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A REFINEMENT OF THE VORTlClTY FLELD TO 
DELINEATE AREAS OF SIGN!FLCANT PRECIPITATION 

ABSTRACT 

Vorticity fields on National Meteorological Center (NMC) charts can be 
refined by using interpolated 500-mb contours and isopleths of absolute 
vorticity. Careful interpolation results in the synthesis of Positive 
Vorticity Advection (PVA) areas which are more useful than those on the 
NMC charts for forecasting, on a smaller scale, areas which wi I I receive 
more significant precipitation. 

Precipitation data from July and August 1968 are analyzed to see if the 
more significant precipitation for those months occurred at stations 
which were within PVA areas. 

I. INTRODUCTION 

The concept of "forecasting by the numbers" is very appropriate and 
directly related to problems of fire-weather forecasting in western 
Washington. Here the area of responsibi I ity is divided into twenty­
three fire-weather zones, determined by orographic, climatological, 
and administrative considerations. Forecasts of temperature, relative 
humidity, wind speed, and wind directions are made for individual zones. 
Whenever applicable, the percentage probability of precipitation and/or 
lightning is included. 

Forecasting areas of more significant amounts of rain is important to 
forest fire suppression. During a forest fire the fire boss must know 
not only the chance of precipitation falling on the fire, but also whe­
ther or not such precipitation wi I I be effective in extinguishing the 
blaze, or prohibiting further spread of the fire. Precipitation also 
plays a role in slash burning--an important phase of any forest land 
management program. It plays sti II another role in the closure concept 
of forest protection. For these reasons fire-weather forecasters at 
the Olympia, Washington, Fire Weather Office attempt to delineate those 
zones within the Fire Districts which wi I I receive significant, or 
"wetting" rains. 

In this paper a procedure is investigated which should aid the forecaster 
in specifying those areas or fire zones most I ikely to receive the heavier 
amounts of rain. 

I I. REFINEMENT TECHNIQUE 

A standard tool used in precipitation forecasting is the 500-mb contour 
and vorticity chart transmitted on the National Facsimile Circuit from 



the National Meteorologic~! Center CNMC), Suitland, Maryland. Positive 
vorticity advection (PYA) areas consisting of quadrilaterals formed by 
the intersection of pairs 500-mb contours and pairs isopleths of abso­
lute vorticity are used to denote 1 in general 1 areas of expected rain­
tal I. Other meteorological parameters and conditions such as moisture 
and increase of wind with height are assumed to be present. For conve­
nience such "bounded" or "closed" quadrilaterals wi I I hereafter be 
referred to merely as PYA areas. Spacing of NMC grid points from which 
the 500-mb analysis and computations of vorticity are made result in a 
macro-scale vorticity advection field with relatively large PYA areas 
when compared to an area the size of western Washington on the scale of 
the facsimile chart. In many instances most oral I fire zones in western 
Washington may be contained within one or two such PVA areas 1 with the 
result that a forecaster can make only a general statement about precipi­
tation in western Washington and cannot specify which fire zone is likely 
to receive more rainfal I than another~ except as a result of orography. 

In order to delineate PYA areas from which a judgment might be made as 
to which fire zones are more I ikely to receive the heavier amounts of 
rain 1 the vorticity advection field can be refined on a much larger 
scale chart. After the contours and vorticity isopleths have been trans­
ferred from the facsimile chart to the larger scale chart, intermediate 
contours and vorticity isopleths may be drawn by interpolation. This 
wi I I produce PVA areas approximately one-half the size (geographically) 
of those originally on the facsimile chart. In many instances PVA areas 
are synthesized on the large-scale chart which would not be apparent on 
the smal 1-scale chart. These smaller areas generally cover only a few 
fire zones and thus are potentially more useful in forecasting the loca­
tion of more significant amounts of precipitation. Theoretical ly 1 one 
should be able to find the locale which would receive the heaviest amounts 
of precipitation as a result of positive vorticity advection by a series 
of further subdivisions (1), but this would probably be stretching the 
assumption of I inearity in the 500-mb height and vorticity fields much 
too far. 

