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Editor's Note: This is another outstanding example of our best hope for
improving on objective guidance beyond the short-range. All WSFOs should
be attempting to use NGM output to improve upon MOS forecast parameters.

Two items of clarification--all 6-hourly output (0-48 hours) of the NGM
were combined for this study. The use of T5=0 in Tables 1,2 and 4 was for
the purpose of determining the proper thresholds for T1 and T3.

ABSTRACT
NESTED GRID MODEL (NGM) FORECARSTS ARE AVAILABLE TO FORECASTERS
PRIMARILY IN CHART FORM AND SECONDARRILY AS A FOUS MESSAGE AT
SELECTED LOCATIONS. NO MODEL QUPUT STATISTICS (MOS) IS AVAILABLE
FROM THE NGM AND WON"T BE IN THE NEAR FUTURE. A TECHNIQUE IS
PRESENTED FOR USING NGM LOW LEVEL TEMPERATURE FORECASTS TO DETERMINE
PRECIPITATION TYPE.

INTRODUCTION

THE NGM HAS BEEN PRODUCING OPERATIONAL 8-48 HOUR NUMERICAL
FORECASTS FOR THE NORTH AMERICAN CONTINENT TWICE DAILY SINCE LARTE
MARCH 1985. EVALUATIONS, OBJECTIVE AND SUBJECTIVE. DEMONSTRATED
THAT THE REGIONAL ANALYSIS AND FORECAST SYSTEM (RAFS) TAKEN FROM
THE NGM CONTAINED BOTH AN IMPROVED OBJECTIVE ANALYSIS AND AN
IMPROVED MODEL. A FULL COMPLEMENT OF RAFS PROGNOSTIC CHARTS WERE
MADE’ AVAILABLE TO FIELD FORECASTERS IN NOVEMBER 1985. THE NGM
FOUS MESSAGE HAD BECOME AVARILABLE IN OCTOBER 198S.

SINCE IT WILL TARKE A FEW YEARS TO DEVELOP MOS GUIDANCE FROM
THE: NGM, SOME METHOD OF USING THE NGM FOUS MESSAGE TO MAKE OBJECTIVE
FORECASTS WAS NEEDED IN ORDER TO HAVE BETTER USE OF THAT MODEL NOU.
ALSTO, ANY TECHNIQUES OR PROCEDURES DEVELOPED WILL GIVE A MEASURE OF
GOODNESS OF THE MODEL AND ALLOW A MEANS TO MEASURE CHANGES THAT MAY
BE MADE TO THE MODEL.

PRECIPITATION TYPE IS DEPENDENT ON THE TEMPERATURE OF THE
ATMOSPHERE, ESPECIALLY IN THE LOWER LEVELS. SINCE THE NGM FOUS
MESSAGE FORECASTS THE TEMPERATURE AT THREE OF THOSE LOWER LEVELS,

" IT WAS DECIDED TO USE THESE FORECAST TEMPERATURES TO DEVELOP A
METHOD TO FORECAST PRECIPITATION TYPE OUT TO 48 HOURS.




A . PROCEDURE

THE RELATIVE FREQUENCY OF PRECIPITATION TYPE (FROZEN, LIQUID,
MIXED) WAS DETERMINED FOR CASES OF SIMILIAR TEMPERATURE VALUES AT
EACH OF THE LOWER LEVELS CONTAINED IN THE NGM FOUS MESSAGE. THE
RESULTS ARE SHOWN IN TABLES 1, 2, AND 3. FOR THIS STUDY FROZEN
PRECIPITATION WAS DEFINED AS SNOW, SLEET, OR A MIXTURE OF THE TWwO.
LIQUID PRECIPITATION WAS DEFINED AS RAIN OR FREEZING RAIN. MIXED
PRECIPITATION WAS DEFINED AS ANY COMBINATION OF FROZEN AND L IQUID
PRECIPITATION OCCURRING AT THE SAME TIME.

SINCE THERE WAS A GREAT RANGE OF TEMPERATURE VALUES. ESPECIALLY
FOR THE LOWEST LAYER (T1), A COMBINATION OF TEMPERATURES AT ALL
THREE LEVELS WAS DEEMED THE BEST APPROACH TO DETERMINING
PRECIPITATION TYPE.

