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FORECASTING TYPE OF PRECIPITATION

I. INTRODUCTION

Precipitation type is determined by the temperature structure 
of the atmosphere from its boundary with the earth's surface 
to the level from which the precipitation is falling, and the 
temperature of the surface on which the precipitation falls,,
In the winter most precipitating clouds do not extend above 
500 mb., A relationship can be expected to exist then, between 
precipitation type and the mean temperature of the atmosphere 
from near the surface to 500 mb,, and the mean temperature of 
the boundary layer of the atmosphere.

The mean virtual temperature between two pressure levels is 
proportional to the difference in height between these levels, 
or thickness of the layer, Wagner, 1957, showed a relationship 
between the observed 1000-500 mb, thickness and precipitation 
type. This relationship with observed thickness is useful for 
short term forecasting, but for periods beyond about 12 hours, 
information concerning the skill of thickness predictions are 
required before one can determine the probability of a precip­
itation type using Wagner's results, Wagner did not consider 
the effects of the boundary layer temperature in his study.
Spar, 1971B showed that a good relationship does exist between 
the primitive equation (PE) model predictions of the mean oo- 
tential temperature of the boundary layer (PE model surface to 50 mb, 
above the surface) and precipitation type. Spar, however, did 
not consider the effects of the temperature structure of the 
atmosphere above the boundary layer, Younkin, 1967, considered 
the effects of the mean temperature in a higher and a lower 
atmospheric, layer by relating precipitation type to the simul­
taneous values of the 1000-850 mb, thickness and the 850-700 mb, 
thickness, Younkin's results, like Wagner's, are for observed 
thickness and are intended for short term forecasts only, unless 
additional information is available concerning the skill of 
thickness forecasts, The Techniques Development Laboratory (TDL) 
of the National Weather Service, 1969, presented an objective 
technique that provides up to 17-hour precipitation type forecasts,
TDLrelated 1000-500 mb, thickness and 1000 mb, temperature fore­
casts to precipitation type.
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In this study 1000-500 mb. thickness, to the nearest decameter, 
and the mean boundary layer potential temperature forecasts by 
the PE model., aval 1 able operationally in the FOUS 1/2 message 
transmitted on teletype Service "C", are used as predictors in 
an objective procedure for forecasting precipitation type out to 
48 hours„

II. PROCEDURE AND RESULTS

It is recognized that a relationship between the predictors used 
here and precipitation type may vary with geography; however, 
because of a small data sample for any one location, one rela­
tionship for several locations combined is presented here,,
(Data for individual locations were provided to forecast offices). 
All Eastern Region stations which are included in the FOUS 1/2 - 
messages plus a few stations just west of the Eastern Region 
were used (Table 1). In order to account for any change in fore­
cast skill with time, separate relationships were developed for 
the 12-s 24”, 36»s and 48-hour forecasts. PE model forecasts 
generated from the 0000Z and 1200Z initial data are combined in 
this study. The development sample period is December 1, 1970 
to March 31, 1971.

TABLE 1. List cf Stations Included in Study

FOUS 1 FOUS 2

Buffalo
Charleston, 
Burlington
Boston

WV
Pittsburgh 
Albany
New York (JFK) 
Bangor

Raleigh 
Cape Hatteras 
Columbia 
Knoxville 

Washington
Cleveland

Philadelphia
Indianapolis

Louisville

Precipitation data were not readily available for three stations. 
Therefore, data for BAL, EWR, and OLD were substituted for DCA, JFK, 
and BGR respectively.

Precipitation is considered to have occurred at a forecast verifi­
cation time if a 3-hourly observation of precipitation, trace or 
greater, occurred within plus or minus three hours of the forecast 
verification time (viz. 0900Z, 1200Z, 1500Z observations were ex­
amined for forecasts verifying at 1200Z).
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Four precipitation types are considered in this study. These 
precipitation types are (1) liquid, (2) frozen, (3) liquid and 
frozen combined, and (4) freezing, Liquid type referred to 
hereafter as rain, consists of rain, rain showers and drizzle, 
with no other precipitation types reported in the three 3-hourly 
observations examined for any particular forecast time. Frozen 
type, referred to hereafter as Snow, consists of snow, snow pellets 
snow showers and snow grains, with no other precipitation type re­
ported in the three 3-hourly observations examined. The precipitation 
type referred to as liquid and frozen combined hereafter re­
ferred to as mixed, includes those occurrences when both liquid 
type and frozen type precipitation are reported in the same 
observation or in different 3-hourly observations applicable to 
a forecast time. Freezing type precipitation consists of freezing 
rain, freezing drizzle and ice pellets (sleet), Freezing precipi­
tation takes precedence when it is reported and it is considered 
here as the only precipitation type that occurred, even if other 
types are also reported, in the observations applicable to a fore­
cast validation time,

The results are presented in Figure 1-4, These figures can be 
used directly as a technique for forecasting precipitation type.
The results presented in each of the Figures were arrived at by 
performing an objective stepwise analysis of data appearing on 
each of four scatter diagrams, a separate diagram for each fore­
cast period. The scatter diagrams were generated by computer 
processing of data tapes containing FOUS 1/2 predictions and 
every third hour of hourly aviation surface observations 
(service "A"), No attempt was made to identify and exclude 
incorrect data, although in a few cases data which appeared un­
likely were recognized. It is believed that bad data does not 
significantly effect the results.