This "refinement" of the vorticlty advection field to the subsynoptic 
scale from the ma~roscale field by I inear interpolation is, admittedly, 
open to serious question. The only justification is that It has been 
tried in this study and seems to offer promise in delineating areas of 
heavier rainfal I from those areas with I ight or no rainfal I. 

Figures I - 4 i I lustrate procedures for refining the vorticity advection 
field. Figure I is the barotropic vorticity chart for 1200Z July I I, 
1968 as received over facsimile from NMC. In Figure 2 the 500-mb contours 
and vorticity lsopleths across Washington state have been transferred from 
the I :20,000,000 scale facsimile chart to a large-scale (I :250 1 000) map of 
Washington. In Figure 3 the intermediate 573 and 579 decameter contours 
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have been interpolated and the 9 x Jo-5 and I I x Jo-5 sec-l vorticity 
isopleths have been interpolated and transferred from the facsimile 
chart. Generally, this "first refinement'-' is sufficient to define 
closed vorticity advection areas sufficiently to be useful. In this 
particular case, however, the first refinement does not produce any 
bounded PVA areas; so a "second refinement" is made as shown in Figure 
4. Here 20-meter contours have been interpolated (the 572, 574, and 578 
contours)j and the I I .5, 10.5, and 9~5 vorticity isopleths have been 
drawn. Two closed advection areas, labeled I and I L, have been "gene­
rated" by this second refinement"' 

On Figure 4 are plotted 24-hour rainfal I amounts at stations in western 
Washington which measure rainfal I near 1600PST. The vorticity chart is 
thus near the midpoint of the 24-hour precipitation period. It is 
obvious that the heaviest amounts fa I I within the subsynoptic bounded 
vorticity advection areas generated by the refinement technique. 

These refinement procedures wi I I usually produce PVA areas which are 
"open-ended" at the edge of the large-scale chart; so one needs to 
refer back to the original NMC chart to determine if the two isol ines 
could reasonably be expected to intersect, or whether they remain 
parallel or diverge. Normally, if the two isol ines required to com­
plete a bounded area appear to be para I lei at the edge of the large­
scale chart, the area is usually open-ended and is not considered to 
be a closed PVA area. 

To determine if contours and isopleths of absolute vorticity could be 
properly transposed, with respect to spacing and location, onto maps 
used for refinement, transparancies were made of several original 
vorticity charts. These were superimposed by projection onto larger 
scale maps which already had the isolines transposed. A tol~rable fit 
was found to exist. Thus the transfer method appears to be satisfactory. 

I I I. DATA AND PROCEDURES 

Refinement procedures described above were applied to both OOOOZ and 
1200Z NMC vorticity charts on rainy days in western Washington during 
July and August 1968 except on those days and times which exhibited 
neutral or negative vorticity advection. A rainy day was defined as 
rain of any amount at 15 or more stations in western Washington. 

Twenty-four hour precipitation data for these months were obtained from 
CLIMATOLOGICAL DATA (2) C3). Although 97 precipitation reporting sta­
tions in western Washington are avai !able (see Figure 5), only 84 of 
these were included in this study. Forty-seven percent of the 97 sta­
tions measure precipitation during the past 24 hours within an hour or 
two of 1600PST COOOOZ); forty-three percent report within an hour or two 
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of 0600PST CI400Z), and ten percent report at midnight COBOOZ). In 
view of these difficulties, only those stations reporting near I600PST 
and 0600PST were used. Precipitation amounts reported around 1600PST 
were related to vorticity advection at 1200Z, and ambunts reported 
around 0600PST were related to vorticity advectioh at OOOOZ. The 
refined vorticity charts were t~us near the midpoint of the correspond-
ing 24-hour precipitation periods. · 

The vorticity charts were refined first and then the appropriate preci­
pitation amounts were plotted on the refined charts. Frequency distri­
butions of rainfal I amounts (including zero amounts) were then constructed 
for amounts fa I I ing "inside" and "outside" of refined PVA areas. Rain­
fa! I amounts were classified into five class intervals: I) .00 to .09 
inch, 2) .10 to .24 inch, 3) .25 to .49 inch, 4) .50 to .99 inch, and 
5) ~I .00 inch. These class intervals are hereafter referred to as Class 
I, 2, 3, 4, and 5 rainfal I events, respectively. For the pur~ose of this 
study Classes 4 and 5 ( ~.50 inch) are defined as "significant" rainfal I 
events. 

