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Editor's Note: 

This technique was developed from warm season 
(convective) data. Given the spottiness of 
convective precipitation, it is remarkable that 
it works so well. WSFO Portland has noted that 
the results were even better during the past 
cold season. 





A PROCEDURE FOR ·IMPROVING FIRST PERIOD f~ODEL 
-· OUTPUT STATISTICS PRECIPITATION FORECAST 

Antonio J. Lacroix ·and Joseph A. Ronco, Jr. 
WSFO Portland, Maine 

ABSTRACT 

A TECHNIQUE IS PRESENTED FOR USIHG n!E 781 MILLIBAR TRAJECTORY FROM niE HI'C 
TRAiECTORY BULLETIN <FTJXX) TO MODIFY PRECIPITATIOH PROBABILITY FORECASTS 
PREPARED AT HMC FROM MODEL OUTPUT STATISTICS CMOS), 

INTRODUCTIOH 

n!E TECHNIQUE DEVELOPI'ENT LABORATORY OF n!E HATIOHAL I.EAniER SERVICE DEVELOPED 
A STATISTICAL I'ETHOD CALLED MODEL OUTPUT STATISTICS CMOS) FOR OBJECTIVELY 
DETERM!H!HG PROBABILITY OF PREC!P!TAT!OH <POP), 

n!E FIELD FORECASTER COULD II'I'ROVE UPOH n!E MDS POP GUIDANCE FORECASTS IF HE 
COULD FIND SOI'E SKILLFUL PREDICTOR OF PRECIPITATIOH HOT ALREADY CONSIDERED IN 
n!E DEVELOPI'EHT OF THE MOS POP EQUATIONS. IT HAD BEEH OBSERVED OH I'IINY 
OCCASIONS THAT n!E PAn! OF niE 781 MILLIBAR TRAJECTORY ~ THE FT~ BULLETIN 
SHOWED :KILL IN FORECASTING n!E OCCURRENCE OR HOH-OCCURREHCE OF P.RECIPITATION 
DEPENDING ON t.IIEniER IT WEHT n!ROUGH AH AREA OF PRECIPITATION OR .HOT AS 
OBSEP.';l:D OH SURFACE LEVEL ANALYSES. nilS SUGGESTED A PROJECT TO EXAI'IIHE n!E 
FEAS!BILITl OF USIHG THE 788 MILLIBAR TRAJECTORY FORECASTS TO MODIFY THE MOS 
POP GUIDANCE ISSUED FROM HI'C. 

PROCEDURE 

· THE RELATI~E FREQUENCY OF I'EASURABLE PRECIPITATION CEQUAL TO OR GREATER THAH 
.at IHCHES) WAS DETERMINED FOR CASES OF SIMILAR MOS POP VALUES AHD STRATIFIED 
ACCORDING TO THE OCCURRENCE OR HOH-OCCURREHCE OF PRECIPITATION ALOHG THE PATH 
OF THE 788 MILLIBAR TRAJECTORY. COMBINED RESULTS ARE REFLECTED IH TABLE 1. 
STROHG SKILL IS INDICATED t.IIEH THE PAn! OF THE TRAJECTORY TRAVELED THROUGH . 
OBSERVED PRECIPITATION - 72 PERCENT OF n!OSE CASES RESULTED IN I'EASURABLE . 
PRECIPITATION. t.IIEH THE TRAJECTORY TRAVELED THROUGH HO OBSERVED PRECIPITATION 
OHLY 16 PERCEHT OF n!E CASES RESULTED IN I'EASURABLE PRECIPITATION. 

COMBINED DATA FOR THREE STATIONS LOCATED IH I'IIIHE AND HEW HAI'I'SHIRE WERE USED 
TO PRESERVE GEOGRAPHIC HOMOGENEITY AND AT THE SAME TII'E YIELD SUFFICIENT CASES 
FROM t.IIICH TO ARRIVE AT COHCLUSIONS. n!E THREE STATIONS CHOSEH WERE COHCORD. 
HEW HAI'I'SHIRE. PORTLAND AHD CARIBOU, I'IIIHE. 

