NOAA TECHNICAL MEMORANDUM NWS ER-73

A Procedure for Improving First Period Model
Qutput Statistics Precipitation Forecasts

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

Scientific Services Division
Eastern Region Headquarters
April 1987






Editor's Note:

This technique was developed from warm season
(convective) data. Given the spottiness of
convective precipitation, it 18 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 MODEL
. OUTPUT STATISTICS PRECIPITATION FORECAST

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

RBSTRACT

A TECHNIQUE IS PRESENTED FOR USING THE 728 MILLIBAR TRAJECTORY FROM THE NMC
TRAJECTORY BULLETIN (FTJXX) TO MODIFY PRECIPITATION PROBABILITY FORECFISTS
PREFARED AT NMC FROM MODEL OUTPUT STATISTICS (MOS).

INTRODUCTION

THE TECHNIQUE DEVELOPMENT LABORATORY OF THE NATIONAL WERATHER SERVICE DEVELOPED

A STATISTICAL METHOD CALLED MODEL GUTPUT STATISTICS (MOS) FOR OBJECTIVELY
DETERMINING PROBABILITY OF PRECIPITATION (POP).

THE FIELD FORECASTER COULD IMPROVE UPON THE MOS POP GUIDANCE FORECASTS IF HE
COULD FIND SOME SKILLFUL PREDICTOR OF PRECIPITATION NOT ALREADY CONSIDERED IN
THE DEVELOPMENT OF THE MOS POP EQUATIONS. IT HAD BEEN OBSERVED ON MANY
OCCASIONS THAT THE PATH OF THE 788 MILLIBAR TRAJECTORY FROM THE FTJXX BULLETIN
SHOWED =KILL IN FORECASTING THE OCCURRENCE OR NON-OCCURRENCE OF PRECIPITATION
DEPENDING OGN WHETHER IT WENT THROUGH AN- ARER OF PRECIPITATION CR NOT AS
OBSERVED ON SURFACE LEVEL ANALYSES. THIS SUGGESTED A PROJECT TO EXAMINE THE
FERSIBILITY OF USING THE 70@ MILLIBAR TRAJECTORY FORECASTS TQ MODIFY THE MOS
POP GUIDANCE ISSUED FROM NMC.

PROCEDURE

- THE RELATIVE FREQUENCY OF MEASURABLE PRECIPITATION (EQUAL TO OR GREATER THRN
.81 INCHES) WAS DETERMINED FOR CASES OF SIMILAR MOS POP VALUES AND STRATIFIED
ACCORDING TO THE OCCURRENCE OR NON-QCCURRENCE OF PRECIPITATION ALONG THE PATH
OF THE 76@ MILLIBAR TRAJECTORY. COMBINED RESULTS ARE REFLECTED IN TRBLE 1.
STRONG SKILL IS INDICATED WHEN THE PATH OF THE TRAJECTORY TRAVELED THROUGH
OBSERVED PRECIPITATION - 72 PERCENT OF THOSE CASES RESULTED IN MEASURABLE
PRECIPITATION. WHEN THE TRAJECTORY TRAVELED THROUGH NO OBSERVED PRECIPITHTIOH_
OMLY 16 PERCENT OF THE CASES RESULTED IN MEASURARBLE PRECIPITATION.

COMBINED DATAR FOR THREE STATIONS LOCRTED IN MRINE AND NEW HRMPSHIRE WERE USED

TO PRESERVE GEOGRAPHIC HOMOGENEITY AND AT THE SAME TIME YIELD SUFFICIENT CRSES
FROM WHICH TO ARRIVE AT CONCLUSIONS. THE THREE STATIONS CHOSEN WERE CONCORD.

NEW HAMPSHIRE, PORTLAND AND CARIBOU. MAINE.