IV. RESULTS 

Results for each individual chart in the form of frequency distributions 
inside and outside bounded PVA areas are I isted in Table I. Summaries 
for alI cases are presented in Figures 6 to 9. Figures 6 and 7 indicate 
the percent, by class interval, of the number of precipitation reports 
outside and inside closed PVA areasi respectively. Figure 8 indicates 
the percent, by class interval, of the total number of precipitation 
reports, both outside and inside PVA areas. In class I, 2, and 3 events, 
the ratio of outside to inside varies from 2: I to 3.5: I .0, whereas in 
class 4 and 5 (the significant events), the ratio of outside to inside 
drops to I :4. This imp I ies that significant amounts occur prlmari ly with­
in closed PVA areas. 

This is brought out even more strikingly in Figure 9 which shows cumula­
tive frequencies of amounts inside and outside PVA areas. For example, 
interpreting the cumulative percent frequency curves as empirical proba­
bi I ity curves, the probabfl ity of observing .10 inch or more on a rainy 
day is 50% outside of refined PVA areas and about 77% inside such areas. 
More significant is the difference at the .50-inch level where the proba­
bi I ity of .50 inch or more is only about 6% outside closed areas, but is 
about 43% inside, or seven times as great. 

V. ILLUSTRATIVE EXAMPLES 

Figures 10 through 14 are examples of refined vorticity charts with 
associated 24-hour precipitation plotted at the reporting stations. 
There were several instances when only one or two significant amounts 
were reported and these were almost invariably contained within a re­
fined PVA area. ln some cases (Figures II and 12) they occurred within 
the only closed PVA area on the map. 
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In Figure 14 there are 19 significant amounts and a! I but four occur 
within a single PVA area. One report, Mt. Vernon 3WNW ( 1.31 inches), 
falls within another closed area while the other three, Skamania Fish 
Hatchery ( . 88 inches), Longview ( . 55 inches) , and McM i I I in Reservoir 
(.53 inch) fa! I outside of a closed area. Within the PVA area con­
taining the preponderance of significant amounts, 15 of the 16 report­
ing stations received significant precipitation. At first glance one 
might assume that the large amounts were the result of orographic 
I ifting, but further investigation shows that both the northern Cascades 
and the Olympics were under the same wind regime as that of the central 
and southern Cascades without a single report of significant precipita­
tion. 

VI. CONCLUSIONS 

If the percent of precipitation reports outside closed PVA areas was 
relatively smal I, there would be little significance to the fact that 
the heavier amounts occur within PVA areas. However, with 530 reports 
outside and 330 reports inside such areas, the ratio of outside to 
inside is I .0 to 0.6. This shows that almost twice as many precipita­
tion events occurred outside as did inside. Furthermore, Figure 8 
indicates that the ratio of class I, 2, and 3 events inside to outside 
is 188/496 or 0.37 to I .00, while in the significant classes 4 and 5 
this ratio rises to 142/34 or 4.2 to I .0. 

These ratios imply that a refined vorticity field is a tool which 
enables the fire-weather forecaster to make a more definite and more 
accurate forecast as to where significant precipitation may be expected. 
The author does not wish to imply that alI significant precipitation 
wi II fall within refined PVA areas, nor that the mere existence of PVA 
areas is sufficient to cause significant precipitation; however, results 
contained here should supply the forecaster with additional confidence. 
The concept of refined PVA areas may also prove useful in other facets 
of weather forecasting such as flash flooding, river, marine, aviation, 
construction, and weather modification. 
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Inside PVA Area Outside PVA Area 

Class % Cumulative % Cumulative 
Date Time Interval Fre_g. Freq. Fre_quericy Time Freq. Freg. Frequency 