TO GET THE DATA FROM THREE VARIABLES (TS5, T3. TI) INTO A
TWO DIMENSIONAL TABLE ALL TS EQUALS ZERO DATA WAS ANALYZED FOR
SIMILIAR VALUES OF T1 AND OVER RANGES OF T3. THE RANGES OF T3
WERE DETERMINED BY SELECTING RANGES THAT HAD A HIGH FREQUENCY OF
LIQUID PRECIPITATION AT ONE EXTREME TO A HIGH FREQUENCY OF FROZEN
PRECIPITATION AT THE OTHER EXTREME AS DETERMINED FROM TABLE 2.

THE RESULTANT DATA (TABLE 4.) WAS GROUPED INTO FOUR CATEGORIES:
ONE HIGH IN FREQUENCY OF LIQUID PRECIPITATION, ONE CLOSE TO A 5@
PERCENT FREQUENCY OF LIQUID PRECIPITATION, ONE CLOSE TO A S8 PERCENT
FREQUENCY OF FROZEN PRECIPITATION, AND ONE HIGH IN FREQUENCY OF
FROZEN PRECIPITATION. THESE GROUPS WERE DEFINED AS:

CATEGORY ONE Ti>81

CATEGORY TWO Ti1=01
B1>T1>9S & T3>01

CATEGORY THREE B1>T1>97 & T3<@2
98>T1>95 & 82>T3>97
96>T1>89 & T3>97

CATEGORY FOUR 98>T1>89 & T3<S98
Ti<98

USING THESE FOUR CATEGORIES., THE FREQUENCIES OF FROZEN, LIQUID,
AND MIXED PRECIPITATION WERE DETERMINED FOR SIMILIAR VALUES OF TS.

COMBINED DATA FOR FOUR STATIONS LOCATED IN NEW HAMPSHIRE AND
MAINE WERE USED TO PRESERVE GEOGRAPHIC HONOGENEITY AND AT THE SAME
TIME YIELD SUFFICIENT CASES FROM WHICH TO ARRIVE AT CONCLUSIONS.
THE FOUR STATIONS CHOSEN WERE CONCORD, NEW HAMPSHIRE: AND PORTLAND,
BANGOR, AND CARIBOU, MAINE.

THE FORECASTS FOR THE 882 FORECAST CYCLE WERE COMBINED WITH
THE 12Z FORECAST CYCLE. THIS COMBINING COULD MASK OUT ANY DIURNAL
EFFECTS THAT MAY EXIST, BUT A PRELIMINARY EVALUATION OF THE DATA
INDICATES THAT DIURNAL VARIATIONS ARE SMALL.




RESULTS

THE RESULTS ARE SHOWN IN TABLE 5. SOME SUBJECTIVITY WRS
NECESSARY IN DEVELOPING THE TABLE ESPECIALLY WHERE LITTLE OR NO
. DATA.WERE AVAILABLE. NOTE THAT THE FREQUENCY OF LIQUID (RAIN)
PRECIPITATION IS HIGHEST AT THE TOP OF ERCH CATEGORY AND LOWEST
AT THE BOTTOM. ALSO, THE FREQUENCY OF LIGUID (RAIN) PRECIPITATION
IS HIGHEST IN CATEGORY ONE AND THE LOWEST IN CATEGORY FOUR. THE
OPPOSITE IS TRUE OF FROZEN (SNOW) PRECIPITRTION.

HOW WELL DID THE MOS POPT PREFERRED TYPE FORECAST PERFORM IN
COMPARISON TO- THE NGM FOUS TEMPERATURE METHOD OF FORECARSTING
PRECIPITATION TYPE? THE USE OF THE NGM FOUS MESSAGE LOWER LEVEL
TEMPERATURES IN FORECASTING PRECIPITATION TYPE WAS SUPERIOR TO THE
MOS POPT PREFERRED CATEGORY FORECASTS. THE PRECIPITATION TYPE
FORECASTS FROM THE NGM FOUS MESSAGE WERE CONVERTED TO CATEGORICAL
FORECASTS AND VERIFIED (TABLE 6). A FREQUENCY GREATER THAN OR EQUAL
TO S8 PERCENT FOR FROZEN PRECIPITATION WAS TREATED AS A CATEGORICAL
FORECAST OF FROZEN PRECIPITATION. A FREQUENCY LESS THAN S8 PERCENT
WAS CONSIDERED A CATEGORICAL FORECAST OF LIQUID PRECIPITATION.
REGARDLESS OF SCORE USED, THE NGM FOUS TEMPERATURE METHOD FOR TYPING
PRECIPITATION WAS SUPERIOR TO MOS POPT PREFERRED CATEGORY FORECASTS.