THE MIDDLE TIME FRAMES OF THE TRAJECTORY BULLETIN WERE USED IN ORDER TO 
CORRESPOND TO A FIRST PERIOD FORECAST. FOR THE 0D00 GMT BULLETIN, THE 06Z 
THRU 18Z TIME FRAME WAS USED AND FOR THE 1200 GMT BULLETIN, THE 18Z THRU 
06Z TIME FRM~E WAS USED. 

n!E SOURCE OF PRECIPITATION DATA WAS THE LOCRL AREA SURFACE AHAL.YSIS. THE 
8688 GMT AHD 1888 GMT AHAL YSES WERE USED IN COHJUHCTIOH LIITH THE 88H GMT 
AHD 1211 GMT TRAJECToRY BULLETINS RESPECTIVELY. 
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FOR THE PURPOSE OF THIS STUDY. A PRECIPITATION FORECAST WAS DEFINED AS A MOS 
POP. OR MODIFIED MOS POP, OF SB PERCENT OR GR~ATER AND. CONVERSELY. A POP LESS 
THAN SB PERCENT WAS DEFINED AS A NO PRECIPITATION FORECAST. 

DEPENDENT DATA WERE INITIALLY FOR THE PERIOD APRIL B1. 1986 TO AUGUST 31. 1986. 
A TEST WAS CONDUCTED ON INDEPENDENT DATA FOR SEPTEMBER OF 1986. ALL THOSE 
DATA WERE COMBINED TO ARRIVE AT A FINAL MODIFIED POPS. 

RESULTS 

TABLE 2 SHOWS THE FREQUENCY OF PRECIPITATION ON THE STRATIFIED DEPENDENT DATA. 
THIS PRESENTATION SHOWS THAT A SHIFT IN THE MOS POPS SHOULD BE MADE BASED ON 
THE MATURE OF THE ?ee MILLIBAR TRAJECTORY PATH. LOOKING AT TI-lE "TRt1JECiORT 
THROUGH PRECIPITATION' COLUMN, MOS POPS OF e. 2. AND S HAVE ONLY A FEW CASES 
INVOLVED. THE REAL PAYOFF BEGINS WITH MOS POP VALUES OF 1B PERCENT OR 
GREATER WHERE A SHIFT UPWARD IN THE POP IS DEFINITELY INDICATED. A MOS POP 
OF 1B PERCENT CAN CLEARLY BE RAISED TO SB PERCENT. WHEN THE TRAJECTORY PATH 
IS THROUGH PRECIPITATION ALL THE MOS POPS CAN BE RAISED Wlrn THE 
GREATEST CHANGE INDICATED IN THE LOWER POP VALUES. 

THE THIRD COLUMN OF TABLE 2 SHOWS THE FREQUENCIES WHEN THE TRAJECTORIES WERE 
FORECAST TO BE THROUGH AREAS OF NO OBSERVED PRECIPITATION. WITH THIS 
SITUATION, WHEN MOS POP IS 8B PERCENT PRECIPITATION OCCURRED ONLY 62.S PERCENT 
OF THE TIME. PRECIPITATION OCCURRED S2.2 PERCENT OF THE TIME WHEH THE MOS 
POP WAS 7B PERCENT. FOR MOS POPS LESS THAN 7B PERCENT, PRECIPITATION WAS 
MEASURED SIGNIFICANTLY LESS THAH SB PERCENT OF THE TIME. THIS COLUMN CLEARLY 
SHOWS THAT THE MOS POP CAN BE REDUCED WHENEVER THE TRAJECTORY PATH IS THROUGH 
AN AREA OF NO OBSERVED PRECIPITATIOH. KEEPING IN MIND THAT A MOS POP (OR 
MODIFIED MOS POPJ OF SB PERCENT OR GREATER IS A PRECIPITATION FORECAST AHD A 
POP OF LESS THAN SB PERCENT IS A NO PRECI~ITATION FORECAST. TABLE 2 INDICATES 
THAT A MOS POP OF 1B PERCENT OR HIGHER CAN BE MODIFIED TO A PRECIPITATION 
FORECAST WHEN THE TRAJECTORY IS THROUGH OBSERVED PRECIPITATIOH. MOREOVER, WHEN 
THE TRAJECTORY IS THROUGH AN AREA.OF NO OBSERVED PRECIPITATION, AMOS POP OF 7B 
PERCENT OR HIGHER CAN BE THE MODIFIED CRITERION FOR A PRECIPITATION FORECAST. 

