AD-A142 786 AN ASSESSMENT OF INTERACTIYE GRAPHICS PROCESSING IN 11 .
SHORT-RANGE TERMINAL.. (U) AIR _FORCE GEOPHVSICS LAB

. HANSCOM fAFB MR D A CHISHOLM ET AL. 18
UNCLASSIFIED AFGL-TR-84-060829 / 4/2

_
1
H
H
H
H
i

[ )
[ =4

¢

“
[ o)

-




PR AMIABIINS B SI LA AL WLAAN SN L b AERCAL WAL A e o 228 e At s via oo

¥ ) :
-,
LI R R T SN R S A M, o,

ot

bR

,
y
B B R

s

b _
NS
\

2 RERTRERTAN.

At 2

.y

¥
)

W
RS

| SIRINPRILPRINFY -4 AL

o' g g fey
Reor o~ B

LSS R
~

i

22 s

FEEFEEEE

er
[ 4
11

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

£

IR N T W X ) 5, i YR Y, -y LS PO LA VU I AT ERE CrR I L L)
RN LN Y N G R T RGP Bt :m;:fm:.x.,-rf:.x.-c-:msl



AFGL-TR-84-0029
ENVIRONMENTAL RESEARCH PAPERS, NO. 868

in Short-Range Terminal Weather Forecasting

§ AD-A142 706
| ] :
| An Assessment of Interactive Graphics Processing

DONALD A. CHISHOLM
ARTHUR J. JACKSON

18 January 1984

Approved for public relesss; distribution uniimited.

-
o™

DTIC

PAELECTE
®. JUL 061984 3 o

E

ATOMSPHERIC SCIENCES DIVISION PROJECT 6670

AIR FORCE GEOPHYSICS LABORATORY

HANSCOM AFB MA 0173

84 07 05 052

&.

DTS FILE COPY

S

<

(]
LA

'l»

R LNy Ry . e )
; }- .(k. -IJJ‘AL-‘L'Lthkl'LS\‘ M g_ o dn..x Ry L‘L1L'!_ Ca A T T S \'___‘.._‘:._LLQ_\‘L e




A’l £ 0
l'.l"l"l.’

e o, L
o 4, 1,4,
o« s

) B
” -v'.'l‘. f' /. ".'

e v
o'
e % 2,

/

-

% )
' a4

. - Q' [y
PIRATN

PR i

Wt
()

e N,

This report has been reviewed by the ESD Public Affairs Office (PA) and
is releasable to the National Technical Information Service (NTIS). /

This technical report has been reviewed and is approved for publication

' FOR THE COMMANDER

Bt [ttt f T

DONALD A. CHISHOLM, Chief ’(BERTA Mc CLATCHEY , Director
Atmospheric Prediction Branch Atmospheric Sciences Division

4

Qualified requestors may obtain additional copies from the Defense Technical
Information Center. All others should apply to the Natiomal Technical
Information Service.

If your address has changed, or if you wish to be removed from the mailing
list, or if the addressee is no longer employed by your organization, please
notify AFGL/DAA, Hanscom AFB, MA 01731. This will assist us in maintaining
a current mailing list.

Do not return copies o6f this report unless contractual obligations or notices
on a specific document requires that it be returned.

...

et a
- - . -
J ..""'.L"".J“"F)



AR A Sl el Faa Sl

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

v 1a REPOAT SECURITY CLASSIFICATION 1b RESTRICTIVE MARKINGS
UNCLASSIFIED
28 SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION AVAILABILITY OF REPORT
Approved for public release; distribation
2b DECLASSIFICATION. DOWNGRADING SCHEDULE Limited
. unlimitec
3 N/A .
4 PERFORMING ORGANIZATION REPORT NUMBER(S] 5. MONITORING ORGANIZATION REPORT NUMBER1S!
AFGL-TR-84-0029
ERP No. 868
6a NAME OF PERFORMING ORGANIZATION  16b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
R . . : [ iscabl
Alr Force teophvsics Laboratorv| IIH:‘DPM ¢!
6c. ADDRESS (City. State and Z1F Coude: 70 ADDRESS (City, State and ZIP Code:
Hanscom AFB
Massachusetts (1731
8s NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL |9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION tif applicable:
8c ADDRESS (City. State and Z1F Code) 10 SOURCE OF FUNDING NOS
PAOGRAM PROJECT TASK WORK UNIT
ELEMENT NO NO NO NO
11 TITLE rInciude Security Classification) 621011 6671) 10 13
(over)
12, PERSONAL AUTHOR(S)
Chisholm, Donald A and Jackson. Avthar T,
0 s 13s. TYPE OF REPORT 13b. TIME COVERED 14 OATE OF REPORT /¥r Mo, Day) 15. PAGE COUNT
( Scientific. Final FRoM o __ | 1984 Japuary 18 82
16 SUPPLEMENTARY NOTATION
. 17 COSATI CODES 8 SUBJ?CT TERMS (Continue on reverse if necessary and identify by dblock number)
P Terminal weather forecasting  Automated weather svstoems
o £ R miy ; S\ ns
AN 1ELD GROUP sus G Aviation meteorology f‘!;ln-m.’l(thlnv interface studies
. Computer grd[]wh;(:s svstems Forecaster performince
. Weather satellite

19 ABSTRACT (Cuntinue on reverse 1f necessary and 1dentify by blockh number:
A mesuscale Porcecast experiment used data from 20 winter/spring cast coast storm

episodes in the AFCL MclDAS vacilitv.  The mesoscale forecast experiment assessed many
display and analvsis produces tailored to provide mesoscale detail from remotelv-sensed
and conventicnal data sources, and the abilitv of forecasters to prepare short-range
terminal tforccasts of windspeed and direction, total cloud amount, ceiling heipght and 6-hr
quantitative precipitation forceeasts.  The forcecast cxperiments were conducted in the
summe”s of 1982 and 1983 using winter and carly spring storm cpisodes archived on McIDAS
from the 1981-82 and 1982-83 scasons, respectively,

The products judeed most usefal in preparine short-range terminal forecasts included:
(1) conventional zcovraphlic data displavs presented simnltancously as four quadrant pancls
on one screen, (2) resional sceale surface analvses. plots and data listines of basic

.
20 DISTRIBUTION AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED/UNLIMITED X SAME a5 RPT _ pTic users O I'nelassified
22a NAME OF RESPONSIBLE (ND'VIDUAL 220 TELEPHONE NUMBER 22¢ OFF(CE §YMBOL
tInclude irea Code,
Donald A. Chisholm h17-861-4728 AFGL/ZTYY

DD FORM 1473, 83 APR EDITION OF 1 JAN 73 IS OBSOLETE UNCLASSTFIED

SECURITY CLASSIFICATION OF THIS PAGE

A Sl Sl Sl Al A LA




RS I A A A LA S A A e At el il b It gy Bt A A n

UNCLASSIFILED

SECURITY CLASSIFICATION OF THIS PAGE

11. Title (Contd)

AN ASSESSMENT OF INTERACTIVE GRAPHICS PROCESSING [N SHORT-RANGE TERMINAL WEATHEK
FORECASTING (L)

:b 19. Abstract (Contd)

{4 variables, (3) satellite-based trajectory technique, (4) tailored plot displavs such as
the station-model time-series displayv,and (3) mapped displavs of Torceast soidance
derived from the NMC LFM model. The importance of halt-hourlv visible and TR Imiaery from
GOES in short-range terminal forecasting was confirmed in this experiment.  The fore-
casters relied more heavily on it to prepare their forecasts than anv other data source.
The manipulation of digital imagery in a computer-bascd interactive praphics svsten
through time-series looping, color enhancements, and overlaviog conventional plots and
analyses on it, provides a wealth of qualitative and quantitative puidance tor tore=
casting. The numerical torecasts vielded superior rmses comnpared o persistonee

tfor all forecast intervals and for ecach forecast clement.  Probability torccasts were
substantially better than persistence probabilitv and sample climatology.  CFEM showed
skill relative to persistence probability but vielded ltarger rmses than did persistence
in its numerical torm. MOS puidance was {found to be usetul for forecast intervals o

4 hr oor lonper.

'3

3 [ ] ‘l “
P A A
J‘.J‘..‘..".-'

“
F

UNCLASSTETED

SECURITY CLASSIFICATION OF THIS PAGE




AT A T T e T T T T

Accession qu
 NTIS GRA&I

DTIC TAB
Unannounced d
Justification

By
Di;tributionlrun__“,._

Availability Codes
- el
iAvail and/or

Dist Special

"

The Mesoscule Forecast FExperiment could not have completed successfully

Preface

without the support and participation of severa] individu:ls in AFGIL's Atmos-
pheric Sciences Division (1Y) and 1ts contracrar (Svstems and Applied Seiences
Corp.). The principal participating forecasters were Dr, Ho A, Brown,

Dr. H.S, Muench, Mr, A, J. Juckson, Cuptain DV, Ridge, ani Mre. J. Avel of

AFGL LY and Messrs, M, F, Niedzielski, R, Schechter, and C.F, Tvaldl of SASC.

Mr, J. Pazniokas and Mr. L. Jorrens provided inviluable support as test evalu-
ators and duta analysts, The above-mentioned SASC personnel, working closelv
with Mr. R. Fournier of AFGL LY, developed :ind integrated muany new wnd or

modified application software packages into the McelDAS operating svstem,

Ms. Betty Blanchard ably prepured draft and final muanuscript versions.




s s e e T e S T Y e T R W T R yeyrrery

]
Contents
1. INTRODUCTION 11
2. MESOSCALE FORECAST EXPERIMENT (MFFE) 13
2.1 EFxperimentual Procedures 14
2.2 Test Sumple 20
3. MFF 1982-83 TEST RESULTS 28
3.1 Product Assessment 28
3.2 Forecast Difficulty Assessment 40
3.3 Forecast Verification Statistics 48
3.3.1 Numerical (Deterministic) Forecusts 49
3.3.2 Probability Forecasts 53
3.3.3 MOS Results 56
3.3.4 Implication of Forecaster Fxperience 10
4. CONCLUSIONS 63
REFFERENCES 69
APPENDIX A: 1983 Episodes 71
APPENDIX B: Assessment Forms 81
] lllustrations
. 1. Example of "Menu-Driven' Inteructive Procedure Used for
Forecast Entry Into Automated Verification Phuse of MIEF:
(a) Interraogation Format and (b) Response Formut 16
B}

e 2 ¥V vV &V
ARRRARN
[N AN AN N
Ay Oy 0, 4, 0, 8,

18

Wt

Rl S 4
B

R IR T Rk . e " e . ..

RACACANAP AR i e SN At DR A S B AR e Aia) 2 5ra o

ThaTh LY T Te e Y e m .~ [ S T S
A A AT AR T Y a A S S A A A o L S PR S S N \‘



~
L)
S
! "_-,'
-
SN
S SN
e
<
o Mustrations
ga
'O
" 2, Example of Verification Stutistics Compiled for Fuch
":-.: Forecaster After Fuch Fpisode 17
ol 3. Example of Probability and Numerical (Categorical)
B, '_'_-.: Forecsts Generated by Generalized I'xponential AMirkov
(GEAD Buased on Surfuce Observation at BOS at 1100 1.ST, -
. 26 March 1982 14
N 1. LFM Guikince (FOUS 60-78) 20
.” 3. MOS Guidance (FOUS 12): (&) Probubility of Precipitation
e (POP) Forecuasts at 6-hourly Intervals (12, 18, 24, .nid
N 30 hr) From 1 March 1983, 12 GMT, Units in 10-percent
it Increments; (b) Ceiling Height (C1G) Forecusts at fi-hourly
Intervals (6, 12, 18, und 24 hr) From 1 March 1983,
- 12 GMT, Units in 100-ft Increments 21
'\-_ f. 3-D Trujectory Guidiance (FOUS 50) 22
:-::‘- 7. Twentv-four Hourly Observations for lLogun Internationul
_-‘ Airport (BOS) for the Ten 1982 Cases of the MFLE;
N Hours 6 to 11 Represent Forecast Times 24
2 8. Twentyv-four Hourly Observations for l.ogan International
J_".: Airport (BOS) for the Ten 1983 Cuses of the MFI;
R Hours 6 to 11 Represent Forecast Times 25
;\'_ﬁ 9, Twenty-four Hourly Observations for Secondary Station
~: (BDL, JFK, or PVD) for the Ten 1982 Cuases of the NFFE;
- Hours 6 to 11 Represent Forecast Times 26
.
10. Twenty-four Hourly Observations for Secondary Station
{ (BDL., JFK, or PVD) for the Ten 1982 Cases of the MFFE;
<. Hours 6 to 11 Represent Forecast Times 27
D 11. Four-panel unulysis of General Weather Situation (Regional):
AN (1) Pressure {mb Deviation From 1000 mb) and Surface
O Windflags, (b) Ceiling Heights (Hundreds of Feet),
'.:'.: (c) Layered Cloud Amount Categories (From the Left;
X Low, Middle, and High Cloud Amount; 0-Cleur,
1-Scattered, 2-Broken, and 3-Overcast), and (d) MDR
Py Analysis With Plotted Weather Symbols 32
_: ::: 12. Four-punel Surface Pressure Analysis at 2-hr Intervals
-::.4_ {mb Deviation From 1000 mb) 34
N 13. Station-model Time-series Display for 26 March 1982 37
-~ 14. Example of 2-D Trajectory Forecast Guidance Model;
L 700-mb Truajectory for BOS Based on 1200 GMT Wind
TRy Observations 38
:..‘-:f' 15. FExample of 2-D Trajectory Forecust Guiduance Model;
.-:.,_' Hourly Rainfall and Cloud Cover Forecasts for BOS
-~ Based on 1200 GMT 700-mb Trajectory (Figure 23)
TN and 1600 GMT GOES Visible and IR Imagery 39
-] 16, FExample of GEM Ceiling Height und Weather Forecasts
T vs Observations for 15 February 1983 for BOS 40
¥ ‘n‘ .
o,
s -
o+
G4
N
>
6
o
c."’:
R
$,:

T RSN L R N PR ﬂ
TR I IR TR W U i T W s SRS



s

. JonA

.'.‘.f'.
b 4, % % e *

s 4
S

()
4 A
" "

»
by

AN
VLAY
2, 0,

AN

1}

l..'-.l_l.\.u_ Dy, -
PR

.