7 I II ooz .00 - .09 10 . 71 .4 7l.4 ooz 26 93.0 93.0 
.I 0 - .24 0 0.0 7 I .4 2 7.0 100 
.25 - .49 I 7 .I 78.5 0 o.o 
.50 - .99 3 21 .5 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total IT ~ 28 ~ 

7 I II 12Z .00 - .09 0 0 0 12Z 23 67.7 67.7 
.I 0 - .24 I 25.0 25.0 5 14.7 82.4 

' .25 - .49 I 25.0 50.0 6 17.6 100 
.50 - .99 2 50.0 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total 4 ~ 34 ~ 

7112 ooz .00 - .09 0 0.0 0.0 ooz II 37.9 37.9 
.10 - .24 3 25.0 25.0 7 24.2 62.1 
.25 - .49 2 16.6 41 .6 10 34.4 96.5 
.50 - .99 6 50.0 91 .6 I 3.5 100 

~I .00 I 8.4 100 0 0.0 
Total T2 ~ 29 ~ 

7114 ooz .00 - .09 2 33.3 33.3 ooz 14 38.8 38.8 
.I 0 - .24 3 50.0 83.3 14 38.8 87.6 
.25 - .49 0 0.0 83.3 8 22.4 100 
.50 - .99 I 16.7 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total 6 ~ 36 ~ 

7114 12Z .00 - .09 6 30.0 30.0 8 36.4 36.4 
.I 0 - .24 6 30.0 60.0 6 27.2 63.6 
.25 - .49 2 10.0 70.0 6 27.2 90.8 
.50 - .99 6 30.0 100 2 9.2 100 

~1.00 0 0.0 0 0.0 
Total 20 ~ 22 ~ 

7115 12Z .00 - .09 3 37.5 37.5 22 64.7' 64.7 
.I 0 - .24 4 50.0 87.5 8 23.6 88.3 
.25 - .49 0 0.0 87.5 4 II. 7 100 
.50 - .99 I 12.5 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total 8 ~ 34 ~ 

7120 ooz .00 - .09 4 19.0 19.0 II 52.4 52.4 
.I 0 - .24 6 28.7 47.7 5 23.8 76.2 
. 25 - .49 7 33.3 8 I .0 5 23.8 100 
.50 - .99 4 19.0 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total 2T 100 2T ~ 

8113 ooz .00 - .09 5 50.0 50.0 ooz 31 100 100 
.I 0 - .24 0 0.0 50.0 0 0.0 
.25 - .49 I 10.0 60.0 0 0.0 
.50 - .99 4 40.0 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total TO ~ 3T ~ 

Table I. Frequency distributions of precipitation amounts inside and outside PVA 
areas for individual charts. (See text for definition of PVA area.) 
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TABLE I (Continued) 

Inside PVA Area Outside PVA Area 

Class % Cumulative % Cumulative 
Date Time Interval Fre_q. Fre_g_. Frequency Time Freq. Freq. Frequency 
8/13 12Z .00 - .09 4 22.3 22.3 12Z 17 71 .2 7 I .2 

.I 0 - .24 5 27.9 50.2 3 12.5 83.7 

.25 - .49 6 33.3 83.5 4 16.3 100 

.50 - .99 3 16.5 100 0 0.0 
~I .00 0 0.0 0 0.0 
Total T8 ~ 24 ~ 

8/14 ooz .00 - .09 I 4.8 4.8 ooz 6 33.3 33.3 
.I 0 - .24 I 4.8 9.6 I 5.5 38.8 
.25 - .49 6 28.5 38.1 II· 61 .2 100 
.50 -.99 13 61 .9 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total 2T ~ T8 ~ 

-
8/15 ooz .00 - .09 5 31 .2 3 I .2 ooz II 44.0 44.0 

. I 0 - .24 I 6.3 37.5 5 20.0 64.0 

.25 - .49 I 6.3 43.8 8 32.0 96.0 

.50 - .99 6 37.5 8 I .3 I 4.0 100 
~I .00 3 18.7 100 0 0.0 
Total T6 ~ 25 ~ 

8/16 ooz .00 - .09 7 39.0 39.0 ooz 17 77.3 77.3 
.I 0 - .24 7 39.0 78.0 5 22.7 100 
.25 - .49 3 16.5 94.5 0 0.0 
.50 - .99 I 5.5 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total T8 ~ . 22 ~ 