TABLE 3 IS THE MODIFIED MOS POPS THAT ARE BASED ON THE FR~QUENCIES IN TABLE 2. 
SOME SUBJECTIVITY HAD TO BE USED IN THOSE INSTANCES WHERE THE NUMBER OF CASES 
WAS SMALL. 

TABLE 4 COMPARES THE SCORES OF THE MOS POPS TO THE SCORES OF THE MODIFIED MOS 
POPS IN TABLE 3 USING THE DEPENDENT DATA. THIS SCORING SHOWS AH IMPROVEMENT 
OF THE MODIFIED MOS POPS OVER THE MOS POPS: BRIER SCORE HAD A 1S.7 PERCENT 
IMPROVEMENT AND THE CRITICAL SUCCESS INDEX HAD A 24.3 PERCENT IMPROVEMENT! 
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n4E l"'lHT1-4 _OF SEPTEMBER· 19B6 ~S USED FOR_ n4E IHDEPEHDEHT DATA. 11iE SCO~ES OF 
n4ESE ·TEST -DATA ARE SHOWH . IH TABLE 5. n4E MOHnt OF SEPTENaER 1986 WAS A 
RELATIVELY DRY t"'JHnt IH ntiS AREA . THERE WERE 48 EVEHTS OF PRECIPITATION OUT 
OF A TOTAL OF 188 CASES. ·ntiS RESULTS IH PRECIP.ITATIOH 22.2 PERCEHT OF THE 
TII"E l.lfiLE CLIMATOLOGY GIVES US 30 PERCEHT. HEVERT1-4ELESS- ntiS TECHHIQUE SHOWED 
SIC ILL . THE SCORES ALL SHOWED If"PROVEI"EHT WIT1-4 THE EXCEPTIOH OF 11iE FALSE ALARM 
RATIO. REGARDLESS- n4E CRITICAL SUCCESS IHDEX <WHICH IHCORPORATES THE FALSE 
ALARM RATIO) SHOWED SkiLL - MOS POPS .426 AHD MODIFIED MOS POPS .582- A 36.6 
PERCEHT II'FROVEI"EHT OVER t"'JS POPS . COti'AR I HG THE BRIER SCORES: MOS POP WAS 
.1058 WHILE THE MODIFIED MOS POPS WAS .8962- AH IMPROVEMENT OF 8.4 PERCEHT. 
FURTHERMORE- THERE WAS A ?.a PERCEHT BRIER SCORE I~ROVEMEHT OVER 11iE LOCAL 
STATIOH FORECASTERS- EVEH THOUGH THEY WERE AWARE OF THE TECHNIQUE PRESENTED 
HERE. 

COHCLUSION AND COMMENts 

WE SEE HO REASOH l.lfY THIS TECHNIQUE SHOULD HOT IJJRIC AT ANY LOCATIOH. OTHER 
GEOGRAPHICAL AREAS ~y DIFFER IN THE VALUES OF THE MODIFIED POPS. HOWEVER,. 
THE IMPRpVIHG TREHD SHOULD RESULT REGARDLESS OF THE AREA OF APPLICATIOH. 

RIGID OBJECTIVITY WAS OBSERVED l.lfiLE COti'ILING THESE DATA. ntERE I.ERE CASES 
l.lfEH THE TRAJECTORY PAnt WAS THROUGH PREC IP I TAT ION THAT WAS A RESULT OF A 
ICNO!ah LOCAL PHEHOMEHON- SUCH AS THE GREAT LAICEI EFFECT OR OROGRAPHiC EFFECTS. 
VET- IH THIS STUDY THOSE IHCIDEHTS WERE CONSIDERED AS PATHS THROUGH OBSERVED 
PRECIPITATION AHD TABULATED AS SUCH. WITH MERELY A LITTLE SUBJECTIVITY A 
FIELD FORECASTER COULD FURTHER IMPROVE THE VERIFICATION SCORES BEYOND THOSE 
REALIZED BY THIS TECHNIQUE. 