18.

19,

30.

Fxample of Integruted Display of GOES Imuagery,
MDR Analysis, and Plotted Wether Symbols for
1 Marceh 1983: (1) 1730, (b) 1930, (¢) 2130,
and (d) 2330 GAMT

Root Meun Square Frror (RMSE) Results for Mesoscoade
Forecast Fxperiment (MEFF) Wind Forecasts: (i) All
Forecusters (Consensus) and (b) Compured to Persis-
tence und Generulize:l FExponential Murkov (GEM) for
MEE 1682-1983

Root Meun Squure Frror (RMSE) Results for Mesoscule
Forecast Fxperiment (MFFE) Cloud Amount Torccists:
() All Forecasters (Consensus=) und (b) Compared to
Persistence and GEAI

Root Meun Squure Frror (RMSE) Results for Mesoscile
Forecast Experiment (MFFE) Ceiling Height Forecusts:
1983 Results of All Forecusters (Consensus), Persis-
tence, and GFEAI

Percent Improvement in Cumulutive p-score of Mesoscule
Forecust Fxperiment (MFFE) Cloud Amounr Forecusts
vs Persistence Forecusts for All Forecusters (Consensus)
«nd for GFAI

Percent Improvement in Cumulative p-score of Mesoscule
Forecust Fxperiment (MFE) Ceiling Height Forecusts vs
Persistence Forecuasts for All I'orecusters (Consensus)
and for GEQ

Percent Improvement in Cumulutive p-score of Mesoscule
Forecust Experiment (MFFE) Cloud Amount Forecusts vs
Sample Climatology Forecuasts for All Forecusters
(Consensus) «nd for GEM

Porcent Improvement in Cumulative p-score of Mesoscale
Forecust Fxperiment (MFTL) Ceiling Height Forecusts vs
Saumple Climutology Forecasts for All Forecasters
(Consensus) und for GEM

oot Menn Squure Frror (RMSE) for Model Qutput Statistics
(AMOS) und Persistence for Wind Forecuasts

Root Mean Squuare Frror (RMSE) for AModel Qutput Statistics
(MOS) und Persistence for Cloud Amount

oot AMean Squure Frror (RMSE) for Model Output Stutisties
(MOS) und Persistence for Ceiling Height

Percent Improvement in Cumulative p-score of Model Output
Statisties (MOS) Cloud Amount Forecusts vs Persistence,
for All Forecasters and for GEQLI

Percent improvement in Cumulative p-score of Model Qutput
Sratisties (MOS) Cerling Heigh' Forecuasts vs Persistence,
for All Forecusters and for GEM

Root NMeon Square Frror (RASE) for AMesoascule Forecuast

lllustrations
45
50
,—11
52

1)
[$e}

I'xperiment (ML) of Faorecusters vs FExperience Index (F1)

for Winl Forecasts

S
Sl

G1

.--- .-"“.‘"-_._' .-..-..I.-\.-
LTI B A T A R,



R E AR A GNP AL ML ACAT AT SO S SESEAEE S R |
4
e
S ‘
.
N .
-7 Illustrations 1
- L
N ?
»
31. Root! Mean Squure Frror (RMSE) for Mesoscule Forecast 4
Experiment of Forecasters vs Ixperience Index for :
Cloud Amount Forecasts 1 )
32. Root Meun Square Frror (RMSE) for Mesoscule Forecast j
Fxperiment (MFE) of Forecasters vs Fxperience Index y
(D) for Ceiling Height Forecuasts 62 - 1
33. Percent Improvement in Cumulative p-score of Mesoscule
Forecuast Fxperiment (M) of Forecasters vs Fxperience K
Index (I1) for Cloud Amount Probability Forecasts h2 .
34. Percent Improvement in Cumulative p~-score of NMesosciile
Forecast Fxperiment (MFF) of Forecasters vs Fxpevience
Index (F1) for Ceiling Height Probability I'orecasts IR

Al. General Weather Situation tor MFE Case No. 11: (1) Surfuce
Pressure Analysis for 1500 GMT, 25 October 1982 and
(b) 500-mb Height Anualvsis for 1200 GM'T, 25 October 1982 71

A2, General Weather Situation for MEF Case No, 12: (a) Surfuace
Pressure Analvsis for 1500 GMT, 5 November 1982 and
(b) 500-mb Height Analvsis for 1200 GAMT, 5 November 1082 72

A3, General Weuather Situation for MEFF Cuse No, 13: (1) Surface
Pressure Analyvsis for 0600 GMT, 13 November 1082 und
(b) 500-mb Height Anulysis for 0000 GMT, 13 November 1082 73

Ad. General Weuather Situation for MFI Case No, 14: (a) Surfuce
Pressure Anualysis for 1200 GMT, 15 Junuary 1983 und
(b) 5300-mb Height Analvsis for 1200 GMT, 15 Junuary 19083 T4

Ad. General Weather Situation for M Case No. 15: (1) Surface
Pressure Anulysis for 1400 GM7T, 3 February 1083 und
(b) 300-mb Height Analvsis for 1200 GMT, 3 February 1983 €0

A6, General Weuther Situation for MFE Case No, 16: (i) Surfuce
Pressure Analvsis for 1600 GMT, 11 February 1983 und -
(b) 500-mb Height Analyvsis for 1200 GMT, 11 Februury 1983 O

AT7. General Weather Situation for MEFF Case No, 17: (u) Surface
Pressure Anulvsis for 2300 GMT, 15 January 1983 and
(b) 500-mb Height Analvsis for 0000 GMT, 16 January 1083 o

A8, General Weather Situation for MFF Case No. 18: (i) Surface
Pressure Anulvsis for 1600 GM'T, 23 February 1983 und -
(b) 300-mb Height Analvsis for 1200 GMT, 23 February 1083 IR

A9, General Weather Situation for MFL Cuase No, 190: (a) Surfuce

Pressure Analvsis for 1400 GMT, 2 March 1983 and

(b) 500-mb Height Anulvsis for 1200 GMT, 2 March 1083 T
A10. General Weather Situation for MEFIL Cuse No. 20: (1) Surfuce

Pressure Anulvsrs for 1500 GMT, 21 March 1983 and

(b) 500-mb Height Analvsis for 1200 GAT, 21 Mareh 1983 50

!

g

RN

Jefrn

-
-

8

PRFS P-4V P BF RV AP B |

.
PN

» N RS S S O S T T
e At AT At At ettt . TN S P
PPy PR PRI, R T SR R WO P Y o




P

AR
RAARRAIE K

"

1®

Ceiling Height Cutegories
Six-hr QPF Cutegories
MEE Test Cuses

AMeIDAS Product Assessment Sumnriary

Assessment of Products and Data Sources < o Funcrtion of

Forecast Par aneter

Forecast Parameter Infticulty Assessmens

S N R T T S Tl S T T

-

Tables




A AL R Al St A /e B ST S i i e o B o g

An Assessment of Interactive Gray c¢s Processing
in Short-Range Terminal Wea’ ~1 Forecasting

1. INTRODUCTION

The practical emergence of computer-driven interactive graphics digplay sys-
tems hus spurred a move, In both civilian and military terminal weather opera-
tions, from a manuul mode to u more automated mode. Conventional weather data,
presently uvailuble in wenther stations viu teletype and fucsimile, con be accessed .
for plotting, analvzing, manipulating, and displaying in virtually an unlimited
number of wavs by resident software once the basic data are ingested into the com-
puter svstem., Add to that the potential and routine availability of imagery from
polar orbiting und genstationury weather satellites, conventionul and Doppler radar,
and other remote sensors and you have & dramutic increase in the amount and rate
at which informuation can be made availuble to the forecaster-user.

Because of the umount of data und the wide range of options available to the
forecaster to manipulate it in the inteructive display system, careful consideration
must be given to the methods availuble to effectively use the syvstem. As was

stuted in the first report on this study, 1 the potentiul exists for inundating the base

. (Received for publication 17 January 1984)

1. Chisholm, D.A., Jackson, A.J., Niedzielski, M, I, , Schechter, R., and
Ivaldi, C.F, (1983) The Use of Intcructive Gruphics Processing in Short -
Runge Terminal Forecasting: An Initial Assessment, AFGIL.-TR-83-0093,
AD AL3T1R5,
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secher sTopon foreceaster with more nforn o
be honlted, e=pecially when he or she s reving o cone ot conplicoe 1o
ever-choanging weqther situntion,  Conversely, 10 rhe svstenn =5 properly <rrue -
rured ol the rorecsrers have been lequatels trone b on v usge under virous
wecher Situations, sueh svstems offer the onportunty Toranaioy L lvanees on

we cher 20 ton aperations, atle-r ngig we cther supoor ) ol e foree s
ATERTSCTRE S

The USAE hoas enbarked on o bose weather st oion o lerniy cann o oo e,
cale U Awonee L Wearher Disrriburion Svstem (AWDS) whaek, when rully mnle-
menteld, will provide buse level suppor "o operctioms worllarle ool o leploted
Arr Forsce ol Army tnetiesbwmrs, Wirh AWDS) envivomrent sl T b pro huer -
wll be soequire ], storved, displaved, inelvze d, anl forecas throueh noodermved
computer andole llesre D communication systems. The primcipal we other L0
sources svatlable through AWDS will be provided from the Arr Foree Glob ]
Wearher Centeal (AVGWCY ind the Auwromate I Weather Netawork (AWN), The AWN
collec =, elits, reformats, and transmits westher Lttt between buse wenther
atations worldwide, These dura include alphunumeric praduct= such s hourly onl
special surfiee weather observitions, twice-laily rosimsonde (upper =) observ.-
rions, plain Linguage text including aldvisories, terminal forecast=, omd mup his-
cus=ions, which are presently receive:d ¢t buse weather stations vie the COMEDS
teletvpe circuits,  Products avueiluble in weather stations from AFGWC include
viarious surfuce and upper-air anilvsis and forecust maps thut are received vio
the Air Force's fucsimile circuit (AFDIGS), With AWDS these it products will
flow directlv into an on-site computer facility designed to store, process, and
displuyv wenther dati fields on ulphunumeric and color graphic terminals, Resi-
dent software in the buse weuther station's AWDS computer will «llow the weuther-
mun-user to request the execution of v wide : inge of unulysis und forecust -guid-
ance procedures,

With AWDS there will be an important difference in the formut of data flowing
from ATGWCO in that objectivelv-determined anulysis und forecust products will
he Uniformly Gridded Data Fields (UGDE).  That is, the individual, regulurly-
spaced gridpoint vilues will be transmitted to buse weuther stutions where theyv
c.n be contoure:d and displaved in map form, us required by the weuthermun-user,
in addition, duts flowing from AFGWC will include vector gruphic products to
leseribe wenther mups, charts, and figures and raster scun products (initially
Limited to AFGWC's Sutellite Global Data Base). The Satellite Global Data Base
(SGDR) 1= comprised mainly of 3-nm resolution visible und IR sutellite imagery
for each hemisphere, Raw imagery input to the SGDB comes from uvailable
polar=nrbiting satellites (for exumple, DMSP and NOAA), which is integrated into

the SGDB in reqd-time ofter imagery from each quurter-arbit 1s received at

12
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AFGWC, At any vne point in time, therefore, the individual pixel values on the

global SGDB may come from observations made severul hours apart, This char-
acteristic greatly limits the value of the SGDB in mesoscale or short-range fore-
casting applications,

The McIDAS facility at AFGL has access to most of the data that will be avail-
able with AWDS. (The major exceptions being UGDFI and SGDB from AFGWC,)
They can, however, be reproduced in McIDAS to u large extent by analvzing
observational datia and forecust guidance from the National Weather Service (NWS),
In addition, other data sources (for exumple, GOLES imagery) and capabilities
available within our McIDAS are germuine to short-range terminal forecasting
applications, See Chisholm et ;111 for u description of MclDAS und its residence
software capuabilities,

A research and development study wus undertaken, using the MclDAS as an
AWDS prototype, to exumine benefits and/or problems inherent in video display
svstems for the preparation and monitoring of short-ruange terminul forecusts,

A 2-vr mesoscale forecust experiment (MFI) was conducted to assess:

(1) The value of certuin mesoscule objective plot, unalysis, und forec:st
procedures in the preparation of short-range terminal forecusts,

(2) The relative difficulty in preparing certain forecasts (elements) using un
interactive gruphics system,

(3) The value of certain remotely sensed data in short-range terminal fore-
casting, and

(4) The performance of forecasters, in weather episodes with substantiul
mesoscule variability, in generuating both numerical (deterministic) and probuabil-
istic terminal forecusts using an interactive graphics system. The forecuast prep-
aration and met-watching aspects of the experiment were structured to simulite
the process and requirements of providing the base weather station support stated

above,

2. MESOSCALE FORECAST EXPERIMENT (MFE)

The procedure thut was estublished to ussess uspects of interactive svstems,
datu sources, und weathermun-user effectiveness was to conduct u forecast test
experiment addressing u particulur set of short-range terminal forecusting
requirements using research meteornlogists, Two MFF test periods were estub-
lished; the first was conducted in the summer of 1982, the second in the summer
of 1983. This report combines the results of the 1082 und 1983 tests; an initial
assessment hased on the 1982 test hus been published previously. ! In order to

conduct the tests most efficiently, duaty [1om significant weuather episnodes werc
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archived during the 1981-1982 and 1982-1983 winter and euarly spring storm
seasons in the Northeast U,S. The archived data sets were then restorel in
McIDAS for each foreca =xperiment. Twenty archived episodes were use | 1n
the experiment, ten during the summer of 1982 and ten during the summer ot
1983. The 1983 episodes are described in Appendix A of this report, the 1042
episodes in Chisholm et al, 1
The MFE tests were conducted such that the time available for forecust prep- .
aration was controlled to real-time limits., The forecasters hud a singular tusk
and objective during the tests; prepare terminal forecasts for two locations using
as many of the resources availuble to them through McIDAS for the purpose of

evaluating new and standard products und datu sources. One forecast experiment

was conducted each week (typically in two 4-hr periods per forecuster und with

GOSN three forecusters working together to evaluate the weather situation but indepen-
::}.-: dently preparing their forecasts). At the conclusion of each case, euch forecuster
:::::: completed evaluation forms in which the products used and the forecust aspects of
“:i‘;: the case were assessed. These then, formed the basis for addressing purposes

(1), (2) and (3) of the MFI as described in the INTRODUCTION.