THE MIDDLE TIME FRAMES OF THE TRAJECTORY BULLETIN WERE USED IN GRDER TO
CORRESPOND TG A FIRST PERIOD FORECAST. FOR THE @p@@ GMT BULLETIN, THE @6
THRU 18Z TIME FRAME WAS USED AND FOR THE 12P@ GMT BULLETIN, THE 181 THRU

@6Z TIME FRAME WAS USED.

THE SOURCE OF PRECIPITATION DATA WRS THE LOCRL RREA SURFARCE ANALYSIS. THE
8608 GMT AND 1888 GMT ANALYSES WERE USED IN CONJUNCTION WITH THE 2gee GMT
AND 1288 GMT TRAJECTORY BULLETINS RESPECTIVELY.



FOR THE PURPOSE OF THIS STUDY., A PRECIPITATION FORECAST WAS DEFINED AS A MOS
POP., OR MODIFIED MOS POP. OF 58 PERCENT OR GREATER AMND, CONVERSELY, A FPOP LESS
THAN S8 PERCENT WAS DEFINED AS A NO PRECIPITATION FORECAST.

DEPENDENT DATA WERE INITIALLY FOR THE PERIOD APRIL B1. 1886 TO AUGUST 31, 1%986.
A TEST WAS CONDUCTED ON INDEPENDENT DATA FOR SEPTEMBER OF 1985. 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 BARSED ON
THE NATURE OF THE 788 MILLIBAR TRAJECTORY PATH. LOOKING AT THE "TRAJECTORY
THROUGH PRECIPITATION" COLUMN. MOS POPS OF B, 2. AND S HAVE ONLY A FEW CASES
INVOLVED. THE REAL PAYOFF BEGINS WITH MGS POP VALUES OF 1@ PERCENT OR
GREATER WHERE A SHIFT UPWARD IN THE POP IS DEFINITELY INDICATED. A MOS POP
OF 18 PERCENT CAN CLEARLY BE RAISED TO 58 PERCENT. UWHEN THE TRAJECTORY PATH
IS THROUGH PRECIPITATION ALL THE MOS POPS CAN BE RAISED WITH 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 88 PERCENT PRECIPITATION OCCURRED ONLY 62.5 PERCENT
OF THE TIME. PRECIPITRTION OCCURRED S52.2 PERCENT OF THE TIME WHEN THE MOS

POP WAS 7@ PERCENT. FOR MJS POPS LESS THAM 7@ PERCENT. PRECIPITATION WAS
MEASURED SIGNIFICANTLY LESS THAN 58 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 PRECIPITATION. KEEPING IN MIND THAT A MOS POP (OR
MODIFIED MOS POP) OF 58 PERCENT OR GREATER IS A PRECIPITATION FORECAST AND A
POP OF LESS THAM SB PERCENT IS & NO PRECIPITATION FORECAST, TRBLE 2 INDICATES
THAT A MOS POP OF 18 PERCENT OR HIGHER CAN BE MODIFIED T3 A PRECIPITATION
FORECAST WHEN THE TRAJECTORY [S THROUGH OBSERVED PRECIPITATION. MOREOVER, WHEN
THE TRAJECTORY IS THROUGH AN AREA OF NO OBSERVED PRECIPITATION. A MOS POP OF 78
PERCENT OR HIGHER CAN BE THE MODIFIED CRITERION FOR A PRECIPITATION FORECAST.

TABLE 3 IS THE MODIFIED MOS POPS THAT ARE BASED ON THE FREQUENCIES IN TABLE 2.
SOME SUBJECTIVITY HAD TO BE USED [N 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 TARBLE 3 USING THE DEPENDENT DATA., THIS SCORING SHOWS AN IMPROVEMENT
OF THE MODIFIED MOS POPS OVER THE MOS POPS: BRIER SCORE HAD A 15.7 PERCENT
IMPROVEMENT AND THE CRITICAL SUCCESS INDEX HRD A 24.3 PERCENT IMPROVEMENT!