BASED SOLELY ON THE PAT1-4 OF THE ?ae MILLIBAR TRAJECTORY- IMPROVEMENT OF THE 
FIRST PERIOD FORECAST IS CLEARLY IHDICATED. THE METHOD OF OBSERVIHG 0 

0 

PRECIPITATION MIGHT BE MORE ACCURATE IF OHE WERE TO USE THE RADAR SUMMARY 'CHART. 
n4E PRECIPITATION BETWEEH REPORTIHG STATIOHS IS IHDICATED ON THIS CHART WHEREAS 
OH n4E LOCAL SURFACE AHALYSIS THIS PRECIPITATION MIGHT HOT SHOW UP. 
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PRECIPITATION FREQUENCY 

ALL MOS POPS TRAJECTORY THROUGH TRAJECTORY NOT THROUGH 
PRECIPITATION PRECIPITATION 

---------------- -------------------------- -----------------------------
.302 <268/896) .718 (163/227> .1~9 (10~/6~9) 

TABLE 1. THE NUMBER OF OBSERVED PRECIPITATION EVENTS. THE FREQUENCY IS 
MUCH HIGHER WHEN THE TRAJECTORY MOVES THROUGH AN AREA OF OBSERVED 
PRECIPITATION. THE FIGURES IN PARENTHESES SHOW THE TOTAL NUMBER 
OF CASES. . 
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F'PECIPTTATTON F~I:OI.IEI'!CY 

------------- ---~-------------------:------------------------:---------------· 
MOS POP TRAJECTORY THROUGH : TRAJECTORY NOT THROUGH : COMBINED 

PRECIPITATION PRECIPITATION 

------------- -----------------------:------------------------:---------------· 
0 (0/ 1> • 009 ( 1-/ 111) • 009 C 1 I 11 2 ) 

------------- -------------------~---:------------------------:---------------· 
2 0 (0/ 1) 0 (0/~1> 0 (0/~2>. 

-------------:-----------------------:·---------------~~~------:----------~----· 
I . 
I .2~0 (1/4) . 040 ( 3/7~> • 0~1 ( 4 /791 

-------------:----~------------------:--------------~---------:----~-----------
10 .~00 (9/16) • 0~9 (7/120> 

-------------:-----------------------·------------------------1--~------------
20 ~!i93 (16/27> .2!i0 (24/96) .32~ (40/123> 

-------------:----------------------- ------------------------ ----------------
30 .~91 (19/31> .196 <11/!i9) • 322 (29/90> 

-------------1----------------------- ------------------------ ---------------
40 .619 C13/21> .426 <20/47> .4SS <33/69> 

!i0 .900 <27/30) .299 (14/47> -~32 <41/77> 
------------- -----------------------:------------------------ ---------------

.910 (17/21> • 391 (9/21) ------------- _______________________ , ________________________ , ______________ _ 
70 .933 (2~/30) . ~== ( 12/23) .699 (37/!i3> 

------------- ----------------------- ------------------------:-----~~-------~ 
90 .900 "(27/30> .625 (!i/9) .942 (3~/38) 

------------- ----------------------- ------------------------ ---------------
90 .0 (0/1) • 923 ( 12/ 13> 

-------------:----------------------- ------------------------ ------~--------
100 • 667 (2/3) X • 667 (2/3) 

-------------:----------------------- ------------------------ ---------------
rABLE 2. PRECIPITATION FREQUENCY FOR EACH MOS POP SHOWING THE SEPARATION 

OF TRAJECTORIES THROUGH PRECIPITATION AND THOSE THROUGH NO 
PRECIPITATION. THE LAST COLUMN SHOWS THE COMBINED CASES. THE 
FIGURES IN PARENTHESES SHOW THE NUMBER OF CASES. 
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rASLE 3. 