2.1 Experimental Procedures

The forecasters were required to forecast (on an hourly cvele) windspeed ind

4, and n hr

direction, total cloud amount, and ceiling height for periods of 1, 2
ahead. The period n wus the closest interval (greater than 4 hr) between forecust
time and 06, 12, 18, or 00 GMT. In addition, 6-hr quantitative precipitation fore-
casts (QPF) were prepared euch hour for the "next'" full 6-hr period ending ut 06,
12, 18, or 00 GNMT. Forecasts for two airfield locations were required for each
case; the specific locutions were predicated on the avuilability of FOUS bulletins
containing model output statistics (MOS), L.FM-1I guidance, and 3-D trajectory

forecasts that were made available to the forecasters for guidance purposes,

_, Logan International Airport, Muss. (BOS), being the closest cundidute location to
;;\ AFGL., was a forecust location in each of the cuses used in the test, The second
a.';: location varied umong Bradley International Airport, Conn, (BDI.), Kennedy
. International Airport, N.Y. (JFK), and Green Airport, R.I. (PVD), depending on
.-'"{ factors related to the episode being tested,
'::.: For windspeed und direction, u numerical or deterministic forecast was pre-
\'\ pared. With each of the other elements, both categorical or numerical forecusts
:: and probability forecasts were prepared. TFor totul cloud amount, the cutegory

(clear, scattered, broken, or overcast) and the probubility of nccurrence of each
citegory were required; for ceiling height, u specific height category and prob-

abilities for the cutegories listed in Table 1; and for QPF, the 6-hr precipitation
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amount (in inches) and the probabilities for the categories listed 1n Tuble 2. The
category breakdown for total cloud amount, ceiling height, and 6-hr QP are

compatible with categories of MOS and related guidance,

Table 1. Ceiling Height Categories

Category 1 2 3 4 o i

Height (100 ft) 0-1 2-4 52-a 10-20 30-74 =T

Table 2. Six-hr QPF Cuategories

Category 1 2 3 4

QPF (in.) 0-0.24 0.25-0, 49 0. 50-0, 90 =>1.00

The computer-based forecast entry and verification procedure referrved to us

the Mesoscale Forecast Facility (MFF) is & "'menu-driven” inteructive svstem
designed to ingest individual forecasts into a duta file through the use of formutted
interrogation’/response messages via the McIDAS!' kevbourd alphanumeric CR'T
terminal interface., Figure 1 depicts a sample message in its interrogation format
(a) and response format (b). Fuch of the principal participants in the experiment
had reserved storage in MclDAS in which individual forecusts and verification

statistics were accumulated,

The assessment forms completed after each case are shown in Appendix B,

K
A
.

The purpose of the Mesoscale Forecast Variable Assessment was to establish the

T T
Fasy

..-

relative difficulty in prepuring forecusts of each element und to try to isolate the

reason(s) for the difficulties encountered. An assessment form wus completed

I
Iy o

“
3
.."
-
b
-

for euch of the forecast elements. The Product Usefulness Assessment w.as used

to measure the relative value in terminal forecusting of the obcotive display feu-

tures in McIDAS, especially the new ones created for this experiment, The fore-
casters were directed to judge the most and leuast useful pro-jucts (for the cuse
just completed) and give reasons whyv thev were so e 1,

After eauch case, the numerical, cutegoricul, nd probubility forecasts were

verified within the MFF, accumuluted statistics were summarize:d and made aviail-

able to the torecasters for review, Figure 2 isx o saumple of the aeccumulate ]
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FCFECRST 2o VE-40 (5.9 (1R-2G

ERTER GELE L 2 FOFECHET -

B0S CEILING HEIGHTS ENTER FORECAST FOLLOWED BY PROBAEBILITIES
FORECRET (20 (2-41 (5-9) (18-29) (38-75) 79y

ERTER “CLP 141792 FOPET

Figure 1. Fxumple of "Menu-Driven" Interuactive
Procedure Used for Forecast Entry Into Automatred
Verification Phase of MFLE: (a) Interrogution For-
mat and (b) Response Format

verification statistics compiled for each forecaster, Separate statistics were
computed for predictions verified for Logan (BOS), which ure denoted PRIMARY,
for the other station (denoted SECONDARY), and for the combined verification.
The error statistics calculuted were: mean absolute error und rmse for numer-
cal and categorical forecasts and the p-score and cumulative p-score and Heidke
skill score vs persistence for probuability forecasts,

The method of comparison for the study was persistence, measured directly
and in sample (unconditional) climatology form. The Heidke skill score, which
measures the percent difference (improvement) of verification scores relative to
a set ol control forecasts, was calculated using persistence as the control, The
rms vector error results were used to calculate the Heidke skill score for wind
forecasts, and the cumulative p-score wuas used for the other forecast elements,
The equations for calculating the verification scores are described in Chisholm
et al., 1 The persistence probability forecast was generated by (a) directly assign-
ing a probability of 1.0 to the category that pertained at forecast (initial) time und
a probability of 0.0 to the categories that did not pertain and (b) using sample
climatology statistics. The latter was not determined for QPF becuuse of its
limited sample size, For totul cloud amount, the unconditional 2-yr sample
climatology was clear (0.05), scattered (0.08), broken (0.07), and overcast
(0. 80). For ceiling height it was category 1 (0.02), 2 (0,01), 3 (0.11), 4 (0.30),
5(0.26), and 6 (0.30), where the category numbers are those defined in Tuble 1,
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Fach climutology is based on the 240 observations that comprised the conhitions
that existed at forecast (initial) times for the 20-eprsode NMIF sample.

Although not used for direct compurisons in the experiment (thiat 15, compared
by means of skill score), the Generalized Fxponential Markov (GEDMD) technique
was adapted to MNMeIDAS and evaluated on the 20-case sample,  The GEMN rechnique
is o fundiimentul statistienl weather forecasting procefure recently leveloped

through the proneering rezenrch of Ailler, Miller defines GEM s 70 statistie ]
technique for predicting the probabiivy distribution of local zurfice aeather ele-
ments hour by hour, It uses only the current local surface sceather conlitions os
predictors, IFrom these probubility shstributions, categoricnd predictions are
muade for ench surface weuther ¢lement.”  For oats use 1n the MELF, the GENI
technique was adapted 10 McelDAS to generate wind, cloud cover, nd cerling herght
forecasts for both fnrecist locutions, which were verified ot 1= 2. 1- nd 6i-hr
intervuals coincident with MEF -forecuster verifications, We oobiptes] the miny-
computer version of GEM to McelDAS, which unfortunately could not he easily
aclapted to the variable nature of our n-hr torecuast,  For that resson, only the
1-, 2-, and 4-hr GEM results will be presented. Figure 3 1s «n example of o GEAI
forecast for BOS during one forecast episode, Three things must be recognize]
regarding the application of GEM in the MEFE, First, GEN s founded on o Markoy
assumption (that is, the future state 1s completely letermined by the present stute
and 1s independent of the wiayv in which the present state has Jlevelope-l), Secnond,
it uses multiviriate lineur regression equations that were developed from contin-
unus observitional simples that spanned o0 10-ve period (1954-1965) ot & number
of locations and, as such, are climatnlogicadly and statistically sound,  Third, i
wus upplied to cases in the MIEE thut represented "heavy wenther' on'l o nor,
therefore, reflect the chiaracteristics of the full ssiimple from which the GEM
stautistical operutors were developed. ' a5 felt, however, thut GEM's univers:l
and eusy upplicability mucle 11 proper and appropriate to include its performince
in the qualitative assessment ot the ML

Forecust gaidinee information derived from NMC's LEAAFOUS Bulletins)
was availuble to the forecuasters in teletvpe form -luring the 1482 forerust exper-
iments and wus availuble directly from McelDAS <during the 1083 fore. <t experi-

2
" 1LFA Guikince forecuasts

ments, [t included the MOS forecasts (FOUS 12),°
(FOUS 60-78), + and 3-0D teigectory forecasts (FOUS 50-57), ’ The NAIC guidance
information is ingestesd into MelDAS viin the AN WEB-604 <Lota link, then decoded
and formatted tor Jdispluy and amalvsis,  The guidincee information is availuble to
the forecasters in o listing=tvpe form that ean be viewed on the alphinumeric

terminal or o hardeopy. \liny of the guidimee parameters oan be anadvzedl el

References 2 through 5 will not be listed here, See References, page 60,
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Figure 3. Example of Probuability and Numericul (Cutegorical) Foreeasts Gen-
erated by Generulized Ixponential Markov (GEA) Bused on Surfuce Observition
at BOS at 1100 1.ST, 26 March 1982

viewed on the color monitor, FEFxuamples of the anilyzed guidance products ure
shown in Figures 4 through ., The forecosters have the aption of viewing one
analvsis on the entire screen (with the ability of overluving anather) or u four-
punel analysis displ.ving one paurameter over four forecast periods or four
purameters, which is useful in determining guidance suggesting movement und
intensity changes., The verification of MOS wus limited to the {forecusts which
verified at 06, 12, 18, or 00 GMT,
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Figure 4. IL.FM Guidance (FOUS 60-78), Surfuce
pressure analysis (0 PS) and 6-hourly forecists
(6 PS, 12 PS, and 18 PS) from 1 Murch 1083,

12 GMT: units in mb deviation from 1000 mb

2.2 Test Sample

The weather episodes selected for study in the MFIT were 1081-1982 un.l
1982-1983 winter-early spring storm events occurring over the \Novtheast U, S,

To be considered as a forecast experiment, o case must have met two hasic
requirements. First, a 12- to 24-hr period of significant we.ther in the forrm of
changing cloud cover, ceiling height or winds, and or the occurrence of precipi-
tation in southern New Ingland was required to fullyv test the utility of aninter-
active graphics system and forecast aids in prepuring short-ringe mesosc.le
forecasts, Second, a complete 24-hr data set, consisting of convention.d hourly
surface observations, upper-air data, satellite imagery, nianually higitize 1 v b
(MDR), and operational computer guidance was required. This woull provide oo
12 hr of data for pre-forecasting familiarization with the woather situation, 6 hre
for forecasting and up to 12 hr for verificution,

The 20 cases chosen for the MFLI were selected from among 31 co=es tha
had been archived. Theyv comprised three general syvnoptic situation=; mulsess
cvelones, New England cold fronts, und east coust cyvelogenesis, coch bringing
significant weather chunges to New Iinglund, Tuble 3 lists the lite, foveco st
times, forecast stations, und a brief svnoptic description for ench forec st exper-
iment, It should be noted that Boston was the primary force =1 station for (U
20 experiments, The secondary stution (PVD, BDI., or JUK) w.s chasen aecond-

ing to the completeness of that stution's data sers and the porential of the e ther
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MFI Test Cuses (Brief Description)

Table 3.
— e
Forecust
Fxperiment Forecust
- No. Date Times
1 3:26.82 14-167 I
) 2 426 82 19-007.
i 3 331 82 05-107
I
4 1 27 82 14-197
9 311 82 18-237.
6 1215 81 18-237
7 121 81 17-227
8 3 4 82 17-227
a 1222 81 06-117
10 1682 04-097
11 10 2582 15-207
12 11/5'82 15-207
13 11713782 06-117
14 11583 12-177
15 2 383 14-192
16 21183 16-212
17 1715783 23-042Z
18 2/23 83 16-2127
19 3/2/83 13-102
20 321 83 15-202

BOS

BOS

BOS

ROS

BOS

BOS

BOS

BOS

BOS

BOS

BOS.

BOS,

BOS

BOS.

BOS/PDL
BOS/BDL

BOS/PVD

BOS/PVD

ROS

‘BDI.

"PVD

"PVD

JFK

'JFK
'BDI.

PVD

JFK

JFK

PVD

BDI.

BDIL

Forecast Situation

Cold front moving
through New Fnglind

Wenk frontal wave mov-
ing towuard New IFnglind

Approaching pre-frontal
cloud band

Cold front moving
through New Fnglund

Approuching pre-frontal
cloud bund

Ripidly deepening
cvelone approuaching
New FEnglind

Warm frontal wave up-
proaching New Fngland

Cold front approaching
New Fnglund

Overrunning precipi-
tation

Fxplosive coastul
cyvelogenesis

Occluded cyclone south
of New Fnglund

Conld front moving
through New Fnglund

Approaching cold front
and frontal wave

Muajor coustal snowstorm

Alidwest cxelone and up-
prouaching cold front

Coastal cyvelogenesis

Midwest cyvelone

Cold front upproaching
New Fngland i

Lurge oceun storm, |
significont rainf211

Weuk frontul wave ap- |
proaching New Ingland
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3. MFE 1982-83 TEST RESULTS

The mujor uspects of the MFFE dealt with (1) un evualuution of the usefulness
of certuin display products, (2) un ussessment of the reluative difficulty in fore-
casting certain weather elements und the products und/or dutu sources that were
found to be useful to those forecasts, und (3) 4 statistical evaluation of forecuster
performance. The results of these aspects ure presented in Sections 3.1, 3.2,
and 3.3

discussions presented in Sections 3.1 und 3,2, By necessity, however, the results

, respectivelyv, There muv appear to be w certain amount of overlup in the
of the forecast difficulty assessment ure predicuted on the availubility and utility
of particular products in regurd to the problem of forecasting specific weuther

elements,

3.1 Product Assessment

In the course of the 1982-1983 MEFL tests, the participuting forecusters were
encouraged to use, to their fullest advantage, anv and ull of the dita sources,
display products, and unualvsis forecust techniques availuble within McIDAS in the
prepuration of their forecasts, In thut regurd thev were specificully instructed to
use each of the new techniques ut least once during each test episode, In so doing,
it was felt thut u reasonable und fuir assessment of these uspects of NMelDAS would
be accomplished.