THE MONTH OF SEPTEMBER 1986 WAS USED FOR THE INDEPENDENT DATA. THE SCORES OF
THESE TEST -DATA ARE SHOWN IN TRBLE S. THE MONTH OF SEPTEMBER 1986 WAS A
RELATIVELY DRY MONTH IN THIS AREA. THERE WERE 4@ EVENTS OF PRECIPITATION OUT
OF A TOTAL OF 18@ CASES. 'THIS RESULTS IN PRECIPITATION 22.2 PERCENT OF THE
TIME WHILE CLIMATOLOGY GIVES US 3@ PERCENT. NEVERTHELESS. THIS TECHNIQUE SHOWED
SKILL. THE SCORES ALL SHOWED IMPROVEMENT WITH THE EXCEPTION OF THE FALSE ALARM
RATIO. REGARDLESS, THE CRITICAL SUCCESS INDEX (WHICH INCORPORATES THE FALSE
ALARM RATIO) SHOWED SKILL - MOS POPS .426 AND MODIFIED MOS POPS .S82, A 36.6
PERCENT IMPROVEMENT OVER MOS POPS. COMPARING THE BRIER SCORES: MOS POP WAS
.1858 WHILE THE MODIFIED MOS POPS WAS .8962 - AN IMPROVEMENT OF 8.4 PERCENT.
FURTHERMORE. THERE WAS A 7.8 PERCENT BRIER SCORE IMPROVEMENT OVER THE LOCAL
STATION FORECASTERS, EVEN THOUGH THEY WERE AWARE OF THE TECHNIQUE PRESENTED
HERE. :

CONCLUSION AND COMMENTS

WE SEE NO REASON WHY THIS TECHNIQUE SHOULD NOT WORK AT ANY LOCATION. OTHER
GEOGRAPHICAL AREARS MAY DIFFER IN THE VALUES OF THE MODIFIED POPS. HOLEVER.

THE IMPROVING TREND SHOULD RESULT REGARDLESS OF THE AREA OF APPLICATION.

RIGID OBJECTIVITY WAS OBSERVED WHILE COMPILING THESE DATAR. THERE WERE CASES
WHEN THE TRAJECTORY PATH WAS THROUGH PRECIPITATION THAT WAS A RESULT OF A
KNOWN LOCAL PHENOMENON, SUCH RS THE GREAT LAKES EFFECT OR OROGRAPHIC EFFECTS.
YET. IN THIS STUDY THOSE INCIDENTS WERE CONSIDERED AS PATHS THROUGH OBSERVED
PRECIPITATION AND TRBULATED 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 PATH OF THE 788 MILLIBAR TRAJECTORY, IMPROVEMENT OF THE
FIRST PERIOD FORECAST IS CLEARLY INDICATED. THE METHOD OF OBSERVING K
PRECIPITATION MIGHT BE MORE ACCURATE IF ONE WERE TO USE THE RADAR SUMMARY CHART.
THE PRECIPITATION BETWEEN REPORTING STATIONS IS INDICATED ON THIS CHART WHEREAS
ON THE LOCAL SURFACE ANALYSIS THIS PRECIPITATION MIGHT NOT SHOW UP.



PRECIPITATION FRERQUENCY

mEEESTEEESEEEEESEIEsEsmEm

TRAJECTORY NOT THROUGH

ALL MOS POPS | TRAJECTORY THROUGH :
: PRECIPITATION i PRECIPITATION
.32 (268/886) | . 718 (163/227) : .159 (1@5/6359)
TABLE 1. THE NUMBER OF OBSERVED PRECIPITATION EVENTS. THE FREQUENCY IS

MUCH HIGHER WHEN THE TRAJECTORY MOVES THROUGH AN AREA OF OBSERVYED
PRECIPITATION. THE FIGURES IN PARENTHESES SHOW THE TOTAL NUMBER

OF CASES.