8/17 12Z .00 - .09 9 64.3 64.3 12Z 18 66.6 66.6 
. I 0 - .24 2 14.3 78.6 8 29.7 96.3 
.25 - .49 0 0.0 78.6 I 3.7 100 
.50 - .99 3 21 .4 100 0 0.0 

~I .00 0 o.o 0 0.0 
Total T4 ~ 27 ~ 

8/18 ooz .00 - .09 I 12.5 12.5 ooz 13 39.3 39.3 
. I 0 - .24 I 12.5 25.0 7 21 .2 60.5 
.25 - .49 I 12.5 37.5 8 24.3 84.8 
.50 - .99 4 50.0 87.5 4 12.2 97.0 

~I .00 I !2.5 100 I 3.0 100 
Total 8 ~ 33 ~ 

8/19 12Z .00 - .09 3 12.0 12.0 12Z 9 53.0 53.0 
. I 0 - .24 4 16.0 28.0 5 29.5 82.5 
.25 - .49 9 36.0 64.0 2 II .6 94.1 
.50 - .99 9 36.0 100 0 0.0 94. I 

~I .00 0 o.o I 5.9 100 
Total 25 ~ IT TO() 

8/20 12Z .00 - .09 15 7 I .5 71 .5 12Z 14 66.6 66.6 
. I 0 - .24 2 9.5 81 .0 4 19.0 85.6 
.25 - .49 2 9.5 90.5 3 14.4 100 
.50 - .99 2 9.5 100 0 0.0 

~I .00 0 0.0 0 0.0 
Total 2T TO() 21 TO() 
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TABLE I (Continued) 

lnsi.de PVA Area Outside PVA Area 

Class % Cumulative % Cumulative 
Date Time Interval Freq. Freq. Frequency Time Freq. Freq. FreqLJency 

8/24 ooz .00 - .09 I 6.3 6.3 ooz 4 16.6 16.6 
.10 - .24 I 6.3 12.6 4 16.7 33.3 
.25 - .49 I 6.3 18.9 12 50.0 83.3 
.50 - .99 7 43.7 62.6 4 16.7 100 

~I .00 6 37.4 100 0 o.o 
Total T6 T5() 24 T5() 

8/25 ooz .00 - .09 0 0.0 0.0 ooz 3 17.6 17.6 
.I 0 - .24 4 17.4 17.4 9 52.9 70.5 
.25 - .49 2 8.7 26.1 2 II. 9 82.4 
.50 - .99 15 65.2 91 .3 3 17.6 100 

;::1 .00 2 8.7 100 0 o.o 
Total 23 T5() IT T5() 

8/26 ooz .00 - .09 0 0.0 0.0 ooz I 4.2 4.2 
.I 0 - .24 I 6.3 6.3 5 20.8 25.0 
.25 - .49 4 25.0 31 .3 14 58.2 83.2 
.50 - .99 10 62.4 93.7 4 16.8 100 

;::I .oo I 6.3 100 0 0.0 
Total T6 T5() 24 T5() 

8/27 ooz .00 - .09 0 0.0 0.0 ooz I 4.7 4.7 
.10 - .24 0 0.0 0.0 6 28.5 33.2 
.25 - .49 5 25.0 25.0 4 19.1 52.3 
.50 - .99 II 55.0 80.0 8 38.3 90.6 

~I .00 4 20.0 100 2 9.4 100 
Total 20 T5() 2T T5() 

8/27 12Z .00 - .09 I 5.3 5.3 2 9.0 9.0 
.I 0 - .24 3 15.7 21 .0 9 40.9 49.9 
.25 - .49 2 10.6 31 .6 8 36.5 86.4 
.50 - .99 12 63.1 94.7 2 9.0 95.4 

;::I .00 I 5.3 .100 I 4.6 100 
Total T9 T5() 22 T5() 
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