Table 4 lists certuin uspects of the ussessment process for products tha
were used frequently. The "product kev-in" refers to the kevboord instruction
that activates the generation of u discrete product on McIDAS, Those products
listed in Table 4 without un usterisk are puart of the previously existing MclDAS
suite of availuble routines, Their primury function is listed below:

IA - Geogruphic (mup) plot of weunther viariable(s) on the enlor monitor;

used with either surfuce or upper-air data; can inclulde one to four

punels per screen; cun be plotted over satellite imagery

N
)

Decoded listing of surfuce observations on ulphimumeric terminal

(for example, by stutions in o stute for o specific rime or o time series

for a specific station)

ZK - Surfuce anolvsis using one-pass Cressman technique on eolor monitor;
ideul for broad-view 'quick-look ssessment

MR - Contoured geogriaphic analvsis of manuallv-digitized rocboe (MDR) on

color monitor; displivel inlependently or in conjunction with concurrent

satellite imagery nt or surfuce nhserv.anions

ZP - Alup plot of one virinble on the dlphonumeric termiingd

o tal

pALlSLNT

l‘l




"new products that were mude aviiluble for
for detuiled discussion of product function,

““new products that were made nvailuble for
for detuiled discussion of product funetion,

Tuable 4. McIDAS Product Assessment Summary
Generation
Time on Usefulness
Product McIDAS No. of
Key In (sec) Uses Most Least
1A 30 681 46 0
Z1 3 657 0 0
ZK 40 286 0 0
NR* 15 270 2 18
zp 5 266 0 0
ENT ET 8 260 5] 0
KZ* 70 213 10 6
PEox 5 126 3 6
FI 3 117 4 0
BS#x 5 109 0 19
NS 35 85 23 1
cC 202 79 8 3
KY 25 53 0 0
FR GUJ# 25 51 2 2
FK MOS** 25 a 0 0
FR TRA» 25 2 1 3
T 18 18 0 2
GT 20 13 4 8
Z.C (5} 14 0 0
TP 60 11 2 17
TS 75 a 0 13
i FOS» 0 - 0 3
| S - _ 1 p—

1982 experiments; see Section 3,1

1983 experiments; see Section 3.1
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ENT/ET - GOES IR imagery color enhancement based on defined tempera-

Kz

PF

Fl

BS

ture thresholds (in the case of ET, the user defines the threshold)
Surface analysis using five-pass Barnes technique on color monitor;
retains more mesoscale detail
2-D trajectory forecast model based on analyvzed ruwinsonde observa-
tions
Decoded display of FOUS bulletins (MOS, LFM Guidance, and 3-D
trajectories) on alphanumeric terminal
Listing of the GEM technique's forecast displayved on the alphanumeric

terminal or the printer (hardcopy)

FK GUI - Analysis of several LFM guidance forecast (FOUS 60-78) param-~

eters on color monitor (parameters: 700-mb vertical velocit -,
relative humidity, lifted index, 1000-500 mb thickness, boundury
layer streamlines, boundury laver windspeed, boundary luver

temperature, sea-level piessure, fi-hr precipitation amount)

FK MOS - Analysis of several MOS forecust (FOUS 12) parameters on color

monitor (parameters: precipitation probability, thunderstorm
probability, snow amount category, temperature, dewpoint tem-
perature, surface streamlines, windspeed, cloud category, ceiling

category, visibility category)

FK TRA - Analysis of severul 3-D trajectory forecasts (FOUS 50-57) on

color monitor (parameters: temperature and dewpoint temperature
at 700 mb, 850 mb or surface; K-index)

FA - Plot of trujectory forecast on color monitor indicating origin, G-hourly

GT

zC

TP
TS

position and rising or sinking motion ulong the path for a purcel
terminating at a station at the surfuce, 850 or 700 mb

Station model time series displayv on color monitor; depicts surface
observations for up to six stations for up to 6 hr

Algorithms to estimate cloud cover und 1-hr precipitation umount from
GOES visible and IR imagery displaved on alphanumeric terminal
Upper-air analysis (constant pressure surface) using a two-pass Barnes
technique on color monitor

Individual variables line or bar graph time series ‘lisplay on color
monitor

Contours a previously analyvzed und stored grid array and displayvs it

on the color monitor

Log p-skew T display of rawinsonde observations on color monitor
Surface analysis using five-puss Barnes technique on color monitor.
Uses a time-space weight function in which 1- and 2-hr old observations

are advected downstreum and included in the unulvsis
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FOCS - Menu~driven forecast decision-ussistance procedures using the alpha-
numeric terminal

The second column indicates the approximate "wall-clock” time (10 seconds)
it tukes MclDAS to generate o product from the time the "kev-in' uction is re-
questeld 1o when the product is fully displaved, Since McIDAS! gruphices levice
is considerably slower than state-of-the-urt devices and 1ts CPU 13 0 24-bit
machine without hardware multiply-divide capability, one cun presume substanti-
allv shorter generation time con be achieved, In each cuse these times reflect
the creation of products on the local scule tyvpically used in this experiment (that
is, as generated by MelDAS state und city displuvs).  The generation of national
or regional (for exumple, eastern US) mups generully increases the times indi-
cated by o factor of 3 or 4. Obviously, none of these routines are very time con-
suming i that most are executed in well under 60 sec,

The new routines, tuilored to increase the depiction of mesoscale informution,
do not result in substuntial increases in wall-clock time. The KZ anulysis tukes
30 sec longer than the ZK unulvsis, This increase results from going to a five-
puss procedure that recovers o lurge portion of the mesoscale detuil suppressed
in the one-puss technique,  Neither of the tuilored plot routines (MS and GT) ure
time consuming (35 and 20 sec, respectively), Fven the multi-step procedure of
remopping, analvzing, and displaving MDR data (MR kev-in) takes less than
minute while the upplication of the forecast guidiinece technique bused on 2-D
trajectories (PF) und satellite algorithms (FOR) has i combined wull-clock time
of 25 sec. Note that kev-ins that use the bliuck and white alphanumeric terminal
(71, PV, ZP, und FI) require 5 sec or less wull-clock time,

The " Number of Uses" column reveuls the extent to which each kev-in wus
invoke I by the forecusters luring the 20-episode test period. The overwhelming
popularity of the kev-in [, indicates its all-iround use both early in the forecast
process when lirge aimnunts of duta are digested to guin an overall understanding
of the evnlving svnoptic situation, and later in the forecast process when the fore-
custers concentrated on the mesoscale uspects that would vesult in hour-to-hour
weather chunges, The [A kev-in was used early in the forecast process in con-
junction with the Z0 ind ZK kev-ins (second iand third most used, respectively).
Two tvpical four-panel Jdispluys used by the forecusters during this mesos noptic
leirning process aure shown in Figures 11 und 12,

Figure 11 is o four-punel display of the weuther situuation that existed at
1200 GNT, 15 Junuary 1983, It shows (a) surfuce pressure analyvsis with over-
fuved wind flugs, (b) ceiling height plot, (¢) cloud amount plot, und (d}) un MDR
analvsis with overlauved weather symbols, Due to the poor resolution of the hard-

copyv capabilities, this figure is shown here us four separuate figures although it
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(a)

(b)

W\ N~

=
SFC PRE 151200
MNF 131200

CIG 131200

Figure 11, Four-panel Anualysis of General Weather
Situation (Regional): (a) Pressure (mb Deviation
from 1000 mb)} and Surface Windflags, (b) Ceiling

Heights (Hundreds of Feet), (c¢) l.avered Cloud Amount

Cuategories (From the Left; Low, Middle, and High
Cloud Amount; 0-Clear, 1-Scattered, 2-Broken, and
3-Overcast), and (d) MDR Analvsis With Plotted
Weuather Syvmbols
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Figure 11. Four-punel Anulysis of General Weuther
Situation (Regional): (4) Pressure (mb Deviation From
1000 mb) «nd Surfuce Windflugs, (b) Ceiling Heights
(Hundreds of Feet), (c) Lavered Cloud Amount Cite-
gories (From the T.eft; [.ow, Aiddle, and High Cloud
Amount; 0-Clear, 1-Scattered, 2-Broken, and 3-Over-
cast), and (d) NMDR Anulyvsis With Plotted Weather
Svmbols (Contd)
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v
SFC PRE 151600

SFC PRE 151800

Figure 12. Four-panel Surfice Pressure Anualysis ot 2-hr
Intervals (mb Deviation From 1000 mb)

would be viewed by the forecusters us o four-panel display on one screen,  Fig-
ure 12 is o four-punel display of the surface pressure anulvsis every 2 hr, begin-
ning at 1200 GMT. These plots and analvses would be displayve:d on regional map

buckgrounds (stute), The first four-panel display (Figure 11), wccomplishes the

task of fumiliarization with the current situuation, :nd the second (Figure 12, which

_.__ could just us well have been o display of MDR or ceiling height plots every 2 hr)
::\"_: informs the forecuaster of the movement and intensity changes in the svstem over
~_: . the past severul hours., The ZI kev-in wus used to view several hours of observa-
_:‘.‘::: tions ot a particular station or to view dutn in a particulur region at one observ -
.-':l tion time,

In the later stages of the forecast process, the forecusters tended to use the
[A and K7 (seventh most-used) kev-ins on a4 mesoscale map background (eity) tn
zoom in on the mesoscale aspects of the forecust situation.  Here ngain, four -
panel displayvs of several forecast parameters (o combination of LA's il KZ'«) ot
one parameter over the past 4 to § hr was use:dl to view o1l forecast purameters o .
once or 1o follow the movement or intensity changes of o parcticulor parameter

over the past several hours,
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ZP, the fifth most-used key-in, was called upon mast often when - four -p el

i

analysis was displaved on the color video monitor unit o forecaster le-rrel
"quick-look' (5-sec generation time on the alphanumeric vi-leo screen) o o vers
specific point of interest without having to clutter erase the four-panel ‘h=plasy,
Typical ZP displays were 3-hr pressure chunges, 6-hr precipitation anount,
numerical plot of windspeed and direction, and ceiling «nl weather svimbol plot,

In the middle and later stages of the forecast process, the forecasters used
the tailored products (MR, KZ, MS, GT) und various gut:lince prolucts (M1, PR
GUl, PF, CC, etc.), to focus an specific aspects of the present fovec.ast proble:n
and to consult guidiunce for the longer range forecar =,

LFM products (FI, FRK GUI, FK AMOS, FRK TRA, anl FA) and GEXM 2ere e
available as forecuaster guidunce on MclDAS for the 1983 expernuents,  Foreo oster -
found the listings of the LLFM guidince forecust (FFOUS H0-78) ol MOS (1701 = 12)
output to be valuable guidunce for the longer forecost intervads (4 .md n hr),
Analyvses of LFM output were use:d minimully although the imalvsis of it w s woe -
times good as guidance for storm development, maovement, an:d position far 1he
later forecast periods, The relatively Lirge number of uses for the GV pur i nee
(BS) must be tempered by the fuct thut the forecasre i~ conclule P thot oo goave Lol
useful information in rapidly chunging situations of the tvpe used i these te= -,

The limited use of other tuilored product= (TP, TS, FOS) was srrmbuted 1o
several different factors. The routine to hisplay log p=-skew T soundings of
radiosondes (TP) was found to be of Iimited value in short-runge me=oscale e -
casting because of a lack of timeliness (soundings tuken only every 12 he) unld poor
horizontal representativeness, The time-spuce surfice wnalvsis technique (FSY,
which uses a forecaster-chosen motion vector to aidvect Juta from the previous
2 hr to be included in the analysis, wus often found to produce inconzistent
anulyses. Forecasters used it mostly for ceiling unulvses which, due to i1 lis-
continuous nature spatiully, vielde:d analvses that the forecasters could have little
confidence in. The cold front decision assistance procedure, FCS, wus generally
judged to be too time consuming for the forecusters who were 1l quite fumili.r
with McIDAS's inteructive cupabilities, Recall, however, thut the lang-range
intent of developing such procedures wus for use in training forecia=ters new 1o .
particulur region or to using un interactive svstem,

The use of GOL'S imagery (visible und IR) was extensive throughout the fore-
cast experiments, especiully for storms developing and moving up the cast coist
where a large portion of the developing and wdvecting weunther w.= ow over the
water, where conventionual duta coverage wis spurse at best,  The conventinnal
GOES imagery display options, which incluwle animation (time series looping),
channel switching (alternating visible and IR images to evaluite clowd Livering),

color enhancement of brightness :m-d (R grav scules andl overl.ving canvention:)
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analvses and data plots, were used extensively, This capability is judged to be
central to effective short-runge terminal forecasting, The only uspect of sutellite
imugery the forecasters were specificully usked to ussess war o procedure for
enhuncing the IR images (ENT'ET) according to temperature. The FENT/ET key-
ins {sixth most used) were found to be useful to studyv the movement and develop-
ment of weather svstems, particularly in tracking the evolution of substiantiul
precipitation areas within the storm system as identified by cloud top temperu-
tures below o specific vilue(s),

The informauation presented in Tuble 4 under the heuding " Usefulness' sum-
muarized the concensus nssessment of the forecasters on the relutive usefulness
in terminal forecasting of the products and duata sources availuble to them. The
numbers shown reflect the total number of times a participating forecaster judged
a product most (or least) useful. (See first page of Product Usefulness Assess-
ment in Appendix B for form completed.) There were up to six forecusters pur-
ticipating in each of the 20 test episodes, thus there wus the potential of 120
responses in each cutegory {most and least), In fact, o total of 110 assessments
were completed becuuse several episodes involved less thun six forecasters,

The 1A duta plot was found to be the most useful product evaluated (Tuble 4).
Aost often used us a four-punel display, the 1A key-in wus used extensively in
both the eurly learning stuges of the forecast process und the later stuges when
the forecasters were most interested in timing and accuracy. Forecasters found
the 1A kev-in so useful becuuse o large amount of data could be presented quickly
in o four-punel display showing four different variubles at one observation time
or one variable every 1 or 2 hr to track the movement or intensity chunges of
various fields. The TA key-in was also used regulurly in overlaving surfuce
observations upon sutellite imagery.