CONCLUSION

THIS STUDY HAS DEVELOPED A TECHNIQUE FOR IMPROVING PRECIPITATION
TYPE FORECASTS BY OBJECTIVELY USING NGM FOUS LOWER LEVEL TEMPERATURES
TO FORECAST PRECIPITATION TYPE. EVEN THOUGH THE DATA SAMPLE IS SMALL
AND FOR A PARTICULAR AREA, IT CLEARLY POINTS THE WAY TOWARD FURTHER
STUDIES. RS A MATTER OF FACT. A STUDY USING THE PREFERRED POPT
CATEGORY FROM MOS AND THE NGM FOUS PRECIPITATION TYPE AS VARIABLES
IS PLANNED FOR THIS WINTER SERSON.

SCIENTIFIC SERVICES DIVISION, ERH
December 9,1986

Attachments (Tables 1 through 6)



T1 FROZEN LIQUID MIXED

>89 .008 1.800 .80
89 .038 .962 .228
28 .851 .943 .800
87 .66 .934 .80
26 . .B75 .925 .809
8s .895 .889 .16
B4 . 189 .848 .843
23 . 167 .729 .184
82 227 .681 .892
o1 .328 .598 .82
20 .527 . 499 .073
99 .638 .297 .865
98 .778 . 162 .960
97 .87 .136 .857
96 .818 .128 .854
95 .833 116 - .851
94 .876 .838 .832
93 .937 .018 .825
92 .959 .218 .823
91 .965 .815 .020

.99 .97 .. .806 4015
a9 .987 .080 .813
a8 .988 000 812

nees 87 .988 .09 .812
86 .997 .08 .883
<86 1.000 .80 .08

TABLE 1. RELATIVE FREQUENCY OF PRECIPITATION TYPE FOR TEMPERATURE
T1 FROM NGM FOUS MESSAGES.



T3 FROZEN LIQUID MIXED

>12 028 1.299 .008
1o .27 .973 .888
89 .037 .963 .008
g8 .241 .945 014
87 .045 . .94 .15
86 .852 .928 .020
85 067 .9@5 .028
B4 .285 .880 .835
B3 . 163 764 .073
B2 .250 .629 .121
81 .297 .578 .125
Lo 577 .338 .285
a9 .591 .333 .076
s8 .748 .178 274
97 .834 . 115 .851
96 .919 .41 .048
95 .945 033 .822
94 .970 014 .016
93 .988 .200 .12
92 .998  .o00 .018
91 .996 -7 .oee .084
92 .997 .200 .83

<99 1.880 .009 .000

TABLE 2. RELATIVE FREQUENCY OF PRECIPITATION TYPE FOR TEMPERATURE
T3 FROM NGM FOUS MESSAGES.



- T3 FROZEN LIQUID MIXED
>86 .0088 1.000 .008

86 .845 .955 .800
85 047 .953 .08
B4 .049 .941 .818
83 .893 .874 .0833
82 .188 .770 .842
81 213 .705 .882
) .391 .522 .087
399 .460 .448 .892
98 .719 .285 .876
97 .793 .127 .874
96 .809 .124 .067
95 .859 .181 .040
94 .925 .53 .022
93 .959 .830 811
92 .968 .822 | .010
<92 1.900 .080 .008

TABLE 3. RELATIVE FREQUENCY OF PRECIPiTﬂTIUN TYPE FOR TEMPERATURE
TS FROM NGM FOUS MESSAGES.




