow will fall.  There must be warm-air advection at 700 mb into the snow threat area to get snow accumulations of 1/2 the indicated 200-mb warm-air advection.  If there is cold advection at 700 mb into the snow threat area, the total snow accumulation will be 1/4 the indicated warm advection at 200 mb.

SUMMARY

Forecasting heavy snowfall can be very difficult.  If the techniques and situations previously discussed are used properly, heavy snow can be forecast with a high degree of accuracy.  Complete the review exercise and discuss any problems or clarifications with the instructor.

REVIEW EXERCISE 2

1.
Heavy snow ends with the passage of the _____________ when associated with the baroclinic deep-occluding low synoptic situation.

2.
Heavy snow associated with a 500-mb vorticity maximum occurs _____________ to _____________, downstream _____________ to the left of the track.

3
Which dew points are favored at the 850-mb level for heavy snowfall? _____________________.

4.
Which dew points are favored at the 700-mb level for heavy snowfall? _____________________.

5.
True or False.  Heavy snowfall occurs at the intersection of the 500- and 700-mb maximum wind band where the surface to 500-mb relative humidity is > 70%._________________ .

6.
True or False.  Heavy snowfall should be forecast in the 1,000/500-mb thickness ridge between the 5,220 and 5,280 thickness isopleths. _____________

7.
Following is a list of snowfall characteristics.  Match each characteristic with one of the five snowstorm types.  Put the abbreviation for the correct snowstorm type in the blank provided.


DO - Deep Occluding Low


NO - Non-Occluding Low


PC - Post Cold Frontal Snowstorm


WA - Warm Advection Snowstorm


IV - Inverted Trough


a.  ________

Occurs north of a stationary front without an active low center.


b.  ________

Heavy snowfall may occur when the 500-mb flow is parallel to the surface trough.


c.  ________

Has a 100-200 nm wide snowfall area.


d.  ________

Heavy snowfall area lies to the left of the surface storm track, west-north of





position.


e.  ________

Heavy snowfall usually has a duration of 4 to 8 hours.


f.  ________

Heavy snow occurs for only 2 to 4 hours.


g.  ________

Heavy snowfall occurs between the 700-mb and 850-mb troughs.


h.  ________

If the front begins to move, precipitation associated with it may turn to freezing





rain.



























































































         Figure 2-7. Deep Occluding Low
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