FRECIPTTATIOMN FREQLIENCY

TRAJECTORY THROUGH TRAJECTORY NOT THROUGH

MOS POP ; ; ; COMBINED
! PRECIPITATION : PRECIPITATION :
gt ) E 2 (or1) E .089 (1/111) ,% .229 (1/112)
- % @ (/1) % @ (2/51) --é @ (2/52).
5 % .250 (1/8) E -240 (3/7%) % @51 (4/79)
1@ E .smm_:afié) E .0%8 (7/120) E ;1;5-415/13;;-
20 E V=93 (16/27) ; .2%3 (24/96) | .32% (40/123)
z0 % .581 (18/31) ; .186 (11/59) P .322 (29/99)
40 E—_ .619 (13/21) E .426 (20/47) E .48% (33/68)
=2 E .908 (27/3@) _-5 .298 (14/47) E V532 (41/77)
6@ -g .810 (17/21) 5 .381 (8/21) E .595 (25/42)
70 E .833 (22/30) % .522 (12/23) i .698 (37/53)
8@ ——5 900 (27/30) 5 625 (%/8) i .42 (32/38)
s E T LLee (1271 E @ (@a/1) : L9223 (12/13)
100 ; L6867 (2/3) ; X L 667 (2/3)

TRBLE 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.



MODIFIED MOS POPS

MOS POP ! TRAJECTORY THROUGH ! TRAJECTORY NOT THROUGH
: PRECIPITATION ! PRECIPITATION
2 ; 10 E e
2 ; 10 ; @
s E 3o ; s
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20 E 60 ; 20
30 _-§ 60 E 22
40 E 60 ; 30 )
=2 E g0 ---E . 32
a§ 5 3 =1 5 40 i
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R E 100 E 62 i
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TABLE 3. MODIFIED MOS POPS FROM DEPENDENT DATA (APRIL @1, 1986 THROUGH
AUGUST 31, 1984). ‘



DEPENDENT DATA

SCORES MOS POPS MODIFIED MOS POFS
BRIER . 1488 . 1233
PROBABILITY

OF DETECTION -S=S@ (149/271) <&72 (1827271}

FALSE ALARM

RATIO (77/228) .281 (71/233)
CRITICAL SUCESS

INDEX . 428 - R

BIAS .884 (226/271) <934 (2J3/271)

PERCENT

CORRECT 77.3 (&87/88&) 81.9 (7254/884):
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TABLE 4. STATISTICS FROM DEFEMDENT DATA (APRIL @1. 1984 THROUGH AUGUST
31. 1986). THE BRIER SCORE SHOWED A 15.7 PERCENT IMPROVEMENT
OYER THE MOS POPS AND THE CRITICAL SUCCESS INDEX SHOWED A 24.3
FPERCENMT IMPROVEMENT OVER THE MOS POPS. THE FIGURES IN
PARENTHESES REPRESEMNT TOTAL NUMBER OF CASES.



INDEPENDENT DATA

" - SCORES MOS POPS . MODIFIED MQS POPS
BRIER .10532 @962
PROBABILITY

.80 (32/40)

OF DETECTION .S0@ (28/4@)

FALSE ALARM

RATIO 259 (7/27) .319  (15/47)
CRITICAL SUCESS

INDEX . 426 .82

BIAS .67 (27/40) 1.17%  (47/40)

PERCENT .

CORRECT 8%.0 (153/18@) 87.2 (157/18Q@)
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TABLE 5. STATISTICS FROM IMDEFPEMDENT DATA (SEFTEMBEF 199&). THE BRIER
SCORE SHOWED A 7.0 PERCENT IMFPRUOVEMENT OVER THE MOS POPS AND
THE CRITICAL SUCCESS IMDEX SHOWED A Z&.5 PERCENT IMPROQVEMENT
OVER THE MOS POPS. THE FIGURES IM PAREMTHESES REPRESENT THE
TOTAL NUMBER OF CASES.