MODIFIED MOS POPS 

------------:-----------------------:-----------------------
MOS POP TRAJECTORY THROUGH 

PRECIPITATION 
TRAJECTORY NOT THROUGH 

PRECIPITATION 

------------:-----------------------:-----------------------
10 

------------ -------------------~---:---------------------~-
2 10 

-----~------ -----------------------:----------------~------
30 

------------ -----------------------·-----------------------
10 10 

------~-----:----------------------- -----------------------
60 20 

------------·--------------~-------- -----------------------
40 60 30 

------------ -----------------------:-----------------------
80 30 

------------ -----------------------1-----------------------
60 : 80 .·. : ------------I _j _______________ . ______ : 

40 

70 80 

------------ ---------------------~~:-----------------------
80 90 ., . 

'· 60 

------------ -----------------------:-----------------------
90 100 60 

------------ -----------------------:-----------------------
100 100 60 

------------ -----------------------:-----------------------
MODIFIED MOS POPS FROM DEPENDENT DATA <APRIL 01. 1986 THROUGH 
AUGUST 31. 1986>. 
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DEPENDENT DATA 

-------------------:----------------------:---------------------
SCORES MOS POPS MODIFIED MOS POPS 

-------------------:----------------------·---------------------
BRIER .1488 .12~3 

-------------------·----------------------
PROBABILITY 
OF DETECTION .672 <182/271> 

------------------- ---------------------- --------------------
FALSE ALARM 

RATIO • 341 (77 /226) • 291 <71/2~3) 

------------------- ---------------------- ---------------------
CRITICAL SUCESS 

INDEX • 428 • ~32 

------------------- ----------------------:---------------------
BIAS • 884 <226/271) • 934 <2~3/271) 

------------------- ----------------------:---------------------
PERCENT 
CORRECT 77.~ (697/986) 91.9 <726/88Q'). 

------------------- ----------------------:----------------------
• TABLE 4. STATISTICS FROM DEPENDENT DATA <APR'IL 01. 199o THROUGH AUGUST 

31. 1986>. THE BRIER 
OVER THE MOS POPS AND 
PERCENT IMPROVEMENT 
PARENTHESES REPRESENT 

SCORE SHOWED A 1~.7 PERCENT IMPROVEMENT 
THE CRITICAL SUCCESS INDEX SHOWED A 24.3 
OVER THE MOS POPS. THE FIGURES IN 
TOTAL NUMBER OF CASES. 
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INDEPENDENT DATA 

~------------------:----------------------:---------------------
. ·SCORES MOS POPS · . : MODIFIED MOS POPS 

--------~----------:--------------~-------:---------------------
BRI·ER .10~0 .0962 

----------~--------:---------------------- ---------------------
PR08A8Il.ITY 
OF. DETECTION .~00 <20/40) .900 <32/40) 

-------------------:------------~--------- --------------------
FALSE ALARM 

RATIO • 2:i9 <7 /27) .319 <l:i/47) 

-------------------:---------------------- ---------------------
CRITICAL SUCESS : 

INDEX .426 • :i82 . 

------------------- ----------------------:---------------------
BIAS .67:i (27/40) 1.17:i (47/40> 

------------------- ----------------------:---------------~-----
PERCENT 
CORRECT : S:i.0 <1:i3/190> S7. 2 ··< 1:i7 I 180) 

---------------~--- ----------------------1----------------------
TAI3LE ~. STAT!STtCS FROM II'IDEPF.NDENT DATA <SE:PTEMBF.:P. 19~6>. THE BR!ER 

SCORE SHOWED A 7. 0 PERCENT IMPRO\lEMENT OVER THE MOS POPS AND 
THE CRITICAL SUCCESS INDEX SHOWED A 36.6 PERCENT IMPROVE1'1ENT 
OVER THE MOS POPS. THE FIGURES IN PARENTHESES REPRESENT THE 
TOTAL NUMBER OF CASES. 
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FREQUENCIES OF COMBINED DEPENDENT AND INDEPENDENT DATA 

HOS POPS 
------------------------:-------------------------

TRAJECTORY THROUGH 
PRECIPITATION 

TRAJECTORY NOT THROUGH 
PRECIPITATION 

COMBINED 

-------------- ------------------------:------------------------- -------------
• 000 (QJ/1> .008 (1/131> • 009 ( 11'132) 