The stepwise analysis procedure of the scatter diagrams was as 
follows:

1. Determine the lowest forecast 1000-500 mb, thickness 
for which the frequency of rain exceeds 80%, and the 
highest forecast 1000-500 mb. thickness for which the 
frequency of snow exceeds 80% (80% is chosen arbitrarily).
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2, In the range ot forecast 1000-500 mb. thickness 
values for which the frequency of rain and the 
frequency of snow is less than 80%, determine 
the lowest (highest) forecast mean boundary
layer potential temperature for which the frequency 
of rain (snow) exceeds 80%.

3, From steps i and 2, three areas can be identified
on each scatter diagram. In one area, the frequency 
of rain as a function of any combination of the two 
predictors exceeds 80%„ In another area, the fre­
quency of snow as a function of any combination of 
the two predictors exceeds 80%, The analysis is 
complete for these two areas. In the remaining area 
on the scatter diagrams referred to here as Area 3, 
the frequency of rain or snow as a function of any 
combination of the two predictors is less than 80%, 
This area incidentially, is noted to increase with 
increasing length of forecast time, due probably 
to decreasing skill with time of the predictions 
of 1000 500 mb. thickness and mean boundary layer 
potential temperature. Area 3 is analyzed further 
to determine sub-areas where the frequency of either 
rain or snow is between 50% and 80%,

4, Considering only data in Area 3, determine the lowest 
forecast 1000-500 mb, thickness for which the fre­
quency of rain exceeds 50% and the highest forecast 
1000-500 mb, thickness for which the frequency of 
snow exceeds 50%. Using these two thickness values, 
three sub areas are determined within Area 3. One 
sub-area has a frequency of snow between 50% and 
80%, another sub-area has a frequency of rain between 
50% and 80%; and in the third sub-area neither rain
or snow occur with a frequency greater than 50%,
Each of these sub-areas, if present, are to be re­
fined further based on information contained in the 
predicted value of mean boundary layer potential 
temperature. It is possible, however, for less than 
3 sub areas to exist. This occurs when the frequency 
of a precipitation type changes markedly with a one 
decameter change in 1000 500 mb. thickness. In the
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12th hour for example (Figure 1), the frequency of 
snow exceeds 80% for any thickness at or below 535 
decameterso The frequency of snow for any thickness 
above 535 decameters is less than 50%„ Thus, in this 
case, there are no 1000-500 mb. thickness values, in 
decameters, for which the frequency of snow is between 
50% and 80%.

5. In each sub-area of Area 3, which was determined 
on the basis of 1000-500 mb. thickness, it is 
further determined if there is a mean boundary 
layer potential temperature above which the fre­
quency of rain exceeds 50% for each and all of the 
remaining warmer values of mean boundary layer 
potential temperature. It is also determined if 
there is a mean boundary layer potential temperature 
below which the frequency of snow exceeds 50% for 
each and all of the ramaining colder values.

6. From steps 4 and 5^ sub-areas within Area 3 on the 
scatter diagrams are identified in which the fre­
quency of snow as a function of the two predictors 
is between 50% and 80% and the frequency of rain 
as a function of the two predictors is between 50% 
and 80%. In these areas the forecast would be either 
rain or snow as Indicated by the higher frequency.
The observed frequency of occurrence of each precipi­
tation type in these areas, to the nearest 5%, are 
presented in the figures as additional forecast 
guidance. Finally, for the remaining sub-areas within 
Area 3 on the scatter diagram the frequency of both 
rain and snow is less than 50%. For these uncertain 
areas, the frequencies of occurrence for each precipi­
tation type are presented as forecast guidance.

HI. CONCLUSION

An objective technique for forecasting precipitation type in 
the eastern United States, out to 48 hours, has been presented.
PE model predictions of 1000-500 mb., thickness and mean boundary 
layer potential temperature, together with the procedure presented
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here can be used to determine if the probability of a pre- 
cititation type is greater than 80%, between 50% and 80% or 
less than 50%» The procedure can be automated to produce pre­
cipitation type forecasts for any location as a by-product of 
the operational PE model. After additional data becomes avail­
able for analysis, the technique can be refined if warranted, 
so as to have a separate forecast procedure for each of many 
locations, and to present the forecast as a probability of occurrence 
(to the nearest 10%) of each precipitation type. Also5other 
predictors can be examined to determine if they contain ad­
ditional useful predictive skill. Additional predictors that 
may be helpful include predicted boundary layer wind direction, 
month of the year and trends of the predictors used in this 
study. Month of the year and wind direction can be important 
at locations that are affected by maritime temperatures.
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FIGURE 1 . Predominant -precipitation type and its probability of occurrence as 
a function of PE model 12-hour predictions of 1000-500 mb. thickness 
and mean boundary layer potential temperature. The observed fre­
quency of each precipitation type (to nearest 5%) and total number 
of cases are shown for development data in each delineated sub-area 
of Area 3. Also, for each Area 1 and 2 the mean observed fre­
quency of predominant precipitation type and total number of cases 
are shown in parentheses.
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FIGURE 2. Same as Figure ly except for 24-hour PE model predictions.
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36-Hour Mean Boundary Layer Potential Temperature Forecast (°A)

FIGURE 3. Same as Figure 1, except for 36-hour PE model predictions.
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FIGURE 4- Scone as Figure 13 except for 48-hour PE model predictions
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