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A PROCEDURE· FOR IMPROVING NATIONAL METEOROLOGICAL 
CENTER OBJECTIVE PRECIPITATION FORECASTS 

ABSTRACT 

The NationaZ MeteoroZogicaZ Center's Limited-Area Fine-MeshModeZ (LFM) pre
dictions of-precipitation are found to be skiZZfuZ in· northern New 
EngZand. A technique is presented for using 12 to 24-hour LFM pre
dictions of precipitation to modify precipitation probability forecasts 
prepared,a,t.t;f!e:NationaZ. MeteoroZogicaZ Center from Primitive Equation 

· cind Trajectory ModeZ Output Statistics (PEATMOS). 

INTRODUCTION · 

The Techniques Development Laboratory of the National Weather Service 
has dev'e1oped a statistical method of using Primitive Equation and 
'Trajectory Model Output ·statistics (PEATMOS) for objectively determining 
·.the probability of precipitation (PoP) (1), 'Verification figures have· 
shown these PEATMOS PoP for·ecasts to be ·competitive with the ·subjectively 
determined PoP forecasts formerly made at the National Meteorological 
Center (NMC). In January 1972, the PEATMOS PoP guidance· replaced the 
NMC subjective PoP guidance, 

The field forecaster could improve upon the PEATMOS PoP guidance fore
casts .if he could find some other skillful predictor of precipitation 
not already considered in the development of the PEATMOS PoP equations. 
'In a ni.mibe.r of Eastern Region Technical Attachments to the Staff Notes 
(2), (3); . (4), it was shown that the Limited-Area Fine-Mesh Model (LFM) 
is skillful in predicting the occurrence of precipitation, This suggested 
a project to examine· the feasibility of' using LFM quantitative precipitation 
forecastS (QPF) to modify the PEATMOS PoP guidance issued from NMC. 

PROCEDURE 

The relative frequency of measurable precipitation (~ .01 inch) was 
determined for cases with similar·PEATMOS PoP values; ·for cases within a specified 
range of LFM QPF, arid for cases with similar PEATMOS.PoP values stratified 
further· ·according to LFM QPF. The PEATMOS PoP and LFM QPF were 
obtained from facsimile maps. These forecasts were for a 12-hour period 
ending 24·hours after the time of initial data used fo prepare the 
forecasts, This 12-hour period is identical to the first 12 hours 
covered ·in the public weather forecasts released near 5 a.m. and ~(p.m. 
local t-ime, Forecasts and observations valid for the 12-hour night period 
OOOOZ t6 1200Z were evaluated together with forecasts and observations 
v-alid for ·the 12-'hour 4ay 'period 1200Z to OOOOZ. This combining· of ··data 
could mask out any diurnal effects that may exist, but a preliminary 
evaluation of the' data indicates that diurnal variations are small. 
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Combined data for six stations located in New Hampshire and Maine were 
used to preserve geographic homogeneity.and at the same time yield 
sufficient cases from which to arrive at conclusions, The six stations 
chosen were Concord, New Hampshire; and Portland, Rumford, Bangor, 
Eastport and Caribou, Maine. 

Dependent data were initially for the period April 20, 1972, to July 
31, 1972. A test was conducted on independent data for August and 
September 1972. All the data were then combined for the period April 
20, 1972 through September 30, 1972 to arrive at a final procedure 
for modifying the PEATMOS PoP. 

RESULTS 

Table l.presents results for the initial dependent data period of 
April 20, 1972 to July 31, 1972, LFM QPF and PEATMOS PoP were each 
independently well related to the frequency of occurrence of measurable 
precipitation. PEATMOS PoP without stratification for LFM QPF 
performed well in the low range of 0% to 30% and also in the high 
range of 80% or greater. In the middle range of 40% to 70%, 
however, the PEATMOS PoP values were too high and had poor reliability. 
When it forecast no precipitation, the LFM was correct in 88% of 
714 cases (Table 1, bottom line). Measurable precipitation occurred 
in 66% of 220 cases when the LFM QPF was in the range .01 to ,49 
inches and, most interesting, measurable precipitation occurred in 
all 38 cases in which the LFM forecast ,50 inches or more. 

What improvement can be made .. to PEATMOS PoP if we consider the LFM QPF 
as an additional predictor? First, note in Table 1 that for all PEATMOS 
PoP values the frequency of.precipitation increases with increasing 
values of LFM QPF, The PEATMOS PoP can be changed by only 10% or 
less when it is in the low range of 0% to 30% and the LFM QPF is equal 
to zero. Note that the LFM QPF is generally zero when the PEATMOS PoP 
is ~ 30%, Little improvement is also possible for PEATMOS PoP in 
the high range of > 50% when the LFM QPF is between .01 and .49 inches. 
For all other combinations of·PEATMOS PoP and LFM QPF, we find that the 
PEATMOS PoP values should be lowered when the LFM QPF is zero, should 
be raised.when the LFM QPF is between .01 and .49 inches, and should be 
raised .significantly to 100% when. the LFM QPF is >.SO inches. The 
only area where the data does not support these generalizations is with 
PEATMOS PoP 60% and LFM QPF between .01 and .49 inches, This disagreement 
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'.:) is~ considered to be a function of the small data sample, and for a larger 
~ data sample this disagreement probably would not exist. Table 2 presents 

a·modified PoP as a function of the original· PEATMOS PoP and LFM QPF. Some 
subjectivity was necessary in developing Table 2 from the data presented 
in Table 1, especially where little or no data were available. 