@

%& P T3>81 1 82>T3>99 | 88>T3>97 | 98>T3>95 | 96>T3>93 | T3<94
CEEE | CCEEEEeeeee |Ceeeeeecece|cecectcecct|ceceeccceee|ececeecteeelcececceeceee

T1 | RAIN SNOW! RAIN SNOW! RAIN SNOW! RAIN SNOW! RAIN SNOW! RAIN SNOW

>89 | 2 e | %] 0 1 9 e i (%) e 1 %] P! (%) 5]
89 | e e | 0 e i 5] e i 4] 2 4] e i (%] e
68 | 4 o | %] e | 4] 8 ! %] 8 i 8 0! %] 2]
87 | 7 0 i 2] B! 8 8 | e (5 (%) o | %] 8
pe | 13 11 (%] e | 8 8 | 4] e | %] < (%) ]
BS | 11 e i (5] (% 1 e i %] 8 i (%] e i 9 4]
B4 | 6 < 1 e i 1 9 i %] e i %] 0 ! 2 1
B3 11 g ! %) e i 2 3 i %] e i %] 0 i 2 a

02 teivint | | tadatnt 0 foddaintal) Gttt ) Suingetnt 2 GRS ) SUREIEE 0) ¢ttt () S mntet 0 SIKEIN¢ O QP-4 4RGN ) G
a1 5 9 1 entntut | dojatatat | Gubututint () énpdaiuis | INNEP [ QNG [) SUIRES ) GV ¢WOWE 3
ee ¢ 3 1 2 e i 4] 31 2 31 8 g | 1 3
99 | 1 1 1 21 2 2 | 9 - 14 (%] 0 ! 1 1
98 | 1 %] %] 2 | 3 3 2 CETeE 4 SREE ) SR () € )) oS b
97 | 1 (%] 8 e i 1 5] (%] 1 4 (5] e i (2} 9

55 e () e () 1 2 | 2 %] (%] 2 | (%] 11 e 1
9s | 1 e | %] e | 9 3 4} (2 (%] e ! (%] 1
94 | a 11 8 e i 1 4] 8 (I (%] e i (%] (%]

-~ 93 | (5] 1% (4] 0 i 1 1 (%] e i %] g1 (%) %)
v 2 | %] 2 i B 8 i 4] %] (4] e i (4] e i 1 (4]
91 | 1 8 | 1 8 | 8 %] 8 2 | 4] a ! %] 8

=g O it 1) éatatuing () Suduintnts | dadatanints () Guliint 0 Gutatntn® | 5] e i (%] it i %] (5]

8s | %] e i (%) (% 5] 0 | (%] 8 i (5] 0 i (5] 8

88 | %] e ! %] e i a % 8 e i (4] g i %) 8

g7 | (%) 8 | a o | e 11 4] 9 i (%] ) O 9 (4]

<87 | 2] e i 8 e | %] e | 8 e i %] e ! a a

TABLE 4. NUMBER OF PRECIPITATION EVENTS BY TYPE (RARIN=LIQUID AND
SNOW=FROZEN) FOR TEMPERATURE T1 AND RANGES OF T3 FROM ALL NGM FOUS
MESSAGES WHERE TS EQUALS ZERO.

CATEGORY ONE FREQUENCIES.....RAIN .935, SNOW .854, MIXED .011
CATEGORY TWO FREQUENCIES.....RAIN .538, SNOW .231, MIXED .231
CATEGORY THREE FREQUENCIES...RAIN .384, SNOW .548, MIXED .B868
CATEGORY FOUR FREQUENCIES....RAIN .967, SNOW .80@, MIXED .133
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.009!
.0808!
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TS FROM NGM FOUS MESSAGES BY CATEGORY OF T1 AND T3.

T1<98

SNOW
.0008
. 300
.4080
.5808
.600
.709
.793
877
- Vs
.936
.948
.954

.961-

. 967
371
.989
1.0008

RELATIVE FREQUENCY OF PRECIPITATION TYPE FOR TEMPERATURE
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.0088
. 000
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.8508
. 100
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.035
.032
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.819
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.00
. 000



NGM POPT
P.0.D. .520 .858
F.A.R. 111 .171
c.s.l. .825 .729
PERCENT VERIFIED 88.9 82.9
BIRS 1.835 1.836

TABLE 6. SKILL OF PRECIPITATION TYPE FORECASTS FROM NGM LOWER
LEVEL TEMPERATURE FORECASTS AND MOS POPT PREFERRED CATEGORY.