The MS (station model time series plot, Figure 13) wus found to be the second
most useful product, The usefulness or value of the MS routine wus arrived at
despite the fuct that many other products were used in the experiments to & much
greater extent (Table 5). This illustrates the potential vulue of huving routines
available that allow the forecaster to tailor displuvs to the specifics of the weather
situation he or she is deuling with, The displayv exhibited severul qualities found
useful by the forecasters. The first is the ability (iind euse) to specify the stations
to be included in the cross-section and to tailor it to the episode under considera-
tion, The second is that it provides u wealth of basic informution central to the
terminal forecust problem in a format that permitted extensive subjective inter-
pretatinon to trick one or more elements and define its spatial extent, Farecasters
found it most useful for the 1-to 4-hr forecust interval of the tyvpe required in
base weather stutions in support of aircraft arrivials and locual ares requirements,

and in tracking wind shift lines (fronts) and the leading or truiling edge of
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Table 5, Assessment of Products and Data Sources us o« Function of Forecast

Purameter

F Were NMclDAS Was The
Was Plot and Wias Guidance ) Wisconsin
Satellite Analvsis (LFM GUI, Trajectory
Imagery | Was MDR Routines MOS, TRA, Model
Useful ? Useful ? Useful ? GEM) Useful ? Usgeful ?
—
Forecast
Paraneter | Yes No | Yes No Yes No Yes No Yes No
Ceiling 67 15 24 74 92 19 53 45 22 71
QPF 104 7 [ 6a 30 36 52 5 26 28 59
Cloud 100 0 ' 22 79 77 31 56 47 24 64
Amount
Wind 10 00 0 ag 107 4 67 30 1 87
I S
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Figure 15, Fxample of 2-D Trajectory
Forecust Guidance llodel; Hourly Ruain-
full and Cloud Cover Forecusts for BOS
Based on 1200 GMT 700-mb Trajec.oory
(Figure 14) und 1600 GMT GOES Visible
and IR Imagery

The products found to be leust useful ure, beginning with the lenst useful,
GEM (BS kev-in), MDR (MR kev-in), log p-skew T (TP), und the time-spice
analysis technique (TS). Forecuasters found GFM did not depart sufficiently from
persistence, even in active weuther regimes, Not surprisingly, it is not wclept ot
forecasting the onset or the end of precipitution. A typical example of GFA's
inability to depurt from persistence sufficiently to simulute the observed wenther
associated with an approaching or depuarting storm is shown in Figure 16, Fig-
ure 16(a) shows that us worsening weather approaches, GIM's ceiling forecust
follows persistence in the 1 und 2 hr forecasts, then lowers the ceiling somewhit
{to 3000 ft), not nearly enough to uccount for the very low ceilings (hazardous to
aviation) that were observed in the 6-hr forecast period (400 ft), With improving
conditions Figure 16(b) G\ forecust persistently low ceilings when the ceiling
was observed to improve dromuatically, GEM actually decreased the ceiling in
the 4- and 6~hr forecust periods when no ceiling was observed., As cuan be seen
from Figure 14, GIN forecusts were quite poor in predicting the onset und end
of precipitation. In general, GFM did not forecust precipitution until it hud he-
gun. The vulue of its wind guidunce is diminished by broadly defined wind direc-
tion and speed cutegories,

The negative assessment of MDR's usefulness (in the product nssessment) is
the result of its inconsistent availability, During several episodes, as precipi-
tation approached the forecast stations, kesv MDR stations (il not report until the
precipitation begun. This resulted in erratic and unrealistic imalyvses that ser-

iously diminished the ability to forecast the movement and intensity of «pproach-

L)
ing precipitation areas. In the episoldes with reliuble (nd continuous MDR Lt
the MR kev-in was used frequently and was found to provide good qualititive

. information for the QPT und ceiling height forecasts,  On the ather hand, the

results shown in Table 5 (discussed in the next sectinn) indiete that MDR Lt
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was useful in the QPF forecast 70 percent of the time. This suggests that ulthough
MDR data availability is often a problem, valuable information on precipitation
or intensity can be attained from MNDR

coverage, movement, analvses during an

episode,

WORSENING CONDITIONS (1€ FEBRUARY 1983, BOS)

Figure 16, Example of GEM Ceiling Height and Weuther Forecasts vs Obser-
vations for 15 February 1983 for BOS

3.2 Forecast Difficulty Assessment

The second aspect of the forecaster ussessment of the MFF deult with the
The forecasts that were prepared included wind-
and 6-hr QPF for intervals

These

terminal forecasts themselves,
speed and direction, total cloud cover,
of 1,

elements and intervals were selected to represent the primary forecast responsi-

ceiling height,

2, 4, and n hr (10 hr or less based on criteria cited in Section 2. 1).

bility in base weather station support to aireraft tukeoff ‘landings und locul area
missions, After each case, e:ich forecaster completed o Mesoscule Forecust

Variable Assessment form (shown in Appendix B), for each of the four variables,
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- Table 5 presents the L, tahulivre d from the Foreeast Varinble Assessment J
- .
forms suggesting qualirdively which protucts availuble to the forecuasters on ' 4
MclDAS were moxst (o'l least) useful, [t shows some inferesting results concern- .
Q. )
‘o ing the usefulnes= of various Loo sources for each forec st element considere 1.
- Detuils on their usefulness will be presented Laer in this section, but some of the 1
generalitles are:
. - (1) Sarellite lit.e 1= shown to be most useful for the QPT and cloud amount r
. ) ]
L forecasts, while provi hing useful In7Hemidion more often than rot for the ceiling 1

hetght Torecast, It s occasionslly userul for wind forecusts through the timing
- of frontal wovdshifts nd the Tocation an b movement of coustul developments und

. therr associated wvindspeed ond lirection chinges,

(2)y Alunually digitized radar is shown to be useful sibout 70 percent of the )
L time for QP foreists anid 25 percent of the time for ceiling height forecuasts. l
‘.'\‘ MeIDAS plor and anidvsis rounines (1A, 7K, K2Z) were found to be useful more :
::- often than not for all the forecust parameters while being useful neurly tlwavs for :
‘- the wind ond cetling herght forecasts, b
o (3) Guildinee forecuasts (LFAM guidunce, MOS, tragectory, and GEM forecasts)
‘-’_‘ were useful for o1l forecast parameters more often thin not while being most
: usetul for the QPE ond wind forecast, und
:_' () The 2-D 1raiectory model (PIF) showed limited use for all forecast parum-
_\_ eters mainly because it depends on rawinsonde winds, which lose value us one

departs from 00 12 GAT,

Tuble i presents statistics on the forecast difficulty ussessment. Sixty-one

i of the 111 respondents judged ceiling height forecusting most difficult, 27 judged
fi-hr QP most difficult, 14 judged windspeed und direction most difficult while K
& i
R cloud nmount was judged to be most difficult by nine respondents. Conversely, '

.
Y

14 of 111 respondents judged totul cloud amount the eusiest of the four parameters

o
P to torecast, 30 judged ii-hr QPF easiest, 17 judged windspeed and direction, and 'l
-. nn nne judged ceiling height easiest of the four vuariubles to forecast., Thus, for :1'
:. this set of 20 winter-enrly spring weather episodes, the forecasters determined ‘:
-4': the ranking of the forecast purameters to be, from most difficult to easiest: -
= (1) ceiling height, (2) 6-hr QPF, (3) windspeed and direction, and (4} total ‘
-\.‘ cloud mount (Table 7), :
: In exrh cuse the forecasters were also usked to indicate the forecast interval -
bevon'! which they haed little confidence in their forecasts, For ceiling height that

mrersyal averaged 2,4 hr (for the 20 experiments) ranging from 0 to 6 hr. For
=k OPEF it averiged 5,2 he and ranged from 0 to 18 hr. TFor windspeed und
direction 1t averaged 4.3 hr and ranged from 1 1o 12 hr.  For total cloud amount
it averaged 6,4 hr and varied from 1 to 16 hr, These results confirm the raunking

of ceiling height as the most difficult parameter to forecast und totul eloud amount
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45 the easiest', The somewhat contradictory conftdence inre:val or ii-hr QP
{(consilering its runking s second mast difficult) 15 « result of the greut varin-
bility in 'he episodes regurding the difficulty in prepuring the precipitation hre-
cuast,  This is ulso evident in the distribution shown in Tuble i, where the [ore-
custer-renlies for the s-hr QPF forecast are well distribured from most difficult
to lecst difficulr,

The difficulty in accurately forecusting cloud ceiling heights ot wirfields has
veen recognized for u number of yeurs, The inherent vuriability of storm svstem
low clouds (in space and time), their sensitivity 1o local factors (terruin, wuater
hodies, etc.), the limits in our ability to observe und report on their character-
istics, and the limits 1n our understanding of the complex phvsics by which they
rvolve, ill serve 1o diminish the extent to which cloud ceiling cun be forecast.
Short-range terminal forecusting is especially dependent on the observationu
component nd 1t was deficiencies in that component that created the most difficulty
‘or the torecasters. While half-hourly GOES satellite imugery substantially in-
creases observational data on storm system evolution, it provides oniyv inferential
‘Lit. on ceiling conditions at best, Severul of the episodes occurrad at -ight when
nnlv IR imagery wus uvailable thereby limiting the extent to which forecasters
could tryv to deduce lower cloud conditions through an integruted evaluation of
visible ond infrared imagery. On more than one occasion iow stratus ceilings
wdvected into the forec.st locations from the ocean areas to the <.ust and south
urcler - nuddle and ‘or high cloud shield that precluded the detecrion of the struatus
in the GOES imugery, Two other mighrtime observution shortfalls complicated
the olrecdy difficult forecust problem, First, certuin surlice observition locu-
flons operate on o leated datly gchedule in which operations wre curtalled !

night (far exomple, miilnighs 12 G6 LSTY, Second, some oesorvers Nl to detect



and.or report chunges n cloud conditions in & timely munner (that 1< *he

"sunrise special’ observation was not uncomimon) thereby adling more " nrse”
to the nuturally viriable time and space character of Tow elowls an these kinds o
weither svstems,

Tuable 5 indicutes tht MelDAS plot ] anodvsis rowtines, especially the piae
of ceiling height unl wether through the 1A kev-in, and the har graph lisplay of
cloud observutions through the GT kev-in, were most usetul overall for ceihing
forecusts, The four-punel time series display of ceiling herght (1A fove-pooel

plo*) was reliel on heavily in determining ceiling herght trewds and olso an - con-

forcing the extent to which cloud fields were irreguliorly fistribured, wbiog 0] o

in flatter prohability forecasts,  Swellite imgery, useful bout G0 peroees o he
time for cetling height forecasrs (Toble 6), provided voluable inform ooy o e
movement! of clowl arens and the leading nttraalimmeg eldoes 27 clow! shied (.
Sarellite imagery wos particularly useful in prelicting lowering cexlings - use i
by low stratus olvecting intand fron over the ocenn, 1'OUS MOS gurdimee noo-
vided useful inform-dion on the Jonger *erm ceitling cotrlitiorns more olten v 1
The trajectory model (PI kev~in) nccusionally provided u=eful imformuation o o
trend of ceiling heights., Shortcomings in the trijectory maodel were attribuic ! 'o
evolving wind fields diminishing the representiativeness of the trajectories i
terrain-relured cloud potterns thyt were not translaed effertively,  Informuation
on the ceiling could sometimes be inferred from MDR Jat, In summury thern,
the forecasters used the [\ mesoscide plot (city mup background), GT by groiph,
and satellite 1magery for the 1-10 4-hr forecasts und the FOUS MOS guidaner,
2-D trujectory model, 1A regional plot (state minp background), and sellite
imuagery time loops for the longer runge forecasts,

GOL'S sutellite imugery, MDR unalvses, and the satellite trajectorv-hsed
forecast guidinee (PF CC), product= not expecte-l 1o be immediately available
within the inirial AWDS eonfiguriatinn, were found 1o be especially useful i t-hr
QPY forecasting (1ible D). The mtegried displavs of present weather and MDR
unalyvses superimposed on the GOUS imagery provided o visual confirmation of the
portions of the clowl svstems that wre producing precipitation,  Then satellite
imugery, with or withou' MDR unidvses, con be use | effectively 1o traek the pro-
gression of ruip areas inorvler 1o time ttx srreival of forecast loetion=. When
the storm syvstem w s Hut over the Athintic, sotellite imagery provided the only
valuable source of current inform tion, Inthe heence of hourly runfall rounts,
the intensity chunges in the visible ind IR imugery were used 1o Lpproximate the
i-hr QPF totals, The color enhomeement of TR imagery hase lon temperiure
thresholds (ENT 171 aded in evadusting the growth or Jecay of rain-pro lucing
cloud musses, Sequencing (Inoping) of the enlor enhince ] half-hourly imagery

for w2 to 3 hre period was 4 commanly used nroce lure for resnlving the onset .ind
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duration estimates at the forecust locations. During daylight portions of cuses, g
the forecasters were able to use both visible and IR loops. Nighttime periods -:
were obviously limited to IR only but for precipitation forecasting purposes, it 1
provides vualuable guidance by itself, J
-4