-------------- ------------------------:------------------------~ -------------
2 .000 (0/2) .000 (0/~9) • 000 (0/61) 

-----------~-- ------------------------·-------------------------
.2~0 (1/4) • 041 (4/97) • 0~0 (~/ 101> 

--------------:------------------------ ------------------------- -------------
10 .047 (7/149> • 101 <17/16<; 

--------------:------------------------ ------------------------- -------------
20 • ~48 ( 17 /31> .213 (26/122> • 281 <43/1~~ 

--------------·------------------------
30 .641 <2~/39) .171 <13/76) .330 <38/11~ 

40 -~~6 (1~/27> .418 <23/~~) .463 (38/82> 

-------------- ------------------------ ------------------------- -------------
~0 • 848 <28/33> . • 296 ( 14/ 49> • 512 <42/82> 

-------------- ------------------------ ------------------------- --~----------
60 .81~ <22/27) .391 (8/21> •• 625 (30/48> 

--------------:------------------------.--------~---------------- ------~~-----
.829 (29/3~) • ~00 ( 12/24} 

--------------·------------------------:------------------------- -------------
8~ .909 (30/33> .700 (7/10> .860 <37/43) 

-------------- ------------------------ ------------------------- -------------
90 1.000 (1~/1~> .000 (0/1) .938 <15/16) 

-------------- ------------------------ ------------------------- -------------
100 .800 C4/~) X .800 (4/~) 

-------------- ------------------------ ------------------------- -------------
TABLE 6. PRECIPITATION FREQUENCIES FOR THE COMBINED DEPENDENT AND INDEPENDENT 

DATA <APRIL THROUGH SEPTEMBER OF 1996>. THE FIGURES IN PARENTHESES 
REPRESENT THE TOTAL NUMBER OF CASES. 
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FINAL MODIFIED MOS POPS 

-------------- ------------------------ --------------------------
MOS POPS TRAJECTORY THROUGH 

PRECIP.ITATION 

0 10 ., -------------- ------------------~~----
2 10 

--------------J------------------------. 
10 ~0 

--------------:------------------------: 
--------------:------------------------: 

30 60 

-------------- ------------------------: 
40 60 

TRAJECTORY NOT THROUGH 
PRECIPITATION 

-----------~--------------

0 

10 

20 

30 

-------------- ------------------~-----:--------------------------
80 30 

------------------------: 
60 90 40 

----~-------------------: 
70 . 80 

90 90 60 

90 100 70 

100 100 70 

--------------:------------------------
TABLE 7. FINAL MODIFIED POPS USING 

DATA. THE TIME PERIOD IS 
THROUGH SEPTEMBER> . 

BOTH THE DEPENDENT AND INDEPENDENT 
THE SUMMER SEASON OF 1996 <APRIL 
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COMBINED DATA <DEPENDENT AND INDEPENDENT> 
2aa=================================~===~ 

----------------------- : --~------------------ -----------------------
SCORES MOS POPS FINAL MODIFIED 

MOS POPS 
-----------------------·---------------------

BRIER .1412 .1199 

PROBABILITY 
OF DETECTION 

FALSE AL~RM 
RATIO 

CRITICAL SUCCESS 

. ~43 . (169/ 311> • 688. <214/311> 
--------------------- .-----------------------

.33 2 <84/ 253) .287 (86/31210) 

INDEX .429 .~39 

-----------------------:--------------------- -----------------------
BIAS • 8 1 4 ( 253/ 111> • 965 (300/ 111> 

-----------------------:--------------------- -----------------------
PERCENT 
CORRECT 78.8 (846 / 1066 ) : 82.9 (883/ 112166) 

-----------------------:--------------------- :-----------------------
TABLE 8. STATISTICS FOR THE COMBINED DEPENDENT AND INDEPENDENT DATA FOR 

THE SUMMER SEt~ SON OF 1986 <APRIL THROUGH SEPTEMBER> • THE BRIER 
SCORE SHOWED A 1~.1 PERCENT IMPROVEMENT OVER THE MOS POPS AND 
THE CRITICAL SUCCESS INDE:< SHOWED A 2~ . 9 PERCENT IMPROVEMENT. 
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