The modified PoP was tested and compared to unmodified PEATMOS PoP using 
the dependent data and then later the independent data for the months of 
August and September 1972 (Table 3). The results were quite good. On 
independent data the modified PoP had a 29% improvement in Brier score 
over the PEATMOS PoP and a 22% improvement over the 0.088 Brier score 
determined for PoP forecasts that were actually released to the public by 
forecasters on those days when the modified PoP was available but not 
necessarily referred to by the forecasters, The PoP forecasts were con
verted into categorical forecasts and ve,ified (Table 3), A PoP of >50% 
was ·treated a·s a categorical forecast of precipitation and a PoP of < 40% 
was considered~as a categorical forecast of no precipitation. Regardless 
of the score used, the ·modified PoP was superior to PEATMOS PoP, For 
instance, the modified PoP·led to categorical.forecasts that were correct 
10% ·more often than the PEATMOS PoP, · 

The indep.endent data were combined with the· dependent data to produce a 
larger·.data samj:il·e that ·could then be used to modify the results presented 

~~~) in Tables 1 and 2; . Table 4 is the relative frequency of observed measurable 
precipitation as a function of PEATMOS ·pop and LFM QPF for the period 
April~ 20, 1972 to September 30, 1972. ~ Table 5 gives the modified PoPs 

~~j as a function .of PEATMOS PoP~ and LFM QPF, and is based on results presented 
in Table 4. The results obtained for the entire p·eriod, April 20, 1972 
to September 30, 1972 (Tables 4·and 5) were not much different than the 
results obtained for the shorter ~period, April 20, 1972 to July 31, 1972 
(Table~s 1 and 2), Statistics~ in Table 6 show the skill of the unmodified 
PEATMOS PoP compared to the PoP modified using LFM QPF and Table 5 for 

·the larger dependent data sample period of April 20, 1972 to September 30, 1972. 

CONCLUSION~ 

This.study has developed a technique for improving precipitation forecasts 
by objectively using LFM 12 to 24-hour QPF to modify PEATMOS PoP. It is 
a pilot. study which· found a predictor that possessed independe~nt information 
and improved upon the PEATMOS PoP • Even though the sample is small and for 
a particular .. area .and season, it clearly points the way toward further 
studies; .. There is no a priori· reason why this approach shouldn't show skill 
for other areas ~and seasons,. The major contribut~ion of the LFM QPF is 
in improving .the resolution of the PEATMOS PoPs. Because numerical models 
and' the PEAI:MOS PoP· equations change and because the sample .used in this 
study is small, the modified PoP should be continua·lly verified to assure 
that they ·remain superior to the PEATMOS PoPs. 
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PEATMOS PoP 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

All Cases 

Without 
Stratif:ication 

. 'For LFM ·§PF 

.02(2/128) 

.04(7/182) 

.16(23/146) 

• 26 (25/99) 

.30(37/124) 

• 32 (7 /54) 

.30(15/50) 

.52(26/50) 

• 78 (60/77) 

.89(57/64) 

X 

.28(269/972) 
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Relative Frequency of Precipitation 

With 
Stratification for LFM QPF 

LFM.- QPF =' 0 LFM QPF· , 01" to , 49'' LFM QPF > · • SO" 

.02(2/128) X X 

.03(6/180) .50(1/2) X 

.14(21/141) .40(2/5) X 

,22(18/82) .43(6/14) 1. 00 (1/1) 

.16(14/90) .67(22/33) 1.00(1/1) 

,22(8/36) .44(7/16) 1. 00 (2/2) 

.15(4/26) .38(8/21) 1.00(3/3) 

.15 (2/13) .63(22/35) 1. 00 (2/2) 

.59(10/17) .79(37/47) 1.00(13/13) 

,00(0/1) .87 (41/47) 1.00 (16/16) 

X X X 

.12(85/714) .66(146/220) 1. 00 (38/38) 

Table 1. Relative fPequenay of obsePVed measUPable ppeaipitation as a funation 
of PEATMOS PoP and LFM QPF, Results. aPe foP the pePiod April 20 -
July 3l• l972 •. NUmbers in paPenthesis aPe number of preaipitation 