The ability to remup the MDR analvsis und geographicully overlay it on

concurrent GOES imagery and to then plot observutions (for example, present

weather syvmbols) on both, demonstrated some of the reul potential inherent in .
computer-driven interactive color display svstems, Figure 17 15 in example of
such an integrated display for 1 Miarch 1983, In a forecust situation, these fig-
ures would be viewed in un animated time-series loop. This puarticular loop shows
the steady northwuard movement of precipitation and its increusing intensity indi-
cated by the expanding DVIP level 2 uren, Figure 17 shows u four-panel MDR
analvsis with overluved weather svmbols (2-hr interval). The integrated reul-
time description (nowcast) these unalvses present to an aviation or local aren
forecaster, expecinlly when sequenced through severul hours in an animated time-
series loop, cun provide the subjective basis for improved understanding of the
evolving weather svstem and for improved short-range forecusts, The fore-
casterts ability to understund the complexity of the svstem (tind to more properly
forecast i) cun be seriously limited by the luck of MDR und, in purticulir,
GOES-tvpe satellite imugery.,

The satellite -trajectory precipitation guidince technique (CC) wias the fourth
most useful product to the forecusters (Tuble 4), It wis useful as o first guess
in both timing the i rival or departure of precipitation and determining precipit =
tion amount, The trajectoryv-ulgorithm guidance is only applicable under (dayvtime
conditions (needs both visible and IR imuagery) and must be constrninel to the
central 75 to 80 percent of the davtime regime due to the sensitivity of the nlgo-
rithms to solar angle variations,

Without satellite and ar radar data, o forecaster must rely on hourly precipi-
tation tntensity observations (light, moderuate, heuvy, etc.) as the bhasis for
departing from FOUS or other centrallv-generated guidance. There are times,
unfortunately, when the hourly intensity vialues can be quite inconsistent with
3~ or G=hourlv .amounts, The stution model time-series display (MS) wus founid
to be moxt useful in trocking the leading or back edge of the precipitation shield,

particuliirlyv ahen u=e:l in conjunction with four-panel displavs (1A) 1o define the

geographic precipitation distribution,  The LAl -bused precipitition guidunce

(FOUS #0-1.F'M Guitlince il FOUS 12-0MO8) provided excellent guidance on the

i e s
LA PR

precipitition potential of the storm system; guidince which the forecusters could
adjust to information on actual storm tracking and intensity, The 6-hr QP FOUS
guidance was found to he more useful than the guidance for the other foreceast

viariables (I'able 3),
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Like ceiling height, terminal area winds can be variable, purticularly during
an evolving winter storm or cold front situation, and thev can be especially sen- .
sitive to local factors (terrain, wate: bodies, etc.). While the 1-min mean wind
observation, taken euch hour for aviation purposes, better serves the needs of
flving safety, it hus been shown through an unulvsis of wind spectraﬁ that a
30-60 min mean wind vector and some measure of variubility would be more
appropriate for short-runge prediction purposes. Unfortunately, the hourly -
1-min mean winds contain considerable high-frequency variance, which repre-
sents noise in the prediction process. While supplemental cloud und precipitation
related observations can be obtained from satellite imagery and MDR unalyvses for
data void regions (especiially over water), remote sensing sources are not pres-
ently available for surface or near-surface winds. :

The mesoscale plot und analysis routines (1A, MS, KZ, etc.) were found to be F
the most useful products in resolving the locution und movement of mesoscule/ .
syvnoptic scale wind perturbations such us inlund convergence zones, sea breeze
fronts, frontal bounduries, mesohighs and lows, isulloburic centers, etc.,, which
aided in resolving the terminal wind forecasts (Table 5). Typicully, forecusters
would generute a detailed surface pressure and/or streumline anulysis with over-
layed wind flags (KZ and 1A) to guin un initiul understunding of the wind distribu-
tion and to locate mesoscule feutures such us mesohighs or surface troughs.
They would then use u four-panel surface pressure or streamline anualysis with ]
overlaved wind flags (2-hr intervals, every 2 hr) to determine movement and P
intensity changes of the mesoscale and synoptic scale features. The station
model time series (MS) was also used by constructing an alignment of stations :
from the forecast station through a particular feature depicted in the surface
analysis to u station perhaps 50 to 100 km beyond. The combination of these
products provided the necessary time-space representation of wind-related fea-
tures that could be obtained given the limits of available observations. The sur-
face and boundary layer windspeed and direction forecasts presented in the FOUS
bulletins (FOUS 12-MOS and FOUS 60's) were found to provide useful guidance
(Tuble 5), especially for the 4- and n-hr forecast intervals. GOES satellite
imagery, MDR, and the 2-D trajectory forecast model were of little value to the
wind forecasting aspects of this experiment (Table 5).

Clearly, total cloud amount {(or cloud cover) was found to be the easiest
variable to forecust during these winter-early spring east-coast storm situations. ‘
The relative ease herein was aided by the availability of half-hourly updates of

visible and IR imagery. In most situations it provided all the information needed

6. Muench, H.S. (1982) An Appraisal of the Short-Range Forecast Problem
Using Power Spectra, AFGL-TR-82~0353, AD A129315.
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to prepare the cloud cover forecast. When the middle and high cloud leading edge
of a storm system's cloud shield advanced into the forecast region during night-
time periods, inconsistencies between satellite IR depictions of cloud cover and
concurrent surfice observiations of sky conditions would occasionally exist,
Invariably this was attributable to untimely surface observutions that nonetheless
provided some uncertainty in the forecust process in which some forecasters
tried to factor "observer-deficiencies" into their cloud category probubility fore-
casts., Timing and duration of cloud cover characteristics were generully re-
solved through repeated time series looping of visible und/or IR digital imugery.
The most widely used non-sutellite products for trucking totul cloud amount
conditions were a four-panel plot of totul cloud amount (every 2-hr, IA), the
stition model time series (MS), and the bur graph display of cloud observations
(GT), purticularly for tracking the leuding (1railing) edge of overcust und ceiling
conditions. The forecasts for the 4 and n hr periods were often finalized ufter

giving consideration to the FOUS (MOQOS) guidunce.

3.3 Forecast Yerification Statistics H

Numerical and probability forecusts were generuted for two locutions for 20
eust-coust storm episodes over two winter seasons (1981-1982 und 1982-1983),

Fach episode involved up to six forecusters, each preparing terminal forecusts

each hour (for six hr) of cloud cover, ceiling height und surface wind vector for
intervals ranging from 1 to 10 hr und 6-hr QP¥. A computerized verification
procedure wis implemented to uccumulate und update forecust verification statis-
tics on each forecaster shortly ufter eiach cuse was completed., TUpduted statis-
tics were provided to participating forecasters, in “he form illustrated in

Figure 2, prior to the next forecast experiment in order to provide timely feed-
back on individual and group performuance. A total of 109 forecuster-days
occurred during the two MFIs, which translates into u total of 1308 terminal
forecasts being genervated of each varianble for each forecast interval (109 ¥ 6

forecasts/case X 2 stations/case).

Objective terminal forecast guidance wus availuble to the forecosters from

three sources: MOS, LFM Guidance, and GEM, In the 1983 experiment they were !J
accessible through McIDAS via simple keybourd entry procedures while in 1982 "
thev were avuilable only in hardcopy form., MOS und LLFM Guidunce forecuasts -
could be displived on the alphanumeric screen in teletype message form or coulkl -
be displaved in unulvzed map form on the cnlor monitor in either single punel or o
four-punel format based on forecuster preference, The four-panel MOS format :
is illustrated in Figure 5. -
18 b
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It was noted earlier that the nature of MOS limits evaluation of it to the six-

hourly intervals its forecuasts are tailored to (00, 06, 12, and 18 GMT). As such,
the verification statistics compiled in these tests for MOS were limited to its pur-
ticular verification times und were stratified into 1-, 2-, 4-, and n-hr forecusts
consistent with the structure of the MFFE., For exumple, u MOS forecast vulid ut
1800 GMT (for example, a 6-hr forecast from the 1200 GMT model run) would be
verified as a 4-hr forecast for the MFI: forecasts generated from 1400 GMT
observations, u 2<hr forecast for MFFT forecusts generuted from 1600 GMT obser-
vations, and an 1-hr forecast from 1700 GMT., In other words, we used it con-
sistent with its operational availability in order to quantify its guidiance villue in

evolving terminal forecasting applications,
3.3.1 NUMERICAL (DETERMINISTIC) FORECASTS

Figures 18 to 20 summurize the rmse statistics of the numerical or determin-
istic predictions of surface wind (Figure 18), cloud cover (Figure 19), und ceiling
height (Figure 20), respectively. Part (1) shows results for euch experiment
(MFE 82 and MFELE 83) and the combined set of forecaster consensus (MPT 82-83),
where the numbers in parenthesis are the percent improvement relative to i per-
sistence error for each sumple. Part (b) compares overall forecaster perforni -
ance, persistence, und GEN for the 20-episode datu set (MFI 82-83), In the
cuase of ceiling height (Figure 20), the MFE 82 results huve not been included due
to u change in the numerical forecast parameter from the specific height vilue (in
1982) to « categorical forecast in 1983, The evaluation of the 1982 version w s
rejected because the procedure formulated to treat ""no ceiling" forecusts und
observations introduced artificially-lurge height errors values. Therefore,

Figure 20(a) has been excluded and it contains just the MFI 83 (not MI'I. 82-83)
results,

In each figure the results are accumulated over all episodes for both forecust
locations, for all forecasters as u group, for persistence und for GIIAL,  In Fig-
ures 18(b), 19(b) and 20 the runge in individual forecaster performance is indicate:]
by the verticul bar through each group mean verification statistic, It represents
the range from worst to best individual performunce over the full extent of the ex-
periment(s). Recall that the n-hr forecasts ranged in length from 5 to 10 hr: the
length being determined by the interval from "forecast” time to the verification
time of 00, 06, 12, or 18 GAI'l.  No attempt has been mude to further separate
the n-hr forecasts,

Consistent with the MP1 82 results, the forecusters outperformed persistence
by an impressive margin for each forecast variable, especially at the 4- and n-hr
intervals., Although forecaster error increased with forecast length (us would be

expected in rapidlyv changing winter storm situations), persistence error grew

4Q
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R even fuster resulting in widening percent improvement statistics for the longer
:.\: intervals, The comparison of 1982 results to 1983 for wind forecasts
:-: [Figure 18(:1)] would suggest that the 1983 episodes selected for testing comprised

windier conditions (higher rmse scores). Relative to persistence though, fore-

caster skill remained ubout the sume, With cloud amount, however, persistence

\" error from 1- to n-hr wus nearly identical'in 1983 as compared to 1982, The

" better percent improvement scores for the 1- and 2-hr forecasts [Figure 19(a)]
~ can be attributed to the implementation of an improved cloud-cover tracking

i: procedure that improved the short-range timing forecast on cloud category extrap-
_. olation. This procedure can be implemented with a light pen option on an inter-
b active graphics system, In its ubsence (as was the case with McIDAS), a return

to basics using hardcopy maps and the manual placement of successive (hourly)

* L

boundaries cuan be employed. The lurger forecaster error at n hr in 1983 is

* attributed to cases in which clearing was forecast prematurely too often. There :
- - was a fairly substantial range in forecast skill among the participating forecasters,
. for each element and forecust length. This, despite the fact that all forecasters
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had access to the same resources. In this regard, consideration of the relation-

ship between forecaster experience and skill is addressed in Section 3. 3. 4.

The GEM did not generate better forecasts than persistence for wind and cloud
cover but did for ceiling height during these winter storm episodes. FExcept for
the 1- and 2-hr wind forecasts, the difference between them is not significant.
Bear in mind though that initial conditions at forecast time were typically much
more degraded than the climatological norm on which GENM's statistical operators
were developed., Further, the MFE cases generally involved prolonged periods
of inclement weather, Due to its Markov basis, GEM would tend to forecast
conditions back towards normal thereby tending to increase its error relative to
persistence.

The 6~-hr precipitation amount forecust error for the 20 MNFI. 82-83 episodes
(for the forecusters as u group) was 0. 21 in,, runging from 0,17 to 0.26 in.