FREQUENCIES OF COMBINED DEPEMDEMT AND INDEFPEMDENT DATA

4+ 4+ =+ -+ ¢+ + FF -+ 3+ F

— e s ——

TRAJECTORY THROUGH

MOS POPS : ( i TRAJECTORY NOT THROUGH { COMBINED
: f PRECIPITATION : PRECIPITATION i
2 g .000 (@/1) E .008 (1/131) _é .008 (1/132)
2 E ?maa (@/2) ; .200 (@/5%) E .000 (@/61)
- -5— .2%0 (1/4) ; .841 (4/97) ! .00 (5/1;;;
10 s E .508 (10/20) : .@47 (7/149) ;‘?1a1 (17/165
20 _—En— .548 (17/31) _; <213 (26/122) --E .281 (43/152
o 5--— 641 (2%/39) . g <171 (13/76) i + 33D (3I8711%
_—--;; ________ E 556 (15/27) ; .4za_<23/55> i . 463 (38/82)
3 =0 —f .848 (28/33) ; .286 (14/39) E .S512 (42/82)
60 _-E—— .815 (22/27) E .281 (8/21) E .625 (30/48)
-_—-;5 ________ ; .829 <£;;;s> ; .S00 (12/23) % 695 (81/%9)
=l i ;—-_—-?9a9 (30/33) E‘——_ .70 <7/1u;_ —E .86@ (37/43)
--_—;; ________ ; 1.000 (15/1%) ; .000 (@/1) E-Tezs (15;12;
) 1002 i 5-- .80@ (4/%) ; X E 800 (4/%)
TABLE 6&. PREEiPITATInN FREQUENCIES FOR THE COMBINED DEPENDENT AND INDEPENDENT
: DATA (APRIL THROUGH SEPTEMBER OF 198&). THE FIGURES IN PARENTHESES

REPRESENT THE TOTAL NUMBER OF CASES.



FINAL MODIFIED MOS POPS

MOS POPS i TRAJECTORY THROUGH | TRAJECTORY NOT THROUGH
: PRECIPITATION : PRECIPITATION
. e a '
2 -g 12 y ; P -
5 E 30 ; o
1o e =0 ; 10
20 --E 60 ; 20
30 % 5 : 20
49 g 6@ ; 0
1) I 80 - FIE 0
T aaEd: E 80 e 40 T
eSO . Fho 8@ é. sa )
30 : 5@ ;T 60
sa E- 100 --g 72 i p "
100 o 100 E " 70

. TABLE 7. FINAL MODIFIED POPS USING BOTH THE DEPEMDENT AND INDEPENDENT
DATA. THE TIME PERIOD IS THE SUMMER SEASON OF 198& (APRIL
THROUGH SEPTEMBER).
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COMEBIMED DATA (DEFPENDENT AND IMDEFEMDENT)
=l=-=.===l=====================================I==?==I===============I===l=======l

SCORES - MOS POPS FINAL MODIFIED
MOS POFS
BRIER -1412 2 1199
PROBARBRILITY

. &38. 214/31 1)

OF DETECTION .43 - (189/311)

FALSE ALARM

e mm ve R e we e se e se e e wE em wE ee me e -

RATIO .332 (84/253) .287 (84/300@)
CRITICAL SUCCESS

INDEX .428 .539

BIAS .814  (253/111) .945  (3@@/111)

PERCENT : _

CORRECT 78.38 (844/1066) 82.8 (883/1066)
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TABLE 8. STATISTICS FOR THE COMBINED DEFEMDENT AND INDEPEMDENT DATA FOR
THE SUMMER SEASCOM OF 19846 (APRIL THROUGH SEPTEMEBER). THE BRIER
SCORE SHOWED A 1S5.1 PERCENT IMPROVEMEMT OVER THE MOS POPS AND
THE CRITICAL SUCCESS IMNDEX SHOWED A 2S5.% PERCENT IMPROVEMENT.
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