aases over total aases. X indiaates no aases. 
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PEATMOS PoP Modified for LFM QPF 
PEATMOS·PoP LFM QPF = 0 LFM QPF • 01" to 49" LFM QPF > SO" 

0% 0% 30% 100% 

10% 0% 40% 100% 

20% 10% 50% 100% 

30% 20% 60% 100% 

40% 20% 60% 100% 

SO% 20% 60% 100% 

60% 20% 60% 100% 

70% 20% 70% 100% 

80% 60% 80% 100% 

90% 60% 90% 100% . 

100% 60% 100% 100% 

Table 2. Modified PoP as a funation of PEATMOS PoP and LFM QPF. Period of 
data sample is ApriZ 20 to JuZy i3Z, Z9?2. 
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PEATMOS PoP MODIFIED PoP 

Scores DeEendent Data IndeEendent Data DeEendent Data IndeEendent ·Data 

Brier Score 0.141 0.097 0.110 0.069 

Bias 1.1 1.1 1.0 1.0 
Prefigurance 0;65 0.56 o. 72 o. 72 
Post Agreement 0,59 0.53 o. 70 o. 72 
Threat Score 0.45 0.37 0.55 0,56 
Percent Correct 78% 86% 84% 92% 
Number of Cases 972 638 972 638 

Table 3. · Compa:t>ison of skiU of PEATMOS PoP and modified PoP forecasts for the 
dependent (April 20 - JuZy J1,_ 1972) and independent (Auf!Ust 1 -
September SO, 1972) data periods. 

Definitions ofseores a:t>e as follows: 

Brier Seore 
N 

1/N[E (F-0) 2 ] 
1 

F = Forecast Probability for eaeh ease. 
0 = i (Rain) or 0 (No Rain) observed for 

eaeh- ·ease. 
N = TotaZ number of eases. 

Bias Number of precipitation [oreeasts 
·Number of precipitation eases 

Prefif!Uranee Fraction of Precipitation eases eorreetZy forecast. 

Post Agreement Fraction of Precipitation forecasts whieh were eorreet. 

Threat Seore Fraction of 11e:x:peeted" and observed precipitation eases 
whieh were eorreatZy forecast. 

Pereent Correet 100% x Number of eorreet forecasts 
Number of foredasts 
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Relative Frequency of Precipitation 

Without With 
Stratification Stratification for LFM QPF 

PEATMOS PoP For LFM QPF LFM QPF = 0 LFM QPF .01" to ,49" LFM QPF > .so" 

0% .01(2/296) .01(2/296) X X 

10% ,04(14/359) 
. 

.03(10/352) .57(4/7) X 

20% .15(35/239) .12(28/227) .58(7/12) X 

30% • 23 (33/144) .18(22/121) .45(10/22) 1.00(1/1) 

40% .33(55/167) .18(22/119) .67(31/46) 1.00(2/2) 

50% .33(30/90) .18 (10/55) .53(17/32) 1. 00 (3/3) 

60% .34(23/68) .12(4/34) • 48 (14/29) 1.00(5/5) 

70% .46(31/67) .14(3/22) .59(25/42) i.00(3/3) 

_) 80% 

90% 

.79(79/101) .55(11/20) .80(52/65) 1. 00 (16/16) 

,89(70/79) .00(0/2) .88(50/57) 1.00(20/20) 

100% X X X X 

All Cases ,23(372/1610) .09(112/1208) .67 (210/312) 1.00(50/50) 

Table 4. Relative frequency of observed measurable precipitation as a function of 
PEATMOS PoP and LFM QPF. Results are for the period April 20, l972 to 
September 30, l972, Nwnbers in parentheses are the nwnber of precipitation 
cases ·over total cases. X indicates no cases. 
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PEATMOS PoP·Modified for LFM QPF 
PEATMOS ·PoP . LFM QPF·= 0 LFM QPF .01" to .49" LFM QPF > 

0% 0% 40% 100% 

10% 0% 50% 100% 

20% 10% 50% 100% 

30% 20% 50% 100% 

40% 2@% 60% 100% 

5@% 20% 60% 100% 

60% 20% 60% 100% 

70%"· 20% . 70% 100% 

80% 50% 80% 100% 

90% 50% 90% 100% 

100% 50% 100% 100% 

Table 5. Modified PoP as a function of PEATMOS PoP and LFM QPF. Data 
sampZe is for ApriZ 20 to September 30, 1972, for Zocations in 
Maine and New Hampshire. 

PEATMOS PoP Modified PoP 

Brier'Score 0.121 0.098 

Bias 1.1 1.0 
Prefiguran.ce 0.63 o. 72 
Post Agreement 0.58 o. 71 
Threa.t Score 0,43 0.55 
Percent·Correct 81% 87% 
Number of Cases 1610 1610 

SO" 

Table 6. SkiZZ of PEATMOS. PoP and PoP modified for LFM QPF using TabZe · 15. 
In converting a PoP to a categorical forecast, PoP ~ 150% is a 
precipitation forecast. ResuZts are for the dependent data 
period of ApriZ 2fJ, 1972 to September 30, 1972, 
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