Given the weather situations chosen to test, the modest range in individuul fore-
cast skill among forecasters probubly reflects the greuter emphasis on the use of
GOES imugery, MDR und FOUS guidance, each of which provided more quantitative

informution on precipitation aumount than they did for the other forecast variables,
3.3.2 PROBABILITY FORFCASTS

Probubility forecusts were generuted for total cloud amount cautegories (clear,
scattered, broken, and overcast), for ceiling height categories (listed in Tuble 1)
and for i-hr QPF cutegories (Table 2), In euch cuse, these categories correspond
exactly to those used in MOS und related NWS probability guidunce. The results
are summarized in two forms: (1) ugainst the probability of persistence being
maintained and (2) against the MFI sumple climatology (except fi-hr QPF),
Persistence probability forecasts resulted in assigning o value of 1,0 (100 percent)
to the category existing ot initial (forecust) time und o value of 0.0 to the other
cutegories,

Figures 21 and 22 summarize the percent improvement in cumulative p-score
(cp) stutistics of the forecusters vs persistence probability for cloud cover and
ceiling height, respectively, The results for MFIT 82 und ML 83 ure shown
sepurately and os o combined outcome, The results of GEM upplied to the twenty
case sample is shoan for comparison, Here again we find substuntially better
results vs persistence ot all forecust intervuls. While there wus little difference
in the ceiling height resulis 1n 1983 vs 1982, the cloud cover results uw=re better
in 1982, especiully ot the n-hr interval. The recurring problem of forecusters
moving cloud svstems out of the forecast region too quickly is reflected in the
uncharacteristic dip in skill (from 44 percent ot 4-hr 1o 28 percent it n hr) in the
1983 exercise, In its probubility form, GIIM vielded 20-30 percent improvemen!

vs persistence over the 2-vre experiment, for both clowl cover und ceiling height,
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The results of the 6-hr QPF probability forecasts were 16 percent improvement
in 1982, 58 percent in 1983, and 52 percent over MFLI 82-83, Over two seusons,
individual forecaster skill ranged from 36 to i1 percent bused on cumulative
p-score,

Figures 23 and 24 summauarize forecuster consensus and GEAM vs the two-
season sample climatology. The cumulative p-score of the climutology model
does not vary substantialiy as the forecust intervul increases. Since forecuster
and GEM p-scores do degrude with increasing forecust intervil, the percent
improvement of forecuster consensus und GENM generally decresses with time s
seen in Figures 23 und 24. Here aguain the over-~aggressive forecusts of clearing
skies ut n-hr, churacteristic of some of the 1983 cuscs, is reflected in the

"worse-than-~climatology' results for n-hr cloud umount.
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of Mesoscule Forecast Experiment (MFT) Ceiling Heipix
Forecusts vs Sumple Climtolngy Forecosts for All Foro -
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3.3.3 MOS RESULTS

A auuntitative evaluation of the MOS forecasts for this experiment rous: be
viewed with . good deul of caution because of the limited surnple sizes available

for analvsis for rewsons cited eurlier, One can infer little more than an

indication of comnnrative vilue, Figures 25 through 27 depict rmse statistic §

for MOS und persistence for wind, cloud cover, and ceiling height, respecuvely.
The persistence errors are for the full 2-yr test sumple while the NOS results
are for those instances (the number of forecasts are shown in parenihescs) wher

4 MOS forecast could property be made. [t is oniv 41 n-hr thut these numbers

are coincislent.  Note that ceiling height results are for 19832 onlv. Not surpr
imgly MOS vields worse results than persistence at 1 and 2 hr, Bea: in mind
though that 1- and 2-hr MY forecasts corresponi to (MOS [arecasts based on
initi.]l conditions for MOS that existed 11 und 10 hr belore verification time,
respectively, MELE forecusts of 3-hr duriation and longer are supported nyv MOS
guidince forecasts (of wind, cloud cover, und ceiling height, at least) that in.-
prove upon persistence, The results for wind forecusts are particulariv reveuung

1

in regurds to the "stubility" of the MOS rmse with increasing time, u character -

-

istic of MOS noted by Muench, " In facr, if one compures the MOS wind results

7. Muench, H,S, (1983) Experiments in Objective Aviation Weather Forecasting .
Using Uppcr Level Steering, AFGI.-TR-83-0728 (in press’,
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Figure 27. Root Meun Square FError (RMSE) for Model
Output Statistics (MOS) and Persistence for Ceiling
Height

here with the forecaster consensus results in Figure 18, MOS vielded slightly
lower rmse results over the 2-vr test sample,

MOS probability forecusts of cloud cover and ceiling height compared to fore-
caster consensus and GFM are shown in Figures 28 and 29. These results ure
compirable to the rmse results thut suggest that 1~ and 2-hr usage of NMOS is
of questionuable value, While at 4-hr and bevond it will generully vield better
guidance than GEM und persistence during winter storm conditions. In fuct, JMOS
was slightly better thun forecaster consensus for both variables at n-hr, The
percent improvement of MOS 6-hr QPF probability forecasts over persistence wus
42 percent compuared to 52 percent for the forecuasters with an associuted rmse of

0.27 in. which compares to 0,21 in, for the forecasters.
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3.3.4 IMPLICATION OF FORECASTER EXPERIENCE

One outcome of these tests was the fairly wide range in individual forecaster
skill that resulted in all aspects of the experiment. In view of the varving levels
of forecasting experience among the participating forecasters, particularly with
regard to probability forecasting, an index of forecusting experience was estub-
lished in order to evaluate the relationship between experience and skill., The

experience index (EI) was defined as follows for the numerical forecasts:

EI = 0. 6(OF) + 0. 2(CFE) + 0. 6(MFE) + 0. 4(MN) + 0. 3(IF)
and for probability forecasts:

EI = 0, 4(OF) + 0.2(CFE) + 0. 8(MFF) + 0. 6(MN) + 0, «1F)

where
OF - operational forecasting experience
CFE - semester/year-long college forecast exercises
MFE - prior Mesoscale Forecust Iixperiments
MN - AFGL Mesonetwork Fxperiment in 1970s
IF - intangible factor based on perceived dav-to-dayv interest in forecuasting.

Each factor was quantified in terms of vears (or equivalent veurs) of experience.
The weights were assigned to reflect relative value (us judged by the senior
author) of the experience(s) for the purposes of the NMFIs. For that reason the
weights assigned to prior probability forecast experiments (for example, MVFH
and MN) were increased and OF decreased for the evuluation of probubility fore-

casts,

Figures 30 through 32 depict the simple regression lines of best fit between
forecaster error (rmse) and the Il for the numericul forecusts of wind, cloud
amount, and ceiling height for the 1-, 2- 4- und n-hr forecusts. A "goodness-
of-fit" measure (correlation coefficient) for each regression line is @lso shown,
The ceiling height results are for the 1983 MFIZ only, With the o: ception of the
1- and 2-hr wind forecasts, the anticipated relutionship between skill und exper=
ience was realized; that is, decreasing error with increusing experience, There
is also reasonable consistency among the regression lines for euach forecast vir:-
able in that the slopes closely approximate each other Gigain with the cxception of
the short-term wind forecasts) und the v-intercepls incrense with ncreasing fore-

cast interval,
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Figure 30. Root Mean Square Irror (RMSE) for Mes-
oscale Forecast Fxperiment (MFFE) of Forecusters vs
Fxperience Index (FI) for Wind Forecasts
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Figure 31. Root Meuan Square Frror (RMSE) for
Mesoscale Forecast I'xperiment of Forecasters
vs Fxperience [ndex for Cloud Amount Forecasts

Figures 33 and 34 show the regression fit of the skill scores vs persistence

and FI for cloud amount and ceiling height probubility forecasts for the full
MFT; 82-83 period. Here aguin, the strong hint of experience contributing posi-

tively to skill is evident, in this case increusing skill score with increasing
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Figure 32. Root Meun Squuare Error (RMSE) for Mesoscale Forecast Experiment
(MFE) of Forecasters vs Experience Index (EI) for Ceiling Height Forecasts
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Figure 34. Percent Improvement in Cumu-
lative p-score of Mesoscale Forecust kExper-
iment (MFLE) of Forecasters vs lFxperience
index (1) for Ceiling Height Probability
Forecusts
experience. Reuasonuable consistency Is muaintained aumong the regression slopes,
though not us well as for the numerical forecusts, The "goodness-of-fit" meus-
ures are generally higher (across the board) with these data than with the numer-
ical forecast results.
4. CONCLLUSIONS
i An MFE was conducted over o 2-yr perind using the AFGIL. McIDAS facility

and data from 20 winter early spring east-couast storm episodes, The MFFE wuas
structured to emulate aspects of the aviation terminal weather support functions

in buse weather stations, using o computer~driven interactive graphics digplayv
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system of the type envisioned with the AWDS, Data available to the MFF fore-
casters included that which will be part of the initial AWDS and that which could
be made available in future, expanded AWDS configurutions. The MFI was
designed to assess numerous display and analysis products tuilored to provide
mesoscale detail, of remotely-~-sensed data sources, and of the abiliiyv of fore-
casters to prepare certain short-runge terminal weather forecasts,
Each participating forecaster completed two assessment forms after euch of -
the individual forecast episode exercises, The first form addressed the value of
certuin display products and data sources in preparing short-range terminul fore-
casts of windspeed and direction, total cloud amount, ceiling height, und 6-hr

QPF. The second form dealt with the relative difficulty in forecasting each of the

four elements accompanied by a discussion of the products/duatia sources important
to the forecast preparation process. Over the course of the 20-episode test, there
were 110 sets of assessment forms completed. In addition, u statistical verifica-
tion of forecaster performance was conducted for the numerical und probability
forecasts that were generated,

The products judged to be most useful in the prepuration of short-range
terminal forecasts included: (1) conventional geogruphic datit displays presented
simultaneously as four quadrant panels on one screen, (2) regional scale surfuce
analyses, plots, and data listings of basic variables, (3) sutellite-bused trajec-
tory technique, (4) tailored plot displavs such as the station-model times-series
displavs, and (5) mapped displavs of forecast guidance derived from the NMC
LLFM model, Products such as log p-skew T soundings, analyses of derived sur-
face and upper-air variables such as vorticity or temperature advection, 3-D
trajectory guidance and GIZAI were found to be of very limited value due to their
lack of timeliness and/or poor horizontal representativeness.

The current operational uvailability of surface and sounding data (in 3-D
space and time) is not compatible with the needs for mesoscale data for short-
range terminal forecasting purposes., This incompatibility forces the forecaster
to rely most heavily on data presented in fairly basic form (listings, plots, uand
simple analyvses of basic variables), which cun be interpreted und filtered sub-
jectively in order to build an understanding of the atmospheric processes tuking
place in the forecast region. The tuilored products that were most relied on
retained or highlighted mesoscuale aspects of the busic variables ussociated with i
the extratropical storm svstems being dealt with in the AMIFE.

Half-hourly imagery (visible and TR) from geosynchronous weather sutellites
like GOES represent the single-most important data source for short-range
aviation terminal forecasting., The ML forecusters relied more heavily on it 1o
prepare their cloud cover, G6-hr QPI, and ceiling height forecusts than any other

available source, The ubility to manipulate GOES imagery interactively on the
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graphics display provides a wealth of qualitative and quantitative guiduance for

forecasting purposes. This capability includes time-series looping, rapid chun-
nel switching (visible to IR and vice versa), selective color enhancement und
remapping, and overlaying conventional data plots and analyses on the imugery's
geographic coordinates, Manually digitized radar (MDR) national summuries,
objectively analyzed und displayed on the color monitor, were found to he most
valuable for 6-hr QPF, and to a lesser extent, ceiling height forecusting purposes.
The most serious limitation or druwbick of MDR datu was its sporadic avirl:bil-
ity for various and sundry reasons. This created un erosion of confizience 1n it

as a reliable data source.,

Consistent with the results reported in Chisholm et al, 1 ceiling height was
found to be the most difficult element to forecust due to its inherent varizbility
during storm situations, its sensitivity to terruin considerutions, und the Iimins
of our ability to fully observe and report it from either ground-buse:t o1 sutellite
perspectives, Terminal wind conditions were deemed to be the second mo:st
difficult variuble to forecast. The forecuasting of 6-hr QPY is uided more thin
the other elements by the availability of half-hourly GOES imugery and MDR
displays. As a result it wus viewed to be the second eusiest variable to force s,
while total cloud aumount was judged easiest. In moxst cases, forecusters usel
GOI'S imagery almost exclusively to forecast totul cloud amount, especially for
periods less than 4 hr,

The 2-vr forecast experiment resulted in over 1300 forecasts of each vari-
able for each forecast interval, A statisticul verification of the forecasters!
numerical und probuability forecasts was conducted with compurisons made to
persistence, sample climutology, und two forecast guidance techniques; numels,
MOS and GEM,  While the primary evaluation involved grouped forecaster per-
formance {consensus), individual performance and its implications were also
eviiluated. The MFT forecasts vielded superior rmse compared to persistence
for ench variable (windspeed und direction, totul cloud amount, ceiling height,
and G-hr QPF) for all forecast intervals (1, 2, 4, and n hr), At 4 br, the iinprove-
ment over persistence ranged from about 20 percent for wind and ceiling height tn
about 30 percent for totul cloud amount, The forecasters prohubility forecnsts
were substuntially better thun persistence probubility ot a1l forecast intervals
and showed skill vs sample climatology, except at the n-hr interval, While GEQ
vielded skill relative to persistence probability, in gencral it vielde-d higher rmse
scares than did persistence in its numerical form. Its guidance value was deemed

to be minimul in "heavy” weuather episodes of the type used in the MEFE,  Lastly,
AMOS was found to provide useful guitdinee for forecast intervils of 4 hr and be -
vond, purticularly s regards wind forecasts, The viariation in individual fore-

caster skill was found to be fairly substantial and atteibutable, in part, to fore-

casting experience,
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Based on the 2-vr ML, the following conclusions ure reached vis-u-vis the
use of interactive gruphics display svstems for short-range terminual forecast
preparation andd monitoring:

(1) Softwure for user-specified dita plotting and unalvsis in tailored form
(for example, four-puanel plot and anualvsis displuvs, station-model time-series
displavs) is essential to allow selective but substantial amounts of busic duta to
be viewed und manipulated inteructively, -

(2) Fundumental to (1) is the presumed availability of a recent history file
(at least the latest 24 hr) of basice surfuce and upper-uir observations in the
resident computer terminul, such that products cun be prepared and displayved
within « minute or so of its request.

(3) The current observational density (in spuce and time) for both surface
and upper-air operationul data sources seriously limits the extent to which meso-
scule features cun be detected und used for short-range forecus .ng purposes. As
w result little value can be found in computing and displaving more complex de-
rived fields such us moisture convergence/advection, vorticity, and divergence,

(1) A key to progress in improved short-range terminal forecast support lies
in geosvnchronnus weather sutellites, which not onlv can provide continuously
repeating views of 1 geographical area to provide valuable imagery information
for translation/extrapolation of clouds and precipitation features, but also fills
in the datu voids between widely separated surface and radiosonde stations, With
the continued development of GOLS temperature und water vapor sounder capabil-
ities, the importance of satellites for short-range forecasting support globally
will increase over the next several yeurs.

(5) Although there is a wide range of reseurch underway for modeling small-
scule weuther systems (both physically and numerically), we are still many vears
away from the widespread practical application of such models in operational
forecasting in view of the required (and generally unavailable) data and computer
capacity., Short-range forecusting must continue to focus on detecting, tracking,
and extrapolating the movement and evolution of mesoscale svstems. Resident
software in an interactive graphics system should, therefore, be tailored to
presenting weather depictions as specified by the forecaster-user, They should
be cupable of incorporating all availuble operational dutu sources, especially those
like MDR, which often provide vital information between conventional surface
observution sites,

(6) Training for, und fumiliarization with, the use of un interactive svstem
is essential., Like anyv advunce in technologv, there will be a "learning' period

during which forecaster performunce (including forecast skill) will be somewhuat

degraded. The speed with which familiarity with the svstem's capubilities and

requirements will be acquirel, will vary due to any number of humuan behavior J
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factors, Given the general educational background und busic weuther forecusting
training provided to all AWS forecasters, the transition period from the current
muanual mode to a more automated mode using interactive graphics systems
should be short and the new skills needed easily acquired.

(7) The trend towards "user-friendly" interactive procedures (touch screen,
etc.), while advantageous, should not be overdone. Although the keybourd entry
methodology of McIDAS is rudimentary, and at first glance may appeur to be u
little complicated, familiarity with its structure and options is acquired with
reasonable speed even by those of us who matured in the pre-electronic wizardry
davs. It, and manyv other systems, has extensive built-in default parameters
(for example, contour intervals for each parameter), which simplify keyboard
entryv. Again, the key to effective use of the system does not lie in its kevboard
entry method but rather on the resident data and software in it that can generate
the display products required by the forecuster for base weather station support

requirements,
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Appendix A

1983 Episodes

Forecast Experiment 11: At 15 GMT, 25 October 1982, a well developed, R
occluded cyclone was centered over Cuape Hutterus beneath a 500 mb low (Fig- B
ure Al). Light to moderate rain was falling from southeastern New York south- E

o

ward to the Carolinas, With little further development expected us the cyclone 1
moved slowly toward the northeust, the muin forecast problem consisted of timing ':
the arrival of the precipitation, 6-hr precipitation amount and ceiling height fore- 3
'q

casts, 4
o

/ /. N N2 o

y 1 1
/ e &\ h
s

e

P \

W R

-4

ey, & 1

- m T -

o 8 -

o A 20 :

(a) \&\ ) ;
- O \ ,(A~ . h
SFC PRE 251500 b |
Figure Al. Generul Weather Situation for MFIF Cuse No. 11: (4) Surfice Pres- 1

sure Analysis for 1500 GMT, 25 October 1982 :nd (b) 500-mb Height Analvsis for
1200 GMT. 25 October 1982
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Forecast Experiment 12: At 15 GMT, 5 November 1982, a strong, but slow,

eastward-moving cold front was oriented north to south across eastern

New England (Figure A2). Rainfall was occurring ahead of the front with scut-
tered showers behind the front, More than an inch of rain fell as the front
marched eastward in a band from Quebec southward through Vermont and eastern
New York and eastern Pennsylvania, With the approaching front within 50 to 60 km
of Boston and Providence the timing of FROPA und its associated wind shift and

improving ceiling and cloud conditions were of most concern.

Figure A2, General Weather Situation
for MELE Case No. 12: (1) Surfice Pres-
sure Analvsis for 1500 GMT, 5 November
1982 and (b) 500-mb Height \nulvsis for
1200 GMT, 5 November 1082




A I SR

o

’

Forecast Fxperiment 13: The 6 GN'T, 13 November 1982, su: ene e e

analvees (Figure A3) showed o surface pressure trough associaded vt note e

CARS slowly moving cold front upproaching western New Fngland,  With sconme vnrtye
~" ~
:._-:-‘ addvection along the cold front, plentiful moisture, il o we sk frone? wove dove Lop-
:.:-‘.: ing dong the Nex Jersey coust the most imimediate forecast problen wis Dar =hre
> preciprration amoun' and the strong winds that were alve cdv securring 0 0 GRYE
b Doston reported southerly wind at 26 knots, gusts to 38 knots), In the 1 e
pertods tinang che fronta] possage il the associded wind shirt, and <omee enif-
tean’ roinfadl woas occurring behing the front, 6-hr nrecipitiion amount wel« the
greatest forec st eoncerns,
S
.‘:‘J::
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" SFC PRE 130600
e
>
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.
-

Freure A3, General Wenther Situation
for MFE Case No, 13: (a) Surfice Pres-
sure Analvsis for 0600 GMT, 13 Novemn-
her 1082 and (b) 500-1mb Height Anailvs)s
for 0000 GMT, 13 Novembe . 188
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-,.: Forecast Fxperiment 14: The surfuce pressure unalysis at 12 GMT,

u 15 Junuury 1983, (Figure A\4) showed u broad areu of low pressure moving across
::‘_.':: the mid-Atlantic stutes, A primary low was located in northwestern Pennsylvuniu
:;:::" with u seconduary developing near the Maryland coust, With u pofent 500-mb

:::. trough (Figure A4) und strong PVA overspreading the mid-Atlantic coust the

r*-::‘- secondary would likely become a mujor snowstorm for the Northeast, With the

potential for 1 major snowstorm approuching the Northeast, heavy precipitation

amounts, strong winds, and low ceilings were likely forecust problems.

Y,

]

R A

7
JERK IR

Figure A4. General Weuather Situution -
for MFF Case No, 14: (4) Surface Pres-

sure Analysis for 1200 GMT, 15 January

1983 and (b) 500-mb Height Analysis for

1200 GMT, 15 Januury 1983
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Forecast FExperiment 15: At 14 GMT, 3 Feb 1983, a large low pressure sys-
tem (Figure A5) was affecting much of the eastern third of the U.S., At 14 GMT

Boston and BDL were in the warm sector with a cold front approaching from the

southwest, Precipitation was ending and some breaks were developing, thus
timing the cold frontal windshift and improvements in ceiling and cloud amount

were the primary forecast concerns,

SFL PRE 031400

4 ‘u' Yo

Figure A5, Generual Weuther Situation
for MFF Cuase Na. 15: (2) Surface Pres-
sure Anulysis for 1400 GMT, 3 February
1983 and (b) 500-mb Height Analvsis for
1200 GMT, 3 February 1983
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Forecast Experiment 16: At 16 GMT, 11 Feb 1983, an intensifying cyclone

P

was located along the Carolina coast (Figure A6) while a very strong cold high

o pressure system (1040 mb) was centered in eastern Canada extending southeast-
.~" ward over New England. The strong pressure gradient between these two systems
r_'::. generated a strong, moist easterly flow. The combination of the moist easterly
.‘:\.‘ flow and strong warm advection at 850 und 700 mb were combining to produce
- extreme snowfall rates (1 to 5 in. /hr), Satellite imagery showed the cloud shield :
S steadily moving toward the NNF suggesting the potential for heavy snow in
'\ southern New FEngland. With near blizzard conditions upproaching from the south,
:_f winds, heavy snow and very low ceilings were likely forecust problems, ]
Y

SFC PRE 111600
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Vigure AG. Generul Weather Situation .
for MET. Case No. 16: (1) Surfuce Pres- ..
sure Analvsis for 1600 GMT, 11 February
1943 und (b) 500-mb Height Analvsis for
1200 GAIT, 11 February 1983
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Forecast Experiment 17: The 23 GMT, 14 Jan 1983 surface pressure analysis

(Figure A7) showed an occluded low centered over northern Ohio, Clear skies
still covered much of New England at 23 GMT while significant weather was still
' several hundred miles to the west., Thus the main forecast problem was increas-

ing cloud amount and gradually lowering ceilings in the later forecast periods,

i i s .S 4 I. “ L] .
I'{l',i [l"‘. "l ..l."'

SFC PRE 142300

e | 1 500 150000

b Figure A7. General Weuather Situation
o for MF¥ Cuse No. 17: (a) Surfuce Pres-
o sure Analvsis for 2300 GMT, 15 Junuury
1983 und (h) 500-mb Height Analvsis for
0000 GMI'T, 16 Junuary 1983
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IForecast Fxperiment 18: A cold front in eastern New York, associated with

a low pressure svstem over southeastern Canada at 16 GMT, 23 Feb 1983, was
moving steadily eastward toward southern New Fngland (Figure A8). The com-
bination of the approaching cold front and a low pressure system developing over
enstern North Curoling whose precipitation shield was expected to graze southern

New I'nglund, bringing « period of light ruin to Boston und Providence. The main

forecas problem wus timing the cold frontal pussage und its wind shift and the

worsening ceiling conditions associated with the light rain,
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Figure A8, General Weather Situation

for MI'E Case No, 18: (1) Surface Pres-

sure Analvsis for 1600 GNT, 23 IFFebruary .
1983 and (b) 500-mb ITeight Analysis for

1200 GN'T, 23 Februoary 1883
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Forecast Fxperiment 19: At 14 GMT, 2 Mur 1983, an intense cyvclone was -
located approximately 300 km off the Delawure coust moving toward the northeust i

(Figure A9), A lurge ruin shield that had ulready dumped over an inch of rain at
Boston und Providence stretched from Maine southward to Virginiu. As this lurge
ocean storm continued to move slowly toward the northeast with a continuation of

moderate rain, 6-hr precipitation amount was the main forecust problem,

SFC PRE 021400

BadieiaaliE Al ddadncd

Figure A9. General Weuther Situation
for MFE Cuse No. 19: (a) Surfuce Pres-
sure Analysis for 1400 GMT, 2 Muarch
1983 and (b) 500-mb Height Analysis for
1200 GMT, 2 March 1983
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Forecast Experiment 20: The 15 GMT, 21 Mar 1983, surface pressure

analysis (Figure A10) showed an area of low pressure oriented from southwestern
Pennsylvania southeastward to northern Virginia. A weakening occluded cyclone
was located in northwestern Pennsylvania with a developing frontal wave at the
triple point in northern Virginia. In the early periods of the experiment the main
forecast problem was timing the approach of overcast conditions and lowering
ceilings, l.ater, it was timing the approaching warm front and its heavy rain

showers and eventually a cold frontul passage and the associated wind shift,

12 o

(@) m\\{ | A

§FC PRE 211500

Figure A10, General Weather Situation
for MEFF Cuse No. 20: (1) Surfuce Pres-
sure Analvsis for 1500 GNMT, 21 Nuarch
1083 and (b) 500-mb Height Analvsis for
1200 GMT, 21 March 1983
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Assessment Forms
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-
F-- Product Usefulness Assessment

- :l
L~ 3
- Case No..______________ Case Date Forecaster ']
\: Forecast Stations BOS and :j
[ First Forecast Time 72 Last Forecast Time__________ 2 N -':
- Circle the products you used in this case: .
‘ MS GT MR PF KZ TS FA FK-TRA FK-MOS ‘
FK-GUI BS 1A 1
.\ 1 Most Useful
.:: A, What product was most useful to you?

- B. Why was it so useful ?
:: C. How did you use it?

D. In what situations was it most useful ?

> E. In what situations was it not useful »

- 2. Least Useful

N

A. What product was least useful?

-

: B. What made it so useless?
«
:\ C. In what situations was it most useful »
.: D. In what situations was it least useful” "
» "4
F.. How could the product be improved ? :
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Mesoscule Forecast Variable Assessment

Case No. Case Date Forecaster

Forecast Stations BQOS und
First Forecast Time_______ 7 Last Forecast Time__________7Z

Ranking of Forecust Variuble, in order of difficulty using facilities available
through McIDAS and MFF

A. The most difficult variable to forecust was H
bevond —___ hours, I had little confidence in my forecusts.
Was satellite imagery useful ? If so, how?
Was MDR useful ? If so, how?
Were the mesoscule plot and analysis routines useful ? If so, how?

Was guidance information useful ?
If so, which guidance (GEM, MOS, LFM Guidance, 3-D Trajectory) and how ?

Were the Wisconsin trajectory models useful ? If so, how?

Wus this forecast variable affected by local (non-translatory) factors?
If so, how did you factor that into your forecast?

B. The next most difficult variable to forecast was ;
beyond___________ hours, I had little confidence in my forecasts,
Was satellite imagery useful ? 'If so, how ?
Was MDR useful ? If so, how ?
Were the mesoscale plot and analvsis routines useful ? If so, how?

Waus guidance informaution useful ?
If so, which guidance (GEM, MOS, LFM Guidance, 3-D Trajectory) and how ?
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Were the Wisconsin trajectory models useful ? If so, how?

Wus this forecast variuble affected by local (non-translatory) factors?
If so, how did vou factor that into your forecast ?

C. The next most difficult variable to forecast was ;
beyond _________ hours, I had little confidence in my forecusts.

Wus satellite imagery useful? If so, how?

Was MDR useful ? If so, how?

Were the mesoscale plot and analysis routines useful? If so, how?

Wus guidance information useful ?
If so, which guidance (GEM, MOS, LFM Guidance, 3-D Trajectory) and how ?

Were the Wisconsin trajectory models useful ? If so, how?

Was this forecast variable affected by local (non-translatory) factors?
If so, how did you factor that into your forecast?

). The easiest variable to forecast was ;
bevond _________hours, I had little confidence in my forecasts.
Was satellite imagery useful ? If so, how?
Was MDR useful ? If so, how?
Were the mesoscule plot and analysis routine useful ? If so, how?

Was guidance information useful ?
If so, which guidance (GEM, MOS, LFM Guidance, 3-D Trajectory) and how ?

Were the Wisconsin trajectory models useful ? If so, how?

Was this forecast variable affected by local (non-translatory) factors?
If so, how did you factor that into your forecast?
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